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A  smali group of biochemists who survived the war in Poland or 
ire tu m ed  from  abroad, undertook the reconstruction of biochem istry in 
tthis country. A t that tim e, their total nurnber was not higher than  the  
m um ber now to be found in any Polish tow n w ith  an institu tion  of higher 
eeducation.

The late Professor Dr. Bolesław Skarżyński (who died on March 17, 
11963, at the age of 62), was one of the greatest contributors to the work. 
IHis uncom m on abilities, great industriousness, didactic gifts, and his w arm  
ffriendliness for young people lent added effect to his work. The in fluence  
oif his creatiue, dynam ie personality radiated not only on his close col- 
haborators; almost еѵегу biochem istry institu tion in Poland received his 
hielp in the training of biochemists. His appeal made at the Is t Congress 
o)f Polish Science, in 1950, brought significant results. He sounded the  
ailarm on the work conditions ргеѵаіііпд in Polish biochem istry, and his 
uirging did not go unheeded. Bolesław Skarżyński m ust be credited w ith  
ai m ajor part of w hat has been done in Poland sińce the war in the  
oirganization of science and scientific research. This found acknowledge- 
rment by all Polish biochemists in his election as first Chairman of the 
P^olish Biochemical Society.

The Com m ittee of B iochem istry and Biophysics of the Polish Academ y  
ojf Sciences and the Editors of Acta Biochimica Polonica by th is collection 
ojf w orks by Professor Skarżyński’s friends and closest collaborators, 
eixpress their profound gratitude for his beneuolent spirit w hich was 
reedolent in his еѵег-w illing help, his creatiue organization and his original 
nesearch. W ith  the tribute paid by th is publication, we also express our 
dieepest sorrow that he was not perm itted  for longer to stay among us.

IRENA MOCHNACKA, WŁODZIMIERZ MOZOŁOWSKI, Editors  
WŁODZIMIERZ OSTROWSKI, TADEUSZ SZCZEPKOWSKI, MIROSŁA
WA WEBER, Organizational Com m ittee
JÓZEF HELLER, Chairman, Com m ittee  of Biochemistry  and Bio
physics of the  Polish Academy of Sciences
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A C T A  В I О С H I M I С A P O L O N I C A  

Vol. X I 1964 No. 2 - 3

S. LUDEWIG and A. CHANUTIN

EFFECT OF SALTS AND pH ON THE ORGANIC AND INORGANIC 
PHOSPHATES IN HUMAŃ RED CELL HAEMOLYSATE *

Biochemical Laboratory, U niversity of Ѵігдіпіа Medical School, Charlottesville,
Ѵігдіпіа, U.S.A.

The abiility of proteins, particu larly  plasm a albumin, to in teract w ith  
inorganic and organie compounds has been amply dem onstrated [5]. Few 
data are available conoerning such interactions w ith haemoglobin. 
Recently, Debro & Lee [3] presented evidence to indicate that adenosine 
triphosphate reacts w ith haemoglobin and o ther proteins to  form  preci- 
p ita tes  when the pH is on the acid side of the  isoelectric point. O ther 
triphosphates of purine and pyrim idine ribosides react sim ilarly but 
diphosphate and m onophosphate derivatives are not effective as preci- 
pitants. The present investigation deals w ith conditions which influence 
the binding betw een haemoglobin and erythrocyte inorganic phosphate 
and phosphorylated organie compounds. This study is concerned with 
the inorganic and organie phosphate concentrations of haem olysates after 
dialysis against a yariety  of Solutions.

METHODS

Bloods from  healthy m ałe medical students were collected in acid - cit- 
ra te  - dextrose and stored im m ediately at 4° in a cold room where all 
subseąuent steps including washing of erythrocytes, haemolysis, centri- 
fugation and dialysis were done. Each sample of blood (6 ml.) was centri- 
fuged a t Iow speed, the plasma and buffy coat were removed, and the 
erythrocytes were washed three tim es w ith 0.9% NaCl. The washed cells 
were haemolysed w ith a smali yolume of w ater and the haemolysate 
was centrifuged at 7700 g for an hour to гетоѵ е the strom a. The clarified 
haem olysate was adjusted to 2%  haemoglobin by addition of water.

The haem olysates (10 ml.) were bagged in Visking tubing and dialysed 
against two 4-liter batches of distilled w ater, NaCl Solutions o r d iethyl- 
barb iturate  buffers for 20 hr. W hen cacodylate buffers w ere used, the

* Supported by the U.S. Army Medical Research and Development Command, 
Office of the Surgeon General.
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86 S. L U D E W IG  a n d  A. CHANUTEN [2]

haem olysate w as dialysed against two 250-rnl. portions for th ree  hour 
periods and against 1500 ml. for 15 hr. In o rder to v a ry  th e  pH, haemo- 
lysates w ere dialysed against tWo 4-liter portions of dilute, unbuffered 
HC1 or NaOH Solutions (pH 4 -1 1 )  during a 20 hr. period. D uring dialysis 
the m edia were stirred  continuously by a m agnetic s tirrer.

Haemoglobin (Hb) concentration was determ ined by a cyanm ethaem o- 
globin procedurę [2] and the  phosphates by th e  Fiske-Suibbarow me- 
thod [4]. The haem olysate was deproteinized w ith  10% trichloroacetic 
acid (TCA) and inorganic phosphate (Pj) was determ ined  at once. The total 
phosphate of the TCA filtra te  was determ ined a f te r  digestion by B art- 
le tt’s proceduro [1]. It is im portant to m aintain the oven at 152 ± 2° par- 
ticu larly  if cacodylic acid is present. F iltra tes containing diethylbarlbitu- 
ra te  bu ffer reąu ire  freąuen t additions of superoxol to decolorize the 
digest. The organie phosphate (Porg) was obtained  by subtracting the 
M-moles P i/g . Hb from  the i^moles total phosphate/g. Hb.

Dialysis of haemolysates of stored blood against water. A  single blood 
was stored in the cold and at weekly intervals sam ples w ere rem oved 
for the preparation  of haem olysates. It is w ell know n that the P org 
decreases and the Pj inereases during storage of blood [7]. In Fig. 1, the

RESULTS

Fig. 1. The relationshiip be- 
tween P. and Porg ooncentra- 
tions of red celi haemolysates 
of stored blood foefore and 
after dialysis against water.
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[3] PH O SPH A T ES IN  E R Y T H R O C Y T E S 87

plots of the P org against the P j concentrations yield stra igh t lines for 
the  dialysed and non-dialysed haem olysates w ith slopes of -1.14 and -2.31, 
respectiyely. According to these data, about 50°/o of the inorganic phos- 
phate  is lost during dialysis while the organie phosphate values rem ain 
unchanged.

Effect  of  dialysis against a cacodylic buffer.  This bu ffe r was studied 
because it is used freąuen tly  for electrophoretic analysis of erythrocyte 
haem olysates and of haemoglobin. In this laboratory the cacodylate buffer 
em ployed for electrophoresis is composed of sodium  cacodylate (0.033 m) 
and cacodylic acid (0.017 m) at pH 6.5. Electrophoresis of haem olysate 
in th is buffer yields a со тр іе х  p a tte rn  containing a t least four com- 
ponents. D uring the  storage of blood, the concentration of one of the 
components (B) decreases.

A sam ple of blood was stored in the cold for five weeks and at weekly 
in tervals haem olysates w ere prepared and dialysed against cacodylate 
bu ffe r and against w ater. The pH values for both dialysed haemolysates 
w ere 6.5. The data in Fig. 2 show that the  Porg yalues decrease during

Fig. 2. Pj and Porg concentrations of red celi haemolysates of stored blood after 
dialysis against water and cacodylate buffer.

storage and that the cacodylate-haem olysate yalues are about 20°/o lower 
than  those of the w ater-haem olysates. These changes in concentration 
during  storage approxim ate those obseryed for component B. The P { ya
lues of the w ater-haem olysates inerease during storage w hile only a tracę 
of Pj is present in the cacodylate-haem olysate.

Effect  of ionic strength. Results obtained a fte r  dialysing haemolysates 
against cacodylate buffers, NaCl and  d iethy lbarb itu ra te  buffers w ith 
ionic strength  of 0.033, 0.066 and 0.10 are khown in Table 1.
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88 S. LU D E W IG  a n d  A. C H AN U TIN [4]

T a b l e  1

The inorganic and organie phosphate concentrations of haemolysates 
dialysed against cacodylic buffers,  sodium chloride Solutions and d iethyl-  

barbiturate buf fers of di f ferent  ionic strengths

Molar ionic 
strength 

0 7  2)

0-day-old blood 28-day-old blood

P i P o r g P o r g

C /o )

P i P o r g P o r g

C /o )(iimoles/g. Hb) (fi.moles/g. Hb)

Cacodylate buffers (pH 6.5)

H20,Control 4.0 44.1 100 14.9 14.7 100
0.033 1.4 34.4 78 0.5 11.1 74
0.066 1.1 31,7 72 1.0 9.9 67
0.10 1.4 25.5 58 0.4 9.3 63

H20,Control 2.8 39.5 100 13.3 19.4 100
0.10 0.4 24.2 61 0.0 13.1 68
0.10 (NaCl)* 0.4 17.6 45 0.7 10.2 53

Sodium chloride (pH 6.5)

H20,Control 2.2 42.1 100 13 5 12.3 100
0.033 0.5 26.1 62 0.9 6.8 55
0.066 0.5 19.8 46 0.2 5.5 45
0.10 0.5 11.5 27 0.3 4.2 34

Diethylbarbitu ate buffers (pH 8.6)

H2O.Control 3.5 37.7 100
0.033** 0.1 1.5 4
0.066 0.5 0.3 1
0.10 0.1 1.0 3

* NaCl (0.08 M); sodium  cacodylate (0.021 M), cacodylic acid (0.0083 M) [6]. 
** Diethylbarbiturate (0.033 M ), diethylbarbituric acid (0.005 M).

A fter the dialysis of haem olysates against these Solutions, only a tracę 
of OPi is present. The variations in the Pj values have no significance 
because the analytical procedurę is not sufficiently  sensitive a t Iow 
concentrations.

Cacodylate. Two different samples of bloods (0 and 28 days old) 
were dialysed against cacodylate buffers of d ifferen t ionic strengths. 
A progressive loss of P org is noted as the ionic streng th  inereases from  
0.033 to 0.1. Dialysis of a haem olysate against a cacodylate buffer con- 
taining NaCl [6] w ith an ionic strength  of 0.1 is responsible for an 
appreciably greater loss of P org than is observed w ith the unsupplem ented
0.1 cacodylate buffer.
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[5] PH O SPH A T ES IN  E R Y T H R O C Y T E S 89

Sodium  chloride and diethylbarbiturate buffers.  Increasing concen- 
trations of NaCl caused progressively greater loss of P org in the  haem o- 
lysates of both the 0 and 28-day-old bloods. A t a relatively  Iow ionic 
streng th  of NaCl (0.10) as m uch as 70°/o of the Porg is lost. P ractically  
all of the P org disappears, a fte r dialysis against d iethy lbarb itu rate  buffers 
(pH 8 .6). Experim ents w ith  tris  buffers at pH 8.6 yield resu lts alm ost 
identical w ith  those ofoserved w ith d iethy lbarb itu rate  buffers. This 
m arked decrease cannot be a ttribu ted  en tirely  to  the pH sińce dialysis 
of a haem olysate against d ilu te sodium hydroxide at pH 8.6 is responsible 
for a decrease of about 50% of the organie phosphate (Fig. 3).

Effect  of pH.  The resu lts  obtained a fte r dialysis of aliąuots of a hae
m olysate against weak hydrochloric acid and sodium hydroxide Solutions 
are shown in Fig. 3. The values for P; and P org concentrations are com-

Fig. 3. Percentage changes of P. and PQrg 
concentrations of a red celi haemolysate 
after dialysis against dilute acid and alka- 
line Solutions. (The pH values of the hae- 
molysates were obtained after dialysis).

pared w ith those obtained after dialysis against w ater (pH 6.4). The Pj 
values are progressively g rea ter as the pH of the  dialysed haem olysate 
decreases to 5.3 and drops steadily  as the pH inereases to 10.2. At pH 8.0 
about 80% of the P; is lost. The P org concentrations of the  dialysed haem o- 
lysates rem ain constant betw een pH 5.3 and 6.8 but decrease rapidly  
as the pH inereases. A t pH 10.2 about 60% of the organie phosphate 
is lost.

Effect  of prolonged dialysis. It was found tha t the  P ; and P org con
centrations rem ain unchanged after dialysing haem olysate against w ater 
for three days but there is a gradual decrease in  the P org values w hen 
dialysed against cacodylate during  th is period.

SUMMARY

It has been shown that inorganic and organie phosphates of red  celi 
haemolysates are bound to haemoglobin in the absence of salts. No 
evidence is available to indicate the type of interaction.
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S . L U D E W IG  a n d  A . C H A N U T IN (6 j

The organie phosphate concentration of haemolysates decreases at 
different rates after dialysis against cacodylate buffers, sodium chloride 
Solutions and diethylbarbiturate buffers. Inorganic phosphate is present 
in tracę amounts after dialysis against these salt Solutions.
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WPŁYW SOLI I pH NA ORGANICZNE I NIEORGANICZNE FOSFORANY 
HEMOLIZATU KRWINEK CZERWONYCH CZŁOWIEKA

S t r e s z c z e n i e

Stwierdzono, iż w nieobecności soli nieorganiczne i organiczne fosforany hemoli- 
zatów krwinek czerwonych wiążą się z hemoglobiną. Brak jest danych, które wska
zywałyby, jaki jest charakter tego wiązania.

Zawartość fosforanów organicznych w hemolizatach dializowanych wobec bufo
rów kakodylanowych, roztworów chlorku sodu i buforów weronalowych spada 
w  niejednakowym  stopniu, zaś zawartość fosforanu nieorganicznego spada do ilości 
śladowych.

Received 27 June 1963.
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J. KAWIAK

ARYLSULPHATASE С ACTTYITY IN RAT CARTILAGE

Departm ent of H istology and Em bryology, Medical School, W arszawa

The presence of ary lsu iphatase  has been dem onstrated in  various 
organs and tissues, e.g. in the  Ііѵег, kidney, adrenals and m uscles [2 , 3]. 
However, no reports concerning the presence of arylsuiphatase actiy ity  
in cartilage w ere found in the  lite ra tu rę , although the intensiye m eta- 
bolism of suliphates in this tissue would justify  such studies. It w as the 
aim  of the present work to determ ine the  arylsuiphatase actiy ity  in 
epiphyseal cartilages.

MATERIALS AND METHODS

Reagents. О.Обм-tris  (L. L ight & Co. Ltd., Colnbrook, Bucks, Eng- 
land) -  acetate buffer of appropriate  pH w as prepared a few  days before 
the experim ents. p-N itrophenol (Fabryka Odczynników Chem icznych, 
Gliwice, Poland, sam ple no. 973) had absorption m axim a a t 400 and 
230 шц. Potassium  p-n itrophenyl sulphate (NPS) was p repared  from  
p-nitrophenol and chlorosulphonic acid according to the procedurę of 
B urghardt & Lapw orth [1], in the m odification of Dodgson & T udball [8]. 
In the preparation the n itrogen to  su lphur ratio was 2.28 (theoretical 
value 2.29), the nitrogen being assayed by the K jeldahl m ethod and 
sulphur grayim etrically as barium  sulphate [12]. Tests for chloride and 
inorganic sulphate were negative. The pu rity  was assayed spectrophoto- 
m etrically in a rangę of 230 - 450 іщ , Emax being at about 285 т ц .  The 
absorption spectra of NPS and p-nitrophenol are presented in Fig. 1. 
Trypan blue and neutral red  w ere R.A.L., K uhlm ann (iParis) products. 
Lissamine green was obtained through the kindness of P rofessor Dr.
H. Hyden (Goteborg, Sweden).

Cartilage preparation. Małe and fem ale albino rats, 14 - 20 days old, 
weighing 19 -2 8  g. were used. Follow ing decapitation of an im als the 
fem oral bones were ąuickly isolated and stored  in ice-cold distilled  w ater. 
Distal and р го х іта і cartilage epiphyses w ere cu t off in  separate  yessels
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92 J .  K A W IAK [2]

and left in ice-cold w ater for 2 - 4  hr. D uring this period the w a te r was 
changed twice. Then the cartilage was weighed and transferred  to two 
changes of cooled to -2 0 ° acetone, 10 ml. of acetone per 1 g. of fresh 
tissue being used. The cartilage was then d ried  at room tem peraturo  
(18°, 1 hr.), ground in the mili and stored over CaO at 4°. A part of the 
m ateriał w as isolated while the bones were im m ersed in ice-cold isotonic 
(0.25 m) saccharose solution or in w ater, and was used for experim ents 
w ithout fu rth e r treatm ent.

Fig. 1. Absorption spectrum of (O) p-nitrophenol and (®) p-nitrophenyl sulphate 
dissolved in 66.6°/o ethanol with 0.166 N-NaOH (read against the same mixture),

For com parative experim ents Ііѵег acetone pow der was used. The 
livers from  14 day-old ra ts  w ere stored for 2 - 4  hr. in ice-cold w ater, 
then homogenized and dried  w ith  cold acetone.

Assay procedurę. For glass washing, m ix tu res containing sulphuric 
acid w ere пеѵег used. For the  enzymie assays the following procedurę 
was adopted: 15 mg. portions of acetone-dried cartilage p repara tion  
were weighed in centrifuge tubes and suspended in 0.5 ml. of 0.05 m- 
-tris  - acetate buffer, pH  7.5. A fter a preineubation period of 4 min. 
at 37°, 2.5 M-mole NPS in 0.5 ml. of the sam e buffer solution was added 
and ineubation was continued for 1 hr. a t 37°. The reaction was stopped 
by im m ersion of the tubes in ice w ater and by addition of 4 m l. 95°/o 
ethanol. The precipitated proteins and carbohydrates as well as the  sus
pended cartilage preparation were rem oved by centrifugation. To 4 m!. 
of the  supernatan t 0.8 ml. of 1 N-NaOH was added and extinction was 
read at 400 min in  1 cm. cuvettes (Hilger spectrophotom eter Uvispek) 
against 66 .6%  ethanol (v/v) containing 0.166  N-NaOH. The enzyme acti-
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[3] A RYLSU LPH A TA SE С IN  C A RTILA G E 93

vity  was expressed as i^moles of liberated p-nitrophenol. Ali assays were 
m ade in duplicate and experim ents were repeated 2 - 3  times. As control 
served samples to which cartilage was added after incubation. Sim ilar 
procedurę was applied in  experim ents w ith fresh cartilage isolated in iso- 
tonic saccharose solution o r in w ater, except th a t 50 mg. po rt ions of the 
cartilage w ere taken  for еѵегу sample and cartilage isolated in 0.25 м-sac- 
charose solution was incubated in a medium  to which saccharose was 
added to the same concentration (isotonic medium).

The гесоѵегу of p-nitrophenol was tested by incubating the cartilage 
in the  m edium  containing 0.18 мгпоіе p-nitrophenol instead of NPS. The 
гесоѵегу of p-nitrophenol from  sam ples incubated w ith acetone-dried 
cartilage and w ith fresh cartilage in 0.25 м -saccharose was practically  
complete (99°/o); w ith fresh cartilage isolated and incubated in hypotonic 
m edium  it was less satisfactory (97%).

Supravital staining. Survival of the cartilage incubated in the isotonic 
solution was controlled by staining w ith  0.005% neu tral red  solution, 
for 10 min. a t 37°. Moreoyer, tests w ith 0.05% trypan  blue and 0.1% 
lissam ine green Solutions (2 to 3 min. at room tem peraturę) w ere applied. 
Ali dyes w ere dissolved in buffered R inger-K rebs solution, pH 7.4.

RESULTS

Incubation of NPS w ith the suspension of acetone-dried cartilage lead 
to the  release of p-nitrophenol (Fig. 2). The solubility of the  enzyme 
appeared to be very  Iow. The suspension of acetone-dried cartilage in
0.05 м -tris  - acetate buffer, pH 7.5, was left for 1 hr. at 4°, then  centri- 
fuged and in the  supernatan t only about 3% of enzymie activ ity  was 
found. These results suggest the presence of the  insoluble ary lsu lpha- 
tase С [4, 7, 10] in epiphyseal cartilages of fem oral bones.

The effect of pH on the arylsulphatase actiyity of acetone-dried 
distal and р го х іта і cartilage and Ііѵег are presented in Fig. 3. The 
optim um  pH for both cartilage enzymes was the same and corresponded 
to pH 7.5. The optim um  for the  Ііѵег enzyme was found to be at pH 7.8.

In Table 1 the resu lts of experim ents on the effect of d ifferen t salts 
on enzymie actiyity are summ arized. The actiyity of the samples to 
which no salt was added was taken as 1. The inhibiting effect of sulphite  
ions w as very  m arked. Enzymie actiyity decreased to 0.8 in cartilage 
already at 10_ 4 m sulphite  concentration while in the  Ііѵег a t 10—3 m. 
The inhibition by sodium fluoride was sm aller. The decrease to 0.8 in 
the actiyity  of both epiphyseal cartilages and the Ііѵег was obseryed 
at 10- 2 m concentration.

B arium  ions were added to incubation m edium  as chloride or acetate 
salts. No significant effect of barium  chloride in two concentrations
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94 J .  K A W IA K [4]

Fig. 2 Fig. 3

Fig. 2. Liberation of p-nitrophenol from p-nitrophenyl sulphate by acetone-dried 
preparation of epiphyseal cartilage. Absorption spectra of saimples incubated as 
described in methods. A (# ), Proper sample; В (3 ) , control, the cartilage prepara
tion was added after incubation. The difference A — В (O) shows the absorption 
spectrum characteristic for p-nitrophenol, absent in the medium at the beginning

of incubation.
Fig. 3. The effect of pH on the arylsulphatase activity. Each sample contained 
15 mg. of acetone-dried cartilage and 2.5 цтпоіе NPS in 1 ml. of 0.05M-tris - acetate 
buffer. Incubation: 1 hr. at 37°. Р гох іта і epiphyseal cartilage of the femur (Д),  
two experiments; distal cartilage (O), three experiments and for comparison 

Ііѵег ( • ) ,  one experiment. Duplicate samples.

tested on the activity  of cartilage enzyme was observed, while the 
activ ity  of the Ііѵег enzym e increased to 1.4. Barium  acetate, 0.025 m, 
slightly  increased enzyme activity  both in cartilages and in the  Ііѵег. 
The effect of barium  ions probably m ay be explained by the гетоѵ аі 
of the su lphate  ions and shifting of the reaction to the right.

The activ ity  of arylsulphatase С was determ ined in cartilage taken 
from  d ifferen t sites (Table 2). The activity of the d istal epiphyseal 
cartilage of the fem ur was tw ice as high as tha t of the р го х іта і one. 
Of the to tal activity  of both epiphyseal cartilages, 2/3 was localized in 
the d istal and only 1/3 in the р го х іта і epiphysis. Enzymie activ ity  
in costal cartilage was lower than  in epiphyseal cartilages.
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[5 ] A R YLSU LPH A TA SE С IN  CA RTILA G E 95

T a b l e  1

Effect  of  salts on arylsulphatase activ ity  of acetone-dried cartilage
Each s ample contained 15 mg. acetone-dried cartilage, 2.5 pmoles p-nitrophenyl 
sulphate and the respective salt as indicated in the Table, dissolved in 1 ml. of
0.05 м-tris-acetate buffer, pH 7.5. Incubation: 1 hr. at 37°. Duplicate samples; 
values from 1-3 experim ents are shown. For comparison results on Ііѵег enzyme

are included.

Addition
Concn.
(тм)

Arylsulphatase activity
Epiphyseal cartilage

Liver*distal ргохітаі

None 0 1.00 1.00 1.00
Na2S 0 3 0.1 0.87 0.77 —

Na2S 0 3 1 0.28, 0.27 — 0.89
NaF 10 0.80, 0.79 0.70, 0.88 0.82
BaCl2 25 0.97, 0.78, 0.99 0.92, 1.02 1.41
BaCl2 50 — 0.94 —

Ba(CH3COO)2 25 1.10, 1.09 1.14 1.29
Mg(CH3COO)2 50 1.17 1.11 1.31

* Data of B. Mliks (in  preparatiion).

%
T a b l e  2

Arylsulphatase С activ ity  in acetone-dried cartilage preparations
Each sample contained 15 mg. of acetone-dried cartilage, and 2.5 pmoles p-nitro
phenyl sulphate in 1 ml. of 0.05 м-tris-acetate buffer, pH 7.5. Incubation: 1 hr. at 
37°. Mean values, ± standard error of the mean are given. The results are expressed  

as pmoles of p-nitrophenol liberated.

Cartilage No. of expts.
p-Nitrophenol

(pimoles) %

Femur, epiphysis 
ргохітаі 7 0.126 ± 0.014 100
distal 7 0.253 ± 0.035 205

Ribs 16 0.050 ± 0.009 40

The fresh cartilage incubated w ith  p-nitropheny!l su lphate also 
showed enzymie activ ity  (Table 3). The am ount of p-nitrophenol released 
by the fresh cartilage isolated and incubated in isotonic saccharose 
m edium  was lower (0.076 i+mole/hr.) than  tha t released by cartilage 
isolated in w ater and incubated w ithout saccharose (0.176 i+mole/hr.).

The survival of fresh  cartilages was controlled by two tests: staining 
w ith neu tra l red  and the perm eability  test for acidic dyes such as
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T a b l e  3

Arylsulphatase activity  of fresh cartilage isolated and incubated  
in hypotonic or isotonic Solutions

Each sample contained 50 mg. cartilage and 2.5 pmoles p-nitrophenyl sulphate in 
1 ml. of 0.05 M-tris-acetate buffer, pH 7.5. The results are expressed as pmoles of 
liberated p-nitrophenol . The isotonic incubation medium contained 0.25 м-sac- 

charose. The results obtained in survival tests (see text) are also included.

Incubation at 37" (min.)
Hypotonic medium Isotonic medium

([i.mole p-nitrophenol)

30 0.112 0.044

60 0.176 0.076

Survival iests:
Neutral red, 1:20 000 - +

Trypan blue, 1:2 000 +

Lissamine green, 1 -1 000 + —> +

trypan  blue and lissamine green. In the fresh cartilage, as well before 
as a fte r incubation in  isotonic saccharose m edium , most chondrocytes 
accum ulated neu tral red  in vacuoles w hile the  cytoplasm  rem ained 
unstained. Chondrocytes showed the same staining reaction w ith neutral 
red w hen p-nitrophenol was added to 0.1 т м -concentration, tha t is to 
the concentration which m ay appear in the incubation m edium  as the 
resu lt of the enzymie activity of the fresh cartilage. The resu lts  of 
staining w ith trypan  blue and lissamine green appear to be more 
com plicated. In the vicinity of the a rticu la r surface, the cells were 
stained w ith  both stains before as well as after incubation. The cells 
lying fu rth e r  from  the articu lar surface were not perm eable for the 
stains. The above resu lts of supravital stain ing perm it to conclude that 
during the enzymie reaction in isotonic m edium  the cartilage cells do 
not change the ir staining properties and most probably rem ain  аііѵе, 
and th a t the  living cartilage possesses enzymie activity.

As could be expected, the  cells of fresh cartilage isolated in w ater 
and incubated w ithout saccharose were permeaible to trypan  blue and 
lissam ine green and did not accum ulate neu tral red  in vacuoles.

DISCUSSION

Three types of arylsulphatases have been described [6 , 11]; types A 
and В are soluble in w ater, type С is firm ly  bound to cellular struc tu re  
and insoluble in w ater [7,10].
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The obtained resu lts  indicate the presence of ary lsu lphatase  С in 
epiphyseal cartilage of r a t  fem ur. The optim al pH for the enzym e was 
sim ilar to th a t for arylsulphatases С in ra t  [3] and hum an  [5] Ііѵег. 
The enzyme was poorly soluble in w ater. The inhibitory effect of fluoride 
ions was but slight, sim ilarly as that reported  for enzym es from  hum an 
[5] and Ьоѵіпе [10] Ііѵег.

The increase in length of the fem oral bonę in ra t  and m an is due 
in about 2/3 to the grow th of the distal epiphysis and in 1/3 to the 
g row th  of the р го х іта і one [9]. It seems notew orthy that the  activ ity  
of arylsulphatase С is d istributed in a sim ilar way, 2/3 being found in 
the d istal and 1/3 in the р го х іта і epiphyseal cartilage. As th is m ay 
suggest physiological significance of arylsulphatase С in bone-grow th 
processes, it would be in teresting to compare the enzymie activ ity  in 
both epiphyseal cartilages in birds, in which the bonę is know n to grow 
eąually  on both ends [9].

The author is indebted to Professor Dr. E. Kowalski as w ell as to 
Dr. B. Biczowa and Dr. W. Bicz for helpful discussions during the  course 
of these experim ents. This w ork was in part supported by the D epart
m ent of Experim ental Pathology of the Polish Academy of Sciences.

SUMMARY

The presence of arylsulphatase С activity was dem onstrated  in epi
physeal cartilages of the ra t. The activity is higher in the d ista l th an  
in the р го х іта і epiphysis of the fem ur. A rylsulphatase activ ity  was 
dem onstrated also in the surviving cartilage.
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AKTYWNOŚĆ ARYLSULFATAZY С W CHRZĄSTCE SZCZURA 

S t r e s z c z e n i e

W chrząstkach nasadowych szczura wykazano obecność arylsulfatazy C. 
W nasadzie dalszej kości udowej aktywność jest wyższa niż w  nasadzie bliższej. 
Aktywność arylsulfatazy stwierdzono również w chrząstce przeżywającej.

Receiyed 29 June 1963
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DRY MASS OF EPITHELIAL CELLS FROM THE VAGINA 
OF MICE IN THE COURSE OF THE OESTRUS CYCLE MEASURED 

BY INTERFERENCE MICROSCOPE

Departm ent of H istology and Em bryology, Medical School, W arszawa

The vaginal epithelium  undergoes considerable changes during  the 
oestrus cycle which reflect changes in the  function of ovaries and, as 
it is assum ed by some authors, m ay be evoked by o tber horm ones [16, 3].

The influence of the ovaries on the cytological and histological picture 
of vaginal epithelium  is well known. The ańalysis of m orphological 
changes in the vaginal smears, firs t introduced by Stockard & Papani- 
colaou [14] has become a valuble m ethod for determ ining th e  functional 
condition of ovaries, and cytological exam inations of vaginal sm ears are 
broadly applied in gynecology [3, 15].

In determ ining the horm onal function of ovaries, in norm al and 
pathological conditions, the principal criterion  is the degree of keratin iza- 
tion of the  vaginal epithelium . The process of keratin ization affects 
the superficial layers of epithelial oells, beginning w ith the condensing 
layer [13]. The cells of th is layer and of the  layers above exhib it various 
phases of keratinization while the superficial cells are com pletely 
corneous [1]. Continuous desąuam ation of the superficial cells is connec- 
ted  w ith proliferation of the epithelium  and subseąuent movem ent 
of the cells tow ard the lum en of the vagina. This m ovem ent is 
accompanied by morphological changes; the  cells, a t first smali and 
cylindrieal, become spherical, then  large and m ultiangular and at last 
they  are large, sąuam ous and w ithout nuclei.

According to the latest findings, keratinization is accompanied by 
extensive biochemical changes in the cells. These changes consist in 
the decomposition of proteins into amino aeids and de novo  synthesis 
of kera tin  [8 , 5]. At the  same tim e a great deal of w ater is lost and not 
m ore than  10%  of w ater is p resent in corneous structures.

It m ay be assumed that these biochemical changes are associated 
w ith  changes in the d ry  m ass of cells. The purpose of this study  was 
to determ ine the changes in  the d ry  mass of cells th a t occur in the 
process of keratinization.
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MATERIALS, METHODS AND APPARATUS

Preparation of smears. The experim ent was carried  out on sm ears 
of epithelial cells taken from the vagina of w hite mice of the C57 strain . 
The mice were in the following th ree  phases of the  oestrus cycle: the 
dioestrus, prooestrus and oestrus. Conseąuently various ąuan tities  of 
cells at d ifferen t stages of keratinization w ere obtained. The epithelial 
cells w ere classified into four types according to  the  consecutive changes 
occurring during keratinization (Fig. 1): Туре I and II  cells, oblong or

Fig. 1. Four types of epithelial cells of mouse vagina whose dry mass was
determined.

spherical, and possessing large nuclei, were not keratinized; they were 
found in the germ inal or lowest layer of the epithelium . Туре III  cells 
w ere m uch larger than type I and II', they  w ere m ultiangular and their 
nuclei w ere in various stages of pycnosis. Finally, type IV  cells were 
sim ilar in shape and size to type III  but had no nuclei. These last two 
types of cells were found in the layers of the epithelium  nearest to the  
lum en of the  vagina. Туре I and II  cells w ere found in the dioestrus 
phase, type III  in the  prooestrus and type IV  cells in the oestrus. About 
40 cells of each type were isolated and examined.

The cells were taken from  the vagina and im m ediately suspended 
in Hanks solution of pH 7.4, and spread on slides. Each slide was covered 
w ith  a coverglass, sealed w ith paraffin  to prevent evaporation and
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exam ined under an  in terference microscope. A p art of sm ears was 
stained w ith hema.toxylin & eosine.

Determ ination o f dry mass. Dayies et al. [6] and B arer & Joseph [4] 
stated  that d ry  m ass of a celi suspended in w ater m ay be expressed by 
the form uła:

Ф  • A

m = Too7T W

w here m is the d ry  m ass of celi expressed in grams; Ф, the optical pa th  
difference in rela tion  to the  m edium; A, the su rf асе of the m easured 
s tru c tu re  in sąuare  centim eters; a, the specific refractive increm ent 
which is 0.0018 fo r biological s truc tu res (e.g. proteins, carbohydrates).
If the  cells are im m ersed in a m edium  o ther than  w ater then  the
foliowing correction to form uła (1) should be introduced:

Ф ' А , ,  4 A • t
m ~  TooIT +  t ó o ^  p )

w here (м-т —мѵ) is the  difference in refractive index betw een the m edium  
used and w ater, t, the thicknes of the  celi.

This form uła could not be applied for calculating the d ry  mass of
m ultiangular cells w ith a rough surface (type III  and IV)  sińce it was 
y irtua lly  impossible to determ ine their thickness (t). Туре II  cells, to 
sim plify calculations, w ere considered as spheric, and the value of
(м-щ—M-w) =  0.0016 for H anks solution [10] at 24° was adopted. The
correction to form uła (1) calculated in this way am ounted to  1 -  2°/o
of the dry mass. Conseąuently  the  correction for this difference could 
be om itted in view  of high yalues of standard  deyiation for celi surfaces 
and m easured pa th  differences (see Table 1). A sim ilar type of reasoning 
taking into account d ifferences in the  shape of cells, was adopted to the 
cells of the type I, III  and IV.

The M PI in terference microscope produced by Polskie Zakłady 
Optyczne, W arszawa, was employed for m easuring the path differences. 
This microscope is based on the principle of in terference of polarized light 
diffracted by a modified W ollaston prism . The prism  serves both to split 
the light rays and to m easure path  differences betw een the ligh t beam  
that passes through the object and the light beam that passes through 
the medium  adjacent to the object. Depending on the type of double 
image prism  used, the  M PI interference microscope m ay be em ployed 
in three methods of quantita tive  studies: the in terference shearing 
method, the  wide double-im age on a uniform  field of view, and d ifferen - 
tial in terference m ethod [11, 12].

In the present study the wide double-im age (about 15 м-) in rela tion  
to the  piane of the object on a uniform  field was used. The m easure-
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m ents w ere taken in  monochrom atic light (A, 0.53 m). The path  difference 
w as expressed by:

w here A is the wavelength; i, the distance betw een the fringes of the 
double-im age prism  (г =  770 м.); p, the transverse ro ta tion  of the prism  
corresponding to the difference betw een the positions in w hich first the 
background in the field of view and then  one of the two images otf the 
celi becomes dark.

The following m easurem ents were m ade for each cel'1 containing 
a nucleus: Ф4, path  difference of the cytoplasm  outside the nueleus; 
Ф2, pa th  difference of the  nucleus together w ith  the cytoplasm  over- and 
underly ing  the nucleus (Fig. 2). A th ird  m easurem ent, Ф3, path  difference 
of the  nucleus in relation to the cytoplasm, was m ade w hen the celi 
was so large th a t the  double image of the nucleus did not reach beyond 
the coinciding areas of the cytoplasm  images (Fig. 3), and conseąuently

Fig. 2. The scheme of the cross section of the measured celi showing the different 
areas which were separately measured.

Fig. 3. Positions of celi nuclei in two cases of overlapping of double images
of the celi.

Fig. 4. The four sectors of the celi wherein the measurements were made.

it was impossible to m easure Ф2; therefore  Ф2 was obtained by adding 
Ф1 and Ф3. The path differences were m easured in each celi in four 
sectors (Fig. 4). Three m easurem ents w ere made in each area and the 
average value was used for calculating the dry mass. Total dry m ass 
of a nucleated celi was obtained by adding the dry m ass values 
calculated separately  from  the Ф  ̂ p a th  difference (Fig. 2, area A) and 
Ф2 (Fig. 2, a rea  B).

P lanim etry  of celi surfaces. M icrophotograpbs were made of each 
celi before taking interferom etrie m easurem ents. The m icrophotographs

(3)

Fig. 2 Fig. 3 Fig. 4
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w ere projected on filte r paper, th ree  projections being m ade for each 
celi. These were then  cut out, weighed, and the average was calculated. 
K now ing the geometrie m agnification of the celi projection, the w eight 
of the filte r paper and average w eight of the celi projection, the  celi 
surface was calculated separa te ly  for the cytoplasm  and nuCleus. The 
m ethodical error resu lting  from  the above described procedurę w as 1.44°/o.

RESULTS

(Planimetrie da ta  indicate th a t the surface of type I  and II  cells is 
considerably sm aller than  the surface of type III  and IV . The average 
celi areas for all four types of cells, w ith standard  deviation values and 
variation coefficients, are given in Table 1 and Fig. 5; the  values of pa th

700

600

• 500cń
400 

i 300 

200

I
Type

Fig. 5. Diagram illustrating the differences in dry mass, planimetry and optical 
path difference between the four types of epithelial cells.

differences and dry mass a re  also included. The average optical path  
difference is the highest for type I  and II  cells, while the average d ry  
mass for type III and IV  cells is m ore than  double the value fo r types I  
and II. S tandard deviation values and variation coefficients are high 
for all the obtained results.

T a b l e  1

Dry mass, p lanim etry and optical path di fferences in four types  
of epithelial cells from  m ouse ѵадіпа in the course of keratinization  
Mean values for one celi, ±  S. D., and yariation coefficients (V) are giyen.

Cells
Dry mass Surface Optical path difference

(MW) У  (%) (t*2) У  C /o ) C ) У  C /o )

Туре I 313 ± 113 36.0 331 ± 141 42.6 0.35 ± 0.09 25.7
Туре II 273 ± 81 29.7 283 ± 118 41.6 0.34 ± 0.11 32.3
Туре III 626 ± 280 44.7 1132 ± 264 23.3 0.17 ± 0.04 23.5
Туре IV 655 ± 290 44.0 1039 ± 297 28.6 0.22 ± 0.07 31.8
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DISCUSSION

For evaluation of the keratinization process, the staining properties 
of cells have served so far as the principal criterion, w hile th e  shape of 
the  cells and of their nuclei w ere rare ly  taken into account. For 
unstained cells, o ther m ethods of evaluation of keratin ization had to be 
adopted and it was decided to  employ the  morphological criteria  
described by Allen [1] and A llen & Doisy [2]. These au thors d ifferen tia- 
ted three types of epithelial cells from  mouse yagina: (1), fully 
keratinized cells a re  large, m ultiangular, and w ithout nuclei; (2), cells 
in various stages of keratinization are  of th e  sam e size as fu lly  
keratin ized cells bu t possess pycnotic nuclei; and (3), smali slpherical or 
oblong cells w ith large nuclei rich  in chrom atin are  considered to be free 
of keratin.

The fully  keratinized cells of A llen & Doisy correspond to type IV  
cells which in the present study were found in large num bers in sm ears 
obtained during oestrus. As it was impossible to determ ine the degree 
of keratinization in cells by interference microscopy, all the cblls in 
various stages of keratin ization were treated  as one group and classified 
as type III; they  w ere obtained in the prooestrus phase. N on-keratinized 
cells, classified as type I and II, w ere obtained in the d ioestrus phase.

It is assumed that the found increase in d ry  m ass of type I II  and I V  
cells as compared w ith type  I and II  is due to the  form ation and 
accum ulation of kera tin  in  the cells. It seems w orth  noting th a t there 
is only a smali difference in dry mass betw een type III  and type I V  cells. 
If in type III  cells the keratin ization process still proceeds and only 
a sm ali ąuan tity  of keratin  has aceum ulated in the cytoplasm, th en  the 
difference in dry mass betw een these cells and the corneous type IV  
cells should be m uch greater. It seems that the  large ąu an tity  of glyco- 
gen present in type III  [7] which considerably inereases the d ry  mass 
of these cells, m ay account for this effect.

Thus the  process of keratin ization which takes place w hen the 
epithelial cells move from  the proliferatiye layer tow ard the lum en of 
the  yagina, is connected w ith  the increase of the d ry  mass and of the 
area  of cells. Such quantitative descriptions of the deyelopm ent or 
differentiation of cells in the process of keratin ization accompanied by 
qualitative and quantitative histochemical studies seem to hołd promise 
for metabolic in terpreta tion  of in tracellu lar changes.

The authors express their sin cer e g ratitude  to Mr. M. P lu ta , M. Sc., 
the constructor of the in terference microscope, for m aking the m icro- 
scope available to the au thors and for his yaluable aid.
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SUMMARY

Q uantitative changes in d ry  mass and in the planim etry  of epithelial 
cells from  mouse vagina, in the process of keratinization w ere studied by 
in terferom etrie  m easurem ents in the three phases of the  oestrus cycle.
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INTERFEROMETRYCZNE OKREŚLANIE SUCHEJ MASY KOMÓREK NABŁONKA  
POCHWY MYSZY W PRZEBIEGU CYKLU RUJOWEGO

S t r e s z c z e n i e

Posługując się mikroskopem interferencyjnym (MPI, produkcji PZO) określono 
zmiany suchej masy komórek nabłonka pochwy m yszy w  przebiegu cyklu rujowego. 
Wykazano znaczny wzrost suchej masy zrogowaciałych powierzchownych komórek 
nabłonka pochwy w  porównaniu z niezrogowaciałymi, podstawowymi komórkami.

Receiyed 29 June 1963.
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A CONTRIBUTION TO THE STUDY OF GLUTATHIONE 
SYNTHESIS BY THE HUMAN ERYTHROCYTE

Institute of Haem atology and Blood Transfusion, Prague, Czechoslocakia

Th*e role of reduced glutathione (GSH) in the erythrocyte has ibeen 
to a great ex ten t explained. It has been shown that glutathione partici- 
pates in metabolic processes which ensure the conversion of m ethaem o- 
globin to haemoglobin. Some enzymie chains of glycid m etabolism  are 
known in  which glutath ione plays an im portant role, and takes part in 
keeping the optim al shape of the  erythrocyte and properties of its mem
branę. The perm eability  of the e ry th ro cy te^  celi m em brane fo r sodium 
and potassium  seems to depend to a considerable ex ten t on the presence 
of free SH groups on its surface. The shape of the dissociation curve 
of oxyhaemoglobin is m arkedly influenced by the content of reduced 
glutathione in the erythrocyte, its  inerease causing the shifting  of the 
curve to the right and its elongation, and vice versa.

Considerable a tten tion  has been paid to the biological significance 
of GSH for the ery throcyte and m any efforts have been madę to elucidate 
the pathw ays of g lu tathione synthesis and the mechanisms which ensure 
the stability  of g lu tath ione in the erythrocyte in its reduced form. The 
probalble ways by which glutathione is introduced into the celi w ere also 
studied. It is known that th is tripeptide does not pene trate  from  a medium  
into the erythrocyte; th is was also confirm ed by us in  experim ents in 
which the uptake both of cysteinę and glutathione a t 20° and  0 ° was 
followed. The results presented in Fig. 1 indicate that cysteine penetrates 
very rapidly  into the ery throcytes while glutathione does not penetrate 
at all. Thus it is elear th a t the in tra-ery th rocy te  GSH m ust be synthetized 
in the  celi.

The synthesis of GSH was first studied on Ііѵег slices and on Esche- 
richia coli cultures. The process has two stages; the first one consists in 
the form ation of ^-glutam yl-cysteine in the presence of ATP; in the 
second, glycine is incorporated under the influence of glutathione syn- 
thetase. In the  second stage the presence of ATP is also essential. Potas
sium stim ulates this reaction [Crook, 1].

http://rcin.org.pl



108 J .  H O K E JS I a n d  L. МІВСБѴОѴА [2]

In  the  erythrocyte the synthesis of GSH proceeds very  ąuickly. Mil
ler & H oriuchi [7] have found th a t the  incorporation of 14C -labelled gly- 
cine as w ell as of 35S-labelled cysteine oecurs in 4 1/2 hr. It is of in terest 
to note th a t the incorporation of [14C]glutamic acid has not ye t been 
dem onstrated. In our experim ents, using paper chrom atography of ex tra - 
cellu lar m edium  and of haem olysate, glutam ic acid did not penetrate  
alm ost a t a ll into the erythrocyte. G lutam inę, on the o th e r hand, was

Glutathione Cysteine

Fig. 1. The transfer of glutathione and cysteine from the medium into the human 
red celi. To the incubation medium containing the suspended erythrocytes, 50 or
100 mg. of GSH or cysteine were added (------), at 0° and (----- ), at 20°. At intervals
indicated in the Figurę the erythrocytes were isolated and haemolysed, and the 

concentration of the added compounds estimated.

found to penetrate  and to be incorporated into glutath ione [7]. According 
to  E lder & M ortensen [3], the ra te  of GSH synthesis in  the ery throcyte  
does not depend on the level of the endogenous glutathione; however, 
it decreases in the  presence of oxygen as Koj [6] has also confirmed. 
K asbekar & Sreenivasan [4] have found tha t Mg2+ and K + are necessary 
for the  synthesis of GSH in the ery throcytes and th a t the addition of 
adenosine o r adenosine-5'-m onophosphate enhanced the synthesis.

M any experim ents w ere carried ou t in which both the net increm ents 
of GSH and the incorporation of individual labelled amino acids w ere 
followed. On the basis of the resu lts  obtained in these experim ents the 
synthesis of glutathione in the erythrocyte can be considered to be 
proved.

O ur a tten tion  has been directed  to two ąuestions: (1), сап GSH be 
synthetized only by the intact erythrocyte o r also b y  the strom a alone ? 
(2), can GSH be synthetized also from  precursors o th er than  the  three 
constituen t amino acids ? That is, can cysteine be synthetized in the 
e ry th rocy te  from  m ethionine and serine, and can a-ketoglutaric  acid 
replace glutam ic acid ? Recently Мігсеѵоѵа et al. [8] reported  tha t also 
in  the  ery throcyte this transam ination occurs.

The reduced glutathione was estim ated directly , using аііохап w hich 
form s a с о тр іе х  w ith  GSH absorbing the u ltraviolet light a t the  305 тм-
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region. АПохап form s a sim ilar сошріех w ith cysteinę but the m axim um  
absorption of this сош ріех is at 275 т м  so tha t no in terference oecurs. 
The modified m ethod of K ay & M urfitt [5] (pH of the  solution 7.6) gave 
very  good results. The m ethod was checked both by a calibration g raph  
w hich showed a linear dependence in the rangę of 20 - 100 mg.°/o GSH, 
and by гесоѵегу tests.

Syn thesis of GSH by erythrocyte stroma

Strom a was p repared  from  erythrocytes isolated from  blood preserved 
w ith citrate  and dextrose (ACD), by haemolysis w ith distilled w ater or 
ether. In haemolysis by w ater, 1 part of erythrocytes and 6 p arts  of 
w ater were used. S trom a isolated by centrifugation w as washed twice 
w ith w ater. In haem olysis by ether, 1 p art of erythrocytes wais m ixed 
w ith  0.1 part of ether; proteins w ere precipitated by sa tu ra tion  w ith  
amm onium  sulphate and centrifuged off. The upper layer contained the 
strom a which was a fte r separation washed once w ith physiological salinę 
solution and twice w ith w ater.

Strom a, 0.5 ml., suspended in 3.5 ml. of R inger-phosphate buffer, 
pH 7.2, was used for experim ents. The m edium  contained aliso 0.025 m- 
-glycine, 0.01 м-glutam ic acid and 0.03 м -cysteine hydrochloride and 
1.25 ц т о іе  adenosine-5Lmonophospha te . In one series of experim ents 
10 Mmoles ATP was added. In  addition to experim ents w ith  the direct 
GSH precursors, a m edium  was also used containing О.ОЗм-m ethionine 
and 0.03 м-serine instead of cysteine, and 0.01 м-a-ketoglu taric  acid 
instead of glutam ic acid.

The results of the experim ents showed that in freshly  isolated, w ashed 
strom a an active synthesis of GSH took place if glycine, cysteine and  
glutam ic acid were p resent in the incubation medium. On the o th er hand, 
when the m edium  contained serine and m ethionine, and a-ketoglu taric  
acid no increm ent of GSH could be observed a fte r 3 hr. of incubation. 
The average increm ent of GSH in the G lu -C y s^ ly  m edium  was about 
210 M-moles (112, 200, 233, 297). No significant difference was observed 
if ATP was added to the  medium.

Synthesis of GSH by intact erythrocytes

ACD erythrocytes isolated from  the blood w ithdraw n on the  same 
day or only one day old were used. The composition of the incubation 
media (Glu, Cys, Gly; a-ketoglut., Gly, Met, Ser) was the sam e as for 
the first series of experim ents, except that the addition of adenyl-S^m o- 
nophosphate was 5 м-moles. The erythrocytes w ere incubated anaerobi- 
cally in the appropriate m edium  for 3 hr. at 37°, nitrogen being passed 
through during the first 30 min. of incubation. These conditions w ere
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strietly  observed as it is know n that the  synthesis of GSH in ery throcytes 
is m ore active in the absence of oxygen.

The results presented in Table 1 indicate th a t g lu tath ione can be 
synthetized in the  erythrocytes not only from  the th ree  d irec t pre- 
cursors, but also w hen serine and m ethionine are presen t in the  medium 
instead of cysteine, and a-ketoglutaric acid instead of glutam ic acid. 
No increm ent of GSH synthesis was observed w hen  the haem olysate 
was used instead of the  whole erythrocytes.

T a b l e  1

Synthesis of glutathione by hum an erythrocytes  
The results presented are averages; the limit values are given in parentheses.

Addition Increment after 3 hr. incubation 
(jimoles)

None
Glu, Cys, Gly 
Glu, Gly, Met, Ser 
a-Ketoglutarate, Gly, Met, Ser

29 (5.4 -  68) 
297 (209 -  579) 
220 (164 -  328) 
98 (91 -  101)

In  two tests the total am ount of GSH was determ ined  a fte r the  electro- 
lytic reduction of GSSG according to Dohan & W oodward [2]. The results 
of one of these experim ents are  shown in Table 2; the  second one, 
evaluated only sem iquantitatively, showed sim ilar differences in GSH 
synthesis.

T a b l e  2

Syn thesis  of total and reduced glutathione by hum an erythrocytes

Addition
Increment after 3 hr. incubation

GSH Total GSH
(irmoles)

None 14 84
Glu, Cys, Gly 209 980
Glu, Gly, Met, Ser 164 250
a-Ketoglutarate, Gly, Met, Ser 101 339

The presented resu lts show that the intact e ry th rocy te  is able to syn- 
thetize glutathione not only from  the  d irect precursors but also from  
a-ketoglutaric  acid, m ethionine and serine.

R ecently  in our laboratory Мігсеѵоѵа et al. [8] have succeeded in 
proying th a t in ery throcytes a-ketoglutaric acid can be transam inated
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to  glutam ic acid. Since the  penetration  of glutam ic acid from the m edium  
into th e  ery throcyte  proceeds very  slowly it seems possible th a t in the 
ery throcyte  the  transam ination reaction is  used as the source of glu
tam ic acid.

The synthesis of GSH in the presence of m ethionine and serine 
instead of cysteine indicates th a t in the ery throcyte the synthesis of 
cysteine proceeds by  the generally  known pathw ay.

Unlike the erythrocytes, strom a alone can form  GSH only  from  the 
d irect precursors. Probably  the  processes of transsu lphuration  and tra n s 
am ination reąu ire  the presence of soluble enzymes which are rem oved 
during  haemolysis and washing of the strom a. Therefore the present 
experim ents should be  com pleted by tests using labelled am ino acids 
to follow the  incorporation of individual components into g lutath ione. 
This will be the subject of ou r fu rth e r study.

SUMMARY

1. In  hum an ery throcytes the synthesis of glutathione from  the
direct precursors under anaerobic conditions in the  presence of ATP,
was confirmed. Strom a alone possesses the same ability.

2. In tact erythrocytes synthetize glutathione not only from  the d irec t 
precursors bu t also w hen a-ketoglutaric acid is present instead of g lu ta 
mic acid, and m ethionine and serine instead of cysteine. Strom a isolated 
and washed cannot synthetize GSH from the  indirect precursors.
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PRZYCZYNEK DO BADAŃ NAD SYNTEZĄ GLUTATIONU 
W LUDZKICH ERYTROCYTACH

S t r e s z c z e n i e

1. W warunkach beztlenowych w obecności ATP potwierdzono w  erytrocytach  
syntezę glutationu z jego bezpośrednich prekursorów. Izolowana stroma również 
syntetyzuje glutation.

2. Erytrocyty syntetyzowały glutation również wtedy, gdy zamiast kwasu gluta
minowego dodano kwas a-ketoglutarowy, a zamiast cysteiny metioninę i serynę. 
Izolowana stroma w tych warunkach nie syntetyzowała glutationu.
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In  the m ajo rity  of insects, uric acid is excreted as the  end product 
of p ro te in  m etabolism , and only the aąuatic insects excrete m ost of the 
n itrogen as am m onia [17, 18]. The presence of urea in  excreta of m any 
insects has also been reported  [for ref. see 5, 17] but the  excretion of 
urea as the  end product of protein m etabolism  in insects has o ften  been 
disputed. H eller [6] has shown th a t it could arise from  bacterial decom - 
position of uric  acid in the hindgut, and suspected th a t urea found in 
some reported  cases, especially when larger am ounts of m ateria ł w ere 
used for analysis, m ight have resulted  from  an infection. In  some insects 
the u rea  found in  excreta m ay represent the unchanged urea taken  in 
the food. This is certain ly  so in Rhodonius prolixus  as dem onstrated by  
W igglesw orth [22]; the sam e can be tru e  for the clothes m oth in whose 
excreta large am ounts of urea were found by Pow ning [13].

O rnith ine and citru lline know n as interm ediates in urea biosynthesis 
have also been found in haem olym ph and tissues of several insects [20 , 11]. 
K ilby & Neyille [8] found arginase actiyity  in tissues of Locusta migra- 
toria, and Szarkow ska & Porem bska [19] in tissues of Celerio euphorbiae 
a t еѵегу stage of deyelopm ent. С arcia, Тіхіег & Roche [4] assum ed 
recently  th a t the  pathw ay of urea form ation in the  bee, silkw orm  and 
locust is the sam e as in yertebrates.

It appears, howeyer, tha t the metabolic ro le of urea in insects is not 
yet unequivocally  established. In the  present w ork the possibility of 
urea biosynthesis by way of the ornith ine cycle in Celerio euphorbiae  
has been inyestigated.

MATERIAŁ AND METHODS

C aterpillars, pupae and adult m oths of C. euphorbiae w ere studied. 
For the experim ents extracts from  acetone powders or from fresh  whole 
anim als as well as from isolated tissues w ere used. The ex tracts  w ere 
prepared according to Brown & Cohen [1]. F resh tissues or acetone 
powders w ere ground w ith  0 .1%  solution of cetyl trim ethylam m onium  
bromide (CTB) in all-glass P o tte r  homogenizer at room  tem pera tu rę ,

3 http://rcin.org.pl



114 Z. PO R EM B SK A  a n d  I. M OCHNACKA [2]

5 m l. of CTB being applied p e r 0.5 g. of fresh tissue, and 10 ml. of CTB 
per 0.5 g. of acetone powder. The suspension w as chilled on ice and 
centrifuged for 10 min. a t 5000 g at 0 - 2 ° .

Analytical procedurę. P ro tein  was determ ined b y  the M ejbaum -K a- 
tzenellenbogen tannin  m ethod [10]. C itrulline was assayed w ith dime- 
thylglyoxim e by the Fearon m ethod as m odified by Łazariew  [9], u rea 
by th e  xanthydro l m ethod of Fosse as modified by Engel & Engel [3], 
and am m onia by the Conway’s procedurę using the Nessler reagent and 
colorim etric estim ation [2]. The arginine content was calculated from  
the am ount of urea form ed upon the addition of arginase, which had 
been obtained from  beef Ііѵег after R atner [14]. The preparation  of 
arginase contained 8 mg. of protein per 1 ml. and was diluted as reąuired . 
For chrom atographic exam ination of amino acids the  fresh  tissues were 
ex tracted  w ith  60 - 70% ethanol, and two-dim ensional descending tech- 
niąue on W hatm an no. 1 paper in p ropan-l-o l - w ater (7:3, v/v) in the 
atm osphere of 0.3% ammonia w“as employed. The spots were located 
w ith  2%  solution of n inhydrin  in acetone.

E nzym e assays. The activity of ornithine carbamoyltransferase (car- 
bamoylphosphate:L-ornit.hline carbamoyltransferase ЕС 2 .1.3.3) was exa- 
mined in the system containing in 2 ml.: 50 Mmoles of glycine buffer, 
pH 8.5, 20 Mmoles of carbamoylphosphate, 20 Mmoles of L-ornithine, and 
enzyme extract. The incubation was carried out for 30 min. at 25°. The 
reaction was stopped by adding 2 ml. of 1 N-perchloric acid; after centri- 
fugation citrulline was estimated in the supernatant.

The synthesis of arginine from citrulline and aspartate was assayed 
in the incubation mixture containing in 1.2 ml.: 50 Mmoles of tris buffer, 
pH 7.2, 5 Mmoles of L-citrulline, 5 Mmoles of ATP, 5 Mmoles of aspartate, 
5 M-moles of M gS04, arginase solution and enzyme extract. The incubation 
was carried out for 1 hr. at 25°, and the reaction stopped by adding
1.5 ml. of 83% acetic acid. The sediment was discarded and in the super
natant the amount of urea (formed by the added arginase) was de
termined.

The activity of arginase was examined in the mixture containing 
in 1 ml.: 50 M-moles of glycine buffer, pH 9.5, 0.5 Mmoles of МпСІ2, 
25 Mmoles of arginine, and enzyme extract. Samples were incubated for 
30 min. at 25°. The reaction was stopped by adding 1.5 ml. of 83% acetic 
acid. After centrifugation urea was determined in the supernatant.

Special reagents. L-Citrulline hydrochloride and L-arginine hydro- 
chloride (L. Light, England); L-ornithine hydrochloride and L-aspartic 
acid (Riedel, W est G erm any); ATP (Schwarz, M ount Ѵегпоп, U.S.A.); 
cetyl trim ethylam m onium  brom ide (British D rug Houses, Ltd.); car
bam oylphosphate d ilithium  salt of 65 - 75% purity  was prepared from  
potassium  cyanate and potassium  dihydrogen phosphate  a fte r Jones, Spec- 
to r & L ipm ann [7].
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RESULTS AND DISCUSSION

To study the enzymes of the orn ith ine cycle the ex tracts w ere pre- 
pared w ith  0.1% solution of CTB, which according to Brown & Cohen [1] 
is a good ex tractan t of these enzymes. No synthesis of c itru lline  from  
orn ith ine and carbam oylphosphate was observed in the fresh o r acetone- 
-dried  tissues of C. euphorbiae at any stage of developm ent. In  Table 1 
the resu lts of experim ent w ith ex trac t from acetone-dried fat-body and 
muscles of the adult m oth are given. Smali am ounts of citru lline form ed 
during 30 min. incubation can be accounted for as resulting  from  non- 
-enzym ic synthesis, sińce they were also observed in sam ples w ithout 
the ex tract added. For the non-enzym ic synthesis of citru lline or of 
o ther compounds reacting w ith dim ethylglyoxim e the presence of car
bam oylphosphate appeared to be essential. This is in agreem ent w ith  
the non-enzym ic form ation of citrulline and of o ther ornith ine derivatives 
dem onstrated by R euter [16] and Reifer & Kleczkowski [15]. U nder the 
conditions of our experim ents, the  ra te  of non-enzym ic synthesis was 
Iow; it could be increased significantly by prolonging the tim e of incu
bation to several hours and by raising the tem peratu rę  to about 40°.

T a b l e  1

Citrulline synthesis in extracts from  acetone-dried fa t-body and m uscles  
of the adult Celerio euphorbiae m oth, and ох Ііѵег

Incubation mixture contained in 2 ml.: 50 pmoles of glycine buffer, pH 8.5, 20 
pmoles of ornithine, 20 pmoles of carbamoylphosphate, and CTB extract from  
acetone-dried tissues or from ох Ііѵег (1.7 mg.-0.2 mg. of protein, resp.). Incubation: 
30 min. at 25°. Average values from 6 experiments are given, in parentheses the

limit values.

Sample Citrulline formed 
(p-moles)

C. euphorbiae 
Whole system 
Ornithine omitted 
Carbamoylphosphate omitted 
Extract omitted 

Ох Ііѵег 
Whole system
Whole system and extract from 

C. euphorbiae tissues

0.04 (0.02 -  0.05) 
0.03 (0.02 -  0.04) 
0.0
0.04 (0.02 -  0.04) 

0.81 (0.77 -  0.9) 

0.82 (0.71 -  0.89)

The possibility of an inhibitor of ornith ine carbam oyltransferase 'being 
present in the tissues of C. euphorbiae has been excluded, as the  addition 
of the tissue ex tract to the  ex tract from  ох Ііѵег had no effect on  the  
rate  of c itru lline  synthesis (Table 1).
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D espite the lack of c itru lline  synthesis in th e  Caterpillar, pupa and 
adu łt m oth, c itru lline  is p resen t in  the ir tissues as revealed by paper 
chrom atography (Fig. 1 a, b). It m ight have been derived from  the ingested 
food, as its presence was also dem onstrated  in the Euphorbia p lant 
(Fig. 1 c). However, this does not exclude the  possibility of endogenous 
form ation of citrulline by a pathw ay o ther than  the o rn ith ine cycle e.g.

Fig. 1. Paper chromatograms of 70°/o ethanol extracts of Celerio euphorbiae 
(a) muscle, (b) fat-body, and (c) of Euphorbia plant. (1), Arginine; (2), ornithine; 

(3), citrulline; (4), glutamin acid; (5), aspartic acid.

the degradation of arginine by arginine im inohydrolase, which was found 
in bacteria  [12]. The rem aining am ino acids of the  ornith ine cycle i.e. 
ornith ine, arginine and glutam ic and aspartic acids have also been found 
in tissues of C. euphorbiae by chrom atographic analysis (Fig. 1 a, b).

The enzymie form ation of arginine from  citru lline  and aspartate  in 
the presence of ATP was dem onstrated in ex tracts of fresh and acetone- 
-dried  tissues from  C. euphorbiae at d iffe ren t stages of developm ent. 
Table 2 represents the results of an experim ent w ith adult m oth tissues. 
In  contrast to ох Ііѵег, the addition of c itru lline  and aspartate  was not 
necessary, although when no citru lline  and /or aspartate  was added, the 
synthesis was lower by 20 - 30%, and by 70%  w ithout the  addition 
of ATP. As non-dialysed ex tracts w ere used for the experim ent, it could 
be assum ed that w hen no citru lline and asparta te  were added, th e  own 
endogenous substrates w ould be used for the synthesis. Therefore the 
experim ents w ere repeated w ith  dialysed extracts. As the  dialysis of 
ex trac ts  from  ох Ііѵег did not cause an  inactivation of the enzymie 
system , the same was expected to be tru e  for C. euphorbiae. However, 
the dialysed ex tracts from  m oth tissues proved to be inactive. These 
resu lts  m ay lead to the supposition tha t arginine synthesis in C. euphor
biae m ay proceed through a d ifferen t pathw ay.

The presence of arginase in the tissues of C. euphorbiae dem onstrated 
previously in w ater homogenate [19] now has been confirmed w ith  
C T B -extracts from  acetone-dried tissues. No urease was detected in the 
tissues of C. euphorbiae.

The presented experim ents failed to demonstraite the  form ation of
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T a b 1 e 2

Arginine synthesis in extracts from  fresh muscle and fa t-body of the  
adult m oth  Celerio euphorbiae and in extract from  acetone-dried ox

Ііѵег
Incubation m ixture contained in 1.2 ml.: 50 pmoles of tris buffer, pH 7.2, 5 pinoles 
of citrulline, 5 pmoles of aspartate, 5 pmoles of ATP, 5 pmoles of M gS04, 0.2 ml. 
of arginase solution (0.3 mg. of protein) and CTB extract from C. euphorbiae or 
from ох Ііѵег (4 and 2 mg. of protein, resp.). Incubation: 1 hr. at 25°. Arginine 
was measured as the amount of urea formed upon the addition of arginase. Urea 
was determined by the xanthydrol method. Average values from 6 experim ents 

are given, in parentheses the limit yalues.

Sample

'

Arginine formed ((imoles/sample)

C. euphorbiae Ох Ііѵег

Whole system 
Citrulline omitted 
Aspartate omitted 
ATP omitted
Citrulline and ATP omitted 
Aspartate and ATP omitted 
Citrulline and aspartate omitted 
Boiled extract 
Extract omitted

0.64 (0.4 -  0.7) 
0.4 (0.31 -  0.45) 
0.47 (0.3 -  0.5) 
0.2 (0.0 -  0.35) 
0.23 (0.1 -  0.35) 
0.21 (0.13 -  0.34) 
0.49 (0.21 -  0.58) 
0.03 (0.02 -  0.05) 
0.0

1.01 (1.0 -  1.17) 
0.1 (0.07 -  0.12) 
0.09 (0.05 -  0.14) 
0.03 (0.02 -  0.036)

0.04 (0.03 -  0.043) 
0.0

urea in C. euphorbiae by the way of the ornith ine cycle. Могеоѵег, the 
synthesis of carbam oylphosphate has not been dem onstrated  in insects. 
The study  of Garcia, Тіхіег & Roche [4] indicated the convertion of argi
nine into citrulline, and the relationship  betw een ornithine, c itru lline  and 
arginine; these resu lts  w ere in terp reted  by 'the au thors in favour of the 
occurrence of the orn ith ine cycle in insects but this evidence is not 
unequivocal.

The arginase found in insects need not be related to  the  biosynthesis 
of urea. In C. euphorbiae it could possibly catalyse the cleavage of arg i
nine w hich is present there  in large am ounts in the form  of phos- 
phoarginine.

The way of arginine synthesis in C. euphorbiae is not e lear. Since 
dialysis inactivates the  form ation of arginine from  citru lline and as
partate, another pathw ay of arginine synthesis should be considered. 
It is w orth rememlbering that Szorenyi, Elodi & Pusztai [21] found that 
in the crayfish phosphoarginine is synthetized from citrulline, amm onia 
and ATP in the presence of pyridoxal phosphate.
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SUMMARY

Enzym e actiyity was assayed in tissue ex tracts  m ade wtith 0.1% 
solution af cetyl trim ethyl ammonium bromide. No c itru lline  synthesis 
from  orn ith ine and carbam oylphosphate was observed. Synthesis of argi- 
nine was A TP-dependent but w hen no citru lline and aspahtate were 
added, the synthesis decreased only by 30%. The presence of arginase 
was confirmed. By paper chrom atography, orn ith ine, citru lline, arginine 
and glutam ic and aspartic acids were found to be p resent in C. euphorbiae 
tissues.
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[7] O R N IT H IN E  CYCLE Ж  С. E U P H O R B IA E 11 9

CYKL ORNITYNOWY U CELERIO EUPHORBIAE 

S t r e s z c z e n i e

Aktywność enzymów badano w  wyciągach z tkanek ekstrahowanych 0.1°/o roz
tworem bromku cetylotrójmetylo amonowego. Nie stwierdzono syntezy cytruliny  
z ornityny i karbamylofosforanu. Synteza argininy zależna była od ATP, nie dodanie 
cytruliny i kwasu asparaginowego zmniejszało syntezę jedynie o 30%>. Potwierdzono 
wykazaną w  poprzedniej pracy arginazę. Chromatografią bibułową stwierdzono 
w tkankach C. euphorbiae obecność ornityny, cytruliny, argininy oraz kwasu gluta
minowego i kwasu asparaginowego.
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SERUM GLYCOPROTEINS IN SOME SPECIES 
OF N ON-DOMESTICATED MAMMALS

Institute of B iochem istry and Biophysics, Polish Academ y of Sciences, 
and Physiological Laboratory, Municipal Zoological Garden, W arszawa

The resu lts  of ou r previous studies [3] seemed to indicate th a t in the 
serum  of m am mals the  electrophoretical pa tterns of glycoproteins and 
the content of hexoses bound w ith  total p ro tein  and w ith m ucoproteins 
a re  species-dependent. In  the present work sim ilar eśtim ations as well 
as sialic acid determ inations w ere perform ed on eight species of non- 
-dom esticated animals.

MATERIALS AND METHODS

Blood sam ples were obtained from the  buffalo, european bison, lion, 
tiger, fallow deer, red  deer, and brown bear by puncture of 'the jugular 
vein, the anim als being anaesthetized by eunarcon, m orphine, chloral 
hydrate  or narcosan. From  european (brown) hare the  blood was taken 
from  the heart w ithout narcosis.

Paper electrophoresis. U nder the  conditions described previously [3] 
the electrophoretical separation of serum  glycoproteins was not wholly 
satisfactory w hen the level of protein  was Iow; depending on the  am ount 
of serum  applied, the  fractions were either 'too feebly stained o r the 
separation was not ąu ite  satisfactory. The procedurę described below 
seem s to assure good separation  of serum  glycoproteins even w hen there 
are large variations in serum  protein content.

Electrophoresis was carried out at room tem peratu rę  in the apparatus 
described by W ieland & F isher [10] on W hatm an no. 1 paper strips
3.5 cm. wide. The buffer used was the m edinal - ѵегопаі solution, pH 9.0, 
I  0.1, potential 80 V, and time of electrophoresis 18 hr. For assays of 
protein  fractions 7 - 10 м-l. of serum  was applied, and for g lyccprotein 
50 - 60 m1. For comparison of electrophoretic patterns a sample of hum an 
serum  was sim ultaneously separated. H um an serum  was obtained from 
one donor and was kept frozen in smali portions suitable for single 
determ inations.
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The electrophoregram s were stained w ith  Am ido Black for proteins 
and w ith  Schiff’s reagent for glycoproteins as described previously [3]. 
D ensitom etric curves w ere obtained in  a Zeiss apparatus, type E.R.J.10. 
The m obility of fractions was calculated according to de W ael & P u n t [8].

Chemical analysis and paper partition chromatography. P ro te in  w as 
determ ined by the b iuret m ethod [9]. Hexoses bound w ith  to ta l serum  
protein  o r w ith serom ucoid1, and sialic acid w ere estim ated by the  
m ethods of Dżułyńska & P iekarska [1,2]. As the presence of neuram inie 
acid derivatives differing in m olar absorption w as anticipated, these 
compounds w ere isolated from  total serum  p ro te in  by th e  m ethod of 
Svennerholm  [7] and subjected to paper chrom atography according to 
M artensson et al. [5]. N-G lycolylneuram inic acid k indly  given by 
Dr. G. U hlenbruck from  the Institu te  of Physiological Chem istry in K oln 
(West Germany), and N -acetylneuram inic acid prepared  according to the  
m ethod of Syennnerholm  [7] w ere used as standards. The content of 
N-glycolylneuram inic acid in the obtained preparations was assayed by 
the m ethod of K lenk & U hlenbruck [4] in the m odification of M artensson 
et al. [5].

RESULTS

The resu lts  of electrophoretical separation of serum  glycoproteins 
are presented in Table 1. G lycoprotein fractions in d ifferen t species 
differed in electrophoretical m obility, quantita tive  d istribu tion  and even 
in num ber. Bult w ithin the species the  protein fractions and the fractions 
stained w ith  S ch iffs  reagent w ere sim ilar in  m obility and num ber. 
Only in the  hare instead of two adjacent protein  fractions f i  and y, 

a single glycoprotein fraction was found w ith  a m obility in term ediate 
beltw een tha t of /l '-a n d  y-globulins (see Fig. 1).

Sim ilarly as in the previous studies [3] the largest am ount of sub- 
stances staining w ith Schiff’s reagent was found in ct-globulin fractions. 
Only in the bear and red deer sera a ve ry  high glycoprotein content 
w as found in /?-globulins.

To perm it comparison of glycoprotein fractions w ith in  a taxonom ic 
fam ily, estim ations w ere also perform ed on blood sera  of dom estieated 
anim als rela ted  to the exam ined species of non-dom esticated anim als. 
The densitom etric curves obtained (Fig. 2) showed that the electro
phoretical pa tterns of glycoprotein fractions are very  sim ilar for Bovidae 
(cattle and bison) and Felidae (cat, lion and tiger) but dissim ilar for 
Cervidae (fallow deer and red deer) and Leporidae (rabbit and hare).

Serum glycoproteins were further tested by Chemical methods for 
the content of hexoses and sialic acid bound with total serum protein

1 The tem i “seromucoid” instead of “mucoprotein” used in the previous work, 
has been applied in agreement with the recently adopted nomenclature [11].
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Fig. 1. Densitometric curves of serum glycoprotein fractions of soime non-
-domesticated mammals. Humań serum is included for comparison. (-----), Proteins;

(---------), glycoproteinis.
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and seromucoid (Table 2). From  serum  pro teins of bu f falo, bison, lion, 
tiger, fallow deer and hare, sialic acid was isolated and identified by 
paper partition  chrom atography. On the chrom atogram s only two spots 
of neuram inic acid derivatives were found; their R F values corresponded 
to those of the para lle lly  applied standards of N -acetylneuram inic and 
N -glycolylneuram inic acids. As the am ounts of blood obtained from  the 
bear and red  deer w ere insufficient, sialic acid was not isolated.

Fig. 2. Comparison of densitometric curves for related species of mammals.
Bovidae: (---------- ), cattle; (----- ), european bison; (---------), buf falo, Felidae: (---------),
lion; (---------- ), tiger; (----- ), cat. Cervidae: (---------), fallow deer; (---------- ), red deer.

Leporidae: (---------), european hare; (---------- ), rabbit.

M arked differences in the ratio  of N -acetylneuram inic acid to N -gly- 
colylneuram inic acid were observed in total serum  protein of anim als 
belonging ito d ifferent families. D ifferences were also observed betw een 
the anim al species in the conten t of hexoses and sialic acid bound w ith 
total protein and seromucoid in 100 ml. of serum , as well as in the 
content of these carbohydrates in 100 g. of proteins. The ratio  of hexoses 
to sialic acid in anim als belonging to  d ifferen t fam ilies showed large 
differences which w ere most m arked in seromucoids. On the o ther hand, 
for animals belonging to the  same fam ily the yalues obtained w ere very

http://rcin.org.pl
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sim ilar, especially the ratio  betw een the two neuram inic acid derivatives 
in  to ta l serum  protein, the content of hexoses and sialic acids in sero
mucoids and 'the ra tio  of hexoses 'to sialic acid.

DISCUSSION

The obtained resu lts  do not fu lly  confirm  our preyious suggestion [3] 
th a t the electrophoretical m obility and distribution of glycoprotein 
fractions in m am m als are  species-dependent. A lthough in some fam ilies,
i.e. Ceryidae and Leporidae, large differences in electrophoretical 
p a tte rn s  betw een anim al species were found even when the anim als w ere 
m orphologically sim ilar, e.g. rabbit and hare, w ithin o ther fam ilies, i.e. 
Bovidae and Felidae, the electrophoretical patterns exhibited m arked 
sim ilarities.

In the present estimations, sim ilarly as in the preyious on es [3], 
m arked differences were found in the content of carbohydrates bound 
w ith  to tal protein per 100 ml. of serum  and in their content in  protein, 
betw een d ifferen t species of anim als irrespective of the fam ily  they  
belong to. Therefore is seem s that these pro-perties are species-dependent. 
In a sim ilar study  on four species of dom esticated anim als M ontreuil 
et al. [6] also found m arked species-dependent differences in the conten t 
of carbohydrates in “total glycoproteins” of blood serum .

On the o ther hand, in  serom ucoids the content of hexoses and sialic 
acid as w ell as the ra tio  of hexoses to sialic acid were sim ilar to a m arked  
degree in anim als belonging to the same family.

M arked differences in 'the ra tio  of N -acetylneuram inic acid to 
N^glycolylneuram inic acid found in serum  proteins of non-related  anim al 
species w ere also reported  by M artensson et al. [5] for four dom esticated 
species; th is ra tio  was especially Iow in cattle. S im ilarly Iow ratios w ere 
now obtained for species belonging to the sam e fam ily, i.e. european 
bison and buffalo.

In hares the  level in serum  of hexoses bound w ith  to tal p ro tein  was 
m uch low er than th a t found in the previous w ork [3]. The conten t of 
hexoses in protein  was, howeyer, almost the same so the d ifference 
seems to be  due to  a decrease in the  protein level in the  serum . The 
experim ents reported in the present w ork w ere perform ed during  the 
ex trem ely  cold w in ter of 1962/1963 w hen wild anim als suffered p a rti-  
cular hardships, and only the strongest and moSt resistan t indiyiduals 
w ere able to  survive. It seem s that the observed difference m ight have 
been due to these circum stances. It is w orth noting tha t the  standard  
deviation in th e  present estim ations was very  Iow as contrasted w ith  
high S. D. values obtained for hare sera examined previously [3].

The conten t of sialic acid in serom ucoids was calculated on the  basis 
of sialic acid content in total serum  protein, and in  bear and red  deer
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as N -acetylneuram inic acid. N evertheless it is possible th a t in sero- 
m ucoids the neuram inic acid derivatives are presen t in a d ifferen t ratio  
and this m ight have affected the accuracy of the  presented results.

SUMMARY

Serum  glycoproteins of various species of non-dom esticated m am m als 
w ere studied. Electrophoretic p a tte rn s  of glycoprotein fractions exhibited 
in some species fam ily-dependent sim ilarities. Species-dependent diffe- 
rences were found in th e  content of hexoses and sialic acid in total
serum  proteins and in th e  ra tio  of hexoses to sialic acid.
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GLIKOPROTELNY SUROWICY NIEKTÓRYCH GATUNKÓW SSAKÓW
NIEUDOMOWION Y CH

S t r e s z c z e n i e

Przeprowadzono badania nad glikoproteinami surowicy różnych gatunków ssa
ków  nieudomowionych. Wśród niektórych gatunków stwierdzono występowanie 
podobieństw rodzinnych w  zachowaniu się elektroforetycznych frakcji glikopro- 
teinowych. Badania chemiczne heksoz i kwasów sjalinowych wskazują na istnienie 
różnic gatunkowych w zawartości badanych węglowodanów w  białkach całkowi
tych surowicy i wartości wzajemnego ich stosunku.

Receiyed 4 Noyember 1963.
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JANINA DŻUŁYNSKA and KRYSTYNA KRAJEWSKA

SERUM GLYCOPROTEINS IN SOME SPECIES OF BIRDS

Institu te of Biochemistry and Biophysics, Polish Academ y of Sciences, W arszawa

So fa r the com parative studies on anim al serum  glycoproteins were 
restric ted  almost exclusively to m am m als [4, 5, 3, 2, 1] and in the available 
lite ra tu rę  we could find no data concerning the birds. Therefore we 
have exam ined the sera of some birds and the presented resu lts  seem 
to indicate species-dependent differences in serum  glycoproteins. Some 
properties, however, were found to be common to all birds studied but 
d ifferen t from  properties observed in mammals.

MATERIALS AND METHODS

Blood samples for Chemical and electrophoretical estimations were 
taken by puncture of the jugular vein from the domestic duck, goose and 
fowl, and from the turkey, pigeon and guinea fowl. Blood samples for 
isolation of sialic acid were taken in a slaughterhouse.

Paper electrophoresis. This was perform ed in the same w ay as in 
the previous work [1] exeepf tha t 15 - 20 ці. samples of serum  w ere 
applied for protein staining; this was found necessary because the  content 
of serum  proteins is lower in birds than in mammals.

Chemical analysis and chromatography. The m ethods used were the 
same as in the previous work [1].

RESULTS

The resu lts  of electrophoretical separation of bird serum  glycoproteins 
are presented in Table 1. Differences betw een the species w ere found 
not only in th e  m obility of glycoprotein fractions but also in their 
quantitative distribution, and even in the num ber of fractions.

The greatest am ounts of substances staining w ith S ch iffs  reagent 
were present in a-globulins; however, also o ther fractions w ere some- 
times rich in glycoproteins, e.g. album ins in the  pigeon and y-globulins 
in the pigeon and turkey. Some glycoprotein fractions present in hum an

4 http://rcin.org.pl
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serum  were absent from the sera of some species of birds. F or instance 
in the duck only 4 fractions of proteins and of substances stain ing  w ith 
S c h iffs  reagent were found (Fig. 1). In o ther birds, although protein

separated  into 5 fractions, only 4 glycoproteins w ere obtained. In the 
dom estic fowl at the place of /?- and ^-globulin fractions situated  in close 
proxim ity, only one band staining w ith S ch iffs  reagent was consistently 
obtained. S im ilarly in the turkey, at the place of a and a2-globulins 
only one glycoprotein fraction was found.

A lthough only six species of birds w ere exam ined in the  present 
work, the obtained resu lts  seem to indicate th a t the m obility and ąuanti- 
tative  d istribution of serum  glycoprotein fractions in birds are species- 
-dependent.

Further data on bird serum glycoproteins were obtained by  Chemical 
assays of hexoses and sialic acid bound with total protein and sero-
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m ucoids. In some species, i.e. domestic fowl, duck, goose and turkey, 
sialic acid was also isolated from  serum  protein and subjected to paper 
chrom atography; in each serum  only one spot was found w ith the R F 
va lue  corresponding to th a t of the sim ultaneously ru n  standard  of N -ace- 
ty lneuram inic acid. The m ore sensitive Chemical m ethod [2] showed also 
th e  presence of N -glycolylneuram inic acid, but only in traces.

M arked differences in the content of hexoses and sialic acid bound 
w ith  total serum  protein  w ere found in the examined species of birds 
(Table 2). In the domestic fowl and tu rk ey  the content of carbohydrates 
was relatively  high; hexoses on the average 105 and 109 mg./ІОО ml. of 
serum , resp., and sialic acid 47 mg./ІОО ml.; in the  duck, on the o ther 
hand, only 59 mg. of hexoses and 28 mg. of sialic acid per 100 ml. were 
found. The differences in the  content of carbohydrates per 100 g. of 
pro tein  were sm aller but still distinct.

MaPked species-dependent differences were also found in the content 
of hexoses and sialic acid in seromucoids calculated pe r 100 ml. of serum  
and per 100 g. of protein.

W hile the contents of the tested protein-bound compounds in the 
sera vary  w ith  the species of birds, the  ratio of hexoses to sialic acid is 
alm ost the same in serom ucoids and differs but slightly  in to tal proteins.

DISCUSSION

Glycoprotein fractions of bird sera were named by us ten tatively  
a fte r  huiman serum  fractions, although the mobilities of bird serum  
fractions differed sometim es largely from  the analogously called hum an 
ones. In the pigeon the  fraction succeeding album ins, which we have 
called the aj-glycoprotein fraction, had almost th e  sam e m obility as the 
a2~glycoprotein of hum an serum , while a2- in birds moved sim ilarly  as 
the /5- in hum an serum .

Although m arked differences betw een the species were observed in 
the mobility and distribu tion  of glycoprotein fractions, some properties 
seem to be common to all the species examined. In birds the  y-glyco- 
protein  fraction moved m uch faster than  the corresponding hum an one, 
and the content of carbohydrates in total serum  protein w as m arkedly 
higher than  in m ammals [2]. In all the birds tested the ratio  of hexoses 
to sialic acid in serom ucoids was alm ost identical; th is m ight suggest 
th a t the stability  of the composition of the  polysaccharide component 
in these glycoproteins is a characteristic feature of bird sera.

SUMMARY

Serum glycoproteins of 6 species of birds were studied. E lectro- 
phoretic patterns and the content of carbohydrates in total serum  pro tein
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and in seromucoids exhibited species-dependent differences. On the 
o ther band  the ratios of hexoses to sialic acid were very  sim ilar in all 
species and the  content of carbohydrates in sera was m uch h igher than 
th a t found in m ost mammals.
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GLIKOPROTEINY SUROWICY NIEKTÓRYCH GATUNKÓW PTAKÓW

S t r e s z c z e n i e

Przeprowadzono badania nad glikoproteinami surowicy niektórych gatunków  
ptaków. Otrzymane wyniki wskazują na występowanie różnic gatunkowych w  za
chowaniu się elektroforetycznych frakcji glikoproteinowych i zawartości w ęglo
wodanów w  białkach całkowitych surowicy i seromukoidach; ponadto u wszystkich  
badanych gatunków stwierdzono istnienie pewnych wspólnych własności glikopro- 
tein rzadko spotykanych w surowicach ssaków.
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The pathw ay of uric acid synthesis in snails is not yet fu lly  eluci- 
dated. The resu lts of B ricteux-G regoire & Florkin [1, 2] who in jected  
14C-labelled u rea  into the hepatopancreas of Неііх pomatia plead against 
urea being a precursor of uric acid. Only 1% of the applied radioactiv ity  
was found in uric acid, and this m ay be accounted for by C 0 2 derived 
from  urea degradation. S ixty to seventy percent of the  incorporated 
activity  was found in carbon 6 known to arise from C0 2.

In our previous Communications [7, 8] we have dem onstrated th a t the 
snail Неііх pomatia is uricotelic throughout the whole year. O ver 90% 
of its nitrogen wastes consists of purines: uric acid, xanthine, and usually  
also guanine. In the present work, the incorporation of glycine labelled 
w ith  14C in the carboxyl group into the purine ring in Неііх pomatia  
was studied. Into the hepatopancreas of two adult h ibernating snails 
2 - 4 mc glycine (specific activity  8.3 mc/10 m-moles, Am ersham  Radio- 
chemical Centre, England) was injected. A fter 4 days the nephiridium 
w as isolated and the nephridial contents rinsed out w ith  20 ml. of w ater. 
The obtained suspension was centrifuged for 15 min. at 6000 r.p.m . The 
purines sedim ented a t the  bottom  of the tubę, and over them  settled  
a layer of nephridial fragm ents. The supernatan t fluid was decanted 
together w ith the nephridial fragm ents, boiled, and the sedim ented 
protein  centrifuged off. The fluid was combined w ith the sedim ented 
purines which were dissolved by heating w ith lithium  carbonate (0.5 ml. 
of sat. soln.) w ater being added to finał volume of 100 ml. From  this 
solution purines w ere separated by chrom atography on W hatm an no. 3 
paper in 60% n-propanol. The spots of purines were located in UV light, 
a 280 - 300 т м  filte r being used. The corresponding areas w ere cut ou t 
from the chrom atogram  and eluted w ith  hot w ater. In the eluates, uric 
acid was assayed colorim etrically [5] and xanth ine and guanine spectro- 
photom etrically [10]; the radioactiv ity  of each of the purine com pounds
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was assayed on samples evaporated in tin  planchets, w ith a G-M counter 
(mica window, 1.2 mg./cm.2).

Two snails were used for this experim ent. The first one was injected 
w ith  radioactive glycine (4 м-c); uric acid and xanthine found in the 
nephrid ium  contained 11.4°/a of the radioactiyity  dosis. The second snail 
was injected w ith 2 м-c; th ree purines p resen t in the nephrid ium  contained 
8 .8%  of th e  radioactiyity dosis (Ta-ble 1). These results indicate tha t 
glycine participates in the synthesis of th e  purine ring in Неііх pomatia.

T a b l e  1

Incorporation of radioactivity into the purine ring in Неііх pom atia
Glycine labelled w ith 14C in the carboxyl group was injected into the hepatopan- 
creas of hibernating snail, 4 pc (480 000 counts/min.) in expt. I, 2 pc (240 000 
counts/min.) in expt. II. After 4 days the contents of nephridium were examined.

Purines Counts/min. Counts/min./pmole % of the dosis

Expt. I
Uric acid 28 420 179 5.9
Xanthine 26 550 155 5.5

Sum 54 970 11.4

Expt. II
Uric acid 10 940 133 4.6
Xanthine 7 160 98 3.0
Guanine 2 930 65 1.2

Sum 21 030 8.8

To establish the position into which the 14C of glycine is incorporated, 
1 mc of [ l - 14C]glycine was injected into the  hepatopancreas of snail during  
the feeding period. For the next two weeks the nephridial excreta w ere 
collected. They w ere dissolved in hot w ater and from the solution uric 
acid was crystallized seyeral times; th is procedurę served to гетоѵ е 
xan th ine  which is 50 times m ore soluble in w ater than  uric acid. In these 
excreta no guanine was found. The isolated uric acid was assayed for 
radioactiy ity  and then  degraded by heating 6 mg. w ith  0.5 ml. of con- 
cen trated  hydrochloric acid in a sealed glass tube at 160° for 18 hr. [9]. 
U nder these conditions the purine ring  is broken in such a way that 
glycine is form ed again from  carbon 4 and 5, and nitrogen 7. A fter 
hydrolysis the solution was eyaporated alm ost to dryness, then  distilled 
w a te r was added. The eyaporation was repeated  seye-ral tim es to гетоѵ е 
hydrochloric acid. Then the solution was adjusted to pH 8 w ith  dilu te 
sodium  hydroxide and boiled to  гетоѵ е  ammonia. The solution was 
applied as a band on W hatm an no. 4 paper and chrom atographed in
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w ater [4]. Glycine was located w ith  ninhydrin  on a narrow  strip  of the 
chrom atogram  and the corresponding areas w ere cut out and eluted. 
In  the eluates the radioactiv ity  was assayed as described above and the 
am ount of glycine was determ ined by the method of Jacobs [6]. The 
specific radioactiyity of glycine w as compared to that of uric acid isolated 
from  the nephridial excreta (Table 2). In tw o paralle l experim ents, 
62 and 77% radioactiyity, respectively, was found in the position corres
ponding to carbon 4 or 5. A bout 30% of the  label rem ained in o ther 
positions; this can be accounted for by m etabolic degradation of glycine 
into form ate and bicarbonate w hich is expected to occur in longer-term  
experim ents.

T a b l e  2

Radioactivity of carbon 4 and 5 of uric acid isolated from  nephridial
excreta of  Н еііх pom atia

Into the hepatopancreas of a snail during the feeding period 1 цс [1-14C] glycine 
(8.3 mc/10 m-moles) was injected. From nephridial excreta collected during two 

weeks uric acid was isolated and decomposed to glycine.

Expt. no. Courits/min./ Counts/min./
% of radioactiyity 

of uric acid at
m-mole uric acid m-mole glycine positions 4 and 5

1 38 500 29 800 77.4

2 25 300 15 700 62.0

The presented experim ents indicate tha t in Неііх pomatia glycine is 
incorporated into the sam e positions as those established by B uchanan 
for the biosynthesis of the  pu rine  ring  in pigeons and confirm ed in  o ther 
anim als [3]. Therefore, in agreem ent w ith the resu lts  of B rieteux-G re- 
goire & Florkin who a fte r  adm inistration  of labelled urea found the 
label in carbon 6 , it m ight be supposed tha t the pathw ay of purine 
biosynthesis is the same in Неііх  pomatia  as in o ther organisms.

SUMMARY

[ l-14C]Glycine was injected into the hepatopancreas of the snail Неііх  
pomatia. A fter 4 days about 10% of the  radioactiyity dosis w as found 
in the excreted purine comipounds. About 70% of the total radioactiy ity  
of uric acid was found in carbon 4 o r 5.
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WYKORZYSTANIE [1-14C]GLICYNY W BIOSYNTEZIE PIERŚCIENIA 
PURYNOWEGO U HELIX POMATIA

S t r e s z c z e n i e

Wstrzykiwano [1-14C] glicynę w  hepatopancreas ślimakom Н еііх pomatia. Stw ier
dzono, że po czterech dniach ok. 10% podanej radioaktywności znajduje się w  w y
dalanych purynach. Węgiel z pozycji 4 lub 5 zawierał ok. 70% całkowitej radio
aktywności kwasu moczowego.

Received 2il November 1963.
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Ехроэите of Solutions of mative DNA to elevated tem peratures above 
the m elting point results in the rup tu re  of the in ter-strand  hydrogen 
bonds followed by separation of the strands and in loss of transform ing  
activity  [5, 6]. Slow cooling reun ites the strands so as to restore a lairge 
part of the transform ing activity. This process is know n as ren a tu ra tio n  
[2, 7]. The degree of renatu ration  is dependent on concentration of DNA 
in solution, on ionic s treng th  of the solute and on tem peraturę. A high 
degree of renaturation  can tbe obtained if the denatured DNA is m ain- 
tained for 2 hr. at a tem peraturę  by about 25° lower than  the  tem 
pera tu rę  of the m elting point.

By heating and slow cooling (annealing) of m ixtures of DNA from  
two mutamts, carrying two differen t m arkers, of the same species, o r 
from  various but related  species, hybrid  DNA molecules can be pro- 
duced. In  the  hybrid DNA, each strand stem s from  a d ifferen t source. 
Com plem entarity is a necessary conditkm  for combining strands from  
various sources. Some deviation from  com plem entarity, however, seems 
not to in terfere  w ith  form ation of hybrid  molecules. S trands coming from  
DNA’s extraeted from m utan ts of the same species can obviously be re -  
garded as com plem entary ones. Schildkraut, M arm ur & Doty [10] have 
shown that renatu ra tion  of m ixture of two DNA’s results in production 
of hybrid molecules in a proportion determ ined by random  collisions 
of com plem entary strands. W hen a 15N-laibelled DNA was m ixed 1:1 w ith  
non-labelled light DNA, th e  renatu red  nucleic acid was composed of 
heavy, hybrid and light DNA in a proportion 1:2:1 as was show n by 
density gradient centrifugation in caesium chloride.

The biological activity of hybrid DNA’s was first investigated by 
H errio tt [3] who renatu red  two DNA’s extracted  from  two m u tan ts  of 
Haemophilus influenzae , one resistan t to streptom ycin and the o ther
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resistan t to  cathomycin. In  Haemophilus influenzae  these m arkers were 
found to 'be linked. The exposure of th e  sensitive, recip ien t population 
to the  rena tu red  m ix tu re  of DNA resu lted  in  production of transform ants 
resistan t to either of the two antibiotics and to both of them . A lthough 
the nurnber of double transform ations was only  about 1%  of th e  single 
ones, i t  was m uch above the nurnber produced by a m ix ture  of the same 
DNA’s rena tu red  separately  and above the nurnber expected from  a ra n 
dom distribution of genetic un its carry ing  the respective m arkers. Thus 
heat denaturation  of a m ix tu re  of genetically d ifferen t DNA’s from dif
feren t m u tan ts  of Haemophilus influenzae  led to form ation of hetero- 
zygotes carrying both genetic m arkers.

D ifferen t results w ere obtained by M arm ur, Rownd & Schildkraut [8] 
w ith  rena tu red  m ixtures of transform ing, pneumococcal DNA. The DNA’s 
carried  the  linked, ery2 and егуз, ery th rom ycin-resistan t m arkers. No 
double transform ants w ere found w ith the  hybrid  DNA.

The aim  of this study was to test the transform ing actiyity  of hybrid 
DNA of Bacillus subtilis and to see w hether, like in  Haemophilus in flu 
enzae, double transform ations can be produced w ith th is DNA. Bacillus 
subtilis seemed to be a proper. m icroorganism  for th is k ind of investi- 
gation because of the close linkage of two< m arkers nam ely those of 
indole and tyrosine synthesis.

MATERIALS AND METHODS

Strains. The recipient and donor stra ins of Bacillus subtilis  w ere 
receiyed from  the Microbial Genetic Research U nit in H am m ersm ith 
Hospital in London. As recipient we used the nu tritionally  deficient 
m u tan t w ith  a grow th reąu irem ent for tryp tophan  or indole and tyrosine 
(ind- ,ty r- ). The m utant reąu iring  indole was designated ind- ,ty r+ and 
th a t reąu iring  tyrosine ind+,ty r—. The prototrophic wild type stra in  was 
designated ind+,ty r+. The stra ins were preserved a t 4° on nu trien t agar.

Preparation of transforming DNA. DNA for transform ation  was pre- 
pared  according to the m ethod of M arm ur [4]. Donor sttrains were culti- 
vated  in the fluid m edium  of Anagnostopoulos & Spizizen [1, 11]. This 
m edium  was supplem ented w ith  either indole or tyrosine w hen the  res- 
pective biochemical deficient m utants w ere  grown for DNA extraction. 
F ive-lite r bottles w ere filled w ith 1 liter of m edium , the m edium  was 
inoculated and the culture allowed to grow under continual shaking for 
18 hr. at 37°. The cu ltu re  was then  centrifuged, the  bacteria suspended 
in 0.1 м-sodium  yersenate - 0.15 м-NaCl (pH 8.0) and exposed to the action 
of lysozyme for 60 min. D odecyl-sulphate was next added, protein  rem oved 
by repeated  shaking w ith chloroform  and DNA precip ita ted  by addition 
of 2 yolum es of ethanol. The nucleic acid was dissolyed in salinę so as 
to obtain  400 - 600 Mg./ml. of DNA. As recom m ended by Spizizen [11], the

12)
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DNA preparations w ere not trea ted  w ith RNase. The DNA content in the 
p reparations of the transform ing principle w as detarm ined according 
to  the m ethod of S tum pf [12].

Heat denaturation and renaturation of DNA. For denaturation, stocks 
of DNA were dilu ted  w ith  0.3 м-NaCl - 0.03 м -sodium citrate  to  a con- 
centration  of 25 Mg./ml.; 1.5 ml. samples of these Solutions w ere poured 
into 15 X 150 mm. Ругех tubes and covered w ith 0.5 ml. of paraffin  oil 
to avoid evaporation. The tubes w ere then  m aintained for 10 min. in 
a boiling w ater bath and either cooled rapidly in an ice bath  or, for 
renatu ration , kept for 2 hr. at 65° and then  slowly cooled to amibient 
tem peraturę.

Transformation procedurę. The media I and II of Spizizen [1, 11] 
w ere used for transform ation; 12 ml. portions of m edium  I w ere poured 
into 100 ml. E rlenm eyer flasks and inoculated w ith 10% of an 18 hr. 
old cu lture  of the recipient s tra in . The bacteria were grown under con- 
tinuous shaking for 4 hr. and then samples of this cu ltu re  w ere dilu ted  
4 tim es with m edium  II. A fter 1.5 hr. of cultivation, DNA w as added. 
Non absorbed DNA afte r 30 min. was destroyed 'by addition of DNase 
activated w ith Mg2+. P roperly  diluted 0.5 ml. aliąuots of th e  cu ltu re  
w ere im m ediately spread on P etri p lates containing the seledtive agar 
m edium. It was the m inim al m edium  of Spizizen w ith 1% glucose for 
scoring ind+,ty r+ transform ants. This m edium  was supplem ented w ith 
e ither indole or tyrosine w hen ind- ,ty r+ and ind+,ty r-  transform ants 
were scored. For control P e tri plates were seeded w ith cu lture sam ples 
of the recipient s tra in  not exposed to the action of DNA or trea ted  w ith 
DNA previously destroyed by DNase.

RESULTS

Figurę 1 illustrates the biological effects of denaturation  and  rena- 
tu ra tion  of transform ing DNA extraeted from an ind+,tyr~* m utan t of 
B. subtilis. The recipient stra in  was ind- ,ty r_ . Transform ations w ere 
carried  out w ith various concentrations of DNA. As can be seen in Fig. 1, 
up to about 3 X 10~ 2 Mg./ml. of DNA the num ber of transform ants is 
proportional to  the concentration of the  transform ing principle. Heating 
of DNA at 100°, under conditions described above, followed by rapid  
cooling, resu lted  in a loss of about 99% of initial transform ing activity. 
Slow cooling of denatured DNA restored, in yarious experim ents 20 - 60% 
of initial activity. Sim ilar results were obtained w hen the  ind- ,ty r-  
recipient cells were transform ed by proper DNA to ind- ,ty r+ o r to pro- 
to trophy (ind+,ty r+) by wild type DNA.

Figurę 2 shows the degree of linkage betrween the two m arkers undei 
test. W ith ind- ,ty r-  recipient cells and ind+,ty r+ transform ing DNA, 
the num ber of double transform ants was about 40 - 45% of the  num ber
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of singles ind+,ty r— and ind—,ty r+. In most cases, no large differences 
betw een the num ber of both kinds of single transform ations were 
oibserved.

Fig. 1 Fig. 2
Fig. 1. The effect of denaturation and renaturation of DNA on efficiency of trans- 
formation. Recipient: B. subtilis ind—Дуг- . Donor: B. subtilis ind+,tyr—. ( • ) ,  Native 

DNA; (Д), renatured DNA; (O), denatured DNA.
Fig. 2. Efficiency of double and single transformants. Recipient: B. subtilis  ind—,tyr~. 
Donor: B. subtilis ind+,tyr+. (O), ind—,tyr+ transformants; (Д), ind+Дуі— transfor

mants; (®), ind+,tyr+ transformants.

In  the following experim ent illustrated  in Table 1 ind+,ty r~  DNA 
and ind- ,ty r+ DNA w ere e ither separately  denatu red  and rena tu red  in 
a proportion  1:3 or m ixed tog et h er in the  same proportion before dena
turation . A liąuots of transform ing DNA treated  in th is w ay as also 
aliąuots of the  two DNA’s m ixed 1:3 not heated at all were used for 
transform ation of ind- ,tyr~  recipient cells. Scoring was m ade for single 
transform ants ind+,ty r-  and ind~ ,ty r+ as also fo r doubles ind+,ty r+. 
As can be seen in Table 1, the ind+,ty r-  and ind~ ,ty r+ DNA’s mixed 
before renatu ra tion  do not induce double transform ants like the same 
DNA’s m ixed after renaturation. The separation of the  com plem entary 
strands in the DNA’s was probably  satisfactory because the residual 
transform ing activ ity  after denatu ration  was less th an  l°/o. As concerns 
single transform ations, there w ere also no significant differences in  acti- 
v ity  of DNA preparations heated and annealed before m ixing o r rena
tu red  together a fte r mixing.

The activity  of each m arker of the  non-heated m ix ture  (0.01 i+g./ml. 
of ind+,tyr— DNA and 0.03 p-g./ml. of ind~ ,tyr+ DNA) was by 35 - 40% 
low er than the activity of each of these DNA’s used separately. W e have 
no explanation for the drop of activ ity  w hen the DNA’s are used in 
m ix ture . The possibility of m utual inhibition of each m arker b y  the 
o ther DNA cannot be excluded although Iow concentrations of DNA 
w ere used for transform ation.
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T a b 1 e 1

The effect of renaturation in m ix ture  of genetically d ifferent D N A ’s
Recipient: B. subtilis ind—,tyr—.

DNA of donors used Number of transformants

in transformation ind+ tyr+ ind+, tyr+

DNA ind+,tyr- , 0.01 pg./ml. 
non-heated 3349 0 0
renatured 939 0 0
denatured 14 0 0

DNA ind- , tyr+, 0.03 pg./ml.
non-heated 0 9455 0
renatu ed 0 2545 0
denatured 0 27 27

Mixture of DNA’s :
ind+, tyr- , 0.01 pg./ml. 
ind- , tyr+, 0.03 pg./ml.

non-heated 2029 6095 0
renatured separately 789 2245 0
denatured separately 14 29 33
renatured together 869 2455 0
denatured together 11 37 27

T a b 1 e 2

The effect of renaturation in m ix ture  of ind+,tyr+ and ind~,tyr~ D N A ’s
Recipient: B. subtilis ind—,tyr—.

I
DNA of donors used Number of transformants

in transformation ind+ tyr+ ind+, tyr+

DNA ind+,tyr+, 0.01 pg./ml.
non-heated 1670 1260 840
renatured 320 330 120
denatured 19 33 6

Mixture of DNA’s: 
ind+,tyr+, 0.01 pg./ml. 
ind- ,tyr- , 0.03 pg./ml.

non-heated 1680 1220 810
renatured separately 250 300 106
denatured separately 1 9 0
renatured together 324 310 130
denatured together 10 12 6

[5 ]
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The aim  of the next experim ent illustrated  in  Table 2 was to find 
out w hether one or both strands in the  DNA m olecule are  effective 
in carry ing  ou r phenotypically observaible transform ation. For th is pu r- 
pose a 1:3 m ixture  of wild type (ind+,ty r+) DNA and ind- ,ty r~  DNA, 
ex tracted  from  respective m utants, was denatu red  and renatu red  and 
used in transform ation. For control, transform ations w ere also carried  
w ith  a m ix ture  of separately  rena tu red  wild type DNA and ind- ,ty r-  
DNA as also w ith m ixture of the non-heated DNA’s. Both, single and 
double transform ants were scored. As shown in Table 2, the  aetiv ity  of 
the ind+,ty r+ DNA renatu red  together w ith  the ind- ,ty r-  DNA is not 
Iow er th an  that of the  m ixture of these DNA’s rena tu red  separately.

DISCUSSION

D enaturation  and renatu ra tion  of ind- ,ty r+ w ith  ind+,ty r— DNA of 
Bacillus subtilis  resu lts  in production of hybrid  DNA, as has been proved 
by m any w orkers by density gradient centrifugation. The concentration 
of ind+,ty r— DNA w as 3 tim es lower than  the concentration of th e  
ind- ,ty r+ DNA. Thus the iprobability for any  strand  of the  form er DNA 
to reun ion  w ith the respeetive com plem entary strand  of the genetically 
d iffe ren t ind- ,ty r+ DNA was 3 tim es higher th an  for recom bining w ith  
its ow n -complementary strand. The num ber of transform ants produeed 
by the DNA’s renatu red  in m ix tu re  did not differ rem arkab ly  from  the 
num ber of transform ants aehieved w ith the DNA’s ren a tu red  separately  
and m ixed afterw ards. Conseąuently, the hybrid DNA m uśt be biolo- 
gically  active. However, the hybrid DNA seem s to carry  a lternatively  one 
m arker like the  m ix tu re  of DNA’s brought together a fte r  renatu ra tion  
o r the  m ix ture  of non-heated DNA’s. This can be sim ply explained 
if one assum es th a t both m arkers, if present in the same DNA (ind+,ty r+), 
are represen ted  by respective parts of the sam e strand. In th is case 
hybrid ization cannot lead to production of molecules carrying both 
m arkers. One m ay also assume that hybrid DNA carrying both m arkers 
is produeed, that the  m arkers are parts of com plem entary strands, but 
the strands separate before integration into the genome of the recipient 
celi. Each m arker finds its way to a d ifferent daughter celi. This suppo- 
sition  seems to be less probable in view of the experim ent presented 
in  Table 2.

R esults dem onstrated in Table 2 are in accordance w ith  the suppo- 
sition th a t in transform ation only one of the  two strands is effective in 
carry ing  ou t a phenotypically observable transform ation. If both strands 
w ere necessary for phenotypic expression then the effliciency of double 
transform ants produeed by a m ixture of ind+,ty r+ and an  excess of 
ind - ,ty r— DNA’s renatu red  together should be lower than  the efficiency
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of doubles obtained w ith  the same DNA’s renatu red  separa te ly  and 
b rought to,gether afterw ards. This is, howeyer, not the case.

We wish to thank  Miss M. Św iderska for her excellent tecbnical 
assistance in this work.

SUMMARY

By heating and annealing m ixtures of DNA frbm  two m utan ts of 
B. subtilis viz. (1), DNA ind+,tyr~  and DNA ind“ ,ty r+ or (2), DNA 
in d +,ty r+ and DNA ind~ ,tyr_ , hybrid DNA’s were obtained.

Results of transform ations on B. subtilis ind_ ,ty r_  recipient cells w ith 
hybrid  DNA’s suggest that both m arkers are  situated on one strand  of 
DNA m olecule and th a t onily one of the two strands is effectiye in car- 
ry ing  out a phenotypically cbservable transform ation.
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BIOLOGICZNE EFEKTY RENATURACJI MIESZANINY 
GENETYCZNIE ODMIENNYCH PREPARATÓW DNA Z BACILLUS SUBTILIS

S t r e s z c z e n i e

Do transformacji szczepu auksotrofowego B. subtilis ind- ,tyr— niezdolnego do 
syntezy indolu i tyrozyny użyto hybrydy DNA uzyskane przez renaturację miesza
nek: DNA ind+,tyr— i DNA ind—,tyr+, oraz DNA ind+,tyr+ i DNA ind—,tyr~.

Wyniki doświadczeń sugerują, iż markery syntezy indolu i tyrozyny umieszczone 
są u B. subtilis  na jednej nici DNA, oraz iż dla fenołypowego wyrażenia cechy 
w  transformacji wystarczy jedna nić.

Receiyed 25 November 1963.
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TRYPTOPHAN IN ERYTHROCYTES AND PLASMA OF MAN 
AND SOME ANIMALS

D epartm ent of Biochemistry, Medical School, Lublin

This paper is intended as a homage to the m em ory of the late Professor 
Doctor Bolesław Skarżyński to whom  our Department, founded only  
nineteen years ago, owes a debt of gratitude for his care, advice and 
unfailing helpfulness which had helped us to оѵегсоте the initial diffi- 

culties of our work and encouraged our studies.

The m etabolism  of tryp tophan  in the orgainism proceeds through 
m any pathw ays. The determ ination of tryp tophan  and its m etabolites 
in body fluids m ay be particu larly  yaluable in diagnosis of certain  m eta- 
bolic disorders.

Few data m ay be found in the lite ra tu rę  on the content of tryp tophan  
in erythrocytes and in plasma. Могеоѵег, the yalues reported  by yarious 
authors are diyergent, which m ight have been caused by the  d ifferen t 
m ethods applied. So far, the microbiological [3, 4, 13, 5] and sem i-quanti- 
tatiye paper chrom atography [9] m ethods have been used. According 
to the studies of M cMenamy [6 , 7, 8] and our own resu lts [10] tryp to 
phan is present in the plasm a in  two forms, free  and loosely bound 
to albumin.

The aim of the present work was to ех а т іп е  the  form  of tryp tophan  
present in erythrocytes, assess its relation to plasma tryptophan  and see 
w hether this relation is sim ilar in m an and in animals. The colorim etric 
m ethod [11] was applied for tryp tophan  determ ination, and dialysis for 
separation of free and bound tryptophan.

MATERIALS AND METHODS

Blood samples. Blood w as taken from  man, pig, cow, dog and hen 
afte r an overnight fast, heparinized and im m ediately centrifuged at 4 ° 
for 20 min. a t 2000 r.p.m. Plasm a was separated from  erythrocytes, the
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layer of leucocytes and platelets was discarded, and th e  erythrocytes 
w ere washed once w ith physiological salinę solution.

Determinations of free and bound tryptophan. One ml. of plasma or 
packed ery throcytes was dialysed in cellophane tub ing  (Dialysing Puling 
Fischer, U.S.A.) against 30 ml. of distilled w ater for 20 hr. at about 4°. 
U nder these conditions, already a fte r 1 hr. the ery throcytes were comple- 
tely  haemolysed.

F ree tryp tophan  was determ ined in the lyopbilized diffusate, and 
bound tryp tophan  in the dialysis residue after deproteinization w ith 20%  
trichloroacetic acid. T ryptophan was identified Iby E hrlich’s test on paper 
chromatoigrams developed in the  foliowing solvent system s: I, isopro- 
panol -conc. ammonia - w ater (200 : 10 ; 20, by vol.); II, sec.-butanol - ace- 
tic acid - w ater (120 : 30 : 50, by  vol.). Q uantitative determ inations were 
m ade by the  colorim etric m ethod [11], the procedurę being as follows. 
To 1 ml. sample containing 2 - 4 0  Mg. of tryptophan, 2 ml. of conc. acetic 
acid containing FeCl3 in 2 шм concentration, and 2 ml. of conc. sulphuric 
acid w ere successively added, and stirred; then the  colour was estim ated 
in an Unicam  speetrophotom eter at 545 тм .

Tryptopham binding ability of plasma protein  and erythrocyte capa- 
city for tryp tophan  w ere determ ined by incubating for 1 hr. a t 37° 
a m ix tu re  of 2 m l. of plasma and 2 ml. of packed ery th rocy tes w ith  
400 Mg. of l- try p to p h an  (British D rug Houses, Ltd.) dissolved in 0.25 ml. 
of physiological salinę solution. A fter centrifugation, tryp tophan  was 
determ ined in plasm a and in erythrocytes as described above.

RESULTS AND DISCUSSION

The content of tryp tophan  in norm al hum an erythrocytes am ounted 
on the average to 1 mg.%. This value was m uch higher than  those 
reported  by o ther authors (Table 1). The Iow values obtained by the 
chrom atographic m ethod could be explained by  the  losses of tryptophan 
on chrom atography being m uch greater th an  those of o ther amino 
acids [12]. Low er values obtained by m icrobiological m ethods m ight have 
been due  to  the applied drastic  m ethods of deproteinization, e.g. w ith 
sodium  tungstate and sulphuric acid. Blum  [2] has also reported  that 
some indole compounds are oxidized during denaturation  of oxyhaem o- 
globin. Могеоѵег, the losses in tryp tophan  m ay be caused by binding 
of tryp tophan  to nicotinam ide-adenine dinucleotides [1]. The procedurę 
used in  the  presented experim ents perm itted tx> avoid the denaturation  
of haem oglobin because free tryp tophan  was determ ined in the diffusate 
of ery throcytes.

As m ay be seen from  the resu lts presented in Table 2 the contents 
of to ta l tryp tophan  in the plasm a of m an and som e anim als w ere very 
sim ilar. On the o ther hand, the  ratio  of bound to free  tryptophan
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T a b l e  1

The content of tryptophan in human plasma and erythrocytes according
to uarious workers

Authors Plasma
tryptophan

Erythrocytes
tryptophan

Method

Dunn et al. [3] 1.14 mg.% 0.17 mg.% microbiological ,
Steele et al. [13] 91 [imoles/kg 

water 
( ~  1.8 mg.%)

microbiological |

Hier & Bergeim [4] 1.11 mg.%, małe 
0.98 mg.%, female

microbiological

Johnson & Bergeim [5] 1.27 mg.% 0.29 mg.% microbiological

McMenamy et a l. [9] 21 p.moles/kg.
water 

( ~  0.43 mg.%)

chromatographic

: Present results 1.4 mg.% 1.0 mg.% colorimetric

T a b l e  2

Tryptophan in plasma and erythrocytes of man and some aniwMls
The results are expressed as mg./ЮО ml. of plasma or packed erythrocytes; they 
are averages from the indicated number of experiments; in parentheses the lim it

yalues are given.

Animal

N
o.

 o
f 

ex
pt

s.

Plasma Erythrocytes
Content of tryptophan

Trypto-
phan-

-binding
ability

Content
of

trypto
phan

Trypto
phan 

capacity |free bound total

Man 3 0.8 0.6 1.4 3.1 1.0 2.7
(0.6-1.0) (0.5-0.8) (2.6—3.6) (0.6-1.5) (2.6—2.8)

Pig 4 0.7 0.7 1.4 2.5 1.3 1.8
(0.4-0.8) (0.5—0.8) (2.1-2.9) (0.8-1.6) (1.6-2.0)

Cow 3 0.9 0.5 1.4 1.6 1.3 2.3
(0.7-1.0) (0.4—0.5) (1.1-2.2) (1.2—1.5) (2.0—2.5)

Dog 2 1.4 0.8 2.2 1.7 1.0 1.4
(1.0—1.7) (0.5-1.1) (1.1-2.2) (0.7-1.2) (1.2—1.5)

Hen 3 1.3 0.4 1.7 1.1 3.8 5.2
(1.0—1.7) (0.3-0.5) (0.8-1.3) (3.2—4.5) (4.5-5.8)

(Table 3) varied ra th e r  w idely in the exam ined anim als from 0.3 in the 
hen to 1.0 in the pig. T ryptophan-binding ability of the plasma was the 
highest in man (3.1 mg.%) and the lowest in the hen (1.1 mg.°/o). In  hen 
plasm a the com paratively smali content of bound tryptophan and lower
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T a b l e  3

Ratios of concentrations of tryptophan in erythrocytes to its concentrations
in plasma

Animal Ratio of bound to free 
Try in plasma

Ratio of total Try 
in erythrocytes to Try 

in plasma

Man 0.75 0.72
Pig 1.00 0.93
Cow 0.56 0.93
Dog 0.57 0.46
Hen 0.31 2.24

binding ability for this amino aoid seem to be connected w ith lower 
album in content found in bird plasma.

In erythrocytes, tryp tophan  was present only in the free form and no 
tryptophan 'bound to protein was found. The contents of free tryp tophan  
varied in m am mals from  1.0 to 1.3 mg.°/o and were m uch higher (3.8 mg.0/#) 
in the  'hen (Table 2). The capacity of erythrocytes for tryp tophan  was 
also several tim es higher in the hen than  in  m am m als. These results 
seem to> indicate increased metabolic reąu irem ent for tryp tophan  in hen 
erythrocytes. This m ay 'be connected w ith the com paratively high content 
of nicotinam ide-adenine dinucleotides and of nicotinic acid in nucleated 
erythrocytes and it seems probable th a t tryp tophan  participates in the 
synthesis of these compounds.

SUMMARY

The content of free and bound tryptophan  in plasma and erythrocytes 
of m an and some anim als as well as the tryptophan-binding ability  of 
plasm a and tryptophan  capacity of ery throcytes were studied, dialysis 
and the colorim etric m ethod being applied for d irec t determiination of 
tryptophan. Differences in the content of, and capacity for, tryptophan 
were found betw een nucleated and non-nucleated erythrocytes.
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TRYPTOFAN W KRWINKACH I OSOCZU CZŁOWIEKA 
I NIEKTÓRYCH ZWIERZĄT

S t r e s z c z e n i e

Przy zastosowaniu dializy i metody kolorymetrycznej dla bezpośredniego ozna
czenia tryptofanu przeprowadzono badania nad zawartością tryptofanu wolnego 
i związanego w  osoczu człowieka i różnych zwierząt. Ponadto określono zawartość 
tryptofanu w krwinkach u tych samych zwierząt.

Równolegle przeprowadzono oznaczenia zdolności wiążącej tryptofan w osoczu 
i pojemności tryptofanowej w  krwinkach. Stwierdzono wyraźne różnice zarówno 
pod względem zawartości tryptofanu jak i pojemności tryptofanowej między krwin
kami jądrzastymi (u kury) a krwinkami ssaków.

Receiyed 28 Noyember 1963.

http://rcin.org.pl



http://rcin.org.pl



A C T A  B I O C H I M I C A  P O L O N I C A  

Vol. XI  1964 N o .  2 - 3

MIROSŁAWA WEBER*, ANNIE ROSSION, M. R. RIVIERE, 
R. YENDRELY and COLETTE YENDRELY

INCORPORATION OF 32P INTO NUCLEIC ACIDS AND  
PHOSPHOLIPIDS OF THE LIVERS OF TUMOUR-BEARING RATS

Institut de Recherches Scientifiąues sur le Cancer, Sernice Biochimiąue, 
V illejuif (Seine), France

As it has been show n by Kelly & Jones [7], Payne et al. [12], T y n er 
et al. [14], Way et al. [15] and G riffin [5], the presence of a tum our in m ice 
or ra ts  m arkedly stim ulates the incorporation of radioactive preeursors 
of nucleic acids in the Ііѵег. It seemed worthwhlile to study the changes. 
in the  incorporation in relation to the aige of the grafted tum our. The 
nex t step, will be an autoradiographic study of the response of th e  
d ifferen t types of Ііѵег cells (hepatic, K uppfer, and duet cells).

The work here reported  concerns the effect of the grafted tu m o u r 
on the incorporation of 32P-laibeIled phosphate into nucleic acids and 
into o ther fractions of the Ііѵег during 3 weeks following im plan tation  
of the tum our.

G uerin’s T8 tum our was used; this is a uterine epitheliom a isolated 
by G uerin in a ra t in 1934 [6] which has sińce been continuously tra n s -  
planted in the  rat. It is a highly m alignant tum our which produces 
a great num ber of lym ph node m etastases. D uring the first week 
following im plantation the tum our does not develop, on the con tra ry , 
the  volume of the  graft decreases; some tum our cells, however, a lready  
begin to invade the lym ph nodes. D uring the second week, the tum our 
and the m etastases develop rapidly. This rapid developme,nt con tinues 
for one o r two weeks and is accompanied by necrosis of the central p a rt 
of the tum our; the death  of the  anim al occurs about four w eeks a f te r  
im plantation.

* M. Weber (permanent address: Department of Physiological Chemistry, M edical 
School, Kraków, Poland) spent Iwo periods in 1962 - 1963 at the Institute in V illejuif, 
on a grant from the French Goyermment.
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MATERIAŁ AND METHODS

Twelve 6-m onth-old W istar rats, weighing aipproximately 200 g. each, 
w ere used. Six w ere grafted under the skin on the righ t side of the  back 
w ith  the  G uerin tum our. The anim als w ere killed 8 , 15, and 21 days 
a fte r  im plantation. Two grafted and two control anim als each received 
an  injection of 32P-labelled disodium  phosphate (1 мс/g. body wt.). Di- 
sodium  phosphate furnished by the Centre d ’E tudes N ucleaires, Saclay, 
France, was used. The anim als w ere starved for 12 hr. before th e  
injection, fu rth e r starved for 18 hr. (only given w ater ad libitum), then 
killed  by decapitation. The livers w ere remoyed and frozen im m ediately 
on d ry  ice.

Each Ііѵег was ground in 50 ml. of physiological salinę solution and 
trea ted  according to the Schm idt & Thannhauser m ethod [13] as m odified 
by M aclndoe & Dayidson [8] in o rder to obtain th e  separation  of the 
d iffe ren t phosphorus-containing fractions. The acid-soluble fraction was 
ex tracted  w ith cold 5°/o trichloroacetic acid and contained m ainly the 
precursors of the nucleic acids. The lipids were extra'cted by successiye 
trea tm en t w ith cold and warm  alcohol, acetone, e ther and chloroform, 
to  assure complete гетоѵ аі of the highly radioactive phosprtiolipids. The 
residue was treated  overnight w ith 1 м-sodium hydroxide a t 37°; the 
su p ern a tan t was then  neutralized, and the addition of a 30% trich loro
acetic acid solution resulted  in  the separation of a soluble fraction eon- 
tain ing  RNA, and a precipitate containing DNA. In the RNA fraction, 
some inorganic phosphorus was p resent; this was precip ita ted  according 
to M athison [10]. The DNA fraction contained some protein  which, 
how eyer, had no phosphorus and so did not in terfere  w ith radioactiv ity  
m easurem ents.

In each fraction, phosphorus was determ ined by the Brigg’s colori- 
m etric  m ethod [2, 3, 9]; each estim ation was made in duplicate. The radio- 
ac tiv ity  w as m easured w ith a flow counter of “Tracelaib” type.

RESULTS

The results presented in Table 1 and in Fig. 1 indicate tha t the 
rad ioactiy ity  of the phosphorus in the d ifferen t fractions isolated from  
the  Ііѵег yaries w ith the age of the tum our, and th a t the incorporation 
o f 32P  into DNA of the  Ііѵег is increased in  tum our-bearing  anim als, 
as com pared to the control animals. The incorporation reached a m axi- 
m um  on the 15th day, then  decreased, but on the 21st day still rem ained 
g rea te r  than  the control value.

The increase in the radioactiy ity  of the RNA fraction  was less m arked 
th a n  th a t of the  DNA fraction. The т а х і т и т  for the RNA fraction
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was observed on the 8 th day, -a sim ilar value on the 15th day, and a m uch 
lower one on the 21st day. The incorporation pattern  of 32P  into the 
acid-soluble fractioin was fairly  sim ilar to th a t of the DNA but the 
increase was less m arked. The incorporation of 32P  into phosphotipids 
presented a d ifferen t pattern , the incorporation being m arkedly increased

Fig. l  Fig. 2

Fig. 1. Incorporation of 32P-Iabelled phosphate in the Ііѵег of tumour-bearing rats. 
Ratio of specific activity was calculated as counts/min./mg.P in Ііѵег fractions 
of tumour-bearing animals, per counts/min./mg.P in Ііѵег fractions of Controls.

(O), DNA; (# ), RNA; (Д), acid-soluble fraction; (A ), phosphol?pids.
Fig. 2. Ratio of phosphorus in phospholipids to phosphorus in DNA, in the Ііѵег 
of tumour-bearing and control rats. Hatched columns, ratio for tumour-bearing 

animals; unhatched columns, ratio for control animals.

T a b l e  1

The incorporation of 32P-labelled phosphate into phosphorus compounds  
in the Ііѵег of tumour-bearing and control rats

Results are expressed as counts X 10-4/min./mg. P and as ratio of specific activity  
in tumour-bearing and control rats.

Age of 
tumour... 8 days 15 days 21 days

Animal... Tumour-
bearing

Con
trol

Spec.
act.

ratio
Tumour-
bearing

Con
trol

Spec.
act.

ratio
Tumour-
bearing

Con
trol

Spec.
act.
ratio

Phospho
lipids 28.0 17.4 1.61 25.0 20.8 1.2 21.0 19.3 1.09

Acid-so
luble fra
ction 22.3 16.8 1.33 24.6 17.4 1.41 17.0 16.8 1.01

DNA 1.68 0.9 1.86 2.11 0.9 2.34 0.93 0.71 1.31
RNA 12.1 7.0 1.73 12.0 6.8 1.76 7.9 7.8 1.01
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on the 8 th  day after im plantation of the  tum our and m uch lower on the 
15th day, whdle in the o ther fractions at that tim e a fu rth e r increase 
was observed o r the values rem ained on a sim ilarly high level.

DISCUSSION

The increase of the incorporation of 3̂ P into DNA on the 8 th day 
after im plantation of the tum our, can be correlated w ith the occurrence 
of a significant num ber of mitoses in the hepatic cells. W hen colchicine 
was injected into ra ts  at this stage and the mitoses eounted in Ііѵег 
sections 15 days a fte r  im plantation, it afppeared tha t the rela tive inumber 
of m itoses in the hepatic cells was m uch decreased b u t an intense m u lti-  
plication was observed in the reticuloendothelial system , and this seem s 
to ехріаіп the increased incorporation of 3̂ P into DNA on the 15th day.

An attem pt was also made to determ ine W hether the increase in the 
32P incorporation into o ther fractions is correlated w ith celi m ultip li- 
cation. If this assum ption is correct then the ratio  of the phosphorus 
of the acid-soluble fraction, RNA and phospholipids, to phosphorus of 
DNA used as a  standard  of reference, should be constant. This m ethod 
of expressing biochemical resu lts by calculating the am ounts of com - 
ponents per celi, was first adopted in 1950 by Davidson & Leslie [4] and 
is based on the fiinding of Воіѵіп, V endrely & V endrely [1] tha t the  
am ount of DNA in nuclei of somatic cells from anim als of a single species 
is constant.

T a b l e  2

Ratio of phosphorus of RNA, acid-soluble fraction and phospholipids 
to D N A phosphorus in the Ііѵег of tumour-bearing and control rats

The ratio is calculated as mg. phosphorus Ln the compound to mg. DNA phosphorus.

Age of tumour... Control 8 days 15 days 21 days

RNA 5.59 5.48 5.89 5.50
Acid-soluble fraction 6.0 5.52 5.29 4.78
Phospholipids 7.4 6.93 6.25 5.23

The resu lts  presented in Table 2 indicate th a t the  ratios of phos
phorus of RNA and of the acid-soluble fraction to DNA phosphorus 
w ere practically  coinstant, but that for phospholipids decreased gradually  
(Fig. 2) even on the 8 th  day, th a t is a t the tim e w hen the incorporation 
of 32P into phospholipids was increased. This indicates tha t sim ultane- 
ously w ith  an increase in the synthesis of phospholipids, there  is a still 
m ore imiportant catabolism  resulting in a defin ite decrease in the am ount 
of phospholipids.
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The most m arked increase iin the incorporation of 32P into all the 
fractions was ohserved on the 8 th day of tum our growth (Table 1, Fig. li), 
th a t is sim ultaneously w ith the m ultiplication of the hepatic cells, but 
it is hot elear in which way the two phenom ena are correiated. I t  would 
be ѵету imteresting to determ ine at which stage of the m itotic cycle the 
change in phospholipid m etabolism  does occur.

M atsumoto & Hori [11] have shown by histochemical tecbniąues 
a gradual decrease of the  phospholipid content in the livers of mice 
a fte r  sarcoma im plantation. This decrease began in the centrolobular 
region and progressively extended to nearly  all the lobule. It was due  to 
destruction of m itochondria and ergastoplasm ic membnanes. The p re
sented resu lts  obtained by biochemical techniąues are in agreem ent w ith 
those of M atsumoto & Hori, indicating in addition th a t increased syn- 
thesis does occur b u t cannot counterbalance the destruction.

SUMMARY

Incorporation of 32P-labelled phosphate into d iffe ren t Ііѵег fractions 
was studied in ra ts  bearing the G uerin’s T8 tum ours at d ifferen t stages 
of deyelopm ent. A m arked increase of th e  incorporation into DNA, RNA 
and the acid-solnble fraction was observed and  can be explained by 
mitosis of the  Ііѵег cells. The m etabolism  of the  phospholipids was m ore 
сотр іех ; their total am ount per celi decreased even at the tim e w hen 
the incorporation of 32P  increased.
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INKORPORACJA 32P W KWASY NUKLEINOWE I FOSFOLIPIDY WĄTROBY 
U SZCZURÓW Z PRZESZCZEPIONYM NOWOTWOREM

S t r e s z c z e n i e

Badano inkorporację fosforanu znakowanego 32P w DNA, RNA i frakcję kwaso- 
rozpuszczalną wątroby szczura z przeszczepionym epithelioma Guerin’a T8, w  róż
nych stadiach jego rozwoju. Stwierdzono zwiększenie inkorporacji, które mogło 
wynikać z szybkiego podziału komórek wątrobowych. Przemiana fosfolipidów była 
bardziej złożona; ich całkowita zawartość w komórce malała nawet w okresie, gdy 
inkorporacja 32P  wzrastała.

Received 3 December 1963
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In  the preyious paper [4] it has Ьеѳп dem onstrated th a t Escherichia  
coli ribosomes incubated in am m onium  form ate buffer w ith  Iow m agne- 
siurn content, released into the m edium  free bases and nueleosides dea- 
m inated at position 6 . This release seems to be connected n o t only w ith  
RNase, which is know n to be present in the ribosomes [5], but adso w ith  
nucleosidase and deam inase activities. It has been suggested th a t th is  
process is associated w ith  the  decomposition of m essenger RNA (mRNA) 
bound to ribosomes [1]. If th is is really  so, then  the  release of deam inated 
bases and nueleosides from  ribosomes should be a m ore widely occurring  
phenomenon.

In the p resen t work, free bases and nueleosides arising on decom 
position of RNA, were isolated from  the microsomal fraction of guinea 
pig Ііѵег and identified.

EXPERIMENTAL

Special reagents. T ris was obtained from  Sigma Co. (St. Louis, U.S.A.); 
DEAE-cellulose from  Carl Schleicher & Schuell 'Co. (U.S.A.); adenine, 
guanine, cytosine and thym idine from  Dr. T. Schuchardt, B.M.B.H. (Miin- 
chen); adenosine and guanosine from Reanal (Budapest, H ungary); cy ti-  
dine from  C alifom ia Corp. for Biochem. Research (U.S.A.); hypoxanthine 
and urid ine from L. L ight (England); inosine from  P.A.B.S.T. L aboratory 
(U.S.A.); thym ine from  Fluka A. G., Buchs S. G. (Switzerland); uracil 
from  Fabryka Odczynników Chemicznych (Gliwice).

Methods. P ro tein  was determ ined colorim etrically according to Low ry 
et al. [3]. RNA in ribosomes was estim ated after hydrolysis in 0.5 m-KOH 
at 37° for 20 hr.

* Present address: Central College of Agriculture, Warszawa.
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Decomposition of RN  A  from  the microsomal fraction

Three guinea pigs were killed by decapitation, the livers w ere excised 
and the m icrosom al fraction was obtained by cen trifugation  betw een 
18 000 and 100 000 g, model Omicron (West Germ any) centrifuge being 
used. The m edium  contained saccharose, KC1, KHCO3, MgCl2, and 
tris-H C l according to Limgrel & W ebster [2]. The obtained m icrosomal 
fraction w as washed w ith  0.25 м -saccharose - 0.001 м-m agnesium  acetate 
solution, and inoubated in 0.005 м-am m onium  fortmate buffer of pH 6.2. 
From  the incubation m ixture, sam ples w ere taken a t appropriate  time 
in tervals. To each sam ple 2 vol. of absolute ethanol w ere added and the  
forrned sedim ent was centrifuged off and discarded. In  the  suipernatant 
fluid the RNA degradation products were determ ined by m easuring the 
absorption at 260 min. in a Unicam SP 500 spectroiphotometer.

The resu lts  shown in Fig. 1 indicate th a t during incubation some 
substances soluble in 66%  ethanol and absorbing at 260 mu are released 
from  the microsomes.

IncubaTion time (min.) Tu be no. (2 ml.)

Fig. 1 Fig. 2

F ig. 1. Decomposition of RNA of the microsomal fraction. Microsomal fraction 
(350 mg. protein) was incubated in 14 ml. of 0.005 м-ammonium formate buffer, 
pH 6.2, for 1 hr. at 37°. From the incubation mixture, 2.7 ml. samples were taken, 
added w ith  2 vol. of absolute ethanol and centrifuged at 2°. In the supernatant

fluid the extinct'ion was estimated at 260 т ц .

Fig. 2. Separation of RNA decomposition products on a DEAE-cellulose column.
The microsomal fraction was incubated as described in the legend to Fig. 1. Incu
bation was stopped by adding 2 vol. of absolute ethanol. After centrifugation at 2° 
the supernatant fluid was evaporated and the residue was d'issolved in water, 
defatted, and separated on a DEAE-cellulose column (1.2 X 20 om.) in the same 

buffer as used for the incubation.
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A sim ilar experim ent was perform ed on ribosomes obtained from  
guinea pig Ііѵег by 5%  sodium deoxycholate. The ribosomes w ere  w ashed 
w ith  0.25 м-saccharose-0.001 M-MgCl2 solution buffered w ith  tris-H C l 
to  pH 7.8; then the  am ount of RNA was estim ated and the  ribosom es 
w ere inciubated in the same saccharose - MgCl2 solution. The am ount 
of UV-ahsorbing substanees released during  1 hr. incubation corresponded 
to decomposition of about 0.5% RNA present in the ribosom es before 
incubation.

Identification of R N A  decomposition products

The microsomal fraction, 0.5 - 1.0 g. protein, was incubated for 60 m in. 
in 0.005 M-ammonium form ate buffer, pH 6.2, added w ith ethanol and 
centrifuged; the superna tan t fluid was evaporated in a desiccator over 
calcium  chloride and the residue w as dissolved in  about 2 m l. w ater. 
It w as/then  defatted w ith  a  m ix ture  of alcohol and e ther (1:4, v/v) and 
fractionated w ith 0.005 м-am m onium  form ate buffer, pH  6.2, on a DEAE- 
-cellulose colum n eąuilibrated  previously w ith the same 'buffer (Fig. 2).

U nder these conditions, nucleosides and bases were eluted from  the 
column. They separated  into two fractions which were then evaporated 
in ѵасио. As fraction I  was contam inated w ith saccharose, th is was 
rem oved by paper electrophoresis in acid and then  in alkaline m edium .

CL b

O 0 O

) O Ooo 0 oD

• • •
Uracii Uridine I

• • • • • •
Cytosine HA Hypoxan1hine HB Inosine Uracii

Fig. 3. Chromatograms of decomposition products of microsomal RNA. (a), Fraction I 
from the DEAE-cellulose column after electrophoresis at pH 1.3 and 9.2; (b), frac

tions IIA  and IIВ after electrophoresis at pH 9.2.

The electrophoresis w ith 0.5M-formic acid, pH 1.3, was carried ou t on 
W hatm an no. 3 paper at 44 v/cm. for 2 hr. The UV-absorbing substanees 
moving tow ard the cathode were eluted w ith w ater and subm itted  to 
electrophoresis in 0.05 м-sodium tetraborate, pH 9.2, the  tiime and poten- 
tial applied being the same as for electrophoresis in acid m edium . The
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band moving tow ard the anodę was eluted w ith  w ater and chrom ato- 
graphed on W hatm an no. 1 paper in a solvent of butanol - acetic acid - 
-w a te r  (4:1:5, by vol.).

F raction II from  the  DEAE-cellulose colum n contained no saccharose 
and  w as d irectly  subm itted to electrophoresis in sodium te trabora te . The 
tw o UV-absorbing bands obtained, IIA  and IIB, w ere eluted and chrom a- 
tographed as described above (Fig. 3).

From  the chrom atogram s the UV-absorbing areas were elu ted  w ith  
w ater and absorption spectra were taken at pH 2, 7 and 12. On th e  
basis of the R F values and the  absorption spectra, u racil and u rid ine  
w ere identified in fraction I and hypoxanthine and inosine in fraction  II. 
The am ounts of the  identified compounds w ere calculated from  the  m o- 
lecu lar extinction coefficients.

T a b l e  1

Bases and nucleosides released from  the microsomal fraction of guinea
pig Ііѵег

The results are expressed as p,moles of bases and nucleosides released from an 
amount of microsomes corresponding to 500 mg. protein.

Compound [imoles %

Hypoxanthine 1.2 68
Inosine 0.4 23
Uracil 0.09 5
Uridine 0.08 4

In  Table 1 the resu lts  of a typical experim ent are presented; there  
was, however, some variation in the  resu lts for d ifferent preparations 
of microsomes.

DISCUSSION

Decomposition of RNA accompanied by the  release of free deam inated 
bases and deam inated nucleosides was observed both in E. coli ribosom es 
[4] and in microsomes and ribosomes from  guinea pig Ііѵег. A fter 1 hr. 
incubation this decomposition in E. coli did  not exceed l°/o of the RNA 
presen t in the ribosomes, and in guinea pig ribosomes it am ounted to 
0.5%. Sim ilar processes were also observed in o ther organisms. H ahn & 
W olfe [1] have found uracil, guanine, adenine and hypoxanthine, and 
only slight am ounts of nucleotides in a cu lture  m edium  of Bacillus 
cereus.

It seems perm issible to suggest th a t the process through w hich the 
deam inated RNA decomposition products become released from  the ribo
somes, m ay be rela ted  to protein  biosynthesis. A ten ta tive  suggestion
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m ay be perhaps advanced to ехріаіп one of the  m ain steps of pro tein  
synthesis, nam ely the m echanism  of circulation of sRNA betw een ribo
som es and the soluble celi fraction.

According to the  present views, sRNA to which an am ino acid is 
joined, combines w ith  mRNA on the  ribosomes where the  polym erization 
of amino acids takes place; then  the eom pleted p ro te in  m olecule is re -  
leased and the free sRNA re tu rn s  to the soluble celi fraction and com- 
bines again w ith  amino acids. The m echanism  of release of sRNA 
from  the ribosome is unknown. If according to Grick’s adap tor theory  
sRNA is bound by hydrogen bonds to trip le ts  of mRNA, th en  the deam i- 
nation  of one of the th ree  bases of mRNA would perm it the  release of 
sRNA. P artly  deam inated mRNA, no longer able to combine w ith  
sRNA, could be susceptible to the action of RNase [6] and th en  to  
nucleosidase, being decomposed to deam inated free bases. This m echanism  
seems to be in agreem ent w ith  the  suggestions of Tal & Elson [5] on the  
participation of RNase in the biosynthesis of a protein  m olecule. It would 
also o ffe r an explanation of the instability  of mRNA and th e  necessity 
for its continua! resynthesis.

This work was supported in part by a grant from the United S tates 
D epartm ent of A griculture, A griculfural Research Service.

SUMMARY

Microsomes and ribosom es from  guinea pig Ііѵег incubated in a me
dium  w ith  Iow or sufficient m agnesium  content, release deam inated n itro - 
gen bases and corresponding nucleosides. H ypoxanthine, inosine, uracil 
and urid ine w ere identified.

I t has been suggested that the  released bases and nucleosides are 
m RNA decomposition products; th is could im ply a relation betw een this 
process and pro tein  biosynithesis.
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ROZKŁAD RNA FRAKCJI MIKROSOMOWEJ WĄTROBY 

S t r e s z c z e n i e

Wykazano, że z frakcji mikrosomowej, a także z rybosomów wątroby świnki 
morskiej, inkubowanych w  środowisku z obniżoną lub dostateczną zawartością 
jonów Mg2+, uwalniają się zdezaminowane zasady azotowe i odpowiednie nukleo- 
zydy. Zidentyfikowano hipoksantynę, inozynę, uracyl i urydynę.

Istnieją przypuszczenia, że uwalniające się zasady i nukleozydy pochodzą z roz
kładu informacyjnego RNA, co mogłoby wskazywać na powiązanie tego procesu 
z biosyntezą białka.

Received 4 Decemfoer 1963.
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G lutam inę is kinown to play an im portant role in biological processes 
of living organism s. Its  significance as a source of ammonia in the  
kidneys of ureothelic anim als is well established [9,8]. The role of 
g lu tam ate-glutam ine system  in the  ammonia-birudiing process in the  
brain  seems .to be im portant for the activity  of the  nervous tissue [3]. 
There are  m any biosynthetic reactions in which glutam inę takes part, e.g. 
purine synthesis [1]. Nevertheless, the data concerning glutam inę content 
in  anim al tissues, especially in the tissues of low er animals, a re  scarce.

In this paper some data on glutam inę Content in the  tissues of 
17 anim al species a re  presented.

MATERIALS AND METHODS

Animals and tissues. The anim als were e ither laboratory-bred  o r 
were caught in their na tu ra l environm ent. They were killed, usually  
by decapitation, and the tissues to be examined were dipped into 15°/o 
trichloroacetic acid as soon as ipossible, and homogenized in the  acid; in 
the  extract, glutam inę was estimated. The earthw orm s were kep t for 
a few  days preceding the experim ent in a beaker filled w ith  w et f ilte r 
paper, in o rder to clean the digestive trac t and to facilitate th e  separa- 
tion of muscle. The hum an striated  muscle was obtained from  the  
Surgical Clinic and was taken intra operationem.

Glutaminę determination. This w as m ade by the enzymie m ethod 
described previously [11]. G lutam inę was decomiposed by ra t kidney 
g lutam inę am idohydrolase preparation, and amm onia estim ated w ith  the 
m icrodiffusion techniąue.

RESULTS AND DISCUSSION

Table 1 presents the  content of glutam inę in the muscles of all 
species tested, in the kidneys of vertebrates, in the  gills of fishes and 
lam prey, and in the blood of some animals. G lutam inę content in the
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T a b l e  1

Glutaminę content in the trichloroacetic acid extract of animal tissues

The tissues were homogenized in 15°/o trichloroacetic acid, the extracts neutralized 
and the content of glutaminę was estimated by the enzymie method [11]. Mean 
values, ±  S.D. where applicable, are given; the numbers of animals tested (or the 
numbers of pooled portions of tissue from several sm ali animals) are given in

iparentheses.

Animal

i
Glutaminę (p.mole/1 g. wet wt.)

M uscle Kidney Blood Gills

Mammalia
Man 16.8 (2) - 0.77 ±  0.15(12)
Rat, Raitus погѵе-
gicus 4.0 ± 0.79 (5) 6.0 ± 2.5 (6) 1.7 ±  0.75 (8)
Guinea pig, Саѵіа
porcellus 3.4 ±  1.65 (4) 4.0 ± 2.8 (4) 1.3 ±  0.02 (4)
Rabbit, Oryctolagus
eunieulus 8.1 ±  2.1 (3) 4.0 ± 0.7 (4) 2.2 ±  0.8 (4)

Aves
Pigeon, Columba
Ііѵіа 3.7 ±  1.1 (4) 2.7 ± 0.9 (5) 4.0 ±  1.5 (4)

Reptilia
Turtle, Testudo
graeca 6.8 (2) 4.9 (2) 1.4 (2)

Amphibia
Frog, Rana esculenta 7.5 ± 0.82 (3) 9.7 ± 3.3 (3) 4.4 ±  2.5 (3)

Pisces
Carp, Cyprinus carpio 1.1 (2) 1.3 (2) — 1.1 O)
Trout, Salmo irideus

Gibbons 2.5 (2) 2.7 (2) — 2.3 (2)
Tench, Tinca tinca 0.6 (2) 1.3 (2) — 0.7 ±  0.29 (3)
Vimba, ѴітЬа vimba 1.3 (2) 1.6 (2) — 0.6 ±  0.12 (3)
Eel, Anguilla anguilla 1.9 ± 0.2 (4) 2.6 ± 1.5 (5) 1.0 ± 0.2 (4) 2.0 ±  0.6 (4)

Cyclostomata
Lamprey, Lamperta
fluńatilis 1.2 (3) 2.0 (2) 0.4 (2) 1.0 (3)

Crustacea
Crawfish, Cambarus
affinis 10.2 ± 1.7 (6) — — —

Molusca
Clam, Unio pictorum

adductor 5.9 ± 1.1 (3) — — —
foot 5.0 ± 1.1 (4) — — —

Snail, Неііх pomatia 0.6 ± 0.19 (5) — — —
Annelida — — —
Earthworm, Lumbri-
cus terrestris 9.5 ± 4.3 (6) -
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kidneys of fishes appeared to be lower than in the kidneys of m am m als 
and frog. Thiis m ay be consistent w ith the sug gestiom [7, 6] th a t  AM P 
in  fishes, and glutam inę in higher anim als are the m ain sources of u rine  
am m onia. Also the  gills of fishes tbrough which the  m ajority  of w aste 
n itrogen is excreted are poor in glutam inę. It has 'been showtn by M a
karew icz [6] th a t the gills have Iow glutam inę am idohydrolase activ ity .

Among the bloods examimed those of frog and pigeon a re  the  richest 
in  glutam inę. The content of glutam inę in hum an 'blood is ra th e r  Iow 
as compared w ith o ther animals.

Although it is a well known fact th a t  m uscles of m am m als contain 
free glutam inę in a rela tive ly  high comcentratiom [2, 4,10] th e  biological 
significance of th is comipound in m uscle m etabolism  is still obscure. 
The muscles of fishes seem to contain less glutam inę than  the m uscles 
of amphibians, birds and mammals. However, the concentration of 
g lutam inę in  the m uscles of all invertehrates tested, except th e  snail, 
is unexpectedly  high, being the highest in the craw fish and  earthw orm . 
Levenbook & K uhn [5] have shown th a t Prodenia eridania has a  consi- 
derab le  glutam inę synthetase activ ity  which varies duriing the  develo.p- 
m ent of the  insect. These facts and ou r presen t resu lts  m ay  indicate 
th a t glutam inę is an im portan t tissue constituent and m ay iplay a n  
im port ant role in tissue m etabolism  not only in h igher anim als b u t also 
in  lower animal organisms.

SUMMARY

The content of free glutam inę in the  tissues of 17 v e rteb ra te  and 
Invertebrate  anim als w as estim ated by the enzymie m ethod. High 
glutam inę content has been found in the  m uscles of some m verteb ra tes  
(crawfish and earthw orm ) and in hum an muscle as com pared w ith  those 
of o ther species.
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PORÓWNAWCZE BADANIA ZAWARTOŚCI GLUTAMINY W TKANKACH
ZWIERZĄT

S t r e s z c z e n i e

Oznaczono metodą enzymatyczną zawartość wolnej glutaminy w  tkankach  
17 zwierząt kręgowych i bezkręgowych. W m ięśniach raka, dżdżownicy i człowieka  
znaleziono stężenie glutaminy wyższe niż w  tkankach innych zwierząt.

Received 5 December 1963.
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The vi,tarnin activ ity  of natu ral m aterials m ay stern from  th a t o f 
free thiam ine or of a m ixture  of free thiam ine and thiam ine phosphates 
(Fig. 1).

Fig. 1. Formulas of thiamine and of its phosphates.

D uring early  work at th is Institu te  on the v itam in Bi ac tiv ity  o f 
cow’s milk, Houston, Kon & Thompson [11] found that bo th  free and 
phosphorylated thiam ine were present. They showed th a t the phospho- 
ry la ted  form occurred in large am ounts in colostrum  or m ilk early  in 
lactation, but only in tracę am ounts in mid o r late lactation. F u rth e r, 
there  was a negative correlation betw een the content of phosphorylated 
thiam ine and the alkaline phosphomonoesterase titre  of the milk. A t tha t 
time, Houston et al. [11] assum ed that the phosphorylated form  was

* Read in part by М. E. Gregory at the 5th International Congress on Nutrition,. 
Washington, 1960. (Abstracts, p. 14, no. 61).
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th iam ine pyrophosphate (cocarboxylase), the coenzyme form  of the vitar- 
m in which predom inates in anim al tissues. However, shortly  afterw ards 
de  Jong [12] in Holland reported th a t he could find no cocarboxylase 
activ ity  in cow’s m ilk and suggested th a t the phosphorylated form  was 
m ore likely to  be thiam ine m onophosphate. U nfortunately  de Jong died 
in  a concentration camp before he completed his w ork and no fu rth e r 
investigations w ere m ade uiritil recently, w hen w ith  the new er techni- 
qu es  of paper chrom atography and bioautography we were able to 
dem onstrate a t this Institu te  the  presenoe of th iam ine m onophosphate 
in  cow’s milk. The methods used to separate  and identify  the d ifferen t 
v itam in  Bi active compounds present in cow’s m ilk  and in the m ilks 
-of certain  o ther species are now described.

EXPERIMENTAL

Materials

Thiam ine hydrochloride, thiam ine m onophosphate and th iam ine pyro- 
p hosphate  were obtained from  Roche Products Ltd.

M ilk was collected from  3 Friesian  cows of the  N.I.R.D. herd, in  the 
2nd, 21st and 39th weeks of lactation. Bulked sam ples of m id-laotation 
B ritish  Saanen goat’s  m ilk  and of the m ilk of Large W hite sows w ere 
also obtained from  the  N.I.R.D. herds. The hum an m ilk  w as collected 
by Dr. M. G unther from  m others a t U niversity College Hospital, London. 
I t  w as m ainly from  early  lactation. The rhinoceros’s m ilk was obtained 
from  Bristol Zoo. It was from an  A frican black rhinoceros a t the end 
•of a 19 m onths’ lactation [1]. A ll samples w ere frozen as ąuickly  as 
possible a fte r collection and stored at -15° un til the  uli tra f  iltra tes and 
concen trates could be prepared.

Chromatographic method

Extraction of vitamin Bl activity from milk. A  pro tein-free  m ilk 
.serum  w as prepared  by u ltrafilte ring  the raw  whole m ilks through 
a  cellophane m em branę under reduced pressure as described by 
G regory [9]. The u ltra filtra te  was cooled and m ixed well w ith  four 
tim es its volum e of iee-cold acetone. The m ixture  was stirred  for 30 min. 
and then  centrifuged to гетоѵ е an  inaetive iprecipitate. The acetone was 
rem oved from  the elear supernatan t liąuid by distillation  under reduced 
p ressure  and the resu ltan t aąueous solution was concentrated to  about 
o ne-ten th  of its original volume by freeze-drying. This was th e  oon- 
cen trate  used for chrom atographic anailysis.

Paper chromatography. One o r more spots of the  concentrates and 
one spot of a m arker solution, containing 1 Mg. eaeh of thiam ine, th iam ine 
m onophosphate and thiam ine pyrophosphate/ т  1., w ere applied to  W hat-
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m an ino. 1 filter paper. The vitam in B j-actiye compounds p resen t w ere 
separated  by descendmig chrom atography w ith 2 g. p-toluenesulphonic 
acid -  60 ml. tert.-pen tano l - 30 ml. w ater as the  devdloping solvent 
[10, 4]. The chrom atogram s w ere developed for 48 hr. and then  dried. 
The zones of y itam in Bt actiyity w ere located either by spray ing  the  
paper w ith b ism uth potassium  iodide as described by B artley [4] o r by 
the bioautography techniąue described below.

Microbiological method

Measurement of vitamin actiyity in whole m ilk  and m ilk  ultra-  
filtrates. The y itam in Bi actiyity w as extracted  by healting 2 mil. of m ilk  
w ith 50 ml. n/30-H 2SO4 a t 100° for 30 min. A fter cooling, the  pH  was 
ad justed  to 4.6, the to tal yoilume m ade to 100 ml. and the ex trac t filltered. 
The filtra te  w as d ilu ted  (if necessary) to w rita in  about 0.01 ug. th ia - 
m ine/m l. and added to the  assay tubes in duplicate at levels of 0.5, 1.0,
2.0 and 4.0 ml. The u ltra filtra tes  w ere d ilu ted  w ith  w ater and added to 
the assay tubes w ithout fu rth e r  treatm ent.

A stock soluJtion of thiam ine hydrochloride, containing 1 m g./m l., 
was d ilu ted  in м/30-phosphate - c itra te  buffer, pH 4.6, to a concentration 
of 0.01 ug./ml. The ipresence of buffer was found to preven t losses of 
thiamiine by adsorption onto the glassware [6]. This standard  th iam ine 
solution was added to the assay tubes alt leyels of 0.5, 1.0, 2.0, 3.0 and
4.0 ml.

The yolumes iin all th e  tubes w ere m ade up to 5 ml. w ith  d istilled 
w ater, and 5 ml. double-strength  basal medium, prepared as described 
by Banhidi [3], w ere added. The baskets of tubes w ere sterilized by 
heating a t 100° for 30 min., cooled and inoculated w ith Lactobacillus  
ferm enti  36 (ATCC 9338). The inoculum  was prepared by grow ing 
Lb. ferm enti  at 37° for 24 hr. in enriched culture m edium  [2]. The cu l- 
tu re  w as centrifuged, resuspended in 10 ml. 0.9°/o (w/v) sterile  salinę, 
diluted a fu rth e r ten-fold in sterile  salinę and one drop of th is suspension 
added to each assay tube. A fter incubation for 18 hr. at 37°, grow th 
in the tubes w as m easured turbidim etrically  and the yitam in activities 
of th e  te s t ex traets  w ere obtained by referentce to the  standard  response 
curve.

Bioautographs. 150 m l. of basal assay m edium  [3] at single streng th  
in 2°/o agar, were sterilized in a 250 m l. conical fiask by heating a t 110° 
for 10 min. The fiask was fcransferred from  the autoclave to a w a te r 
bath held at 48° and allowed to stand for 45 min. to  cool to the  
tem peratu rę  of the bath. 50 mg. triphenyltetrazolium  chloride, dissolyed 
in 4 ml. sterile  distilled w ater, w ere added to the m edium  so th a t  the 
grow th zones would show up red  on a colourless background [7]. 3 ml. of 
a celi suspension of Lb. ferm enti  w ere then  added. This suspension w as
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prepared by centrifuging a 24 hr. culture grown a/t 37° in 10 mil. of the 
basal assay m edium  supplem ented w ith 0.05 Mg. th iam ine hydro- 
chloride/mil. and then resuspending the cells in  10 ml. of 0.9% (w/v) 
salinę. Im m ediately a fte r these additions had been m ade the agar was 
poured into a coyered sterile glass p late measurinig 22 X 37 cm. W hen the 
plate and agar had cooled, the paper chrom atogram  was placed on the 
agar and th e  p late incubated at 37° foT 18 hr. The red  zones of growth 
indicated th e  positions on the chrom atogram  of com pounds w ith  v ita- 
m in Bi actiyity  for Lb. fermenti.

Measurement of cocarboxylase. Cocarboxylase (thiam ine pyrophos- 
phate) w as m easured m anom etrically by the m ethod of Singer & Pensky 
[16], which is based on th e  decarboxylation of pyruvate  b y  an a-carbo- 
xylase from  w heat germ . The a-carboxylase w as p repared  from  a sam ple 
of low-fat, unheated w heat germ  kindly  giyen to us by Joseph R ank Ltd. 
For this m ethod of estim ation it w as necessary to add to the W arburg 
flasks 0.5 ml. of test solution containing about 0.1 Mg. cocaiboxylase.

RESULTS

Measurement of total vitamin Bl activity in m ilks  of different species

The assay organism, Lb. fermenti, can utilize for grow th thiam ine, its 
m onophosphate o r its pyrophosphate. Umder the conditions of assay 
described here, all th ree compounds w ere eąually  active on an equi- 
m olar basis. Thus, values for total y itam in BA actiy ity  w ere obtained for 
the d ifferen t m ilks and are shown in Table 1. The yitam in Bi activities 
of the u ltra filtra te s  prepared from these m ilks are also given in th e  table. 
These u ltra filtra tes  w ere those used to prepare  th e  concentrates for 
chrom atographic anaiysis. In generał, th ey  contained 70% or m ore of 
the to tal actiy ity  present in th e  whole millk.

Chromatographic studies

Separation of thiamine, thiamine monophosphate and thiamine pyro
phosphate. Fig. 2 shows a diagram m atic represen tation  of the  separation 
of a m ix tu re  of pu re  thiam ine, thiam ine m onophosphate and thiam ine 
pyrophosphate by chrom atography on paper w ith the  solyent system  
described in the  experim ental section. It was found necessary th a t at 
least 10 Mg. of each thiam ine compound be presen t on the  paper to show 
it as a coloured spot a fte r spraying w ith  the b ism uth  potassium  iodide 
reagent. This ąuan tity  would be contained in about 20 ml. of raw  w hole 
milk. Conseąuently, the m ethod was quite unsu itab le  for detection of 
the yitam in Bt actiye compounds in  m ilk extracts. F ortunately  th e  test 
could be m ade m ore sensitiye by using the bioautograph technique.
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T a b l e  1

Vitamin activity of whole m ilks and m ilk  ultra f  U tratę s of different
species

The results are expressed as p,g. thiamine hydrochloride/ml. Test organism
Lactobacillus fermenti.

Туре of milk Whole milk Milk
ultrafiltrate

Cow’s
Early lactation (2nd week) 0.83 0.77
Mid lactation (21st week) 0.44 0.32
L ate lactation (39th week) 0.29 0.24

Human
Early lactation 0.13 0.10

Sow’s
Mid lactation 0.73 0.52

Goat’s
Mid lactation 0.47 0.49

Rhinoceros’s
Late lactation 0.68 0.72

1

w hen as little  as 0.1 ng. of each of the  compounds coulld be detected. 
The chrom atographic analysis of the  “p u re” comipauntLs ishowed '(Fig. 2.) 
tha t the  sample of thiam ine m onophosphate contained a sm ali am ount

THIAMINE
HYDRO- MONO- PYRO- 
CHLORIDE PHOSPHATE PHOSPHATE I I I

Fig. 2. Separation of thiamine, thiamine monophos- 
phate and thiamine pyrophosphate by chromatography 
in p-toluenesulphonic acid - te r t .-pentanol - water. This 
and the following figures are tracings taken from  
the bioautograph plates. The experimental conditions 

are described in the text.

of free thiam ine, and tha t the  sample of thiam ine pyrophosphate 
contained some m onophosphate. The R F values were: thiam ine 0.61, 
thiam ine m onophosphate 0.41, and thiam ine pyrophosphate 0.20.
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Identification of vitamin В  ̂ active compounds present in m ilk  con- 
centrates. A  concentrate, prepared from  the sam ple of m ilk collected 
from  a cow in the second week of laotation, was analysed for y itam in Bt

THIAMINE
PYRO-
PHOSPHATE

THIAMINE
MONO-
PHOSPHATE

THIAMINE

Fig. 4. Separation and idenitifica- 
tion of the yitamin Bi~active 
compounds present in the milk 
of the sow, goat and rhinoceros.

Fig. 3. Separation and Identifica
tion of the yitamin Bi-aotiye  
compounds present in cow’s milk  
from early, mid and late lactation.

SCWS GOAfs RHINOCEROSS 
MARKER MILK MILK MILK

 1----------------- 1 I I

THIAMINE
PYRO-
PHOSPHATE

THIAMINE
MONO-
PHOSPHATE

THIAMINE

active compounds by the paper chrom atography and bioautograph 
techniąues. The bioautograph is shown in Fig. 3. Thiamine m onophosphate 
was the  only compound found to be present. The addition of thiam ine,
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th iam ine m onophosphate o r thiam ine pyrophosphate to the concen trate  
confirm ed that the spot was due to the m onophosphate and w as not an 
a rtifac t caused by some component present in the concentrate slow ing 
up  the moyememt of free thiam ine. The concentrates prepared from  m id - 
o r late-lacta tion  cow’s m ilk were found to oontain only free th iam ine.

Sim ilar analyses of concentrates p repared  from  the m ilk of the  sow r 
goat and rhinoceros showed in teresting  differences between th e  m ilks 
of these d ifferen t species (Fig. 4). In sow’s m ilk  (from mid laotation), 
about equal am ounts of thiam ine and thiam ine m onophosphate w ere  
presen t together w ith  some thiam ine pyrophosphate. The goa t’s m ilk  
saimple (also from  m id lactation) contained m ore of the pyrophosphate  
than  of the  m onophosphate and no free thiam ine. In the  concentrate 
of rh inoceros’s m ilk all th ree  compounds were present. There w as not 
enough yitam in BA actiyity  in the  humain milk sample for any  to  be 
detected  in  the  concentrate.

Cocarboxylase estimations

No cocarboxylase activity  could be detected in the u ltra f iltra te s  
p repared  from  the  early, m id -o r  late-lactation cow’s m ilk sam ples. 
A quan tita tive  гесоѵегу of cocarboxylase added to  the m ilk u ltra f iltra te s  
showed that th e ir lack of activity  was not due to the presence o f 
inh ib itory  substances such as inorganic pyrophosphate [see 17].

The m ilks of th e  sow, goat, woman and rhinoceros w ere analysed  
a i a la te r  date and reg re ttab ly  no m anom etrie cocarboxylase estim ations 
w ere done.

DISCUSSION

The Iow to tal v itam in Bj activ ity  of m ilk m akes the separation a n d  
identification of the individual thiam ine compounds a diffiouilt problem . 
Seyeral m ethods, some involving ion-exchange resins, have been p ro - 
posed for separating  thiam ine and its phosphates [15,8, 13, 14] bu t, 
although these m ethods have worked wel'1 w ith the ipure compwunds 
or With anim al tissues rich in yitam in B  ̂ actiyity, in our ехрегіепсе 
none of them  proved satisfactory for milk. The simple technique o f 
u ltra filtra tion , trea tm en t w ith acetone and concentration by  freeze- 
-dry ing  yielded a m ilk  concentrate w ith high yitam in Bi activ ity  and 
containing no substances th a t in terfere w ith  th e  paper chrom atographic 
analysis. A dm ittedly  the extraction of the  y itam in was not quan tita tive . 
In  the first place, any yitam in Bi active compounds firm ly bound to 
protein  would not be present in the  u ltra filtra te . According to H ouston 
et al. [11] some 15% of the totail y itam in Bi actiyity  of cow’s m ilk  is 
protein-bound. However, the m ain purpose o f ou r experim ents was to 
identify  the phosphorylated  form  of th iam ine presen t in  cow’s m ilk,
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which we were able to do. O ur resu lts  support de Jong’s [12] supposition 
that i t  is the m onophosphate and no t the  pyrophosphate (cocarboxylase) 
th a t is present.

The presence of considerable ąuan tities of both th e  m onophosphate 
and pyrophosphate in the m ilk of the  goat and pig m ay be a ttribu ted  
to the lower phosphatase contents of these m ilks [11,5]. P revious 
reports from this In stitu te  have shown th a t on'ly about 10% of th e  to tal 
vitarnin Bi activ ity  of sow’s and goafs m ilks was free thiam ine [11, 5]. 
De Jong [12] also reported  Iow tevels of free th iam ine in g o a fs  m ilk, 
bu t he found no cocarboxylase and therefore  assum ed th a t, as in cow’s 
milk, the  phosphorylated vitam in form  -was th iam ine m onophosphate. 
The fact that we could detect 'both the m onophosphate and the py ro 
phosphate in goafs m ilk and the  faot th a t  de Jong found th a t cocarbo- 
xylase added to his sample of goafs m ilk was converted  to the  m ono
phosphate suggests that his sam ple m ight have been taken  at the end 
of the lactation w hen th e  phosphatase Іеѵѳі increases, or th a t it w as 
contam inated w ith  bacteria having high phosphatase activity.

The high proportion of the  m ono-and  pyro-phosphates of th iam ine 
p resent in the sow’s and goafs -milks, know n to be Iow in phosphatase 
activity, lends support to the suggeiStion th a t v itam in Bi is secreted in 
m ilk as cocarboxylase atnd is -subseąuently dephosphorylated by the  
m ilk enzymes. The proportions of the  d ifferen t form s of the  v itam in  
present would then  depend on the am ounts and types of phosphatases 
p resent in the milk, and would vary  .both from  species to species and 
w ith the stage of lactation.

SUMMARY

A method is described for identify ing the v itam in Bi-active com- 
pounds present in milk. Thiam ine m onophosphate was found to be 
present in early-lactation  cow’s milk, w hereas only free thiam ine w as 
present in m id- or late-lactation milk. Both free  th iam ine and its m ono- 
and pyrophosphates w ere present in the bulk sample of m id-iactation 
sow’s m ilk and in a sample of rhinoceros’s m ilk  taken  a t the end of 
lactation. M id-iactation goafs m ilk contained a high proportion of th ia 
m ine pyrophosphate, some thiam ine m onophosphate but no free thiam ine. 
The possible relationship betw een the proportion of phosphorylated 
thiam ine present and the phosphatase activ ity  of the m ilks is discussed.
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FORMY UFOSFORYLOWANEJ TI AM INY W MLEKU RÓŻNYCH ZWIERZĄT

S t r e s z c z e n i e

Opisano metodę identyfikacji znajdujących się w mleku związków czynnych jako 
witamina Bi. W mleku krowy na początku laktacji stwierdzono obecność mono- 
fosforanu tiaminy, natomiast w środkowym okresie i przy końcu laktacji jedynie 
obecność wolnej tiaminy. W m leku świni w środkowym okresie laktacji i w  mleku 
nosorożca pobranym przy końcu laktacji znaleziono zarówno wolną tiaminę, jak 
i m ono-i pyrofosfotiaminę. Mleko kozy w  środkowym okresie laktacji zawierało 
znaczną ilość pyrofosfotiaminy i trochę monofosfotiaminy, natomiast nie stw ier
dzono w  nim wolnej tiaminy. Przedyskutowano przypuszczalną zależność między 
zawartością ufosforylowanej tiaminy a aktywnością fosfatazy w mleku.
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The phenomenon of biological photoreactiya-tion (PR ) 1 is fairly  
widespread in naturę and has been the sulbject of num erous inyestiga- 
tio-ns (for recent review s see [10 , 19, 17, 20]). Photoreactivation am ongst 
the bacteriophages was first reported  by Dul-becco [5], who obseryed th a t 
u ltra fio le t irradiafed phage, following adsorption to their host -cells, 
could be partiałly  reactiyated  'by exposure to yisible light. It is now 
reasonably w ell established th a t most instanoes of pbotoreactiyation 
represent a direct reversal by  yisible light of some m odifications 
(‘^lesions”) produeed in essentiad nu d e ic  acid molecuiles by the action of 
u ltra fio le t radiaition. Conseąuently, aside from  its biologicail significance, 
the phemomenon provides a supplem entary tool for detailed investiga- 
tions of the  n a tu rę  of the  lesions induced by UV liight. The p o ten tia l 
significance of PR is fu rth e r emphasized by the  d-emonstration th a t it 
is the  result, at least in large part, of some Hght-activated enzym ie 
reaction (for reyiew  see [17]).

Considerably less in terest has been devoted to  the faot th a t u ltra -  
vio‘let induced damage m ay also frequen!tly undergo p a rtia l -reversal i.n 
the dark  by an inerease in tem peraturę  a t neutral pH, a finding firs t 
rep>orted by Anderson [2] and Stein & Meuitzner [21] for E. coli, and 
subsequently by Bretsch [4] for coliphage Tt a-dsoirbed to its hoSt celi.

Atterition has previously been draw n to the significance of TR in 
the bacteriophages and the im portance of -confirming the finding of 
Bresch [4] for TA phage, as well as exam ining w hether it applies to o th er 
ph-ages and, in particular, the T-even bacteriophages [19]. Physico- 
-chem ical investigations of the natu rę  of the radiation-induced dam age 
in natu ra l n u d e ic  acids and model oligo- and polynucleotides h-ave 
dem onstrated that practically  all of -this “d-amage” is due to m odifications

1 PR and TR will be used m this text for photoreactivartion and thermal reacti- 
vation, respectively.
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of the pyrimidinie rings, for rad iation  doses in th e  rangę of those respon- 
sib le for biological effects. One of the known reactions involves sa tu ra- 
tion of th e  5,6 double bonds of uracil and cytosine residues w ith con- 
com itant up take  of a w ater m olecule to form  the  5-hydro-6-hydroxy 
derivatives; this reaction is heat reversible in th e  dark  at neutrail pH. 
A nother reaction m ay take place betw een adjacent uracil and/or thym ine 
residues, w ith the form ation of a cyclobutane rin g  betw een the 5,6 bonds, 
as follows:

This reaction  is not reversib le by heat bu t m ay be reversed by UV both 
for the free  dim ers [3] as  well as in polynucleotide chains [12, 11]. 
F u rtherm ore  it has been dem onstrated th a t PR in isolated nucleic acids 
is due  in large p a rt to a light-activated enzymie reversal of th is d im eriza- 
tion  reactioin betw een thym ine residues [17, 20].

The T -even baeteriophages faill into a  speciail oategory in that, in  
place of cytosine, they  contain only 5-hydroxym ethylcytosine and  gluco- 
sylated 5-hydroxym ethylcytosine. These derivatives do not form  heat 
reversi'ble photoproducts in the  free state, although there  is some 
evidence indioating th a t their photoproducts a re  po ten tia lly  capable of 
reverting  to  the  parent comipounds in the dark  [25].

It becomes of interest, therefore, to е х а т іп е  the extent to which 
various ulitraviolet inactivated baeteriophages m ay be therm ally  reacti- 
vated in the dark, w hetber adsorption to the  host oells is indeed 
a p rereąu is ite  for such reactivation  and, partieulaTly, what, if any, is 
the  relationship  of TR to PR. Such dbservations would be expected to 
be of va.lue in any  direct comparison of the biological and physico- 
-chem ical effects resulting  from  ultraviolet irradiation.

MATERIALS AND METHODS

Most of the experim ents were carried out w ith  phages Ti and T2, 
uising E. coli В as host celi. The synthetic m edium  of Schulm eister 
(Na2H P 0 4 -12H20 , 11.48 g.; KH2P 0 4, 1.08 g.; {NH4)2S 0 4, 0.8 g.; M gS04- 
• 7H20 , 0.08 g.; CaCl2, 0.002 g.; F eS 0 4 • 7H20 , 0.001 g. per l ite r  of glass 
d istilled w ater, pH 7.4) supplem ented w ith  0.5% glucose, Was employed 
throughout. Several o rien tative experim ents w ere also carried  out w ith  
o ther phages as well as w ith E. coli К  12 as  host cel'l.

Phage w ere grown on E. coli В in liąuid, synthetic m edium  as 
described by  Adams [1] at a m ultiplicity  of infection of 0.3. The phage
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preparations were stored under chloroform  at 4°. Phage titra tions w ere 
carried out (by the dilution m ethod according to Ta.ka.tsy [23] w ith  
calibrated sp ira l loops. The same procedurę was used to determ ine the 
num ber of infective centres.

E. coli В cells from  an agar silant were used to inooulate a  syn thetic  
m edium  which was incubated oyernight at 37° iin stationary  ouliture. 
About 4 ml. of th is  celi suspension was transferred  to 50 m l. fresh  
m edium  and this was incubated on a shaker 'to an optical density  of 
0.15 at a w avelength of 650 m u, correspondinjg to about 2.4 X 108 cells/m l. 
This suspension was em ployed for pha.ge adsorption and reaotivation.

A (Phillips 6-w att bactericidal lam p was employed for phage inacti- 
yation. The phage suspension, suitably diluted 'to 10 ml. in  isyinlthetic 
medium, w as contained in a 9.5 cm. P e tri dish at a layer th ickness of 
0.1 cm. and w as Stirred continuously during  irradiation. Ex;cept w here 
otherwise indicated, inactiyation was carried  out to  about 99.7°/o. This 
reąu ired  50 sec. irrad iation  for phage T2 at a distance of 20 cm. from  the 
lamp; for phage Ti the corresponding tim e was 150 sec.

For ithermal reactivation a suitable volum e of th e  a(bove-m entioned 
E. coli celi suspension w as added to an aliąuot of the irrad ia ted  phage 
suspension so as to obtain  the  desired m ultip licity  of infeetion. Fol- 
lowing m ixing the  suspension of adsorbed phage w as diyided iinto two 
portions, one of which was imm ersed in a ba th  a t 37° and o ther at 45°. 
A t given time intervalis, 1 m l. samples were rem oved from each fla.sk 
and im m ediately diluted w ith syhthetic medium. Following addition of 
detector aind liąuid aigar, the samples w ere poured into plastic dishes, 
incubated at 37° and 18 hr. for phage T2, and 8 hr. for Ti, a;nd the num ber 
of plaąues counted.

Ali experim ents w ere 'conducted under a red  lam p in the dark  iroom 
in order to avoid interference from photoreactivation.

RESULTS

Thermal reactivation of phage T2. A phage suspension contalning 
9.4 X 109 infeotive particles per ml. was diluted 1000-fold w ith syn thetic  
medium  and inactivated by irradiation to a residual actiyity of 0 .3°/o. 
The inactivated  phage was th en  adsoitoed to a suspension of young cells 
a t a m ultip licity  of infeetion of 3, and the resu lting  suspension diyided 
inito two portions which were incubated ait 37° and 45°, respectively. 
N on-irradiated Controls w ere incubated sim ultaneously a t both tem pera- 
tures. At in te ryals  of 5, 10, 30 and 45 m in. samples were colleeted from  
aill four flasks for estimatiom of viable phage particles.

From the resu lts  shown in Fig. 1, it is elear tha t .the survival of i r ra 
diated phage is m uch m ore m arked a t 45° than  alt 37°. It should also 
be noted that the  num ber of surviving phage particles at 45° yaries w ith
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tim e of incubation, increasing to a m axim um  during  th e  f irs t 10 m in. 
and then  decreasing so that after 45 min. th e  num ber of infectious p a r-  
ticles is again equal to th a t at zero time. On the o ther hatnd, at an  in cu 
bation tem peratu rę  of 37° the tite r of active phage inereases m uch less,

Fig. 1. Thermoreaotivation of ultraviolet- 
-anactivated phage T2: C, non-irradiated 
Controls; I, UV-inactivated; (O), incuba

tion at 45°; ( • ) ,  incubation at 37°.

exhibiting only slight reactivation w ith  no subseąuent inactivation With 
tim e of incubation. For the non-irradiated  co,ntroi, incubation at 45° 
resu lts  in a slow, but continual, inactivation w ith time.

Account m ust here be taken, of course, of the known fact th a t T2 
norm ally exhibits m arked m ultiplicity  reactiyation [13]. It is conse- 
ąu en tly  somewhat surprising that a freshly prepared phage stock shows 
only a m inim al degree of m ultip licity  reactiyation by comparison with 
a phage stock which has been stored for some time prior to use, w hile 
the  degree of TR is the same for both {see Fig. 3).

It was observed during the above experim ents tha t the therm al reac
tiyation  of irradiated  phage is m orę effective if the  'host ceills are taken 
from  an actiyely gro/wing culture. There is, on the o ther hand, no dif
ference in  the course or detgree of therm oreactiyation if the  adsorption 
and reactiyation  of phage are carried  out on a iglucose-free medium. 
It would therefore  seem that the tem peraturę  reactiyation of irradiated 
phage is linked in some w ay w ith th e  m etabolic state of the  host cells 
a t the  tim e of therm oreactiyation. But the  ab ility  of the  host celils to
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induce reactivation  is dependent on their metabolic sta te  prior to  ad- 
sorpticm of the phage; modifications fol łowi ng infection apparently  are 
of litfcle impoirtamce.

The course of TR w ith  tim e of incubation for phage T2 is exhilbited 
in Fig. 2. Reaotivation at 45° is a relatively rapid process, a tta in ing  an  
apparen t т а х іт ш п  a t about 6 min. and iremaining at th is level fo r albout 
25 m in., fojUowing which inactivation sets in. At 37° there  is only  slight 
reactivation  for up to 20 min., followed by an increase which is un- 
doubtedJly due to norm a 1 phaige synthesis. At 45° phage synthesis is 
inlhibited.

Incubation time (min.)

Fig. 2 Fig. 3

Fig. 2. Course of thermoreactivation of ultraviolet-inactivated phage T2 with time,
(O), at 45° and ( • ) ,  at 37°.

Fig. 3. Course of thermoreactiva.tion of fresh and stored (hence partially spon- 
taneously inactivated) UV-inactivated phage T2 preparations: (O), at 45° and ( • ) ,  
at 37° for fresh (2-day-old) preparation; (Л), at 45° and ( 4 ) ,  at 37° for older

preparation.

Im all probability  th e  degree of TR is greater than  th a t observed 
in Fig. 1 at 45°, hence the uise of the  term  “apparent m axim um ” in the 
previous paragraph. W hat is most likely being observed is the  d ifference 
betw een phage reactivation and heat inactivation.

It w as also noted th a t the  course of reactivation of irrad ia ted  phage 
is dependent, to a comsiderable extent, on the age of the bacteriophage 
p reparation . This is dem onstrated in Fig. 3, which exhibits the course 
of TR fo r two phage preparations, one two days old, the o ther seven 
weeks, conducted under identicail conditions. It w ill be obseryed th a t 
the  degree of TR at 45° is qualitativdly sim ilar for 'both phage ptrepa-
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rations. There is, by  contrast, a m arked dif foremce at 37°, w here the 
older preparation exhibits more pronounced m ultiplicity  reactivation.

Role of coefficient of infection on degree of thermoreactihation. The 
foregoing experim ents w ere  carried out a t a m ultiplicity  of infection 
of 3 so th a t the m ajority  of the host cells were m ultip ly  infected. It is 
conseąuenfly еопсеіѵаѣіе th a t some type of m ultip licity  reactivation 
m ay be responsible for TR. The degree of TR w as therefore  exam ined 
at various m ultiplicities of infection, and it was in faot found th a t the 
higher the m ultip licity  of infection, the greater the degree of TR. This 
is illustrated  in Fig. 4 which exhibits th e  degree of TR at m ultip licities

Incubation time (min.)

Fig. 4. Influence of m ultiplicity of infec
tion on thermoreactivation of UV-inacti- 
yated phage T2: (O), ait 45° and ( • ) ,  at 37° 
with infection multiplicity 2.2; (Д), at 45° 
and (^ ) ,  at 37° with infection m ultipli

city 0.044.

of infection of 0.044 and 2.2, and dem onstrates conclusively that there is 
practically  no observable TR under conditions w here most host cells are 
singly infected. It m ust therefore be concluded tha t the observed TR 
is not due to the heat reactivation of individual U V -irradiated phage 
particles, i.e. TR is not the resu lt of a direot reversal of UV-induced 
lesions.

The dependence of TR on the m ultip licity  of infection is also dem on
stra ted  indireotly by the  difference in degree of therm oreactivation 
betw een fresh  and  old phage preparations at a m ultip licity  of infection 
of 0.06 (see Fig. 5). From  Fig. 5A  it w ill be seen that a 7-weeks old 
phage sample gives pronounced TR at an infection m ultip licity  of 0.06; 
w hereas a  fresh  preparation  exhibits practically  no TR at the same 
infection m ultip lic ity  (Fig. 5B). By contrast, both sam ples exhibit the 
same degree of TR a t an infection m ultip licity  of 2.9. Since, in the 
older preparation, the tite r  of active phage particles was significantly 
lowered, the pronounced degree of TR observed at an infection m ulti- 
plicity of 0.06 can be  ascribed to  the presence of inactive phage particles 
which participate in therm oreactivation, the  actual “infection muiltipli-
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city” being then  higher than  th a t calculated from  the  num ber of active 
phage particles in the  preparation.

A ttem pted  thermoreactivation of phage T L. In view of the  fact tha t 
the degree of TR for irraldiated T2 is a function of the coefficient of 
infection, isuggesting some relationship to  the phenom enon of m ulti- 
plicity reactivation, TR was sought for in  inradiated phage Ti which does 
not exhibit m ultip licity  reactivation [13].

Experim ents were carried  out in a m anner com pletely analogous to 
those for T2. In different experim ents TR was attem pted w ith coefficients 
of infection of 0.04 and 1.6 as well as 0.04 and 3.0. No eyidence for TR

Incubation time (min.)

Fig. 5. Course of thermoreadtivation for UV-inactivated T2 as a function of age 
of phage sample and multiplicity of infection; at 45°: A, phage sample 7 weeks old; 
B, fresh phage sample. (O), infection multiplicity 0.06; (Д), infection m ulti

plicity 1.6.

could be found at coefficients of infection igreaiter th an  1 a t 45°; at 
coefficients of infection of 0.01 to 0.04 the  slight reactivation observed 
(Fig. 6) w as considered too smali to be of significance, although it was 
of the sam e o rder of m agnitude as tha t reported  by Bresch [4] for therm o- 
reaetivation  a t 45° using a m ultiplicity  of infection of 0.12 to 0.2. This 
m ay be construed as additional eyidence in support of the contention 
tha t TR for phage T2 is due to some form of m ultip licity  reactivation.

Influence on TR of phage T<2 of inhibitors of protein and DNA syn-  
thesis. I t  is w ell established th a t protein synthesis plays an im portant 
role during  the process of phage m ultiplication [6 , 14, 24, 8], and phage 
synthesis is inhibited if an inhibitor of p ro te in  synthesis is present at the 
m om ent of infection. It was conseąuently of in terest to ех ат іп е  w hether 
TR of irrad ia ted  phage is linked w ith protein  synthesis.
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Chlorom ycetin w as used as an  inhibitor of protein synthesis, at a finał 
concentration of 50 м-g./ml., and added to the  m edium  at the m om ent of 
infection as w ell as 5, 15 and 30 m in. prior to infection, ait a tem peratu rę  
of 37°. It was found th a t if chlorom ycetin w as added at the m om ent 
of infection, TR was very  sim ilar to  tha t of  а с on troi. Incubation of the 
host cells w ith chlorom ycetin prio r to infection resu lted  in a decrease 
in TR, the ex ten t of which was dependent on the tim e of incubation 
of the  host cells w ith chlorom ycetin prior to infection. For the  periods 
of incubation employed, i.e. 5, 15 and 30 min., the per cent inhibitions 
of TR w ere 60%, 88% , and 92% re,spectively. It therefore follows th a t 
the process of therm oreactiyation is in some way linked to protein syn
thesis in the infected cells.

Fig. 6. Attempted t h e rmo r e aoti va>tioji for 
UV-inactivated phage Tj: (O), at 45° and 
( • ) ,  at 37° with infection multiplicity 0.01; 
(Д), at 45° and ( 4 ) ,  at 37° w ith infection 

multiplicity 1.6.

M itom ycin С [18] and 5-fluorodeoxyuridine [16] were used as inhi- 
bitors of DNA synthesis, a t finał concentrations of 2 ng./лй. and 10 i+g./ml., 
respectiyely. The host cells w ere incubated w ith the inhibitors at 37° for 
30 min. prio r to infection, Controls being kept during  this period in the 
cold room. Subseąuently, following adsorption of control and irradiated 
phage, TR was carried out at a m ultip licity  of infection of 4.3. It was 
found th a t m itom ycin C, although greatily reducing the colony-forming 
ability  o f the  host cells, gave no inhibition of TR. On >the o ther hand 
fluorodeoxyuridine, which affects the colony-form ing ability of the host 
cells to a m uch sm aller degree, inhibited TR to the extent of about 60%.
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DISCUSSION

Of the  yarious types of resto ra tion  of UV damage hitherto  reported  
in microorganisms, that which bears a fairly  close reserrtblance to photo- 
reactivation (PR) is therm oreactiyation (TR) [2]. Howevex, it has now 
been reasonably w ell established that PR is due, at least in large part, 
to the light-induced enzymie reversal of UV lesions (presum ably thym ine 
dimers) in the  caise of transform ing DNA [17]. There is also some indirect 
eyidence that PR for baeteriophages follows the  same pathw ay  [7]. On 
the o ther hand mothing concrete is as yet 'known regard ing  the natu rę  
of the m echanism  of therm oreactiyation, although there  are some indi- 
cations that for UV -inactivated E. coli В and S. cerevisae TR reverses 
the  same dam age as PR [9].

From  the  resu lts  obtained in the present investigation it w ould appear 
th a t TR for UY -inactivated baeteriophages bears little, if any relationship  
to PR  and that is is, in  effect, m ore со тр іех . It would, of course, be 
desirable to obtain quantitative data for the ex ten t of PR preyailing 
following inereasing degrees of UV inactivation. Such experim ents are 
in progress and prelim inary  resu lts  indicate th a t the course of TR differs 
in some respects from that for PR. Furtherm ore, while the absolute 
m agnitude of the  TR effect in T2 is som ewhat less than  th a t for PR, 
it is necessary to emphasize once more tha t the experim entally  obseryed 
TR probably represents only a m inim um  yalue. The fact th a t no TR 
can be placed in  eyidence w ith singly infected cells, using freshly 
prepared phage, proyides perhaps the strongest eyidence for a d ifferent 
m echanism  for TR as compared to PR.

Bearing in mind that phage Tb which is  know n to exhibit multipilicity 
reactiyation only to a m inimal degree [13], likewise exhibits only m inim al 
TR as com pared fo phage T2, it seems not unreasonable to in fer that 
the TR obseryed for T2 and several o ther phages is due  to some form  of 
tem peraturę induced m ultiplicity  reactiyation. Such an inference is sup- 
ported by the  difference in  the  degree of TR betw een fresh and old 
phage preparations a t an infection m ultiplicity  of 0.06 and the absence 
of any difference a t an infection m ultiplicity  of 2.9. This follows sińce 
the  tite r  of active phage particles decreases during storage so th a t the 
m ultip licity  of infection, calculated on the baśis of the total nurnber of 
phage particles, is inereased.

The k inetics of TR for phage T2 at 45° suggest that reactiyation pro- 
ceeds during the phase preceding phage synthesis. It m ay therefiore be 
inferred  tha t the reactiyation process is not the  resu lt of genetic recom- 
bination during  replication of phage DNA, as proposed by  L uria  [13] 
for m ultip lic ity  reactiyation. Meselson & Weigle [15] have in fact pro
posed, in the  case of the phage A, th a t a t elevated m ultip licities of
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infection one m ay encounter recom bination w ithout separatioin of the 
DNA strands and w ithout replication.

Howeyer, considerably m ore experim ental data will be reąu ired  to 
delineate the n a tu rę  of the m echanism  involved in therm oreactiyation. 
It should be noted in th is connection th a t a yarie ty  of d ifferent rnecha- 
nism s have already been reported  to effect repa ir of u ltrav io let damage 
in bacteriophages, all of them  reąu irin g  an in tracellu lar enyironm ent [7]. 
The TR reported  here for phage T2 has nothing in common w ith the TR 
reported by K apłan et al. [12] for reyersal of c^m utations in phage К  of 
Serratia marcescens. The la tte r  process was found to be effectiye on 
ex tracellu lar phage and w as ascribed to therm al reyersal of cytosine 
hydration  (see ref. [19]). All o u r attem pts to dem onstrate TR in ex tra- 
cellu lar T2 w ere com pletely negative.

P re lim inary  experim ents have dem onstrated that Ti and T3 do not 
exhibit TR, while T4 undergoes TR to about the same ex ten t as T2. 
F u rtherm ore  TR for phage T4 appears to be even g reater in m agnitude 
than  PR. These findings are  the object of m ore detailed studies. It should 
also be m entioned in  th is connection that Bresch (personal comm unica- 
tion) has found evidence for TR in phage T7.

SUMMARY

U ltrayiolet inactivated bacteriophage T2 m ay be pa rtia łly  reactiyated  
therm ally  at a temp. of 45° following adsorption to the host celi E. coli B. 
O ther T phages also exhibit some therm oreactiyation, b u t to a less er 
degree than  T2. A ttem pts to obtain therm oreactiyation outside the cel- 
lu lar enyironm ent w ere negative.

Therm oreactiyation for phage T2 was most pronounced following prior 
UV inactivation to a residual activity  of 1% or less. The degree of th e r 
m oreactiyation attainable, an o rder of m agnitude o r greater, was sorne- 
w hat less than  for photoreactivation. Pronounced therm oreactiyation 
was obseryed only in m ultip ly  infeeted cells. The оѵегаіі findings indi- 
cate th a t th e  therm oreactiyation obseryed 'beans little, if any, relationship 
to photoreactivation, bu t is ra th e r  some form of tem peraturę  induced 
m ultip lic ity  reactivation.

The influence, on the therm al reactivation process, of inhibitors of 
protein  and  n u d e ic  acid syntheses, was also examined; and the resu lts  
are discussed in rela tion  to photoreactivation and o ther mechanisms for 
reyersal of ultrayiolet in ju ry  in bacteriophages.
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REAKTYWACJA TERMICZNA BAKTERIOFAGÓW IN AKTYWOWANYCH
PROMIENIAMI UV

S t r e s z c z e n i e

Bakteriofag T2 inaktywowany działaniem promieni UV może być reaktywowany 
w temp. 45° jedynie po uprzedniej jego adsorpcji do komórki gospodarza (termo- 
reaktywacja). Pozostałe fagi serii T są także zdolne do termoreaktywacji, ale w zna
cznie mniejszym stopniu niż fag T2. Zjawisko termoreaktywacji faga T2 w znacznym 
stopniu występuje tylko wtedy gdy fag był uprzednio inaktyiwowany w  co najmniej 
99°/o. Termoreaktywacja zachodzi tylko w komórce zakażonej więcej aiż jednym  
fagiem. Stopień reaktywacji inaktywowanego faga pod wpływem  temip. 45° jest 
nieznacznie niższy w porównaniu z fotoreaktywacją.

Badano w pływ  inhibitorów syntezy białka i DNA na proces termoreaktywacji. 
Wyniki badań przeprowadzonych nad zjawiskiem termoreaktywacji dyskutowano 
w odniesieniu do zjawiska fotoreaktywacji i innych mechanizów reperacji uszko
dzeń wywołanych działaniem promieni UV w bakteriofagach.

Receiyed 18' December 1963.
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HYDROXYLATION OF PH ENYLALANINE IN INSECTS AND  SOME 
VERTEBRATES

Department of Physiological Chemistry, Medical School, Warszawa

The hydroxylation of phenylalanine to tyrosine has ibeen dem on
stra ted  by U denfriend & Coo.per [16] in hom ogenates of ra t  Ііѵег in the 
presence of NADH2. The m echanism  of this reaction in m am m als was 
explained by K aufm an et al. [7 -13 ] who dem onstrated that the  enzymie 
system  isolated from  ra t  Ііѵег consists of two protein fractions. Both 
of these fractions, as w ell as a n a tu ra l cofactor present in the depro- 
teinized extract from  ra t  Ііѵег, and NADH2 participate in the hydro- 
xylation reaction. It was found th a t d ihydropteridine is the  na tu ra l 
cofactor [11]. F raction  I is the proper enzyme introducinig the  hydroxyil 
group to phenylalanine in the presence of tetrahydropteridiine. The 
aotion of the second enzym e (fraction II) consists in reducing dihydro
pteridine w ith NAD((P)H2 to tetrahydrop terid ine; sheep Ііѵег is the richest 
source of this enzyme.

The form ation of ty rosine from  phenylalan ine in insects w as first 
dem onstrated in  1956 by  Fukuda [5] and Bricteux-G regoire et al. [3], 
who injected the ca te rp illa rs  of the silkworm  ВотЪух mori w ith  labelled 
phenylalanine and found alm ost the who.le of the introduced radioactivity 
in th e  tyrosine of the  silk protein. However, it is not elear w hether the 
m echanism  of the hydroxylatioin reaction in insects is the sam e as in 
mammals.

MATERIALS AND METHODS

Animals. Insects: Celerio euphorbiae, ВотЪух mori and Ephestia 
Kiihniella (Lepidoptera), Calliphora (Diptera), Dixippus morosus (Derma- 
ptera). V ertebrates: carp, frog, pigeon and rat.

Assays on crude extracts. The whole insect o r the Ііѵег of a verte- 
brate was homogenized w ith  0.9% KC1, and centrifuged for 60 min. 
a t 0° a t 18 000 g; the su p e rn a tan t was dialysed a t 0 - 3 °  for 3 hr. under 
shaking against a constant flow of a solution of 0.9% KOI in 0.01 m - s o -  

dium  - potassium  phosphate buffer, pH 7.0. H ydroxylase actiy ity  in the
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whole ex tract w as determ ined according to  Udenfriend & Cooper [16]. 
Conditions and composition of the  incubation m ixture are given in 
Table 1.

Purified enzym e preparations. Fraction I was purified according to 
K aufm an & Leyenberg [13]. The whole insect o r the  Ііѵег of a v e rte - 
brate was homogenized in a W aring Blenidor for 30 sec. iwith 1.5 vol. 
of 0.01 м-acetic acid and for fu rth e r  30 sec. a fte r adding the sam e ѵоішпе 
of acetic acid. The obtained homogenate was centrifuged at 0° a t  18 000 g 
for 45 min. The supernatan t was fractionated w ith ethanol at -30°. The 
active fraction precipitated  betw een 10 and 21%  ethanol coneentration 
was centrifuged, then  dissolyed in 0.033 м -^phosphate buffer, pH 7.4, and 
(NH4)2S 0 4 was added. The fraction precipitated on addition of 20.3 g. 
(NH4)2S 0 4 per 100 ml. was discarded and to the supernatan t (NH4)2S 0 4 
was added, 5.6 g. per 100 ml. A fter centrifugation, the  sedim ent w as 
dissolyed in 0.033 м-phosphate buffer, pH  7.4, and dialysed against 50 vol. 
of the same buffer for 12 hr. a t 4°.

Fraction II was obtained from  sheap Ііѵег and purified according to 
K aufm an & Leyenberg [13]. The Ііѵѳг w as homogenized in a W aring 
Blendor w ith 1.5 vol. of 0.1 MHphosphaite buffer, pH  7.4, for 1 m in., and 
for a fu rth e r m inutę after adding the same volum e of the buffer. The 
hom ogenate w as centrifuged for 45 min. at 18 000 g at 0°. To the  super
natan t tw ice 28 g. (NH4)2S 0 4 p e r  100 ml. w ere added; the first sedim ent 
was discarded and the second one dissolyed in 0.0167 м-phosphiate buffer, 
pH 7.4, and dialysed for 12 hr. at 0° against 50 vol. of the sam e buffe r. 
F u rth e r purification was carried out by ethanol and th e  fraction precip i
tated  by 44 -4 9 %  ethanol concn. at -8.5° w as collected. The sedim ent 
was dissolyed in 0.033 м phosphate buffer, pH 7.4, and dialysed against 
50 vol. of 0.0167 м -phosphate buffer for 12 hr. a t 0°.

Ali the steps of purification of both ePzymic fractions were carried  
out at 2 - 4 ° .  The purified preparations w ere stored at a tem pera tu rę  
of -15° to -20°.

To obtain  the “cofaictor” of K aufm an [9] ra t Ііѵег was homogenized 
in a W aring Blendor w ith 1.5 vol. of w ater, then  deproteinized by 
pouring it slowly into 1.5 vol. of boiling w ater and boiling for a few 
m inutes.

The enzymie activity of the  purified preparations were determ ined 
according to K aufm an & Leyenberg [13]. Conditions and composition of 
the incubation m ix ture  are given in Table 2.

Analytical assays. Tyrosine formed during  the reaction was determ ined 
by the colorim etric m ethod according to C eriotti & Spandrio [4]; protein  
was determ ined by the M ejbaum -K atzenellenbogen tannin  m ethod [14].

Special reagents. L^Phenylalanine, nicotinam ide and folie acid (Biuro 
Obrotu Odczynnikam i, Gliwice, iPoland); L-tyrosine (Zakłady Farm aceu
tyczne, W arszawa); a-nitroso-/?-naphthol and trichloroacetic acid (Fabry

http://rcin.org.pl



[3] H Y D R O X Y L A T IO N  O F  PH ENY LA LA N IN E

ka Odczynników Chemicznych, Gliwice); reduced diphosphopyridine d i- 
nucleotide (Nutr. Biochem. Corp., C leyeland, Ohio*). D ihydrofolic acid 
was prepared according to F u tte rm an  [6]: 20 mg. of folie acid was sus
pended in 2 ml. of w ater and dissolved by adding 1 n-KOH. N ext were 
added 5 ml. of 0.01% potassium  ascorbate, pH 6.0, and 200 mg.
A fter 5 m in., the solution was cooled to 0°, and brought to pH 2.8 w ith 
2 n-HCI. The precipitated  dihydrofolic acid was centrifuiged, suspended 
in ascorbate solution and adjusted  to  pH 2.8. The sedim ent w as washed 
4 times w ith 10 ml. portions of cold 0.005 n-HCI. The obtained product 
dissolved in 0.1 n-KOH had the Е28з/Ез40 m^ ratio of 2.8 - 3.0, charac- 
teristic  for dihydrofolic acid. For experim ents, the purified sedim ent of 
dihydrofolic acid was suspended in 5 ml. of 0.005 n-HCI, and 0.1 ml. 
samples were used.

RESULTS

The actiy ity  of phenylalan ine 4-hydroxylase in crude ex tracts was 
assayed by the  m ethod of U denfriend (Table 1). The enzymie system

T a b l e  1

A ctiv ity  of phenylalanine hydroxylase in crude extracts
Composition of the incubation mixture: l-phenylalan ine, 6 pmoles; NADH2, 1.65 
umole; nicotinamide, 15 umoles; enzymie extract, 1.5 ml.; 0.01 м-phosphate buffer, 
pH 7.0, to finał ѴОІ. o f 3.75 ml. Incubation: 120 min. at 25°, with shaking. Tyrosine 
was determined in 1.8 ml. samples taken at 0 time and after 120 min., after depro- 
teinization with 0.85 ml. of 15°/o TCA. Mean values from 1-3 experiments are given. 
The amount of protein in the samples: C. euphorbiae Caterpillar 21 mg., pupa 24 mg.; 
B. mori  Caterpillar 13 mg., pupa 33 mg.; E. Kiihniella Caterpillar 24 mg.; D. morosus 
7.5 mg.; carp Ііѵег 25 mg.; frog Ііѵег 24 mg.; pigeon Ііѵег 51 mg.; rat Ііѵег 65 mg.

Animal
Tyrosine formed 

([i.moles/100 mg. protein/120 
min.)

Celerio euphorbiae
Caterpillar 1.1
pupa 0

ВотЪух mori
Caterpillar 0.3
pupa 0

Ephestia Kiihniella
Caterpillar 7.2

Dixippus morosus
young instar form 10.0

Саф, Ііѵег 1.0
Frog, Ііѵег 0.4
Pigeon, Ііѵег 1.9
Rat, Ііѵег 1.4
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T a b l e  2

Purification of phenylalanine hydroxylase from caterpillars
Composition of the incuibation mixture: l-phenylalanine, 2 pmoles; NADH2, 
3 pmoles; rat Ііѵег cofactor, 0.3 ml.; sheep Ііѵег enzyme, 0.5 ml. (13 mg. protein); 
crude or purified extract tested, 0.3 - 0.5 ml.; 1 м-phosphate buffer, pH 6.8, 200 
M-moles; finał volume 2.0 ml. Incubation: 30 min. at 37°. Tyrosine was determined 
in 1.8 ml. samples after deproteinization with 0.85 ml. of 15% TCA. Mean values 

from 2 - 3  determinations are given.
Actiyity is expressed as p m ol es tyrosine formed/100 mg. protein/30 min.

The amount of protein in the crude samples: C. euphorbiae, 3 mg.; B. mori, 2.65 mg.; 
rat Ііѵег, 15.85 mg. The amount of protein in purified samples: C. euphorbiae,

0.36 mg.; B. mori,  4.75 mg.; Calliphora, 3.5 mg.; rat Ііѵег, 2.55 mg.

Animal Crude extract Purified preparation

Celerio euphorbiae 1 70
ВотЬух mori 0.3 1.6
Calliphora — 2.4
Rat, Ііѵег 0.14 9

T a b l e  3

A ctiv i ty  of phe ny la la ni ne  h y d r o x y l a s e  in C. euphorbiae Caterpil lar in the  
pr esenc e  of  d ihyd ro fo l ic  acid

Composition of the incubation m ixture and the amounts of protein in the purified 
extracts, as in Table 2. The results are expressed as pmcles of tyrosine formed/100

mg. protein/30 min.

Sample C. euphorbiae 
Caterpillar

Rat Ііѵег

Whole sample 70 9
NADH2 omitted 0 0
Enzymie fraction II omitted 0 0
Natural cofactor omitted 0 0
Natural cofactor omitted, 0.1 ml.

dihydrofolic acid added 30 7.3

transform ing phenylalanine to tyrosine was found in the livers of all 
the  yertebra tes tested. The system  was also present in the Іагѵаі forms 
of all insects studied, but it was not found in the  diapausinig pupae of 
C. euphorbiae and B. mori. The actiyity of the enzyme in D. morosus  
and in E. Kiihniella Іагѵае was seyeral times higher than  in C. euphor
biae Caterpillar and in the livers of yertebrates. Among the yertebrates 
tested, the  lowest actiy ity  was found in frog Ііѵег.
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The hydroxylase (enzyme I) from  C. euphorbiae Caterpillar and from  
ra t Ііѵег w as purified  70-fold w hile th a t from  B. mori  Caterpillar only  
5-fold (Table 2).

The activity of the purified preparations of phenylalanine hydro- 
xylase from  C. euphorbiae Caterpillar is about 8 times as high ais in 
p reparations from  ra t Ііѵег. In preparations from  caterpillars of Calli- 
phora and B. mori the  activ ity  was ahout 1/4 that found in ra t Ііѵег 
preparations.

The experim ents shown in Table 3 indicate tha t the purified  phenyl
alanine hydroxylase (enzyme I) from  C. euphorbiae Caterpillar, sim ilarly 
as th a t from ra t  Ііѵег, was active only w hen all com ponents of the 
incubation system  were present, and inactive when any one of them  
was om itted. If dihydrofolic acid was used instead of the  na tu ra l co
factor, th e  enzymie activity  was low er by 60% in the Caterpillar, and 
by 20%  in ra t  Ііѵег preparations.

DISCUSSION

The obtained resu lts  indicate the presence in insect tissues and in the  
livers of carp, frog and pigeon, of an  enzymie system w hich catalyses 
the hydroxylation  of phenylalanine to tyrosine. The m echanism  of the 
reaction is sim ilar to th a t dem onstrated by K aufm an in m am mals. C rude 
ex tracts in the  presence of NADH2 hydroxylated  phenylalanine; th e  
purified  hydroxylase (enzyme I) reąu ired  for its activ ity  te trahyd rop te- 
rid ine  dehydrogenase (enzyme II), the  natu ra l cofactor, and NADH2. The 
experim ents in which the  na tu ra l cofactor was substitu ted  by dihydro
folic acid indicate that in insects, sim ilarly  as in m ammals, the pterid ine 
derivative is the  cofactor in th is reaction.

The dem onstration  th a t in insects phenylalanine hydroxylase is p re 
sent only  in Іагѵаі forrns and is absent from  ipupae indicates the  disap- 
pearance of ty rosine synthesis during  m etam orphosis. The resu lts  of 
K arlson and o u r earlier experim ents indicate th a t at the sam e tim e 
the enzymes catabolising tyrosine also disappear. Sekeris & K arlson [15] 
reported  that am inotransferase and tyrosine decarboxylase, w hile p resen t 
in the Caterpillar, a re  absent from  the pupa of Calliphora. The absence 
or very  Iow activ ity  of these enzymes was also demonistrated in th is 
laboratory  in the pupa of C. euphorbiae [1, 2].

SUMMARY

1. P heny lalan ine  hydroxylase was fo-uind to be ipresent in ca te rp illa rs  
of som e species o f Lepidoptera and in the  Іагѵаі instars of Dixippus  
morosus, as w ell as in th e  livers of carp, frog and pigeon.
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2. In  pupae of Celerio euphorbiae and ВотЪух mori the  enzyme 
w as n o t found.

3. In  experim ents w ith purified  preparations it w as dem onstrated  
th a t in C. euphorbiae Caterpillar the m echanism  of phenylalanine hydro- 
xylation  is sim ilar to th a t found in m am mals.
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HYDROKSYLACJA FENYLOALANINY U OWADÓW 
I NIEKTÓRYCH KRĘGOWCÓW

S t r e s z c z e n i e

1. Stwierdzono obecność hydroksylazy fenyloalaninowej u gąsienic kilku gatun
ków owadów i  młodocianej postaci Dixippus morosus oraz w wątrobie karpia, 
żaby i  gołębia.

2. Nie znaleziono badanego enzymu u poczwarek Celerio euphorbiae i ВотЪух 
mori.

3. W badaniach z oczyszczonymi preparatami wykazano, że mechanizm hydro- 
ksylaeji u gąsienicy C. euphorbiae zachodzi podobnie jak u ssaków.

Received 19 Decemiber 1963.
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E arlier experim ents on 2-deoxy-D-glucose suggested the possibility 
bf utilizing th is compound as a cytostatic factor. Deoxyglucose inh ib its 
glyoblysis in yeast and some anim al tissues [13,14, 10] and grow th of 
cells in nitro [2]. W oodward & Hudson [14] dem onstrated the inhibiting 
effect of deoxyiglucose on glycolysis in the F lexner-Jobling carcinom a 
and on W alker 256 carcinosarcom a, and Nirenlberg & Hogg [7] observed 
inhibition of glycolysis in Ehrlich ascites tum our cells. Inhibition of 
grow th of the  Crocker ra t  sarcom a [9] w as also observed as w ell as 
prolongatio-n of survival tim e of mice w ith lymphoid leukem ia L-1210 [5]. 
Still, the  m echanism  of inhibition by deoxyglucose of the grow th and 
m etabolism  of cells is not elear.

The aim  of th e  preserit w ork was to study the  effect of 2-deoxy- 
-D-glucose on aerobic and anaerobic glycolysis in various neoplastic 
cells. Glucose consum ption and lactic acid form ation were examined.

MATERIALS AND METHODS

Special reagents. Lactic acid dehydrogenase, glucose oxidase, pero - 
xidase, NAD, and o ther organie reagents w ere Boehringer, M anheim, 
products. Percbloric  acid used for deproteinization was obtained from  
M erck (Darm stadt), and 2-deoxy-D-glucose from  L. Light '(Colnbrook, 
England).

Materials . Three anim al tum ours were studied: Ehrlich ascites tum our 
cells, m am m ary transp lan tab le  carcinoma, and m am m ary spontaneous 
carcinom a. As carriers of tum ours, m ice of the inibred stra in  DBA/2 
w ere used. Both a few mice of th is stra in  and the tum our sam ples were 
k indly  given by Dr. J. K ieler from  the Fibiger Laboratorium , Copen- 
hagen, and were fu rth e r propagated in our laboratory. For experim ents, 
slices from  solid tum ours on 14th - 20th day of growth and E hrlich
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ascites tum our cells on 7th - lOth day of grow th, fresh ly  w ithdraw n 
from the peritoneal cavity, w ere used.

Assays. Albout 150mg. of slices or about 3 X 10' Ehidich ascites 
tum our cells were incuibated in a W arburg vessel w ith  2.0 ml. of the 
K rebs-R inger phosphate solution, p,H 7.4, containing 10 т м -glucose. 
Incubation tim e w as 2 hr. at 37° w ith constant shaking. Deoxyglueose 
was applied in 5,10 and 20 т м  concentrations. As Controls, saimples 
containing deoxyglucose w ithout glucose w ere used. Aerobic glycolysis 
was studied in an atm osphere of air and for anaerobic glycolysis the gas 
phase w as nitrogen. At zero tim e and a fte r 2 hr. of imcubation, 0.1 ml. 
samples w ere taken  for glucose determ ination and 0.2 ml. sam ples for 
lactie acid determ ination. The la tte r compound w as assayed by the lactic 
acid dehydrogenase m ethod after Horn & B runs [3]. To 0.2 ml. of the 
incubation m edium  1.0 ml. of 6°/o perchloric acid w as added; after een tri-  
fugation, to  0.1 ml. of the supernatan t w ere  added: 2.0 ml. of 0.5 м-gly- 
cine buffer, pH 9, containing 0.4M -hydrazine; 0.03 ml. of lactic acid 
dehydrogenase (2 mg. protein/m l.) and 0.2 ml. of 0.027 м-NAD. The 
extinction was m easured at 340 т м  in a H ilger spectrophotom eter.

Fig. 1. Oxidation of 2-deoxyglucose by glucose oxidase. (O), Deoxyglucose;
( • ) ,  gluco:se.

Glucose was determ ined by the glucose oxidase m ethod after Hugget 
& Nixon [4]. To 0.1 ml. of the incubation m edium  1.0 ml. of 3.3°/o p e r
chloric acid w as added; a fte r centrifugation, to 0.1 m l. of the super
na tan t w ere  added 2.5 m l. of a -solution -containing in 0.12 M-phos,phate 
buffer, pH  7, peroxidase (40 Mg./-ml.), glucose oxi-dase (250 Mg./ml.) and 
o-dianizidine- HC1 (66 Mg./ml). The extinction was m easured at 430 тм  
on a Colem an photocolorim eter.
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It was found that glucose oxidase preparation  (Boehringer, Manheim) 
used, oxidized also 2-deoxyglucose, about 43% in comparison to glucose 
(Fig. 1). On paper chrom atography, both Light and Sigma deoxyglucose 
preparations gave single spots. For calculations of glucose utilization 
determ ined by glucose oxidase the values corresponding to the  oxidation 
of deoxyglucose present in the incubation m ixture, were taken  into 
account.

In some experim ents, for deoxyglucose determ ination the colorim etric 
method of Dische, in which glucose gives no colour reaction, in the 
m odification of Seibert [8] was used. No utilization of 2-deoxylglucose 
by the tum ours teisted was observed by th is m ethod.

RESULTS AND DISCUSSION

In all th ree  tum ours tested, aerobic glycolysis (Table 1) determ ined 
by the consum ption of glucose and form ation of lactic acid, w as inhibited 
by deoxyglucose. This is in agreem ent w ith  the reported  effect of deoxy- 
glucose on o ther neoplastic m ateriał [14, 7]. The inhibition was obseryed

T a b l e  1

The e f f ec t  of  2 -d eoxy -D -g lucose  on the ra te  o f  aerobic  g ly c o ly s is
in tumours

The composition of the incubation medium is given under Methods. The results 
are expressed as median yalues, ± confidence interyals, calculated from the rangę 
and confidence factors i[l]. The number of animals studied is giyen in parentheses.

1

Tumour

2-Deoxy-
glucose
concn.
(тм)

Glucose
consumption

Inhibition
(%>

Lactic acid 
formation

Inhibition
Г/о)

(pmoles/106 cells/ (pmoles/106 cells/
2 hr.) 2 hr.)

DBA/2 Ehrlich Nil 0.32 ± 0.07 (9) 0.63 ± 0.14 (9)
ascites tumour ■ 5 0.31 ± 0.07 (9) 0.57 ±0 .16  (9)
cells 10 0.24 ± 0.06 (9) 25.0 0.54 ± 0.18 (10) 14.3

20 0.12 ± 0.06 (9) 62.5 0.44 ±0.11 (9) 30.2

(pmoles/100 mg. ([i.moles/100 mg.
wet wt./2 hr.) wet wt./2 hr.)

DBA/2 mammary Nil 4.09 ± 0.43 (10) 7.39 ± 0.63 (10)
carcinoma 5 3.46 ± 0.75 (5) 5.15 ± 1.9 (5)
transplantable 10 1.87 ± 0.57 (10) 54.3 4.90 ± 0.34 (10) 33.7

20 1.32 ± 0.77 (5) 67.7 2.30 ± 1.44 (5) 68.9

DBA/2 mammary Nil 5.92 ± 0.79 (9) 8.35 ± 1.48 (10)
carcinoma 10 4.16 ± 0.89 (8) 29.6 6.59 ± 1.24 (9) 21.1
spontaneous 20 3.24 ± 0.74 (4) 45.2 5.58 ± 1.17 (4) 33.2
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a t 10 гам concentration; sm aller amounts of deoxyglucose w ere w ithout 
effect and g rea ter am ounts increased the  inhibition. In the two solid 
tum ours the degree of inhibition m easured b y  glucose u tilization  and 
lactic acid form ation w as sim ilar. In Ehrlich ascites tum our cells, 
however, iglucose consum ption w as inhibited to a 'greater ex ten t than  
lactic acid form ation.

U nder anaerobic conditions, deoxyglucose concentration reąu ired  to 
inhibit glycolysis was also 10 т м  (Table 2). The only exeeption was the 
m am m ary transp lan tab le  carcinom a in which lactic acid form ation was, 
ra ther unexpectedly, inhibited by 50°/o already at 5 mM-deoxyglucose 
concentration, w hile practically  no inhibition of glucose consum ption 
was sim ultaneously obseryed.

T a b l e  2

The effect of 2-deoxy-D-glucose on the rate of anaerobic glycolysis
in tumours

The composition of the incubation medium is given under Methods. The results are 
expressed as median values, ±  confidence intervals [1]. The number of animals

studied is given in parentheses.

Tumour

2-Deoxy-
glucose
concn.
(тм)

Glucose
consumption

Inhibition
Г /о )

Lactic acid 
formation

Inhibition
Г /о )

........... . 1

(fimoles/lO6 cells/ ([imoles/lO6 cells/
2 hr.) 2 hr.)

DBA/2 Ehrlich Nil 0.41 ± 0.05 (9) 0.81 ± 0.13 (10)
ascites tumour 5 0.40 ± 0 05 (8) 0.82 ± 0.14 (10)
cells 10 0 26 ± 0.05 (10) 36.5 0.76 ± 0.14 (10) 6.2

20 0.23 ± 0.07 (8) 43.8 0.68 ±0.15 (10) 16.0
([imoles/100 mg. (p.moles/100 mg.

wet wt. /2 hr.) wet wt. /2 hr.)
DBA/2 mammary Nil 5.90 ± 0.61 (10) 11.28 ± 1.33 (10)
carcinoma trans 5 4.62 ± 0.76 (5) 5.70 ± 1.49 (7) 50.0
plantable 10 3 70 ± 0.91 (9) 37.2 5.51 ± 0.77 (10) 51.0

20 2.05 ± 1.30 (5) 65.3 2.88 ± 1.31 (7) 74.4
DBA/2 mammary Nil 7.86 ± 1.30 (7) 11.00 ± 3.67 (4)
carcinoma spon- 10 3.35 ± 0.64 (6) 57.4 5.75 ± 1.53 (5) 52.1 1
taneous 20 1.80 ± 1.39 (4) 77.1 3.66 ± 2.48 (4) 69.5 !

In aerobic, sim ilarly as in anaerobic conditions, in Ehrlich ascites 
tum our cells glucose consum ption was inhibited to a greater ex ten t than 
lactic acid form ation, bu t so far we are unable to ехріаіп this difference. 
It could be in terp re ted  as indicating the  presence of a dual m eehanism  
of deoxyglucose actiyity. One of these m echanism s would be involved
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in the  hexokinase reaction o r the  transport of glucose through the celi 
memibrane, w hile  the isecond one w ould be involved in fu rth e r  steps 
of th e  glycolytic chain. Such an in terp re ta tion  would be in agreem ent 
w ith  the assum ption of Wick et al. [11, 12] and N irenberg & Hogg [7]. 
According to these authors the  effect of deoxyglucose consists in the 
inhibition of glucose phosphate isomerase and possibly also of hexo- 
kinase. Wick et dl. [6 , 11, 12] suggested th a t the effect of deoxyglucose 
is connected w ith  the transport of glucose through the celi m em branę 
and tha t there  might be a com petition betw een deoxyglucose and glu
cose for the sugar transport system .

The authors express their g ra titude  to Prof. Dr. Irena M ochnacka for 
help in the preparation  of the m anuscript. Technical assistance of Miss 
D anuta K acprzak and Miss Teresa Nowicka is appreciated.

SUMMARY

The effect of 2-deoxyglucose on aerobic and anaerobic glycolysis was 
studied on three experim ental tum ours. Both glucose consum ption and 
lactic acid form ation were inhibited, and the effect increased w ith  deoxy- 
glucose concentration.
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WPŁYW 2-DEZOKSY-d-GLIKOZY NA GLIKOLIZĘ KOMÓREK I TKANEK 
NOWOTWOROWYCH W WARUNKACH TLENOWYCH I BEZTLENOWYCH

S t r e s z c z e n i e

Przebadano wpływ stężeń 2-dezoksyglikozy na glikolizę trzech nowotworów  
doświadczalnych. Stwierdzono hamujący wpływ 2-dezoksyglikozy na zużycie gli- 
kozy i  produkcję kwasu mlekowego w  warunkach tlenowych i beztlenowych. 
Wzrastające stężenia 2-dezoksyglikozy pogłębiają efekt hamowania.

Receiyed 20 December 1963.
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O ur previous studies [9] have shown that infection of mouse embryo 
cells grow n in vitro, w ith the oncogenic SE polyoma virus elicits the 
appearance of features characteristic  of neoplastic tissues. Increm ent in 
virus titers  in the cu ltu res was accompanied by increase in aerohic glyco- 
lysis, reduction of endogenous respiration, and increased Crabtree effect, 
i.e. inhibition of resp ira to ry  m etabolism  on addition of glucose.

Appearance of the C rabtree effect and reduction of respiration in 
neoplastic m ateriał is a ttribu ted  to changes in the content o r distribution 
of inorganic phosphates and some phosphate esters [11] which, according 
to the observations of Chance & Hess [3], control the electron transport 
in norm al and neoplastic m itochondria. It appears likely that the increase 
of the C rab tree  effect in the celi a fter v irus infection is related  to the 
synthesis of new virus particles, involving utilization not only of th e  
energetic reserves of the celi bu t also of phosphorus compounds [1, 13, 14]. 
To ascertain w hether the changes in respiratory  metaibolisim after in 
fection are accompanied by changes in the m etabolism  of phosphorus 
compounds, phosphorus fractions were estim ated in infected and unin- 
fected cells and conditions affecting assim ilation by, and release of inor
ganic phosphate from, the cells were studied.

MATERIAŁ AND METHODS

Tissue cultures. The cells w ere liberated by the action of 0.25% 
solution of trypsin  (Difco) on tissues from  em bryos of Porton mice, 
suspended in grow th m edium  in am ounts of about 105 cells per ml. and 
transferred  to Roux flasks. The grow th medium  was composed of E arl’s 
salt solution, 0.5% lactalbum in hydrolysate (N utritional Biochemical 
Corp., Cleyeland, Ohio) and 10% calf serum.
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Infeetion of the cultures w ith  virus. In 48 hr. celi cultures, grow th 
m edium  was replaced by m aintenanee m edium  containing only  3%  calf 
serum . To each Roux fiask, containing on the ayerage 7 X 106 cells, was 
added 1.0 ml. of v irus suspension w ith  the infectious tite r  105 TCID 
(tissue cu ltu re  infectious dosis), calculated by the m ethod of K arber [12].

Preparation of the materiał for experiments. Parallel v irus-infected  
and uninfected control cu ltu res w ere p repared  for the experim ents. The 
cells w ere exam ined daily for 7 days after infeetion; on the 8 th  day 
cytopathogenic changes were so m arked  tha t the exam inations had to be 
discontinued. On successiye days, the m edium  from  12 Roux flasks w as 
decanted, the cells rem aining on the  walls w ere detached m echanically, 
combined and suspended in  physiological salinę solution.

Determination of phosphorus fractions. The cells w ere w ashed twice 
w ith  salinę, then suspended in 1%  sodium deoxycholate and frozen. 
According to Kovacs [15] the lysis w ith  deoxyeholate does not in terfere  
w ith  phosphorus estim ation. The phosphorus compounds of the  cytolysate 
w ere separated  by the Schneider m ethod [23] into: acid-solu!ble fraction, 
phospholipid, nucleic acid, and protein  phosphorus fractions. Phosphorus 
was determ ined  by the m etbods of Fiske & Suibbarow [7] and Lowry 
& Lopez [16]. In the acid-soluble fraction inorganic phosphate (Pj) was 
estim ated according to Delory [6]. The resu lts  w ere calculated per 1 mg. 
of celi d ry  weight. D ry w eight was estim ated separately  for cells 
suspended in physiological salinę and for celi cytolysates by drying 
a t 105° to  constant w eight and sub trac ting  the w eight of NaCl solute.

Exchange of phosphate between cells and medium. W ashed cells 
were incubated at 37° for 30 - 120 m in. in physiological salinę solution 
or in K rebs-R inger phosphate buffer, pH  7.4, w ith  or w ithout the  
addition of glucose in the concentration of 10 тм . Inorganic phosphorus 
w as assayed in  the  incubation m edium .

Isotope experiments. Cells w ere incubated for 30 min. in K rebs- 
-R inger buffer, pH  7.4, containing 10 m M ^glucose and 0.2 цо/ml. of 
32P-labelled  Na2H P 0 4. A fter incubation the cells w ere centrifuged, 
washed tw ice w ith  salinę solution and transferred  to K rebs-R inger 
bu ffe r w ithout the  radioisotope; in  th is buffer the ra te  of release of 
[32P]phosphate from  the cells was determ ined. From  the centrifuged 
cells incubated w ith [32P]Na2H P 0 4, phosphorus fractions w ere isolated 
and th e ir  specific actiy ity  determ ined.

Radioactiuity measurements. These were m ade either d irectly  or 
a fte r  m ineralization; 0.2 m l. sample w as applied on a planchette, dried 
under an  infrared  lamp, and the actiy ity  m easured w ith a 2 я  flow- 
-coun ter (Frieseke, Hoepfner, G erm any). The resu lts  w ere expressed as 
percentages of specific actiy ity  of infected cells in  relation to that of 
uninfected  cells.
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RESULTS

In Table 1 the resu lts  of estim ation of phosphorus fractions from  
uninfected cells and from  cells on the 4th day a fte r infection, a re  
presented. As it was reported  previously, at this tim e a fte r infection 
the logarithm ic increm ents in the  virus tite r  and changes in resp irato ry  
m etabolism  had been obseryed.

T a b l e  1

Phosphorus fractions in mouse embryo cells on the 4-th day after  
infection with SE polyoma virus, and incorporation of [32P ]phosphate
Phosphorus fractions were isolated by the Schneider method [23]. Mean values from  
8 -1 4  experiiments, ±  S. E., are given. The results are expressed as /j.g. P/mg. dry

celi wt.
For isotope experiments the cells were incubated for 30 min. in Krebs-Ringer 
phosphate buffer, pH 7.4, containing 10 т м -glucose in finał concn. and 0.2 j l ł c  

32P/ml. Specific actiyity was expre,ssed as counts/тіпУмё-Р. and given as percentage 
of the sp. act. of control uninfected cells. P values according to Studenfs t test.

Phosphorus
fraction

Uninfected
cells

Infected cells P Change (%) Sp. act. (% 
of uninfected)

Acid-soluble
inorganic P 4.61 ± 0.42 3.80 ± 0.35 =  0.13 -17 .6 113
total P 21.29 ± 0.84 15.95 ± 0.87 < 0.01 -25 .0 116

Phospholi
pid P 27.4 ± 0.71 23.9 ± 1.69 > 0.1 - 12.8 121

Nucleic acid P 8.5 ±  0.68 9.7 ±  0.91 > 0.1 +  14.0 109

On the 4th day after infection in the  acid-soluble phosphorus 
fraction a decrease was observed, both in the to ta l and inorganic P. 
No statistically  significant changes w ere found in the phospholipid and 
nucleic acid phosphorus. The resu lts  of experim ents w ith  inorganic 
[32pjphosphate  showed an increase of specific actiyity  in all fractions 
(from 9 to 21%) indicating enhanced exchange of phosphorus.

Changes in phosphorus fractions on successiye days a fte r infection 
a re  given in Table 2. For 24 hr. a fte r inoculation w ith  the v irus no 
changes w ere obseryed. Beginning w ith  th e  2nd day, the content of 
the acid-soluble fraction, both Pj and to tal P, becam e lower in infected 
cells and this difference persisted o r even increased w ith  tim e. The 
content of lip id  phosphorus increased at first but beginning w ith  the 4th 
day also decreased to levels below the control values. S im ilarly the  
increase in pro tein  phosphorus was followed by a decrease. The content 
of nucleic acid phosphorus did not change till th e  5th day and then  it 
increased.
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T a b l e  2

Changes in phosphorus fractions in mouse embryo cells on successive 
days after infection with SE polyoma virus

Mean values i*n \ig. P/mg. dry celi wt. are given; in parentheses the number of
experiments.

Days
after

infection
Cells

Acid-soluble Phospho- 
lipid P

Nucleic 
acid P

Protein P
Pt total P

1 Uninfected 5.55 22.05 32.0 7.7 13.1
Infected 5.90 (2) 22.10 (2) 31.9 (2) 7.4 (3) 15.4 <2>

Change (%) +  18
2 Uninfected 5.50 20.2 22.4 7.2 __

Infected 4.17 (3) 13.4 (3) 32.2 (2) 7.4 (2) —

Change(%) - 2 4 -3 4 +44
3 Uninfected 4.64 18.0 22.0 6.0 18.0

Infected 3.57 ^ 11.7 (4) 62.5 (1) 6.2 (2) 17.5 (1)
Change (%) -2 3 -2 3

5 Uninfected 3.47 20.8 33.6 12.8 __

Infected 2.66 <'> 16.1 <2> 25.3 (2) 13.8 ( ^ —

Change (%) -2 3 -2 3 -2 5
6 Uninfected 3.92 4 21.4 28.3 11.9 __

Infected 2.15 W 14.6 W 19.2 (1) 15.1 —

Change (%) -4 7 -3 2 -2 8 +27
7 Uninfected 3-40 18.1 25.0 8.8 11.7

Infected 2.70 ( ^ 14.2 16.9 (1) 11.2 (3) 9.5 <2>
Change (%) -21 -22 -3 2 +25 -1 8

T a b l e  3

The exchange of phosphorus between cells and different media in the
course of incubation

Mouse embryo cells, uninfected and on the 6th day after infection with SE polyoma 
virus, were incubated in the medium indicated in the Table. The content of 
phosphorus is expressed as ng.P/mg. dry celi wt.; increase or decrease of P content

is given in parentheses.

Incuba
tion in... Physiological salinę

Physiological salinę +  glu- 
cose (10 гам)

Krebs-Ringer phosphate 
buffer +  glucose (10 шм)

Cells... Uninfected Infected Uninfected Infected Uninfected Infected

Time
(min.)

0
30
60
90

120

1.33
1.44 (+0.11) 
1.60 (+0.27) 
1.75 (+0.42) 
1.80 (+0.47)

1.04
1.32 (+0.28) 
1.38 (+0.34)
1.41 (+0.37)
1.41 (+0.37)

1.30

1.48 (+0.18) 
1.60 (+0.30) 
1.70 (+ 0  40)

1.50
1.57 ( +  0.07) 
1.73 (+0.23) 
1.90 (+0.40) 
2.05 (+0.55)

5.6
5.3 (-0 .3 )  
5.0 (-0 .6 )  
4.9 (-0 .7 )  
4.52 (-1 .1 )

5.6
5.6
5.1 (-0 .5 )  
5.0 (-0 .6 )  
4.9 (-0 .7 )
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The excharnge of phosphorus betw een the cells and d ifferen t m edia 
is p resented  in Table 3. W ashed non-infected cells and cells a fter infec
tion were suspended and incubated in d ifferen t media, in w hich 
inorganic P was determ ined. A lthough the  differences w ere not very  
large, the  data in  Table 3 indicate an increm ent of iP, in physiological 
salinę solution during incubation of washed cells. In the case of infected 
cells, the release was faster. Presence of glucose in the physiological 
salinę solution used for the incubation, re ta rded  the release of P; into 
the m edium . In phosphate - glucose b u ffe r the  uptake of inorganic 
phosphate was obseryed; it w as som ew hat delayed in infected cells.

In Fig. 1 the exchange of 32P betw een the cells and the m edium  is 
illustrated . The m ean yalue obtained from  6 successiye determ inations,

Fig. 1. The exchange of phosphorus between 
cells and medium. Mouse emibryo cells predn- 
cubated for 30 min. in Krebs-Ringer phos
phate buffer containing 10 т м -glucose and 
0:2 pc/ml. of 32P, were washed twice with  
salinę solution and suspended in Krebis-Rin- 
ger phosphate buffer without glucose and 32P.
Specific activity was determined after 20 min. 
incubation of ( • ) ,  cells infected with SE

polyoma virus; (O), uninfected cells.

of decrease of actiyity in infected cells a fter 20 min. incubation, in re la -  
tion to  uninfected cells, was 31.5% ± 2.1 (S.E.). From  the  infected cells, 
phosphorus was released into the m edium  faster th an  from  uninfected 
ones.

DISCUSSION

O ur previous [9] and present resu lts  indicate th a t in the m etabolism  
of cells infected with the SE polyoma virus, th ree  p-hases m ay be 
discerned rela ted  to a certain  ex ten t to the phases of v irus deyelopm ent. 
In  the  firs t phase, lasting up to 24 hr., during which the v irus was not yet 
detectable, no changes in the content of phosphorus compounds in phos
phorus fractions were found, notw ithstanding th a t already a t th is tim e 
some reduction in oxygen consumption and aippearance of aerobic glyco
lysis have been obseryed [9]. At the beginning of the second phase, 
d istinct changes took place. In the  acid-soluble fraction, inorganic and 
to tal phosphorus w ere diminished already on the second day  after infec
tion, while lipid phosphorus increased. At the  same tim e y irus tite rs  in
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the cu ltu re  fluid began to increase. Considering that the cells w ere not 
infected w ith an excess of the virus, this phase m ay be regarded as 
corresponding to the release of the v irus from  only a part of the infected 
cells, w hile the  rem aining cells w ere in the stage of v irus reinfection or 
of intensive in tracellu lar synthesis of the virus. The increase in lipid 
and pro tein  phosphorus obseryed at the  ibeginning of th is phase m ight 
be an indication of enhanced in tra-ce llu lar synthesis; later, a t the tim e 
of fu rth e r release of the virus, a decrease of these fractions was obseryed. 
In preyious experim ents, aerobic glycolysis was increasing throughout 
the second phase proportionally  to the increasing v irus titer, and 
a fu rth e r  decrease of endogenous resp iration  and an increase of the  
C rabtree effect, were obseryed.

The th ird  phase, obseryed on the 6th  and 7tih days a fte r infection, 
was im m ediately followed by  cytopathogenic changes in the cells, and 
observations w ere then discontinued. D uring th is phase, resp iration  as 
well as aerobic glycolysis decreased and no fu rth e r  increase in the yirus 
tite r  was obseryed. Ali phosphorus fractions rem ained at a Iow level 
except the  nucleic acid fraction which increased. Howeyer, th is increase 
cannot be a ttribu ted  to form ation of y irus nucleoproteins until the pos- 
sibility has been excluded of an increase in the  num ber of polyploidal 
cells [21] as a resu lt of im pairm ent of cellular mitosis by the virus.

A lthough m any au thors have studied the changes in phosphorus 
fractions and the incorporation of 32P in y irus-infected  cells, few studies 
have been  carried out on anim al cells. In most of these, HeLa cells 
infected w ith poliom yelitis yiruses [18, 17] o r hom ogenates of brain  tissue 
infected w ith T heiler’s yirus [19, 20] w ere used. Studies on tissues 
infected w ith  o ther yiruses, e.g. of influenza [4] or adenoviruses [8] are 
rare. A lthough no direct comparison can be made betw een these results, 
obseryations made under d ifferent conditions bring ou t the  same pheno- 
m ena: in itial stim ulation of protein  and phospholipid synthesis by the 
yirus followed by th e ir decrease du ring  the release of the yirus. Signi- 
ficant increase in the  RNA and DNA fractions of the cells [22, 5, 8] has 
also been found, and atten tion  has been called to changes in the perm ea- 
bility of the celi m em branes and in assim ilation of P , by viru&-infected 
cells [2].

N um erous studies show that penetration  of phosphorus into the celi 
is an active process [10, 24]. A faster exchange of phosphorus between 
the m edium  and the infected celi m ay be due to g rea te r perm eability  and 
im paired reten tion  of phosphate. This la tte r  phenomenon is probably 
connected w ith  the  reduced resp iration  and oxidative phosphorylation. 
The presented  resu lts  are in agreem ent w ith  the assum ption tha t in the 
yirus-infected celi changes in resp ira to ry  m etabolism  are  accompanied 
by changes in the m etabolism  of phosphorus compounds.
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SUMMARY

In mouse em bryo cełls grown in vitro  and infected w ith SE polyoma 
virus a decrease of acid-soluble phosphorus content was observed. The 
phospholipid and protein !P fractions which w ere higher than  the Controls 
in the  first phase, later dim inished in proportion to the increase in virus 
titer. Only the  nucleic acid P  increased. Exiperiments w ith 32P showed 
increased exchange of the phosphorus, and changes in perm eability  to 
phosphorus compounds of infected cells.
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METABOLIZM ZWIĄZKÓW FOSFOROWYCH W EMBRIONALNYCH 
KOMÓRKACH MYSICH HODOWANYCH IN VITRO  I ZAKAŻONYCH 

WIRUSEM SE POLYOMA

S t r e s z c z e n i e

W embrionalnych komórkach mysich hodowanych in vitro  i zakażonych w iru
sem SE polyoma stwierdzono w okresie uwalniania wirusa do środowiska spadek 
kwasorozipuszczalnej frakcji fosforowej. Frakcja fosfolipidowa i fosfoproteinowa. 
wyższa w  pierwszym okresie w  porównaniu z kontrolną, spadała proporcjonalnie 
do przyrostu miana wirusa. Badania izotopowe wykazały zwiększoną wymianę 
fosforu badanych frakcji oraz zwiększoną przepuszczalność dla związków fosfo
rowych.

Receiyed 20 December 1963.
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The action of hydrogen sulphide o r sulphides on oxyhaem oglobin 
produces sulphaemoglobin. In sp ite  of extensive research carried  out 
sińce the description of this compound in 1886 by H oppe-Seyler [11], 
its exact s tru c tu re  is unknown. According to Michel [14] a m blecule of 
sulphaem oglobin possesses four su lphur atoms, and its m olecular weight 
is the  sam e as that of haemoglobin. Most investigators agree th a t the 
a-m ethene carbon binds the additional atom  of sulphur [14, 17, 16, 7] but 
according to Lem berg & Legge [13] su lphur m ay form  a linkage betw een 
the iron of haem and histidine of globin.

The reaction by which sulphaem oglobin is form ed is not yet fully 
elucidated. Thus far, a complete conversion of oxyhaem oglobin into 
sulphaem oglobin has пеѵет been obtained even w hen a large excess of 
hydrogen sulphide was applied [13]. It is known that the reaction  of 
haemoglobin w ith hydrogen sulphide does not occur in the absence of 
°xygen  but the addition of one drop of 3°/o solution of H20 2 causes 
im m ediate appearance of the characteristic absorption band a t 620 ma 
[14, 6]. Since hydrogen peroxide m ay be form ed during oxidation of 
hydrogen sulphide, Michel [14] has proposed the  following schem e of 
the reaction leading to form ation of sulphaem oglobin (SHb):

Hb02 +  H2S — ► Hb +  S +  H20 2 

Hb+H2S+H 20 2 — > SHb+ 2 h 2o

A lthough not all authors agree w ith this scheme [17], the suggestion 
of Michel is supported  by the observation that form ation of sulphaem o
globin in vitro is accelerated by reducing substances derived from 
arom atic amines [2, 13] such as phenylhydrazine which in reaction with 
oxyhaem oglobin gives rise to peroxide groups [18]. Sulphaem oglobin 
m ay appear in the  hum an blood a fte r prolonged adm inistration of 
analgetic drugs, especially phenacetin and acetanilide [4], leading to 
a pathological condition known as sulphaem oglobinem ia. We have pre-
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viously discussed the m echanism  of the developm ent of sulphaem o- 
globinemia [9, 8].

In th e  present work the effect of various factors on the reaction  of 
oxyhaemogk>'bin w ith hydrogen sulphide was studied.

MATERIALS AND METHODS

Materiał. In tac t hum an ery throcytes or freshly  m ade haem olysates 
were used. E rythrocytes from  citrated  venous blood were washed th ree  
times w ith  physiological salinę solution and after each centrifugation  
the lay er containing platelets and leucocytes was discarded. The sedi- 
m ented ery throcytes w ere added w ith an eąual volum e of a m ix tu re  
of 0.9% NaCl and 0.12 м -phosphate buffer of pH 7.4 (1:3, v/v); thus 
a 50% suspension was obtained. The haem olysates were p repared  by 
adding 1 ml. of packed erythrocytes to 50 ml. of bidistilled w ater. From  
the haem olysates, strom a was separated by centrifuging a t 8000 r.p.m . 
for 20 min. and the supernatan t was dialysed against 0.03 м-phosphate 
buffer, pH 7.4, for 24 hr. at 4°. Ju st before the experim ent, the  dialysed 
haem olysate was dilu ted  w ith an eąual volume of the same buffer, and 
haem oglobin concentration was determ ined spectrophotom etrically. 
In d ifferen t sam ples the  concentration of haemoglobin ranged from  0.1 
to 0.2 тм .

Fresh ly  prepared Solutions of hydrogen sulphide in bidistilled w ater 
w ere used, hydrogen sulphide being obtained from barium  sulphide 
and hydrochloric acid. In  the experim ents w ith intact ery throcytes, 
hydrogen sulphide was dissolved in 0.9% NaCl. The concentration of 
hydrogen sulphide in the solution was determ ined by the  colorim etric 
m ethod of Almy [1].

Special reagents. G lutathione (GSH) and phenylhydrazine were 
products of the BDH Co., Poole, England. L-Cystine, L-cysteine and 
N -ethylm aleim ide (NEM) w ere products of Schudhardt Co., Miinchen; 
DL-methionine of the Ashe Co., London; cysteinie acid of the L ight Co., 
Colnbrook, England; sodium thiosulphate p.a. and hydroxylam ine w ere 
Merck, D arm stadt, products. Pharm acopoeial preparations of phenacetin 
and acetanilide were used. Oxidized glutath ione (GSSG) was obtained 
by oxidation of GSH w ith iodine and separation on a Dowex-50 (H+ form) 
column. The obtained preparation gave no reaction w ith nitroprusside 
and on the n inhydrin-stained chrom atogram s gave a single spot corres- 
ponding to standard  GSSG. A li the substanees were dissolved just 
before the experim ents.

Determination of glutathione. The content of GSH in the samples 
was determ ined by the m ethod of G ru n ert & Phillips [10].

Assays on haemolysates. Sulphaem oglobin form ation was assessed in 
the following way. To 3 ml. of the haem olysate 2 ml. of bidistilled w ater
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was added in the blank test, and 1 ml. of w ater and 1 ml. of hydrogen 
sulphide solution in the proper sam ple. The tubes were im m ediately 
stoppered, mixed, and the contents w ere transferred  to closed cuvettes; 
the increm ent in extinction a t 620 тц. of th e  proper sample w as m easured  
w ith the Hilger Uvispec spectrophotom eter against the blank a t in tervals 
of 1 - 2 min. for 10 - 30 min.

The procedurę for assessing the effect of the tested compounds was 
as follows. To four test tubes, each containing 3 ml. of the haem olysate, 
were added, respectively: (1), 2 ml. of w ater; (2), 1 ml. of w ater and 1 ml. 
of H2S solution; (3), 1 ml. of w ater and 1 ml. of the solution of the tested 
compound; (4), 1 ml. of the  solution of the tested compound and 1 ml. 
of H2S solution. The tested compound was m ixed w ith the  haem olysate 
not earlie r than 5 min. before the addition of H2S solution. The H2S 
solution was added sim ultaneously to tubes no. 2 and 4. The contents 
of all tubes were transferred  to four cuvettes, and the increm ent in 
extinction in the proper samples was m easured against the blanks. Two 
blanks (tubes no. 1 and 3) were necessary because some of th e  tested  
compounds, e.g. phenylhydrazine, m ay form  w ith haemoglobin some 
derivatives with unspecific absorption spectra. Since the absorption 
spectrum  of choleglobin closely resem bles th a t of sulphaem oglobin, its 
presence m ight have affected the  resu lts; therefore  after absorption 
m easurem ents the  samples w ere trea ted  w ith carbon m onoxide and 
sodium  dith ionite according to Lem berg & Legge [13] and exam ined in the 
H artridge reversion spectroscope; no choleglobin was found in any of 
the samples.

Assays on intact erythrocytes. In these experim ents, 0.2 - 0. 3 m l. of 
50% ery th rocy te  suspension was incubated w ith a solution of hydrogen 
sulphide in 0.9% NaCl. The ery throcytes w ere then sedim ented by cen tri
fugation, washed with 0.9% NaCl, haemolysed in bidistilled w ater, and 
the extinction was m easured at 620 гщх.

RESULTS

D ata presented in Table 1 indicate th a t the  rate  of sulphaem oglobin 
form ation is higher in the haem olysate than  in in tact erythrocytes.

The effect of strom a on haem olysates was studied in experim ents in 
which the haem olysate of ery th rocy tes (1:50) was divided into tw o 
parts. One of them  was centrifuged for 20 m in. at 8000 r.p.m., the  strom a 
thus obtained was added to the o ther, uncentrifuged part, and in both 
the  ra te  of sulphaem oglobin form ation w as estim ated. The resu lts  p re
sented in Fig. 1 indicate tha t the addition of strom a accelerates the 
reaction  of haemoglobin w ith  hydrogen sulphide. On the o ther hand, 
the  ra te  of the reaction was slightly  slow er on addition of serum  of the 
blood from  which the haem olysate was prepared.
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T a b l e  1

Sulphaemoglobin formation rate in intact erythrocytes and in the
haemolysate

To 0.2 ml. of erythrocyte suspension were added either 8 ml. of w ater and 1 ml. 
of 0.06 m-phosphate buffer, pH 7.4, or 8 ml. of 0.9% NaCl solution and 1 ml. of 
0.06 м-phosphate buffer. To each tube 1 ml. of H2S solution (7 pmoles) in 0.9% 
NaCl was added, then the tubes were incubated for 10 min. at room temp. In the 
haemolysate the extinction was measured against water at 620 mg. The erythro
cytes were centrifuged, haemolysed w ith 8 ml. of water, then 1 ml. of phosphate 
buffer and 1 ml. of 0.9% NaCl solution were added, and the extinction at 620 m.u 
was determined. Under the heading ”Time” is given the interyal between the 

addition of H2S and measurement of extinction.

Sample ^620 ni|i Time (min.)

Haemolysate 0.63 14
Erythrocytes 0.33 24

The effect of phenacetin, acetanilide, phenylhydrazine and hydro- 
х у іа т іп е  on the form ation of sulphaem oglobin in dialysed baem olysates 
is presented in Table 2. It m ay be seen tha t phenacetin, phenylhydrazine 
and hydroxylam ine accelerated the reaction. This effect was most pro-

Flg. 1 Fig. 2

Fig. 1. Effect of stroma on sulphaemoglobin formation in the haemolysate. Each 
sample contained 0.15 т м -solution of haemoglobin and 0.4 m \iH 2S. (O), Haemo

lysate enriched in stroma; (Д), haemolysate without stroma.

Fig. 2. Effect of GSH on sulphaemoglobin formation in the haemolysate. Each 
sample contained 0.10 т м -solution of haemoglobin and 0.48 mM-H2S. (O), Control, 

without GSH added; (Д), 0.02 т м -GSH; (□), 0.1 т м -GSH; ( • ) ,  0.2 шм-GSH.
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nounced at pH 7.4. The effect of phenacetin  was more noticeable a t Iow 
concentrations of hydrogen sulphide (less than  0.2 шм), and th a t of 
phenylhydrazine was most distinct during  the first 2 min. of incubation. 
The effect of these substances was obseryed also in non-dialysed haemo- 
lysates enriched in strom a, and in in tact erythrocytes.

T a b l e  2

Effect  of  phenacetin, acetanilide, phenylhydrazine and hydroxylamine  
on the rate of sulphaemoglobin formation in dialysed haemolysates

Finał concenfcration of H2S in the saimple was 0.6 ітм, that of the added substance 
0.2 т м .  Incubation 15 min. For details see Methods. Twelve experiments were 

performed and the results of a typical one are presented.

Addition E620 тц. Effect
(%)

None 0.156
Phenacetin 0.204 32

j None 0.151
Acetanilide 0.158 5

None 0.159
Phenylhydrazine 0.205 29

None 0.152
Hydroxylamine 0.226 49

T a b l e  3

Ef fect  of GSH on sulphaemoglobin formation in erythrocytes
Suspensions of erythrocytes were preincubated for 12 hr. as indicated in the Table. 
After centrifugation and washing, the content of GSH was determined and 0.3 ml. 
of 50% erythrocyte suspension was incubated for 10 min. with 1 ml. of H2S solution  

(9 .umoles). In the haemolysate, sulphaemoglobin was determined.

Erythrocytes 
preincubated with

Content of GSH 
in erythrocyte 

suspension 
((imole/ml.)

E 620 m u

Glucose, 6.8 тм 0.61 0.53
Physiological salinę

solution 0.53 0.65
Phenacetin, 0.5 тм 0.40 0.69
Phenylhydrazine.

0.5 т м
1

0.15 0.81
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It has long been know n that phenylhydrazine accelerates the oxida- 
tion of glutathione in erythrocytes, and this phenom enon constitu tes 
the basis of B eu tler’s GSH stability  test [3] for detecting the deficiency 
of glucose-6-phosphate dehydrogenase in erythrocytes. Also in o u r 
experim ents, the ery throcytes incubated w ith  phenacetin  contained 
less GSH than  those incubated w ithout phenacetin. This suggested the 
participation of glutathione in sulphaem oglobin form ation. Therefore 
suspensions of ery throcytes were preincubated for 12 hr. a t room temp. 
w ith glucose, phenacetin or phenylhydrazine. U neąual am ounts of GSH 
in the samples were found (Table 3). The ery throcytes w ere washed, 
incubated for 10 min. w ith  hydrogen sulphide, and the am ount of sul
phaemoglobin was determ ined. The resu lts  suggest that a t  h igher GSH 
concentrations the form ation of sulphaem oglobin is inhibited. This was 
confirm ed in another experim ent in w hich the ery th rocy tes w ere 
preincubated w ith N -ethylm aleim ide to błock the SH compounds [12]. 
In N EM -treated erythrocytes, in w hich the am ount of GSH w as p rac ti- 
cally nil, the rate  of sulphaem oglobin form ation was m arkedly  increased 
(Table 4).

T a b l e  4

Formation of sulphaemoglobin in erythrocytes in which the SH  
compounds were blocked by N-ethylmaleimide

Two 0.5 ml. samples of 50% erythrocyte suspension were preincubated for 10 min. 
with 0.2 ml. of solution of N-ethylm aleim ide (10 fmioles/ml.). Then the erythrocytes 
were washed and GSH was determined in one samiple while the second one was 
incubated for 5 min. with 1 ml. of H2S solution in 0.9% NaCl (5 pmoles), and the 
amount of sulphaemoglobin was determined. The control samples without NEM 

were prepared in the same way.

Content of GSH
1

Erythrocytes in erythrocyte 
suspension 
(^mole/ml.)

Еб20 тц.

Control 0.65 0.16
Preincubated with NEM 0.01 0.32

F u rth e r data on the effect of g lu tath ione on sulphaem oglobin form a
tion w ere obtained in experim ents w ith  strom a-free, dialysed haemo
lysate (Fig. 2). It m ay be seen tha t GSH already a t the  concentration of 
0.02 т м  retarded  the reaction, and at 0.2 т м -GSH the effect was 
doubled. O ther na tu ra l SH compounds, as cysteine and ergothioneine, 
had a sim ilar effect (Table 5).

Im analogous experim ents the effect of oxidized glu tath ione and 
cystine in 0.1 т м  concentrations w as also observed but it was about

http://rcin.org.pl



SU L PH A EM O G L O BIN  FO R M A T IO N 2 1 7

T a b l e  5

Inhibition of sulphaemoglobin formation in the presence of SH  compounds:
A li the samples contained 3 ml. of dialysed haemolysate (0.12 ш м -Н Ь 02) in 
0.03 M-phosphate buffer, pH 7.4. Five min. after the addition of the compound 
tested, 1 ml. of H2S solution was added, and after 10 min. incubation at room 

temp. the extinction was measured.

Addition 
(0.2 т м -concn.)

E620 m,a Inhibition
(.%)

None 0.245
Cysteine 0.104 59.0
GSH 0.139 43.2
Ergothioneine 0.214 12.5

th ree  times sm aller than  th a t of reduced glutathione or cysteine. The inhi- 
biting effect of these bisulphides m ay be explained by th e ir partial 
conversion to thiols in the presence of hydrogen sulphide. On the o ther 
hand, m ethionine, cysteinie acid and thiosulphate had no effect on the 
form ation of sulphaemoglobin.

W hen phenacetin  and GSH in concentrations of 0.1 т м  w ere added 
sim ultaneously to the haem olysate, the form ation of sulphaem oglobin 
was inhibited in the same degree as by GSH alone. Therefore the effect

T a b l e  6

Effect  of phenacetin, acetanilide, phenylhydrazine and hydroxylamine  
on GSH oxidation in the haemolysate

Each sample contained 5 ml. of the haemolysate (0.1 т м -Н Ь 0 2), 1 ц то іе  GSH 
(0.2 т м ) ,  and the tested compound. In the Controls directly, and in the proper 
samples after 2 hr. of incubation at 37°, protein was precipitated with 1 ml. of 20°/o 

trichloroacetic acid, and GSH was determined in the supernatant.

Addition 
(0.1 т м -concn.)

Incubation
(hr.)

Glutathione

content
(fimole/sample)

decrease
(%)

None 0 1.00
2 0.91 9

Phenacetin 0 0.99
2 0.86 13

Acetanilide 0 1.01
2 0.88 13

Phenylhydra 0 0.98
zine 2 0.80 18

Hydroxyl- 0 0.99
amine 2 0.76 23

[71

http://rcin.org.pl



21 8 A. K O J  a n d  J .  FR EN D O [8]

of pbenacetin, acetanilide, phenylhydrazine and hydroxylam ine on the 
ra te  of oxidation of GSH in the haem olysate was exam ined (Table 6 ) 
and  it was found tha t these compounds accelerated the disappearance 
o f GSH.

DISCUSSION

In  1925 Van den Bergh & W ieringa [2] obseryed th a t phenyl
hydrazine, hydroxylam ine and certain  o ther arom atic am ines accelerate 
the  reaction of oxyhaem oglobm  w ith hydrogen sulphide. In  the present 
experim ents it was dem onstrated tha t also phenacetin, the  an tipyretic  
drug causing sulphaem oglobinem ia in man, has a sim ilar effect. If the 
assum ption of Michel [14] is correct, it is reasonable to a ttrib u te  the 
effect of these substances to form ation of hydrogen iperoxide during 
the ir oxidation in the haem olysate [2 , 14, 18]. D irect participation of 
hydrogen peroxide in the form ation of sulphaem oglobin was confirmed 
by the spectrokinetic studies of Dalziel & 0 ’Brien [6]. In the reaction of 
oxyhaemoglo|bin w ith hydrogen sulphide w ithout addition of phenyl
hydrazine or rela ted  compounds, tracę ąuan tities of H20 2 necessary for 
the  form ation of sulphaem oglobin m ay arise as the resu lt of autooxida- 
tion  of hydrogen sulphide [14]. In the presented experim ents, the 
obseryed inhibition of sulphaem oglobin form ation by GSH, cysteine or 
ergothioneine is probably due to the гетоѵ аі of hydrogen peroxide from  
the reaction medium. Cohen & Hochstein [5] dem onstrated that the 
am ount of GSH in ery throcytes incubated w ith  smali am ounts of hydro
gen peroxide decreases, the effect being more pronounced in ery th ro 
cytes deficient in glucose-6-phosphate dehydrogenase. According to 
M ills [15] erythrocytes possess an enzyme, glutath ione peroxidase, Which 
catalyses the oxidation of GSH by hydrogen peroxide. Mills assumed 
also th a t the activity of this enzyme in the m ain factor protecting haem o
globin from conyersion into choleglobin, as o ther SH compounds did 
not inhibit the form ation of choleglobin from  oxyhaemoglobin in the 
presence of ascorbic acid. In the presented experim ents, GSH reduced 
the ra te  of sulphaem oglobin form ation. This migtht seem to suggest an 
analogy w ith the reaction described by Mills, howeyer, in the reaction 
of haemoglobin w ith hydrogen sulphide o ther thiol compounds also 
inhibited sulphaem oglobin form ation and cysteine was even more effec- 
tive  than  glutathione.

In  view of the  high concentration of reduced glutathione in e ry th ro
cytes, this compound seem s to be a na tu ra l inhibitor of the  form ation 
of sulphaem oglobin in vivo. The data presented in Table 6 indicate that 
all the substances which accelerate the  form ation of sulphaemoglobin, 
increase the oxidation of glutathione in the haem olysate. iPresumably, 
th e  effect of these substances consists in form ation of H20 2.

Sulphaem oglobin is form ed more ąuickly in  the  haem olysate than  in
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in tact erythrocytes. This m ay be due to the dilution of GSH and o ther 
SH compounds and to the  free access of hydrogen sulphide to haem o
globin in the  absence of the ery th rocy te  m em brane. On the  o ther band, 
strom a was found to accelerate the form ation of sulphaem oglobin in the 
haemolysates.

SUMMARY

The reaction of oxyhaem oglobin w ith  hydrogen sulphide was studied 
on intact erythrocytes and on haem olysates in the presence of various 
substanees. Phenacetin, phenylhydrazine and hydroxylam ine accelerated, 
while glutathione, cysteine and ergothioneine inhibited the reaction. 
The SH compounds in ery throcytes appear to participate  in the m echa- 
nism protecting haemoglobin from conversion to sulphaem oglobin 
in vivo. The presented resu lts  support the suggestion tha t peroxide 
groups are involved in sulphaem oglobin form ation.
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BADANIA NAD POWSTAWANIEM SULFHEMOGLOBINY 

S t r e s z c z e n i e

Badiano reakcję oksyhemoglobiiny z siarkowodorom w całych erytrocytach 
i hemolizatach w  obecności rozmaitych substancji. Fenacetyna, fenilohydrazyna 
i hydroksylamina przyśpieszają, a glutation, cysteina i ergotioneina hamują reak
cję. Związki -SH w erytrocytach wydają się być związane z mechanizmem chro
niącym in cico  hemoglobinę przed zamianą na sulfhemoglobinę. Przedstawione dane 
przemawiają za udziałem ugrupowań nadtlenkowych w  powstawaniu sulfhem o- 
globiny. Receiyed 20 December 1963.
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N orm al daily urine contains about 2 g. of am ino acids which may 
be liberated by acid hydrolysis [14]; some of them  are  deriyed from 
peptide compounds. In recent years a num ber of peptides from  norm al 
and pathological urines have been isolated and characterized [cf. 13]. 
Norm al urine contains smali am ounts of protein but no sim ple m ethod 
exists for separation of peptides from  proteins and non-peptide amino 
acid compounds in the urine. As we have observed th a t by filtra tion  
of u rine through Sephadex G-75 gel a good separation of high m olecular 
compounds is obtained [4, 12], this m ethod was used for the isolation 
and prelim inary fractionation of u rinary  peptides.

MATERIAŁ AND METHODS

Experim ents were carried out on samples of 24-hr. urines of healthy 
women. To inhibit bacterial growth, toluene was added. The urine 
contained no sugar as tested w ith N ylander’s reagent, and the  sulpho- 
salicylic acid test for protein was negative. Fractionation w as carried 
out by gel filtra tion  on Sephadex G-75 m edium  and G-25 medium 
(Pharm acia Co., Uppsala).

Fractionation. F ifty  ml. of urine was introduced on a Sephadex G-75 
column (3.8 X 40 cm.) eąuilibrated  w ith phosphate buffer, pH 6.0 and 
ionic s treng th  0.10. Elution was carried out w ith  the same buffer, 
and 10 ml. fractions w ere collected un til the n inhydrin  test beCame 
negatiye.

The non-protein fractions (tubes 27 -40) corresponding to 100 ml. of 
urine were combined, concentrated under reduced pressure at 40° to 
the  volum e of 50 ml. and dialysed (Visking tubing) at 4° against 600 ml. 
of w ater, changed three tim es during 48 hr. The diffusate (FD) was con
centrated  as above to the volume of 50 ml. and the non-diffusible 
m ateriał (FN ) was made up to 100 ml. Both fractions were then  separated
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on Sephadex G-25 column (2.8 X 28 cm.), the volumes applied corres- 
ponding respectively, to 4 and 80 mg. of total nitrogen. E lution was 
carried ou t w ith bidistilled w ater, and 8 ml. fractions w ere collected.

Analysis of the fractions. In the eluates from Sephadex G-75, absorp- 
tion at 280 mp was m easured w ith a H ilger spectrophotom eter. In  the 
combined protein fractions, total nitrogen and a-am ino nitrogen w ere 
determ ined before and a fte r acid hydrolysis.

One ml. samples of the eluates from  the Sephadex G-25 colum n 
served for determ ination of a-am ino nitrogen by the  n inhydrin  method, 
and 2 ml. samples for sugar estim ation by the anthrone m ethod. Fractions 
exhibiting m axim um  coloration w ith n inhydrin  and the an throne reagen t 
were then subm itted to paper chrom atography before and after hydro
lysis. P resence of bound amino acids was determ ined after hydrolysis 
w ith 6 N-HC1 at 110° for 24 hr. Sugars bound w ith peptides w ere 
detected after hydrolysis w ith  1 N-H2SO4 for 2 hr. a t 110°.

Analytical methods. Sugars were determ ined by the an throne m ethod 
[15]. Total N was assayed by the m ethod of Nessler [3], a-am ino nitrogen 
before and after hydrolysis by  the n inhydrin  m ethod of Rosen [10]. 
Before the  determ ination, the sam ples were trea ted  w ith 1 N-NaOH, and 
ammonia was rem oyed by placing them  over conc. sulphuric acid under 
reduced pressure for 24 hr. C ircular paper chrom atography was done 
on W hatm an no. 1 filte r paper; the chrom atogram s w ere deyeloped in 
a system  of butan-l-o l - acetic a c id -w a te r  (144:13:43, by vol.) and stained  
w ith acetonie solution of n inhydrin  and isatin [7] and  w ith  aniline- 
ph tbalate  reagent [9].

RESULTS

The fractionation of urine on Sephadex G-75 column is illustra ted  
in Fig. 1 . Peaks I  and la contained the u rinary  protein. It should be 
noted, however, tha t not from  all norm al urines peak la was obtained. 
Total nitrogen of the protein fraction am ounted to 12.2 -  17.7 mg. N/24 hr.

Fig. 1. Gel filtra tion of normal urine 
on Sephadex G-75 column eąuili- 
brated and eluted with phosphate 
buffer, pH 6.0; I, 0.10. ( ), E570

(ninhydrin test); (---------- ), E28o шц

№
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and constituted 0 .15-0 .20%  of the to tal u rinary  nitrogen. N itrogen of 
the protein  peaks eorresponded to daily  exeretion of 75-110  mg. protein 
(calculated using the coefficient 6.25). The a-am ino nitrogen of the 
separated protein, which was determ ined in two cases, constitu ted  1.5 
and 2.4% and after hydrolysis 11.6 and 11.2% of the  to tal protein 
nitrogen.

The protein-free peak II  (tubes no. 27 - 40) contained 85 - 93%  of the 
to tal u rinary  nitrogen. The rem aining Iow m olecular nitrogen compounds 
of the  urine, present in  subseąuent fractions and not reacting  w ith 
n inhydrin  (but showing absorption a t 280 тм ), were not examm ed.

The non-diffusible m ateriał (FN) of peak II  contained 3,2 -  4.4% of 
the  total u rinary  nitrogen. The a-am ino nitrogen, determ ined in two 
urine samples, represented 2.2 and 4.2% and after hydrolysis 20 and 25% 
of the total nitrogen of the FN  fraction. The separation of th is fraction 
on a Sephadex G-25 column gave 4 peaks (Fig. 2a). The first th ree  cor- 
responded to peptides w ith a high sugar content and the fou rth  one

Fig. 2a Fig. 2b

Fig. 2. Sephadex G-25 gel filtration of (a), no-n-diffusible materiał and (b), diffusible 
m ateriał from peak II (Fig. 1). Water was used as eluent. (------), E570 (ninhydrin

test); (---------- ), E620 m/i (anthrone test).

contained sugar-free compounds. I t should be m entioned th a t in some 
cases additional ninhydrin-positiye peaks were obseryed betw een FN 
peaks II  and III  and between III  and IV.

The d iffusate  (FD) separated on Sephadex G-25 gave two fractions 
(Fig. 2 b). According to the accepted criteria  of filtra tion  on dex tran  gel, 
peak FD-I eorresponded to high, and peak FD-II  to Iow m olecular n itro -
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gen compounds. Peak  FD-I contained about 1 mg. of to tal nitrogen and 
th e  a-am ino nitrogen represented  18°/o of this amount.

P aper chrom atography of fractions from  peaks F N I  - IV  and FD-I 
revealed  th e ir 'heterogeneity, most m arked for fraction FN-III  both w ith  
respect to nm hydrin-positive and sugar components. From  this fraction 
five ninhydrin-positiye bands w ere obtained which also gave w ith  ani- 
line-ph thala te  a reaction of g rea ter intensity  than  tha t given by  any 
o th e r  separated  peptide. Peak FN-II  contained at least two peptides; in 
the slow er m igrating one sugars predom inated over amino acids. Two 
peptides linked w ith sugars w ere also found in peak FN-I.  The fraction 
of peak FN -IV  represented  at least th ree substances but contained no 
sugar components. Peak FD-I separated  into three peptides; one of them , 
th a t giving the strongest reaction with n inhydrin, possessed a slight 
conten t of sugar. The glycopeptide character of the  isolated compounds 
was confirm ed by the analysis of the amino acid and sugar composition 
•of th e ir  hydrolysates.

DISCUSSION

Gel filtra tion  on Sephadex G-75 of norm al urine enables good sepa- 
ration  of protein in its native or bu t slightly a ltered  form. The separation 
o f pro tein  from  Iow m olecular nitrogenous compounds allowed its ąuan ti- 
ta tiv e  determ ination. The am ount of protein excreted  daily in the urine 
w as 75 -1 1 0  mg., w hereas o ther authors reported  39 - 70 mg. [cf. 8]. This 
d iscrepancy may be due to d ifferent m ethods of protein  isolation. M cGar- 
ry  et al. [6] found in a daily norm al urine 70 mg. of protein, they adrnit, 
however, tha t as a resu lt of the alcohol p recip ita tion  applied, this re- 
p resen ts only 70°/o of the original content.

The peptides separated  by gel filtra tion  are also uinaltered and can be 
considered as compounds occurring in u rine and not products of protein 
sim plex decomposition. The isolated peptides after fractionation by dia
lysis and subseąuent Sephadex G-25 filtra tion  separated  into four glyco
pro te in  fractions and one containing probably sugar-free  peptides.

The occurrence in urine of sugar-bound peptides has been already 
reported  by  some authors [1, 11]. Com pounds of th is type w ere isolated 
from  the urine by  B ourrillon et al. [2] from  the non-diffusible fraction 
soluble in 50°/o ethanol. They emphasized, however, that the  treatm ent 
w ith  alcohol lead to form ation of dialysable compounds, i.e. to partial 
degradation of the m ateriał. Lundblad & Berggard [5] separated on Se- 
phadex G-25 (fine) Iow m olecular sugar compounds of norm al urine. 
The elution patterns of the diffusible m ateriał obtained by these authors 
d iffered  from  ours, more sugar-containing fractions being present in 
the ir m ateriał. This discrepancy m ay be due to the greater am ount of 
u rine  analysed, and sm aller particie  size of the Sephadex used by L und
blad & Berggard.
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In view  of the presence of neu tra l sugars and amino sugars in the  
protein fraction and in the peptide fractions FD and FN, the increm ent 
in a-am ino nitrogen after hydrolysis does not allow any conclusioms to 
be made as to the  length of the peptide chain. However, considering the 
differences in the m agnitude of the protein, and FN and FD pep tide - 
molecules after separation of Sephadex G-75 and the participation  of 
a-am ino nitrogen after hydrolysis in the  to tal nitrogen of these fractions, 
it m ay be concluded th a t the  u rinary  proteins possess a higher content 
of sugar components than the peptide compounds.

D uring filtration  of the diffusible peptide (FD) there  appeared frac
tions alm ost com pletely excluded from  the  gel, i.e. apparently  possessing 
higher m olecular w eight than the compounds contained in  the  non-dif- 
fusible peptide (FN). This may be explained by th e  fact, already observed 
by o ther authors, th a t separation of sulbstances on Sephadex is not 
dependent only on the action of the gel as a m olecular sieve.

SUMMARY

By Sephadex G-75 gel filtration, proteins and peptides from  norm al 
urine were isolated. The am ount of daily protein excretion was 
75 -1 1 0  mg. The peptide peak gave on fu rth e r fractionation 4 non-hom o- 
genous glycopeptide fractions and one fraction containing sugar-free 
peptides.
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IZOLOWANIE I WSTĘPNY ROZDZIAŁ PEPTYDÓW MOCZU 
PRZY ZASTOSOWANIU FILTRACJI PRZEZ ŻELE

S t r e s z c z e n i e

Zastosowanie frakcjonowania na żelu Sephadex G-75 -pozwala na w ydzielenie  
białek i  peptydów moczu. Normalny mocz dobowy zawiera 75 -1110 mg. białka. Dia
liza i dalsze frakcjonowanie wyosobnionych peptydów pozwoliły na wyodrębnienie 
4 niejednorodnych frakcji glikopeptydowych oraz jednej zawierającej peptydy w ol
ne od komponentów cukrowych.

Received 20 December 1963.
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It has been established recently , on the basis of the works of Roy 
[11, 12] and Dodgson et al. [4] that th ree d ifferent arylsulphatases (ary l- 
su lphate sulphohydrolase, ЕС 3.1.6 .1) are present in the  m am m alian 
tissues. Two of these enzymes, i.e. ary lsu lphatases A and В are read ily  
soluble, w hereas arylsulphatase С is firm ly  bound to the ce llu lar struc- 
tures. The soluble and insoluble sulphatases differ w ith respect to hydro- 
lysis of two typical substrates. Sulphatases A and В hydrolyse m ore 
rap id ly  nitrocatechol sulphate and th e  insoluble sulphatase C, p -n itro - 
phenyl sulphate.

W hereas the presence of both soluble arylsulphatases in the in testinal 
mucosa has been obseryed earlier [9, 5], no attem pt at th e ir purification 
from  th is tissue has been undertaken. In the course of this study, soluble 
ary lsu lphatase  from pig intestinal mucosa has been partly  purified and 
some properties of the enzyme have been inyestigated.

MATERIALS AND METHODS

Abbreviations used: NCS, nitrocatechol sulphate; NPS, p-n itrophenyl 
sulphate; PCMB, p-chlorom ercuribenzoic acid.

Substrates and inhibitors. D ipotassium  nitrocatechol su lphate  (2-hy - 
d roxy-5-nitrophenyl sulphate), was prepared  according to the  m ethod 
of Roy [14]. p-N itrophenyl sulphate was synthesized by the B urkhard t 
& L apw orth  method [2], as described by Dodgson & Spencer [3]. PCMB 
and N -ethylm aleim ide were obtained from  L. Light, Colnbrook, Bucks, 
England. Iodine and o ther reagents w ere of analytical purity .

Arylsulphatase assay. A ry lsu lphatase actiy ity  was determ ined essen- 
tia lly  by the  m ethod of Roy [10]. According to this, 0.6 ml. of the enzym e 
solution w as incubated w ith 0.4 ml. of the substrate  (5 т м , in 0.5 m- 
-acetate  buffer, pH 5.6) at 37°. A fter an appropriate  tim e of incubation, 
0.5 ml. of 1 n  HC1 was added, followed by  3.5 ml. of alkaline ąuinol 
reagent. The colour of nitrocatecholate ion was m easured in Colem an-
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-Jun io r spect ropho tom eter at 520 mu. W hen NPS was used as a sulbstrate, 
the reaction was stopped by addition of 4 ml. of 0.2 N-NaOH and the 
yellow colour of the lrberated p-nitrophenol w as m easured at 430 mu. 
The am ount of the enzyme which hydrolyses 1 umole of the  substra te  
per m inuto a t 3 7 ° under the  conditions of assay, was taken  as a un it 
of arylsuiphatase actiyity.

P ro te in  concentration was determ ined w ith the Folin & Ciocalteu 
phenol reagen t [6].

Enzym e preparation. Acetone powder prepared from  pig in testinal 
mucosia according to Brady [1] was used as a starting  m ateria ł for the 
purification procedurę. The pow der stored in ѵасио a'bove P2O5 at -10° 
was active for m any weeks.

The extraction and the initial steps of the purification were carried 
out by a procedurę sim ilar to that used by Roy for the purification of 
ary lsu iphatase A from  ох Ііѵег [11]. E xtraction was carried  out w ith 
0.2 м-acetate buffer, pH 5.6, 2 шм with respect to EDTA. The same buffer 
was used also in o ther steps of the procedurę, unless o therw ise  stated. 
The suspension of acetone pow der in the bu ffe r (100 m l. per 10 g. of the 
powder) was autolysed for 1 hr. at 37°. A fter centrifugation at 0° the  
residue was resuspended in the next portion of the buffer, left overnight 
a t 2° and centrifuged. The combined supernatan ts w ere clarified by 
centrifugation for 20 min. a t 10 000 r.p.m. This ex traet was fractionated 
fu rth e r w ith  acetone at -8 °, the precipitate obtained betw een 42 and 60% 
of acetone was collected and dissolved in the  buffer. From  this solution 
the enzyme was precipitated  by 0.3 am m onium  sulphate saturation. The 
p recip itate  was centrifuged and dissolved in a smali volum e of the buffer 
and the  precipitation w ith  ammonium sulphate repeated. The fraction 
p recip itated  by 0.15 am m onium  sulphate saturation was separated and 
ex tracted  w ith buffer. This ex tract was combined w ith the next fraction 
p recip itated  betw een 0.15 and 0.4 ammonium sulphate saturation, and 
the  obtained solution desalted on the Sephadex G-25 column, filled w ith 
5 т м -tris  - m aleate buffer, pH 7.2. The desalted solution was then 
applied on the DEAE-cellulose column (1 X 12 cm.) and 100 ml. of 5 тм - 
- tr is  - m aleate buffer, pH 7.2, was run  through the column. The washing 
w ith th is bu ffe r rem oved some inactive protein. The enzyme was then 
eluted w ith  0.2 м-acetate buffer, pH 5.6. The active fractions were pooled 
and the enzyme was adsorbed on alum ina Cy gel prepared according 
to K eilin  & H artree [7]. A fter separation by centrifugation, the gel was 
washed w ith w a te r and the  enzyme eluted w ith a smali volum e of 
0.5 м-acetate buffer, pH 5.6, containing 2% of amm onium  sulphate. The 
obtained solution was finally  desalted on the colum n of Sephadex G-25 
and stored at -10° w ithout loss of actiyity. This preparation  was used for 
all experimen!ts aimed at th e  characterization of the enzyme.
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RESULTS

In effect of the applied purification procedurę, arylsulphatase was 
purified about 150 tim es in comparison w ith the  initial ex tract of acetone 
powder. The purification achieved in the  individual steps of the pro
cedurę is given in Table 1.

T a b l e  1

Purification of arylsulphatase
The enzyme unit is defined as the amount of enzyme which hydrolyses 1 pmole of 
nitrocatechol sulphate per 1 min. under the conditions described in the text. The 
aliąuots of the crude extract and other Solutions, with exception of step 5, were 

desalted prior to the actiyity determinations.

Stage Total activity 
(units)

Specific actiyity 
(units/mg. protein)

1. Extract of acetone
powder 7400 0.12

2. Acetone fraction,
42 - 60% 4550 0.50

3. Ist ammonium sul
phate precipitation 3700 2.44

4. Ilnd ammonium sul
phate precipitation 2960 3.80

5. DEAE-cellulose 940 5.90
6. Alumina Cy gel

eluate 560 18.65

The purified preparation hydrolysed actively NOS, showing only 
negligible activity tow ard NPS. At pH 5.6 (acetate buffer) the  ratio of 
activities (NPS.-NCS) was about 1:1000; the ratio  increased to 1:500 when 
the actiyity tow ard NPS was m easured at pH 7.2 (tris - m aleate buffer).

Fig. 1 presents the effect of pH on the actiy ity  of the  purified  ary l
sulphatase preparation. A pparently  the value of pH optim um  yaried 
in relation to the kind of the buffer. In acetate buffer the m axim um  
of actiyity was a t pH 5.4, in tris  - m aleate buffer it was shifted to about 
pH 5.7, the enzym e actiy ity  being low er in tris - m aleate buffer.

The effect of substrate concentration was studied w ith NCS used in 
the  concentration rangę from 0.5 т м  to 30 т м  (Fig. 2). No inhibition by 
the excess of the substrate was obseryed. The value of M ichaelis constant 
calculated from  the L inew eaver-B urk plot was for this substra te  0.7 тм .

A rylsulphatase was inhibited by m any anions, among which phos- 
phate and sulphite  acted in the low est concentrations. The enzyme was 
also sensitiye to the action of som e thiol reagerlts. Iodine and PCMB
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Fig. 1 Fig. 2

Fig. 1. Effect of pH on arylsulphatase activity. The incubation mixture contained 
the enzyme, buffer of the appropriate pH and 5 т м -niitrocatechol sulphate. (O), 
0.1 м-Acetate (mean values from six series of determiinations); (# ), 0.1 м-tr is -m a -  

leate (mean values from three series of determiinations).
Fig. 2. Effect of nitrocatechol sulphate concentration on arylsulphatase activity. 
The incubation mixture contained the enzyme, NCS and 0.2 м-acetate buffer, pH 5.6, 
in the total volume of 5 ml. Duplioate 0.5 ml. portions were withdrawn in different 
time intervals for the measurement of substrate decomposition and the initial 
activity was calculated froim the obtained results. The Lineiweaver-Burk plot 
constructed with the values taken from the main curve is drawn on the same 

diagram. The values are the means of two series of experiiments.

Fig. 3. Effect of inhibitor concentration on arylsulphatase actiytity. The enzyme 
was preincubated with inhibitor for 15 min. at 37° and then the activity was 
measured with 5 т м -NCS in acetate buffer, pH 5.6. (O), Iodine, ( • ) ,  PCMB;

(A), KH2P 0 4; (A), Na2S 0 3.
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T a b l e  2

Effect  of inhibitors on arylsulphatase activity
The enzyme was preincubated with (inhibitor for 15 min. at 37°. Conditions of 
assay: nitrocatechol sulphate 5 т м , acetate buffer 0.2м, pH 5.6. p l50 value 
represents the negative logarithm of inhibitor concentration producing 50% inhibi

tion. The values of p l50 w ere obtained from the data of Fig. 3.

Inhibitor
Inhibitor

concentration
Inhibition

Г/о) РІ50

KH2P 04 0.03 т м  - 3 т м — 3.6
Na2S 03 0.3 т м  - 3 тм — 3.2
NaF 10 тм 64.2 —

Na2S2C>3 10 т м 53.5 —

Na.*P207 10 тм 48.1 —

NaCN 10 тм 10.1 —

NaCN 20 т м 32.0 —

NaAs02 10 т м 18.6 —

Na2S04 10 тм 6.3 —

Na2S04 0.1 м 55.6
NaCl 20 тм 0.0
I2 0.5 [хм - 3 [хм — 5.9
PCMB 1 [хм - 0.1 тм — 5.1
A-Ethylmaleimide 1 тм 0.0 -

caused a m arked inhibition in the concentrations as Iow as 2 (jlm and 
10 ум, respectively (Fig. 3). No inhibition was, however, caused by 
N -ethylm aleim ide, known as a very  potent thiol reagent. Data concerning 
the  inhibitory effect of sałts and thiol reagen ts are cum ulated in Table 2.

DISCUSSION

The soluible arylsulphatase isolated from  pig in testinal mucosa can be 
identified as arylsulphatase A. The enzyme was precipitated from  a crude 
ex trac t betw een 42 and 60% of acetone concentration, sim ilarly  as Roy’s 
arylsulphatase A from ох Ііѵег [11]. The isolated enzyme resem bles the 
purified arylsulphatase A from  ох Ііѵег in several properties. The de- 
pendence on the concentration of NCS, the K m value fo r th is substra te  
and the generał pa ttern  of inhibition by anions are sim ilar to th e  analo- 
gous properties of the Ііѵег enzyme. Nevertheless, some properties of the 
studied enzym e differ from those reported  for ary lsu lphatase A obtained 
from  other sources. The ratio of activities tow ard NPS and NCS, for 
е х а т р іе , is defin itely  lower than  any value reported  [13] for e ither ary l
sulphatase A o r arylsulphatase B. Also the rela tive ly  Iow inhibitory 
effect of su lphate  ions is not typical for ary lsu lphatase  A.

The degree of purification of the studied enzyme is relatively  Iow 
in comparison w ith that obtained by Roy. It should be emphasized,
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howeyer, that the  aliąuots of the initial ex traet were desalted prior to 
the actiyity  determ inations, thus ensuring the  гешоѵаі of inhibitory ions 
which are norm ally present. If the determ inations w ere carried  out 
w ithou t such iprecautions, the actiyity  of th e  initial acetone powder 
ex trac t would have been m uch low er due to the inhibition by iphosphate 
ions presenit and the purification factor would be seyeral tim es greater.

It is in teresting  th a t the studied arylsulphatase is strongly  inhibited 
by iodine and PCMB, which indicates that the thiol group m ay be 
im portan t for the  actiyity  of the enzyme. The lack of the inhibitory 
effect of N -ethylm aleim ide suggests th a t the  thiol groups in the actiyity 
site o r in its proxim ity are  not accessible to ,ałl thiol reagemts, or tha t 
the  attachm ent of N -ethylm aleim ide does not in terfere  w ith the enzymie 
actiyity . The inhibitory  effect of thiol reagents has been also obseryed 
recen tly  by W ortm an [15] on the chrom atographically separated  fractions 
of corneal extracts exhibiting (arylsulphatase actiyity. The actiy ity  was 
strongly  inhibited by p-hydroxym ercuribenzoate, but N -ethylm aleim ide 
and o ther th io l reagents w ere w ithout effect.

Despite of the re la tive ly  w ide occurrence of arylsulphatases in dif- 
fe ren t mamimalian tissues, no definite physiological function can be 
ascribed to these enzymes. It can hardly  be lassumed that any digestive 
role m ay Ibe played by these enzymes, despite of the  fact th a t a ry lsu l
phatase  actiy ity  is ipresent in in testinal mucosa and has also been de
tected  in in testinal juice ГЯ]. N either there is any indication for partici- 
pation of in testinal ary lsu lphatase in the know n physiological funetions 
of th is tissue.

SUMMARY

Soluble arylsulphatase from  pig in testinal mucosa has been purified 
and som e properties inyestigated. The enzyme hydrolyses rapidly n itro - 
catechol sulphate, showing only negligible actiyity tow ard p-nitrophenyl 
sulphate. W ith nitrocatechol sulphate the  optim um  pH is 5.4 and the 
M ichaelis constant 0.7 тм . The enzyme is inhibited by m any anions, 
especially by phosphate and su lphite  ions, and by  some th iol reagents. 
The enzyme can be classified as ary lsu lphatase A.
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SULFATAZA ARYLOWA Z BŁONY ŚLUZOWEJ JELITA WIEPRZOWEGO

S t r e s z c z e n i e

Rozpuszczalną sulfatazę arylową z błony śluzowej jelita wieprzowego oczy
szczono i zbadano niektóre jej własności. Enzym hydrolizuje aktywnie siarczan 
nitrokatecholu i wykazuje tylko nieznaczną aktywność w stosunku do siarczanu 
p-nitrofe,nolu. Hydroliza siarczanu nitrokatecholu wykazuje maksimum przy pH 5.4, 
a stała Michaelisa dla tego substratu wynosi 0.7 тм . Enzym ulega zahamowaniu 
pod wpływem  szeregu anionów, szczególnie jonów fosforanowych i siarczynowych  
i jest wrażliwy na działanie niektórych odczynników tiolowych. Na podstawie zba
danych własności enzym zaklasyfikowano jako sulfatazę arylową A.

Received 20 Decemiber 1963.
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In 1949 Patt et al. [9] obseryed tha t cysteine prevents X -irradiation 
damage in living organisms. In the course of fu rth e r studies it was 
found that some o ther sulphur compounds, glutathione [3], cysteam ine 
and cystam ine [1], am inoethylisothiuronium  [4] and l-am ino-2-m ercapto- 
propane [16], possess sim ilar protective (properties. It is genenally assumed 
that su lphur compounds protect against indirect effect of rad iation  by 
binding free radicals and by lowering the concentration of oxygen, and 
against direet effects by form ing m ixed bisulphides w ith proteins [2]. 
P rotection against direct effects of radiation is thought to be of g rea ter 
im portance [7], however, it is not elear w hy cystam ine has a protective 
effect w hile cystine [6] is inaetiye, w hereas both cysteam ine and cysteine 
a re  active.

In our experim ents we employed th e  sodium  salt of cysteinethiosul- 
phonic acid, HOOC • CHNH2 • CH2 • S • S • S 0 3Na (CTS) synthesized for the 
first tim e in 1958 [13, 14]. As m ay be seen from  the form uła, th is com- 
pound m ay be regarded as a mixed bisulphide form ed from  cysteine and 
thiosulphate. It was shown [14] that th e  bisulphide linkage in CTS is 
m uch less stable than that in cystine, and therefore it could be antici- 
pated that CTS would readily  transfer the cysteine residue to protein 
thiol groups according to the reaction:

P ro tein—SH +  R—S—S—S 0 3" -> P ro tein—S—S—R +  ~S—S 0 3“

To study  the possibility of form ation of such compounds in v ivo , CTS 
labelled w ith 3jS in the position d ireć tly  adjacent to carbon was syn
thesized: HOOC • CHNH2 • CH2 • *S • S • S 0 3Na.

Taking into account the properties of CTS, a study was undertaken  
o f its protective effect and its toxicity. If it could be shown th a t in vivo  
CTS form s m ixed bisulphides and sim ultaneously protects against irra -
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diation, some light would be throw n on the m echanism  of the iprotective 
action of su lphu r compounds, and an explanation m ay perhaps be 
obtained for the ra the r unexpected inactivity  of cystine.

MATERIALS AND METHODS

Cysteinethiosulphonic acid was prepared 'by the m ethod of Szczep
kowski [13, 14] sitarting from  L-cysteine (Fluka, Switzerland) and sodium 
thiosulphate (pure, Gliwice, (Poland). Freshly  prepared CTS w as used for 
the experim ents. The pu rity  of the  preparations was checked chrom ato- 
graphically, using the solyent system  of n -bu tan -l-o l - acPtone - w ater 
(2:2:1, b y  vol.). The spots w ere stained  w ith isatin and w ith  silver nitrate , 
w ith which CTS gives a brow n silyer sulphide. For the synthesis of rad io- 
active CTS, DL-[35S}cystine (Radiochemical Centre, Am ersham , England) 
was used. A utoradiogram s w ere madę on rentgen films (Kodak, England).

Studies on the toxicity and protective effedt of CTS w ere carried out 
on mice of the  C57 (black) s tra in  and on w hite mice of a local strain. 
The age of the anim als ranged from  40 to 50 days and body weight 
from 15 to 25 g. CTS Solutions of varying ooncentrations w ere injected 
in traperitoneally , 'the volume being alw ays 0.1 ml. per 10 g. body weight.

Irrad ia tion  was adm inistered from  a ren tgen  appara tus (G. Massiot 
Co., France) at 120 kV  and 15 mA, em ploying a 2 mm. Al filter. The 
time of irradiation, depending on dosage reąu ired  and yield of the appa
ratus, was from  8.2 to 17.5 m in. Whole 'body irradiation was applied, the 
distance of the mice from th e  source of radiation being 32 cm. To restric t 
the m ovem ents of the  anim als during irradiation, they were put into 
cardboard boxes of 13 cm. diam eter divided into smali com partm ents. 
U nder these  conditions it w as possible to achieve whole body irrad iation  
w ith a practically  uniform  dosis.

RESULTS

Toxicity  of CTS. E xperim ents w ith C57 (black) mice shOwed that in 
series composed of 5 anim als all of them  survived the CTS dose of 
2 g./kg. body weight w hile doses of 2.5 g./kg. o r m ore caused the death 
of all the anim als w ithin 13 hr. W hite mice proved to be more sensitiye, 
as 1.5 g./kg. was the highest safe dose, and only some anim als survived 
the  dose of 2 g./kg. Hisrtological exam ination of the  mice which died 
w ithin 13 hr. a fte r the injection consistently showed blood extravasations 
and cap illary  hyperem ia. Focal edema of the lungs and brain, and 
necrosis of the kidneys w ith  g ranu lar degeneration 0'f the epithelial 
cells of the tubules were also dbserved. S im ilar but less pronounced 
changes w ere seen in th e  livers. These observations indicate that the 
toxic effect of CTS consists m ain ly  in dam aging the yascular walls,.
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especially of the capillaries, leading to a ltered  perm eability m anifested 
by hyperem ia, extravasations and edema. The lesions in the ren a l tubu lar 
epithelium  and in the Ііѵег point to a harm ful effect of CTS on the 
cells of these organs. Mice which received the m axim um  safe dose did 
not differ significantly from  contro! anim als w ith respect to body weight 
or composition of the  white blood cells during 30 days’ observation after 
the  injection. Histological exam ination of anim als ikilled a fte r that tim e 
also failed to  disclose any visceral lesions.

Formation of mixed bisulphides with proteins. Six mice of the C57 
(black) s tra in  weighing арргох. 20 (g. each w ere given in traperitoneal 
injections of 0.3 ml. of solution containing 3 mg. of [35S]CTS, equivalent 
to арргох. 60 m-c. Pairs of anim als were killed 0.5, 1 and 2 hr. a fte r the 
injection and the blood was im m ediately secured from  the heart and 
large blood vessels. Serum  separated from the blood was subm itted to 
paper electrophoresis in ѵегопаі buffer of pH 8.6 and ionic streng th  0.05. 
Electrophorogram s w ere exposed for 3 m onths to obtain autoradiogram s 
(Fig. 1), and then stained to locate the protein fractions. On the  auto
radiogram s representing  the  blood w ithdraw n 0.5 hr. a fter the  injection

Fig. 1. Autoradiiograms of electro
phorograms of blood serum of 
mice which had been injected 
with CTS labelled with on 
sulphur of the cysteine moiety.
Blood was taken (a), 0.5 hr.;
(b), 1 hr.; and (c), 2 hr. after the 

injection.

of [35S]CTS, darkenings may be see which correspond to rad ioactiv ity  
bound w ith the y- and /7-globulin and album in fractions. In view  of CTS 
labelling it foflows th a t the protein-bound radioactivity  is derived from  
the  cysteine residue containing 35S, and it seems unlikely th a t whole 
CTS m olecule bound io.nically would persist after electrophoresis. The 
tim e of decline in protein-bound activity  indicates th a t th e  cysteine 
residue is not incorporated into the protein molecule bu t rem ains bcund, 
probably as cysteine-proitein bisulphide.

For comparison, autoradiogram s were made from  the electrophoro
gram s of th e  blood serum  of mice injected w ith labelled cystine; they 
proved to be sim ilar to those shown in Fig. 1, quantita tive  comparison, 
however, could not be made because of Iow solubility of cystine and 
im possibility of adm inistering adequa!te doses.
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Protecting action of CTS against irradiation. Two param eteirs w ere 
taken into account: tim e of CTS adm inistration before irrad iation  and 
am ount of the dose. Animals injected w ith  0.9% NaCl solution and 
subjected to identical doses o;f irrad ia tion  w ere used as 'Controls. In Fig. 2 
the  survival tim e of mice after injection of 1 g. CTS/kg. at various 
in tervals before and after irradiation w ith 700 r  is p resen ted . The most

Fig. 2. Effect of the time of CTS administration on surviival of w hite mice irradiated
with 700 r. The animals were injected w ith 1 g. CTS/kg. body wt. (---------- ), 5 min.
after irradiation; and (-------), 5 min., (•••), 15 min., (------—), 30 min., (— . . —), 60 min.

before irradiation. ( ), Controls, injected with 0.9% NaCl solution.

Fig. 3. Effect of CTS dosis on survival of white mice irradiated w ith 700 r. CTS was
injected Э - 8 min. before irradiation. Dosis applied: (------), 0.25 g./kg. body wt.;

( ), 1 g./kg. body wt.; ( . . . ) ,  control.
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pronounced protectiye effect of CTS was olbserved in the group of mice 
which received the injections 5 min. ibefore irradiation. These anim als 
survived longer th an  those of o ther groupis, and 3 out of 10 survived 
for 6 moniths of obseryation. One fem ale m ouse in th is  group gave b irth  
to a litte r  38 days after irradiation, i.e. was fertilized in the course of the 
experim ent. The anim'als which received injections of CTS 15 min. before 
irrad iation  also had a noticeably  prolonged survival time, -but after 
20 days a ll of them  w ere dead. The resu lts for mice which received CTS 
30 and 60 min. before irradiation were sim ilar to  those for ithe contro! 
group. In  Fig. 3, the survival tim e for mice which received CTS in  doses 
of 1 g./kg. and 0.25 g./kg. is presented. The resu lts  show th a t the  p ro - 
tective aotion of CTS is not related  .to the  dose applied.

DISCUSSION

Cysteinethiosulphonate, a product of the  oxidation of cysteinę and  
thiosulphafe, is an asym m etrical organic-inorganic bisulphide. It can be 
regarded as a  cysteinę analogue bu t, in con trast to cystine, CTS is readily  
soluble in w ater. It was found preyiously [14] that the  bisulphide Tinkage 
in CTS is less stable than  in  cystine. F u rth e r experim ents confirm ed 
these resu lts; CTS was fo-und to react raipidly w ith  cysteine form ing 
cystine and thiosu-lphate, and w ith  glutathione form ing cysteine-gluta- 
thione bisulphides (T. W. Szczepkowski, unpublished results). In  the 
present w ork  the tran sfe r in vivo  of [35S]cysteine resiidue of CTS to 
pro tein  thiol groups was dem onstrated. It is particu larly  in teresting  th a t 
the rad ioactiv ity  o-f cysteine was loealized jn the y-globulin fraction 
which m arkedly  decreases a fte r irrad iation  [8].

The form ation w ith protein of m ixed bisulphide is supposed to be the 
m ain radioprotectiye m echanism  of suiiphur compounds [10, 11]. The 
protectiye effect of CTS found in the present experim ents seem s to  sup
port this assum ption. It should be pointed out th a t th e  protectiye effect 
of CTS depends only  on the cysteine com ponent while th iosulphate [12], 
w hich m ay be sp lit from  CTS, and tetra th ionate  [5] have np protectiye 
properties. As a compound protecting against the  effects of X -irradiation, 
CTS is characterized  by a m arked in teryal betw een the lethal and the 
protectiye dosis.

I t seem s possible, tak ing  into account the presented results, to 
suggest a p a rtia l explana'tion w hy cystine has no p ro tectiye effect. 
As P ih l & E ld ja rn  [11] have shown, cystine also form s m ixed bisulphide 
compounds w ith  proteins. In our experim ents, the  autoradiogram s 
obtained a f te r  in traperitoneal injection of radioactiye cystine w ere 
sim ilar to those obtained a fte r  CTS injections. The differenee in the 
effect produced by cystine and that of CTS is therefore probably
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quan tita tive  and m ay be due to the relative insolubility of cystine and 
its restric ted  penetration  into th e  celi, although differences in the 
ab ility  to form  m ixed bisulphides m ay also p lay  a role.

SUMMARY

The toxicity  of cysteinethiosulphonate (CTS), a w ater-soluble analogue 
o f cystine, was determ ined and the protectiye effect of CTS against 
X -irrad ia tion  was obseryed. By injecting [35S]CTS to mice it was shown 
that m ixed bisulphides are form ed in vivo betw een blood serum  proteins 
and the cysteine m oiety of CTS. Lack of protective effect of cystine 
is probalbly due to its Iow sodubility.
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WŁASNOŚCI CYSTEINOTIOSULFONIANU W ZAPOBIEGANIU  
USZKODZENIOM RADIACYJNYM

S t r e s z c z e n i e

Określono toksyczność i stwierdzono ochronne przed promieniowaniem X  dzia
łanie cysteinotiosulfonianu (CTS), rozpuszczalnego analogu cystyny. Podając my
szom [36S]CTS wykazano, że in vivo  powstają mieszane dwusiarczki między biał
kami surowicy krwi a cysteiną wchodzącą w  skład CTS. Brak ochronnego dzia
łania cystyny można wytłum aczyć jedynie złą rozpuszczalnością tego związku.

Receiyed 20 Deeember 1963.
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In o u r previous Communications [6 ,7] it was shown th a t crude 
ex tract of the cells of Thiobacillus thioparus  com pletely degrades yeast 
RNA, liberating oligonucleotides, m ononucleotides and nucleosides. By 
fractionating the ex trac t w ith  protam inę, amm onium  sulphate and by 
chrom atbgraphy on CM-cellulose, DEAE-cellulose and A m berlite IRC-50, 
separation was achieved, and ribonucleases, nonspecific phosphodieste- 
rase and 5'-nucleotidase w ere identified [5, 7]. In  th is  Study it is shown 
that th e  crude ex tract of the  m icroorganism  contains a t lealst three 
ribonucleases differing w ith respect to optim um  pH, ra te  of therm al 
denatu ration  and adsorptive properties, but probably endowed w ith  the 
same specificity w ith regard  to RNA.

MATERIAŁ AND METHODS

The m ethod of harvesting Th. thioparus and of preparing the ex tracts 
was described previously [6]. E xtracts of the  ground cells prepared  under 
mild conditions (0.1 м-phosphate - citrate  buffer, pH 7.0), as w ell as those 
obtained w ith 0 .25n-H 2SO4 at 0°, showed alm ost identical nucleolytic 
activ ity  tow ard yeast RNA.

Yeast RNA (Merck, D arm stadt) was em ployed as the substra te  for 
the  estim ation of RNase activ ity . Before use, 'the com m ercial prepara- 
tion w as purified  by  prolonged dialysis against w ater a t 4°, then  preci- 
p ita ted  w ith two volumes of ethanol in the ipresence of 1%  sodium 
acetate, washed w ith alcohol and ether, and finally  dried in ѵасио.

Beef pancreas RNase, three tim es crystallized, was obtained by the 
m ethod of McDonald [3].

Column chromatography. Three types of ion exchangers w ere  used 
in the purification  procedurę. CM -eellulose and DEAE-cellulose w ith 
0.66 and 0.60 mEq/g. capacities w ere purchased from  Serva Co. (Heidel
berg, G erm any); Am berlite IRC-50 (XE 64) 200-400 m esh was obtained
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from L. L ight & Co. (Colnlbrook, England). The m ethod of p reparing  
the adsorbents w as previously described [6].

Paper chromatography. C hrom atography of the  hydrolysis products 
of RNA w as carried ou t w ith  the  following solvents: A, n-propanol - 
amm onia -w a te r  (55:10:35, by vol.) for separation of nucleotides [10]; 
B, 96% ethanol - 1 м-am m onium  acetate (75:50, v/v), sa tu rated  w ith  barie 
acid and added w ith conc. amm onia to pH 11, for separation of 3 '- from  
5'-phoisphomononucleosides [8]; C, isopropanol - hydrochloric a c id -w a te r  
(65:35, v/v, and m adę up to  100 vol. w ith w ater) for separation  of 
bases [13]. Two-dim ensional separation was perform ed by m eans of high 
voltage electrophoresis in d ilu ted  formie acid at pH 2.35 [9] at 12 V/cm., 
1 0 -2 0 m A , during  6 hr. a t 10°, and by paper chrom atography in sol
yent A. In  a ll cases W hatm an no. 1 filte r paper was used.

Enzym e assay. A ctivity of RNase was assayed as preyiously described 
[6] on th e  basis of inerem ent of extinction at 260 mu caused by soluble 
hydrolysis products of RNA.

RESULTS

Isolation of RNases from  the cells of Th. th ioparus. All th e  procedures 
involved in the  preparation of the extract and in its fu rth e r fractionation 
were carried  out in the  cold room (4°). The celi ex trac t was firs t 
fractionated  w ith  am m onium  sulphate, the  fraction precipitated  betw een 
55 and 85% satu ra tion  being collected. A fter dissolying the precip ita te  
in a sm ali am ount of w ater, the  solution w as dialysed against w a te r 
and lyophilized. About 5 g. of the d ry  powder was then dissolyed in 
100 ml. of 0.01 м-sodium phosphate buffer, pH 6.0, and adsoTbed on 
a colum n (3.5 X 20 cm.) filled w ith  СМ-Cellulose and eąullibrated  w ith 
the sam e buffe r solution. A fter washing the column w ith about 800 ml. 
of the  s ta rting  buffer, activity rem aining in the column was elu ted  w ith  
сопѵех gradient between 0 .0 1 м and 0.2 м-sodium phosphate buffer, 
pH 7.5. The elution was followed by estim ating protein at 280 mu and 
determ ining RNase activity. Two protein peaks, designated I and II 
(Fig. 1), exhi'biting high nucleolytic activity w ere obtained. F raction I 
contained 'about 30% of the  in itial activity, and fraction II about 70%. 
Fractions corresponding to  each peak w ere  pooled and after dialysis 
against d istilled  w a te r were lyophilized.

F raction I was treated  a t 0° w ith  sulphuric acid the concentration of 
which was adjusted to 0.25 n, and after 10 min. the solution was adjusted 
to pH 6 .8 . The p rec ip ita te  w as centrifuged off and discarded, and the 
solution w as chrom atographed on a colum n w ith  Am berlite IRC-50 
(3.7 X 24 cm.) a t pH 6.5 em ploying 0.2 м-sodium  phosphate buffer. 
U nder these conditions two separate peaks of RNase activity  were 
obtained: I A  and IB. The g rea ter part of the protein and of the  RNase
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activ ity  in the sample was e lu ted  in peak IA, which em erged from  the 
column a fte r about 250 ml. of buffer solution had passed. F raction IA, 
which contained about 60% of the actiy ity  applied to the colum n, was 
subm itted  to fu rth e r purification on a column w ith  DEAE-cellulose 
(2.1 X 19.9 cm.) w ith  a сопѵех gradient of NaCl at pH 6 .8 . The results

Fig. 1. Chromatography on CM-cełlulose column of ammonium sulphate fraction. 
The mixing chamber with constant volume contained 500 ml. 0.01 м-sodium phos- 
phate buffer, pH 6.0, to which 0.2 м-sodium phosphate buffer of pH 7.5 was added
by drops. Fractions (12 ml.) were collected at the rate of 30 mJ./hr. (------), Extinction

at 280 mp; (----- ), RNase actiyity.

Fig. 2. Rechromatography of fraction IA (eluted from IRC-50 column, see text) 
on DEAE-cellulose column. The sample was adsorbed on the column eąuilibrated 
with 0.005 м -sodium phosphate buffer, pH 6.8, and after washing the column elution 
was performed with the сопѵех gradient. To the ,mixing chamber of the constant 
yolume, containing 200 ml. 0.005 м-sodium phosphate buffer, pH 6.8, 0.2M-NaH 2PO4 - 
-  0.3 м-NaCl solution was introduced. Fractions (3 ml.) were collected at the rate 

of 90 ml./hr. (------), Extinction at 280 тц ; (-----), RNase actiyity
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and conditions of the  separation are. presented  in Fig. 2. The RNase 
activity designated as the fraction IA-2  was eluted at the beginning of 
the applied gradient, w hereas most of the protein was e lu ted  in the 
suhseąuent fractions. The corresponding active fractions w ere  pooled, 
dialysed against w ater and lyophilized.

Peak  II  from  the separation on CM -cellulose (Fig. 1) was subm itted  
to fu rth e r  separation on a colum n w ith  Arhberlite IRC-50 (2.1 X 20 cm.), 
being eluted w ith 0.2 м-sodium  phosphate buffer, pH 6.5. Fig. 3 presents

Fig. 3. Rechromatography of frac
tion II from the Fig. 1 on Amber- 
lite IRC-50 column; elution was 
performed with 0.2 м-sodium  
phosphate buffer, ipH 6.5; the 
arrow denotes the change to 
pH 7. Fractions (4 ml.) were col- 
lected at the rate of 16 ml./hr. 
(----- ), Extinction at 280 гщх;

(----- ), RNase activity.

the resu lting  two fractions of RNase actiyity, I IA  and IIB, and the 
corresponding protein  peaks. Fractions from  each peak w ere pooled 
separately, freed of isalt by dialysis against w ater and lyophilized.

A fter calculation of th e  global nucleolytic activities of the  d ifferen t 
fractions obtained by chrom atography on the used adsorbents, it was 
found th a t about 60% of the in itial actiyity  of the  erude ex trac t was 
recoyered in fraction IIA ,  17% in IIB, and about 10% in fraction IA-2. 
Fractions IA-1 and IB  jo in tly  contained only about 15% of the initial 
nucleolytic actiyity. In view  of the ir very  Iow specific actiyity and other 
properties which w ill be discussed later, these two fractions appear to 
be artefaets produced during  chrom atography of the  crude m ateriał. 
Enzymes IA-2, I IA  and IIB  were resistan t to the Iow pH ; 0.25 N-sulphuric 
acid a t 0° acting for 24 hr. did not cause any appreciable inactivation. 
Nor w ere they  inactivated during lyophilization, so tha t in the dried or 
frozen condition they  could be stored for several m onths w ithout loss 
of enzymie actiyity. None of these enzymes digests DNA, b is-p -n itro - 
phenylphosphate o r splits off appreciable am ounts of inorganic phosphate 
during hydrolysis of RNA. The specific actiyity  of the  enzymes ranges 
from  2.5 to 2.7 dE260 un its per mg. protein, and in th is stage of purifica
tion th e  enzymes were concentrated about 300 tim es as compared with 
the crude extract.
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Relation of activity to pH. As sta ted  in the  preyious com m unication 
[6], crude extract of Th. thioparus cells showed th ree  pH optim a of 
hydrolysis of yeast RNA: at pH 5.5, 7.0 and 8.5. It m ay be seen in Fig. 4 
th a t RNase 1A-2 is most actiye at acidic pH  (5.0 -  5.5), w hile RNase IIB

nucleases, enzyme Solutions in 0.05 м-sodium  phosphate buffer of pH 7.0 
w ere heated at 100° in stoppered 'tubes. All the enzymes w ere first 
dialysed against the  above buffer solution overnight, then insoluble 
protein  was centrifuged off and discarded. 'Protein concentrations in the

Fig. 4. Effect of pH on actiyity of Th. thio
parus RNases. The reaction mixture con
tained: 0.4 ml. 0.2M-buffer solution, 0.4 ml. 
0.6°/o RNA sodium salt .solution in water 
and 0.4 ml. enzyme solution with the 
mean actiyity of 2.5 /ІЕгоо units per sample 
and was incubated at 37° for 60 min. 
Buffer Solutions used: acetate buffer for 
pH 4.0 - 5.5; sodium phosphate buffer for 
pH 6.0 - 8.0; tr is -H C l for pH 8.0 - 9.0; 

glycine - NaOH for pH 9.0 - 10.5.

at alkaline pH (9.5); optim um  hydrPlysis of RNA by RNase I IA  is at 
neu tral pH (7.0).

Thermal inactivation of RNases  IA-2, IIA and IIB. In o rder to 
determ ine the effect of heating on the aćtiyity  of the d ifferen t ribo-

[5]
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differen t RNase samples w ere: IA-2, 1.1 mig./ml.; IIA, 1.2 mg./m l.; and 
IIB, 0.7 mg./ml. A t in tervals betw een 0 and 150 min., 0.5 ml. sam ples of 
the heated Solutions were w ithdraw n and a fte r im m ediate cooling to  0° 
the activity of the enzymes was estim ated at their optim um  hydrogen 
ion concentrations. The curves of therm al inactivation of th e  studied 
RNases are presented in Fig. 5. All the  enzymes appear to 'be re la tive ly  
resistan t to heating in neutral and acid Solutions. It will be seen  in the 
Figurę th a t enzym e H A  is th e  m ost therm ostable one (ti/2 =  31 min.), 
followed by IIB  (t\ / 2 =  21 min.) and IA-2  ( ti/2 =  12 min.). The resu lt 
in the case of RNase IIB  is approxim ate, as because of the sm ali am ount 
of preparation  аѵаііаЫе, the course of denaturation  was followed only 
in the in itial stages (for about 20 min.). The course of therm al inactiva- 
tion of preparation IB  does not d iffer appreciably from  th a t of RNase 
IA-2, and the resu lts  w ith preparation  IA-1 w ere not reproducible 
because of its Iow specific actiyity.

Preliminary investigation of the hydrolysis products of yeast R N A

Separation of the nucleotides on DEAE-cellulose at pH 8.6. A  repre- 
sentative digest was p repared  as follows: about 50 mg. of yeast RNA 
(purified as described under Methods) was dissolved in 10 ml. w ater and 
adjusted to the desired pH w ith NaOH solution. Next, to each sample 
of RNA solution the respective enzym es w ere added (IA-2, 2.3 mg.; 
IIA, 2.5 mg.; pancreatic RNase, 1 mg.), and the  m ix tu res w ere incubated 
at 37° in a w a te r bath. The Solutions w ere adjusted  occasionally to 
optim um  pH by m eans of O.lN-NaOH. RNase IIB  was not used in this 
experim ent because of the sm ali am ount of the enzyme available. 
An identical sample of RNA was incubated under the same conditions 
w ithout added enzyme as a blank. A fter 24 hr. hydrolysis a very  little  
sodium hydroxide solution had to be added to ad just to the  reąu ired  pH, 
indicating the term ination of enzymie process. The m ixtures w ere then 
frozen and lyophilized.

A 25 mg. sam ple of the lyophilized hydrolysate was dissolved in  2 ml. 
of 0.01 M-ammonium bicarbonate at pH 8.6 and adsorbed on a DEAE- 
cellulose column (0.9 X 30 cm.) eąuilib rated  previously w ith th e  same 
buffer solution [11]. Elution was carried  out first by washing the column 
w ith 100 ml. of the  starting  bu ffe r and th en  eluting w ith  сопѵех 
gradient; the m ixing cham ber of constant volum e contained 200 ml. of 
0.01 M^buffer of pH 8.6 and th e  reservo ir contained first 200 m l. 0.1м, 
then  200 ml. 0.2 м and finally 400 ml. 0.4 м-bu ffer of the .same pH. 
All the chrom atographic separations w ere perform ed under the same 
conditions and on the same column. E lution of nucleotides from  the 
colum n was checked by m easuring extinction  a t 260 imi and 290 іш . 
Fig. 6 depicts the resu lts  of separation  of th e  'hydrolysis products of
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Fig. 6. Chromatogram of yeast RNA after digestion with RNases (a), IA-2; (b), IIA;
and (c), pancreatic RNase, on a DEAE-cellulose ooloimn at pH 8.6. (------), Extinction

at 260 шц; (----- ), extinction at 290 т ц .
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RNA obtained by the  action of RNase IA-2, I IA  and for com parison 
pancreatic  RNase. Nueleosides are rem oved from  the colum n by w ashing 
w ith  100 ml. of 0.01 M-ammonium bicarbonate, pH 8 .6, before the  gradient 
elu tion is started . About 0.5% of total ahsorbancy was found to be 
caused by nueleosides. Each of th e  RNases from  Th. thioparus, as well 
as pancreatic RNase, produce some am ount of m ononucleotides, besides 
d i- and trinucleotides and lim it polynucleotides, which w ere not e lu ted  
from  the  column in th is exiperiment. In Fig. 6 peak 1 in a  1.1 three cases 
contains mononucleotides w ith  a prim ary  phosphoric acid residue a t the 
carbon C3, of ribose, as w as dem onstrated by paper chrom atography of 
th is fraction in solvents A  and B. The hydrolysate obtained w ith pan 
creatic  enzyme contains only  З'-UM P and З'-СМР; and the hydro lysates 
obtained w ith RNase IA-2  and I IA  contain in addition slight am ounts 
of 3'-AM P and З'-GM P. For the present, it is not possible to State 
w hether presence of purine nucleotides in fraction 1 is a re su lt of 
specificity of the  studied enzymes, от of contam ination by  a nonspecific 
diesterase. In  th e  case of pancreatic  RNase, peak 2 contains a smali 
am ount of m ononucleotides besides dinucleotides; the analogous peaks 
of the  enzymes from Th. thioparus  are com paratively Iow. It m ay be 
concluded tha t these RNases produce only smali am ounts of these

Fig. 7. Two-dimensional separation of yeast RNA after digestion with (a), RNase 
IA-2, I IA ; and (b), panoreatic RNaise. First direction: high voltage electrophoresis 
at pH 2.35; second direction: paper chromatography in solvent A. Values in-side 
the spots are fraction percentages of total extinction units at 260 шц of the materiał 
applied on the paper. Spot numbers are located outside the marked areas. The 
spots marked on Fig. 7a with dotted lines (no. 11, 16 and 17) were not found in the 

digest obtained w ith RNase IA-2. S, Point of application.

nucleotides. The fu rth e r peaks, to the  13th one inclusively, d iffer w ith  
regard  to height, -but the essential profile of all th ree  chrom atogram s 
is sim ilar, indicating that the  differences in the composition of the hydro
lysates obtained w ith the tested enzymes are quantitative, bu t not quali- 
ta tive  in character. Slight d ifferences in the profiles m ay also be due
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to procedural variations during elution of the nucleotide m ateria ł from  
the  column. F u rth e r studies on the seąuence of the d ifferen t oligonucleo- 
tides should elucidate the problem.

Two-dimensional -separation of the digest of RNA.  Sam ples of hydro- 
lysates prepared as described above w ere applied to W hatm an no. 1 
filte r paper (0.1 ml. containing 2 mg. of lyophilized hydrolysate) and 
subjected firs t to electrophoresis in d ilu te formie acid a t pH 2.35 [9], 
and then a fte r drying, to  descending chrom atography in solvent A.  
During electrophoresis all the  products moved tow ard the anodę. A fter 
developing the chrom atogram s, contact p rin ts  w ere obtained from  the  
maps under UV light. Spots showing absorption of u ltrav io let ligh t 
w ere cut ou t and eluted w ith w ater (18 hr., 30°), and th e ir extinction 
was then determ ined at 250, 260, 275 and 290 mu at pH 7.0. Fig. 7 shows 
the  resu lt of the separations. The values inscribed in the  spots denote 
percentage of extinctk>n at 260 т м  in relation to to tal extinction of the  
sam ple applied to the filte r paper. The num ber of spots Obtained under 
these conditions w ith  d ifferen t enzymes was 14 -17 . The ratios of 
extinction 250/260, 275/260 and 290/260 at pH 7.0, calculated for com - 
parison for some of the corresponding spots, are given in Table 1. These

T a b l e  1

The characteristics of some spots of two-dimensional separation of yeast  
R N A  hydrolysates obtained after digestion w ith  IA-2, HA, and panereatie

RNases
The ratios of extinction: 250/260, 275/260, 290/260 after elution of the spots with

water (18°, 24 hr.) are given.

RNase... IA-2 IIA Panereatie

Spot 2
250/260 0.86 0.80 0.88
275/260 0.59 0.62 0.58
290/260 0.11 0.13 0.14

Spot 3
250/260 0.94 0.81 0.82
275/260 0.62 0.78 0.62
290/260 0.22 0.19 0.16

Spot 4
250/260 0.85 0.82 0.87
275/260 - 1.04 1.01
290/260 — 0.34 0.27

Spot 14
250/260 0.84 0.91 0.97
275/260 0.62 0.68 0.67
290/260 0.16 0.18 0.24
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prelim inary  resu lts show a very  sim ilar distribution of the spots on the  
paper and sim ilar values of th e  extinction coefficients. They therefore  
provide fu rth e r evidence that the  enzymie action of both RNases IA-2  
and I IA  is very  sim ilar to that of panereatie RNase.

T a b l e  2

Limit polynucleotides remaining after hydrolysis w ith  IA-2, IIA and
panereatie RNases

Percentages of remaining “core” represent the part of the total extinction at 260 mp 
of the hydrolysates which remained at the point of application. Molar percentages 
are obtained after hydrolysis with perchloric acid and spectrophotometric estima- 
tion of the bases. G, guanine; A, adenine; C, cytosine; U, uracil. Pu/Py denotes 
molar ratio G + A /C +U . For comparison similar data for yeast RNA are Łncluded.

Ribonuclease
Core
(%)

Molar proportion
Pu/Py

G A С U

IA-2 46 48 31 11 10 3.8
IIA 35 62 23 8 7 6.0
Panereatie 26 44 41 9 6 5.7
Yeast RNA - 28 26 21 26 1.1

It m ay be seen in Fig. 7 that some part of the  m ateriał placed on the 
filte r  paper rem ains at th e  origin in the form  of tails during  chrom ato
graphy, regardless of the  tim e of hydrolysis and of the  am ount of enzyme 
units added to RNA. By eluting these spots and determ ining the ir 
extinction (spots no. I), it was found th a t about 40°/o of the total extinc- 
tion values applied rem ained at the origin of the map. A nalysis of the 
composition of the  bases of these spots a fte r hydrolysis w ith 60% НСЮ4 
at 100° for 1 hr. and a fte r chrom atography in solvent С gave the results 
which a re  presented  in Table 2. It will be seen in the Table th a t RNases 
from Th. thioparus as well as panereatie  RNase martkedly increase the 
ratio of purine/pyrim idine bases in the lim it ipolynucleotides. An 
especially high content of guanylic nucleotide may be seen in the “co re” 
rem aining after RNase IIA. The rem aining core can also be isolated by 
acidifying the  hydrolysates o r by dialysing off lower oligonucleotides.

DISCUSSION

From  these studies and o thers (to be published) it can be seen that 
RNases from  Th. thioparus can be classified as endonucleases which 
hydrolyse RNA w ith  form ation of smali am ounts of mononucleotides, 
low er oligonucleotides and core w ith 3'-phosphom onoester end groups. 
The prelim inary  resu lts  indicate that the  enzymes preferentially  hydro
lyse bonds betw een pyrim idine nucleotides, and betw een pyrim idine
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and purine nucleotides, as m ay be seen from  the analysis of the soluible 
hydrolysis products of RNA and from  the base composition of the  lim it 
polynucleotides.

The results also show that RNases IA-2, IIA  and IIB  can be distin- 
guished one from ano ther only on the basis of d ifferent abilities of 
adsorption on various adsorbents, optim um  pH for hydrolysis of RNA 
and differences in the  ra te  of therm al inactivation. This, of course, is 
not finał eyidence that they represen t enzymes w ith  d ifferen t physico- 
chemical properties, and fu rth e r investigation of th is problem  is needed. 
Ali the  enzymes are resistan t to elevated tem peraturę  and high hydrogen 
ion concentration.

The sim ilarity of the  enzymes from Th. thioparus to the  pancreatic 
RNase is striking, both w ith regard to physico-chem ical properties 
(therm ostability, resistance to Iow pH, adsorption and optim um  pH, 
especially of RNase IIA), and w ith regard  to mode of actioin on RNA
[1,2]. In Figs. 6 and 7 it can be seen clearly  that possible differences 
betw een the  hydrolysis products of RNA are  quan tita tive  ra th e r  than  
qualitative (equal num ber of fractions after separation of the hydrolysate 
on DEAE-celluloise, and almost identical num ber of spots a fte r tw o- 
dimensional separation on filte r paper). More detailed experim ents 
undertaken  w ith RNase IIA  (in preparation) which represents about 60% 
of the nucleolytic actiyity in th e  cells of the  microorgainisms, show that 
the  enzyme has a m olecular weight of about 13 000 as determ ined by 
sucrose density gradient u ltracentrifugation. Some of the isolated hydro
lysis products have the sam e composition as the hydrolysis products 
obtained by the action of pancreatic RNase on yeast RNA [12, 11]. In 
view  of the peculiar biological positioin of the Thiobacilli, these studies 
have a broad biological aspect, and will 'be fu rth e r continued.

The authors are indebted to Miss M. Gałka for technical assistance.

SUMMARY

From  celi ex tract of the autotrophic m icroorganism  Thiobacillus thio
parus  three RNases, designated IA-2, I IA  and IIB  were isolated, differing 
w ith  regard  to optim um  pH for hydrolysis of RNA, ra te  of therm al 
inactivation, and ability of adsorption on CM- and DEAE-cellulose and 
Am berlite IRC-50. P relim inary  investigations of the m echanism  of 
hydrolysis of RNA reyealed great sim ilarity  to pancreatic  RNase. 
The isolated RNases purified about 300 - 400 tim es in rela tion  to the 
crude extract, w ere resistant to elevated tem peratu rę  and high concem- 
tra tion  of hydrogen ion. Acting on yeast RNA, they  split off th e  mono- 
nucleotides, d i- and trinucleotides leaying lim it polynucleotides w ith 
enriched content of purine bases.

http://rcin.org.pl



25 2 Z. W ALCZAK a n d  W ł. O ST R O W SK I [12 ]

R E F E R E N C E S

[1] Magasanik B. & Chargaff E. - Biochim. Biophys. Acta  7, 396, 1951.
[2] Markham R. & Smith J. D. - Biochem. J. 52, 552, 558, 1958.
[3] McDonald M. R., in Biochemical Preparations (E. E. Snell, ed.) vol. 3, p. 9. 

J. Wiley & Co. 1953.
[4] Merrifield R. B. & Woolley D. W. - J. Biol. Chem. 197, 521, 1932.
[5] Ostrowski W. - Experientia  17, 398, 19Ѳ1.
[6] Ostrowski W. & Walczak Z. - Acta Biochim. Polon. 8, 345, 1961.
[7] Ostrowski W. & Walczak Z., V Internat. Congress of Biochem., Moscow 1961. 

Abstr. Comm. 5. 115, vol. 9, ip. 177. Pergamon Press 1963.
[8] Plesner P. - Acta Chem. Scand. 9, Г97, 1955.
[9} Rushitzky G. W. & Sober H. A. - J. Biol. Chem. 237, 834, 1962.

[10] Rushitzky G. W. & Sober H. A. - J. Biol. Chem. 238, 371, 1963.
[11] Staehelin M. - Biochim. Biophys. Acta  49, 11, 1961.
[12] Ѵоікіп E. & Cohn W. E. - J. Biol. Chem. 205, 767, 1953.
[13] Wyatt G. R. - Biochem. J. 48, 584, 1951.

ENZYMY NUKLE OLI TYCZNE Z THIOBACILLUS THIOPARUS
II. RYBONUKLEAZY I ICH WŁAŚCIWOŚCI 

S t r e s z c z e n i e

Z ekstraktu komórek autotroficznego mikroorganizmu Thiobacillus thioparus 
wyosobniono trzy RNazy oznaczone jako 1A-2, ПА  i IIB, różniące się optimum  
pH hydrolizy RNA, szybkością inaktywacji cieplnej oraz zdolnością adsorpcji na 
CM-, DEAE-celulozie i na Amberlicie IRC-50. Wstępne badania nad mechanizmem  
hydrolizy RNA wykazują duże podobieństwo tych enzymów do RNazy trzustko
wej. Wyosobnione RNazy oczyszczone w  stosunku do surowego ekstraktu ókoło 
300 - 400 razy są odporne na działanie wyższej temperatury i na działanie dużego 
stężenia jonów wodorowych. Działając na RNA drożdżowy pozostawiają w ielo- 
nukleotydy graniczne, znacznie wzbogacone w zasady purynowe. Poza tym w  pro
duktach hydrolizy stwierdza się mononukleotydy, dwunukleotydy i trójnukleotydy.
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THE EFFECT OF METABOLIC PRODUCTS OF CYSTINE 
ON THE ACTIVITY OF GLYCERALDEHYDE-3-PHOSPHATE 

DEHYDROGENASE
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On the basis of studies on the m etabolism  of sulphur amino acids 
Med es & Floyd [4] suggested tha t the disulphoxide of cystine and eysta- 
m ine m ay be a na tu ra l m etabolite in the course of oxidation of cystine. 
Their results, however, did not seem to proyide sufficient eyidence to 
w arran t such a conclusion. At present it is generally assumed that 
cysteinesulphinic acid is the first stage in the oxidation of su lphur am ino 
acids, cysteine being the substra te  from  which it is directly form ed [2].

In o u r preceding study, fo<llowimg the  suggestions of Medes & Floyd 
[4], we dem onstrated the possibility of enzymie form ation of sulphoxides 
by m eans of a model reaction betw een cystine and hydrogen peroxide 
in the  presence of peroxidase [8]. We w ere also albie to  show that 
a compound of the type of sulphoxide form ed in the course of the reac
tion, is an inhibitor of papain, the  enzymie actiy ity  of w hich reąu ires  
free SH groups. If in the tissues sulphoxide is form ed from cystine, it 
could be expected tha t the addition of cystine to homogenates would 
inhibit those enzymes the actiyity  of which depends on the preseince of 
free SH groups.

In the present study the  effect of addition of cystine to hom ogenates 
of r a t  muscle on the actiyity  of glyceraldehyde-3-phosphate dehydro- 
genase was investigated. P ihl & Lange [6] dem onstrated tha t in the 
crysta lline  form this enzyme is not inhibited by cystine, b u t its actiy ity  
is dim inished when cystarnine m onosulphoxide is added to the reaction 
m ixture.

METHODS

Reagents. Calcium fru c to se -l,6-diphosphate, cysteinie acid and iodo- 
acetam ide w ere obtained from  L. L ight Co., Colnbrook, England; cystine 
and m ethylcellosolye from the M erck Co., D arm stadt, W est Germ any. 
Cystine w as chrom atographically pure and did not contain m etal ions.
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In  some experim ents, cystine crystallized 3 tim es was used and the resu lts  
did not d iffer from  those obtained w ith the commercial product. Cystine 
sulphoxide and cysteinesulphinic acid w ere prepared from  cystine by 
a m ethod Which is to be published. H ydrazine, dinitrophenylhydrazine, 
NaOH p.a., HC1 p.a., Na2H P 04  p.a. and trichloroacetic acid w ere  p u r- 
chased from  Fabryka Odczynników Chemicznych, Gliwice, Poland.

Solutions of cystine, iodoacetamide, cystine sulphoxide, cysteine
sulphinic acid, cysteinie acid and hydrazine w ere m ade in phosphate 
buffer of pH 7.2 (0.06 M-Na2HPC>4 - HC1). Cystine and cystine sulphoxide 
were dissolved in HC1 solution and then ad justed  to pH 7.2 w ith 
Na2H P 04  solution just before adding to the  proper sample. Solutions of 
sodium fructosediphosphate w ere prepared by dissolving the calcium  
salt in  0.03 M-HC1. Then a stoichiom etric am ount of охаііс acid was 
added, the  m ixture  neutralized w ith sodium  hydroxide, and calcium 
oxalate rem oved by centrifugation. To the sam ples to which fructosedi
phosphate was not added, an analogous am ount of О.ОЗм-HCl, previously 
neutralized with sodium hydroxide, was added.

Homogenates. Albino ra ts  of W istar strain  w ere used. The isolated 
skeletal muscles w ere ground w ith ąuartz  sand, then  w ater was added 
to give a homogenate containing 1 g. of wet tissue weight per 8 ml. 
A fter centrifuiging at 900 g for 10 min., the  sedim ent was discarded and 
the supernatan t was used for the experim ents. One ml. of the  homo
genate was dried at 95° and d ry  weight was used for calculations.

Determination of glyceraldehydephosphate dehydrogenase actiuity. 
F ructosediphosphate added to the homogenate served as substra te  for 
obtaining phosphotrioses. This procedurę was possible owing to the 
known high actiyity  of aldolase in the skeletal muscles of rats [7]. The 
actiyity  of the  dehydrogenase was determ ined by following the changes 
in phosphotriose content m easured according to Low ry et al. [3]. The 
inhibitory effect of cystine and o ther tested compounds was assessed 
by the accum ulation of phosphotriose. The composition of the  incuba
tion m ix tu re  is presented in the description to Fig. 1. Sim ultaneously 
sam ples of the same size w ere taken to be analysed chrom atographically 
for the content of keto acids and aldehydes. They were added with 
d in itrophenylhydrazine in 2 n-HCI, the m ixture w as left at room temp. 
for 24 hr. and then extracted  w ith  toluene. The toluene solution of 
osazones and dinitrophenylhydrazones w as concentrated in a cu rren t of 
air, applied m arginally  to a disk of W hatm an no. 1 paper and chrom ato- 
graphed for 8 hr. in the solyent system  of n-foutanol - ethanol - 
- 0.5 n-N H 4OH (70:10:20, by vol.) [1]. A fter drying a t room tem p., the 
chrom atogram s w ere deyeloped w ith alcoholic solution of KOH. Osazone 
of phosphotriose obtained by the  m ethod of M eyerhof [5] and dinitro
phenylhydrazones of ругиѵіс acid and a-ketoglutaric  acid were used as 
standards.
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Aldolase actiy ity  of hom ogenates was checked by m easuring the 
am ount of phosphotriose form ed and accum ulated under the  influence 
of hydrazine [7, 3].

RESULTS

P ih l & Lange [6] dem onstrated tha t cystine has no effect on glyceral- 
dehyde-3-phosphate dehydrogenase. Hence, the  addition of cystine to the  
hom ogenates should not inhibit the actiyity  of this enzyme. The data  
sum m arized in Fig. 1 show, howeyer, th a t inculbation of the  hom ogenate 
w ith  cystine (curve 5) was followed by a decrease in actiyity, m anifested 
by accum ulation of phosphotrioses. It seems reasonable to conclude th a t 
the obseryed inhibition was not due to cystine but to one of cystine 
transform ation produets. To ascertain  the  natu rę  of th is compound, the  
effect of some su lphur compounds know n to be form ed from  cystine 
in hom ogenates of anim al tissues, was exam ined. Those derivatives of 
cystine w ere not included which, as e.g. cysteine, are known to activate 
glyceraldehyde-3-phosphate dehydrogenase.

Cysteinie and cysteinesulphinic acids had no effect on the actiy ity  
of the  dehydrogenase (Fig. 1, curves 3, 4), as the am ounts of phospho- 
tTiose w ere  the same as in the control test (curve 2). On the o th er hand, 
cystine sulphoxide (curve 6) proved to be a strong inhibitor of the 
dehydrogenase, its effect being even stronger th an  that of iodoacetam ide. 
The accum ulation of phosphotrioses under the influence of cystine and 
cystine sulphoxide was dependent on the concentration of these com
pounds (Fig. 2).

Aldolase actiyity, in agreem ent w ith  the findings of Siebley & Leh- 
n inger [7], was so m arked tha t under the  conditions used, the m axim um  
phosphotriose accum ulation occurred already a fte r  3 min. of inculbation. 
Hence, the differences shown in Fig. 1 are  actually  dependent only on 
differences in dehydrogenase actiyity.

Chrom atographic analysis of the aldehydes and keto acids form ed 
during  incubation was in agreem ent w ith  phosphotriose estim ation. The 
chrom atogram s of samples w ith  cystine, iodoacetam ide and sulphoxide 
revealed phosphotriose osazone. U nder the  chrom atographic conditions 
used, th is osazone did not move from  the point of application and, in 
co-ntrast to m ost d in itrophenylhydrazones and osazones, failed to give 
o range colour w ith alkalis. Howeyer, a fte r developm ent w ith  alcoholic 
KOH solution, it appeared as a blue spot. Besides triose, traces of the 
phenylhydrazone of ругиѵіс acid w ere found. The chrom atogram s of 
the control sam ples w ith cysteinie o r cysteinesulphinic .acid, apart from  
traces of the dinitrophenylhydrazone of ругиѵіс acid, exhibited no o ther 
spots.

For technical reasons, in our experim ents instead of the direct sub- 
s tra te  of glyceraldehyde-3-phosphate dehydrogenase, fructosediphosphate
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Fig. 1 Fig. 2

Fig. 1. The effect of sulphur amino acids on glyceraldehyde-3-phosphate dehydro- 
genase in homogenates of rat skeletal muscles. The activity was assessed on the 
basis of accumulation of phosphotriose measured by the method of Lowry et al. [3]. 
To 1 ml. of the homogenate, 0.5 ml. of 16.5 mM-hexosediphosphate (finał concn. 2 тм ) 
or 0.5 ml. NaCl, and 2.5 ml. 2 т м -sulphur compound in phosphate buffer (finał 
concn. 1.25 тм), or phosphate buffer were added. (1), NaCl, phosphate buffer; (2), 
hexosediphosphate, phosphate buffer; (3), cysteinesulphinic acid, hexosediphosphate;
(4), cysteinie acid, hexosediphosphate; (5), cystine, hexosediphosphate; (6), cystine 
sulphoxide, hexosediphosphate; (7), iodoacetaimide, hexosediphosphate. Samples 
without hexosediphosphate but containing sulphur amino acids or iodoacetaimide, 
showed accumulation of phosphotrioses identical with that in sample no. 1, and 
therefore they are not represented in the diagram. The data were caleulated per 

25 mg. of dry weight of the homogenate.

Fig. 2. Effect of concentration of cystine (5), cystine sulphoxide (6), cysteinie acid (4), 
and cysteinesulphinic acid (3), on the activity of glyceraldehyde-3^phosphate dehy- 
drogenase. Time of incubation 30 min. The data were caleulated per 25 mg. of dry

weight of the homogenate.

was used. A lthough th is compound is ąuickly  converted to phosphotriose, 
it m ay be m etabolized also by o ther enzymes. Therefore experim ents 
were perform ed to check w hether the observed effect is actually the 
resu lt of inhibition of the dehydrogenase and no t the  effect of o ther 
enzyme(s) acting on fructosediphosphate. To obtain an accum ulation of 
phosphotrioses, in  the first series of experim ents hydrazine was added, 
and in the  second series iodoacetamide, cystine o r sulphoxide. Tests 
were also set up in which two substanees causing accum ulation of phos
photriose w ere sim ultaneously added (Fig. 3). In samples in which cystine 
was combined w ith  sulphoxide or iodoacetamide, a summ ation of the
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effect on accum ulation of iphosphotrioses w as obseryed. On th e  o ther 
hand, no summ ation of the  effect was obtained w hen hydrazine was 
combined with the o ther tested substances.

Since the action of hydrazine consists in binding of phosphotrioses, 
the absence of sum m ation of its effect w ith  th a t of su lphur compounds 
and  iodoacetamide suiggests th a t these substances act on another binding 
site  than  hydrazine, and affect the actiyity  of glyceraldehyde-3-phosphate

Fig. 3. The effect of cystine, cystine sulphoxide, iodoacetamide and hydrazine on 
the accumulation of phosphotriose in homogenates of rat muscle. To 1 md. of the 
homogenate mixed with 0.5 ml. of 16.5 mM-hexosediphosphate were added the 
following suibstances disisolved in phosphate buffer: (1), 2.5 md. of 2 т м -cystine; 
(2), 2.5 md. of 2 т м -iodoacetamide; (3), 1.25 md. each of 4 т м -iodoacetaimide and 
cystine; (4), 2.5 ml. of 2 т м -cystine sulphoxide; (5), 1.25 imd. of 4 т м -iodoacetamide 
and cystine sutphoxide; (6), 2.5 ml. of 80 т м -hydrazine; (7), 1.25 md. each of 4 тм- 
-iodoacetamlide and 160 т м  hydrazine; (8), 1.25 ml. each of 4 т м -cystine and 160 тм- 
-hydrazine; (9), 1.25 ml. each of 4 т м -cystine sulphoxide and 160 т м -hydrazine. The 
results are expressed as differences in the accumulation of phosphotriose between 
the samples and the control containing only the homogenate and hexosediphosphate.

The data were calculated per 25 mg. of dry weight of the homogenate.

dehydrogenase. These resu lts seem to indicate that sulphoxide and cystine 
have no effect on o ther enzymes acting on fructosediphosphate. It seems 
also probable th a t sulphoxide and cystine błock o ther SH groups of 
glyceraldehyde-3-phosphate dehydrogenase than  does iodoacetamide.

DISCUSSION

The presented  experim ental findings allow  to suggest that in homo
genates of ra t  skeletal muscle cystine can be converted into a compound 
inhibiting the actiy ity  of glyceraldehyde-3-phosphate dehydrogenase. Of
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the various compounds which can be form ed from  cystine in the  tissues, 
sulphoxide had a sim ilar effect, while cysteinie acid and cysteinesulphinic 
acid w ere w ithout effect. O ther cystine m etabolites w hich possess free  
SH groups, such as cysteine, th iotaurine, alaninethiosulphonic acid and 
m ercaptopyruvic acid, need not be taken into account as possible in h i-  
bitors of glyceraldehyde-3-phosphate dehydrogenase.

The observed effect of cystine sulphoxide on the activ ity  of iglyceral- 
dehyde-3-pho'sphate dehydrogenase is in agreem ent w ith  the  resu lts  re -  
ported by Wills [9] and P ihl & Lange [6]. According to these au thors, 
sulphoxides possess the ability  of reacting w ith free SH groups of protein© 
and therefore are inhibitors of SH enzymes. The inhibition of the  dehy
drogenase in hom ogenates incubated w ith cystine seems to indicate the  
form ation of sulphoxide from  cystine in r a t  muscles.

Free cystine is p resen t in body fluids and in celi cytoplasm, and its 
conversion to sulphoxide under physiological conditions m ay provide 
an inhibitory m echanism  regulating a num ber of m etabolic processes. 
It is hoped to obtain m ore data  on sulphoxide form ation in  experim ents 
perform ed on o ther anim al tissues and b y  isolation of the  enzym e w hich 
converts cystine into sulphoxid'e.

The au thors wish to thank  Doc. Dr. T. Szczepkowski for assistance 
and ѵакгаЬІе advice.

SUMMARY

The effect of cystine, cysteinie acid, cysteinesulphinic acid and cystine 
sulphoxide on the activity of glyceraldehyde-3-phosphate dehydrogenase 
in hom ogenates of ra t skeletal muscles was studied.

Cystine and cystine sulphoxide w ere found to inhibit the  enzyme. 
Since it is known that cystine itself does not inhibit the crysta lline  
dehydrogenase, its  action m ay be explained by conversion to cystine sul- 
phoxide in the homogenates.
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WPŁYW PRODUKTÓW PRZEMIANY CYSTYNY NA AKTYWNOŚĆ 
DEHYDROGENAZY ALDEHYDU 3-FOSFOGLICERYNOWEGO

S t r e s z c z e n i e

Badano w pływ  cystyny, kwasu cysternowego, cysteinosulfinowego oraz sulfo- 
tlenku cysityny na aktywność 'dehydrogenazy aldehydu 3-fosfoglicerynowego zaiwar- 
tej w homogenatach mięśnia szkieletowego szczura.

Stwierdzono, że cystyna oraz s u li o tlenek cystyny hamują badany enzym. 
Ponieważ wliadOmo, że cystyna sama nie hamuje krystalicznej dehydrogenazy, w y
tłumaczono jej działanie powstawaniem z niej w homogenatach sulfotlenku cystyny.

Received 20 December 1963.
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VI. THE CONSTITUENTS OF NON - AMPHOLYTIC FRACTION 
OF HYDROLYSATE*

Department of Biochemistry, University, Warszawa

It has been shown in m any experim ents th a t the urine excretion of 
bound amino acids, expressed as a percentage of infused m ateriał, is 
g rea ter than  that of free amino acids. However, Raczyńska-Во janow ska 
& Chmielewska [8] using enzymie hydrolysate of Ьоѵіпе blood protein 
containing various am ounts of peptides (16 - 49% of total amino nitrogen) 
did not find any correlation betw een th e  am ount of bound атіш > n itro 
gen introduced and excreted in the urine. These resu lts  suggested that 
in protein hydrolysates, bound amino acids w ere present in two forms, 
assimila.ble and non-assim ilable, and th a t the differences in excretion  
of bound amino acids originating from  various hydrolysates depended 
m ainly on the  am ount of the  la tte r  form . To determ ine w hat type of 
bound amino acids is m ainly excreted  a fte r protein hydrolysate infusion, 
the compounds present in the urine w ere separated on cationite column 
(H+ form). The m ain fraction of ex tra excreted bound amino acids was 
present in the effluent, i.e. did not possess an am pholytic character
[11,2]. These results reąu ired  closer exam ination of bound amino acids 
p resent in the  hydrolysate used for infusion.

EXPERIMENTAL

Amino compounds of the hydrolysate w ere separated  by colum n chro
m atography on cationite (H+ form) and on anionite (OH-  form) columns. 
Following exchange resins w ere used: Zeo-K arb 225 ((100- 200 mesh) 
purified  after Moore & Stein [6], and Dowex 2 Х -8  (100-200 mesh). 
A nalytical columns (10 X 1.5 cm.) and p reparative colum ns (anionite, 
20 X 3.0 cm., cationite, 25 X 4.5 cm.) w ere packed by sedim entation and

* Part V [11].
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actiyated by threefold  conversion from  the  salt into the acid o r base form, 
and conversely. The flow ra te  of Solutions through the  colum ns during  
experim ents and regeneration was 0.5 ml. and 2.0 ml. p e r m inutę for 
analytical and for p reparative columns, respectiyely. Deionized distilled 
w ater w as used for p reparation  of Solutions and washing of columns.

The cationite colum n (H+ form) was placed over the  anionite  column 
(OH-  form) in such a way th a t the effluent from  the first colum n dropped 
d irectly  into the second one. Two ml. of the hydrolysate w ere used for 
analytical, and 100 ml. for preparative separation. Com pounds adsorbed 
on Zeo-Karb 225 w ere eluted w ith 4 M-NH3aq, those adsorbed on Dowex 2 
w ith 1 n-HCI. The yolumes of effluents and eluates w ere 50 ml. for

Enzymie hydrolysate 
(EH)

i
Zeo-Karb 225 (H+) column

4 M-NH3aq 

1
Fraction Am

1
Dowex 2 (OH“ ) column

1 n -HCI water

_ J ______

Effluent D

Fig. 1. Scheme of the fractionation of the constituents of blood protein enzymie 
hydrolysate (EH) on ion exchange columns.

analytical, and 1000 ml. for p reparative fractionations. The separation 
diagram  is igiven in Fig. 1. The collected fractions w ere eyaporated in 
a ro ta to ry  eyaporator a t 2 0 -2 5 ° .

a-Am ino nitrogen of the free am ino acids was determ ined by the 
m anom etrie n inhydrin  m ethod of V an Slylke et al. [10]. Amino nitrogen 
was determ ined by the colorim etric n inhydrin  m ethod of Yemm & Cocking 
[13]. Acidic hydrolysis was perform ed -with 6 n-HCI in sealed ampoules 
during 18 -2 0  hr. at 105-110°. A lcaline hydrolysis was perform ed after 
Davies & H arris [3] o r after W ilson & Cannan [12]. Liberated amino

1
Fraction Ac

water

i
Effluent A
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acids and peptides w ere then separated  on Zeo-Karb 225 (H+ form) co
lumn. Synthesis of D N P-derivatives was perform ed according to Lockhart 
& A braham  [5] and determ ination of amino nitrogen from  D N P-deri- 
vatives according to Dubin [4].

Two-dimensional paper chrom atography of amino acids and peptides 
was perform ed in the systems: (I), b u tan -l-o l - acetic a c id -w a te r ;  12:3:5, 
by vol. (ascending techniąue); (II), phenol - w ater, 100:25, w/w  (ascending). 
For D N P-derivatives: (I), b u tan -l-o l - l°/o ammonia, 1:1, v/v (ascending) 
and (II), 1.5 м-phosphate buffer, ipH 6 (descending) were emiployed.

RESULTS AND DISCUSSION

The commercial p reparation of Ьюѵіпе whole blood hydrolysate 
(“Am inokwasy - hydrolizat pełnej krw i bydlęcej”, (POLFA) [7] used in 
the experim ents had an average content of total amino nitrogen 7.0 g./litre, 
amino nitrogen of free amino acids 5.6 g./l., and of bound am ino acids 
1.4 g./l. The chrom atography on ion exchange resins perm itted the  sepa
ration  of 'bound amino acids of the blood hydrolysate (EH) into three 
fractions: am pholytic (Am), non-am pholytic, acidic (Ac), and neutral 
(effluent D). The am ounts of amino nitrogen in these fractions are  given 
in Table 1.

T a b l e  1

Amino nitrogen of the enzymie blood hydrolysate and of separated
fractions

Determinations were made as follows: Total N-NH2 in acid hydrolysate by the 
manometrie ninhydrin method [10]; free N-NH2 by the colorimetric ninhydrin 
method [13]; free a-amino aicid N-NH2 by the m anometrie.ninhydrin method [10]. 
Bound N-NH 2 w as calculated as difference between total and free a-amino acid

N-NH2. The results are expressed as g.N/litre enzymie hydrolysate (EH).

n -n h 2 EH
Fraction

Am Ac Effluent D

Total 6.92 6.21 0.58 0.05
Free 5.88 5.80 0.05 -
Free a-amino acid 5.43 5.40 - -
Bound 1.49 0.81 0.58 0.05

F u rth e r analyses were perform ed on fraction Ac only. A fter complete 
acid hydrolysis, paper chrom atography revealed the presence of following 
am ino acids: Glu, Gly, Asp, Pro, Ala, Ser, Thr, Leu, Val, and Cys. The 
firs t four of the  listed comipounds w ere found in g rea ter am ounts than 
the following ones.

On the chrom atogram  of the fraction Ac (d'eveloped in butan-1-
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-ol - acetic acid - water) several spots w ere found. A fter sprayimg of the 
chrom atogram  according to  Rydon & Sm ith [9] the most m arked spots 
had the  R F values: 0.18, 0.31, 0.44, 0.53, 0.61, 0.66, 0.87. Some com ponents 
(RF: 0.12, 0.20, 0.28, 0.31) gave a w eak reaction w ith ninhydrin . The 
com ponent having R F 0.20 gave also blue colour w ith isatin . The tests 
w ith an ilinę  phthalate, p-dim ethylam inobenzaldehyde and diazotized sul- 
phanilic acid w ere negative for a ll the  constituents of fraction Ac.

Some compounds present in fraction Ac gave D N P-derivatives. The 
ąuan tities of amino nitrogen determ ined from  the am ount of D N P-deri- 
vatives (0.054 g ./litre  EH) and estim ated directly  by the colorim etric 
n inhydrin  m ethod in fraction Ac (0.050 g./litre EH) were nearly  identical. 
Closer exam inations showed that the group which reacted  w ith  fluorodi- 
nitrobenzene was not an amino group of a-am ino acids. D N P-derivatives 
were ex tracted  w ith  bu tan -l-o l and after acid hydrolysis two DNP-com- 
pounds w ere found which in the system  used had the R F values d ifferen t 
from those for all DN P-a-am ino acids. In the  w ater phase, Glu, Gly, 
Ala, Ser, and Leu were identified.

T a b l e  2

Am ino nitrogen of the ampholytic and non-ampholytic fractions 
of alkaline hydrolysates of fraction Ac

Determinations were made as described in Table 1. The results are expressed as 
g. N-NHyiitre enzymie hydrolysate.

Hydrolysis temp... 37° 100°

Fraction...
Ampholy

tic
Non-am
pholytic

Ampho
lytic

Non-am
pholytic

N-NH2:
Total
Free a-amino acid 
Bound p

o
p

8 
8 

І 0.193

0.193

0.529
0.350
0.179

0.056

0.056

Taking into account results and the isolation conditions of fraction Ac, 
it seems possible to characterize some generał features of s truc tu re  and 
properties of its components. It seems th a t apart from  a few compounds 
reacting w ith  n inhydrin  and fluorodinitrobenzene, the fraction Ac consists 
m ainly of peptides or amino acids w ith blocked amino group. One of 
these compounds (RF 0.61 in 'butan-l-o l - acetic a c id -w a te r)  was iden
tified as pyroglutam ic acid (2j pyrrolidone-5-carboxylic acid). It gave the  
sam e reactions and had identical cbrom atographic properties as the 
synthetic compound.

It was found tha t fraction Ac in alcaline conditions was easily hydro- 
lysed to peptides and free amino acids which could be adsorbed on cation
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exchange resin. The am ounts of amino nitrogen of liberated am pholytic 
compounds, calculated per 1 litre  of hydrolysate, are given in Table 2 .

A fter a mild alkaline hydrolysis (17 hr. 0.3 N-NaOH, 37°) 69%  of the 
to tal amino nitrogen of fraction Ac was adsorbed on Zeo-K arb 225 
(H+ form) column. F ree amino acids am ounted to 25% and peptides 
to 75% of the adsorbed portion. In  m ore d rastic  conditions (0.5 N-NaOH, 
2 hr., 100°) 90% of the to tal amino nitrogen was adsorbed on a cationite 
column; free amino acids accounted for 60% of th is value.

The paper chrom atographic analysis of am pholytic compounds libe
rated  from  the fraction Ac in mild conditions (37°) was based on the 
localization of spots revealed w ith  n inhydrin  and of D N P-derivatives. 
On the  two-dim ensional chrom atogram s 18 ninhydrin-positive spots were 
found. Ten of them  eorresponded to amino acids identified in the  acid 
hydrolysate, the next eight occupied the positions non-typical for a-am ino 
acids. Chrom atographic identification of D N P-derivatives solulble in ethyl 
e ther showed the presence of D N P-derivatives of the  ten am ino acids 
identified w ith  ninhydrin, and eight unidentified  compounds. On chrom a
togram s of the w ater phase (after e ther extraction) two additional spots 
of D N P-derivatives were found.

Fraction Ac gave positive hydroxam ic [14] and picric acid [1] tests. 
Since the synthetic diketopiperazines are also alkalilabile and give the 
same tests w ith  picric acid and w ith hydroxylam ine and ferric chloride, 
a cyclic s truc tu re  for a part of the components of fraction Ac was 
suggested. However, diketopiperazines form ed from m onocarboxylic 
amino acids w ere not adsorbed on a Dowex 2 (OH-  form) column. This 
does not exclude a cyclic struc tu re  of the components of fraction Ac if 
we assume that they are form ed from  one m olecule of dicarboxylic acid 
or have a side chain w ith a free carboxyl group.

The analysis of am pholytic compounds liberated  from  the components 
of fraction Ac by  mild alkaline hydrolysis showed a considerable am ount 
of glutam ic acid. The tests w ith synthetic pyroglutam ic acid indicated, 
however, that in the  hydrolysis conditions applied, only 10%  of pyro
glutam ic acid is transform ed into glutam ic acid; therefore the  m ain part 
of th is amino acid found in the alkaline hydrolysate, m ust orig inate from  
other compounds.

To determ ine the origin of the  non-am pholytic, aeidic com ponents of 
the hydrolysate, i.e. to find out w hether they  are form ed during  enzymie 
hydrolysis o r are due to fu rth e r technological procedurę, to tal amino 
nitrogen of fractions Am and Ac was estim ated at d ifferent stages of 
production of the commercial hydrolysate (Table 3). It appeared th a t 
im m ediately a fte r digestion of Ьоѵіпе blood protein and inactivation 
of the enzymes (stage A), the components of fraction Ac are  present, 
although the ir ąuantities are insignificant as com pared w ith those of 
bound amino acids of fraction Am. A fter decoloration of the hydrolysate
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T a b l e  3

Total amino nitrogen of enzymie hydrolysates and bound amino nitrogen 
o f fractions A m  and Ac in different stages of technological procedurę
Total N-NH2 of enzymie hydrolysate (EH) and bound of fraction Ac was determined 
by the manometrie ninhydrin method i[10]. Bound N-NH2 of fraction Am was 
calculated as difference between total and free a-amino acid N-NH 2 determined 
by the manometrie ninhydrin method [10]. Stages of production: A, after inactiva- 
tion of enzymes; B, after decoloration; C, commercial product. The results are 

expressed as g. N-NH2/litre of EH.

Sample Stage ЕН
Fraction Ratio

Am Ас Ас: Am

EH-1 A 9.25 2.78 0.40 1 7
В 8.55 1.36 0.44 1 3
С 6.32 0.79 0.54 1 1.5

EH-2 А
В

10.31 2.08 0.49 1 4

С 7.18 0.70 0.62 1 1.1
EH-3 А 9.06 1.93 0.32 1 6

В 9.00 1.43 0.39 1 3.6
С 6.90 0.81 0.62 1 1.3

EH-4 А
В

9.56 2.55 0.32 1 8

С 7.50 0.70 0.65 1 1.1

on  carbon columns (stage B) the 'bound amino acids of fraction Am 
decreased and those of fraction Ac slightly inereased. The nex t step, 
d ilution w ith  w a te r and sterilization (stage C) resu lted  in fu rth e r decrease 
of bound amino acids in fraction Am and a parallel inerease in fraction 
Ac. It seems, therefore, tha t a part of bound amino acids present in 
fraction Ac is form ed during  enzymie hydrolysis, and a p a rt resu lts  from 
transform ation of peptides during the technological procedurę.

SUMMARY

The bound amino acids presen t in the Ъоѵіпе blood hydrolysate pre
pared for intravenous infusion, w ere fractionated by ion exchange resin 
colum n chrom atography. In 1 litre  of the hydrolysate containing 1.4 g. of 
bound amino nitrogen, 0.8 g. w as present in the  am pholytic fraction and 
€.6  g. in the  non-am pholytic, acidic fraction. In  the la tte r fraction were 
found: pyroglutam ic acid, peptides, or am ino acids bound to compounds 
possessing an amino grouip, and compounds for which the  structu re  of 
cyclic diketopiperazines w ith a carboxyl group on a side chain seems 
to be most probable. Bound am ino acids of the hydrolysate showing 
acidic and non-am pholytic properties are  form ed partly  during enzymie 
hydrolysis and  p a rtly  during  technological iprocessing.
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WYKORZYSTANIE PRZEZ ORGANIZM LUDZKI SKŁADNIKÓW PODANEGO 
DOŻYLNIE HYDROLIZATU BIAŁKOWEGO 

VI. SKŁADNIKI NIEAMFOLITOWEJ FRAKCJI HYDROLIZATU

S t r e s z c z e n i e

Składniki aziotowe hydrolizatu białkowego do wlewań dożylnych Aminokwa
sy - hydrolizat krwi bydlęcej, POLFA, frakcjonowano na żywicach jonowymiennych. 
Zawartość związanego azotu aminowego w  litrze preparatu wynosi 1.4 g., z czego 
związki o charakterze amfolitowym stanowią 0.8 g. a związki kwaśne, nieam foli- 
towe 0.6 g. We frakcji nieamfolitowej znaleziono kwas pirogłutaminowy, peptydy 
(lub aminokwasy) dołączone do związków zawierających grupę aminową, lecz nie 
będących a-aminokwasami oraz szereg związków, dla których najbardziej prawdo
podobna wydaje się budowa cykliczna dwuketopiperazynowa z grupą karboksylową 
w  łańcuchu bacznym. Część aminokwasów związanych hydrolizatu, posiadających 
własności kwasowe i nieamfolitowe, tworzy się w  czasie hydrolizy enzymatycznej, 
część w  czasie obróbki technologicznej preparatu.

Receiyed 21 Decemiber 1963

http://rcin.org.pl



http://rcin.org.pl



A C T A  B I O C H I M I C A  P O L O N I C A  

Vol.  X I  1964 N o .  2 - 3

P. DWORSKY and O. HOFFMANN-OSTENHOF
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SCHWANNIOMYCES OCCIDENTALIS

Organisch-chemisches Institut der Universitdt,  Ѵіеппа, Austria

Dedicated to the m em ory of the late Professor Bolesław Skarżyński

In recent papers dealing w ith the cataibolism of m eso-inositol in the  
yeast Schwanniomyces occidentalis [5, 6], it has been reported  th a t this 
organism  contains an enzyme or enzyme system  catalysing the  oxidative 
decatfboxylation of L-gulonic acid to L-xylulose. The same catabolic 
reaction exists also in anim al tissues. In a detailed study of the  enzymes 
concerned, Smiley & Ashwell [7] have shown that the  conyersion of 
L-gulonic acid to L-xylulose in hog kidney proceeds via 3Jketo-L-igulonic 
acid as interm ediate. A NAD-specific dehydrogenase dehydrogenates 
L-gulonate to 3-keto-L-gulonate; this enzyme shows a som ew hat broader 
specificity catalysing also the dehydrogenation of seyeral o ther 3-L-hy- 
droxyacids. Therefore, the authors propose to name the enzym e /ft-L-hy- 
droxyacid dehydrogenase; the corresponding system atic nam e should be 
L-3-hydroxyacid:NAD oxidoreductase [3]. A nother enzyme, a 3-keto-L- 
-gulonate decarboxylase (systematic name: 3-^keto-Lngulonate carboxy- 
-lyase) transform s the in term ediate to L-xylulose [9].

It seemed of in terest to study the enzyme system  responsible for the 
oxidative decarboxylation of L-gulonic acid to L-xylulose in Schwannio
m yces occidentalis in o rder to  see w hether the enzymes catalysing this 
transform ation in th is yeast are analogous to those present in hog kidney.

The present paper deals w ith the  partia l purification and  w ith  the 
characterization of the enzyme dehydrogenating L-gulonic acid in Schwan
niomyces occidentalis. A lthough th is enzyme is also NAD-specific and the 
product of its action on L-gulonic acid is 3-keto-L-gulonic acid, it differs 
in some respects from that found in anim al tissues.
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MATERIALS AND METHODS

Materials. L-Gulonolactone, sodium D-gluconaite, D-xylose and clupeine 
sulphate w ere purchased from  Fluka, Buchs (Switzerland). The te tra -  
zolium chloride blue was obtained from  Loba-Chemie, Ѵіеппа. L-Xylono- 
lactone, L-galactonolactone, calcium  L-idonate, (barium D-lyxonate, and 
L-xylulose were generous g ifts of Dr. G. Ashwell, Bethesda, M aryland. 
To obtain  the free acids, the lactones were hydrolysed w ith  1 N-NaOH 
at room tem peratu rę  o r w ith 0.1 N-NaOH a t 60°; for the  paper chrom ato
graphy th e  kations w ere rem oved w ith kation exchange resins and the 
resulting  Solutions evaporated to dryness. Sodium acetoacetate was 
obtained from  the ester by hydrolysis [4].

Culture of the organism. The s tra in  of Schwanniomyces occidentalis 
used for the  enzyme preparations was obtained from  the collection of the 
Institu t fu r biochem ische Technologie und M ikrobiologie of th e  Technische 
Hochschule, Ѵіеппа. It was cu ltured  on the basal m edium  of Reader [2] 
to 1 liter of which 10 g. of m eso-inositol and the m hcture of grow th  factors 
in the proportions of W ickerham  & B urton [8] w ere added. The Reader- 
-m edium , the solution of meso-inositol, and the m ixture of grow th  factors

Fig. 1. Dependence of the reaction rate 
on the concentration of enzyme. The 
test solution contained lOOuJmoles L-gu- 
lonic acid (O) or D-glueonic acid ( • ) ,  
1.5 pimoles NAD, 100 n«moles tris buffer, 
pH 9, and varyimg amounts of enzyme 
in a total volume of 3 ml. Measure
ments w ere made 10 min. after the 
addition of the enzyme An a Beckman 

model DU spectrophotometer.

were sterilized separately. The cu ltures were grown on an agar m edium  
containing 15 g. agar per liter. In o rder to Obtain larger amounts of cells 
for the  preparation  of the  enzyme, the agar cu lture w<as transferred  to 
80 ml. of the  m edium  described and  agitated  for 3 days. Then .this cu ltu re  
was transferred  to 5 liters of the  same m edium  and w as well aerated for
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3 days at 30°. Finally, the  cells w e re  barvested  by centrifugation; the 
yield w as 35 to 40 g. w et weight, corresponding to about 4 g, d ry  weight, 

Assay procedurę. The activ ity  of the  enzym e was rou tinely  m easured 
w ith L-gulonate and NAD as substrates. The rate  of NAD reduction  w as 
determ ined iby m easuring the increase of optical density  a t 340 т ц . De- 
tailed  conditions for the  assay are  described in the  legend to Fig. 1.

Paper chromatography of the products. For the separation and iden ti- 
fication of the acid and neu tral compounds form ed from L-gulonate, 
four solvent systems were used: {1), the upper layer of th e  m ixture 
of butanol - ethanol - w ater (5:1:4, by vol.), descending techniąue; (2i), 
butanol - acetic acid - w ater (4:1:1, b y  vol.), descending techniąue; (3), 
the upper layer of the m ixture of ethy lacetate  - pyrid ine - w ater (2:1:2, 
by vol,), ascending techniąue; due to aging processes no constant R F 
values in this system  could be obtained; (4), acetone - w ater (9:1, v/v), 
ascending techniąue. The R F values of the  various compounds are  given 
in Table 1.

T a b l e  1

R f yalues of yarious sugars and sugar acids in the soluent systems used
Solvent systems as described under Materials and Methods. Spray reagent: 
ammoniacal silver nitrate solution. In the system no. 3 the R F values change with  
the age of the solvent system; it is always necessary to work w ith  contro! 

substances. For the system no. 4 the Rxyiuiose values are given.

Substance
Solvent system Tetrazolium 

blue test1 2 3 4

Xylulose 0.27 0.28 0.38 1.00 +  +

Xylose 0.21 0.21 0.245 0.73 +

Lyxose 0.23 - 0.24 — ( + )

Ascorbic acid - 0.37 — — +  +  +  +

Glucuronic acid 0.03 0.14 0.01 — ( + )

Glucuronolactone 0.30 0.29 0.68 — +

L-Gulonic acid 0.06 0.13 0.05 — —

L-Gulonolactone 0.19 0.19 0.47 — —

L-Galactonolactone 0.265 0.25 0.60 — —

L-Idonic acid 0.04 0.125 — — —

L-Idonolactone 0.28 0.28 — — —

D-Gluconic acid 0.04 0.13 — — —

D-y-Gluconolactone 0.32 0.33 — — —

D-ó-Gluconolactone 0.16 0.21 - - -

Enzym e purification

Crude extract. 10 g. (wet w eight) of the  harvested cells of Schw an-  
niomyces occidentalis in 0.025 м-tris  b u ffe r solution, pH 9.1, w ere  disrup- 
ted  in the celi d isin tegrator of M erkenschlager et al. [1]. The hom ogenate 
was centrifuged  30 min. a t 15 000 g and the  residue discarded.
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Clupeine sulphate. The supernatan t (crude extract) was brought to 
pH 7.4 b y  addition of 0.5 n -H 2S 0 4. Then a solution of 0.1 g. clupeine 
sulphate w as added. A fter 15 m in. the precipitate w as rem oved by cen- 
trifugation and discarded.

A m m onium  sulphate. To the solution 0.1 м-KCN was added until 
a pH of 8.0 was reached, then finely powdered am m onium  sulphate 
was added to 50% saturation. A fter 30 min. standing the precipitate was 
rem oved b y  centrifugation at 15 000 g. The supernatan t solution was 
added w ith  am m onium  sulphate to  60% saturation  and w as left standing 
in the cold for 12 hr. The supernatan t which contained m uch protein 
but alm ost no enzym e activ ity  was rejected a fte r centrifugation at 
15 000 g. The p recip ita te  was dissolyed in a m ixture of 3 ml. 0.025 м-tris  
buffer, pH 9.0, 1 ml. H20 , and 0.5 ml. 0.1 m-KCN.

Sephadex G 100. The solution w as placed on a column of Sephadex 
G 100 (1.8 X 33 cm.). The enzyme was e lu ted  w ith 0.005M-tris buffer, 
pH 9.0, which w as 0.0005 м w ith respect to KCN; it appeared as a distinct 
fraction a fte r 40 ml. of the  eluting agent have passed the column. No loss 
of enzym e activ ity  was observed in th is step  even when w orking at room 
tem peraturę.

Calcium phosphate gel. To the  e lua te  one ten th  of its yolum e of 
calcium phosphate gel (containing 11 mg. calcium phosphate per ml.) was 
added. A fter standing for 15 min. the residue which contained some 
protein  bu t no enzyme activity  was rejected . Then the  supernatan t was 
brought to pH 6.3 w ith  aąueous phosphoric acid and once again one 
ten th  of its yolume of calcium phosphate gel was added. A fter centri-

T a b l e  2

Sum m ary  of purification procedurę 
The actiyity is expressed in international units (U) [3].

Fraction
Total activity 

(U)

Specific activity 
m-units/mg. 

protein

Yield
(%)

Homogenate (crude
extract) 2.48 2.85 (100)

Clupeine sulphate
0.01% 2.34 15.5 94

Ammonium sulphate
50-60% saturation 1.95 23.6 79

Sephadex G 100 1.85 52 74
Calcium phosphate gel,
pH 9.0 1.85 67.5 74

Calcium phosphate gel,
pH 6.3 1.67 108 67
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fugation the supernatant was discarded. The gel was extracted  w ith 5 ml.
0.02 м-tris  buffer which was 0.02 м w ith  respect to KCN.

Ali steps of this purification  procedurę w ere carried out in th e  cold. 
A sum m ary of the purification steps is given in Table 2.

Identification of the product of the dehydrogenation of L-gulonate
by the enzym e

A  solution of 50 mg. NAD, and 1.1 g. sodium L-gulonate w ere dis- 
solved in  18 ml. of w ater. To this solution 10 ml. tris  buffer, pH 9.1, 
and 2 ml. enzyme solution (specific actiyity  108 m illiunits per ml.) w ere 
added and the m ixture was incubated for 2 hr. at 30°. The solution thus 
obtained was concentrated to a volume of 4 ml. by distillation in ѵасио, 
then  centrifuged and the residue discarded. The supernatan t w as brought 
to pH 7.5 and then first placed on a column (3 X 17 cm.) containing 
Dowex 1 X 8  (formate form), and afterw ards on a colum n (2 X 13 cm.) 
of Dowex 50 W (200 - 400 mesh, H + form). The resu lting  eluate  was 
evaporated and the residue analysed by paper chrom atography. This 
neu tra l fraction contained L-xylulose, xylose, and some L-gulonic acid 
which had passed the colum n as lactone.

The Dowex 1 column was first washed w ith w ater and then  eluted 
w ith 1 n-HCOOH. The eluate was collected in 30 ml. fractions each of 
which was examined by paper chrom atography. Those fractions which 
contained keto acids, i.e. spots giving a positiye tetrazolium  test, were 
fu rth e r investigated.

To characterize the keto acid obtained, the  solution in which it was 
present was brought to pH 7.0 by addition of NaOH, and then  placed 
into the vessel of a pH -stat (Radiometer). W hile the pH was kept 
constant w ith HC1, a solution of 20 mg. NaBH4 in 1 ml. of w ater was 
slow ly added through a bu rette  [cf. 10]. The m ixture containing the 
products of the borohydride reduction was acidified w ith HCl, evaporated 
to dryness, the  dry  residue disSolved in w ater and once again evaporated 
to dryness. This tim e the residue was extracted  w ith hot absolute 
ethanol. A fter evaporation of the ethanol, the  residue was again dissolved 
in w ater and placed first on a column of Dowex 50 W, as above, and then  
on a column (1.5 X 9 cm.) of Dowex 2 X 8 (200 - 400 mesh, Cl-  form). 
The solution thus obtained was evaporated and the residue analysed 
by paper chrom atography. On the paper two spots could be detected 
w hich by comparison w ith authentic sam ples could be identified w ith 
L-gulonic acid and L-galactonic acid. This seems to ргоѵе th a t the  product 
of the enzyme action on L-gulonic acid is 3-keto-L-gulonic acid, because 
only this compound can be reduced to the epim eric m ixture m entioned 
above.
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Properties of the enzyme

Stability. In Solutions the  enzyme is ra th e r instable. The stability  can, 
however, be g rea tly  improved by the addition of cyanide w hich acts 
in concentrations below 10- З м in all steps of the  purification procedurę. 
Under the  protecting influence of cyanide the enzym e preparations can 
be kept in the cold for several days w ithout decrease of the activity . 
A m inor stabilizing effect is also observed w hen EDTA is added to the 
enzyme preparations; neither cysteine nor NAD show any stabilizing 
action.

Specificity of the enzyme. The purified enzyme shows activ ity  
tow ards aldonic acids which contain a 3-hydroxyl group in L-cdnfigura- 
tion. In  th is  respect, the specificity of ou r enzyme is analogous to tha t of 
the hog kidney enzyme of Smiley & Ashwell [7]. However, purified  
preparations of our enzym e did not dehydrogenate L-/?-hydroxybutyric 
acid which is attacked by the anim al enzyme. Also the reverse  reaction, 
the hydrogenation of acetoacetate to /tf-hydroxybutyrie acid w ith  NADH 
as hydrogen donor could not be dem onstrated. It should be m entioned 
that less purified preparations of our enzyme are capable of dehydro- 
genating /?-hydroxybutyric acid which indicates tha t th is activity  is due 
to an enzym e im purity  ra th e r  than  to the enzym e active tbw ard L-gulonic 
acid and the o ther L-3-hydroxy sugar acids. As can be seen in Table 3, 
aldonic acids w ith a D-3-hydroxy configuration are not attacked at all 
by ou r enzyme.

T a b l e  3

Relative rate of oxidation of some 3-hydroxyacids by the enzym e from  
Schwanniomyces occidentalis

1

Substrate
Relative activity, as compared to 
the rate of oxidation of L-gulonic 

acid

L-Gulonate 100 (100)
D-Gluconate 125 (49)
D-Lyxonate 130 (81)
L-Idonate 160 (59)
Hydroxybutyrate 0 (26)
L-Galactonate 0 (0)
D-Altronate 0 (0)
L-Xylonate 0 (0)
Serine 0
Threonine 0

pH -Optimum.  The dehydrogenation of L-gulonic acid by the enzyme 
shows a ra th e r  sharp  pH -optim um  at 9.0 in 0.1 м-glycine-NaOH buffer. 

Michaelis constants. The M ichaelis constants of the  enzyme towards

http://rcin.org.pl



17] A LDONIC ACID DEHY D RO GEN A SE 275

Fig. 2. Lmeweaver-Burk diagram for the determinaition of the Michaelis constant 
for L-gulonate at pH 7.5. The reaction mixture contained lOOpmoles tris buffer, 
pH 7.5, 1.5 umoles NAD, 0.1 ml. enzyme solution (1.2 mg. protein/ml.) and varying 

amounts of L-gulonate; total volume 3 ml.
Fig. 3. Lineweaver-Burk diagram for the determination of the Michaelis constant 
for NAD at pH 7.5. The reaction mixture contained 100 цтоіев tris buffer, pH 7.5, 
100 pmoles of sodium-L-gulonate, 0.1 rai. enzyme solution (1.2 mg. protein/ml.)

and varying amounts of NAD; total volume 3m l.
Fig. 4. Lineweaver-Burk diagram for the determination of the Michaelis constant 

for L-gulonate at ipH 8.5. Conditions, except the buffer solution, as in Fig. 2. 
Fig. 5. Lm eweaver-Burk diagram for the determination of the Michaelis constant 

for NAD at pH 8.5. Conditions, except the buffer solution, as in Fig. 3.

Fig. 6. Lineweaver-Burk diagram for 
the determination of the Michaelis 
constant for d  -gluconate at pH 8.5. 
Conditions as in Fig. 2, except that 
varying amounts of D-gluconate 

were used Łnstead of L-gulonate.
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NAD and L-gulonate were determ ined at pH 7 .5  and 8 .5  (Fig. 2 - 5) .  For 
NAD K m —  1.1 X 1 0 ~ 3 at both pH values. For L-gulonate K m =  6 7  X 1 0 ~ 3 

at pH 7 .5  and 5 5  X 1 0 ~ 3 at pH 8 .5 .  For D-gluconate the M ichaelis constant 
was determ ined at pH 8 .5  only; K m =  19 X 1 0 “ 3 (Fig. 6).

Inhibitors. T y p i c a l  SH r e a g e n t s  a s  p - c h l o r o m e r c u r i b e n z o a t e ,  p h e n y l -  

m e r c u r i n i t r a t e ,  a n d  i o d o a c e t a t e  a c t  a s  i n h i b i t o r s  o f  t h e  e n z y m e  a t  1 0 _/ł 

t o  1 0 ~ 3 m  c o n c e n t r a t i o n ;  i o d o a c e t a t e  i s  f a r  l e s s  i n h i b i t i n g  t h a n  t h e  m e r c u r y  

c o m p o u n d s .  L - G a l a c t o n a t e  a n d  D - x y l o n a t e  w h i c h  p o s s e s s  t h e  3 - h y d r o x y l  

g r o u p  i n  D - c o n f i g u r a t i o n  a n d  w e r e  t h e r e f o r e  e x a m i n e d  a s  p o t e n t i a l  c o m -  

p e t i t i v e  i n h i b i t o r s  d i d  n o t  s h o w  a n y  i n h i b i t o r y  a c t i o n .

DISCUSSION

The L-gulonate dehydrogenase described in this paper shows m any 
resem blances to the enzyme of a sim ilar specificity to be found in anim al 
tissues. Ho-wever, as shoWn in Table 3, its specificity seems to be more 
lim ited than  tha t of the  enzym e of hog kidney. O ur enzym e could 
certain ly  not be classified as a L-3-hydroxyacid dehydrogenase, as it has 
no action on suJbstrates w ith a L-3-hydroxy config,uration which are not 
sugar acids, w hereas the  anim al enzyme attacks such substrates.

As f o r  t h e  b i o l o g i c a l  r o l e  o f  t h e  e n z y m e ,  i t  c o u l d  b e  d e d u c e d  f r o m  o u r  

p r e y i o u s  w o r k  [5,  6] t h a t  i t s  m a i n  f u n c t i o n  l i e s  i n  t h e  d e g r a d a t i o n  o f  

L - g u l o n i c  a c i d  w h i c h  i s  a n  i n t e r m e d i a t e  i n  t h e  c a t a b o l i s m  o f  m e s o - i n o s i t o l  

a n d  D - g l u c u r o n i c  a c i d  i n  t h e s t u d i e d  o r g a n i s m .  We a l s o  h a v e g o o d  e v i d e n c e  

t h a t  a n  e n z y m e  e x i s t s  i n  Schwanniomyces occidentalis w h i c h  c a t a l y s e s  

t h e  d e c a r b o x y l a t i o n  o f  3 - k e t o - L - g u l o n i c  a c i d ,  t h e  p r o d u c t  o f  t h e  a c t i o n  

o f  t h e  d e h y d r o g e n a s e  o n  L - g u l o n i c  a c i d ,  t o  L - x y l u l o s e .  T h i s  d e c a r l b o x y l a s e  

w i l l  b e  d e s c r i b e d  i n  a  f u r t h e r  c o m m u n i c a t i o n .

S o m e  d o u ib t s  a r e ,  h o w e y e r ,  c a s t  o n  t h e  a s s u m p t i o n  t h a t  t h e  a c t i o n  o n  

L - g u l o n i c  a c i d  i s  t h e  m a i n  f u n c t i o n  o f  t h e  d e s c r i b e d  d e h y d r o g e n a s e  b y  t h e  

f a c t  t h a t  i t s  a f f i n i t y  t o w a r d s  L - g u l o n i c  a c i d  i s  r e l a t i v e l y  I o w  in  c o m p a r i s o n  

w i t h  t h a t  t o w a r d s  D - g l u c o n i c  a c i d .  S o  f a r ,  w e  h a v e  n o t  y e t  b e e n  a b l e  t o  

i d e n t i f y  t h e  p r o d u c t  o f  t h e  d e h y d r o g e n a t i o n  o f  D - g l u c o n i c  a c i d .

The m entioned fact that, especially w ith im pure enzyme preparations, 
xylose was alw ays found amongst the  products of the  action on L-gulonic 
acid could be explained by the  existe.nce of an enzyme in the preparation 
which oxidizes this substra te  in the 2-position ra th e r than  in the  3^posi- 
tion. The resu lting  2-keto-L-gulonate could giye rise to L-xylose by 
decarboxylation. The ąuestion w hether such atn enzym e exists will be the 
subject of fu rther investigations.
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SUMMARY

A NAD-specific dehydrogenase oxidizing L-gulonic acid to 3-keto- 
-L-gulonate has been found in the yeast Schwanniomyces occidentalis. 
After a partial purification it could be shown that the enzyme is active 
on aldonic acids having the L-3-hydroxy configuration. Although its 
specificity is somewhat more limited, the enzyme resemlbles in many 
respects to the /?-L-hydroxyacid dehydrogenase of hog kidney.
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DEHYDROGENAZA KWASÓW l-3-ALDONOWYCH ZE SCHWANNIOMYCES
OCCIDENTALIS

S t r e s z c z e n i e

W drożdżach Schwanniomyces occidentalis stwierdzono obecność współpracu
jącej z NAD dehydrogenazy, która utlenia kwas gulonowy do 3-keto-L-gulonowego. 
Po częściowym oczyszczeniu stwierdzono, że enzym utlenia i inne kwasy aldonowe 
posiadające na C3 konfigurację l . Enzym pod wielu względami wykazuje podo
bieństwo do dehydrogenazy /?-L-hy dr oksykwasów z  nerki wieprza, jednak jego 
specyficzność jest nieco bardziej ograniczona.
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THE FIVE-MEMBERED DISULPHIDE RING SYSTEM

III. ANTINEO PLASTIC POTENTIALITIES **
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Various authors have shown th a t a-lipoic acid and sim ilar cyclic 
d isulphides may have a profound effect on grow th and m etabolism  of 
a varie ty  of cells and organism s. In two previous puhlications [8 , 15] 
w e have reviewed the lite ra tu rę  and reported  on the physico-chem ical 
properties [15] and the biological activ ity  [8 ] of a large num ber of 
снііроіс acid analogues, which w ere  shown to be active inhibitors of the  
grow th of clone 929 of E arle’s s tra in  L mouse fibroblasts grown in vitro. 
All of these analogues are 1:2-dithiolane derivatives containing the  five- 
m em bered disulphide ring of lipoic acid. However, in m ost of the  
com pounds studied a side chain was attached  to the disulphide ring  a t 
the  fourth  and not at the th ird  position (see Table 1).

W hen the cytostatic effects of these 1:2-dithiolane derivatives were 
com pared at eąuim olar concentrations the most po ten t inh ib itors w ere 
found to be those w ith a semicarbazone side chain. 2:3-Dithio-4:5-spiro- 
decane was also very active, w hile  the attachm ent of two hydroxym ethyl 
groups a t  the  fourth  position yielded an agent w ith  only a m oderate 
cytostatic effect. The 4-carbonic acid derivative caused a considerable 
grow th inhibition, while the  effect of l:2-dithiolane-3:5-dicarbonic acid 
was less pronounced. However, if the cytostatic effects of these analogues 
w ere compared at concentrations corresponding to the LD50 dose in mice 
th e  3:5-dicarbonic acid derivative was found to be among the m ost potent 
inhibitors, and also 4:4-bishydroxym ethyl-l:2-dith io lane showed consi
derable  activity. A num ber of o th er agents w ith a Iow solubility w ere 
found to have little  or no cytostatic effect.

* Visiting Research Fellow on Іеаѵе of absence from the Polish Academy of 
Sciences, Department of Experim ental Pathology, Warsaw, with the support of the 
Danish Cancer Society, The Irma Foundation and Tomrermester Jorgen Holm’s 
Foundation.

** Parts I and II were published in Biochemical Pharmacology (see ref. [15] 
and [8]).
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T a b l e  1 
Some l:2-dithiolane derivatives

Compound Code no.

a-Lipoic acid —

1:2-Dithiolanon-4- 
semicarbazone

Ph 800/1

1:2-Dithiolanon-4- 
thiosemicarbazone

Ph 800/18

2:3-Dithio-4:5-
spirodecane

Ph 800/2

4 :4-Bishydroxymethyl- 
1:2-dithiolane

Ph 800/7

1:2-Dithiolane-4- 
carbonic acid

Ph 800/21

1:2-Dithiolane-3:5- 
-dicarbonic acid

Ph 800/8

i
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The dem onstration of the grow th inhibitory effect of a-lipoic acid 
led yarious authors to a study  o f the antineoplastic po ten tialities of th is 
agent [3, 4, 10], but no tum our inh ib iting  actiyity  could be dem onstrated . 
Sim ilarly, w ith  one exception, we were unable to dem onstrate any 
inhibitory  effect of liipoic acid analogues on the grow th of a hypo te tra- 
ploid subline of Ehrlich’s ascites tum our in vivo. Howeyer, our ехрегі- 
m ents indicated that these negatiye resu lts  -were due to rapid elim ination 
of the druigs from the abdom inal cavity  ra ther than  to cellu lar resistance.

In o rder to gain fu rth e r inform ation about the antineoplastic poten
tialities of the 1 :2-dithiolane derivatives their effect on ascites tum our 
cells was studied in greater detail in vitro as well as in vivo. P aralle l 
investigations of their cytostatic effect on L-929 mouse fibroblasts w ere  
carried out sim ultaneously for comparison.

MATERIAŁ AND METHODS

The cells studied w ere Landschiitz hyperdiploid line of E hrlich’s 
ascites carcinom a (ELD), which w as propagated in vivo  in mice of the 
DBA/212 s tra in  by in traperitoneal transplan tations and in vitro  in  flasks 
w ith Eagle’s m inim um  essential m edium  [5] w ith douible concentration 
of glutam inę and w ith Na2H P 0 4 -2H20  (0.42 пш) and KH2P 0 4 (0.44 т м )  
in steado f NaH2P 0 4 -2H20 , and M gS 0 4 • 7H20  (0.81 тм ) instead of MgCl2 •
• 6H20 . This m edium  was fortified  w ith 10% calf serum . The ELD -cells 
w ere orig inally  adapted to in vitro  conditions by dr. Holm berg of the  
Research Division at Radium hem m et, Stookholm. They have been grown 
in culture at the  Fibiger L aboratory  for almost two years.

The grow th studies also included E arle’s strain  L-929 mouse fibro
blasts, which have been propagated at th is laboratory for 7 years. 
In the present experim ents these cells were grown under the  same 
conditions as the  ELD-cells.

For the study of the cytostatic effect in vitro of yarious 1 :2-dithiolane 
derivatives, cu ltures were p repared  from celi suapensions containing 
100 000 -250  000 cells per ml. A fter incubation for 24 hr. in the control 
m edium  ain initial celi count w as m ade of ten cu ltures selected at 
random . The cells to be counted w ere trypsinized for 10 min. w ith 
a 1.25% trypsine  solution and counted in a B iirker-T iirk  haem ocyto- 
m eter.

The rem aining cultures were diyided into groups of ten and trea ted  
w ith yarying ooncentrations of th e  eom pound under investigation. The 
m edium  was changed daily, and a fte r  3 - 6  days a finał count w as m ade 
of a ll cu ltu res. The median values and the 95% confidence in teryal 
w ere calculated as described by D ean & Dixon [1].

N um erous experim ents were carried  out in order to elucidate th e  
effect of a large num ber of doses of the  yarious compounds. The highest
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dose causing a significant, but incomplete growth inhibition and the 
lowest dose showing complete growth inhibition in all experiments 
indicated the interval within which the minimal dose reąuired for total 
growth inhibition (min. ID10o) would be found.

The cytostatic effect in vivo  of th ree  selected a-lipoic acid analogues 
on the ELD-cells was also studied. Ascites tum our cells obtained from 
a m ouse seven days after transp lan tation  were suspended in Tyrode’s 
solution and reinoculated  into mice of the  DBA/212 stra in  a t a dose 
of 1 - 5 X 106 cells per animal. A fter nine days the anim als were killed. 
The ascitic fluid was carefully w ithdraw n and the abdom inal cavity 
was w ashed tw ice w ith a to tal of 5 ml. of Tyrode’s solution. All the -cells 
thus rem oved from  each individual anim al w ere pooled and counted.

The cytocidal effect of the selected l:2-dithiolane derivatives was 
investigated by exposing ELD-cells obtained from anim als and cu ltures 
to  the compounds in vitro for 8 -7 2  hr. The derivatives w ere dissolved 
in Ea-gle’s m edium  at a concentration corresponding to 1/5 LD50. A fter 
th is trea tm en t the  viability of cells obtained from  anim als was tested 
by reinoculation of 2.5 X 106 cells in traperitoneally  (i.p.) into each of 
ten mice of the DBA/212 strain . The via'bility of cells obtained from  
cultures was tested  by studying their ability  to grow  after replacem ent 
of the cytostatic medium  w ith norm al medium. The total inculbation 
period w as 6 days, so th a t the cells had at least 3 days for гесоѵегу 
before they  were trypsdnized and counted.

The antim itotic effect was studied in cultures of ELD-cells grown 
on flying coversliips. A fter exposure to the various compounds for 8 hr. 
the  cells w ere fixed in ether-alcohol and stained w ith M ay-G runew ald- 
-Giemsa stains. The num ber of m itotic figures per 1000 cells was counted 
in each culture.

R espiratory  studies w ere carried  out w ith  conventional W arburg 
techniąue. The cells w ere suspended in Ringer-Locke’s solution buffered 
w ith tris(hydroxym ethyl)am inom ethane at a concentration of 30 тм . In 
m any experim ents glucose was om itted from  the solution and in others 
replaced by lactate, a-ketoglu tarate  or oxaloacetate at a concentration 
of 5 тм . All substrates w ere purchased from  Sigma Chemical Company, 
St. Louis, Missouri, USA.

All the a-lipoic acid analogues w ere generously supplied by P h a r
macia, Uppsala, while a-lipoic acid was obtained from Chemiewerk, 
Horriburg, Frankfurt/M ain .

RESULTS

Cytostatic ef fect  in vitro. The cytostatic effect of l:2-dithiolane 
derivatives on cells grown in vitro was studied as described. The results 
are sum m arized in Table 2, which shows the dosage in tervals w ithin

http://rcin.org.pl



[5] ANTINEOPLASTIC EFFECT OF D ISU L PH ID E S

which the minimal doses reąu ired  for total inhibition of the grow th of 
the L-929 fibroblasts and the  ELD -carcinom a cells were found. As it 
is seen the ELD-cells w ere more sensitive to  several of these compounds 
than the L-929 fibroblasts. The Table also shows the LD50 values in 
mice determ ined by single in traperitoneal injection, at Pharm acia, 
Uppsala. The figures suggest tha t several l:2-dith io lane derivatives may 
inhibit the growth of Ehrlich’s ascites tum our at doses to lerated  by 
the host.

In  Table 3 are shown the resu lts  of an experim ent, im which the 
cytostatic effect of six a-lipoic acid analogues on the L-929 fibroblasts 
and the ELD-cells was studied in vitro  at concentrations corresponding 
to 20% of the LD50 dose. The two sem icarbazone derivatives (Ph 800/1 
and Ph 800/18) as well as the dicarbonic acid derivative (Ph 800/8)

T a b l e  2

Cyto-toxicity and generał toxicity  of l:2-dithiolane derivatives  
LD50 determinations were made by single i.p. injection at Pharmacia, Uppsala.

Compound
ELD-cells L-Fibroblasts Mice

Min. ID100 (m-moles/liter) LD50 (m-moles/kg.)

> < > <
Lipoic acid 0.50 0.75 1.50 3.00 3.00
Ph 800/1 0.01 0.02 0.02 0.04 0.19
Ph 800/18 0.02 0.03 0.035 0.07 0.34
Ph 800/2 0.04 0.08 0.04 0.08 0.78
Ph 800/7 0.35 0.70 1.50 3.00 0.72
Ph 800/21 0.10 0.20 0.60 0.80 0.18
Ph 800/8 0.75 1.50 1.50 3.00 15.00

T a b l e  3

The cytostatic ef fect  of  l:2-dithiolane derivatives on the ELD -tumour  
cells and the L-929 fibroblasts in v itro  at concentrations corresponding

to 1/5 LD$o
Median values with 95°/o confidence interval [1] are given.

Compound Concn.
(шм)

Celi number (millions per culture)
ELD-cells L-929 fibroblasts

Initial After 4 days Initial After 4 days
Control — 0.515 ± 0.069 3.780 ± 1.432 1.190 ± 0.285 3.640 ±  0.460
Ph 800/1 0.038 - 0.100 ± 0.060 — 0.040 ±0.124
Ph 800/18 0.068 — 0.070 ± 0.037 — 0.640 ±  0.302
Ph 800/2 0.156 - 0.505 ± 0.288 — 1.240 ± 0.670
Ph 800/7 0.144 - 4.400 ± 0.700 — 2.760 ± 0.832
Ph 800/21 0.036 - 3.010 ± 0.782 — 2.580 ± 0.607
Ph 800/8 3.000 - 0.072 ± 0.012 - 1.580 ±  0.364
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inhibited celi grow th completely. Also 2:3-dithio-4:5-spirodecane 
(Ph 800/2), which is a w a te r  insoluble liąuid, haid a pronounced effect, 
while the rem aining two compounds w ere inactive at these concentra^- 
tions. This is in agreem ent w ith the resu lts shown in Table 2. The th ree  
first m entioned analogues, which w ere the most active of the w ater 
soluble compounds, were selected for fu rth e r studies.

Cytocidal ef fect  im vitro. The dem onstration of a cytostatic effect of 
the 1 :2-dithiolane derivatives does not necessarily indicate th a t these 
compounds k ill the cells. Therefore, the cytocidal effect of the  th re e  
selected analogues was studied as described. It appears from  Table 4 
that the  transplan tation  test failed to disclose any cytocidal effect a fte r  
8 hr. of preincubation. A fter 24 hr. the sem icarbazone derivatives showed 
a cytocidal effect, w hile it took 72 hr. of preincubation before the  
dicarbonic acid derivative caused any reduction of the percentage of 
takes.

Table 5 shows the ability of the ELD-cells to grow a fte r trea tm ent 
for varying lengths of time. As it is seen the  cytostatic effect of

T a b l e  4

The ef fect  of l:2-dithiolane derivatives on the transplantability  
of ELD -tumour cells

Compound

Duration of preincubation (hr.)

8 24 48 72
Percentage of takes

Controls 100 100 100 100
Ph 800/8 (3 тм) 100 100 100 70
Ph 800/1 (0.038 тм) 100 10 0 0
Ph 800/18 (0.068 тм) 100 0 0 0

T a b l e  5

The cytocidal ef fect  of Ph 800/8, Ph 800/1 and Ph 800/18 on the  
ELD-tumour cells in vitro

Median values with 95°/o oonfidence interval [1] are given.

Compound concn.
Initial no. of 
cells (millions 
per culture)

Celi number (millions per culture after 6 days)
Duration of treatment (hr.)

Controls 8 24 48 72

Ph 800/8 (3 тм) 1.160 5.360 5.750 5.500 3.460 3.200
±0.166 ±1.360 ±1.110 ±0.956 ±0.386 ±0.942

Ph 800/1 (0.038 тм) 1.166 5.360 6.170 3.720 2.520 0
±0.166 ±1.360 ±1.049 ±0.666 ±0.450 ±0.018

Ph 800/18(0.068тм) 0.760 4.140 3.040 0.920 0.080 0
±0.114 ±0.671 ±0.457 ±0.616 ±0.052 —
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P h  800/8 w as reversible even a fte r  3 days of exposure. Irreversible 
celi damage w as caused by Ph 800/1 only after 72 hr. of treatm ent and 
by Ph  800/18 after 24 hr. Thus, Ph 800/18 seemed to be the most toxic, 
bu t even th is compound reąu ired  considerable tim e 'before a cytocidal 
effect was obtained.

Cytostatic ef fect  in vivo. We have previously reported  [8] tha t w ith 
the exception of l:2-dithiolane-3:5-dicarbonic ac'id (Ph 800/8) the a-lipoic 
acid analogues show no cytostatic effect on a hypotetraploid subline of 
Ehrlich’s ascites tum our in ѵгѵо, and studies of the semicarbazone deriva- 
tives pointed to rapid elim ination as the cause of these negative results. 
Less than  1 hr. after the in traperitoneal injection, these drugs w ere no 
longer dem onstrable in the ascitic fluid nor in the tum our cells. However, 
the  dicarbonic acid derivative at a dose corresponding to 10%  of LD50 
given by the in traperitoneal rou te  once daily for five days had a signi- 
ficant inhibitory  effect on the ra te  of m ultip lication of the hypotetra
ploid Ehrlich cells in vivo.

Sim ilar studies have been carried out w ith the ELD -tum our. Mice 
of the DBA/212 strain  divided into groups of ten (five of either sex) 
received 1 - 5  m illion tum our cells i.p. For the following six days the 
anim als were given one to three daily in traperitoneal doses as shown 
in Table 6 . The Controls w ere treated  w ith Tyrode’s solution, 0.2 ml. 
per dose. A fter 9 days the anim als w ere k illed  by сегѵісаі fracture  and 
the  ascites tum our cells were w ithdraw n from  the abdominal cavity and 
counted as described.

P relim inary  experim ents had shown th a t the cytostatic effect in vivo  
was greatly  depending on the dose of inoculated cells. The experim ents

T a b l e  6

The cytostatic ef fect  of Ph 800/8, Ph 800/1 and Ph 800/18 on the  
ELD-ascites tum our  in  vivo

Median values with 95°/o confidence interval [1] are given.

Compound
Single dosage x no. 

of i.p. injections in the 
course of 6 days

Celi nurnber 
(millions per animal) Percentage 

of takes
Inoculated After 9 days

Tyrode’s solution 0.2 ml. x 6 1 280.0 ± 143.0 50
Ph 800/8 1.0 m-moles/kg. x 6 1 150.0 ± 272.0 60
Ph 800/8 1.5 m-moles/kg. x 6 1 20.0 ± 0 20
Ph 800/8 2.0 m-moles/kg. x 6 1 20.0 10
Ph 800/8 3.0 m-moles/kg. x 6 1 - 0

Tyrode's solution 0.2 ml. x 15 5 429.0 ± 119.4 100
Ph 800/8 3.0 m-moles/kg. x 15 5 223.0 ± 168.0 100
Ph 800/1 0.038 m-moles/kg. x 15 5 113.5 ± 68.8 100
Ph 800/18 0.068 m-moles/kg. x 15 5 85.0 ± 65.0 100

http://rcin.org.pl



286 J . K IE L E R  a n d  B. BICZOW A [ 8 ]

sum m arized in Table 6 showed that at an inoculum dose of one m illion 
cells, daily trea tm ent w ith Ph 800/8 had a cytostatic effect if the  
individual doses of the compound w ere not less than 1.5m -m oles per kg.,
i.e. 1/10 LD50, which is in agreem ent w ith  our in vitro  findings.

Doses corresponding to 1/5 LD50 given 15 times in th e  course of six 
days to anim als which had r'eceived five m illion cells also had a cyto
static effect. This was statistically  significant in the case of iPh 800/1 
and Ph  800/18, but not in the case of Ph 800/8. Num erous o ther ехрегі- 
m ents have confirmed tha t the cytostatic effect of Ph  800/8 rap id ly  
decreases w hen the inoculum  dose exceeds one m illion cells.

Therapeutic effect.  In order to elucidate the therapeu tic  effect of the 
three selected l : 2-dithiolane derivatives a study was m ade of th e ir 
influence on the survival time of DBA mice transplan ted  w ith 20 m illion 
ELD-cells and treated  once, twice and three times daily for a total of 
5 days. The compounds w ere adm inistrated  by the in traperitoneal 
rou te  at single doses corresponding to 1/5 LD50. The Controls received 
Tyrode’s solution.

From  the resu lts  presented in Table 7 it appears tha t none of th e  
three derivatives had any pronounced therapeutic  effect. A significant 
increase in the  survival tim e was oinly obtained w ith P h  800/18 given 
twice daily, bu t even in this case the  effect was only m oderate.

Antim ito tic  ef fect  in vitro. In o rder to elucidate the m echanism  of the  
cytostatic effect of the l : 2-d ithiolane derivatives a study  w as made of

T a b l e  7

The therapeutic ef fect  of l:2-dithiolane derivatives on mice carrying
ELD-ascites carcinoma 

For survival time, median values w ith 95% confidence interval [1] are giyen.

Compound
Single dosage x no. of 
i.p. injections in the 
course of 5 days

Percentage 
of takes

Survival time 
(days)

Controls 0.2 ml. salt sol. x 5 100 14.0 ± 2.34
Ph 800/8 3.00 m-moles/kg. x 5 100 17.0 ± 2.07
Ph 800/1 0.038 m-moles/kg. x 5 100 14.0 ± 2.30
Ph 800/18 0.068 m-moles/kg. x 5 100 14.0 ± 2.53

Controls 0.2 ml. salt sol. x 10 100 12.0 ± 1 84
Ph 800/8 3.00 m-moles/kg. x 10 100 13.5 ± 1.84
Ph 800/1 0.038 m-moles/kg. x 10 100 12.5 ± 2.30
Ph 800/18 0.068 m-moles/kg. x 10 100 17.0 ± 1.84

Controls 0.2 ml. salt sol. x 15 90 11.0 ± 1.56
Ph 800/8 3.00 m-moles/kg. x 15 90 14.0 ± 2.34
Ph 800/1 0.038 m-moles/kg. x 15 100 13.5 ± 1.15
Ph 800/18 0.068 m-moles/kg. x 15 100 14.0 ± 1.161
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T a b l e  8

The effect  of l:2-dithiolane derivatives on the mitotic activity  
of ELD -tumour cells in vitro 

Mitotic coefficient is the no. of mitotic figures per 1000 cells; median values w ith  
the 95% confidence interyail [1] are given.
no. of imetaphases

Metaiphase ratio =  tofaj no of mitoses X m e^ an values with the 95% confidence 

interval [1] are given.

Treatment Mitotic coefficient Metaphase ratio

Controls
Ph 800/8 (3 ООО тм) 
Ph 800/1 (0.038 тм) 
Ph 800/18 (0.068 тм)

35 ± 12.75 
12 ± 6.12 
8 ± 5.10 

12 ± 6.12

57% ± 20 
63% ± 34 
50% ± 31 
67% ± 20

th e ir  influence on the m itotic activity and the resp iratory  m etabolism  
of the ELD-cells. From  Table 8 it appears tha t the  th ree  selected com
pounds at a concentration correspondimg to 1/5 LD50 had a significant 
antim itotic effect, but the relative num ber of m etaphases did not change.

Metabolic effect .  The metabolic effects of 1:2-dithiolane derivatives

Fig. 1. The effect of l:2-dithiolane
—i______ i______ i______ i derivatives on endogenous respiration
0.04 0.06 0.08 0.10 0f Ehrlich ascites tumour cells. (a), Ph
Ph 800/18 сопс.(тм) 800/8; (b)> ph  800/1; (c)> ph  800/l8.

Ph 800/8 conc. (тм)

— I 1 I I i
0.01 0.02 0.03 0.04 0.05

Ph 800/1 сопс.(тм)
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have preyiously been studied in our laboratory [8]. W hile no antiglyco- 
lytic activity  could be dem onstrated, several of the compounds reduced 
cellular resp iration  at a concentration of 0.15 тм . The hypotetraploid  
Ehrlich ascites tum our cells were m ore sensitive than  the L -fibroblasts 
but no direct comparison of the cytostatic and the  antim etabolic effect 
could be m ade at th a t time.

Figurę 1 shows the effect of various concentrations of P h  800/8, 
P h  800/1 and P h  800/18 on the endogenous respiration of the  ELD-cells. 
Inhibition of cellu lar respiration was obtained in all cases at concentra
tions corresponding to 1/5 LD50. In some experim ents, especially in the 
case of Ph 800/8, this effect was not seen until after 2 - 3  hr. of 
incubation.

T a b l e  9

The effect  of  various substrates on the antirespiratory activity  
of Ph 800/8, Ph 800/1, and Ph 800/18

Substrate added 
(5 тм)

Oxygen consumption of ELD-cells

Controls Ph 800/8 (3 тм) Inhibition ( —) 
or stimulation (+ )(pl/million cells/4 hr.)

None 5.12 2.72 -47%
Glucose 5.17 6.24 +21 %
Lactate 6.96 6.88 -  1%
a-Ketoglutarate 5.20 4.68 - 10%
Oxaloacetate 7.97 7.70 -  3%

Controls Ph 800/1 (0.038 тм) Inhibition (—)
(fxl./million cells/1 hr.) or stimulation (+ )

None 2.17 1.28 '-4 1 %
Glucose 1.87 3.38 +  81%
Lactate 2.00 1.75 -12%
a-Ketoglutarate 1.78 1.79 +  1%
Oxaloacetate 2.43 1.84 -24%

Controls Ph 800/18(0.068 тм) Inhibition ( —)
(fxl-/million cells/1 hr.) or stimulation (+ )

None 2.32 1.63 -30%
Glucose 2.39 4.62 +93%
Lactate 1.99 1.76 -12%
a-Ketoglutarate 1.85 1.58 -15%
Oxaloacetate 2.59 1.89 -27%

In the presence of exogenous substrates the an tiresp iratory  effect of 
the l :2 -dithiolane derivatives was freąu en tly  reduced or abolished as 
shown in Table 9. Due to the delayed effect of Ph 800/8 the figures for 
this compound are  given for the whole period  of incubation, i.e. 4 hr.,
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while the figures for the two o ther compounds were obtained during 
the firs t hour of incubation a fte r the sta te  of eąuilibrium  had been
reached. In the presence of glucose the compounds not only produced
no resp ira to ry  inhibition, but a considerable stim ulation of cellu lar 
oxygen uptaike w as usually seen. This effect did not seem to be related  
to the  Crabtree effect, which in these experim ents was insignificant.

DISCUSSION

The present experim ents have shown th a t l:2-dith io lane derivatives 
m ay exert a cytostatic effect on the ELD-cells at concentrations corres- 
ponding to 1/5 LD50 or less. Howeyer, a cytocidal effect was only
obtained if the cells w ere exposed to the cytotoxic actiyity  of these
compounds for a longer period than  the tim e it takes for the  compound 
to be elim inated from the organism  a fte r  in traperitoneal injection [8]. 
P erm anen t infusion o r perfusion would seem  to be the only way of 
m aintaln ing an active serum  level for a sufficiently  long time. However, 
the relatively  Iow ra tę  of solubility of the m ajority  of the  l : 2-dithiolane 
derivatives so far synthesized m akes them  less suitalble for such m ethods 
of acŁministration. Therefore, the possibility of sensitizing the tum our 
cells to the cytocidal effect of these compounds should ibe considered.

The m echanism  of the cytostatic effect has not yet been elucidated. 
Physico-chem ical investigations of Schotte & Nygard [15] as well as 
biological studies of Machlis [11] ipoint to the  five-m em bered disulphide 
ring as the active component of these compounds. Sulphydryl-disulphide 
in terchange is known to be involved in m any protein reactions such as 
denaturation, gel form ation and clotting [see 7]. Gelation of protein 
through in term olecular disulphide bond form ation probably plays an 
im portan t p a rt in the construction of the m itotic apparatus [see 12, 13], 
and it is, therefore, сопсеіѵаЫе that the  grow th inhibitory effect of 
1 :2-d ith io lane derivatives is due to in terference w ith  this process. 
Di Carlo [2] has dem onstrated a elear antim itotic effect of a-іірюіс acid 
on onion roots, and a sim ilar effect of o ther l :2-dithiolane derivatives 
on the ELD-cells was found in the  present investigation. However, the 
re la tive  numlber of m etaphases did not change, as one would have 
expected in case of damage to the  m itotic spindle. These resu lts  indicate 
th a t the iprocess of celi division is inhibited a t an early  phase, as if the 
cytostatic effect of a-lipoic acid analogues w ere due to in terference 
w ith  cellu lar m etabolism.

The an tiresp ira to ry  effect of the a-lipoic acid analogues pointed to 
а -lipoic acid antagonism , as an explanation of their cytostatic effeets. 
However, а-lipoic acid also had a grow th inhibiting effect, and num erous 
a ttem pts to neu tralize  the  influence of the analogues on  celi growth
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or celi m etabolism  by adding this coenzyme to the m edium  w ere  
unsuccessful.

Henderson & Eakin [6] have show n an inhibitory effect of cyclic d isu l- 
phides on several dehydrogenases, m alic acid dehydrogenase being  the 
most sensitive. If the present derivatives had a sim ilar effect, one w ould 
expect oxaloacetate, but not a-ketog lu tarate  to be able to neutralize 
th e ir  antim etabolic activity. However, th is was not the case. On th e  
contrary , a-ketog lu tarate  seemed more efficient than  oxaloacetate  in 
neutralizing the an tiresp irato ry  effect of P h  800/1 anld Ph  800/18.

The m etabolic effects of the l:2-dith io lane derivatives resemlble those 
obtained by exposing ELD-cells to high and Iow oxygen tehsions, w hich 
points to fat m etabolism  as the site  of the ir action [9, 14]. How ever, 
fu rth e r  experim ents are needed before any finał conclusions can be 
draw n.

The resu lts  of the present m etabolic studies suggest th a t the sensi- 
tiv ity  of the tum our cells to the l:2-dith io lane derivatives m ay be 
increased if the cells are  prevented from  utilizing exogenous substra tes. 
This points to -the comibination w ith  antiglycolytic agents as a .way of 
increasinjg the cytocidal and thereby  also the therapeutic  effect of 
1:2-dithiolane derivatives. Howeyer, th is concept does not necessarily  
m ean tha t the cytostatic effect obseryed in the presence of exogenous 
substra tes is rela ted  to the  influence on endogenous respiration. Thus, 
the  finał evaluation of the antineoplastic potentialities of the l:2 -d ith io - 
lane derivatives reąu ires fu rth e r studies of the  biochem ical m echanism  
of their cytostatic effects.

This investigation has been supported by grants to the Fibiger 
L aboratory  from The Danish N ational Research Foundation, King 
C hristian X ’s Memoriał Fund and Arvid Nilssons Foundation.

SUMMARY

The effect of a-lipoic acid analogues on the grow th and m etabolism  
of Ehrlich ascites tum our cells was studied. l:2-D ithiolane derivatives 
inhibited the growth of the  cells in vitro  and in vivo. Seyeral of the 
compounds at concentration corresponding to 1/5 LD50 inhibited endo
genous resp iration  of the cells. In the presence of the  exogenous sub
s tra tes  the an tiresp irato ry  effect w as reduced or abolished.
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POCHODNE 1,2-DWUTIOCYKLOPENTANU
III. ANTYNEOPLASTYCZNA AKTYWNOŚĆ 

S t r e s z c z e n i e

Przebadano wpływ pochodnych kwasu a-liponowego na wzrost i metabolizm  
komórek wysiękowego raka Ehrlicha. Stwierdzono, że niektóre z tych związków  
hamują wzrost komórek Ehrlicha in vitro  i in vivo. W stężeniu odpowiadającym  
l/5 L D 5o hamują one endogenne oddychanie. W obecności substratów egzogennych 
hamowanie oddychania ulega zmniejszeniu lub zanika.
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In anim al tissue, the first s tep  in the form ation of km g-chain fa tty  
acids from  acetyl-CoA is the carboxylation of acetyl-CoA to form  
m alonyl-CoA (Wakil, 1961). This reaction reąu ires  ATP and C 0 2, and 
is catalysed by acetyl-CoA carboxylase, a biotin-containing enzyme:

COOH

CH3COSCoA +  C02+ATP — -b° - las% ĆH2 +ADP+Pi (1)
\

COSCoA

In the  sulbseąuent steps, units of m alonyl-CoA condense successively 
w ith a single prim ing unit of acetyl-CoA. D uring the addition of each 
molecule of malonyl-CoA, one m olecule of C 0 2 is lost, resu lting  in the 
form ation of a new /S-keto acid by the net addition of two carbon atoms. 
According to the  curren t vieiw, the  /?-keto acid is then  reduced to the 
fully  sa tu ra ted  acid by NADPH i. The оѵегаіі reaction for the  form a
tion of palm ityl-CoA from  acetyl-CoA and m alonyl-CoA m ay thus 
be w ritten :

COOH
/

1 CH3COSC0A +7 CH2 +14 NADPH+  14 H b
\

COSCoA
—> 1 CH3(CH2)14COSCoA + 7 C 02 + 14 NADP^+7 HSCoA+7 H20  (2)

Before the discovery of the malonyl-CoA pathw ay for the synthesis 
of fa tty  acids, it had already been shown that citrate  and isocitrate 
stim ulate fa tty  acid synthesis from  acetate in purified cell-free system s. 
This effect has been observed in preparations from pigeon-ііѵег (Brady

1 Abbreviations: NADP+, NADPH, oxidized and reduced nicotine ademine 
dmucleotide phosphate; NADH, reduced nicotine adenine dinucleotide; DNP, 2,4-di- 
nitrophenol. The 1-C atom of citrate refers to the С atom deriYed from the 1-C 
of acetate when citrate is formed enzymically from acetate and oxaloacetate.
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& G urin, 1952), lactating m am m ary gland (Popjak & Tietz, 1955) and 
adi-pose tissue (M artin & Vaigelos, 1962). U nder certain  conditions, 
stim ulation m ay reach 60-fold, and in at least one system, th e  m am m ary 
gland p reparation  described by Abraham , M atthes & C haikoff (1961), 
fa tty  acid synthesis from  acetate does not take  place unless c itra te  is 
added.

Several suggestions have been put forw ard to ехріаіп the stim ulatory  
effect of tricarboxylic acids. A t one tim e it was thouight to (be due to an 
increase in the supply of NADPH generated by the oxidation of isocitrate 
(Brady, Mamoon & Stadtm an, 1956). Howeyer, this is no longer consi- 
dered likely, sińce the rate-lim iting  step  in fa tty  acid synthesis is re 
action (1), which does not re ą u ire  NADPH. H ulsm ann (1960) has sug- 
gested th a t tricar'boxylic acids stim ulate  fa tty  acid synthesis by form ing 
oxalosuccinate, which then acts as a donor in a transcarboxylation re -  
sulting  in the form ation of m alonyl-CoA from  acetyl-CoA. This, howeyer, 
has been disproved by Numa, M atsuhashi & Lynen (1961), who showed 
th a t oxalosuccinate cannot replace c itrate  in a fatty-acid  synthesising 
system  from  ra t Ііѵег.

M ore recently , M artin  & Vagelos (1962) have shown th a t citrate  sti- 
m ulates the carboxylation of acetyl-GoA in the presence of purified 
preparations of acetyl-CoA carboxylase which are  free from  the enzymes 
necessary for coupling the reduction of NAD'P+ to NADPH w ith  the 
oxidation of citrate. Vagelos, A lberts & M artin (1963) have now shown 
th a t this effect of c itra te  is due to actiyation of the carboxylase, possibly 
by altering  its sta te  of m olecular aiggregatio.n. Both d - and L-isocitrate 
have also been shown to have a stim ulatory  effect on acetyl-CoA carbo- 
xylase about equal to th a t of c itrate  (Lynen, M atsuhashi, Numa & Schwei- 
zer, 1963).

The actiyation of aćetyl-CoA carboxylase by tricarboxylic acids has 
aroused a good deal of in terest because it suggests a possible mechanism 
for the cotntrol of fa tty  acid synthesis in vivo. Howeyer, this effect cannot 
be assum ed to  be physiologically significant unless it can be shown that 
the  enzyme, as it exists w ith in  the unbroken celi, is sensitive to the 
action of tricarboxylic acids, and th a t the effect occurs at concentrations 
w ith in  the  physiological rangę.

We have recently  described a ra t Ііѵег hom ogenate (Iliffe & Myant, 
1964) w hich resemlbles the  unbroken celi more closely, in some respects, 
than  the  cell-free, or particle-free, preparations used by most other 
w orkers for studying fa tty  acid synthesis. In our preparation  (“whole 
hom ogenate”), the  celi sap and all the  particles except the nuclei are 
retained, and no cofactors are  added from outside. All the cofactors 
requ ired  for fatty  acid synthesis are generated from  endogenous sources 
w ith in  the  homogenate itself; the ATP is generated by  phosphorylating
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m itochondria, the NADPH by oxidation of endogenous sulbstrates and 
the  CO2 by  m itochondrial oxidation of suceinate.

We have shown th a t tricarboxylic  acids have little o r no stim ulatory  
effect upon the incorporation of [ l - i4C]acetate into fa tty  acids in the 
whole hom ogenate (M yant & Iliffe, 1963). We suggested that this m ight 
be due to the form ation of non-radioactive acetyl-CoA from c itra te  by 
the action of the c itra te  cleavage enzyme (Srere, 1959). We pointed out, 
however, that our resu lts  raised the possibility that acetyl-CoA carbo- 
xylase is not sensitive to  the  action of tricarboxylic acids w ith in  the 
unbroken celi or w hole hom ogenate, and that it only becomes so during  
certain  stages in the p reparation  of iparticle-free systems, o r of the  
purified  enzyme itself. I t  was clearly  im portant to establish w hether 
or not th is is so.

In this paper we describe fu rth e r  a ttem pts to dem onstrate a s tim u
latory  effect of tricarboxylic acids on the carboxylation reaction in the 
w hole homogenate. We have been unable to find m ore than  a triv ia l 
stim ulatory  effect on [ l - 14C]acetate incorporation into fa tty  acids. 
However, ou r experim ents show th a t the carboxylation reaction can be 
stim ula ted  by citrate, though only  at concentrations th a t are above the  
physiological rangę.

RESULTS

Incorporation of [1-14C]acetate into fa tty  acids 
in the whole homogenate

In the presence of optim al concentrations of acetate, suspensions of 
the whole 'homogenate, containing the  equivalent of 400 mg. of wet Ііѵег, 
incorporated betw een 100 and 300 mp-moles of [ l - 14C]acetate into long- 
-chain  fa tty  acids during a 3-hr. incubation (Table 1). This ra te  of incor
poration is abooit the same as 'that shown by  a  sim ilar weitght of ra t  Ііѵег 
slices (Chernick & Chaikoff, 1951).

In the  whole homogenate, synthesis of fa tty  acids from acetate is 
probably lim ited by the  supply  of ATP, sińce the incorporation of 
[ l - 14C]acetate was dim inished by factors which in terfere  w ith  oxidative 
phosphorylation, and was increased 'by stim ulating the production of 
endogenous A TP or by adding exogenous ATP. As shown in Table 1, 
in the  presence of norm ally  phosphorylating m itochondria, the concen
tra tio n  of endo-genous ATP was m aintained at o r above its in itial level 
th roughout the  incubation. W hen phosphorylation was inhibited by DNP, 
ATP disappeared rapidly  from  the incubation m ix tu re  and the incorpo- 
ra tm n of acetate into fa tty  acids was m arkedly diminished. If, on the 
o th er band, th e  ATP level was raised by adding ATP o r by  stim ulating 
phosphorylation w ith NADH, incorporation was increased.
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The influence of citrate and isocitrate upon  [1 - 14C]acetate mcorpotation  
into fa tty  acids in the whole homogenate

Since the incorporation of [ l - 14C]acetate in the Whole hom ogenate w as 
influenced by the A TP level, it was elear tha t tricarboxylic acids m ight 
affect incorporation indirectly  'by stim ulating, o r in terfering  w ith, the  
supply of ATP from  the  m itochondria. Accordingly, in all suibseąuent 
experim ents w ith w hole hom ogenates, the ATP level w as m easured a t 
the end of the  incubation.

In the  standard  incubation m ix tu re  (Table 1), the  energy for oxidative 
phosphorylation is supplied by  15 т м -succinate. W hen the suecinate w as 
replaced by  citrate  o r isocitrate, th ere  w as a slight o r m oderate increase 
in [ l - 14C}acetate incorporation over most of the  rangę of concentration 
tested, though With citrate  concentrations above 15 тм , incorporation 
was dim inished (Table 2). W hen there  was an increase in 14C incorpora
tion th is was not accom panied by a corresponding increase in  the  ATP 
level at the end of the incubation. On the contrary, the ATP level tended 
to be low er w ith c itra te  o r isocitrate than  w ith suecinate alone.

In the presence of the standard  15 т м -suecinate , c itrate  added at 
a concentration of 5 т м  had a slight stim ulatory  effect on the inoorpo-

T a b l e  1

Influence of the supply  of A TP  upon the incorporation of [ l-14C]acetate 
into fa t ty  acids in the  whole homogenate

Each fiask contained 2.0 ml. of homogenate from 400 mg. wet Ііѵег in a finał volum e 
of 4.5 ml., with tris-HCl buffer (45 т м ,  'pH 7.4), KC1 (40 т м ) ,  MgCl2 (4 m м 
К acetate (2.5 m м), Na [ l-uC]acetate (0.01 т м ), K2H P 04 (1.0 т м ), reduced gluta
thione (5.0 т м )  and К  suecinate (15 тм ). The flasks were incubated in duplicate, 

with shaking, for 3 hr. at 37® with air as the gas phase.
The concentration of ATP in the incubation m ixture was measured at the beginning 
and end of the incubation (Fletcher & M yant, 1961). The amount of acetate incor- 
porated into fatty acids was calculated from the specific activity of the added 
[1-14C]acetate and the activity recovered in the fatty acids, no allowance being

made for endogenous acetate.

ATP concentration (тм) Acetate
Experiment incorporated

Initial Finał (mpmoles)

None 0.24 0.28 207
1 DNP (0.1) 0.22* 0 25

ATP (2.0) 2.20 1.14 1560

2 None 0.22* 0.39 292
NADH (0.5) 0.22* 0.77 600

• Average values taken from  other experim ents.
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T a b l e  2

Effect of replacing succinate by citrate or isocitrate upon  [ l- 14C ]acetate 
incorporation into fa tty  acids in the whole homogenate

The conditions of incubation were the same as in Table 1, except that succinate w as  
replaced by citrate or DL-isocitrate where shown in the Table.

Additions (тм) 14C incorporated Finał ATP 
concentration

Succinate (15) 100 100
Citrate (10) 149 51

(15) 118 101
(20) 73 74

Isocitrate (10) 98 47
(15) 165 76
(20) 165 66

ration of [ l - 14C]acetate, b u t higher concentrations e ithe r had no effect 
or were inhibitory  (Table 3). Isocitrate added at Iow concentrations 
in the presence of succinate stim ulated  incorporation, b u t w as inhibitory  
a t concentrations above 10 т м  (Table 3). W hen c itra te  o r isocitrate w ere  
added in the presence of succinate, the  level of ATP at the  end of the

T a b l e  3

Effect of citrate or isocitrate, in addition to succinate, upon  [ 1-14C]асеtate  
incorporation into fa tty  acids in the whole homogenate  

The conditions of incubation were the same as in Table 1 (all flasks containing 
15 т м  succinate), except for the atdditions of citrate, DL-isocitrate, or ATP shown

in the Table.

Additions
(тм)

14C incorporated Finał ATP 
concentration

None 100 100
Citrate (5) 127 72

(15) 44 67

Isocitrate (5) 192 37
(10) 113 43
(15) 81 —

(20) 37 39
(3 x

x 22.5)* 23 -

ATP (2)
ATP (2) +  isocitrate (20)

472
314

1670
1440

* 22.5 mM -DL-lsocitrate added at 0, 1 and 2 hr.; in  these flasks, th e  acetate concentration  
was 10 mM,
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incubation was usually  lower than  w ith succinate alone. This raised the 
possibility  th a t a stim ulatory  effect on the cartx>xylation reaction  was 
nullified  by  the fali in the  ATP Іеѵеі. However, th is seem s unlikely, 
because isocitrate had no stim ulatory  effect in the presence of optim al 
concentrations of added ATP (Table 3).

These resu lts  showed that the incorporation of [ l - 14C]acetate into 
fa tty  acids in the whole homogenate could be stim ulated  by tricanboxylic 
acids and that the  effect was not m ediated by  a change in the  level 
o f ATP. However, stim ulation occurred only in ra th e r restric ted  con
ditions (Table 2 and 3) and, w hen it did occur, was m uch sm aller than  
th a t obseryed by o ther w orkers using m ore highly fractionated  system s 
o r  purified  enzym e preparations.

We considered the possibility that the absence of a m ore m arked 
stim u la to ry  effect m ight be due to rapid гетоѵ аі of the added tricarbo- 
хуііс  acid by m itochondrial oxidation o r b y  some o th er m etabolic 
pathw ay. We therefore tested the effect of adding isocitrate in  three

Time (hr.)

Fig. 1. Concentration of D-isocitrate 
in whole homogenate with three ad- 
ditions of 22.5 т м -DL-isocitrate at 0, 
1 and 2 hr. (O) and in control 
flasks with no added isocitrate (# ). 
Conditions of incubation and cornpo- 
sition of incubation mixture as in 
Table 1. d -Isocitrate assayed by 
a modification of the method of 

Stern (1957).

successiye doses. At the same time, we m easured the concentration of 
isocitrate during the incubation. Three doses of 22.5 т м -isocitrate inhi
bited [ l - 14C]acetate incorporation in to  fa tty  acids (Table 3). In the control 
flasks, the  concentration of endogenous isocitrate w as less than  0.1 тм  
a t  the  beginning of the incubation and fell to zero by  the end of the 
incubation; in the flasks to which isocitrate was added, the concentration 
fell rap id ly  a fte r each addition, b u t nevertheless rem ained several times 
higher th an  the level in the control flasks during m uch of the incubation 
(Fig. 1).
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Incorporation of  [1,5- 14C]cżtrate into fa tty  acids 
in the whole homogenate

Spencer & Lowenstein (1962) have shown th a t the 1-C atom  of c itrate  
is incorporated into fa tty  acids in tissue preparations w hich contain 
the c itra te  cleavage enzyme (Srere, 1959). This enzyme generates acetyl- 
-CoA from  the 1- and 2-position carbon atom s of c itra te  in the presence 
of ATP and Co A:

Citrate +  ATP +  CoA — > Acetyl - CoA +  Oxaloacetate +  ADP +  Pi

Since the incorporation of [l,5 -14C]citrate into fatty  acids is almost 
com pletely inhibited by avidin (Spencer & Lowenstein, 1962), an an ti- 
-b io tin  factor, nearly  all the 1-position С of citrate  tha t en ters fa tty  
acids m ust do so via acetyl-CoA and the malonyl-CoA pathw ay.

It therefore  seemed possible tha t in the  whole homogenate, which 
m ust contain the c itrate  cleavage enzyme, the added citrate  m ight give 
rise to enough non-radioactive acetyLCoA to dim inish the incorporation 
of radioactive acetate into fa tty  acids. This would tend to m ask a stim u- 
latory  effect of citrate on the carboxylation reaction. Isocitrate, in so far 
as it is converted to citrate, could also give rise to acetyl-CoA.

T a b l e  4

Incorporation of 1-position С atom from  [1-14CJacetate and [1,5- 14C]citrate 
into fa tty  acids in the whole homogenate

The conditions of incubation and the contents of the flasks were the same as in 
Table 1, except that succinate was omitted in the flasks containing added citrate. 
Since 'the incorporation of the 5-C atom of citrate into fatty acids is only about 1/20 
that of the 1-C atom (Spencer & Lowenstein, 1962), inoorporation of 1-position 14C 
from citrate was calculated from the radioactivity recovered in the fatty acids, and 
the specific activity of the [l,5 -14C]citrate divided by two. Note that in this 
experiment, the ATP level was slightly higher in the presence of citrate than in 
its absence. However, the difference was not great enough to account for the fact 
that the incorporation of citrate 14C was five times as great as that of acetate 14C.

Incorporation of Finał ATP
Substrate (тм) 1-position 14C concentration

(m[xatoms) (тм)

[l-14C]Acetate (5) +  succinate (15) 102 0.14
[l-14C]Acetate (5) +  citrate (10) 117 0.17
fl,5-i4C]Citrate (10) +  acetate (5) 552 0.20

That c itrate  does, in fact, contribute to the acetyl-CoA pool in th e  
whole hom ogenate was shown by experim ents in which w e m easured 
the incorporation of [l,5 -14C]citrate into fa tty  acids. In the experim ent 
show n in Table 4, 10 т м -citra te  had a slight, though scarcely significant,
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stim ulatory  effect on the incorporation of [ l - 14C]acetate. But a t this con
centration, the 1-C atom of citrate  was incorporated about five tim es 
as efficiently as the  carbon atoms of 5 т м -acetate. Thus, in the flasks 
containing 5 mM-[l-14C]acetate and 10 т м -citrate , about 5/e of the  acety l- 
-CoA converted to fa tty  acids was derived from  citrate . In the absence 
of a corresponding increase in the т а х і т а і  capacity of the carboxylation 
reaction, this should have dim inished the incorporation of [ l - 14C]acetate, 
compared w ith  tha t incorporated in the flasks containing [ l - 14C]acetate 
but no citrate. The resu lts  therefore suggest th a t in  th is p repara tion  
the carboxylation reaction was stim ulated  by citrate.

We w ere able to obtain m ore evidence for a stim ulatory  effect by 
com paring the incorporation of [ l-14C]acetate in the absence of c itra te  
w ith tha t of the  1-C atom  of [l,5 -14C]citrate, at increasing substra te  con
centrations (Fig. 2).

The reasoning behind these experim ents was as follows. The т а х і т а і  
incorporation of [ l - 14C]acetate provides a m easure of the capacity of the 
carboxylation step in the absence of citrate, sińce this is the  rate-lim iting  
step in fa tty  acid synthesis from  acetate in the whole hom ogenate (Iliffe 
& M yant, 1964). The rate-lim iting  step in fa tty  acid synthesis from

Fig. 2. In Corporation of 1-positiom С atom of [l,5-14C]citrate (O) and of [ l-14C]acetate 
( • )  into fatty acids at increasing substrate concentrations. Paired flasiks containing 
whole homogenate from the pooled livers of two rats were incubated as in Table 1. 
The contents of the flasks were the same as in Table 1, except that the succinate 
concentration was reduced from 15 т м  to 10 т м  and the concentration of acetate 
was as shown in the Figurę. Incorporation of 1-position 14C from citrate was

calcuiated as in Table 4.
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c itra te  in our preparation is e ither the form ation of acetyl-CoA from 
citrate  by the action of the cleavage enzyme, o r the carboxylation of 
acetyl-CoA. W hichever is the  case, the capacity of the carboxylation 
step in the presence of c itrate  cannot ibe less than  the m axim al incorpo- 
ration  of the 1-C atom of c itrate  into fa tty  acids.

In the experim ent shown in Fig. 2, incorporation of the  1-C atom 
of citrate  reached a m axim um  of 1320 mi+atoms at a concentration of 
10 тм , w hereas the т а х і т а і  incorporation of acetate in  the  absence 
of c itrate  was only 160 тм -atoms. The capacity of the carboxylation step 
m ust, therefore, have been increased at least 8-fold by 10 т м -citrate. 
The fali in 14C incorporation at high c itra te  concentrations was probably 
due to depression of the  ATP level, which always occurred at concen
tra tions of citrate above 15 тм . The sigmoid shape of the ascending part 
of the c itrate  curve is to be expected if c itra te  not only provides acetyl- 
-CoA units for fa tty  acid synthesis, but also stim ulates the  carboxylation 
of acetyl-CoA.

DISCUSSION

M any hypotheses have been put forw ard to ехріаіп how  fa tty  acid 
synthesis is controlled in the  livm g anim al. A t one tim e or another 
it has been suggested tha t control is exerted  by  changes in the  supply 
of NADPH (Langdon, 1957) or of ATP (Fletcher & M yant, 1960), by 
changes in the concentration of malonyl-CoA synthetase (Gibson & Hub- 
bard, 1960) or in the  concentration (Numa, M atsuhashi & Lynen, 1961) 
o r  degree of actiyation (Vagelos, A lberts & M artin, 1963) of acetyl-CoA 
carboxylase; and Lynen, M atsuhashi, Num a & Schweizer (1963) have 
now  suggested tha t CoA derivatives of long-chain fa tty  acids exert a con
tro lling  influence by inhibiting acetyl-CoA carboxylase.

It is, of course, possible that fa tty  acid synthesis is regu la ted  by 
m ore th an  one mechanism, and tha t the factor which exerts the greatest 
influence a t any given m om ent varies according to conditions inside the 
celi. But before any of these m echanism s can be assum ed to be of physio
logical significance, it m ust be studied in system s of increasing corn- 
p lex ity  and, ultim ately, in th e  w hole celi.

Our experim ents show some of the difficulties that arise w ith a system  
as со тр іех  as the whole homogenate. A lthough citrate, and possibly 
isocitrate, stim ulate the carboxylation step in the  whole homogenate, 
th e ir  effect on [1-14C]acetate incorporation into fa tty  acids is negligible 
by comparison with the stim ulatory  effect obseryed in m ore highly 
fractionated  systems. In the case of citrate, this appears to be due, at 
least partly , to two factors. First, the presence of the  citrate  cleavage 
enzym e results in a large increase in the  am ount of acetyl-CoA w hen 
c itra te  is added to the preparation; the am ount of [ l - 14C]acetate con- 
ye rted  to malonyl-CoA is, therefore, less than  it would o therw ise be.
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Secondly, some of the added citrate  is oxidized to C 0 2, as shown by the 
evolution of 14C 0 2 from  [l,5 -14C}citrate incubated in the w hole homo
genate (Iliffe & M yant, unpublished work). It is possible th a t isocitrate 
also forrns acetyl-CoA in our preparation, though we have no evidence 
for this. W hat appears to be a more im portant factor in dim inishing the 
stim ulatory  effect of isocitrate is its rela tive ly  rapid ra te  of m etabolism  
in the whole homogenate (Fig. 1).

A fu rth e r complication in these experim ents arises from  the fact 
tha t [ l - 14C]acetate incorporation in the  w hole homogenate is dependent 
upon ATP generated by m itochondrial phosphorylation. Tricarboxylic 
acids at high concentrations depress the level of ATP and thus diminish 
[ l - 14C]acetate incorporation into fa tty  acids.

There rem ains the ąuestion of the physiological significance of the  
activating effect of citrate. Our earlier suggestion (Myant & Iliffe, 1963) 
tha t activation of acetyl-CoA carboxylase is an artifact m ay not be 
necessary. Nevertheless, the  concentration of citrate  reąu ired  to activate 
acetyl-CoA car'boxylase is m uch higher than the concentration in norm al 
Ііѵег. Activation of purified enzyme preparations does not begin until 
the  citrate  concentration is raised above 2 шм (Vagelos, A lberts & M artin, 
1963). The position of the inflection in the [l,5 -14C]citrate curve (Fig. 2) 
also suggests tha t activation in the whole hom ogenate does not begin 
un til the  concentration exceeds 1 тм . In norm al Ііѵег, however, the con
centration  of c itra te  is less than  0.2 т м  (Frohm an, O rten & Sm ith, 1951). 
It seems unlikely, therefore, tha t citrate  activation plays m ore than 
a subsidiary ro le in the regulation of fatty  acid synthesis in the whole 
celi, unless the enzyme is sensitive to lower concentrations of citrate 
w ith in  the whole celi than in subcellular fractions of Ііѵег.

SUMMARY

C itrate and isocitrate, both of which activate purified preparations 
of acetyl-CoA carboxylase, have no effect on the  incorporation of 
[ l - 14C]acetate into fa tty  acids in a whole hom ogenate of ra t Ііѵег. But 
the incorporation of the  1-position carbon atom  of [l,5 -14C]citrate added 
at increasing substra te  concentrations shows that the carboxylation step 
is stim ulated by c itra te  in the whole homogenate. The reasons for this 
anom aly are  discussed. It is pointed out tha t the concentration of citrate 
reąu ired  to activate acetyl-CoA carboxylase is several tim es higher than  
the concentration of citrate in norm al Ііѵег.
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O PRZYPUSZCZALNEJ ROLI KWASÓW TRÓJKARBOKSYLOWYCH 
W KONTROLI SYNTEZY KWASÓW TŁUSZCZOWYCH

S t r e s z c z e n i e

Zarówno cytrynian jak i izocytrynian, które aktywują oczyszczone preparaty 
acetylo-CoA karboksylazy, są bez wpływu na włączanie [ l - ł4C]octanu do kwasów  
tłuszczowych w pełnym homogenacie wątroby szczura. Natomiast inkorporacja Cj, 
z [l,5-14C]cytryniamu dodawanego we wzrastających ilościach wskazuje na akty
wację karboksylacji przez cytrynian. Przedyskutowano przyczyny tej rozbieżności. 
Zwrócono uwagę, że stężenie cytrynianu konieczne do aktywacji acetylo-CoA karbo
ksylazy jest kilkakrotnie wyższe niż normalne stężenie cytrynianu w  wątrobie.
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BLOOD CELL BY THE USE OF RIVANOL

Department of Laboratory Diagnostics, Postgraduate Medical School, Warszawa

Recently, Rivanol (6,9-diam ino-2-ethoxyacridine lactate) has been 
w idely used for protein analysis. It was successfully applied for isolation 
of the  virus of the tobacco mosaic disease [5], serum  y-globulin [10, 11], 
transferrin  [1] and ceruloplasm in [19] as well as for separation of serum  
proteins [13]. It was also shown th a t Rivanol form s complexes with 
nucleic acids [2] and precipitates certain  m ucopolysaccharides [21].

The purpose of the present w ork was to elaborate a m ethod for 
isolation and fractionation of non-haem oglobin proteins of the  red  blood 
cells by m eans of Rivanol. For comparison, non-haem oglobin proteins 
w ere  isolated using DEAE-cellulose according to Hennesey & H affner 
[8 , 9].

MATERIALS AND METHODS

For experim ents, preserved hum an blood obtained from the Institu te 
of Haematology, Warszawa, was used. In each blood sam ple haem atocrite 
reading was made and a sm ear was stained according to Giemza-M ay- 
-G runw ald. Only the blood which in these tests proved to be norm al 
and w ithout any traces of haemolysis, was used.

Haemolysate. Арргох. 200 ml. of blood was centrifuged at 4° for 
20 min. at 9000 r.p.m. on a MSE HS-17 centrifuge. The cells w ere washed 
four times w ith a cold 0.9% NaCl solution, the washings being discarded 
together w ith the thin layer of leucocytes. The last washings gave no 
reaction  w ith  sulphosalicylic acid. The packed red  blood cells were 
frozen and thaw ed three times, then  added w ith an eąual volume of 
distilled w ater to complete haemolysis.

Isolation of the non-haemoglobin proteins by the Hennesey & Haffner  
m ethod [8]. The haemolysate was m ixed w ith a suspension of DEAE-cel- 
lulcse and centrifuged. N early all the haemoglobin was present in the 
supernatan t; only m inutę amounts w ere adsorbed on the DEAE-cellulose
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and these w ere  rem oved by w ashing w ith a 3 т м -phosphate buffer, pH 7. 
From  the DEAE-cellulose the adsorbed non-haem oglobin proteins w ere 
eluted w ith  0.5m-KC1 solution during  1 hr. at 4°, w ith constant stirring . 
A fter centrifugation the  superna tan t was dialysed against distilled w a te r 
for th ree  days a t 4°, un til chloride-free and the dialysis residue w as 
lyophilized. A w hite o r pinkish powder was obtained.

Isolation of non-haemoglobin proteins using Rivanol precipitation . 
To the haem olysate a  5-fold ѵ о іи те  of 0.3% Rivanol was added. The 
precipitate  was centrifuged and the supernatan t containing both haem o
globin and a p a rt  of the Rivanol was discarded. То гетоѵ е the rem aining 
haemoglobin, the precip itate  was m ixed thoroughly in Sorvall hom o- 
genizer w ith a sm ali am ount of 0.3% Rivanol and then  washed 5 tim es 
w ith the Rivanol solution added in ąuan tities eąual to the initial ѵ о іи те  
of the haemolysate. The Rivanol - protein  precipitate w as ex tracted  
w ith 0.5m-KC1 for 24 hr. at 4°. The yellow extract w as dialysed against 
distilled w ater for 3 - 4  days at 4° un til colourless and chloride-ion-free, 
and then  lyophilized. A w hite  o r slightly  pink power w as obtained.

The degree of purification of the preparations was estim ated by 
m easuring the  protein and iron contents. The protein w as determ ined  
by the Folin & Ciocalteu m ethod [3], and iron according to  Ram say [16].

Starch gel electrophoresis. The m ethod of H aut et al. [6 ,7] w as 
employed for electroiphoretic separation  and for staining of the obtained 
fractions. For one separation, 10 ml. of 5%  protein solution in tris  buffer, 
pH 9.5, was used. A fter separation the starch błock was cut into 3 ho ri- 
zontal layers: one was stained w ith  Amido Black, the second w ith  
a benzidine reagen t to locate haem ine; and the  th ird  one was im m ersed 
in a 3% H20 2 solution and the areas w here gas bubbled up w ere m arked 
to locate catalase actiyity.

RESULTS

The lyophilized preparation  obtained by Rivanol precipitation con
tained 40.8% protein; the protein  to iron ratio was 4100. The preparation 
obtained by the Hennesey & H affner m ethod contained 43.2% protein 
and the protein  to iron ratio  was 5040. In the haem olysate th is ra tio  
was 300 and in the serum  70 000.

The diagram s of starch gel electrophoresis are presented in Fig. 1. 
The whole haem olysate was separated  into six fractions: two haemo
globin ones, A i and A 2, and four non-haem oglobin fractions m arked 
I - IV. The nurnber of fractions, in tensity  of staining w ith Amido Black, 
w idth of the individual zones, benzidine test, and position of catalase 
actiyity  (fraction III) w ere  in agreem ent w ith  those reported by  H aut 
et al. [6, 7].
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The preparation obtained using Rivanol was separated  into th irteen  
fractions. The first th ree corresponded to fractions I, II and III  of the 
haemolysate. Fractions 6, 8 and 11 showed the same m obility as frac
tions IV, A 2 and A t , respectively. F ractions 4, 5, 7, 9, and 10 were located

Fig. 1. Electrophoresis on starch gel of red blood celi preparations. (H), Haetmo- 
lysate; (R), non-haemoglobin protein isolated by Rivanol precipitation, and (D), 
isolated by the Hennesey & Haffner DEAE-^cellulose procedurę. Amido Black

staining.

betw een the haemolysate fractions, and fractions 12 and 13 w ere beyond 
fraction Ai. None of the fractions gave benzidine-positive reaction, and 
catalase activ ity  was present in fraction 3.

The preparation  obtained by the Hennesey & H affner procedurę 
separated into nine fractions only. It can be seen in the  F igurę  tha t 
from  this preparation  fractions 4, 5, 10, 12 and 13 of our Rivanol p repara
tion, w ere  absent. None of the obtained fractions gave a positive 
benzidine test, and no catalase activity  w as found.

DISCUSSION

In neu tra l medium Rivanol form s insoluble complexes w ith  those 
proteins the  isoelectric point of which is low er than 5.2 [12, 17, 18, 20]. 
Thus serum  album in, a-globulin and some /^-globulin are precipitated. 
The isoelectric point of haemoglobin and the non-haem oglobin protein  
isolated by H aut et al. [6 , 7] is higher 'but only haem oglobin is not preci
p itated  by Rivanol.

On electrophoresis the red blood cells appeared to have acidic 
character corresponding to isoelectric point 4. It could be  anticipated
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th a t Rivanol by neutralizing the negative charge would cause their 
aggregation, and indeed >we have observed that the red cells are precipi
tated  by Rivanol. The negative charge of the ery th rocy te  surface is due 
to protein carboxyl groups and sialic acid. The precipitation Iby Rivanol 
of the  non-haem oglobin protein seems to indicate th a t the  destruction  
of the  s truc tu re  of the red  celi occurring during the process of haem o- 
lysis does not affect the complexes of strom a proteins w ith  sialic acid 
w hich therefore are precipitated by Riyanol.

It seems that more num erous protein fractions obtained a fte r гетоѵ аі 
of haemoglobin, are deriyed from  fraction IV  of the haem olysate; a fter 
Rivanol precipitation this fraction separated into ten  components, and 
by the Hennesey & H affner procedurę [8 , 9] six protein components 
w ith  d ifferent m obility w ere obtained. Sim ilar results w ere recently  
reported  by D errien et al. [4], L aurent et al. [14] and M arkowitz [15]. 
Presum ably  fraction IV  of the haem olysate is a m ulti-com ponent со тр іех  
th e  separation of which by electrophoresis is inhibited by  the presence 
of haemoglobin. Howeyer, it cannot be excluded th a t in the haem olysate, 
haemoglobin preyen ts the separation of some non-haem oglobin fractions. 
Changes in the m olecular s truc tu re  of the proteins due to Rivanol 
treatm ent, should be also considered.

It seems that the use of Riyanol m ay ргоѵе to be an effectiye m ethod 
for isolation and fractionation of non-haem oglobin proteins from the 
red blood cells.

The authors w ish  to express th e ir  g ratitude  to the Institu te  of 
Haematology, W arszawa, for supplying the preseryed hum an blood 
samples.

This work was supported by a grant from  the  Committee of Bio- 
chem istry and Biophysics of the  Polish Academy of Sciences.

SUMMARY

A m ethod for isolation of non-haem oglobin proteins of the  red blood 
cells is described. From  the haem olysate of red cells these proteins 
are  precipitated by Rivanol, and ex tracted  w ith  0.5m-K C 1; on starch-gel 
electrophoresis they give 13 fractions.
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IZOLOWANIE POZA-HEMOGLOBINOWYCH BIAŁEK KRWINKI 
CZERWONEJ PRZY POMOCY RIVANOLU

S t r e s z c z e n i e

Opisano metodę izolowania pozahemoglobinowych białek krwinki czerwonej. 
Białka te wytrąca się z hemolizatu przy pomocy rivanolu i ekstrahuje 0.5 m-KCI. 
Na żelu skrobiowym uzyskano rozdział białek pozahemoglobinowych na 13 frakcji.
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THIN-LAYER ELECTROPHORESIS OF BLOOD AND SERUM  
OF VARIOUS ANIM ALS

Biochemical Institute, University of Stockholm, Sweden

Memoriał contribution in honour of Professor Dr. Bolesław Skarżyńsk i

It was in the year 1939, w hen I had the opportunity  to гесеіѵе 
Dr. Bolesław Skarżyński from  Cracow in my Biochemical Research 
Institu te, that I began our studies on the biochem istry of blood serum . 
Skarżyński took part in our investigations by d ifferen t experim ents 
[7, 8 , 3] and studied the degradation of nucleotides and nucleic acids 
in Ііѵег tissue of ra ts  [2]. In continuation of Skarżyński’s experim ents 
we found DNA implicated in m utagen actions of UV and of Chemicals, 
and we stated the close association of DNA w ith  genes. The stru c tu re  
of genes and the notion of the ir m utations belong to the  most im por ta nt 
problem s of biochemistry.

It may be conyenient to re la te  in th is m em oriał volum e our electro- 
phoretic resu lts  on the components of blood of various anim als, and in 
th is way continue our investigation, in itia ted  w ith Bolesław Skarżyński.

The understanding of the central role of nucleoproteins and of the 
fundam ental biological processes m ust be based on the elucidation of 
the mode of action of their m etabolic products. Therefore w e early  
concentrated  the experim ents of this In stitu te  on the study of the 
products of interaction betw een nucleosides, amino acids and phosphates. 
These experim ents aimed at dem onstrating their activity in the  living 
organism , particu larly  in the  chromosomes.

W hich compound is responsible for the specific character of a celi? 
The nucleic acids and the proteins (especially the conjugated proteins) 
are the  m ain o r even the sole agents directing the m aintenance of 
cellu lar specificity. If the s tru c tu re  of DNA has some direct rela tionsh ip  
to genetic Information, we m ust take the existence of m any s tru c tu ra l 
factors into consideration, in addition to W atson-Crick’s analytical data 
on base content. The characterization and differenciation of the nucleo
pro teins in yarious animals seem desirable in accordance to the  resu lts  
of Heyesy & E uler [4].

http://rcin.org.pl



312 Н . ѵоп EU LER [ 2 ]

Blood is one of the  most essential organs of the anim al body; it 
supplies o ther organs w ith nu trition  and with oxygen, it contributes to 
the regulation of the acid-base balance and m ediates the stability  of 
energy. An essential and urgent problem, which we study in this connec- 
tion, is concentrated to the  m utagenic actions on enzymes.

By the investigation here initiated  we attack a central and extrem ely 
im portant problem, rela ted  to anthropology, concerning the chem istry 
and biology of anim al evohition. It points to common, not ye t explained, 
origins of different anim al groups.

Electrophoretic determination of proteins and enzymes in the blood
and serum

In the present exsperiments, the proteins of serum  or of e ry th rocy te  
haem olysate were separated by starch-gel electrophoresis according to 
Sm ithies [9] using a high-resolution buffer according to  A ronson & Gron- 
wall [1] o r a borate buffer according to Thorup et al. [12]. The proteins 
were stained w ith Amido Black 10 B; catalase and peroxidase w ere 
located according to Thorup.

Fig. 1 Fig. 2

Fig. 1. Electrophoresis of serum proteins of fowl and rat (white, małe). Time of
run: 24 hr.; voltage 6.4 v/em.

Fig. 2. Detection of catalase, carried out by iimimersimg the starch-gel electro- 
phorogram in the mixture of 0.15% KI-solution +  0.85 ml. a cetic acid +  0.1 ml. 

3% hydrO'peroxide. Time of run: 20 hr.; voltage 6.5v/em.; 3m A.

It was found tha t serum  globulins from  various anim al species 
m igrated w ith  d ifferent velocities; from  the diagram  of electrophoretic 
separation of ra t serum  and fowl serum , presented in Fig. 1, it m ay be 
seen th a t fowl serum  m igrates faster.

Mobility of peroxidase from  erythrocytes

Peroxidase was tested in the electrophoretically  separated protein 
fractions of erythrocyte haemolysates, and its location compared w ith 
tha t of serum  protein. 0.5 ml. of the blood was m ixed w ith 10 ml. of
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0.9% NaCl solution and centrifuged. The ery throcytes w ere washed 
with physiological salinę solution, and haemolysed by adding a few  
drops of chloroform. The obtained elear solution was subm itted  to 
electrophoretic separation.

The peroxidases from  rat, fowl and guinea pig ery throcytes m igrated  
w ith d ifferen t velocities, possibly refleeting the fact that the same 
prosthetic group is combined w ith  d ifferen t proteins. Fowl peroxidase 
m igrated faster than tha t of ra t  or guinea pig. Hum ań peroxidase had 
the velocity betiween th a t of and y-globulins.

Serum  catalase

Serum  catalases of the cat and the  ra t m igrated a t the same ra te  
while tha t of the fowl m igrated m uch faster, as m ay be seen in Fig. 2.

Japanese scientists Takahara [10], K ajiro, Kikuchi, N akam ura 
& Yoshiya [5], N akam ura, Yoshiya, K ajiro  & Kikuchi [6] and Takahara, 
Sato, Doi & M ihara [11] reported  some tim e ago a rem arkab le  observa-

Fig. 3 Fig. 4

Fig. 3. Catalase activity in the blood. Starch-gel electrophoresis was carried out 
accord'ng to Smithies [9] with borate buffer. Time of run: 4 hr.; voltage 200 v; 7 mA.

Fig. 4. Esterase activity in <the blood. Conditionis a.s for Fig. 3; elution of esterase
.according to Aromson.

tion, nam ely th a t blood serum  of the duck contains no catalase. We 
wished to aseertain  w hether the same is true for ducks bred in Sweden; 
the resu lts  presented in Fig. 3 indicate that duck catalase rem ained on 
the point of application and no m igration of catalase was obseryed.

Blood esterase

The actiyity  of esterase was tested by spraying w ith  /?-naphthyl- 
propionate and detection of liberated /?-naphthol w ith benzidin-diazonium  
solution according to Koch & Krieg [5a]. Fig. 4 shows tha t in th e  guinea 
pig two esterases are present w hile in the duck and fowl only one, 
m igrating w ith the same yelocity.
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In connection w ith  the above resu lts it seems of g rea t in te rest to 
continue our studies and to е х а т іп е  the blood of those anim als which 
are regarded as th e  oldest living mammals, nam ely the bats (Chiroptora) 
and  the hedgehog (Erinaceus europaeus).

SUMMARY

The ra tes of m igration in starch-gel electrophoresis of catalase and
peroxidase of some anim al species were compared.
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ELEKTROFOREZA NA ŻELU SKROBIOWYM KRWI I SUROWICY 
RÓŻNYCH ZWIERZĄT

S t r e s z c z e n i e
Porównano szybkość wędrowania katalazy i peroksydazy różnych zwierząt 

w elektroforezie na żelu skrobiowym.
Received 3 January 1964.
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As reported  preyiously, FMS 1 has been synthesized as a coenzyme 
analogue [4] and has been found to inhibit D-amino acid oxidase in 
com petition w ith FAD [2, 9, 10]. On the o ther hand, it has been observed 
that FMS has an inhibitory action on the growth of riboflavin reąu iring  
bacteria [1].

From  these results, it was supposed tha t FMS, as an an tiv itam in  B2, 
disturbs the  m etabolic pa tte rn  in higher animals. To study this an ti- 
vitam in action of FMS, the effect of its adm inistration to anim als m ay 
be ohserved by physiological and nu tritional experim ents. In this 
connection, we tried  to establish a m ethod for the determ ination of 
FMS in anim al tissues. This paper reports a m ethod for the  m icro- 
determ ination of flavins including FMS and distribution of flayins 
in ra t  organs a fte r adm inistration of FMS as well as the resu lts  of 
nu tritional experim ents on FMS.

MATERIALS AND METHODS

Preparation of FMS. FMS was synthesized according to the m ethod 
of Takahashi et al. [4].

Distribution of flarins in organs after administration of FMS. To 
investigate the d istribution of flayins a fte r adm inistration of FMS, 
m ałe albino ra ts  weighing about 130 g. w ere used. The anim als w ere 
injected intraabdom inally  w ith 500 Mg. of FMS and killed at a defin ite 
time after the injection. The organs w ere excised im m ediately and the  
ąu an tity  of each flavin compound w as determ ined.

1 Following abbreviations are used: FAD, flavin adeninie dinucleotide; FMN, 
flavin imononucleotide; FR, riboflavin; FMS, riboflavm-5'-monosulphate.
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Determination of FMS in animal tissues. The previously re-ported 
method [5] for separate  determ ination of flavins could be adopted for 
the determ ination of FMS, FAD, FMN and FR by changing the  solvent 
system  for paper chrom atography. Among solvent system s tested, 
n-butanol - acetone - acetic a c id -w a te r  (5:2:1:3, by vol.) was found to 
be most suitable to separate these flavins from each o ther [11]. Using 
this solvent system  and W hatm an no. 1 filte r paper, the Rp values of 
FAD, FMS, FMN and FR were 0.08, 0.15, 0.25 and 0.42, respectively. 
Thus, the following standard  procedurę was established.

Tissue is excised from  animals, im m ediately weighed (x  g.), cut into 
smali pieces and put into 5 ml. of w ater previously w arm ed at 80° and 
then kept at 80° for 5 min. Then, the tissue is homogenized in a glass 
homogenizer, dilu ted  w ith w ater and w arm ed again at 80° for 15 min. 
The total volum e of the ex tract is m ade up to у  ml. exactly w ith  w ater 
and an aliąuot of the supernatan t is used as test solution for lum iflavin  
fluorescence m ethod to obtain the to tal flavin content (/ M-g./g.) of th e  
tissue. The rem aining p a rt of the w arm  w ater ex tract of the tissue is 
saturated  w ith  am m onium  sulphate and centrifuged. The suipernatant 
fluid is extracted  twice each tim e w ith 2 ml. of phenob The flavins 
in the combined phenol layer are transferred  to few drops of w ater 
by addition of 20- 30 ml. of ethyl ether and the w ater ex tract of flavins 
is placed on a filte r paper. A fter developm ent w ith n-butanol - acetone -  
-ace tic  a c id -w a te r  (5:2:1:3, by  vol.), each spot area is clipped, cut into 
sm ali pieces, suspended in 2.0 m l. of w ater, added w ith 2.0 ml. of 
1 N-NaOH [7], followed by the irrad iation  and successive procedures of 
lum iflavin fluorescence method.

The am ount of each flavin is calculated by the following formulas,. 
a, b, с and d being the reading of fluorim eter for FMS-, FAD-, FMN-, 
and FR-sample.

FM S= / x ^ T ^ (№ /8 ')

b
FAD - / X  7TbTi+~d<**/&

FMN = / X  a + b C+ c + d  ( M M  

FR = / X  a + i + c+ d  0 * / * ■)

These values are expressed in term s of FR. W hen absolute am ounts 
are reąuired , these values should be m ultiplied by 1.21, 2.09, 1.21 and 
1.0, respectively.
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Excretion of FMS in urine. То ех а т іп е  the excretion of FM S in urine, 
500 м-g. of FMS were given by in traabdom inal injection o r by oral 
adm inistration and flavins excreted in urine w ere determ ined using the 
paper chrom atography as m entioned above.

Changes in body weights of rats after administration of FMS. For 
nu tritional experim ents, m ałe ra ts w eighing about 100 g. were fed pre- 
yiously on a basal diet [3, 8] for a week. Tw enty ra ts  were d m d ed  into 
4 groups of 5 rats. Group 1 w as fed on the  basal diet as the control and 
group 2 received vitam in B2-deficient diet. Group 3 received vitam in 
B2-deficient diet and was injected in traabdom inally  w ith 500 p*g. of FMS 
and 10 p-g. of FR per day. Group 4 receiyed vitarnin B2-deficient diet, and 
500 м-g. of FMS and 10 ц-g. of FR per day w ere given com pulsorily by oral 
adm inistration. The changes in weights of anim als w ere obseryed for 
30 days.

RESULTS

Distribution of flavins after administration of FMS. The am ounts of 
flayins in the  Ііѵег, kidney, heart and smali intestine Were determ ined 
w ith  norm al ra ts  and those at 30 min. 1, 2, 6 and 12 hr. after the  injection 
of FMS. The results are sum m arized in Table 1. The т а х і т и т  amount 
of FMS in the Ііѵег, kidney or h e a rt was found at 30 min. after the 
injection. Then the am ount decreased gradually  w ith time, and almost 
all of FMS in these organs disappeared a fte r 12 hr. D uring this time, 
no rem arkable change was obseryed in th e  am ount of FAD, FMN and 
FR, and the increase of the total flavin  content could be a ttribu ted  to the 
appearance of FMS. In the smali in testine the amount of FMS reached 
its т а х і т и т  at 60 min. a fter the injection.

Excretion of administered FMS in urine. A fter FMS was injected 
intraabdom inally , the excreted flayins in urine were analysed by the 
above-rfientioned paper chrom atography. The most p a rt of the flayins 
in urine was FMS, and the pa tte rns of excretion of FMS in urine were 
sum m arized in Table 2. About half of the injected FMS was excreted in 
1 hr. and over 90% was recoyered in 12 hr. On the o ther hand, FMS given 
by oral adm inistration appeared in u rine  m uch m ore slowly.

Effects of the administration of FMS on body weight of rats. The 
body weight of ra ts  of four groups was m easured for 1 m onth. The body 
w eight of group 1 w hich was fed on the standard  diet increased smoothly 
tilł the  end of the test as shown in Fig. 1. In  group 2, which was fed on 
y itam in B2-deficient diet, th e  -body w eight increased in the first week 
and then gradually  decreased as shown in Fig. 2. One of the ra ts  in 
group 2 died after 28 days. Group 3, which receiyed FMS together w ith 
FR by injection, showed the sim ilar tendency in body weight change
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T a b l e  1

Distribution of f lavin compounds in organs of rats after the infection
of FM S

Each value, which is expressed in terms of FR, is the mean obtained from
5 experiments.

Time after Total FAD FMN FMS FR
Tissue the injection flavin

(hr.) (№/g-) (pg./g.) (° /o ) (№/g-) Г /о ) (№ /g.) (° /o ) (+g-/g.) Г/о)

0 29.5 22.1 75.0 6.7 22.7 0 0 0.7 2.3
0.5 33.2 23.2 69.9 6.1 18.4 3.1 9.3 0.8 2.4

Liver 1 29.0 20.5 70.7 6.7 23.1 1.2 4.1 0.6 2.1
2 26.9 19.5 72.5 5.7 21.2 0.9 3.3 0.8 3.0
6 30.3 22.7 75.0 6.2 20.4 0.6 2.0 0.8 2.6

12 30.7 22.0 71.7 7.5 24.4 0.5 1.6 0.7 2.3

0 34.9 24.1 69.0 9.9 28.4 0 0 0.9 2.6
0.5 41.8 23.6 56.5 9.3 22.2 7.9 18.9 1.0 2.4

Kidney 1 38.0 22.8 60.0 10.7 28.1 3.4 9.0 1.1 2.9
2 34.9 24.7 70.8 8.7 24.9 0.6 1.7 0.9 2.6
6 33.1 21.2 64.0 10.6 32.1 0.5 1.5 0.8 2.4

12 33.9 23.1 68.1 9.7 28.6 0.2 0.6 0.9 2.7

0 15.9 14.3 90.0 1.5 9.7 0 0 0.1 0.3
0.5 17.9 13.5 75.5 1.7 9.5 2.4 13.4 0.3 1.6

Heart 1 19.1 15.9 83.4 2.2 11.4 0.8 4.2 0.2 1.0
15.5 13.5 87.1 1.5 9.7 0.5 3.2 0* 0

6 17.4 15.0 86.3 1.7 9.8 0.6 3.4 0.1 0.5
12 14.9 13.3 89.3 1.6 10.7 0 0 0* 0

0 4.3 3.2 74.5 1.0 23.0 0 0 0.1 2.5
0.5 8.4 3.9 46.4 1.6 19.0 2.4 28.6 0.5 6.0

Smali 1 9.6 2.5 26.0 1.8 18.7 5.3 55.3 0* 0
intestine 2 4.7 3.2 68.1 1.0 21.3 0.3 6.4 0.2 4.2

6 4.5 3.0 66.7 0.8 17.8 0.4 8.9 0.3 6.6
12 4.4 2.8 63.6 1.1 25.0 0.3 6.8 0.2 4.6

* Unmeasurably smali.

T a b l e  2
Excretion of administered FMS in urine

Injection Oral administration

Time after 
the 

injection 
(hr.)

Urine
volume

(ml.)

FMS

([ig./ml.)

Total amount 
of FMS

(№ )

Time after 
the oral admi

nistration

(hr.)

Urine
volume

(ml.)

FMS

(ng./ml.)

Total 
amount 
of FMS

(№ )

inOO

0.1 1260 126 0 -6 0.2 347 69
0.5-1 0.1 940 94 6-12 0.3 297 90

1 -6 0.25 648 162 12-25 0.5 442 221
6 -1 2 0.4 225 90

Total 0.85 472 Total 1.0 380
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Fig. 1. Changes in body weights of rats receiving the standard diet.

Fig. 2. Changes in body weights of rats receiving the vitamin B2-deficient diet»

to group 2 (see Fig. 3). On the contrary, no decrease but increase o f 
body w eight was observed in group 4 receiving FMS and FR by o rał 
adm inistration  (see Fig. 4). Only the ra ts  in group 2 and 3 showed th e  
typical v itam in B2-deficiency sym ptom s such as nose-bleeding, anoisten- 
ing of hair, sw elling of ears, inflam m ation in eyelids and falling o ff  
of hair.

http://rcin.org.pl



320 К . Y A G I a n d  S. Y AM ADA [6]

Fig. 3. Changes in body weights of rats receivimg 500 ng. of FMS and 10 p,g. of FR
per day by injection.

Fig. 4. Changes in body weights of rats receiving 500 м-g. of FMS and 10 ng. of FR
per day by oral adminiistration.

DISCUSSION

The contents of flavins in the  kidney, heart and smali intestine of 
norm al rats are very  sim ilar to those reported  in the  previous paper [6]. 
W hen rats were injected w ith FMS, the FMS was dem onstrated in these 
organs at 30 min. a fte r  the injection and almost disappeared after 12 hr. 
D uring this time, the  am ounts of FAD, FMN and FR in these organs 
w ere not changed. Conseąuently, it is considered tha t physiologically
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existing flavins in these organs m ight not be exchanged for the injected 
FMS.

In the  sm ali in testine at 1 hr. a fte r the injection of FMS, relatiyely  
large am ount of FMS as compared w ith  the am ount of o ther physiolo- 
gically existing flavins was observed. Considering the fact that FR 
injected gathers in the mucous m em brane of the smali in testine [6], the  
sam e m echanism  may be considered as for the injected FMS. The resu lts 
of the analysis indicate th a t only 6%  of the injected FMS was found 
in the above-m entioned organs and th a t most part of the injected FMS 
was excreted  in urine very rapidly  in the  form of FMS.

From  the results of nu tritional experim ents, it is obvious tha t FMS 
acts as an antivitam in B2. It seems tha t FMS competes w ith  flavin-coen- 
zyme in living cells [2, 9, 10] but it is excreted in urine so rapidly tha t 
it shows no serious toxicity. In the case of oral adm inistration of FMS, 
we have observed the body weight gain and no ariboflavinosis. To 
ехріаіп th is fact, two possibilities m ay be speculated, i.e., (1) relatiyely  
slower absorption of FMS from intestine than FR, (2) conversion of FMS 
to FR by some intestinal bacteria. These possibilities should be examined 
fu rther.

It m ay be noted that FMS, the com petitive inhibitor of flavin enzymes, 
acts as an antiyitam in not only on bacteria but also on rats.

SUMMARY

1. A m ethod for the determ ination of flayins including FMS in anim al 
tissues was reported.

2. The distribution of flavins after adm inistration of FMS was deter
mined. In jected  FMS was dem onstrated in the ііѵег, kidney, heart and 
smali in testine at 30 min. after the adm inistration and alm ost disappeared 
a fte r 12 hr. A fter the injection of FMS, the am ounts of FAD, FMN and 
FR in these organs were not changed.

3. Excretion of adm inistered FMS in u rin e  was observed. O ver 90% 
of the injected FMS was recovered in 12 hr. and in the case of oral 
adm inistration, about 75% of the adm inistered FMS was recovered 
in 25 hr.

4. In the  nutritional experim ents, injected FMS showed an an ti
y itam in B2 effect, but FMS adm inistered orally did not show such an 
effect.
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BADANIA NAD 5'-MONOSIARCZANEM RYBOFLAWINY 

S t r e s z c z e n i e

1. Opisano metodę oznaczania FAD, FMN, ryboflawiny i 5'-monosiarczanu rybo
flawiny (FMS) w  tkankach zwierzęcych.

2. Oznaczono rozmieszczenie flawin w  wątrobie, nerce, sercu i jelicie cienkim
szczura. Po injekcji FMS ilości FAD, FMN i ryboflawiny nie uległy zmianie. 
W 30 min. po zastrzyku FMS był oibecny w badanych tkankach; po 12 godz. nie 
stwierdzono jego obecności.

3. Badano wydalanie w  moczu podanego FMS. Po injeikcji ponad 90% FMS
odnajdywano w  ciągu 12 godz., po doustnym podaniu — ok. 75% w ciągu 25 godz.

4. FMS podawany pozajelitowo wykazywał własności antywitaminy B2, poda
wany doustnie nie miał takich własności.

Received 3 January 1964.
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M any experim ental works as well as clinical observations suggest 
disturbances in carbohydrate m etabolism  in d iphtheria . These are m ani- 
fested also by the increase of ругиѵіс acid content in the  blood [9, 1]. 
The m ortality  in d iphtheria  due to cardiac lesions decreased sińce trea t-  
m ent w ith  cocaTboxylase has been introduced [9]. In experim en'tal d iph- 
therial toxaem ia in the guinea pig, beside an increase of ругиѵіс acid in 
the blood, we have found a m arked decrease of cocarboxylase content 
in the Ііѵег [18]. The decrease of coearboxylase could be due to its 
im paired synthesis or to increased dephosphorylation. It was the aim of 
the present work to elucidate this problem.

MATERIAŁ AND METHODS

M ałe guinea pigs, kept on a norm al m ixed diet given a d  l i b i t u m  
and weighing about 250 g., receiyed subcutaneously арргох. 1 DLM of 
d iphtheria l toxin. 48 - 60 hr. a fte r  the  intoxication the animals, showing 
a lready  the symptoms of illness (apathy, tousled hair, lack of appetite, 
loss of weight) were used for experim ents.

Thiamine was estim ated by the Hennessy-Cerecedo m ethod w ith the 
modifications of Hennessy [3] and M ickelsen & Yamamoto [11]. In this 
m ethod, thiam ine is oxidized to thiochrom e which is then  ex tracted  w ith 
isobutanol and estim ated fluorom etrically. As only  free  thiochrom e is 
ex tracted  by isobutanol, for the estim ation of th iam ine phosphates (TMP i , 
TDP and TTP) the sample before oxidation is treated  w ith phosphatases. 
From  the values of free and total thiam ine, the  am ount of thiam ine 
phosphates is caleulated.

The anim als were decapitated, the Ііѵег im m ediately rem oved, im - 
m ersed in  cold 1.22% KC1 solution, and washed. Then 10% w ater homo
genate was p repared  in a W aring blendor. Hom ogenization tim e was

1 TMP, TDP and TTP, thiamine mono-, di- and triphosphate, respectively.
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1.5 min., w ith a break a fte r 45 sec. for cooling the m ateria ł. All proce- 
dures w ere perform ed in a cold room at 0 -4 ° . An am ount of the homo
genate corresponding to 1 g. of fresh  tissue w as used for the estim ation 
cf total thiam ine, and to 2 o r 3 g., for free thiam ine estim ation. All samples 
w ere estim ated in duplicate.

A liąuots of the hom ogenate w ere diluted w ith w ater, acidified w ith  
2 N-hydrochloric acid and placed for 30 min. in a boiling w ater bath. 
A fter cooling, the samples in which total thiam ine was to be estim ated 
were hydrolysed w ith 6%  solution of Taka-Diastase (К & К  Lab., U.S.A.) 
in 2.5 м-solution of CH3COONa. To the samples in which free th iam ine 
was to be estim ated only CH3COONa was added. A fter 3 hr. incubation 
at 50° the samples w ere filtra ted  through W hatm an no. 1 paper, adjusted, 
if necessary, to pH 4.0 - 4.5 and placed on columns containing activated 
Decalso [14]. The colum ns w ere washed w ith hot w ater and then thiam ine 
was eluted w ith  boiling 25% (w/v) solution of KC1 in 0.1 N-hydrochloric 
acid. U nder these conditions, 92 - 103% of the introduced vitam in w a s  

recovered. From  the KC1 eluates iblank samples and samples in which 
thiam ine was oxidized w ith alkaline ferricyanide [11] w ere prepared. 
The form ed thiochrom e was extracted  w ith isohutanol and determ ined 
on Pulfrich  photom eter w ith  fluorom etric set (F ilter L3). The concen
tration of thiam ine in the  sample was calculated from the standard  
curve p repared  еѵегу day in the  same w ay as the tested samples.

RESULTS AND DISCUSSION

No statistically  significant differences were found in the am ounts 
of free and to tal thiam ine betw een the control and intoxicated anim als 
(Table 1). It m ay be, however, that the tim e of intoxication was too 
short for the  developm ent of th iam ine deficiency. In the  previous work 
[18], under the same experim ental conditions, a m arked decrease of co- 
carboxylase in the Ііѵег of intoxicated guinea pigs was found by the  
enzymie m ethod of W estenbrink & Steyn-Рагѵё [19]. As at the same 
tim e no change w as found in the content of thiam ine phosphates, the 
decrease of cocarboxylase can be accounted for by form ation of TMP 
and/or TTP.

The content of cocarboxylase found in norm al Ііѵег agreed w ith the 
am ount of esterified thiam ine, suggesting th a t all or almost all esterified 
thiam ine is present in the guinea pig as th iam ine diphosphate. This is in 
agreem ent w ith the data of Foa et al. [2], Rindi & de Giuseppe [12] 
and Kiessling [6] indicating tha t in the  ra t body almost all thiam ine is 
present in this form.

In the Ііѵег of intoxicated anim als the am ount of сосагЬохуІазе was 
sm aller -by about 20% th an  tha t of esterified thiam ine. The difference 
between these tw o yalues, corresponding to 2.17 мяп-moles/g. fresh tissue,
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T a b l e  1

Content of free and esterified thiamine and of cocarboxylase in the Ііѵег 
of normal and diphtheria-intoxicated guinea pig

Total and free thiamine was determined fluorometrically [11], and cocarboxylase 
enzymically [19]. The figures represent цгп-moles per g. fresh tissue. Mean yalues, 
± S.D. In parentheses the number of determinations. P yalues according to Studenfs

t  test.

Compound Control animals Intoxicated
animals

P

Total thiamine 12.98 ± 2.73 11.68 ± 2.81 >0.3
(13) (11)

Free thiamine 1.42 ± 0.68 0.97 ± 0.49 >0.3
(13) (11)

Esterified thiamine 11.55 ±  2.40 10.71 ± 2.48 >0.3
(13) (U)

Cocarboxylase* 11.71 ± 0.53 8.54 ± 0.41 <0.001
(10) (8)

* R esults according to  [18].

was probably due to the enzymically inactive TMP or TTP. The for
m ation and the role of TTP is still unknow n and the accum ulation of 
TMP seems to be m ore probable. An enzyme dephosphorylating TDP 
to TMP was described by Tilander & Kiessling [15] and increased actiyity  
of this enzyme, followed by an inerease of TMP at the exipense of TDP 
were found in the  Ііѵег of ra ts  intoxicated w ith CC14 [7] or ethanol [8] 
and in аііохап diabetes [5]. It seems th a t the Ііѵег of a guinea pig responds 
to d iphtherial toxin by an analogous inerease of phosphatase actiyity. 
This assum ption is supported also by the experim ents of W itkowski & Fi
lipowicz [17] who under sim ilar conditions of d iphtheria l toxaem ia found 
in guinea pig Ііѵег homogenates increased dephosphorylation of the added 
TDP. However, they did not identify  the decomposition products.

The cocarboxylase decrease caused by the d iphtherial toxin could be 
also explained by im paired phosphorylation of thiam ine. However, this 
should be accompanied by an inerease of free thiam ine, and this was 
not the case. In norm al and intoxicated guinea pig Ііѵег the content 
of free thiam ine am ounted to 10% of the total. Recently W itkowski [16] 
also reported  that in d iphtherial toxaem ia no changes in thiam inepyro- 
phosphokinase actiyity w ere obseryed.

A lthough it is well known [10, 13, 4] that TDP is form ed from thiam ine 
by pyrophosphotransferase reaction, the occurrence of another synthesis: 
T +  ATP -> TMP +  ADP; TMP +  A TP TDP +  ADP m ay be also con- 
sidered. This w ay of TDP form ation m ight be stim ulated  in some cir- 
cumstances.
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SUMMARY

In  the Ііѵег of a norm al guinea pig the content of esterified th iam ine 
(about 90% of total thiam ine) corresponds to the level of cocabboxylase. 
In  experim ental d iphtherial toxaem ia no changes in the content of to ta l 
and esterified thiam ine w ere found; the obseryed decrease of cocarbo- 
xylase  content by 27% may be explained by th e  increased actiyity of 
th iam ine pyrophosphatase causing form ation of thiam ine mono phosphate.
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TI AMINA I JEJ ESTRY W WĄTROBIE ŚWINKI MORSKIEJ 
W DOŚWIADCZALNEJ TOKSEMII BŁONICZEJ

S t r e s z c z e n i e

W wątrobie zdrowych świnek morskich zawartość tiaminy ufosforylowanej 
(około 90% tiaminy całkowitej) odpowiada poziomowi kokarboksylazy. W ekspery
mentalnej toksemii błoniczej nie zauważono zmian w zawartości tiaminy całkowitej 
i zestryfikowanej. Obniżony o około 27% poziom kokarboksylazy można tłumaczyć 
wzrostem aktywności pirofosfatazy, rozkładającej ester dw*ufosforowy do estru 
monofosforowego.

Received 3 January 1964.
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The discovery of ^-am inobutyric acid (GABA) in the b rain  [3, 15, 23] 
posed new problem s for biochemists and neurophysiologists. This com- 
pound, as an a-decar*boxylation product of an amino acid, is included 
among the biogenic am ines sim ilarly  as catecholam ines and. serotonin. 
The inhibitory effect of exogenous GABA on neuronal actiyity  has sug- 
gested its participation in synaptic transmission, e ither as an  activator, 
or transm itter, of inhibitory  impulses, or as a blooking agent fo r excita- 
to ry  synapses, in invertebrates [6,9] and in m am mals [8 ,11 ,17 ,13 ,24]. 
As GABA attains in the brain m uch higher leyels than o ther biogenic 
amines, it m ay be more generally involved in the m etabolism  and  energy 
supply [18, 13] of th e  central neryous system.

It is w ell know n that th e  am ounts of free or easily ex tractab le  amino 
acids change in tissues w ith tim e after death. A relatiye increase is 
especially pronounced in the  case of those amino acids which represen t 
only a m inor constituent of the amino acid fraction. This is accounted 
for by continuation of the in vivo  proteolysis, no more balanced by  protein  
synthesis, as well as liberation of proteolytic enzymes from lysosomes [2]. 
In  ou r experim ents, w hen the brain had been frozen im m ediately a fte r  
the death of the animal, leucines and ѵаііпе were hardly  detectable by 
the m ethods employed, but they could 'be readily  detected and ąu an ti-  
tatively  estim ated if the brain had been kept for 3 hr. at room tem pera
tu rę . Also the  am ount of GABA increased considerably, although th is 
com pound has not been detected in brain protein.

Roberts et al. [16, 17] found that the am ount of GABA in the brain  
changes during the developm ent of the animal. We are  planning to study 
changes in the metabolism of endogenous amines, especially of GABA, 
during  ageing; for this purpose, it is essential to obtain values m ost 
closely corresponding to those which ргеѵаіі in vivo, and to minimize 
th e  post-mortem  increase in GABA content. Therefore, in the present
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work four different m ethods of trea tm en t of the head of the  killed ra t 
w ere studied. It was found th a t the trea tm en t w ith iiąuid nitrogen gave 
the lowest GABA yalues.

The freezing of tissues w ith iiąu id  oxygen or nitrogen is freąuen tly  
used to stop the m etabolic processes. The ąuestion arose to w hat extent 
this treatm ent lim ited the  increase of GABA against th e  in vivo  levels. 
Therefore in the  present experim ents the  changes in tem peratu rę  of the 
brain during freezing w ere also studied. Inform ation about the zero-tim e 
values was sought by following the course of tem pera tu rę  drop  w ith in  
the brain, using two freezing media. In sm ali anim als o r organs th e  
metabolic process can be expected to stop w ithin a few seconds, w hereas 
in relatively  bulky objects w ith high specific heat, enzymie actiyity m ay 
proceed for some tim e after the organ has been imm ersed in the freezing 
medium.

MATERIALS AND METHODS

Animals. W istar albino ra ts  of the  local substrain, of both sexesv 
weighing 150 -200 g., which had been kept on a modified Larsen diet, 
were used. In the m orning hours, the anim als were decapitated w ith the 
use of scissors, and the heads sulbmitted to one of the following four 
treatm ents: (A ), im m ediate im m ersion into Iiąuid nitrogen; (В ), im m ediate 
immersion into a m ixture of solid carbon dioxide and ethanol; (C), 
гетоѵ аі of the brain and im m ediate deproteinization w ith ethanol at 
room temp.; (D), standing at room tem p. for 30 min. before deproteini
zation.

Freezing and isolation of the brain. The C 0 2-ethanol cooling m ixture  
was prepared by m ixing pieces of d ry  ice w ith ethanol in a Dewar fiask- 
A fter 5 min. of freezing, the  head was chopped into two halves, the 
cranium  rem oved w ith a chisel and the 'brain taken out. The brain was- 
hard and firm , w ith slightly  moist surface. If the head w as immersed 
in Iiąuid nitrogen, after about 1 m in. the  cranial base cracked loudly 
into two halves. A fter 3 min. the head was taken out, and the brain  
was removed. The brain was hard  and fragile.

Homogenization and extraction. The brain (about 1 g.) was put into 
a weighed test tuhe containing 10 ml. of 75% ethanol cooled to  about -10°, 
weighed and homogenized for 3 min. in a m otor-driven Potter-E lvehjem  
homogenizer fitted  with a Urna pi ex pestle. The suspension was cen tri
fuged and 5 ml. of the supernatan t w as evaporated on a porcelain dish 
under an infra-red  lam p in a s tream  of a ir [18]. The residue was dissolved 
in 1 ml. of aąueous propan-2-ol (10%), centrifuged, and two 0.05 ml. ali
ąuots of the  supernatan t corresponding to about 25 mg. of brain  tissue 
were subm itted to paper chrom atography.

Paper chromatography and estimation of GABA.  GABA standard was- 
dissolyed in 10%  aąueous p ropan-2-ol to  m ake a 0 .02%- solution, an d
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5 or 10 ц-g., depending on the expected am ount of GABA, w ere  chrom ato- 
graphed together w ith  the sample. The 'bu tan-l-o l - acetic acid - w ater 
(4:1:5, by vol.) solvent system  w ithin  2 days a fte r preparation, and 
W hatm an no. 1 paper were used. For the  estim ation of GABA, th e  chro
m atogram  was deyeloped once and for o ther amino acids, th ree  times. 
A fter beiiig dried in a eurren t of w arm  air (5 m in. at 45°) the chrom ato- 
grams were immersed in 0.5% n inhydrin  solution in acetone (anal. grade). 
This reagent was stored in a refrigera to r at 2° for no t m ore th an  a week, 
but no deterioration was observed even after 3 weeks. A fter еѵарога- 
tion of acetone, the chrom atogram  w as heated at 60° ± 1° for exactly 
30 min. The GABA spots and th e  corresponding areas of non-stained 
paper were cut out, extracted w ith  4 ml. of m ethanol containing 
a cupric salt (1 ml. of a saturated  aąueous solution of copper n itra te  in 
1 litre  methanol), and left in the dark  w ith occasional shaking. A fter 
1 hr. th e  extinction of the  ex tract was m easured a t 500 т м  in a test fcube 
of 1 cm. diam eter, using the photom eter K-4 (Prema). The colour w as 
stable for at least 3 hr.

Temperaturę changes during freezing. A  therm ocouple w as made by 
fusing together the  ends of a constantan and copper w ires (diam eter 
0.5 mm., lacąuer-insulated). The therm ocouple was inserted  into the 
brain through the foramen occipitale and situated  at the іеѵеі of the 
diencephalon. The skin of the neck was tigh tly  bound around the therm o
couple wires. A wooden rod was fixed to the head, parallel w ith  its 
axis, by  m eans of an adhesive tape (Isolepa) and the therm ocouple w ires 
were a ttached  to the  rod w ith  the sam e tape to immobilize th e  therm o
couple. To prevent the  access of the cooling liąuid through the hole 
pierced w ith the therm ocouple, an ink mar*k was made on the rod to 
indicate how far the  head should be lowered into the liąuid. Two w ires 
attached to the  ears served to suspend the head on the  rim  of the Dewar 
fiask. The head was then imm ersed into the liąuid exactly  to the іеѵеі 
of the ears and galvanom eter readings w ere taken in 15 sec. intervals. 
The deflexions of the In terflex  galvanom eter were previously standar- 
dized to tem pera tu rę  with an alcohol therm om eter.

Since in th is experim ent the head was not wholly imm ersed, the 
cranial base did not split into two halves in liąuid nitrogen; there  was, 
however, a  crack a fte r  45 - 60 sec., followed by a series of ligh ter cracks. 
during the following m inutes.

RESULTS

The accuracy of the analytical method. The sm allest am ount of GABA 
which could be determ ined was about 1 Mg. per spot. The plot of extinc- 
tion versus  am ount of GABA was linear u p  to 10 Mg. The slope differed 
w ith in  about 10% in repeated assays. W hen know n am ounts of the
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standard  were added to the samples of the  analysed brain  extracts, 
recoveries w ere unaffected by the  constituents of the extracts. This has 
justified  the calculation of GABA content on the basis of proportio- 
nality , from  the extinction values for standards run  on the same paper 
sheet, a fte r correcting for paper background. The extinctions of identical 
standard  samples ru n  on the  sam e paper sheet varied by less than  2°/o. 
W hen 10 aliąuots of the same brain  ex tract w ere ru n  on d ifferen t sheets, 
the coefficient of variation (standard deviation expressed as a percentage 
o f the  mean) was 1.2°/o.

G A B A  content in brain after different treatments. The m ean values 
and  standard  deviations are  sum m arized in Table 1 and illustrated  in

T a b l e  1 

Determination of G A B A  in rat brain
The results are expressed as jig. per g. of fresh tissue, ± S.D.; in parentheses the

limit yalues are given.

No. of
GABA content AuthorsTreatment animals

A, Head decapitated, frozen in
liąuid nitrogen 25 185 ±  16 

(156-214)
Present experiments

B, Head decapitated, frozen in
СОг-ЕЮН 16 212 ±  17 

(193-241)
Present experiments

C, Head decapitated, brain im-
mediately deproteinized at
room temp. 15 304 ± 23 

(266 - 348)
Present experiments

D, Head decapitated, brain de
proteinized after 30 min. at
20° 7 276 ± 28 

(441 - 506)
Present experiments

Whole animal frozen in 1 quid
oxygen 10 157 ± 23 Sotnikova& Sytinskif [20]

Whole animal frozen in liąuid
oxygen 12 189 ±  13 

(162-204)
Musaelyan & Sytinskil 

[10]
Head decapitated, frozen in
liąuid oxygen 5 206

(162-279)
Ansell & Richter [1]

Brain immediately deproteinized *
at room temperaturę 282 ± 2 4 * Tursky & Śajter [21, 22]

Brain deproteinized within a few
min. after killing of the animal 633** Awapara et al. [3]

* Standard error.
** Approximate value.
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Fig. 1. The difference between the m ean values found after freezing 
w ith liquid nitrogen and w ith C 0 2-ethanol was suibjected to S tu d en fs  
t test. The probability that the difference is due to chance was less than
0.1% (t =  5.05 for 39 D.F.).

Time course of the temperaturę decrease in the brain during freezing. 
Fig. 2 shows the tem peraturę  course after imm ersion of the  head in

Fig. 1. y-Aimiihobutyric acid content in rat 
brain as found after different tireatments 
after decapitation. (A), Head immediately 
immersed in liąuid nitrogen for 3 min.; 
(B), head imimediately immersed in COo- 
-ethanol for 5 min.; (C), brain deproteini- 
zed immediately without freezing; (D), 
brain deproteinized after 30 min. at room 
temp. Average values, ± S. D., are given.

Fig. 2. Temperaturo in the 
hypothalamic region after 
immersion of the head in 
the freezinig liąuid. Аѵега- 
ges from 3 determinations. 
(O), C 02-ethanol mixture, 
-75°; ( • ) ,  Tiąuid nitrogen.

liquid n itrogen  or in C 0 2-ethanol m ixture. In the case of liquid nitrogen 
it is prdbable th a t the steep part of the curve below 0 ° corresponds to 
the  stage w hen the cooling liquid could penetrate  through the cracks. 
In  the  experim ents for GABA determ ination, w hen the whole head w as 
subm erged in the  liquid and the cranial base became widely split, the 
cooling effect a fte r  about a m inutę m ight have been even more m arked.
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DISCUSSION

Decapitation. The m ethod of killing m ay affect the am ount of some 
m etabolites in the brain [12]. This has not been investigated in the  
p resent study, but Ansell & Richter [1] found, for the amino nitrogen 
content of brain, that the difference betw een decapitation (a blow w ith 
a ham m er on a razor blade) w ith im m ediate freezing of the head in liąuid 
oxygen, and freezing of the whole anim al was insignificant.

Homogenization. Ethanol, 75°/o, according to Roberts et al. [18 ] w as 
used. There was no need to delipidate and desalt the sample by a special 
procedurę sińce the  am ounts of GABA were sufficiently  high to allow 
the chrom atography of an ex tract from  only about 25 mg. of brain  
tissue. The non-am ino acid components extracta'ble from  this am ount of 
brain  tissue did not in terfere w ith chrom atographic separation.

Paper chromatographic separation. In the  solvent system  used, GABA 
was separated from  all amino acids except tyrosine; the am ount of 
tyrosine, howeyer, was too Iow to be detected and therefore  could not 
in terfere  with the estim ation. A laninę and glutam ic acid (not fully  
resolved from threonine) also could be estim ated on the chrom atogram . 
In combination w ith  butan-l-ol - formie acid - w ater (75:15:10, by vol.) 
all the m ain free amino acids of ra t brain  could be estim ated, i.e. g lu ta
minę, glutam ic acid, alaninę, GABA and taurine.

Colorimetric estimation. When the n inhydrin-stained chrom atogram s 
w ere draw n through a cupric solution [4, 5] and then the со тр іех  
ex tracted  w ith m ethanol, non-linear and slightly  scattered extinction- 
-concentration plots were obtained. This could be explained by the 
observation that in some denser parts of the  spots the red  со тр іех  was 
not form ed. Addition of cupric salt to the eluting liąuid  [7], even w ithout 
previous treatm ent w ith copper on the  paper, abolished th is effect and 
perm itted  to obtain smooth standard  curves.

Аѵегаде G A B A  values. O ur resu lts  obtained after freezing w ith liąuid 
nitrogen (Table 1) are in reasonable agreem ent w ith  those reported  by 
o ther au thors who used liąuid oxygen [20, 10, 1]. L iąuid nitrogen, which 
is safer to use than  liąuid oxygen, has a lower density  which facilitates 
the  rap id  imm ersion of the head. The GABA yalues found in the brain 
deproteinized, w ithout freezing, im m ediately a fte r decapitation, are 
sim ilar to those of Tursky & Sajter [22]. A w apara’s [3] approxim ate 
figures seem to be ra ther high.

lndividual differences. D ifferences of GABA content in the brain 
betw een individual rats were very slight as indicated by the Iow standard 
deviation yalues. The high constancy of GABA content in the b rain  of 
anim als belonging to the same species has already been noted [17]. If the 
rapid  tu rn-over of GABA is considered, of which the pronounced post-
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-m ortem  increase m ay be a conseąuence, one m ust assume a very  
efficient homeostatic mechanism  which keeps the level of this substance 
w ithin optim al limits. This m ay setrve as an argum ent in favour of the 
role of GABA as an indispensable factor in brain function. Yet, as 
Roberts et al. [17, 14] point out, th is constancy is not lim ited to GABA 
in the brain but applies to o ther free amino acids and o ther tissues as 
well.

In some experim ents we have analysed separately  the hem ispheres, 
the rhinencephalon, cerebellum  and medulla oblongata and only slight 
differences in GABA concentration were found. These findings rem ain  
to be repeated in view of the rem arkable differences of GABA content in 
yarious areas of the brain  reported  for o ther species [3, 13, 17].

The influence of post-m ortem  temperaturę. The accuracy of the 
analytical method and the narrow  rangę of individual variation has per- 
m itted us to show that the rap id  im m ersion of the head into a freezing 
m ix ture  of -75° resu lts  in a significantly higher GABA content than  
tha t obtained by the liąuid nitrogen techniąue. If freezing is om itted, 
GABA continues to increase. The fact that the form ation of GABA is 
grea ter than  its degradation is to be expected because the lack of oxygen 
limits, and finally  stops, the oxidation of succinic sem ialdehyde and 
succinate, as well as the  tricarboxylic acid cycle, w hereas the decarbo- 
xylation may continue. In addition to decarboxylation, liberation of 
GABA from  a ‘toound” form m ust also be considered [21, 19].

The ąuestion w hether freezing w ith liąuid nitrogen en tire ly  prevents 
(or at least considerably limits) any post-mortem  increase in GABA 
content was investigated by tem pera tu rę  m easurem ents w ithin th e  brain. 
It was shown that the time needed for the  tem peraturę  in th e  cen tral 
area of the brain  to fali from 38° to 20° was three tim es sho rte r in 
liąuid nitrogen than  in C 0 2-ethanol; for cooling to lower tem peratures, 
th is difference was still greater. If th e  increase of the free or easily 
ex tractab le GABA over the zero-tim e level is proportional to the  tim e 
during which the enzymie activities continue a fte r the death, then  the 
difference between the (unknown) in vivo  levels and the levels found 
a fte r the  liąuid-nitrogen trea tm ent should be less than  half the difference 
between the levels obtained a fte r th e  liąuid nitrogen and C 0 2-ethanol 
treatm ent.

Time-course of the temperaturę decrease. Even in liąuid nitrogen 
the  drop of tem peratu rę  was sufficiently  slow to allow at least 30 sec. 
of enzymie actiyity. Therefore it would be useless to a ttem pt to follow 
by the liąuid nitrogen freezing techniąue any transien t biochem ical 
changes in ra t brain which m ight take place in an in terval of the o rder 

•of seconds.
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The authors are obliged to Dr. Ivor Sm ith for the gift of the GABA 
standard , to Dr. N. B. M yant for reading the m anuscript, to Mr. P. Brich 
for technical assistance in some experim ents and to Mr. J. M aćku for 
the therm ocouple.

SUMMARY

1. Heads of decapitated ra ts  were im m ediately im m ersed (A), in liąuid 
nitrogen or (B), in C 02-ethanol m ixture, or (C), the  b ra in  was taken 
out and deproteinized e ither im m ediately or (D), a fte r 30 min. a t room  
tem p.; the lo/west content of y-am inobutyric acid was obtained by the 
liąuid nitrogen techniąue.

2. The course of tem p. decrease during freezing of th e  brain  was 
foliowed; the decrease was more rapid in liąuid nitrogen b u t even then 
the enzymie actiyity  could continue for about 30 sec.
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ZAWARTOŚĆ KWASU y-AMINOMASŁOWEGO W MÓZGU SZCZURA 
PREPAROWANYM W RÓŻNYCH TEMPERATURACH

S t r e s z c z e n i e

1. Odcięte głowy szczurów zanurzano (A), w płynnym  azocie, (B), w m ieszaninie 
suchego CO2 i etanolu; lub (C) mózg izolowano i odbiałczano natychmiast, albo  
(D) odbiałczano po 30 min. w  temperaturze pokojowej. Najniższą zawartość kwasu  
y-amirom asłowego otrzymano przy zamrażaniu głowy w  płynnym azocie.

2. Badano /przebieg spadku temperatury w  mózgu podczas zamrażania. Spadek 
był szybszy przy zastosowaniu płynnego azotu, ale nawet wówczas enzymy mogły 
działać jeszcze przez ok. 30 sekund.

Receiyed 4 January 1/964.
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In  previous reports [4, 5, 6] we described the  proteolytic actiy ity  of 
m onochloroethanol w ith sim ultaneous partial esterification of the  re- 
leased amino acids. The esterification was confirm ed by d irec t reaction  
of m onochloroethanol w ith  yarious am ino acids carried out u nder the  
same conditions as those applied for proteolysis. Also in th is case the 
esterification was not complete; it w as the highest w ith leucine due  to  
the greater stability  of this ester. On chrom atogram s of esterified  tr i-  
functional amino acids and glycine we found beside the m ain n inhydrin - 
-positive spots of the released amino acid and its ester, one o r two fain t 
ninhydrin-positiye spots. Analysis of a glycine ester hydrochloride p re 
paration reyealed a chloroethyl and not an ethyl ester; therefo re  we 
assum ed that chloroethyl esters are form ed also from  other amino acids. 
D icarboxylic am ino acids (Asp, Glu) gave m onochloroethyl m ono- and  
di esters as shown by the fact th a t the acid hydrolysates of the isolated 
esters gave on paper chrom atography only  single n inhydrin-positiye spots 
corresponding to th e  respectiye am ino acids [7, 1].

'Proteolysis by trichloroethanol was also dem onstrated but of course 
the esterification w as far less effective o r was entirely  absent (e.g. w ith  
glycine) [3]. *

In  the present w ork the difference betw een the  products of pro tein  
decomposition by m ono- and trichloroethanol and by  hydrochloric acid 
was investigated.

Chrom atography and electrophoresis of the m onochloroethanolysates 
of gelatine, serum  album in and globulin reyealed more n inhydrin-positiye 
spots as compared w ith acid hydrolysates (Fig. 1 and 2) but, un like  in 
acid hydrolysates, no acidic amino acids were found. This can be explained 
by th e ir  esterification and eyentually  by decarboxylation, but this prob
lem  has not yet been inyestigated.

An attem pt was also m ade to elucidate the  m echanism  of chloro- 
ethanolysis. In the  experim ents reported  previously [5, 6] the influence 
of w ater was not excluded. A lthough proteins were dried  in ѵасио oyer
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phosphorus pentoxide, still some firm ly 'bound w ater m ay have been 
p resen t [8 , 2]. D ehydrated m onochloroethanol w as used, b u t it is a very  
hygroscopic compound. Furtherm ore, w ater could be form ed in the 
esterification reaction of the free protein carboxyl groups o r during the 
form ation of hum ins from  some amino acids.

In the m onochloroethanolysate of a dried protein, 4.1°/o of chloride 
ion was found both 'by m ercurim etric and polarographic m ethods; this 
value m ay be assum ed to correspond to the hydrochloride split from  
m onochloroethanol. W hen proteolysis was carried out w ith  chloroethanol

Fig. 1. Chromatograms of gelatine 
and serum albumin: (1), acid hydro
lysate; (2), monochloroethanolysate; 

(3), trichloroethanolysate.

Fig. 2. Electrophorograms of 
gelatine: (1), acid hydrolysate;
(2), monochloroethanolysate,
(3), trichloroethanolys/ate; and 
of serum globulin: (4), acid 
hydrolysate; (5), monochloro- 
ethanolyisate; (6), trichloro

ethanolysate.

containing 10% of w ater, the am ount of chloride ion was doubled. To 
elim inate the  effect of the hydrochloride, chloroethanol proteolysis was 
perform ed w ith an addition of calcium carbonate o r m agnesium  oxide.

In  the experim ents w ith calcium cabbonate, proteolysis and especially 
esterification and hum in form ation w ere m arkedly  lower, as was shown 
by very  fain t n inhydrm -positive spots. As the reaction C aC 03 +  2 HC1 
^  CaCl2 +  H2C 0 3 took place in a sealed tube, the  presence and action 
of hydrogen ions could not be com pletely excluded.

To elim inate the  effect of hydrogen ions and w ater, the reaction 
m ix tu re  of protein  and chloroethanol w as added w ith  magnesium  oxide, 
w hich is аЬГе to b ind both w ater and hydrochloride. This resulted  in 
a n early  complete suppression of proteolysis by m onochloroethanol or 
in th e  case of trichloroethanol even in d isappearance of the  ninhydrin- 
-positive spots. A t the  same time the form ation of hum in was increased 
and as we do not know its deriyation, th is in terferes w ith the in ter-

12]
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pretation of the  test. If chloroethyl ester was form ed in the  n eu tra l 
solution, then we can assum e that, con trary  to its hydrochloride, it 
underw ent cyclization. To check th is supposition, experim ents w ith chlo
roethyl ester of glycine hydrochloride are being perform ed. It seems 
that the  presented resu lts  perm it to re jec t transesterification as the only 
m echanism  of this particu lar proteolysis; however, they indicate th a t 
hydrogen ions have an activating effect on proteolysis 'by chloroethanol.

MATERIALS AND METHODS

'Proteins: gelatine Difco for bacteriological purposes, and serum
album in and serum  globulin prepared  by ethanol fractionation, were 
used.

2-Chloroethanol, Lachema, if not practically  neu tra l (pH 6), was freed 
from  acid and w ater and then distilled. Only a ąu ite  colourless neu tral 
fraction, b.p. 126° -127°, was used.

2,2,2-Trichloroethanol (Light & Co.), supplied as a brownish liąuid, 
was subm itted to fractional d istillation under reduced pressure (20 mm. 
Hg) and еіеѵеп fractions were obtained. Fractions 3 -1 0 , which imm edia- 
tely  a fte r  distillation were colourless, la te r  tu rned  brow nish till b row n- 
violet. As their boiling points (57 - 60°/20 mm.Hg) and refractiye indices 
(1.4875 - 1.4895) w ere fairly  close, these fractions w ere  comlbined. They 
were firs t shaken w ith  aetive charcoal, then rapidly  distilled in ѵасио. 
The product was ąuite  colourless and its  refrac tiye  index was 1.4890.

For experim ents, samples (mostly of 100 mg.) of proteins or am ino 
acids w ere m ixed w ith 20-fold yolume of, respectiyely, 6 n-HCI, or mono- 
o r trichloroethanol and then  heated in sealed tubes a t 100- 105° for 
100 hr. Then the tubes w ere opened and aliąuots w ere spotted on paper.

P aper chrom atography was carried ou t by the descending techniąue 
in the Patridge system of n -bu tan -l-o l - acetic acid - w a te r (4:1:5, by  vol.). 
Chrom atogram s were dipped into 2% n inhydrin  solution in acetone and 
colour stabilized w ith cupric nitrate .

Electrophoresis was carried out on W hatm an no. 3 paper (14 X 46 cm.) 
in a b u ffe r of pyridine - acetic a c id -w a te r  (1:1:45, by  vol.) at pH  5.1, 
300 V, 30 - 35 mA, for 4 hr. Detection of the spots was made in the  sam e 
w ay as for chrom atography.

W ater eluates of esters were evaporated in a desiccator over potassium  
hydroxide; the dry residue was dissolyed in a smali am ount of 6 n-HCI 
and  hydrolysed for 12 hr. in a sealed capillary  tube. The hydrolysate 
w as dried  as above, the residue dissolyed in a drop of w ater and sub
m itted  to paper chrom atography and electrophoresis.
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SUMMARY

The previously reported  proteolysis by m ono- and trichloroethanol 
was compared w ith  acid hydrolysis. Paper chrom atography and electro- 
phoresis revealed differences in the  dbtained products. The proteolysis 
by chloroethanol was inhibited by the addition of calcium carbonate or 
m agnesium  oxide. Therefore it is assum ed th a t this particu la r proteolysis 
is activated iby hydrogen ions.
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O PROTEOLIZIE WYWOŁANEJ PRZEZ CHLOROETHANOL 

S t r e s z c z e n i e

Opisaną poprzednio proteolizę wywołaną mono- i trójnhloroetanolem porównano 
z hydrolizą kwaśną. W produktach reakcji wykazano 'różnice chromatograficznie 
i elektroforetycznie. Dodanie węglanu wapnia luib tleniku magnezu hamuje pro- 
teolizę Chloroetanolem. Można przyjąć, że tę .specjalną proteolizę aktywują jony 
wodoru.

Received 4 January 1964.
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ON THE USE OF 32P-LABELLED CYTIDINE DIPHOSPHATE BASES 
FOR THE IN  VITRO STUDIES ON THE METHYLATION 
OF PHOSPHOLIPIDS WITH A-ADENOSYLMETHIONINE

Institute of Biochemistry and Biophysics, Polish Academy of Sciences, Warszawa

The possibility of obtaining seyeral analogues of phospholipids labelled 
w ith 32P  from  the respective cytidine diphosphate bases [1,2, 8 , 7] pro- 
vides a new  convenient approach for studying the process of m ethylation 
of phospholipids. A very  simple procedurę for separation of phospholipids 
on alum inum  oxide column allows to follow the course of m ethylation 
by studying the in tact phospholipids. This sim plifies greatly  the  studies, 
as they can be perform ed by using also a 32P label. The aim of this paper 
was to е х а т іп е  the  adeąuacy of th is approach for studying the form ation 
of lecithin via the m ethyl group tran sfer onto phospholipid acceptors. 
Both the biosynthesis of several analogues of phosphatidylcholine and 
the use of alum inum  oxide for their chrom atographic separation have 
been preyiously reported  [1, 2, 8 , 7]. Some of the data of the present 
paper have been ineluded in a prelim inary  comm unication [9].

EXPERIMENTAL AND DISCUSSION

Special reagents. D im ethylam inoethanol (DMAE) 1 and m onom ethyl 
am inoethanol (MMAE), L. Light & Co., Colnbrook, England; dicyclohexyl- 
carbodiim ide, BDH, London; CMP, Sigma, U.S.A.; DL-methionine, Fluka, 
Sw itzerland. The unlabelled O -phosphoryl esters of MMAE and DMAE 
w ere p repared  and kindly provided by Dr. G. B. Ansell from Birm ingham  
U niyersity, England. Alum inum  oxide, Brockm an actiy ity  2, w as Savory 
& Moore, G reat B ritain , product. [32P]O rthophosphate was of French 
origin.

[32P ]0-P hosphory l esters of m onom ethylam inoethanol and dim ethyl
am inoethanol were prepared by heating at about 140° eąuim olar am ounts

1 Abbreviations used: CMP, cytidme-5'^phosphiate; E, ethanolamime; MMAE, 
N^monomethylaminoethanol; DMAE, N,N-d irnethylarninoethanol. The prefix P indi- 
cates the phosphoryl esters of the bases; CMP-, cytidine derivatives.
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of the base and [32P]orthophosphoric acid under reduced p ressure  during  
6 hr. оѵег P 2O5. For preparing phosphorylethanolam ine the m ix ture  of 
ethanolam ine and [32P]orthophosphoric acid was heated a t about 180° 
for 3 hr. [4]. 32PE and 32PMMAE were isolated from  the  reaction  m ixture, 
a fte r  d ilu tion  w ith  w ater, hydrolysis on a boiling w a te r bath and adjusting 
to pH 8 w ith  0.5 N-NaOH, by passing it through a short colum n of Dowex 1 
form ate. A fter w ashing the column w ith  w ater the  phosphoryl esters 
w ere eluted w ith 0.05 n-HCOOH. For isolation of 32PDMAE the hydroly- 
sed reaction  m ix ture  was passed through a column of A m berlite IR 120 
(NH^ form), the effluent adjusted  to pH 8 and passed through a column 
of A m berlite IRA 400 (Cl-  form). If in the effluent some orthophosphate 
was still present, the passage through the A m berlite IRA 400 (Cl-  form) 
was repeated.

The synthesis of CM P-32PE, CM P-33PMMAE and CM P-32PDMAE was 
perform ed from the respective O-pbosphoryl esters and CM P according 
to K ennedy [15]. For isolation of CM P-32PE and CM P-32PMMAE the 
reaction  m ixtures were first subjected to paper chrom atography as des
cribed previously [7]. From  the chrom atogram , the radioactive and UV 
absorbing band was cut off, washed w ith  ether, eluted w ith  w ater and 
th e  eluate chrom atographed on Dowex 1 form ate column [15] as described 
previously [8]. CMP-32PDMAE was isolated 'by column chrom atographic 
procedurę. The m olar ratios cytidine :phosphorus of the labelled nucleo- 
tides (calc. 1:2) were: CMP-PE, 1:1.89; CMP-PMMAE, 1:1.95, and CMP- 
-PDM AE, 1:1.92, and the specific activities w ere  50 000, 72 400 and 
44 600 counts/m in./м тоіе, respectively.

S-Adenosylm ethionine was obtained (1.2 g.) from  a cu lture of com- 
mercia'1 b ak er yeast (250 g.) grown for 32 hr. w ith  addition of 2 g. of 
DL-methionine according to Schlenk & DePalm a [20]. The preparation 
exhibited  the m olar ratio of adenine to ribose 1:1.04 (calc. 1:1). It was 
homogeneous w hen tested by paper* chrom atography: R F 0.28 in e th a n o l- 
- w a te r - acetic acid (65:34:1, by vol.) on W hatm an no. 1 paper. On acid 
hydrolysis (1 hr., 1 n-HCI, 100°) it was com pletely decomposed with 
form ation of m ethionine.

Analytical methods. The content of ribose w as estim ated by the 
orcinol m ethod [17] and tha t of adenine was determ ined spectrophoto- 
m etrically  on the basis of m -m olar extinction coefficient of 15.0 at 256 тм  
in acid [20]. The details of estim ation of phosphorus, cytidine and radio- 
activ ity  w ere the same as previously described [7].

Incubation of tissue homogenates. The experim ents were performed 
w ith  ra t Ііѵег. The tissue hom ogenates w ere incubated for 30 min. with 
the labelled cytidine diphosphate am inoethanols, then  S-adenosylm ethio- 
nine was added to the  incubate and the incubation continued for 30 min. 
The details of incubation and extraction of lipids were the same as 
previously  described [7].
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Chromatography of phospholipids on alum inum  oxide columns. The 
evaporated lipid ex tract from  the incubated sam ple (about 100 м-g. of lipid 
phosphorus) w as dissolyed in  5 ml. of chloroform  and fractionated  on 
a 3 X 0.7 cm. alum inum  oxide column. The upper part of the colum n 
was fitted  w ith  a reservoir, 2 cm. in diam eter, to lower the hydrostatic  
pressure of the eluting m ix tu re  and  thus to slow down the ra te  of the 
elution. The elution w as carried  out w ith  3 ml. portions of chloro
form  - m ethanol (1 :1, v/v) containing increasing concentrations, u p  to  
14°/o, of w ater. W ith no w ater added, the  cholinę lipids w ere e lu ted  [2]. 
O ther phospholipids w ere  e lu ted  as follows: phosphatidyldim ethylam ino- 
ethanol at 5%  concentration of w ater, phosphatidylm onom ethylam ino- 
ethanol at 9%, and phosphatidylethanolam ine a t 12% (Fig. 1). The w hole

Fig. 1. Diagram of the elution of rnethylcephalms 
from aluminium oxide columin w ith  chloroform - 
- methanol (1:1, v/v) mixturets containing increa- 

sing concentrations of water.

procedurę of the  elution can be completed w ithin 15 -20  min. No m ore 
radioactiyity  could be e lu ted  by fu rth e r increasing the concentration of 
w ater in the chloroform  - m ethanol m ixture, but on changing the solyent 
to chloroform  - ethanol - w ater (2:5:2, by vol.) [11] some additional 30% 
of radioactiye lipid form ed from CM P-32PE was recovered. This was 
only 20% in the case of phospholipids form ed from  CM P-32PM M AE and 
none w as found w hen th e  radioactiye phospholipid w as deriyed  from  
CM P-32PDMAE or cytidine diphosphate cholinę. The more tigh tly  bound 
fractions have not been fu rth e r  studied.

The m ethod applied w as originally  deyised by Long & Staples [16] 
for separating  cerebrosides from  cephalins. In our ехрегіепсе, the  sepa
ration  of m ethylcephalins from  tissue ex tracts on silicie acid colum n [14] 
seem ed less encouraging, as no satisfactory separation of DM AE-phospho- 
lipid from  lecith in  was obtained on increasing m ethanol concentration 
in chloroform . The Dawson’s m ethod [12] using two-dim ensional chrom a
tography of th e  products of mild alkaline hydrolysis, also could not be 
applied because the separation from  glycerylphosphorylcholine and  gly- 
cerylphosphorylethanolam ine w as unsatisfactory. O ther m ethods for 
detection of m ethylcephalins based on complete hydrolysis of th e  lipid 
sam ple and estim ation  of free  d im ethyl- and m onom ethylam inoethanol 
by the d istillation  procedurę [3] o r chrom atography on Dowex 50 resin
[18], a re  not appropriate  for studies w ith  32P.

http://rcin.org.pl



T . CHOJN A C KI a n d  T . K O R Z Y B S K I [41

The elution pa tte rns of phospholipids form ed in the hom ogenates 
from  CM P-32PE, CMP-32PMMAE and CM P-32PDMAE '(Fig. 2, part I) 
indicate that the radioactiy ity  is found in the fractions of a respective 
cephalin. It can thus be concluded th a t during the incubation no m ethy l- 
ation o r dem ethylation has occurred to any appreciable ex ten t. On the 
o th e r hand, the addition of S-adenosylm ethionine caused the conyersion

Fig. 2. Chromatography on aluminium oxide columns of phospholipids formed from 
CMP-32PE, CMP-32PMiMAE and CMP-32PDMAE in tissue homogenates of rat Ііѵег 
without (7) and with (77) the addition of S-adenosylmethionine. The incubation 
of 100 mg. of homogenized tissue was performed in the medium containing: 
31.6 rnM-KCl; 9.5 т м -NaF; 20 mM-MgCb; 4 mM-N^HPO^ 26.6 пш-tris - HC1 buffer, 
pH 7.4, and the resipective cytidine nucleotides (0.05 pmole) as indicated: E, 
CMP-S2PE; MMAE, CMP-3aPMM AE; DMAE, CMP -3aFDM AE in the finał yolume 
of 1.5 ml. at 37° for 1 hr. To the samples (77) 2 pmoles of S-adenosylmethionine were 
added after the first 30 min. of incubation. The lipids were extracted according 
to Folch et al. [13] and chromatographed on 3 X 0.7 cm. aluminum oxide columns 
with 3 mł. portions o f chloroform - methanol (1:1, v/v) mixtures containing 

increasing <cancentrations of water as indicated in  the top part of the Figurę.

of phosphatidyldim ethylam inoethanol into lecithin, eluted in the first 
6 ml. of the  effluent, and of M M AE-phospholipid into DM AE-phospho- 
lipid and lecithin (Fig. 2, part II). It is ra th e r  im probable that the m ethyl- 
ation could concern the cytidine coenzyme, which m ay also lead to the 
form ation of lecithin, because a fte r  30 m in. of incubation, i.e. a t the time 
w hen S-adenosylm ethionine was added, already no cytidine coenzyme 
was present. A part of the am ount added (about 20%) gave rise to the 
phospholipid and the rem ainder w as decomposed as it  was proyed by

3 4 4
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following the disappearance of the  nucleotide by absorption on charcoal. 
It has been reported by Brem er & G reenberg [5] and Gibson et al. [14] 
th a t S-adenosylm ethionine m ethy la tes the phospholipids, bu t not w ater- 
-soluble forms of aminoethanols, i.e. am inoethanol phosphate o r its cy ti- 
dylyl derivative. The m ethylation of m ethylcephalins was incom plete as 
can be seen from  Fig. 2; the phospholipids originally  form ed from  
CM P-32FMMAE and CM P-32PDMAE, w ere still present despite the  m olar 
ratio  of the  newly synthesized phospholipids to S-adenosylm ethionine 
added, being about 1:200. No conversion of cephalin form ed from  
CMP-32PE was observed upon addition of S-adenosylm ethionine to the 
incubate. This seems to agree w ith the d ifficulty  of introducirig the firs t 
m ethyl group into cephalin, reported  also by o ther authors [6 , 10], who 
claimed th a t th is was the ra te -lim iting  step in the whole m ethy lation  
process leading to lecithin. T here is also an indication th a t ano ther 
one-carbon-group donor but not S-adenosylm ethionine is involved in the  
form ation of phosphatidylm onom ethylam inoethanol [21]. It could also be 
tha t the  fa tty  acid composition of cephalin form ed from CM P-32PE was 
responsible for the lack of m ethylation. B rem er & G reenberg [6] using 
14C-labe'lled m ethyl group donor have show n no m ethylation of dipal- 
m itoylcephalin w hile d istearoylcephalin  w as a good acceptor of m eth io
nine m ethyl group. The 32P-labelled  cephalin  w as used by  iPopjak & M uir
[19] for the  in ѵгѵо studies on the form ation of lecithin, however, the 
na tu rę  of the m ethylating agent and the  fa tty  acid composition of phos
pholipids w ere not considered. It w as also recently  found [9] that phos
pholipids form ed from cytidine d iphosphate 3-dim ethylam inopropan-l-o l 
and o ther u n n a tu ra l bases are not m ethy lated  by S-adenosylm ethionine, 
pointing to the  specificity of m ethy lo transferase  tow ard phospholipids 
w ith a definite fatty  acid and base composition.

It can be supposed that both processes of form ation of lecithin, from  
cytidine diphosphate cholinę and via th e  m ethylation of m ono- and 
dim ethylcephalins, may occur. The tran sfe r of two m ethy l groups onto 
m ethylcephalin  seems to be a tw o-step reaction; the  in term ediate product, 
dim ethylcephalin , was present beside lecithin although in a sm aller 
am ount. This finding is at ѵагіапсе w ith the calculation of Cooksey 
& G reenberg [10] who suggested on the basis of experim ents w ith  
S-adenosyl-[M e-14C]methionine th a t once a m ethylcephalin  is form ed, it 
does not undergo fu rth e r m ethylation. The au thors pointed a t the neces- 
sity  of using [33P]phosphatidylam inoethanols to elucidate th is problem .

It is hoped tha t the  preparation of labelled phospholipids from  syn- 
thetic  cytidine precursors together w ith  the  applied procedurę of chro
m atography on alum inum  oxide w ill provide an useful tool in studies 
on m ethy lation  of phospholipids.
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T h e a u th o rs  h a v e  p le a su r e  to a d k n o w led g e  th e  c o -o p e r a tio n  o f  
D r. G. B . A n s e ll  in  p er fo r m in g  th e se  e x p e r im e n ts  and th a n k  h im  fo r  
p r o y id in g  so m e C hem icals.

SUMMARY

T h e fo r m a tio n  o f  le c ith in  fro m  S -a d e n o sy lm e th io n in e  an d  32P - la b e l le d  
m o n o - an d  d im e th y lc e p h a lin s  fo rm ed  fro m  c y t id in e  d ip h o sp h a te  m o n o -  
m e th y la m in o e th a n o l an d  c y t id in e  d ip h o sp h a te  d im e th y la m in o e th a n o l in  
t is s u e  h o m o g e n a te s  o f  r a t  Ііѵег w a s  d e m o n str a te d . T h e  co u rse  o f  th e  
m e th y la t io n  o f  p h o sp h o lip id s  w a s  s tu d ie d  b y  th e  c o lu m n  c h r o m a to g ra p h ic  
p ro ce d u rę  o n  a lu m in u m  o x id e .
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ZASTOSOWANIE ZNAKOWANYCH 32P CYTYDYNODWUFOSFOZASAD 
JAKO PREKURSORÓW FOSFOLIPIDÓW DO BADAŃ IN VITRO 

NAD METYLACJĄ FOSFOLIPIDÓW PRZEZ S-ADENOZYLO METIONINĘ

S t r e s z c z e n i e

Znakowane S2P mono- i dwumetylokefaliny wytworzone w  homogenacie wątroby 
szczura z cytydynodwufosfomonometyloaminoetanolu i cytydynodwufosfodwuimety- 
loaminoetanolu ulegają w  obecności 5-adenozylometioniny przekształceniu w  lecy
tynę. Rozdział fosfolipidów ulegających metylowaniu .przeprowadzono na kolumnach
tlenku glinu. . , . tReceiyed 4 January 1964.
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KONSTANCJA RACZYNSKA-BOJANOWSKA and INA GĄSIOROWSKA

STUDIES ON THE IMIDAZOLYTIC AND EXCHANGE REACTIONS 
OF NADase FROM CARP LIVER MITOCHONDRIA

Department of Physiological Chemistry, Medical School, Warszawa

Kapłan, Zatm an et al. [17, 11, 12] postu la ted  both hydrolytic  and 
transglycosidic fumction of NADases in anim al tissues. This is at ѵагіапсе 
w ith our previous resu lts  [16] which showed th a t NADase from  carp  
Ііѵег m itochondria is “insensitive” to isonicotinyl hydrazide (INH), but 
does not exhibit transglycosidic action tow ards this compound. The aim 
of the present work was therefore  to е х а т іп е  pyridine derivatives o ther 
than INH as substrates for carp NADase in the  transglycosidase reaction. 
For fu ller characterization of the carp enzyme the “im idazolytic” cleavage 
of NAD, described by Alivisatos et al. [2] was studied.

EXPERIMENTAL

Materials and Methods

Enzymie preparations. Homogenates and extracts from  m itochondrial 
and nuclear fractions of Ііѵег from  carp, lizard and frog (Rana esculenta) 
were prepared in the same way as previously described [16].

NADase from  the ex tract of carp Ііѵег m itochondria w as purified  
about 40-fold after A bdel-Latif & Alivisatos [1] on the calcium  phos
phate  gel - DEAE cellulose column a t 4°. The fraction elu ted  w ith  
0.1 M-potassium phosphate buffer, pH 7.1, was collected; the specific 
activ ity  w as 400 units/mg. of protein. NADase from  beef spleen w as 
ex tracted  w ith 0.02 M-NaHCOa and purified according to K apłan [10] 
to contain 30 units/m l.

Reagents. INH analogue of NAD (IN H -adenine dinucleotide) was syn - 
thesized a fte r  Zatm an et al. [19]. NAD (C. F. Boehringer & Soehne, 
M annheim , Germany), 3-acetyl pyridine, pyridine-3-aldehyde, m ethy l 
isonicotinate, and ethylnicotinate w ere a g ift from  Prof. Dr. H alina 
D ahling from  the  Pharm aceutical Institu te, W arsaw, and isonicotinyl 
hydrazide (INH) was a gift from  the D epartm ent of Organie Technology 
of the W arsaw  Politechnic School. H istam inę • HC1 (Schuchardt, M unich,
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G erm any); histam inę, and ethylam ine (Fluka, Sw itzerland); sodium -py- 
rophosphate (Hurt. Farm ., Katowice, IPoland); tannin  (Се-Farm , Gliwice, 
Poland); crystalline yeast alcohol dehydrogenase (N utritional Biochemical 
Corp., U.S.A.); DEAE-cellulose (W hatman Batch No. 542-550); calcium  
phosphate gel w as prepared a fte r Colowick [7]; urocanic acid (CalBiochem., 
U.S.A.); orcinol (E. Merck, U.S.A.), was recrystallized.

Preparation of adenosine diphosphate ribose (APPR). This was 
prepared a fte r K apłan et al. [14]; 0.1 g. of NAD dissolyed in 0.05M-phos- 
phate buffer, pH  7.6, was trea ted  w ith  240 units of carp Ііѵег NADase 
at 37°. The reaction w as com pleted w ith in  2 hr. The m ix ture  was 
deproteinized w ith 10% TCA (1:1) in cold and the A PPR was precipitated 
w ith 5 volumes of acetone; the precipitate was washed twice w ith 
alcohol -  e ther m ixture  (4:1 and 1:1) and ether. The yield of crystalline 
APPR w as about 30%. All the operations were carried ou t at -10°.

The enzym e assay. D eterm ination of the  NADase activity  was based 
on spectrophotom etric m easurem ents of the decrease in extinction at 
325 т м  of NAD-KCN со тр іех  and of NAD at 340 т м  w ith the yeast 
alcohol dehydrogenase [10] as described preyiously [16]. The effect of 
INH, m ethylisonicotinate, ethylnicotinate and 3-acetylpyridine on the  
purified  NADase preparation  from  carp Ііѵег m itochondria w as exam ined 
in concentration 0.01 м after a 10 min. incubation period a t 37°. A unit 
of NADase was defined according to Kapłan [10] as that am ount which 
cleaves 1 м то іе  of NAD per hour. Calculation was based on actiyity 
m easurem ent a fte r  a 10 min. incubation period [16].

Estimation of N AD-analogues. INH, ethylnicotinate, 3-acetylpyridine 
and pyridine-3-aldehyde, in concentration 0.1м were incubated w ith 
5 irmoles of NAD, and the purified  carp Ііѵег NADase (5 units) in phos
phate buffer, pH 7.6, in to tal volum e of 3 ml. The 0.1 ml. samples w ere 
w ithdraw n at yarious time intervals. Form ation of INH-analogue of NAD 
was m easured by the change of extinction at 385 т м  afte r addition of 
0.1 м-NaOH. The acetylpyridine and pyridine-3-aldehyde analogues of 
NAD function as dehydrogenase coenzymes, therefore the  form ation of 
these analogues was estim ated spectrophotom etrically after enzymie 
reduction at 365 and 400 and at 355 тм., resp. [11, 13]. Form ation of 
the ethylnicotinate analogue of NAD was m easured on the basis of the 
extinction of its со тр іе х  w ith KCN and laCk of reduction by alcohol 
dehydrogenase [13].

Determination of protein. The protein in the ex tracts from Ііѵег m ito
chondria and nuclei was m easured by the tannin  m ethod of M ejbaum - 
-K atzenellenbogen [15] and in the  m itochondrial and nuclear homo
genates by the K jeldahl method.

Estimation of the histaminę derivative of APPR.  The form ation of 
th is derivative during incubation was followed by m easuring the 
decrease in NAD concentration by the cyanide m ethod, and that of
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ribose in NAD by the orcinol m ethod of M ejbaum  as m odified by 
H orecker et al. [9]. The decrease in ribose as determ ined by th is m ethod 
is due to the form ation of histam ine-ribose bond resistan t to acid hydro
lysis [3,6]. The incubation m ix ture  contained in total volum e of 3m l.: 
NADase, alternatiyely  from  carp Ііѵег m itochondria o r beef spleen 
(3 units), 1.4мто1е of NAD or 3 Mmoles of APPR, 4:5 m -m oles of hista
m inę in О .ім-Na pyrophosphate buffer, pH 8.3. The Controls w ere run  
w ith the  enzyme or the nucleotide substrate  om itted. The 0.1 ml. aliąuots 
w ere w ithdraw n for ribose determ ination and the 1 ml. aliąuo ts for 
NAD m easurem ents. The reaction m ix ture  was deproteinized w ith  80°/o 
TCA and separated by the  ascending paper chrom atography on W hatm an 
no. 1 paper in 0.1 м-acetic ac id -e th a n o l (1:1) system  [6]. H istam ine- 
-adenine dinucleotide, NAD and A PPR were located under UV light 
and by the perchlorate amimonium molybdic test of Hanes & Isherwood 
[8] for nucleotides. The non-enzym ic form ation of N -ribosyl bonds 
resistan t to acid hydrolysis in the orcinol m ethod was followed in the 
system s containing 1.5 m-m oles histam inę, 1.5 m-m oles ethylam ine or
0.25 m -m oles urocanic acid, and alternatiyely  1 м то іе  APPR o r 2 Mmoles 
ribose, in 1 ml. of 0.1 м-pyrophosphate buffer, pH 8.3, a t 37°.

RESULTS

Transglycosidic action of NADases. The purified NADase (400 units/mg. 
of protein) from  carp ііѵег m itochondria was found to be insensitiye to 
INH, 3-acetylpyridine, 3-pyridine-3-aldehyde, m ethylisonicotinate and 
ethylnicotinate in concn. 10- 2 м and did not form  the corresponding 
NAD-analogues as found by the spectrophotom etric and enzymie techni- 
ques. The purified enzyme was inactiye tow ards the  INH analogue 
of NAD, obtained by the use of the pig brain NADase. These results 
confirm  those obtained previously w ith  the ex tract of carp ііѵег m ito
chondria [16] and INH. Nor did the purified enzyme catalyse the 
exchange reactions w ith  the  pyridine derivatives which serve as efficient 
substrates in the analogous reaction w ith  the INH-insensitive NADases 
from  the аѵіап and m am m alian tissues.

To see w hether the carp enzyme is an exception amonig the  anim al 
NADases the experim ents were perform ed w ith  the lizard and frog 
ііѵег.

The actiy ity  of NADase in the ex tract of lizard Ііѵег m itochondria 
was even higher than tha t obseryed w ith the carp enzyme and am ounted 
to  190 units/m g. of protein. The enzyme, sim ilarly  to the  carp  ііѵег 
NADase, was insensitiye to 1'0~ 2 м-INH and did not form  an IN H -analo- 
gue of NAD. The NADase actiy ity  could not be detected  in the  ex tract 
of m itochondria and nuclei of frog ііѵег. Traces of N A D -splitting actiyity
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(0.03 units/m g. of protein) could be detected in the m itochondrial homo
genates indicating firm  bounding of th is enzyme w ith the  celi struc tu res.

Formation of a histaminę derivative of APPR.  Form ation of the 
histam inę derivative of APPR was proved on incubating NAD w ith  the  
carp  NADase in 1.0 - 1.5 м-histam ine at pH 8.3 at 37° and determ ining 
the  decrease in ribose content m easurable by the modified orcinol 
m ethod. No decrease was observed w hen histam inę was incubated w ith 
NAD w ithout the enzyme. The decrease in ribose content w ith in  3 hr., 
due to th e  form ation of a ribose-histam ine bond resistant to acid hydro
lysis, am ounted to about 40% which indicated form ation of the  histam inę 
derivative of A PPR w ith  80% yield. The same ra te  of the reaction was 
obtained w ith  the purified NADase from  beef spleen (Fig. 1).

Fig. 1 Fig. 2

Fig. 1. Formation of the histaminę derivative of APPR expressed as a decrease 
of ribose. Incubation imixture contained in 3 ml., rthe purified NADase (3 units),
1.4 M,moles of NAD, 3 m-tmoles of histaminę and 0.1 м-pyrophosphate buffer, pH 8.3. 
Ribose was in 0.1 ml. (samples determined by the orcinol method. (O), NADase 

from oarp Ііѵег mitocbondria, ( • ) ,  NADase from beef spleen.
Fig. 2. The relationship between APPRH formation and NAD decomposition -in the 
NAD - histaminę - NADase sysrtem at pH 8.3. Details see Table 1 and Methods.

( • ) ,  NAD; (O), APPRH.

Form ation of a histam inę derivative of A PPR was accompanied by 
the appearance of a spot (R F 0.46) in the  ethanol - 0.1 м-acetic acid 
system , detected under UV and by the molybdic test. This spot corres- 
ponds to  tha t of an  histam ine-adenine dinucleotide studied by Alivisatos 
et al. [6]. Sim ultaneously the spot corresponding to A PPR (R F 0.66) was 
observed on the chrom atogram s.

D eterm ination of NAD and ribose during incubation of NAD w ith 
h istam inę in the presence of carp  NADase (Table 1 and Fig. 2) did not
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show proportional relationship  betw een NAD decomposition and form a
tion of the  histam inę derivative of APPR. Form ation of the ribose- 
-histam ine bond was preceded by the accum ulation of A PPR resu lting  
from  the hydrolytdc decomposition of NAD by NADase. This suggests 
that th is form ation is not an “im idazolytic” cleayage of th e  type  
postulated by Alivisatos [2], but it is ra th e r  a tw o-step reaction involving 
A PPR as an interm ediate.

T a b l e  1

Formation of the histaminę derivative of APPR by the NADase from
carp Ііѵег mitochondria

The composition of the incubation m ixture as described under Methods. NAD was 
determined by the cyanide method; the histaminę derivative of APPR (APPRH) 
was caleulated from the decrease in ribose; APPR was caleulated from the 

difference between NAD decrease and APPRH formation.
NAD determined at zero time by the cyanide method and caleulated from the

rihose content was 1.4.

Incubation time 
(min.)

NAD
(fjunoles) APPRH formed 

((imoles)

APPR formed 
caleulated 
([imoles)found decrease

Experiment 1
0 1.4 0 0

30 0.30 1.1 0.20 0.90
120 0.15 1.25 1.0 0.25

Experiment 2
0 1.4 0 0

60 0.40 1.0 0.50 0.50
180 0.01 1.39 1.10 0.29

To test th is  hypothesis A PPR w as p repared  and used as a substra te  
fo r the carp  NADase in 1.5 м -histam inę. The resu lts  presented in Fig. ЗА 
show  th a t the  decrease of estim ated ribose characteristic for the form a
tion of the histam ine-ribose bond was the sam e w ith  and w ithout the 
enzyme. In  both cases about 25% of ribose was bound in the ribose- 
-h istam ine bond resistan t to acid hydrolysis. Sim ilar phenomena w ere 
obseryed (Fig. 3B) upon ineubating ribose in 1.5 м -histam inę o r A PPR 
in 1.5 м-ethylam ine a t  pH 8.3 at 37°. In  the firs t case the decrease in 
ribose conten t was 50% afte r 4 hr. w hich indicates total conyersion of 
A PPR  to its histam inę derivative. In th e  second case the decrease was 
30%  which corresponds to about 60% of ribose bound in the ethylam ine 
derivative of APPR. No changes in  ribose content were, howeyer, 
obseryed w hen A PPR w as ineubated w ith  0.25 м-urocanic acid.

These resu lts  indicate th a t form ation of th e  histam inę derivative of 
A PPR  from  NAD in  the presence o f the carp NADase resulted  from
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non-enzym ic reaction of histam inę w ith A PPR form ed by th e  enzyme. 
It seems, however, tha t th e  reaction involved amino-N ra th e r  than  
imidazole-N sińce ethylam ine and not urocanic acid was effectiye in  the

ЗпсиЬаТіоп Time (hr.)

Fig. 3 The non-enzymic formation of the acid-resistant Y-ribosyl bondis. A. The 
incubation m ixture contained in 1 mil., 1.3 pmoles of APPR and 1.5 m -m oles of 
histaminę in 0.1 м-Na pyrophosphate buffer, pH 8.3. B. The incubation m ixture 
contained in 1 ml., 1 (iimole of APIPR or 2.3 pmolets of ribose and 1.5 m -m oles of 
histaminę, 1.5 m -m oles of ethylamine or 0.25 m -m oles of urocanic acid al/ternatively, 
in 0.1 м-Na pyrophosphate buffer, pH. 8.3. ( • ) ,  APPR, histaminę and the enzyme;
(O), APPR and histaminę; the enzyme omitted; (□), ribose and histaminę; (Д), 

APPR and ethylamine; (д), APPR and urocanic acid.

reaction. Hence the histam inę derivative of A PPR obtained by us despite 
the  same R F in e th a n o l-0.1 м -acetic acid system  seems to be a d ifferen t 
compound from  the h istam ine-adenine dinucleotide, a product of an 
im idazolytic cleavage of NAD, obtained by Alivisatos et al. [6].

DISCUSSION

NADases in anim al tissues were reported  by Zatm an, K apłan, 
Colowick & Ciotti [17, 18, 19] to possess both transglycosidic and hydro- 
lytic properties, as they  catalyse form ation of various NA D-analogues 
in  reversi)ble exchange reactions. On the  o ther hand, Alivisatos et al. 
[2 - 6] found tha t the  imidazole derivatives can compete w ith w a te r for 
the NAD-enzyme со тр іех  in the irreversiible reaction sim ilar to hydro
lysis in which ąua te rna ry  nitrogen s tru c tu re  is converted to a triva len t 
one w ith the  concomitant liberation of H +. Aliyisatos claim ed th a t this 
type of NAD breaking involves imino-N of imidazole ring. Partic ipation  
o f the amino group w as excluded sińce the imidazole benzimidazole and 
5,6-dim ethylim idazole dinucleotides w ere synthesized by the beef spleen 
NADase from  the corresponding bases and NAD [5]. H istidine was a very 
poor substrate  in this reaction  [4].
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A highly  active NADase from  carp Ііѵег m itochondria catalysed 
neither the K aplan’s exchange reaction nor an imidazolytic process of 
Aliyisatos proving thus high affin ity  of the  NAD - enzyme со тр іех  for 
w ater m olecules.

S im ilarly  to the carp enzyme, NADase from  the lizard Ііѵег m ito
chondria is only a glycohydrolase w ith  no transglycosidase properties. 
No inform ation is available concerning properties of NADases from  
bacteria, invertebrates or lower verteibrates. The NADase from Neuro-  
spora crassa w as form erly  [17] reported  to be an INH and nicotinam ide 
insensitive enzyme which does not form  any pyridine analogues of NAD. 
The only NADases known so far th a t catalyse the exchange reaction 
w ith  the pyrid ine derivatives are those deriyed from  the аѵіап and 
m am m alian tissues. This indicates that double function can not be 
assigned to th e  NADases from  all the anim al tissues. It seems also th a t 
the hydro ly tic  property  is ra th e r  a prim ary, not a secondary phenom enon.

The “im idazolytic” process w as studied only w ith the beef spleen 
enzym e and carp enzyme, therefore no generał conclusions can be d raw n  
about the specificity of the NADase protein for the imidazole substrates.

A tten tion  should be draw n to th e  acid-resistance of N -riibosyl bond 
in the h istam inę derivative of A PPR  form ed non-enzym ically from  
APPR. The reaction obseryed involving amino group of histam inę and 
the aldehyde group of the sugar m ay represent the  reaction of the  
M aillard type.

SUMMARY

1. The purified  NADase from carp Ііѵег m itochondria is “insen- 
s itive” to  INH, ethylnicotinate, 3-acetylpyridine, pyridine-3-aldehyde 
and m ethylisonicotinate in concentration 10- 2 m and does not form the  
corresponding NAD-analogues in the  exchange reaction. Since NADase 
from  th e  lizard Ііѵег m itochondria shows sim ilar exclusively hydrolytic 
properties, the  double function of these enzymes postulated by K apłan 
is discussed.

2. Form ation of the histam inę derivative of APPR from  NAD in the 
presence of carp  NADase was found to resu lt from the non-enzym ic 
reaction  of histam inę (probably its amino-N) w ith  APPR form ed by the 
enzyme.
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BADANIA NAD REAKCJĄ IMIDAZOLIZY I WYMIANY PRZY UŻYCIU NADazy 
Z MITOCHONDRII WĄTROBY KARPIA

S t r e s z c z e n i e

Wykazano, że około 100-krotnie oczyszczona NADaza z  mitochondrii wątroby 
karpia nie jest hamowana przez INH, etylonikotynian, 3-acetylopirydynę i 3-alde- 
hydopirydyinę w stężeniu 10—2 m , jak również nie tworzy analogów NAD w reakcji 
wymiany, w  której amid kwasu nikotynowego jest zastąpiony przez pochodne 
pirydynowe. Podobne własności wykazuje NADaza otrzymana z mitochondrii wątro
by jaszczurki, w  /związku z czym poddano dyskusji hipotezę Kapłana dotyczącą 
podwójnej funkcji tych enzymów.

Powstawanie histamlnowej pochodnej APPR z NAD w obecności NADazy 
z mitochondrii wątroby karpia jest wynikiem inieenzymatyeznej reakcji histaminy 
(prawdopodobnie jej grupy aminowej) z APPR wytworzonym enzymatycznie z NAD.

Receiyed 4 January 1964.
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H. THEORELL and T. YONETANI

THE COMPLEXES OF NADH AND NAD WITH LIVER ALCOHOL 
DEHYDROGENASE AT pH 10

The Nobel Medical Institute, Department of Biochemistry, Stockholm, Sweden

W hereas the dissociation constants of binary  complexes of Ііѵег 
alcohol dehydrogenase (LADH) w ith  NADH and NAD+ (KE R and KE O) 
in the pH region 6 to 9 were preyiously determ ined [7] by using spectro- 
photofluorom etric m ethods, these yalues a t higher pH were still unknow n.

Theorell & Bonnichsen [5] and Theorell & Chance [6] in  1951 
concluded from  spectrophotom etrical titra tions of LADH w ith increm ents 
of NADH th a t each molecule of LADH binds 2 molecules of NADH at 
pH 6 to 9. A t pH 10 the data obtained seemed to indicate a ratio  of one 
to one. The absorption differences caused by the m axim um  shift from  340 
to 325 т м  when NADH was coupled to LADH were used as indication.

Howeyer, the data obtained at tha t tim e were not sufficiently 
accurate to ргоѵе w h e th er one NADH was bound comiparatively tightly, 
or two NADH much more loosely. L ater it was found by McKee & Don- 
ninger [4] tha t one LADH at pH 10 in the presence of the  ternary  ligand, 
isobutyram ide [14,8,9], binds 2 m olecules of NADH, and Theorell 
& Yonetani [12] proved tha t the ratio  LADH:NAD:pyrazole in ternary  
со тр іех  was 1:2:2 at pH 10.

I t therefore seemed in teresting  to determ ine the dissociation constants 
KE R and KE O a t pH 10 using higher concentration of enzyme and 
coenzymes than  preyiously, under the assum ption th a t ra th e r  highly 
dissociated binary compounds w ere form ed. U nder such conditions fluoro- 
m etry  is not w ell applicaible because of ąuenching b y  light absorption. 
On the o ther hand spectrophotom etry a t these higher concentrations 
is m uch m ore suitable.

KE(R was determ ined d irectly  by titra ting  LADH w ith  increm ents of 
NADH. KE 0 was determ ined from  the apparent KE R in the presence 
of NAD [7]. The w ayelengths used for the light absorption m easurem ents 
were 355 тм , where the extinction coefficient shows its т а х і т а і  change, 
df =  2.5 т м -1  X cm .-1  [5, 11] and 329 т м  which is the isosbestic point 
for free and bound NADH, e =  5.8 т м -1  X cm.-1 .

Double difference spectrophotom etry w as used [13].
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Materials

LADH was prepared from  horse Ііѵег and recrystallized four times 
in 10% ethanol according to  a m odification of Dalziel’s m ethod [1]. The 
enzym e preparation, which was stored at -20° in 30% ethanol, was 
collected iby centrifugation. The sedim ented crystals w ere dissolved in 
NH 3-HCI 'buffer, pH 9.6, ionic s treng th  0.1 and twice recrystallized in
0.001 M -sodium phosphate buffer, pH 7, containing 10% m ethanol. The 
m ethanol-crystallized enzyme was then  dialysed against 0.01 M-sodium 
phosphate buffer, pH 7, for several days w ith  frequent changes of ou ter 
media. The concentration of the dialysed enzyme preparation was 
determ ined  spectrophotom etrically  by titra ting  LADH w ith NAD+ in the 
presence of excess pyrazole [12] and w as expressed as n , the  norm ality 
of coenzym e-binding capacities per liter. The purity  of the  enzyme 
prepara tion  was found to be 100%  on the basis of a specific extinction 
coeffieient at 280 т м  of 0.42 ml./mg. X cm. and a m olecular weight of 
84 000 per two coenzym e-binding sites [2]. NADH (95% purity) and 
NAD+ (98% purity) w ere purchased from  Sigma Chemical Co. The 
coenzym e concentration was expressed on the basis of a difference- 
-extinotion coeffieient a t 340 т м  (reduced m inus oxidized) of 
6.22 т м -1  X cm .-1  [3].

Methods

The in teraction  of LADH w ith  coenzymes in the  presence and absence 
of substrate-com petitiye inhibitors such as caprate and isobutyram ide,

Coenzymes

Reference Beam

Sample Beam

Coenzymes
or

Nucleotides

Fig. 1. Arrangement of cuvettes for double-difference spectrophotometry.

w as studied w ith a Beckm an DK-2 ratio  recording spectrophotom eter. 
In  o rder to obserye re la tiye ly  sm ali light absorption changes in strongly 
ligh t absorbing backgrounds, double difference spectrophotom etry [13]

J2]
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was employed, in which two pairs of well matched quartz-cuvettes were  
simultaneously used (cf. Fig. li). Cuvettes 1 and 3 were filled with 1.5 ml. 
of between 30 and 100 [an Solutions of LADH, whereas cuvettes 2 and 4 
were filled with 1.5 ml. of appropriate buffers. A difference spectrum  
between these pairs (3 +  4 minus 1 +  2) was a straight line which was 
used as a base line of the measurements. 5 мі.-aliąuots of coenzyme or 
nucleotide Solutions were added to cuvettes 2 and 3 and the same volume 
of distilled water was added to cuyette 1. Then the difference spectrum

Fig. 2. Demonstration of the linear 
absorbancy response of the instrument 
in ordinary (A) and double-difference 
B) spectrophotometries. Titrations were 
carried out upon adding 5 q,l.-aliquots 
of 2.20 mM-adencsine to 1.5 ml. of re
action mixtures. (A), Sample and re
ference icuvettes contained 1.5 ml. of 
sodium phosphate buffer, pH 7.0, ionic 
strength 0.1. (B), Sample and reference 
cuvettes contained 1.5 ml. of the same 
buffer containinig 50(xn-LADH and 
130 [хм-adenosine. Thus the total light- 
-absorptions at 259 т ц  of the reaction 
mixture before the titrations were ap- 
proximate absorbancies of zero and 3.0 

for (A) and (B), respectively.

was recorded from  250 to 400 тм . W hen the total absorption in the 
reference beam exceeded an absorbancy of 2 .0 , the m echanical response 
of the instrum ent became too slow to fol Iow the absorption changes by 
the autom atic wayelength scanning, so that the spectra were recorded 
m anually  point by point. If this precaution was taken, the instrum ent 
responded linearly to absorption changes even w hen the total absorption 
in the reference beam exceeded an absorbancy of 3.0 (cf. Fig. 2).

M illim olar difference-extinction coefficients (d£mM) of dissociable 
binary  o r te rnary  complexes were calculated. On the hasis of these 
AemM yalues the dissociation constants of LADH-complexes were d irectly  
calculated from the absorption changes occurring at yaried  concentrations 
of the reactants. The spectrophotom etric m ethod for the determ ination  
of the dissociation for LA DH-N AD-caprate complexes is m ore s tra ig h t- 
forw ard  than  the  fluorom etric ones [10, 14, 7, 9] in which the  com petition 
betw een NADH and NAD+ was used.
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RESULTS

Table 1 gives the average experim ental data from  3 titra tions carried 
out under the conditions given in  the  Table. The average resu lt was 
KE R =  10 [хм. Talbles 2 and 3 sum m arize the resu lts  from two titra tions 
of LADH +  NAD+ w ith increm ents of NADH. W hen com paratively high 
concentrations of LADH and NAD+ are m ixed a certain  reduction of 
NAD+ to NADH is inevitalble. This NADH w as determ ined from  its 
absorption a t 329 тм-, and the resu lts  given as dR in the second columns 
of the Tables. dR was subtracted from  the total concentration of NAD.

T a b l e  1

Titration of Ііѵег alcohol dehydrogenase w ith  NAD H

Conditions: 32.5 jin-LADH (E) + 6 x 13.7 [хм-NADH (R); pH 10; 0.1 м-glycine-NaOH;23.5°. 
3̂29 =  5.8 т м -1 x cm.-1 (isosbestic wavelength for R and ER); /L 355 =  2.5 тм " і xcm .-1

Addition of R 
no. [R-totall [Rfreel [ER] TEfreel [KER]

1 13.7 4.6 9.1 23.4 12
2 27.4 10.7 16.7 15.8 10
3 41.1 19.5 21.6 10.9 10
4 54.8 29.8 24.6 7.9 10
5 68.5 41.7 26.8 5.7 9
6 82.2 53.8 28.4 4.1 8

Average 10 р.м

T a b l e  2 

Titration of LAD H -N AD  with NADH

Conditions: 32.5 (an-LADH (E) + 56.8 [ім-NAD (O) titrated with 5 x 13.7 p.M-NADH (R); pH 10; 
0.1 м-glycine - NaOH; 23.5°; Ae3ss=2.5 т м _ 1х с т ._ і .

Addition 
of R 
no.

AR
(р.м) [R-totall [Rfreel [ER] [Gtotall [Ofreel [EO] [Efreel [KE,ol

1 5.1 18.8 12.7 6.1 51.7 30.1 21.6 4.8 7
2 4.7 32 1 21.3 10.8 52.1 35.5 16.6 5.1 11
3 4.7 45.8 31.5 14.3 52.1 38.5 13.6 4.6 13
4 4.7 59.5 43.6 15.9 52.1 39.1 13.0 3.6 11
5 4.7 73.2 56.2 17.0 52.1 36.6 12.5 3.0 9

A v e r a g e  1 0  р . м  j
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T a b l e  3 

Titration of LA D H -N A D  with  NADH
Conditions: 32.5 {in-LADH (E) +  142 [хм-NAD (O) titrated with 4 x 13.7 (jlm-NADH (R); 

pH 10; 0.1 м-glycine - NaOH; 23.5°; £̂355 =  2.5 т м -1 x cm.-1 .

Addition 
of R 
no.

AR
((хм) [K-totall [Rfreel [ER] [Ototal] [Ofreel [EO] [Efreel [KE,ol

1 9.3 23.0 18.6 4.4 133 107 25.7 2.36 10
2 9.2 36.6 29.9 6.7 133 109 23.6 2.24 10
3 9.4 50.5 42.4 8.1 133 110 22.5 1.88 9
4 9.7 64.5 54.5 10.0 132 111 21.7 1.84 10

Average 10 (хм

The spectrophotom etry then as before gave the concentrations of 
free (R) and bound (ER) NADH. An unknow n am ount of the free  LADH 
was bound to NAD at “EO”. [EO] was calculated by using the  value

(Etotai —  E R  —  E O ) (Rtotai —  E R )
K ę , r  =  1 0  у м  =  - - -

w here only EO is unknow n.

(Etotal —  E R  —  EO ) (Ototal —  EO )

Ke’°  =  EO •

DISCUSSION

KE R and KE,0 at pH 10 w ere both found to  be 10 |xm. KE R in  the pH 
region 6 to 9 varies parallelly  w ith KE A (A, adenosine diphosphate 
ribose), KE A being 80 - 100 tim es larger than  KE R [13,15]. A t pH 10, 
K E A is ra th e r  uncertain  and m ay in fact be as high as 800 fxM. On the 
whole, the  present experim ents at pH 10 verify  our earlier findings 
[13, 15] th a t the  variations of KE R w ith pH entirely  depend upon the  
“specific” b inding site for the adenosine diphosphate ribose (ADPR) 
m oiety. The dihydropyridine m oiety m ust be close to, and possibly bound 
to the active Zn atoms. At th is “actiye” site the firm ness of the  binding 
is increased by a factor of 80 - 100, independent of pH variations from 
6 to 10. The Chemical naturę of th is bond rem ains uncertain.

The value of KE 0 found a t pH 10 (10 jxm )  is probably som ew hat high, 
because at pH 9 Theorell & McKee [8] observed that 0.1 м-glycine buffer 
had a sligh tly  dissociating effect on EO, caused by со тр іех  form ation 
o f glycine w ith the Zn. In the  absence of glycine we would expect К  E 0 
a t pH 10 to be 7 - 8 [хм in agreem ent w ith: first, the value for KE O 
pH 10, calculated  by Theorell & M cKee [8] (KEO= 8 .5  zxM) assuming
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that the values determ ined at pH 6 to 9 fitted to a monovalent dissociation 
curve w ith pK 7.07; secondly, w ith  the dissociation constant KEI)0 7.6 [jM 
[8] w here I is caprate. This KEro is independent of pH.

As discussed previously [9] these resu lts  strongly suggest tha t a rep u l-  
sion betw een Zn2+ and pyrid inium  is the reason for the high value.s of 
KE 0 a t Iow pH. This repulsion can be cancelled either by increasing 
pH un til a w ater molecule at the  Z n2+ loses a proton and leaves a hydro - 
xyl group; or b y  suJbstituting th is w ater molecule by  a group  w hich 
stays negatively charged in the wbole pH region 6 to 10, for е х а т р іе  
caprate. The resu lts  presented in th is paper give strong support to th is 
theory  by dem onstrating that the experim entally  determ ined value of 
KE o at pH 10 agrees w ith the  value  which was form erly calculated on 
the assum ptions m entioned above.

One of the ąuestions still needing to be answ ered is the following. 
W hen pH is raised from  9 to 10, both KE R and KE>A increase at least 
tenfold, whereas KE 0 goes down a little  and KEI O (I, caprate) stays 
constant. This is unexpected if th e  ADPR moiety in NAD+, NADH and 
free ADPR would have the sam e conform ation. It is perhaps possible 
tha t the  oxidation of NADH to NAD+ is connected w ith  some change 
in the ADPR part.

The au thor is indebted for financial supports given !by Statens M edi- 
cinska Forskningsrad, S tatens N aturvetenskapliga Forskningsrad, K nut 
och Alice W allenbergs Stiftelse, The Rockefeller Foundation, and Svenska 
M altdrycksforskningsinstitutet.

SUMMARY

The dissociation constants of the  binary  complexes of Ііѵег alcohol 
dehydrogenase w ith  NA D H (K EtR) and w ith  NAD+ (KE O) a t pH 10 w ere 
determ ined by the  aid of double difference spectrophotom etry at 329 
and 355 тм-. They were both found to be 10 gM. This gives strong support 
to earlie r theories on the mode of binding betw een the coenzymes and 
Ііѵег alcohol dehydrogenase.
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KOMPLEKSY NADH I NAD Z DEHYDROGENAZĄ ALKOHOLOWĄ Z WĄTROBY
PRZY pH 10

S t r e s z c z e n i e

Przy zastosowaniu różnicowej spektrofotometrii przy dwóch długościach fali 
329 i 355 т ц  oznaczono istałe dysocjacji kompleksów wątrobowej dehydrogenazy 
alkoholowej z NADH(Ke>r) i z NAD+(Ke,o)-Obie wartości wynosiły 10 jxm. Wyniki 
te wskazują na słuszność wcześniejszych poglądów dotyczących rodzaju wiązania 
między koenzymami a wątrobową dehydrogenazą alkoholową.

Received 11 January 1964.
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FRACTIONATION OF HISTONES FROM CELL NUCLEI 
OF OX PANCREAS

Department of Biochemistry, University, Łódź

Previous worlk from  this Laboratory  on ox pancreas deoxyribonu- 
cleoproteins (DN-proteins) was m ainly concerned w ith histones isolated 
from D N -protein obtained from  whole tissue homogenate [2, 6 , 7, 8]. The 
chrom atographic analysis of these proteins on carboxym ethylcellulose 
according to Phillips & Johns [11] has shown two fractions m oderately 
rich in lysine and w ith  the same ra tio  of lysine to arginine (2.0). F ractio- 
nal preparation according to Dały & M irsky [1] ,gave two fractions: one 
arginine-rich and another m oderately lysine-rich [8]. These resu lts  w ere 
attribu ted  to a contam ination of histones w ith ribonucleoproteins. It ap- 
peared therefore necessary to fractionate histones obtained from  the DN- 
-protein isolated from  highly purified  and gelling nuclei. The extraction 
of histones from the m ateriał free from cytoplasmic and nuclear ribo- 
nucleoprotein seemed to assure the ir purity.

Pancreatic celi nuclei, m icroscopically pure, gelling and in good yield, 
were isolated, by applying the techniąue of Neelin & B utler [9], from 
ox pancreas obtained from the slaughter-house and put in ice 10 min. 
after the death of the animal. The chromatoigraphy of histones was 
carried out on a carboxym ethylcellulose (CM-cellulose) column according 
to Phillips & Johns [11]. CM -cellulose was obtained by the m ethod of 
Peterson & Sober [10]. The slightly m odified [8] techniąue of Dały & 
M irsky [1] was applied for fractional precipitation.

The histones w ere hydrolysed w ith 6 n-HCI at 110° for 18 hr. and 
the amino acid composition was established by  the m ethod of K alin- 
кіеѵіс [5] and according to D urrunTs techniąue [4] adapted for the 
quan tita tive  determ ination of amino acid composition [7].

Chromatography of histones

Four histone preparations isolated from  pure nuclei w ere fractionated 
on a CM -cellulose column. An е х а т р іе  is given in Fig. 1. Two main 
fractions, F2 and F3, were eluted w ith  0.01 and 0.02 n-HCI, and two 
sm aller ones w ith 0.002 and 0.04 n-HCI.
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The am ount of nitrogen was determ ined in  the separate fractions 
and, as m ay be seen from the  resu lts  presented in Table 1, 79 - 90% of 
the histone nitrogen was recovered. Fractions F2 and F3 contained together

EFFluent vol. (ml.)

Fig. 1. Elution diagram of histone preparation J from ox pancreas nuclei chromato- 
graphed on а с a rb oxyme thy 1 с edullos e column >(14 X 2 cm.).

about 94%  of the eluted nitrogen and about 81% of the nitrogen of the 
fractionated  histone. The corresponding yalues for these fractions taken 
separately  w ere for F2 42% and 36%, and for F3 52% and 45%.

Fractions F2 and F3 w ere hydrolysed and the content of amino acids

T a b l e  1

Fractionation of histones on a carboxymethylcellulose column
In the separated fractions the total nitrogen was determined and expressed as mg. 

N per 100 mg. of the starting histone.

Preparation
Nitrogen in 

starting histone
(7o)

Fraction eluted with HC1 (n)

Recovery©
 ̂

8
 

N) 0.01
Fi

0.02
F3 0 04 0.1 0.2

С 16.2 0.21 6.10 7.23 0.49 0.12 0.07 14 22
J 17 8 0.21 5.94 7.18 0.59 0.08 0.04 14.04
N 16.9 0.28 6.00 8.12 0.62 0.10 0.05 15.17
XXV 16.2 0.28 6.12 7.54 0.44 0.08 0.04 14.50
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was determ ined (Table 2). Both fractions appeared to be rich  in basie 
amino acids; the n itrogen of arginine, lysine and histidine am ounted 
to 39% and 42%, resp., of total nitrogen. Acidic amino acids w ere present 
in sm aller am ounts (8 and 8 .6%  of to tal N, resp.). The nitrogen of neu tra l 
amino acids in both fractions accounted for 37% of total nitrogen. The

T a b l e  2

Amino acid composition of fractions F2 and F3 from the CM-cellulose
column

The amino acid content is expressed as: (a), grams of amino acid per 100 g. of 
protein; (b), amino acid N as percentage of total nitrogen; (c) moles of amino acid 
per 100 moles of all amino acids found. Mean values for 4 histone preparations are

given.

Amino acid
Fraction Fi Fraction F3

a b с a b с

Arginine 8.4 17.5 7.4 9.8 19.0 7.8
Lysine 14.2 17.6 15.0 16.4 18.9 15.6
Histidine 2.0 3.6 2.0 2.3 4.0 2.1
Aspartic acid 4.5 3.1 5.2 5.3 3.4 5.6
Glutamic acid 7.8 4.8 8.1 9.0 5.2 8.6
Serine 3.7 3.2 5.3 4.1 3.3 5.4
Glycine 5.7 6.9 11.6 3.9 4.4 7.2
Threonine 4.3 3.3 5.5 4.8 3.4 4.2
Alaninę 6.5 6.6 11.2 8.1 7.6 12.7
Tyrosine 3.8 1.9 3.2 2.3 1.1 1.8
Ѵаііпе 4.4 3.4 5.8 5.4 3.9 6.4
Leucine-iso-

leucine 10.5 7.2 12.3 12.3 7.8 13.1
Phenylalanine 1.9 1.9 1.8 2.4 1.2 2.0
Proline 3.9 3.1 5.2 5.9 4.3 7.1
Tryptophan 0.14 0.13 0.10 0.18 0.16 0.12

Sum 81.74 84.23 92.18 87.66

am ino acid composition of fractions F2 and F3 was fairly  sim ilar. A some- 
w hat h igher content of all amino acids was found in F3 except for gly- 
cine and tyrosine which ргеѵаіі in F2. T ryptophan was found in both 
fractions (0.14% in F2 and 0.18% in F3).

Fractional precipitation of histones

Histone preparations obtained from  the D N -protein ex tracted  from 
panereas nuclei were subm itted to isoelectric precipitation (Table 3); 
from  100 mg. of the  whole histone preparation, 35 - 44 mg. w as preci
p ita ted  at pH 10.6 (fraction I) and 1 0 -1 3  mg, a t pH 6.0 (fraction II).
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T a b l e  3

Fractional precipitation of histones from ox pancreas nuclei
Histones (100 mg.) isolated from deoxyribonucleoprotein were submitted to iso- 

electric precipitation at pH 10.6 and 6.0.

Preparation Fraction I, pH 10.6
(mg.)

Fraction If, pH 6.0 
(mg.)

К 36.7 12.1
S 43.5 11.4
Z 38.2 10.5
XIV 44.8 12.7
XX 35.3 10.6

By the isoelectric precipitation applied, only 46 - 58°/o of the histone 
was recovered. The loss in the m ateria ł is probably due to the purification 
procedurę (repeated dis solution, precipitation, centrifugation and dialysis) 
and also to the Iow tem peraturę applied.

T a b l e  4

Am ino acid composition of fractions I and II obtained by isoelectric
precipitation

The amino acid content is expressed as: (a), grams of amino acid per 100 g. of 
protein; (b), amino acid N as percentage of total nitrogen; (c) moles of amino acid 
per 100 m oles of all amino acids found. Mean values are given for 5 preparations

described in Table 3.

i Amino acid
Fraction I Fraction II

a b с a b с

Arginine 14.2 26.8 11.0 7.0 14.9 5.7
Lysine 12.1 13.5 11.1 18.4 23.0 17.8
Histidine 2.4 3.9 2.1 1.5 2.7 1.4
Aspartic acid 6.0 3.7 6.1 3.9 2.7 4.2
Glutamic acid 10.5 5.9 9.6 8.0 5.0 7.7
Serine 3.8 2.8 4.8 4.2 3.6 5.6
Glycine 4.2 4.6 7.6 3.7 4.6 7.1
Threonine 5 3 3.8 6.0 4.2 3.2 5.0
Alaninę 7.2 6.7 11.0 11.0 11.4 17.5
Tyrosine 3.8 1.7 2.8 2.1 1.1 1.6
Ѵаііпе 7.4 5.2 8.4 5.6 4.4 6.9
Leucine-iso-
leucine 12.6 7.8 12.9 8.1 5.7

00oo’

Phenylalanine 3.0 1.4 2.4 3.2 1.8 2.7
Proline 3.3 2.4 3.8 6.3 5.0 7.7
Tryptophan 0.19 0.15 0.12 0.10 0.09 0.07

Sum 95.99 90.35 87.30 89.19
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The m ean content of amino acids in the precipitated fractions is given 
in Table 4. The nitrogen of basie amino acids represented about 44%  
of to tal n itrogen in  fraction I and 41%  in fraction II. F raction I w as 
m uch richer in nitrogen of arginine than  th a t of lysine while in fraction  
II these relations were inverted. In fraction I the nitrogen of acidic amino 
acids represen ted  9.6%, and tha t of neu tra l amino acids 36.6% of its 
total nitrogen; the corresponding data for fraction II w ere 7.7 and 41%.

DISCUSSION

In the previous work [8] the chrom atography of histones and th e ir  
amino acid composition were studied on whole hom ogenates of ox 
panereas; the  resu lts obtained p resently  -with histones isolated from  
purified nuclei proved to be sim ilar b u t they differ considerably from  
the resu lts  of separation of calf thym us histone reported  by Ph illips 
& Johns [11]. In thym us histone preparations, the m ain fraction was the  
F2 e lu ted  by 0.01 n-HCI and the F2:F3 ratio  was 2 .2 -2 .5  w hile  for the  
panereas histone it was 0.7 - 0.8.

The amino acid composition of the two column fractions of ox panereas 
nuclei was sim ilar. They both contained more lysine than arginine but F2 
contained m ore glycine and tyrosine and less proline and glutam ic acid 
than  F3, closely resem bling the F2 and F3 fractions of histones from  the 
whole panereas homogenate [8]. They differed, however, from  the cor
responding histones of calf thym us [11]. Both fractions of the panereas 
histone had a sim ilar ratio of basie to acidic amino acids (about 1.8) 
w hereas F2 of the  thym us histone had a h igher ratio  (1.96). The ratio  
of lysine to  arginine in both fractions of panereas histone w as about 
2 w hile F3 of the thym us histone had a lower value (1.54). F ractionation  
on a CM -cellulose colum n by the m ethod of Phillips & Johns [11] o f 
thym us and panereas histones gives two fractions m oderately rich  in 
lysine, w hereas the content of arginine is amaller in F 2 than in F3 of th e  
thym us histone.

The isoelectric fractionation of histones from panereas nuclei by the  
m ethod of Dały & M irsky [1] gives, sim ilarly  as with histones from  the 
whole hom ogenate, two fractions. The differences in amino acid com
position betw een these two fractions are larger than  those betw een 
fractions obtained by chrom atography on a CM-cellulose column. F raction  
II p recip ita ted  a t pH 6.0 is richer in lysine than  in arginine w hereas 
fraction  I p recip ita ted  a t pH 10.6 contains alm ost the same ąuan titie s  of 
arginine and lysine. A part from  that, fraction I contains considerably 
m ore arginine, histidine, acidic am ino acids, ѵаііпе, leucine w ith  iso- 
leucine and tryptophan , bu t less alaninę and lysine, than  fraction  II. 
The com parison of fractions I and II obtained from  ox panereas and  
from  calf thym us histones [1] shows a great sim ilarity  of frac tions
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obtained at pH 10.6. Their lysine:arginine ratio is 1.0 and the ratio of 
basie to acidic amino acids is 1.5 for the panereas histone and 1.6 for 
the thymus histone. The molar amounts of the remaining amino acids are 
similar except that in the panereas the content of ѵаііпе and leucine 
with isoleucine is higher, and that of glycine and alaninę lower than in 
thymus histones. The content of tryptophan in the panereas histone is
0.12 mole. Fraction II of the thymus histone contains no histidine. The 
molar ratio of lysine to arginine is 11 for this fraction; for the panereas 
histone, however, it is only 3. The ratio of basie to acidic amino acids 
for fraction II of thymus is 6. The thymus histone precipitated at pH 6.0 
is very lysine-rich; the corresponding fraction II of panereas histone 
if only moderately lysine-rich. This difference might be due to a slight 
difference in the processes applied for the precipitation of both types 
of histones (at room temperaturę for thymus, at 0° and below for 
panereas). Presumably the fraction very lysine-rich cannot be entirely 
precipitated at a Iow temperaturę and its presence in the precipitate 
obtained at pH 6.0 affects the amino acid composition of fraction II of 
the panereas histone. The effect of prolonged dialysis on fraction II 
of ox panereas histone should also be envisaged.

SUMMARY

Histones isolated from pure nuclei of ox panereas were fractionated 
on a carboxymethylcellulose column and by isoelectric precipitation. 
The amino acid composition of the fractions obtained was similar to that 
of histones from the w hole tissue homogenate. The fractions obtained 
were compared with the corresponding fractions from calf thymus 
histone.
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FRAKCJONOWANIE HISTONÓW Z JĄDER KOMÓRKOWYCH 
TRZUSTKI WOŁOWEJ

S t r e s z c z e n i e

Histony z czystych jąder komórkowych trzustki wołowej rozfrakcjonowano na 
karboksymetylocelulozie oraz przez strącanie izoelektryczne. Zanalizowano skład  
aminokwasłowy otrzymanych frakcji i stwierdzono ich duże (podobieństwo do odpo
wiednich białek otrzymanych z dezoksynukleoproteidów izolowanych z pełnego 
homogenatu tkankowego. Przedyskutowano różnice między otrzymanymi frakcjami 
a odpowiednimi frakcjami z grasicy cielęcej.

Receiyed 11 January 1964.
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AND ATHEROSCLEROTIC HUMAŃ AORTA
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In view  of the freąuen t association of acid m ucopolysaccharides and 
atherom atic deposits w ithin the hum an aorta  w ali, tihe suggestion has 
been made th a t these acid m ucopolysaccharides (glycosaminglycuro- 
noglycans) present in the  connective tissue m ay be in some way 
associated w ith tfhe prim ary atherogenic process. It (was assum ed th a t 
their deposition constitutes the in itial stage in the  developm ent of a thero- 
sclerotic lesions in the hum an a rte ry  wali. Histochemical investigations 
of acid m ucopolysaccharides (acid MPS) in hum an aorta w ali show, 
owing to the ir m etachrom atic properties, th a t under norm al conditions 
the m etachrom atic m ateriał is present only in the inner th ird  p a rt [1 , 12]. 
The in tensity  of the m etachrom asia, however, increases progressively 
w ith age [12]. From  m orphological studies it is obvious th a t acid M PS 
accum ulate w ith in  lim ited focal regions; at the same tim e deposition of 
lipid and calcium takes place [1, 10, 21 , 22]. Significant changes in  the 
p a tte rn  of acid M PS of skin, cartilage and aorta  eoncom itant w ith  age, 
have ibeen described in recent years. Of particu lar in terest are the 
changes concerning the aorta wali. D yrbye & K irk  [9] ex tracted  
a m ix tu re  of acid M PS from hum an aorta and showed th a t the  m ain  
component w as a sulphated polysaccharide, w ith  an additional sm aller 
am ount of a non-sulphated compound. This sulphated polysaccharide 
was depolym erized by  testicular hyaluronidase; bacteria l hyaluronidase, 
on the contrary, was active only on the non-sulphated polysaccharide [10]. 
I t has been suggested that this sulphated polysaccharide is a form  of 
chondroitin  sulphates, which accum ulates in  regions of intim al and 
m edial degeneration and in teracts in some w ay w ith  the plasm a lipo- 
proteins and fibrinogen to produce focal lipid- and fibrin-deposits [21 , 22]. 
No change in the galactosamine to glućosam ine ratio  was noticed by 
these au thors until the  age of 60. In  o lder age th ey  obseryed only  
a slight increase. B ertelsen [3] dem onstrated an increase of hexOsamine 
w ith  age. Sim ilar results w ere reported  by Buddecke [7] who established
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also an increase of both acid M PS and neu tral m ucopolysaccharides 
(mucoids) in hum an atherosclerotic aorta. W hile most of these studies 
w ere based on the analysis of the  whole aorta for hexosam ine, uronić 
acid o r sulphate, only few  works have been deyoted to the  Identifica
tion  and separation of the indiyidual acid MPS of the aorta  wali. K apłan 
& M eyer [14] analysed 43 hum an aortae, classified into 7 separa te  groups 
of d ifferen t age. These authors found no difference in the total am ount 
of acid M PS in relation to age. The indiyidual acid M PS w ere  identified 
as: hyaluronic acid, chondroitin-6-su lphate  (type C), derm atan  sulphate 
(chondroitin sulphate B), and heparan  sulphate (heparitin  sulphate). 
H eparin , chondroitin-4-sulphate (type A) or kera tan  sulphate w ere  a lwa у s 
absent. K apłan  & M eyer dem onstrated  also dram atic changes in the 
behaviour of the indiyidual acid M PS of hum an aorta during  the aging 
process. In  generał, derm atan su lphate  and heparan  sulphate increase 
significantly  w ith  age, while hyaluronic acid and chondroitin-6-su lphate  
decrease m arkedly. In disagreem ent w ith these results, Buddecke [7] 
found a m ix tu re  of acid MPS composed of kera tan  sulphate, chondroitin, 
hyaluronic  acid, chondroitin-4-sulphate, and derm atan  sulphate. He re - 
ported  fu rth e r, like K apłan & M eyer [14] a decrease of hyaluronic acid 
and  significant increase of derm atan  sulphate. B ertelsen & Jensen  [4] 
isolated both hyaluronic acid and chondroitin su lphates from  aged hum an 
aortae. They assum ed th a t the increase in the  ra tio  of chondroitin su l
phate  to hyaluronic acid is concom itant w ith  age. M ore recently , B er
telsen  & M arcker [5] reported tha t the  increase of to tal acid MPS in 
aged hum an aorta is due to th a t of sulphated acid MPS (undigestable 
fraction) which they  called chondroitin sulphates.

The p resent paper descriibes some experim ents undertaken  to com- 
pare  the  to tal am ount of acid M PS in each single aorta, both norm al 
and atherosclerotic, and to inyestigate the  p a tte rn  of the individual acid 
M PS in  both cases.

MATERIAŁ AND METHODS

Isolation of acid mucopolysaccharides. N inety  hum an aortae were 
taken at autopsy 1 0 -1 2  hr. a fte r death . A fter гето ѵ а і of the adherent 
tissue, th e  aortae w ere  stored in acetone until a sufficient numiber of 
specim ens w ere collected. The adventitia  was then  rem oved carefully 
by hand and the degree of atherosclerotic a ltera tions was exam ined 
according to B ertelsen & M arcker [5]. By m eans of the ir classification 
the w hole m ateriał was diyided into the following groups: I, newborn; 
II, norm al, no m edial calcium ; III, norm al, m edial calcium  (physio- 
sclerotic); IV, slight atherosclerotic alterations; V, distinct atherosclerotic 
a ltera tions; VI, profound atherosclerotic  alterations.

http://rcin.org.pl



(31 АСГО MUC О POL Y S AC OHARID ES IN  AORTA 3 7 3

None of the  patients had suffered from rheum atic fever, rheum ato id  
a rth ritis  o r any o ther collagen disease. None had 'been trea ted  w ith  
corticosteroids. Each acetone-dried aorta was disintegrated, de lip idated  
w ith a hot m ixture of ethanol-acetone (1:1) and ether. The delip idated  
aorta w as suspended in 2 M-versenate (10 ml. per ig. tissue) and shaken 
overnight. A fter this tim e the tissue showed no appreciable am ounts of 
calcium. The tissue was dehydrated w ith  acetone, a ir-dried  and w eighed. 
It was then  digested w ith pure  papain (CalBiochem., St. N iclausen, 
Switzerland) as described by Buddecke [7].

The acid MPS w ere precipitated as calcium salts and deprotein ized 
according to M eyer et al. [16]. The nitrogen content of the m ix tu re  w as 
from  2.48% to 5.88%. 'Samples of 2 -2 0  mg. of the  acid MPS m ix tu re  
were used for fractionation.

Fractionation of acid mucopolysaccharides. DEAE-Sephadex A-25 or 
A-50 was used as described previously [17]. This m ethod penm its to 
estim ate the  behaviour of the acid M PS in each single aorta. The 
individual acid MPS were eluted from  the Sephadex column b y  a m odi- 
fied elution system described previously [18, 19]. By m eans of th is 
m ethod the m ixture of the acid MPS was separated into 3 fractions: 
I, hyaluronic acid, elu ted  w ith  0.2 м -NaCl - HC1 (1:1); II, heparan  sul- 
phate, eluted w ith  0.6 м-NaCl - HC1 (1:1); III, chondroitin sulphates, 
eluted w ith 1.3 м-NaCl - HC1 (1:1). H eparin could be eluted in  th is system  
with 2.0 m to 3.0 м-NaCl - HC1 as several peaks w ith  yariable su lphate  
content.

Each fraction was analysed for uronić acid according to Dische [8] 
and w ith the borate  method of B itter & M uir [6]. For determ ination  of 
kera tan  sulphate the modified anthrone m ethod of Holt [13] w as used. 
Sulphate determ inations w ere made according to Antonopoulos [2]. The 
chondroitin sulphates bearing fraction (1.3 м effluent) w as reta ined  for 
determ ination of the individual chondroitin sulphate isomers.

Determination of the chondroitin sulphate isomers. The procedurę of 
Schm idt & Dmochowski [19, 20] was used. A fter enzymie digestion the 
end products were introduced on a Sephadex G-2'5 column (2 X 135 cm.) 
and the undigested derm atan sulphate was removed b y  gel filtra tion . 
D eterm ination of the type of the tetrasaccharides w as perform ed as 
described by M athews [15]. Hexosamines w ere determ ined as described 
by G ardell [11].

Standards for paper chromatography. H yaluronic acid was a p rep ara 
tion  of Reanal, Budapest, Hungary. C hondroitin-4-sulphate w as p u r- 
chased from  L. Light & Co. Colnlbrook, England. H eparan sulphate was 
k ind ly  given by  Prof. Dr. K arl M eyer, Columbia U niversity, New York; 
ano ther preparation  of heparan sulphate was prepared from  a heparin  
side fraction obtained from Upjohn Co., Kalamazoo, U.S.A. D erm atan  
su lphate  w as a gift from F. Hoffman-La Roche & Co. Basel, Sw itzerland.
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RESULTS

Total amount of acid mucopolysaccharides in human aorta. From  the  
resu lts  shown in Таѣіе 1 it m ay be concluded th a t th e  content of acid 
M PS in hum an atherosclerotic aorta is increased as com pared iwith tha t 
of the  new born o r norm al adult aorta. The am ounts are given in percen ts  
of dry, delipidated and decalcified aortic tissue. These resu lts  are in good 
agreem ent w ith seyeral o ther reports [3, 4, 7, 5]. K apłan & M eyer [14], 
however, found no difference in the total am ount of acid MPS con- 
com itant w ith  age o r atherosclerosis. These results, howeyer, concerned 
non-decalcified hum an aortae.

Identification of the indiuidual acid mucopolysaccharides. Individual 
acid M PS w ere identified by the analytical m ethods described under 
M ethods and by paper chrom atography as hyaluronic acid, heparan  sul
phate, derm atan  sulphate and chondroitin-6-sulphate. In all the cases

T a b l e  1

Total acid mucopolysaccharides in normal and atherosclerotic human
aortae

The percentage content of acid MPS w as determined in dry, delipidated and 
decalcified aortic tissue. Nitrogen content was determined in the isolated acid MPS 

mixture. Mean yalues, ± S.D., are given.

Group
No. of 
aortae

Acid MPS 
as uronić acid

(° /o )

N content 
in acid MPS

Г /о )

I, Newborn 10 2.45 ± 0.31 3.65
II, Normal, no medial calcium 15 2.50 ± 0.37 3.30

III, Normal, medial calcium 13 2.68 ± 0.44 3.70
IV, Slight atherosclerotic alterations 10 2.88 ± 0.36 4.55
V, Distinct atherosclerotic alterations 11 3.22 ± 0.58 3.60

VI, Profound atherosclerotic alterations 31 3.48 ± 0.65 3.35

T a b l e  2

Analytical data for the separated fractions

Fraction
Hexos-
amine

Г / )

Hexosamine
Uronić

acid
Г /о )

Sulphate
Г /о )

Ratio: 
E Dische 

to
E borate

galactos-
amine

Г /о )

glucos-
amine

Г /о )

I, Hyaluronic acid 38.8 4.1 95.9 36.7 0.2 2.08
11, Heparan sulphate 29.6 0 100 35.5 10.5 1.70

III, Chondroitin sulphate 27.3 100 0 29.6 6.6
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investigated heparin, k e ra tan  sulphate, pure chondroitin o r chondroitin- 
-4-sul'phate were aibsent. T he analytical values for the separate  fractions 
found in an adult aorta are listed in Table 2; o ther determ inations gave 
sim ilar results. The ra tio  of extinction  for uronić acid in  the Dische 
m ethod (E Dische) to the  extinction in  the borate m ethod (E borate) 
was additionally used to characterize the individual compounds.

Behaviour of the acid mucopolysaccharides in atherosclerosis. Fig. 1 
shows the relation betw een the percentage content of the ind iv idual 
acid MBS and age (the to ta l am ount of the acid M PS isolated from  the  
aorta  was taken as 100%). This group includes norm al and only slightly

Fig. 1. The relation between the acid mucopolysaccharides and age.

atherosclerotic aortae. H yaluronic acid and chondroitin-6-su lphate  
decreased appreciably w ith  age, w hile  derm atan  su lphate  and heparan  
su lphate  increased considerably. These resu lts  are  som ew hat sim ilar to 
those of K apłan & M eyer [14]. Table 3 gives the percentage conten t 
of the four individual acid MPS (the to tal am ount of acid MPS isolated 
in each case w as taken as 100% ) in norm al hum an aortae and  in those 
w ith  various degrees of atherosclerosis. Table 3 represents th e  m ean 
yalues of the individual determ inations made separately on each aorta.
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T a b l e  3

Percentages of individual acid mucopolysaccharides in normal and 
atherosclerotic human aortae

Mean yalues, ±  S.D., are giyen

Hyaluronic Chondroitin- Dermatan Heparan
Group acid 6-sulphate sulphate sulphate

(%) (% ) (%) (%)

I, Newborn 31.0 ± 4.7 67.8 ± 7.1 <1 <1
II, Normal, no medial calcium 28.1 ± 3.4 66.1 ± 5.5 3.4 ± 1.5 2.1 ± 0.9

III, Normal, medial calcium 21.2 ± 4.0 61.9 ±  5.3 9.9 ±  2.3 7.0 ± 2.0
IV, Slight atherosclerotic altera-

tions 14.2 ± 3.8 52.6 ± 4.8 15.4 ±  3.2 17.8 ± 2.6
V, Distinct atherosclerotic alte-

rations 10.8 ± 2.9 48.1 ± 6.3 18.6 ±  4.9 25.5 ± 5.2
VI, Profound atherosclerotic

alterations 8.3 ± 3.8 43.5 ±  6.9 21.6 ± 4.6 26.6 ±  7.0

It is of in terest th a t newiborn aortae contain derm atan su lphate  and 
heparan  sulphate in am ounts of less than  l°/o, w hereas the norm al adult 
ao rtae  contain about 6%  of these compounds. A nother point of in te rest 
is the ratio  of derm atan  su lphate  to heparan  sulphate. This ra tio  
decreases d istinctly  in atherosclerotic aortae, due to h igher increase of 
heparan  sulphate. The decrease of hyaluronic acid, as w ell as of cihon- 
d ro itin -6-sulphate, is m ost dram atic in  the  group w ith profound a thero- 
sclerosis (group VI).

SUMMARY

1. The total am ount of the acid m ucopolysaccharides (MPS) increases 
w ith  age and atherosclerosis.

2. The indiyidual acid M PS of both norm al and atherosclerotic 
aorta  w ere identified as hyaluronic acid, heparan  sulphate, derm atan  
sulphate and chondroitin -6-sulphate.

3. D erm atan sulphate and heparan sulphate increase significantly 
w ith  age and particu larly  in adyanced atherosclerosis. Sim ultaneously, 
hyaluronic acid and chondroitin -6-su lphate  decrease m arkedly.

4. Heparin, kera tan  sulphate, chondroitin and chondroitin-4-sulphate 
w ere always absent.
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KWAŚNE MUKOPOLI SA CHA R YD Y LUDZKIEJ TĘTNICY ZDROWEJ
I MIAŻDŻYCOWEJ

S t r e s z c z e n i e

Oznaczono ilościowo kwaśne muikopolisacharydy w  90 pojedynczych tętnicach  
ludzkich zdrowych oraz z różnym nasileniem zmian miażdżycowych. Wykazano, że 
w  przypadku starych tętnic, jak również i  w przebiegu miażdżycy całkowita ilość 
kwaśnych imuikopolisacharydów jest znacznie podwyższona. Poszczególne kwaśne 
mukopotlisacharydy zidentyfikowano jako: krwas hialuronowy, siarczan heparanu, 
siarczan dermatanu oraz chondroityno-6-siarczan. W procesie starzenia, szczególnie 
jednak w  przebiegu miażdżycy, następuje silny wzrost siarczanu dermatanu oraz 
siarczanu heparanu. Jednocześnie obserwuje isię znamienny spadek kwasu hialuro- 
nowego oraz с h o ndroł tyno -6-si a rc za nu. Nie stwierdzono obecności heparyny, chon- 
droityny, siarczanu keratanu ani chondroityno-4-siarczanu.
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The fundam ental property  of ihaemoglolbins is the ir ability to combine 
reversib ly  w ith  oxygen w ithout a change in the ѵаіепсу state of its iron. 
This p roperty  is wholly dependent upon the protein m oiety of a haemo- 
globin: haem  alone is rapidly  oxidized to haem atin ju s t as is the со тр іех  
betw een haem  and denatured globin.

The natu rę  of the linkage betw een haem and globin is not com pletely 
understood. The covalent bond that exists betw een haem and histidine 
is not the  only bond which joins haem  and globin, and alone it cannot 
bring about the stability  of divalent iron tow ards oxygen. The m ultip li- 
city of bonds between globin and haem  is indicated by seyeral findings: 
denatu red  globin is able to bind up to 16 haems per molecule [9]; globin 
can bind iron-free porphyrins [15]; recent crystallographic da ta  show 
th a t there  are at least four points of contact betw een haem  and globin 
[17, 20, 23].

The existence of a bond betw een carboxyl group of propionyl side 
chain of haem  and globin has been suggested [21 , 22] on the  basis of the 
experim ents in which etioporphyrin III was coupled to globin. The 
participation of vinyl side chains in  the form ation of a bond to  globin 
was indicated iby seyeral authors. D euterohaem in which lacks vinyls, 
w hen coupled /with native glohin form s a haemoglobin capable of геѵег- 
sible binding of oxygen [27]. Removal of yinyls o r the ir replacem ent by 
ethy l groups considerably decreases th e  ra te  of combination of haem 
w ith  globin, and protohaem  can displace deutero- and m esoporphyrins 
from  their complexes w ith  globin [12].

W hich specific group, if any, of globin reacts w ith the haem  yinyls 
is largely  a m atte r of speculation. It has been suggested that the con- 
form ation of the  polypeptide chains is com plem entary to haem  and that 
w eak bonds betw een the two obtain [14]. IndOed, the im m ediate su r- 
rounding  of the vinyl side of haem is favourable to form ation of hydro- 
phobic 'bonds [12].

M ore specifically, the existence of a w eak bond betw een -SH  groups

http://rcin.org.pl



380 К . M U R A W SK I aind К . ZA K R Z E W SK I 1 2 ]

and vinyls was postulated [3] on the ibasis of the influence of N -e thy l- 
m aleim ide upon th e  redox potential of haemoglobin. A sim ilar conclusion 
m ay be draw n from  the fact th a t blocking of -SH groups decreases the  
haem -haem  in teraction  [26], com parably to w hat follows the rem oyal 
o r replacem ent of ѵіпуі groups [27].

If -SH  groups are involved in binding haem  w ith globin, then  the 
form ation of a m ercaptide m ay be expected to w eaken the coupling 
betw een haem  and globin. The present experim 'ents w ere designed to  
find w hether the  interaction of oxyhaem oglobin w ith  m ercuric ions is 
followed by increased ra tes  of oxidation of haem oglobin as w ell as of 
haem -globin dissociation.

Haemo-globin Solutions w ere prepared from  washed hum an e ry th ro 
cytes b y  the  toluene m ethod [10]. In seyeral experim ents hum an haem o
globin, crystallized from  phosphate buffer [11], was used but the resu lts  
w ere essentially the same as w ith non-crystalline m ateriał. The con
cen tration  of haemoglobin was estim ated by converting it  into cyan- 
m ethaem oglobin [13] and m easuring the extinction  at 540 тм-; the m illi- 
m olar extinction coefficient of cyanm ethaem oglobin was taken as 46.0 
for m olecular w eight 66 800 [6].

The experim ents have been carried  out in a solution of oxyhaem o- 
globin in dilute pH 4.5 o r pH 4.0 acetate buffer; finał concentration of 
haem oglobin w as about 0.15 тм , and the finał concentration of acetate 
in  all experim ents w as 0.067 м. M ercuric ions w ere added as 1 тм - 
-m ercuric  acetate in 0.1 м-acetate buffer of pH 4.0 o r 4.5.

The progress of the reaction was followed by m easuring extinction 
a t 630 ггцл, the sam ples having been incubated at room  tem peraturę for 
appropriate  period (see Results). The fraction of oxyhaemoglobin 
rem aining at any tim e w as caleulated from  the eąuation:

in w hich Et is the extinction at 630 т м  after a tim e t, F 0 is ^he extinction 
a t 630 т м  at t  —  0, E k is the extinction at 630 т м  a fte r  oxyhaemoglobin 
w as com pletely converted in to  methaemogloibin w ith potassium ferri- 
cyanide (for the reaction at pH 4.5) o r by trea tm en t w ith  0.1 n-HCI (for 
the reaction  at pH 4.0). Optieal m easurem ents w ere taken w ith  SF-4 
(USSR) spectrophotom eter; for some experim ents SP-500 (Unicam) 
in strum en t w as employed.

EXPERIMENTAL

Materials and methods
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RESULTS

The product of the reaction at pH 4.5. Oxyhaem oglobin in solution 
is slowly oxidized w ith atm ospheric oxygen to  m ethaem oglobin [5]. The 
ra te  of this reaction is very m uch increased in the presence of m ercuric  
ions. The valid ity  of the  conclusions is very  m uch dependent upon 
w hether the same products are  form ed in the presence as in the absence 
of m ercury. Fig. 1 shows th a t the position of all principal bands is the

Wavelength (mju.)

Fig. 1. Oxidat'ion of oxyhaeimoglobin and reduction of the oxidized product. (a), O xi- 
dation by atmospheric oxygen at pH 4.5, acetate buffer 0.067 м for 3 hr. at room 
temp.; ( • ) ,  ,in the presence of 4 m  Hg2+/M haemoglobin; (O), w ithout Hg2+. (b), Re
action products as in Fig. la, after reduction by dithionite in  glycine buffer, pH 7.7.

same, and tha t both reaction m ixtures can be reduced (with crum bs of 
d ith ionite  under paraffin) into haemoglobin (Fig. lb). The differences 
in in tensities (Fig. la) of corresponding absorption bands resu lt from  
m ore extensive conversion of oxyhaem oglobin into m ethaem oglobin in 
the presence of m ercury  than  in its absence.

Spectral absorption curves have been  computed on the basis of the  
extinction coefficients shown in Fig. 2. As it m ay be seen from  Fig. 3, 
the com puted curve fits satisfactorily  into an experim ental one. The 
deviations which appear a t w avelengths below 530 т м  m ight be due to 
unapplicability  of Lam bert-B eer law in that region, and/or to uncerta in ty  
of the  employed extinction coefficients (e of m ethaem oglobin a t  pH 5.0, 
see legend to Fig. 2).

The product of the reaction at pH 4.0. A rap id  sp litting  of oxyhaem o- 
globin occurs a t pH 4.0. The ra te  of th is reaction is fu rth e r increased 
in the presence of m ercuric ions. The spectral absorption cu rve  of 
p roduct form ed a t pH 4.0 is less d istinct than  th a t at pH 4.5 (Fig. 4).
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The characteristic  peaks of oxyhaem oglobin w ith in  ѵійіЬіе rangę 
disappear, the Soret Iband becomes diffuse and is sh ifted  tow ards shorter 
wavelengths. The ex.posure of oxyhaem oglobin to 0 .1  n - H C I  for a  period 
óf seyeral hours at 0 ° brings about m ore extensive changes throughout

W a ve len g th  (m ju)

Fig. 2 Fig. 3
Fig. 2. Molar extinction coefficients, reaction at ipH 4.5. ( • ) ,  Oxyhaemagliobin at 
pH 4.5, acetate buffer 0.067 m ;  (O), -methaemoglobin at pH 5.5, acetate buffer
0.02 m  [18]. ((Ferricyanide met haemoglobin at pH 4.5, acetate buffer 0.067 m ,  yielded 

unreliable data owing to developinig tuiTbidity).
Fig. 3. Experim ental and computed spectral absorption curves. ( • ) ,  Oxyhaemoglobin 
oxid!ized as in Fig. la, but for 2 hr.; (X), -computed poi-nts for the m ixture of 60° o 
oxyhaemoglo-bin and 40% methaemoglobin, based on ifigures taken froim Fig. 2.

Wavelength (mju)

Fig. 4. Mo-lar extinction coefficients, reaction at pH 4.0. (O), Oxyhae(motglobri 
exposed to pH 4.0 aceitate buffer 0.067 Mfor 1 hr. at room temp.; ( • ) ,  oxyhaemoglobin 

expo-sed to 0.1 n -HCI for 24 hr. at 0°.
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the curye, in p a r t  certain ly  due to secondary changes w ith in  p ro te in  
moiety. Howeyer, at around 630 mp, the  m olar extinction coefficients 
do not appear to 'be seriously affected by these secondary changes 
(Fig. 4).

As it has been  well known for m any years [2], the acid-denatured  
haemoglobin can be “re -n a tu re d ” by neu tralization  and reduction  of the 
resulting  haemichrom e. In  case of oxyhaem oglobin, th e  ex ten t of re n a 
tu ration  is about 70°/o, in  case of haem oglobin it is up  to 90°/o [19]. W hen 
th is was attem pted w ith  oxyhaem oglobin sp lit in the presence of 
m ercuric ions, the protein  im m ediately and com pletely precip ita ted  
indicating an irreyersib le  alteration  of globin. A control experim ent, i.e. 
the product of the  reaction carried on for 3 h r. a t  pH 4.0, 0.067 м-acetate  
buffer, room tem peraturę , w ithout m ercuric ions, yielded a correct 
spectrum  of haemoglobin, a fte r neutralization  and reduction  w ith  
dithionite.

The kinetics of the reaction at pH 4.5. Solutions of oxyhaem oglobin 
w ere prepared w ith  yarious concentrations of m ercuric ions, all in  ipH 4.5 
acetate buffer 0.067 м, and placed in spectrophotom eter cuyettes. The 
reaction was followed by reading the extinctions a t 630 т ц  a t yarious 
times. The resu lts  are show n in Fig. 5. C learly, the rate  of the oxidation

Fig. 5. The iciomtse of the ireaction at pH 4.5 (details: isee text). The figures at the 
curves indicate the ratio of м Hg2+ to м Hb, and (©), 4m Hg2+; (v), 5m Hg2+; 

(□), 6M H g2+; '(Д), 7 m Hg2+; (O), 8m Hg2+ per м Hb, respeCtiyely.
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is directly dependent on the m ercury  to  haemoglobin ra tio  up to 4 atom s 
of m ercury  per one m olecule of oxyhaem oglobin. A fu rth e r  increase 
of this ratio  does not influence m arkedly  the ra te  of the  reaction.

The kinetics of the reaction at pH  4.0. The experim ents w ere carriea  
out as described above for pH 4.5 except that pH was 4.0. The resu lts  
are shown in Fig. 6 . An effect qualita tively  sim ilar to that obseryed a t

pH 4.5 is apparent: the ra te  of the  reaction rises w ith  increasing Hg2+ 
concentration up to 4M Hg2+/M oxyhaemoglolbin. The yield of the finał 
product is twice o r m ore of w hat has been  found in case of the reaction 
at pH 4.5.

In the experim ents in which no m ercury  was added, the  points on 
the  sem ilogarithm ic graph (cf. Fig. 5 and Fig. 6) plot a stra ight line 
indicating a firs t o rder reaction. It seemed w orthw hile to  assume that 
both the oxidation and sp litting  were first o rder reactions and that the 
ra te  constants depend on the in teraction betw een m ercury  and protein 
m oiety of oxyhaemoglobin. To pu t it form ally, it is assumed that each 
of the four haem s is converted into haem in w ith  a ra te  constant k0 in 
the absence of m ercury, and w ith  a ra te  constant kug in the  presence 
of m ercury. Hence, an оѵегаіі expression for the haem -globin dissocia
tion in the absence of m ercu ry  is

/ - f c b  ~ k lh  - fcnV h
/ ( 0  =  A \e 0 + e  0 + e  0 + e  0 J

Fig. 6. The course of the reaction 
at pH 4.0 (details: see text). The 
figures at the curves indicate the 
ratio of m  Hg*+ to m Hb, and ( 0 ) ,  
4 m Hg2+; (V), 5 m  Hg2+; (□), 
6 m Hg2+; (A),  7 m Hig2+; (O), 
8 m  Hg2+ iper m  Hb, respectively.
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in which A  is the fraction of haemoglobin m olecule comprising one 
haemoglobin subunit (i.e. one-quarter molecule), and 'the superscrip ts I, 
I I , ... IV denote one of the four haems. In the presence of m ercuric ions, 
a following set of eąuations obtains:

/iHg(0  =  ^ ( e  Hg + e  + . . .e  )

У / \  А I  - й *  -*ПП ł  - К ’  hf 2Hs( t ) = A ( e  Hg + e  Hg + e  0 + e  0 )
-k™t

S  /ч А I  ~ k  Не* ~ к п У ( \/зне (0 =  a  (e g +  e Hg +  e Hg +  e 0 j

» / — t - І ц  t
Л Hg (0 =  A [e 8 +  e Hg +  e

_*ІП t 
* H g f -Ar‘v t , H8

The subscripts at f(t): lHg, 2Hg, 3Hg, 4Hg denote the  reaction carried 
out in the presence of Im  Hg, 2 м Hg, 3 м Hg and 4 м Hg per м oxy- 
haemoglobin, respectively.

In  o rder to find the num erical yalues for k 0 and for k Hg an XYZ 
Computer has been employed. The leaśt sąuares m ethod has been  tried, 
but led to ambiguous results. Therefore the successiye approxim ation 
m ethod was resorted to. It is apparent from  Fig. 7 tha t the Solutions

Fig. 7. Reaction kineitics at pH 4.0 
(details: see text). (О), Ехреті- 
mental points; (---------), computed

curve.

a re  no t ąu ite  satisfactory, but it is of in terest to note (see Table 1) that 
the  best fit has been obtained w ith  th ree  sets of figures, w ith  nearly 
one o rder of m agnitude difference betw een k 0 and k Hg yalues.
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T a b l e  1

Rate constants for the splitting of haem from oxyhaemoglobin at pH 4.0

к Without Hg2+ 
(ko)

With Hg2 +
(̂ Hĝ

к 0.0087 _
к1 — 0.051
к11 — 0.068
кш — 0.150
kIV — 0.200

DISCUSSION

The resu lts  presented above can be accounted for by assum ing th a t 
m ercuric ions are insebted 'between sulphydryl group of globin and 
haem. There are six cysteine residues in  hum an haemoglobin [8]. Their 
reac tiv ity  has been studied extensively in recen t years and it was 
eoncluded that only two of them  are “reactive” tow ards various sul
phydry l reagents [1]; they  appear to be located in  the /?-chain [25]. 
However, which -SH groups in haemoglobin are  reactive, depends on the 
k ind of reagent employed for their detection. W ith organie m ercurial, 
the two groups in the /?-chain are reactive but w ith  inorganic m ercuric 
ions in  a solution free of com plexing electrolytes, four sulphydryls react 
easily  and two, m ore sluggishly [7]. As shown above, both the ra te  of 
oxidation of haemoglobin and the ra te  of its splitting increase steadily 
up to four atom s of m ercury  per one molecule of haemoglobin, and it 
is w orthy  of note <that the ra te  constants for the first two m ercury  
atom s suibstituted d iffer by a factor of 3 to 4 from  the factors for the 
th ird  and fourth  m ercury  atom substituted. A m ore detailed considera- 
tion of th is finding mudt, however, be postponed un til a m ore satisfactory 
data a re  аѵаііаІЫе and, in particu lar, until the  ra te  constants for first 
few  seconds of the roaction be obtained.

The most likely side chain of haem  to form  a link w ith  sulphydryl 
group of globin is the ѵіпуі side chain, as m ay be deduced from crystallo- 
graphic analysis [23, 17,20]. The distance betw een haem and the nearest 
-SH is a'bout 20 A [23], which is too m uch for any kind of a bond. 
However, ithe X -ray  data  pertain  to crystalline state of haemoglobin 
and it rem ains to be seen w hat is the d istance betw een ѵіпуі and sul
phydry l in  hum an haemoglobin in solution.

We suggest tha t a labile link form s 'between th e  ѵіпуі side chain of 
haem  and sulphydryl group of globin, perhaps b y  m aking use of the two 
аѵаіІаЫе electrons on su lphur atom. On approach of oxygen, the 
electrons are  pulled tow ards the  iron-oxygen со тр іех  through the

18]
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double bond system  of porphyrin  ring. Thus, a second junction, in addi
tion to irbn-histidine one, is established betw een haem  and a system  
of double bonds of polypeptide chain(s). In such a way, a large ring -like  
structure  would be instantaneously formed, and likely to be easily 
destroyed by  form ation of a m ercaptide.

There are several conseąuences of this hypothesis as to the s tru c tu ra l 
basis of haemoglobin function. The haem -haem  in teraction  has a lready  
been shown to depend upon the -SH groups [24] and appears to be 
absent [16] o r at most a very  weak one [28] in m yoglobins w hich do not 
contain su lphydryl groups. This in teraction would appear to b e  channeled 
through thie vinyl -SH bond. The Bohr effect w hich is a ttribu ted  by som e 
authors [24] bu t not by others [4] to -S H  groups, would resu lt from  
a decreased attrac tion  of proton by su lphur atom  due to the  electron 
shift, w ithin the postulated bond, during  oxygenation. The v iny l-su l- 
phydryl bond w ill increase the stability  of divalent iron tow ards oxi- 
dation by bringing in'to action m any more я -eliectrons. The same 
mechanism  is bound to augm ent the forces which hołd haems to globin.

The authors g rate fu lly  aoknowledge the assistance of Mr. B. O stalski 
of the  Institu te of M athem atical Machines, Polish Academy of Sciences 
for program m ing and com putations on the  XYZ Computer.

This paper has been supported in part by  a gran t frOm the Com m ittee 
of Biochem istry and Biophysics of the Polish Academy of Sciences.

SUMMARY

A study was m ade of oxyhaemoglobin solution in dilu te buffers 
pH 4.5 and pH 4.0 exposed to  atm ospheric oxygen in the presence and 
in the absence of inorganic m ercuric ions. It has been found th a t m ercu ry  
strongly accelerated the splitting of haemoglobin at pH 4.0, and its au to- 
oxidation a t pH 4.5; the ra te  constants were raised by about one o rder 
of m agnitude.

The hypothesis is proposed that a labile v inyl-sulphydryl bond obtains 
in oxyhaemoglobin, w hich strengthens the haem -globin linkage and 
increases the stability  of divalent iron by bringing into action double 
bonds of polypeptide chain(s).
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GRUPY SULFHYDRYŁOWE A WIĄZANIE MIĘDZY HEMEM I GLOBINĄ

S t r e s z c z e n i e

Badano zachowanie się aksyhemoglobiny w  rozcieńczonych buforach pH 4.5 
i pH 4.0, w  kontakcie z tlenem  atmosferycznym, w  obecności ‘i w nieobecności n ie
organicznych jonów rtęciowych. Stwierdzono, że jony rtęciowe silnie przyspieszają 
rozszczepianie hemoglobiny w  pH 4.0 i jej autooksydację w  pH 4.5. Stałe szybkości 
reakcji rosły o około jeden rząd wielkości.

Postawiono hipotezę, że w  oksyhemoglobinie istnieje labilne wiązanie pomiędzy 
resztą winylową a grupą sulfhydrylową, które wzmacnia wiązanie hemu z globiną 
i wzmaga stabilność dwuwartościowego żelaza przez wprowadzenie do działania 
wiązań podwójnych łańcucha (lub łańcuchów) polipeptydowych.

Received 13 January 1964.
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FORMATION OF INDOLE-PYRIDOXAL COMPLEX 
IN THE URINE OF SCHIZOPHRENICS

Brain Research Institute, Medical Uniuersity, Szeged, Hungary

In our work concerning the pathological processes in schizophrenia 
we have studied for m any years the disturbances of tryp tophan  m eta
bolism. We examined the urine excretion of indole compounds by patients 
in d ifferen t phases of schizophrenia m aintained on a protein-poor d iet 
and also after tryp tophan  loads (Huszak & Durko, 1961, 1962, 1963). In 
these experim ents, freshly voided sam ples were im m ediately adjusted  
with hydrochloric acid to pH 3. The urine collected during 24 hr. was 
extracted  w ith chloroform  and from  the aąueous phase the indole com
pounds were isolated; it was then observed tha t the discarded chloroform  
phase turned red  after a certain  time. The red  pigm ent of the chloroform  
phase was also examined and the resu lts  are described in the present 
paper.

Nencki & Sieber (1862) were the first to observe the form ation of the 
red colour in the u rine  after addition of hydrochloric acid. They term ed 
this red pigm ent uroroseine. H erter (1908) established that uroroseine 
is form ed from  indole acetic acid, probably as its oxidation product. 
This assum ption was supported by Dobeneck et al. (1956) who reported  
the uroroseine reaction of indole acetic acid. A good review  of the lite ra 
tu rę  concerning uroroseine was published recently  by  Ressel (1960).

Ross (1913) obseryed a positiye uroroseine reaction in  d ifferen t m ental 
diseases, including schizophrenia. A rm strong & Robinson (1954) obseryed 
in phenylketonuria a positiye uroroseine reaction as well as large am ounts 
of indole acetic acid. Jepson (1956) found that increased indole acetic 
acid exoretion is accompanied by uroroseine. According to A rm strong 
(1958) the positiye uroroseine reaction m ay also be obseryed in the urine 
of norm al subjects.

Scott (1961) Obseryed that in acid m edium  indole and pyridoxal phos
phate  (or pyridoxal) react to form  a red pigment. The form ation of the  
pigm ent could be prevented by dimedone w hich form ed a compound w ith 
pyridoxal.
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The above data seemed to suggest that the  red compound formed 
in  the  urine of schizophrenics at pH 3 m ay 'be an indole-pyridoxal com- 
plex. To checik th is supposition the following experim ents were per- 
form ed.

The u rine adjusted w ith  hydrochloric acid to pH 3 w as shaken with 
chloroform . The chloroform  phase was centrifuged and the red  pigment 
was ex tracted  w ith amylalcohol. Then the solvent w as evaporated and 
the red  residue obtained was well soluble 'both in m ethanol and water. 
F o r spectrophotom etric exam inations (Hilger H 700, Uvispek) the pigment 
dissolyed in m ethanol was used. For comparison, an indole-pyridoxal 
com pound w as syntbetized. For th e  synthesis, indole acetic acid, physio- 
logically present in urine, w as used. A m ix ture  of eąual yolumes of 
0.1 м-indole acetic acid and 0 .lM -pyridoxal phosphate was adjusted with 
hydrochloric acid to d ifferent pH yalues. The absorption spectra of the

form ed coloured compounds at different pH yalues and of the red pig
m en t ex tracted  from the urine, are shown in Fig. 1; it m ay be seen that
the  absorption spectrum  of the red pigm ent from  the urine is the same
as th a t of the indole-pyridoxal со тр іех  obtained at pH 3.

If before the  acidification of the urine, dim edone was added the red 
pigm ent w as not formed. In control urines, in w hich  the red compound

METHODS

Fig. 1. The absorption spectra (----- ), of the indole
acetic acid - pyridoxal оотр іех  at pH 1, 2 and 3,
and (........ ), of the red pigment extracted from urine

at pH 3.
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did not form, the  addition of indole acetic acid and pyridoxal before the 
chloroform  extraotion resu lted  in the appearance of the red colour.

Experim ents were also perform ed on healthy  persons and schizophre- 
nlc patien ts in whose urine the red  pigm ent did not form. They w ere  
loaded intravenously 3 tim es daily w ith  pyridoxal (vitam in Be), and on 
the next day the appearance of the red colour in the chloroform  phase 
of the urine was obseryed. W hen to a patien t m aintained on a protein-low  
died and treated  w ith  pyridoxal, tryp tophan  was also given per os, the 
red colour appeared in the chloroform  phase.

These resu lts indicate tha t the  red pigm ent form ed in the chloroform  
ex tract of acidified urine of schizophrenic patients is the  indole pyridoxal 
с о тр іе х  described by  Scott (1961). W e expect to be able to confirm  this 
supposition by analytical m ethods and in fra-red  exam inations w hich are  
now in progress.

T a b l e  1

Formation in the urine of the red pigment in different diseases

Type of disease
No. of 
cases

No. of 
ехатіпа- 

tions
Positive Negative

Schizophrenia 16 68 55 13
Depression 4 11 3 8
Delirium tremens 2 2 2 —

Epilepsy 2 2 1 1
Lesion of the Ііѵег 2 2 2 —

Other diseases 3 4 — 4

It should be noted that the appearance of the red pigm ent is not 
specific for schizophrenia as it occurs, though far less frequently , in the 
urine of o ther psychotics (Table 1).

DISCUSSION

The red  compound isolated from  the  urine of schizophrenics has not 
been yet fu lly  identified, bu t neyertheless the presented resu lts  of expe- 
rim en ts  carried  out in vitro and in vivo  support the  supposition th a t 
it does arise from  indole and pyridoxal. This compound cannot be iden- 
tical w ith nephroroseine described by Arnold (1909, 1911) w hich gave 
a positive uroroseine reaction. N ephroroseine was identified by K im m ing 
et al. (1958) and confirmed by  Jepson & Spiro (1960) as N-[/?-(indolyl)- 
-(3)-acrylyl]-glycine. M ellman et al. (1963) described the chrom atographic 
characteristics of this compound which gave an orange spot a fte r  tre a t
m ent w ith 25°/o HC1. Its Emax. was at 509 тм . On adrninistration of L-tryp-
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tophan its am ount in the urine did not increase. Our pigm ent had a d if
fe ren t absorption m axim um  and its am ount increased a fte r adm in istra- 
tion of tryp tophan  and pyridoxal, indicating th a t the  pigm ent stud ied  
is an indole-pyridoxal сотр іех .

The abnorm al excretion of tryp tophan  m etabolites in schizophrenia 
has been know n for a long time. Seyeral obseryations indicate that in 
schizophrenia some disturbances of phosphopyridoxal-containing enzym es 
(transam inase, decarboxylase etc.) m ay be present. Benassi et al. (1961) 
found th a t the m etabolism  of kynurenine is d isturbed  and the accum u- 
lation  of an thranilic  and xan thuren ic  acids can be obseryed. It is w ell 
know n that pyridoxal enzymes are involved in the m etabolism  of these 
compounds. Dalgliesh (1951) observed disturbances of tryp tophan  m eta
bolism in hum an subjects after adm inistration of isoniazide, which is an 
inh ib ito r of the pyridoxal enzymes. Price (1957) in experim ents w ith  
hum ans as w ell as w ith  anim als kep t on a pyridoxine-free diet, noted 
increased excretion of xan thurenic  acid which re tu rned  to norm al levels 
a fte r  adm inistration of pyridoxine. L ater Price (1961) established tha t 
the deficiency of pyridoxal leads not only to disturbances in the m eta
bolism  of xanthurenic acid, b u t in tryp tophan  m etabolism  in generał. 
Caceda (1961) reported  that in d ifferen t types of schizophrenia yarious 
am ounts of pyridoxal a re  excreted. He assumes th a t in the organism  of 
schizophrenics there  m ay 'be a pyridoxal deficiency.

These data as w ell as our own obseryations perm it to assume that 
the  disturbance of tryp tophan  m etabolism  in schizophrenics m ay be 
a ttribu ted  to disturbances of phosphopyridoxal enzymes.

The dem onstration of the indole-pyridoxal со тр іех  in the u rine  of 
schizophrenic patien ts on a norm al diet indicates th a t the excretion of 
pyridoxal and the indole m etabolites of tryp tophan  is in those patients 
increased over the norm al values. It seems probable that the pyridoxal is 
not utilized as a coenzyme factor which leads to its increased excretion and 
a t the  same tim e causes disturbances in  m etabolic reactions catalysed by 
phosphopyridoxal enzymes. As ou r fu tu rę  task w e envisage a study 
of the  causes of non-utilization of pyridoxal by schizophrenics.

SUMMARY

The urine of schizophrenic pa tien ts  adjusted  to pH 3 was extracted 
w ith  chloroform. In the ex tract a red compound w as form ed which could 
be identified as the indole-pyridoxal сотр іех .

In  the urine of norm al subjects the red  pigm ent was not formed, 
bu t i t  could be found a fte r loadlng w ith  tryp tophan  and pyridoxal.
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POWSTAWANIE KOMPLEKSU INDOLO-PIRYDOKSALOWEGO 
W MOCZU SCHIZOFRENIKÓW

S t r e s z c z e n i e

Mocz chorych na schizofrenię zakwaszano do pH 3 i ekstrahowano chlorofor
mem. Czerwony związek powstający w  ekstrakcie zidentyfikowano jako kompleks 
pirydoksalu z indolem.

Czerwony barwnik nie powstawał w  moczu normalnym, pojawiał się jednak  
po obciążeniu tryptofanem i pirydoksalem.

Received 14 January 1964.
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ALEKSANDRA KUBICZ and WANDA MEJBAUM-KATZENELLENBOGEN

ON THE USE OF TANNIN FOR THE PREPARATION 
OF GLYCOPROTEIN HORMONES FROM HOG PITUITARY GLAND

Department of Biochemistry, University, Wrocław

It has been shown in this Laboratory [13] tha t proteins regenerated  
from pro tein-tannin  complexes by caffeine retained  their biological pro
perties. This m ethod w as also applied for the preparation of proteins 
soluble in sulphosalicylic acid (SSA) such as seromucoid and lysozym e [15].

The glycoprotein hormones of the p itu itary  gland, nam ely, th y ro - 
trcpic, luteinizing and follicle-stim ulating hormones are know n to be 
soluble in sulphosalicylic and trichloroacetic acids. To purify  the thy ro - 
tropin  Loeser [10], Lambie & Trikojus [8] and Heideman [5] utilized th is 
p roperty  b u t the yield obtained was ra th e r unsatisfactory. T annin  has 
been applied by  Levin & Tyndale [9] for the isolation of gonadotropins 
from  urine. In the present work an attem pt w as m ade to find out w h e th er 
the  p itu ita ry  glycoprotein hormones could be isolated from SSA -extracts 
by tann in  and caffeine w ithout losing their actiyity, and w hether th is 
will ргоѵе to be a satisfactory m ethod for obtaining highly concentrated  
thyrotropic and gonadotropic hormones. The original hormonal ac tiy ity  
assayed in the fresh p itu itary  gland w as compared with that of the finał 
product.

EXPERIMENTAL

Analytical methods. P rotein  was estim ated by the tannin  m icrom ethod 
[U ], sialic acid as described by Seifer & G erstenfeld [17].

Materials. Hog p itu itary  glands obtained from  a slaughterhouse were 
frczen and stored at -10° for not more than 6 days. From  the frożen 
glands, an terio r lobes were separated, washed seyeral times w ith  cold 
0.9%  NaCl solution until free from  blood, blotted w ith filte r paper, 
w eighed and used for extraction.
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Extraction w ith  sulphosalicylic acid and preparation of the active
materiał

Frozen an terio r lobes were ground at 5° in  a m orta r for about 10 m in. 
w ith  a double am ount of 0.15 м-sulphosalicylic acid. A fter centrifugation 
the  residue w as washed 5 tim es w ith  0.15m-SSA. To the pooled ex tracts 
cold w ater was added to a volume 20 times that of the lobe weight. This 
solution contained about 0.025 g. of protein per 100 ml. It rwas found tha t 
by 5-fold extraction about 80% of all the  protein soluble in SSA w ere 
ex tracted ; estim ations of the SSA-soluble protein in the an terior p itu itary  
lobes a re  shown in Table 2.

The ex tracted  proteins w ere precipitated by  tannin  and regenerated 
from  the со тр іе х  by caffeine according to the m ethod of M ejbaum - 
K atzenelleribogen [12, 14]. The ex tract was adjusted  w ith 2 N-NaOH to 
pH 4 - 5  (yellow-green brom ophenol blue) and the proteins were precipi
ta ted  w ith  tannin  (5 mg. tannin/m g. protein). A fter 20 min. the  sample 
was centrifuged, the protein-free supernatan t discarded and the precipi- 
ta te  w ashed several tim es w ith  cold distilled w ater to гетоѵ е  the su l
phosalicylic acid. To the sedim ented by centrifugation tannin-protein  
со тр іех , caffeine in substantia was added in  an am ount twice that of 
the  pro tein  and the m ixture was stirred  w ith  a glass rod for 10 min. 
W ater w as then added in such an am ount as to give finał protein concen
tra tion  in the m ixture of about 2%. A fter centrifugation the supernatant 
was w ithdraw n and the residue was extracted  twice w ith  distilled w ater 
added in am ounts half th a t added at first. The combined supernatants

T a b l e  1

Regeneration of sulphosalicylic acid-soluble protein with tannin and
caffeine

Anterior pituitary lobes were extracted and protein concentrated as described under
Experimental.

Protein 
content in 
regenerated 

fluid 
(g./ІОО ml.)

Protein loss

Weight of 
sample 

(g.)

Protein in 
SSA 

extract 
(g./ІОО ml.)

SSA-soluble 
protein 

(g./ЮО g. 
tissue wet wt.)

Total amount 
of extracted 

protein 
(g)

protein in 
tannin-caf- 
feine pellet 

(g.)

(%)

19.6 0.032 0.66 0.130 1.02 0.016 12
30.5 0.022 0.43 0.132 1.10 0.025 18
40.0 0.024 0.48 0.192 0.99 0.037 19

100.0 0.027 0.54 0.540 1.60 0.081 15

Mean value 0.53
±0.097

http://rcin.org.pl



13] P R E P A R A T IO N  O F G L Y C O PR O T E IN  HORM O N ES 39 7

gave a elear, slightly yellow solution. The caffeine present in the solution 
was rem oved by freezing and centrifugation of the precipitate. Then the 
protein solution w as lyophilized and stored in an evacuated desiccator 
оѵег P2O5 a t 5°. The finał product w as a white am orphous powder, 
soluble in w ater, 0.9% sodium chloride solution, and in 0.15 м-sulphosa- 
licylic acid.

In some lyophilized preparations, estim ations of w ater content w ere 
made by drying at 100° оѵег P 20 5. A fter 35 hr. no fu rther decrease in 
weight was o'bserved. The average values obtained were: 46% of w ater, 
43% of protein and 1.4% of sialic acid.

The extraction w ith  SSA and the efficiency of the  tannin-caffeine 
procedurę for regenerating  the ex tracted  .proteins are presented in Table 1; 
the resu lts  re fe r  to 4 preparations for which different am ounts of p itu i- 
tary  an terior lobes w ere used. From  100 g. of p itu ita ry  lobes 0.43 to 0.66 g. 
of protein was extracted, the concentration of protein in the  ex tract 
being about 0.026%. A fter tannin-caffeine procedurę the  solution con
tained about 1.2% protein; thus a nearly  50-fold concentration was 
obtained. Not the whole am ount of protein present in the  SSA ex tract 
was recovered, as about 15% rem ained in the tannin-caffeine sedim ent.

Hormonal activity

Thyrotropic activity. The assays were perform ed by  the histological 
m ethod of Junkm an & Schoeller [6] w ho defined a unit of thy ro trop in  
as the daily am ount of horm one reąu ired  to produce a definite histolo
gical response after 3 daily  injections in one out of two guinea pigs 
weighing betw een 100 and 150 g. Guinea pigs of iboth sexes from  a single 
source w ere used. The thyroid epithelium  was considered to be definitely  
stimulaited when the acini w ere lined w ith  culboidal epithelium , and 
a lack of response w as assumed w hen  th e  epithelium  lining th e  glands 
w as fiat. The In ternational Unit and the USP unit eąual 10 units of 
Junkm ann  & Schoeller (J.S. units).

To test the actiy ity  of the regenerated  SSA-solulble protein, th is  was 
appropriately  d ilu ted  w ith  0.9% NaCl and about 500 Mg. of pro tein  was 
injected daily into guinea pigs. Thyroids of the injected anim als w ere 
found to be highly hypertrophic and histological exam inations showed 
an  ex trem ely  stim ula ted  gland. The m inim um  effective dose w as found 
to be 10 Mg. of protein  and it resu lted  in a m arked inerease in the  size 
of the thyroid epithelial cells (Fig. 1). A dose of 5 M<g. w as ineffective; 
thyroid  follicles did not d iffer from those of the  control anim als (Fig. 2).

The thyrotropic actiy ity  of the lyophilized preparations was the 
same, 10 Mg. of protein  being the m inim um  effective dose. As ou r lyophi
lized preparation  contained about 50% of protein, its actiy ity  may be 
expressed as 50 J.S. un its per mg. (about 5 I.U.). Condliffe & Bates [2]
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and Carsten & iPierce [1] purified the thyrotropie activ ity  to a sim ilar 
degree using cation exchange column chrom atography or coun tercu rren t 
distribution.

Gonadotropic activity. The im m ature m ouse u terus test of K linefelter 
et al. [7] w as used to m easure the combined effect of luteinizing and 
follicle-stim ulating hormones. Subcutaneous injections in 5 eąual doses 
for 3 days w ere  given to fem ale mice weighing 8 -1 0  g., 5 anim als being 
used for each dose level. The anim als w ere kiłled 72 hr. after the firs t 
injection and the u teri were dissected and weighed. A mouse un it was 
defined as the  m inim um  total am ount of the injected protein  which 
caused a two-fold increase in  -uterine w eight. The m inim um  effective 
dose causing such an increase was found to be 30 i+g. of protein. Thus 
1 mg. of the concentrated protein had a potency of 33 mouse units. The 
m inim um  effective dose of the lyophilized preparation  was 40 i+g. of 
protein.

Hormonal activity in homogenates of the pituitary gland 
and in the finał product

To compare the horm onal actiyity of the an terio r p itu ita ry  lobes w ith  
th a t of the finał preparation , the content of SSA-soluble protein  in the 
an terio r lobes, and the potency of a fresh ly  prepared homogenate were 
estim ated. A nterior lobes w ere homogenized w ith 9 vol. of 0.15m-SSA 
in a P o tte r  homogenizer and after centrifugation the content of protein 
in the  supernatan t was estim ated. As shown in Table 2, 100 g. of anterior 
lobes contained 0.64 g. ± 0.066 of SSA-soluble protein, so 6 i+g. of th is 
protein  w ere present in 1 mg. of the  tissue.

For horm onal potency estim ations frozen an terio r lobes were homo
genized in 0.9% NaCl solution. It was found th a t 2 - 3  mg. of the tissue 
contained the m inim um  effective dose of the  thyrotropic hormone. The 
m inim um  effectiye dose of ou r preparation  was 10 i+g. of protein, tha t 
is the am ount present in 2 mg. of tissue. Thus it can be  concluded that 
all thyrotropic actiy ity  present in the lobe w as ex traeted  by sulpho- 
salicylic acid and found in our preparation.

The assays of gonadotropic actiy ity  in a fresh ly  prepared anterior 
lobe hom ogenate showed that 5 mg. of the  tissue contained the m inim um  
effectiye dose. For the finał preparation, the  m inim um  effectiye dose 
was 30 ixg. of protein, which corresponded to 5 mg. of fresh  tissue. Simi
larly  as the thyrotropic actiyity, also all gonadotropic potency was 
p resent in the preparation.

These resu lts  indicate tha t no loss of horm onal actiy ity  oceurred 
during the preparation  procedurę, which w as carried  out at room tem pe
ra tu rę . It is know n th a t the purified thyro tropic  horm one m ay be stored 
at room tem peratu rę  for some tim e w ithout loss of actiyity, bu t crude 
preparations a re  unstable a t room tem peratu rę . This is assumed to be

http://rcin.org.pl



Fig. 1. The stiłmulated guinea pig thyroid after 3 daily injections of 10 ng. of the 
regenerated SlSA-soluhle protein from the anterior pituitary lobe. (X 344)

Fig. 2. Thyroid gland of a normal guinea pig. i(X 344)

ACTA BIOCHIM. POLON., ѵоі. XI, 1964 (facing p. 398).
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T a b 1 e 2

Content of sulphosalicylic acid-soluble protein in the anterior p itu itary
lobes

Anterior lobes were homogenized with 9 vol. of 0.15 м-SSA. After centrifugation, 
protein was estimated in the supernatant by the tannin micromethod [11]. One g. 

of the tissue eorresponded to 3 - 4 anterior lobes.

Sample no.
Weight of sample 

(g.)

Protein content 
(g./ІОО g. wet 

weight)

1 1.0 0.65
2 1.0 0.72
3 1.0 0.70
4 0.5 0.58
5 0.5 0.54
6 0.5 0.65
7 0.5 0.74
8 0.5 0.64
9 0.5 0 54

10 0.5 0.65
111 0.5 0.62

Mean value 0.64 + 0.066

ca used 'by protein as es which have been  claimed to Ibe present in the  
p itu itary  gland [4]. The actiyity of those enzymes in sulphosalicylic acid 
extracts is hard ly  to be  expected, we have therefore studied the effect 
of tem pera tu rę  on the actiy ity  of the hom ogenate and ou r preparation . 
Homogenates fresh ly  prepared o r stored during the 3-day test a t room  
tem peratu rę  under toluene were assayed for thyrotropic actiyity . Sim i- 
larly  a preparation  stored in a re frig e ra to r and one stored at room  tem 
pera tu rę  w ere tested. Doses injected w ere  three tim es the value of the 
m inim um  effective dose. It was show n that the hom ogenate stored at 
room tem peratu rę  lost its actiyity, w hereas storing a t room tem p era tu rę  
had no effect on the  potency of the finał p reparation.

DISCUSSION

These resu lts  dem onstrate the efficiency of sulphosalicylic acid for 
direct ex traction  of the  glycoprotein horm ones from the an terio r p itu ita ry  
lobe. Sulphosalicylic acid not only pro tects the horm one from  the action 
of proteolytic enzym es but probably causes as wel'l a dissociation of the  
active m ateria ł from  inactiye p ro te in  present in the  tissue. It w as thus 
of in te rest to find w hether some adrenotropic actiyity  is p resent in ou r 
finał preparation . An assay was m ade on ra ts  using the thym us inyolution
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test, and adrenotropic actiyity of 0.85 units/m g. was fo u n d l. S im ilar 
resu lts  w ere recently  reported  by G urrie & Davis [3] who used trich loro- 
acetic acid ex tracts from  hum an p itu ita ry  glands for the preparation  of 
cortidotropin of Iow m olecular weight.

The yield of the horm one according to o u r procedurę can be calcu
lated from  a typical experim ent. From  30.5 g. of the  an terior lobe tissue 
having a to tal thyrotropic potency o-f 12 000 J.S. units and gonadotropic 
actiy ity  of 6100 mouse units (the m inim um  effective doses being 2.5 and 
5 mg. of tissue, resp.) about 9.5 ml. of concentrated protein solution 
w as obtained w ith  a protein  content of 100 mg. and a potency of 
10 000 J.S. un its  and 3300 mouse units. A fter lyophilization 190 mg. of 
the preparation  w as obtained. The yield of the thyrotropic actiy ity  cor- 
responded to 75°/o of the  actiy ity  present in the an terio r lobes. The 
гесоѵегу is even higher if one considers the am ount of protein lost in the  
tannin-caffeine residue.

The thyrotropic potency of the lyophilized p reparation  was 50 J.S. 
un its  per mg. (5 I.U.). Oondliffe & Bates [2] described the purification  
o f Ьоѵіпе thyro tropic  hormone to a level of 5 I.U./mg. w ith a 50% yield. 
Pi erce & Nyc [16] obtained a m ateria ł haying the same thyrotropic po
tency  but the yield w as orily 33% of the  actiyity  present in frozen 
an te rio r beef p itu ita ry  lobes.

The m ethod described in this paper does yield satisfactory am ounts 
o f concentrated thyrotropic horm one and gonadotropic hormones in form s 
read ily  susceptible to fu rth e r  purification, and the obtained preparation 
m ay be used for experim ental studies even w ithout fu rther purification.

SUMMA RY

A new m ethod is described for the  preparation  of high potency con- 
cen trates  of thyro tropic  and gonadotropic hormones. Frozen an terior 
p itu ita ry  lobes w ere bomogenized in 0.15 M-sulphosalicylic acid and the 
ex tracted  protein concentrated by the tannin-caffeine procedurę. The 
regenerated  proteins contained all thyrotropic and gonadotropic actiyities 
p resent in the lobes.
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ZASTOSOWANIE TANINY DO PREPARACJI HORMONÓW 
GLIKOPROTEIDOWYCH Z PRZYSADEK WIEPRZOWYCH

S t r e s z c z e n i e

Opisano nową metodę uzyskiwania preparatów o dużej aktywności tyreotro- 
powej i gonadotropowej. Przednie płaty przysadki homogenizowano z 0.15 м-kwasem  
sulf o salicylowym. Ekstrahowane białka zagęszczano przy pomocy taniny i kofeiny. 
Regenerowane białko zawierało całą aktywność tyreotropową i gonadotropową, ozna
czaną w homogenatach z przedniego płata.

Receiyed 23 January 1964.
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A  nurnber of findings [3, 8, 2] show that a prereąuisite  fo r b e tte r  
insight into the function of haem oglobin is the knowledge of m utual 
intenactions of its subunits. Valua'ble inform ation about these ■inter- 
actions can be gained from  study of a- and /?-chains even if, as com- 
parison of haemoglobin and globin shows, the linkage to haem  m arkedly  
alters their properties.

In the previous work [15] we studied the behaviour of a -  and /?-chains 
in globin at pH 7. By repeating  several tim es slow neutralization  of 
hum an acidglobin Solutions w e separated  the  non-aggregating and  the 
aggregating portions, exam ined the ir chain compositions and m olecular 
weights. The results show th a t a- and /?-chains form  com plexes of 
various compositions and th a t the  /?-chain is more prone to aggregation.

The present study  was undertaken  w ith the objective of obtain ing 
fu rth e r inform ation on the re la tive  streng th  of linkages betw een the 
chains by studying the com plexes of the individual chains and th e ir 
m ix tures w ith zinc ions.

EXPERIMENTAL

Materials. H um an acidglobin was prepared by dropping slowly a 5°/o 
solution of haemoglobin in to  15 vol. of acetone (-20°) containing HC1 
in a concentration of 0.015 n . The haemoglobin solution was obtained 
by dilu ting dialysed haem olysate of washed red cells. The strom a had 
been rem oved prior to d ialysis by  adsorption on an alum ina gel, 
followed by filtra tion  through a Seitz К  pad.

Globin soluble in neu tra l m edium  w as obtained by slow neu tra liza
tion  [15] of 3%  acidglobin b y  dialysing against 0.05 N-sodium hydroxide 
solution to pH 7.

a- and ^-chains of hum an globin w ere prepared according to Hayashi 
[6] by trichloroacetic acid precip itation  in 8м-игеа. A fter dialysis and
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freeze-drying the crude preparations w ere reprecip ita ted  and freed  
from  the bound trichloroacetrc acid by dialysis a t pH 9 -1 0  and freeze- 
-d ried  again. T heir pu rity  w as estim ated to  be about 90%  b y  paper 
electrophoresis according to Take [14] iand łby the m ethod based on 
sp litting  off of the C -term inal am ino acids [7].

Precipitation w ith  zinc ions. A protein solution in w ater, buffer or 
u rea  was brought to  pH 7 and m ixed w ith eąual volume of a Z n S 0 4 
solution of appropriate  concentration. The given comipositions of the  
system s (concentration of protein, urea and Z nS 04, and ionic strength) 
alw ays re f  er to the finał m ixture. A fter 10 hr. of standing at room  
tem peratu rę  the precip itate  was centrifuged off and the am ount of 
p ro te in  left in the supernatan t w as determ ined after d ilution w ith
0.01 n -HCI, by m easuring the extinetion a t 280 т м  in  a Zeiss spectro- 
photom eter.

Methods. The contents of the  chains w ere estim ated by electro
phoresis at pH 6.3 according to Take [14] in a pyridine - acetate bu ffe r 
w hich was 6 м in  respect to urea. A fter 4 hr. of resolution a t a ipotential 
g rad ien t of 21 V/cm. and detection w ith  bromophenol blue the chain 
contents were determ ined after elution [15] by photom etry.

The sedim entation coefficients w ere m easured in a Phyw e u ltra -  
centrifuge at 48 000 r.p.m . and 1 8 -2 0 ° . The values of S2o y/ w ere 
calculated by extrapolating the dependence of logarithm s of the boundary 
positions upon the time of sedim entation and norm alized to  20° and 
w ater as solvent. W ith the urea Solutions the coefficients are uncorrected, 
because the presence of high concentrations of urea would reąu ire  great 
corrections for which the form uła ourren tly  employed (applicable in fact 
to bicoimponent system s only) is not suitable [12].

RESULTS

The behaviour of separated chains. E ither chain prepared by the 
trichloroacetic acid precipitation had a reduced solubility in the  neutral 
pH region. The pH values of the m inim um  solubilities w ere 6.5 for the 
a-chain  and 7.5 for the /?-chain, in agreem ent w ith differences between 
th e ir charges given by the ir amino acid compositions. A t pH 5.37 and 
a ionic streng th  м 0.03 (acetate buffer) both chains w ere well soluble. 
F rom  the values of the  sedim entation coefficients it follows that Solu
tions of the /?-chain contain m ainly tetram ers (520^ =  4.26 5) whereas 
those of the a-chain are dim er -  m onomer m ixtures (52о ^  =  2.84 S).

Solubility of the  chains is increased in the presence of urea. The 
a-chain  is soluble even in 1 м-игеа at pH 7. The /?-c'hain proved well 
soluble in Зм-<игеа a t a ionic strength  0 .04-0 .4 ; d.e. th a t employed in 
the precipitation w ith  zinc ions.
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In the presence of zinc ions in 0.5 - 1% Solutions of the /?-chain in 
3 м-urea, practically all the protein precipitates at 0.02 м concentration 
of zinc sulphate (Fig. 1). W ith a decrease in pH the am ount of the 
precipitate is reduced; no precipitation occurs belo w pH 5. The am ount 
of the precipitable protein  also decreases w ith increasing concentration 
of urea (Fig. 2). The а-chain, on the o ther hand, did not precipitate  at all.

Fig. 1 Fig. 2

Fig. 1. Amount of the preeipitated protein in relation to m ol ar concentration of 
zinc ions. 1, (O), 0.5% and (ф), 1% Solutions of the //-cham an 3 м-urea. 2, (O), 0.5% 
solution of a mixture composed of 50% a -  and 50% //-chains in 3 M-urea and (# ) ,  

0.5% solution of the isoluble iglobin fraotion in 0.05 м-NaCl.

Fig. 2. Amount of the preeipitated protein in relation to molar concentration 
of urea. 0.5% protein Solutions, 0.1 M-Zn2+; (O), the //-chain; (Ф), eąuimolar

mixture of a -  and //-chains.

A  m ixture  of 50°/o a- and 50°/o /З-chains. On m ixing Solutions of the  
chains in acetate, pH  5.37, p. 0.03, a precipitate ds formed. If, howeyer, 
one of the two chains is present in excess the precipitate dissolyes a fte r  
a certain  tim e. As can be seen from Table 1 the sedim entation analysis 
exhibits only one boundary, whose sedim entation coefficient gradually  
rises w ith the increasing content of the /?-chain. On m ixing eąuim olar 
am ounts of the chains practically all the  protein  irreyersib ly  precipitates. 
The sedim entation coefficient of a 0.8% solution of th is precipitate in 
8 м-u rea  a t pH 7 was 1.20 S, the sam e as tha t of the /?-chain solution 
of eąual concentration and in the sam e m edium  (1.22 S). A t 0 .1м  
concentration of zinc ions about 75% of the  protein  precipitates from  
a 0.5% solution of the eąuim olar m ix tu re  of chains in 3 м-urea (Fig. 1). 
W ith an increase in the concentration of urea the am ount of the  precipi
table portion decreases (Fig. 2). In 5 м-urea, w here 45% of the m ateriał
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T a b l e  1

Sedimentation coefficients of m ix tures  of a- and /3-chains 
Acetate buffer pH 5.37, ц 0.03, protein concentration 0.8°/o.

a-Chain
C /o )

/3-Chain
C /o )

*520,w x 1013

100 0 2.84
80 20 2.93
35 65 3.24
20 80 3.86
0 100 4.26

precip ita tes at 0.1 м concentration of zinc ions, the  precipitate  seems to 
be considerably enriched in th e  /З-chain; this finding follows from  paper 
electrophoresis. By increasing the protein  concentration the degree of 
precipitation rises (Fig. 3).

Globin. A t pH 7, acidgiobin, too, is soluble only in the  presence of 
urea. A t a ionic strength  m- 0.04 - 0.6 it read ily  dissolyes. On increasing 
the ionic streng th  to ia value of 0.6 to 1.6 it is salted out. In a fresh 
3 м-solution of urea no p recip itation  occurs in the presence of zinc ions. 
If, howeyer, the  urea solution was about 1 m onth  old, o r had been

Fig. 3. Effect of protein concentration on 
the aimount of precipitate. 0.5°/o solution 
of eąuiimolar m ixture of a- and /3-chains 

in Зм-игеа at 0.1 M-Zn2+.

heated  a t  80° fotr half-an-hour, the precipitation took place. For a 0.5% 
aoidglobin solution the  curve of precipitation w ith  zinc ions is practically 
identioal w ith  tha t for an artificia l m ix tu re  of the chains (Fig. 1). 
Howeyer, the precipitation of globin is m uch slower and a t higher 
pro tein  concentrations less precip ita te  is form ed than  w ith  the m ix ture  
of chains, because the am ount of zinc ions necessary for the precipitation
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is a linear function of the  protein  concentration in a rangę from  0.2 
to 1%.

W e have failed to ехріаіп the effect of age of the urea solution 
observed w ith  /globin. By m easuring the sedim entation coefficients we 
found th a t the degree of aggregation of globin molecules is th e  same 
in  both a fresh  and an old solution of urea. The sedim entation coefficients 
uncorrected for the m edium  of 3 м-urea solution w ere 2.78 S and  2.80 S, 
re  spectively.

From  0.5%> solution of globin p repared  by dialysing acidglobin 
against 0.05 N-NaOH to pH 7 about 70°/o of the protein p recip itates at 
zinc ion concentration 0.05 -0 .1 м  in the  dbsence of urea. The p rec ip ita 
tion  curve is again practically  identical w ith  th a t of the  artificial m ix tu re  
of the chains in 3 м-urea. In the presence of urea the soluble fraction  
of globin behaves /as the starting  acidglobin.

DISCUSSION

The accum ulation of /?-chains in portions of hum an globin insoluble 
a t  pH 7, obseryed in the preyious w ork  [15], and the dependence of 
sedim entation coefficients of these fractions upon pH, suggest h igher 
aggregability  of the /?-chain, compared to the a-chain. The yalues of 
sedim entation coefficients at pH 5.37 show th a t even w hen isolated, the  
^S-chain form s higher aiggregates and, as a conseąuence, its so lubility  
faster decreases w ith  a decrease in the net charge. It is g radually  less 
soluble th an  the a-chain both in bu ffe rs  and in urea. Also w ith  horse 
globin the m olecular weight of the /?-chain at pH 1 - 5  was h igher than  
th a t of the  a-chain  [5, 16]. The behaviour of native haemoglobin chains 
also testifies to  a h igher aggregability  of the /?-chain. W hereas haem o
globin H, composed solely of /fl-chains, has a m olecular w eight corres- 
ponding to the tetra/mer /?4 [11], the  m olecular weight of haem oglobin a, 
isolated from  the haemoglobin of adults b y  chrom atography on oarbo- 
xym e,thylcellulose, w as 25 030 to  32 100; this value corresponds to 
a m ix tu re  of 40%  of a dim er and 60%  of the  m onomer [13].

The difference in aggregability of a- and /?-chains is in accordance 
w ith  th a t in solubility  of the ir complexes w ith  zinc ions. Com plexes 
of the /?-chain w ith  zinc ions in 3 to 4 м-urea  a t pH 7 are ąu ite  insoluble 
w hereas Solutions of a-chains do not p recip ita te  w ith  zinc ions under 
these conditions. It seems th a t th is fact m ight be made use of for separa
tion of the tw o types of chain. In m ixtures, however, the  linkages 
betw een th e  a - and  /?-chains obviously lead to the form ation of com plexes 
non-cleavable in  3 м-urea so that, depending on the conditions, e ither 
a p a rt of the a-chains co-precipitates w ith  the /?-ohains or, conyersely, 
p a rt of the /?-chains rem ains in solution w ith  the a-chains. F or if we 
assum ed th a t  on ly  /?-chains, which w ill be in eąuilibrium  w ith  the
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complexes, are precipitable, the am ount of the precipitate could not 
exceed the  to tal ąuan tity  of ^-chains; this, however, is at ѵагіапсе w ith  
experim ent.

The strong m utual affin ity  of a -a n d  //-chains is also suggested by 
their co-precipitability  a t  pH 5.37. If the two chains are  m ixed in an 
eąuim olar ratio  the aggregates are  ąu ite  insoluble w hereas if one  chain 
is p resent in  excess the  complexes are soluble. This behaviour resem bles 
the system  antigen - precipitating antibody.

The fact tha t even seyeral slow precipitations of acidglobin fractions 
differing in solubility a t pH 7 resu lt in only poor enrichm ent in the 
indiyidual chains is eyidence for the  existence of strong a-/? linkages. 
A lternatively , of course, owing to the  great difference in aggregability, 
the separation of the chains w ould have to be practically complete. G reat 
m utual affin ity  of the  two chains has also been obseryed in th e ir  native 
states. Haemoglobin a and haemoglobin H im m ediately form  haem o- 
globin A, even iwithout previous acidification [10, 9].

Hybridization experim ents have so fa r  been generally in te rp re ted  
in the sense of asym m etrical cleayage of the haemoglobin m olecule. 
Howeyer, there  have progressively been obseryed a num ber of facts 
[see 1] th a t m ilitate against th is view. If the ibehayiour of separa ted  
chains of globin allows to draw  conclusions on the ir :behaviour in haem o
globin it proves tha t there  is a strong m utual affin ity  betw een th e  two 
types of chain and thus substan tia tes the  view  that the cleayage of the  
haemoglobin m olecule is sym m etrical.

In teresting  differences can be obseryed betw een the behaviour of 
globin aind that of artificial eąuim olar m ix tu res of a- and //-chains in 
precipitation w ith  zinc ions in the presence of urea. These differences 
can probably be ascribed to the upset of conform ations of the  chains 
caused by  the ir separation.

In view  of the great specificity of the a-(3 bonds shown in some 
hybridization experim ents w ith  haemoglobins from  yarious anim als [1], 
it can be expected tha t the  natu rę  of the b inding will be sim ilar to that 
in antigen -  antibody systems. The binding is proibafbly m ediated by 
sterically  complemental regions w ith the participation of non-covalent 
linkages. The model [4] of the spatial s tru c tu re  in crystalline sta te  has 
afforded ,no reliable Inform ation on the natu rę  of these linkages. It only 
seems th a t the a-a linkages are particiipated in  m ainly by groups in 
helix H (probably Lys127, S er133 and S er138, T h r134 and T h r137) and the /5-/? 
linkages by groups in helix G (probably A rg104 and Asp108). A nother 
possibility, acceptable w ith  both types of chain, is the  linkage of the 
N -term inal a-am ino groups to the C-term inal carboxyls. It is natu ral 
th a t the гетоѵ аі of haem from  the molecule probably deeply alters the 
conform ations of the chains, so tha t the  linkages occurring in the isolated
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globin chains m ay not be identical w ith  those in the  haem oglobin m ole
cule. To obtain m ore accurate inform ation about the ir na tu rę  it w ill, 
of course, be necessary to study the behaviour of chain  m ix tures u n d er 
most diverse conditions.

SUMMARY

Differences in solubility and sedim entation coefficients of the isolated 
chains confirm  the easier aggregability of /?-chains, ohserved in the 
previous study of hum an globin fractions differing in solubility a t pH 7.

W hen in the isolated form, in the presence of 3 to 5 м-urea a t  pH 6 - 7, 
only the /?-chain form s insdluble complexes w ith zinc ions. In  m ix tu re s  
of chains, however, the ir m utual linkages considerably m odify th e ir  
behaviour toward zinc ions. A strong m utual affin ity  of the two types. 
of chain can also be deduced from  their co-preciipitation. At eąuim olar 
ratios the complexes are ąu ite  insoluble at pH 5.37, bu t they dissolve 
w hen one of the two chains is present in excess. The 'behaviour o f 
m ixtures of separated chains favours the hypothesis about the  sym m etri- 
cal cleavage of the haemoglobin molecule.

M arked differences betw een the behaviour of globin and th a t of 
experim entally  prepared m ix tures of 50% a -  and 50% /?-chains, in th e  
presence of urea and zinc ions, clearly  ргоѵе the conform ations of the 
isolated chains to be d ifferen t from  those in the starting  globin.
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INTERAKCJA ŁAŃCUCHÓW a i /3 GLOBINY LUDZKIEJ Z JONAMI CYNKU

S t r e s z c z e ń  i e

Stwierdzono różnice w  rozpuszczalności i współazynniku sedym entacji między 
izolowanym i łańcuchami a i  /3. Potwierdza to poprzednie obserwacje o łatwiejszym  
tworzeniu agregatów przez łańcuchy /3.

W obecności 3 - 5  м-mocznika w pH 6 - 7  tylko łańcuch /3 tworzy nierozpuszczal
ne połączenia z jonami cynku. W mieszaninie wzajemne połączenia łańcuchów znacz
nie zmieniają ich zachowanie wobec jonów cynku. Dowodem na wzajemne powino
wactwo łańcuchów jest również ich ko-precypitacja. Kompleksy równomolarne są 
nierozpuszczalne w  pH 5.37; rozpUszozają się po dodaniu jednego z łańcuchów  
w nadmiarze. Zachowanie się mieszanin wyizolowanych łańcuchów wskazuje na 
słuszność hipotezy o symetrycznym rozkładzie cząsteczki hemoglobiny.

Znaczne różnice w  zachowaniu globiny oraz m ieszaniny łańcuchów 50% a  
i 50% /3 w  obecności mocznika i jonów cynku dowodzą, że struktura izolowanych 
łańcuchów jest różna od struktury wyjściowej globiny.

Received 3 February 1964.
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IRENA KĄKOL, J. GRUDA and S. BITNY-SZLACHTO*

A STUDY ON THE ROLE OF SH GROUPS OF MYOSIN BY MEANS 
OF /?-HYDROXYETHYL-2,4-DINITROPHENYL DISULPHIDE

Department of Biochemistry, Nencki Institute of Experimental Biology, Warszawa

The role of SH groups in m yosin and in o ther muscle proteins has 
been intensively inyestigated during the last years 'by m any au thors but 
many ąuestions stiłl rem ain  unsolved.

In the present paper /?-hydroxyethyl-2,4-dinitrophenyl disuLphide 
(HEDD *) was used in an attem pt to characterize the SH groups of 
myosin. HEDD reacts w ith the SH groups of d ifferent compounds forming 
corresponding disulphides and yellow  coloured DNTP [2, 3] (Scheme 1).

Schem e 1

The course of the reaction can be followed by m easuring the extinction 
a t 408 mu. The increase of the  extinction of the m ixture  oorresponds to 
the am ount of DNTP form ed and to the am ount of thiol groups partici- 
pating in th e  reaction. The use of HEDD perm its in this w ay to follow 
the blocking of SH groups and to study the  changes of the properties 
of the  pro tein  2.

* From the Military Institute of Hygiene and Epidemiology, Warszawa.
1 Abbreviations used: HEDD, /?-hydroxyethyl-2,4-dinitrophenyl disulphide;

DNTP, 2,4-dinitrothiophenol.
2 Some o f the results were presented at the Lst Polish Congress of Biochemistry, 

Łódź, September 1963.
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MATERIALS AND METHODS

Preparation of proteins and Chemicals used. Myosin w as obtained 
from  skeletal rabb it muscles by 10 min. extraction w ith the Edsall-W eoer 
solution and purified according to Portzehl & W eber [18]. The obtained 
solution of myosin in 0.5 м-KCl was cleared up b y  centrifugation for 
2 hr. in a Spinco u ltracen trifuge (Rotor 40.2) at 109 000 g.

A ctin Was extracted at 0° [7] from  acetone-dried rabb it m uscles 
according to Feuer et al. [9] and purified according to M om m aerts [17].

HEDD w as obtained according to B5hme & Stachel [6], and DNTP 
according to  W ilgerodt [22]. Nucleotides w ere Pabst (U.S.A.) products. 
O ther Chemicals were reagent grade. W ater used in the  course of th is 
w ork was deionized on Elgastat deionizer.

Preparation of HEDD solution. The 0.5 т м  standard  solution of HEDD 
was fresh ly  prepared before each experim ent in the  following way: 2 ml. 
of 0.025 м-HEDD solution in ethanol w ere added to 80 ml. of the buffer 
solution (0.025 M-tris - acetate buffer, pH 6.8, containing 0.5 м-KCl) at 
40°; the  volum e was adjusted to 100 ml. w ith the same buffer solution 
and the 0.5 т м -HEDD obtained w as filtered through ѴЕВ 388 h filte r 
paper.

For estimation of SH groups of myosin in the presence of guanidine 
the solution of HEDD was prepared by adding 2 ml. of 0.025 м-HEDD in 
ethanol to 100 ml. of 2.5M-guanidine hydrochloride solution in water, 
pH 6.8.

Estimation of SH groups. For estim ation of SH groups 1 ml. of a solu
tion of m yosin in the m entioned tris  - KC1 buffer containing from  2 to 
4 mg. protein /m l. w as added to 3 ml. of the  standard  0.5 т м -HEDD 
solution o r to 3 ml. of the HEDD solution su itab ly  diluted w ith the 
buffer. In all the experim ents the inerease of DNTP concentration, 
resultirig from  the in teraction of the myosin SH groups w ith  HEDD, was 
determ ined in the Unicam 600 spectrophotom eter in 1 cm. cells at 
408 т м  against blanks containing aippropriate Solutions of HEDD.

The value  13 060 was accepted as the m olar ex tinction  E4o8 of DNTP 
[3] and 12 600, respectively, w hen the estim ations w ere perform ed in the 
presence of 2.5 м-guanidine. The extinction at 408 т м  of the myosin 
solution w ithout HEDD w as checked еѵегу tim e; a t the concentrations 
used it w as practically  negligible (less than 0.005).

Estimation of enzymie actiyity of myosin. In the studies on the effect 
of blocking SH groups on the enzymie activ ity  of m yosin 30 mg. of 
pro tein  dissolved in 5 ml. of buffer solution w ere preineubated  for 2 hr. 
a t room  tem p. w ith 25 ml. of buffer solution containing up to 40 moles 
of HEDD per 105 g. of myosin. The am ount of SH groups having reacted
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during this time w as estim ated as above. Throughout the w ork  the 
am ount of Eq. SH has been calculated -per 105 g. myosin.

For determ ination of ATPase activity, to each 1 ml. sam ple of 
the m entioned m ix tures 1 ml. of the  buffer solution w as added containing 
10 umoles of ATP and 10 Mmoles of Ca2+ or EDTA. A fter 5 m in. incuba
tion at 25° the reaction was stopped by adding 2 ml. of 20% TCA. The 
orthophosphate released w as determ ined according to Fiske & Sulbbarow 
[10]; it was shown in a control test th a t neither HEDD nor DN TP in te r-  
fered w ith the estim ation of orthophosphate by this method.

The ATPase actiyity of myosin treated  w ith HEDD was expressed 
as percentage of the actiyity of the  control myosin determ ined in the  
presence of Ca2+.

Estimation of actomyosin formation ability. For studying the effect 
of blocking SH groups on the ability  of myosin to b ind actin, 2 ml. 
samples of m yosin solution (10 mg./ml.) w ere preinoubated fo r 24 hr. at 
3° w ih 8 ml. of buffer solution containing HEDD. The am ount of HEDD 
yaried from  0 to 10 moles per 105g. of myosin. W ithin 24 hr. th e  reaction 
of a definite am ount of SH groups, dependent on the concentration of 
HEDD, was practically completed. A fter w arm ing the m ix ture  to room  
tem peratu rę  the am ount of bound SH groups was estim ated. N ext, to 
a sam ple of the m ix ture  a solution of F-actin  w as added in an am ount 
which corresponded to the  w eight ra tio  of F-actin  to m yosin as 1:4. 
A fter 1 hr. the yiscosity of actom yosin form ed was m easured w ith  
Oswald yiscom eter at 22°. The ability  of m yosin p reincubated  w ith  
HEDD to form  a со тр іех  w ith actin was expressed as percentage of the  
actiy ity  of the native m yosin according to Barany & B arany [1]. I t  was 
calculated from  the eąuation:

0  log^rei(A + M HEDD) — (log^relMHEDD+log?yrelA)
Percentage actiy ity  =      —  --------- — —-------- —------ X 100.

iQg Ѵгеі (A+ M) — (log yrel M + log rjnl A)

W here 7yrel(A +  MHEDD) is the  yiscosity of actom yosin solution p repared  
from  m yosin samples treated  w ith HEDD; ?yrel(A +  M), relative yiscosity 
of actom yosin solution prepared from  m yosin samples w ithout HEDD; 
%ei^HEDD> rela tive  yiscosity of m yosin solution treated  w ith  HEDD; 
?;ГеіМ, rela tiye yiscosity of m yosin solution w ithout HEDD; ^геіА, 
rela tive yiscosity of F-actin  solution.

In all the experim ents m yosin was added to actin w ithou t a preyious 
гето ѵ а і of HEDD and of the form ed DNTP. Such a proceduro w as based  
on o u r as well as on Drabikow ski’s & B itny-Szlachto’s [8] obseryations 
which showed th a t these two substances did not affect the  ability  of actin  
to form  a с о тр іе х  w ith myosin.

P ro te in  was determ ined w ith  the  use of b iu ret reagen t [12],
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standardized on the basis of the estim ation of protein  by the K je ldah l 
m ethod; the nitrogen content in the protein being accepted as 16.7%.

The pH of the  Solutions was estim ated on a Radiom eter PHM -22 
w ith  accuracy ± 0.02.

RESULTS

The tim e course of the reaction of SH groups of myosin w ith  vary ing  
concentrations of HEDD is shown in Fig. 1. The сигѵе E p resents the 
resu lts  of experim ents in which the am ount of HEDD corresponds to 
a 7-fold excess of the reagent in respect to the accepted num ber o f

Fig. 1. Reaction between myosin and HEDD. 
Each samiple contained 2.8 mg. of myo-sin. 
Total volume 4 ml., temp. 20°. The samples 
from A  to  E contained: 0.5m-KC1; 0.025 m -  

-tris - acetate buffer, pH 6.8, and the fo l
lowing amounts of HEDD expressed in moles 
per 105 g. myosin: A, 1.4; B, 2.85; C, 5.9; 
D, 10.5; E, 52.5. The sample F contained 2.5 m- 
-guanidine-HOl, pH 6.8, and HEDD 52.5 

moles/103 g. myosin.

7.5 Eq. SH per 105g. myosin. It can be seen tha t already  after 3 min. the  
extinction value found at 408 mu corresponded to the blocking of 
2 Eq. SH. Subsequent 2 Eq. SH were found to be attacked by HEDD 
tow ards the  next 20 min. and during 2 hr. of incubation 6 Eq. SH in total 
appeared to react w ith HEDD.

The increase of the concentration of HEDD to a 14-fold excess did 
not change the course of the reaction. On the o ther hand the decrease 
of the excess to a 1.5-fold (curve D) dim inished the ra te  of the  reaction. 
Thus it w as found that in such case only  about 4 Eq. SH of myosin 
reacted  during  2 hr. incubation. The curves А, В and С in the same 
figurę show the time course of the reaction w ith  am ounts of HEDD 
deficient in respect to the  am ounts of SH groups. In all these cases 
a m ore pronounced decrease of the reaction ra te  w as observed and, 
besides, a part of HEDD failed to reac t w ith  myosin.
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D enaturing agents caused both a considerable acceleration of th e  
reaction ra te  and an increase of the to ta l am ount of SH groups reacting  
w ith HEDD (curve F). Thus, in the presence of 2.5 м-guanidine hydro - 
ohloride the extinetion corresponding to about 7 Eq. SH was obseryed 
already a fte r a few m inutes. The disorganization of the secondary 
structure  of the protein  m olecule which eyidently takes place under 
influence of guanidine enables almost all SH groups of m yosin to reac t 
w ith HEDD during a very  short period of time. The value of abou t 
7 Eq. SH per 105 g. of m yosin obtained in the presence of guanidine 
hydrochloride closely eorresponded to the  resu lts  of am perom etric  
determ inations of Kominz et al. [16] and Szent-Gyorgyi [21].

To compare the reaction ra te  of HEDD w ith  myosin w ith  tha t of 
o ther compounds containing SH groups sim ilar experim ents w ere per- 
form ed w ith glutathione. The excess of the reagent, pH, and ionic 
strength  were the sam e as described above. As can be seen (Fig. 2) the

reaction was practically  finished during 2 min. and  the yalues obtained  
for the am ount of SH groups w ere close to the theoretical ones.

The reaction of myosin SH groups w ith HEDD w as not appreciab ly  
affected by addition of ATP, ITP, ADP, АМР, P P  or EDTA at finał 
concentration of 10- 3 m. It was obseryed that the ra te  of the  reaction 
of SH groups of hatiye myosin w ith HEDD depended on pH of th e  incuba
tion m ixture. Fig. 3 shows that еѵеп a sm ali decrease of pH delayed 
the  ra te  of the reaction. For tha t reason in the exiperiments w ith  A TP 
and ITP finał concentration of tris  - acetate buffer was increased to 0.1 м 
in o rder to avoid the decrease of pH occurring during the enzymie hydro
lysis of the nucleotides.

The blocking of SH groups by HEDD had a d istinct effect on the  
A TPase actiy ity  of myosin (Fig. 4). W hen the protein was trea ted  w ith  
sm ali am ounts of HEDD, and m yosin ATPase was assayed in the  
presence of Ca2+, a considerable increase of enzymie actiyity  w as noted. 
The m axim um  of activation was obseryed w hen 1.5 Eq. SH had been 
blocked. The blocking of a larger am ount of SH groups decreased and,

Fig. 2. Reaction between glutathione and 
HEDD. The samiple contained: 0.5 m-KCI; 
0.025 m-tris - acetate buffer, pH 6.8; gluta- 
thiane, 61.4 \hg. (0j2 цтоіе); and HEDD, 
1.5 p.moles. Total volume 4 ml., temp. 20’ .
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finally, stopped the enzymie actiyity. !On the o ther band, no ac tiyation  
was obseryed w hen instead of Ca2+ EDTA w as added. In  this case 
a complete inhibition of the enzymie actiyity occurred already w hen 
2 SH groups of m yosin w ere blocked.

Fig. 3. Effect of pH on the reaction  
between myosin and HEDD. Content 
of the sample: 2.2 mg. myosin; 
HEDD, 34 moles/105 g. myosin;
0.5 M-KC1; 0.025 м-tris - acetate buf
fer of yarious pH. Total yolume 
4 ml., temp. 20°. ( • ) ,  ipH 6.7; (Д), 

pH 6.8; (O), pH 6.9.

Fig. 4. Effect of blocking of SH 
groups of myosin with HEDD on its 
ATPase activi'ty and on its ability 
to form actomyosin. (O), ATPase 
actiyity in the presence of Ca*+; 
( • ) ,  ATPase actiyity in the presence 
of EDTA; (Д), actomyosin formation 

actiyity (see Methods).

As it was proyed in control experim ents DNTP, at concentrations 
form ed during the reaction of myosin w ith  HEDD, did not affect the 
ATPase actiy ity  of myosin.
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The effect of blocking varying numlber of SH groups on the ability  of 
m yosin to form  a со тр іех  w ith  actin is shown in Fig. 4. The blocking 
of 3 Eq. SH of m yosin som ew hat decreased the form ation of actomyosin, 
while after blocking of a larger numiber of SH groups the decrease was 
very  conspicuous.

DISCUSSION

The resu lts  of experim ents presented above agree w ith the  hypo- 
thesis of heterogeneity of the SH groups in myosin. The data obtained 
indicate tha t only a p a rt of the  SH groups reacts rapidly  w ith  HEDD. 
The ra te  of the reaction of these groups was sim ilar to that of cysteine [3] 
o r glutathione as well as that of the easily available SH groups of some 
proteins, as e.g. all SH groups in  Ьоѵіпе serum  album in [3] o r a part 
of SH groups in the native actin molecule [8]. A nother part of SH groups 
of myosin reacts considerably slower, so th a t the reaction lasts several 
hours. It can be supposed th a t th is k ind of SH groups is partly  “m asked” 
by the secondary structu re  of the  protein. A th ird  kind of SH groups 
of myosin seems tto be not accessible for the reagent used and reacts 
only a fte r disorganization of the secondary structu re  as in the case of 
trea tm en t w ith guanidine o r a fte r a long inculbation of the pro tein  so
lu tion at room tem peraturę.

Com paring the changes of ATPase activity  of myosin w ith  the num ber 
of the blocked sulphydryl groups it can be concluded that the  most 
reactive tow ards HEDD are those groups whose blocking causes an 
increase of ATPase activity in the  presence of Ca2+ and an inhibition 
in the presence of EDTA. Thus, HEDD has appeared to be a reagent 
acting sim ilarly to NEM and PCMB which a re  commonly used in this 
type of studies. NEM and PCMB after blocking of 1 to 2 Eq. SH, also 
activate ATPase in the presence of Ca2+ and only after blocking of a la r
ger num ber of SH groups a gradual decrease of the enzymie activity  
m ay be obseryed [14, 11, 20, 5]. It is to be emphasized that this biphasic 
response of myosin ATPase takes place only in the  presence of Ca2+; 
also in this respect the effect of HEDD is sim ilar to th a t of NEM and 
PCMB [14,4,11]. In the presence of EDTA a complete inactiyation of 
A TPase by HEDD is obseryed already after blocking of 2 SH groups.

In recent studies, using 14C-labelled NEM [19, 13], additional evidence 
was obtained for the existence of some differences in the reactiy ity  of 
p a rticu la r SH groups of myosin involved in the enzymie process. It can 
be supposed therefore that at least two kinds of SH groups are in a  dif
feren t w ay involved in the reaction of ATP hydrolysis. Besides this, 
it  seem s tha t m yosin contains also an o ther kind of SH groups w hich is 
responsible for the form ation of the со тр іех  w ith  actin. This w as demon
stra ted  by Barany & Barany [1] who by trea ting  actomyosin w ith  iodo-
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acetam ide obtained a preparation  of myosin deprived of ATPase actiy ity  
but still retain ing the  с о тр іе х -form ing ability. The present experim ents 
also indicate tha t only some of the SH groups are necessary for the  
reaction  w ith  actin and that these groups do not react rap id ly  w ith  
HEDD. This is in accordance w ith the fact tha t the form ation of the  
actom yosin со тр іех  is inhibited only after blocking of m ore than  3 Eq. SH 
per 105 g. of myosin.

We should like to thank  Professor W. Niemierko for his in terest and 
advice. We are also gratefu l to Mrs. T. Kośmicka for her skilled assistance 
throughout the course of the work.

SUMMARY

1. A study was m ade on the influence of blocking yarious nu m b er 
of SH groups of m yosin by /?-hydroxyethyl-2,4-dinitrophenyl disulphide 
on the ATPase activity of this protein and its ability to bind w ith  actin.

2. In the  presence of a large excess of the  reagent during 2 hr. about
6 SH Eq./105 g. of native m yosin w ere gradually  blocked. A fter dena tu - 
ra tio n  of myosin w ith  guanidine practically all SH groups, i.e. about
7 Eq./105 g. were blocked a lready  in a few m inutes.

3. Blocking of only a part of SH groups activated the ATPase actiy ity  
of m yosin in the presence of Ca2+. М а х іт и т  activation was found a fte r  
blocking of about 1.5 Eq./105 g. However, blocking of a larger q uan tity  
of SH groups dim inished o r even completely inhibited the enzymie ac ti
y ity . If a fte r blocking of a part of SH groups ATPase was estim ated in
presence of EDTA instead of Ca2+, no inerease but only inhibition of the 
enzymie actiyity was found.

4. Blocking of more than  3 SH Eq./105 g. of myosin completely abo- 
lished the ability  to com bine w ith  actin, while blocking of a sm aller 
am ount of SH groups diminished this ability  only inconsiderably.

5. On ground of these results the role of particu la r SH groups in 
m yosin is discussed.
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BADANIE ROLI GRUP SH MIOZYNY PRZY POMOCY DWUSIARCZKU 
/?-HYDROKSYETYLO-2,4-DWUNITROFENYLOWEGO

S t r e s z c z e n i e

1. Badano wpływ blokowania różnej ilości grup SH miozyny przy pomocy 
dwusiarczku /?-hydroksyetylo-2,4-dwunitrofenylowego na ATPazową aktywność tego 
białka i na jego zdolność łączenia się z aktyną.

2. W obecności znacznego nadmiaru odczynnika w  ciągu dwóch godzin ulegało 
stopniowemu /zablokowaniu 6 równoważników SH/105 g. natywnej miozyny. Po 
zdenaturowaniu zaś miozyny chlorowodorkiem guanidyny użyty dwusiarczek już 
w ciągu kilku minut blokował praktycznie biorąc wszystkie grupy SH tego białka, 
tj. około 7 równoważników na :105 g. miozyny.

3. Zablokowanie tylko pewnej części grup SH aktywowało, w  obecności Ca2+, 
ATPazę miozynową. Maksimum tej aktywności obserwowano po zablokowaniu około 
dwóch równow. SH, natomiast zablokowanie większej ilości gruip SH prowadziło 
do zmniejszenia aktywności enzymatycznej aż do jej całkowitego zaniku. Stosując 
EDTA zamiast Ca2+ stwierdzono po zablokowaniu grup SH jedynie zahamowanie 
aktywności ATPazowej.

4. Zablokowanie ponad 3 równow. SH miozyny powodowało całkowitą utratę 
zdolności do łączenia się tego białka z aktyną, zablokowanie zaś mniejszej ilości 
grup SH jedynie nieznacznie wpływało na to zjawisko.

5. Na podstawie uzyskanych wyników przeprowadzono dyskusję nad rolą po
szczególnych grup SH w  cząsteczce miozyny.

Received 28 December 1963.
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STUDIES ON SULPHYDRYL GROUPS OF ACTIN
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In the recent years problem s rela ting  to the su lphydryl groups in 
actin have become an im portant topie in m uscle biochem istry. One aspect 
of this problem  concerns the num ber of SH groups p resen t in actin  
molecule. Several w orkers [22, 14, 23, 24] -using various m ethods of de ter- 
m ination showed recently  tha t actin m olecule contains. 6 to 7 SH groups. 
The second im portant aspect in th is field concerns the ro le  of su lphydry l 
groups in actin molecule. It was earlier shown th a t m ercurials inh ib it 
polym erization of G -actin [16] and also cause the release of bound nucleo- 
tide [2, 19, 23]. Recently Drabikowski & G ergely [8] using various reagen ts  
were able to separate these proeesses and to show th a t actin  m olecule 
contains a t least th ree kinds of SH groups: one kind, which apparen tly  
is not connected w ith any known specific p roperty  of actin, d irec tly  
reacts w ith N -ethylm aleim ide (NEM) [25]; the  second kind is involved 
in polym erization of this protein, and the th ird  is m ore or less d irectly  
connected w ith  the nucleotide binding.

Since NEM, contrary to m ercurials, combines only w ith a p a rt of 
SH groups in native actin molecule [25, 2, 14, 23, 24] it seem ed of in terest 
to е х а т іп е  from this point of view disulphides, another class of com
pounds reacting w ith the protein SH groups. As an е х а т р іе  /3-hydroxy- 
ethyl-2,4-dinitrophenyl disulphide (HEDD) has been chosen. This reagent 
appears to be suitable for this purpose sińce as a resu lt of its reaction  
w ith SH groups a stoichiom etrical liberation of dinitrothiophenol takes 
place and th is la tte r  compound can be easily determ ined spectrophoto- 
m etrically  [3, 4]. In the present paper the  num ber of d irectly  reacting  
SH groups as well as the total num ber of SH groups after dena tu ration  
of actin have been determ ined using HEDD. The influence of th is reagen t 
on specific properties of actin has been also investigated. A prelim inary  
report of the resu lts  presented here appeared earlier [9].

* From the Military Institute of Hygiene and Epidemiology, Warszawa.
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MATERIAŁ AND METHODS

Purified  G -actin was prepared as described previously [7]. H eat dena
tu ration  of actin  w as carried out by incubation of G -actin for 10 min. 
in a boiling w a te r bath.

Actin containing bound [14C]ATP was prepared by incubation of 
G-actin w ith [14C]ATP for 20 min. at room  tem p. [18]. W hen necessary, 
free nucleotides w ere rem oved from  actin Solutions b y  trea tm en t for 
3 min. w ith Dowex 1 (Cl-  form) by adding the resin. suspension in 
2 шм-tris  - HC1, pH 8.0, to a finał Dowex concentration of 0.08 to 0.1 mEq. 
per ml. of actin. Radioactivity of the  samples w as m easured using a Chi
cago Nuclear Corporation gas-flow counter w ith “M icrom il” window.

HEDD w as prepared according to Bohime & Stachel [5]. Stock Solu
tions of 0.025 м-HEDD in 96% ethanol were d ilu ted  50-fold w ith  2 M m -  

-tris  - HCl, pH 7.0, d irectly  before use. The reaction  of actin  w ith  HEDD 
was perform ed at room tem peraturę. In  the  rou tine  assays the finał 
concentration of actin was 1.0 to 1.5 mg. per m l. and tha t of HEDD was 0.3 
to 0.4 тм . The am ounts of dinitrothiophenol form ed during the reaction 
w ere m easured in a Unicam Spectrophotom eter SP 600 at 408 mjx, using 
13060 as a m olar extinction coefficient for dinitrothioiphenol [4].

P ro te in  concentration was determ ined w ith  a b iu re t reagent [10a]. 
Viscosity m easurem ents were carried out in Ostwald viscom eters w ith  
outflow  tim e of approxim ately 50 sec. at 21°.

NEM was purchased from  Sigma Chemical Comipany, USA. C rystal- 
line ATP, disodium salt (Pabst Laboratories, USA) and [14C]ATP, disodium  
salt (Schwarz Bioresearch, Inc., USA) were obtained as a generous gift 
from the Rockefeller Foundation.

RESULTS

The time course of the  reaction of G -actin w ith  HEDD, both in the 
absence and in the presence of yarious concentrations of EDTA, is pre- 
sented in Fig. 1. It can be seen that in native G -actin  only two equivalents 
of sulphydryl groups per 60 000 g. (the va'lue accepted as the mole
cular weight of G-actin) react w ith HEDD. The obtained values yaried 
in particu lar experim ents from  1.7 to 2.2 SH Eq. per mole of actin. In the 
conditions of our experim ents, w ith a 20-fold excess of HEDD over the 
m olar concentration of actin, the reaction proceeds very  fast and is 
finished w ithin 5 to 10 min. If actin p reparations contain 0.2 т м  free 
ATP a fu rth e r incubation with HEDD is practically  w ithout any effect. 
Only if actin had been previously deprived of free ATP by treatm ent 
with Dowex 1, as in the experim ent presented in Fig. 1, a very  slow 
reaction w ith  HEDD, proceeding fu rthe r, can be obseryed; this is prob
ably due to a slow denaturation of G -actin in th e  absence of free ATP.
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In the presence of EDTA m ore sulphydryl groups react w ith  HEDD, 
the ra te  of this reaction 'being dependent on the concentration of EDTA. 
W hereas 10 т м -EDTA rap id ly  m akes practically  all SH groups аѵаііаЫе 
to HEDD, in the presence of 1 т м -EDTA one hour of incuibation is 
usually  necessary for reach ing  the same endpoint. The presence of ATP

Time of incubation (min)

Fig. 1. The reaction of sulphydryl groups of G-actin with HEDD. Actin was 
incubated with HEDD at room temp.; at the time interva'ls indicated in the Figurę 
the extinction values were read in the spectrophotometer. The reaction mixture 
contained G-actin from which free ATP was removed by treatment w ith  Dowex 1 
suspension (finał concentration of actin 0.7 mg. per ml.), 0.3 т м -HEDD and 2.0 тм  
-tris - HG1, pH 7.0. If EDTA alone or with ATP was present these reagents were 
added to G-actin 5 min. before addition o f HEDD. (X), Without EDTA; (Д), 
1 т м -EDTA present; (O), 10 т м -EDTA present; (□), 1 mM-F)DTA and 1 тм-А Т Р

present.

in  eąuim olar concentration to EDTA leads only to a re tardation  of the 
process of rendering  SH groups accessible to HEDD. A fter about 4 hr. of 
incubation of G -actin w ith  HEDD in the  presence of both І ш м -EDTA 
and 1 тм -А Т Р  the same endpoint (not shown in the Figurę) has been 
reached  as in the absence of ATP. In the presence of EDTA a m ean value 
of about 7 SH Eq. reacting w ith  HEDD p e r  mole of actin w as obtained.

The sam e num ber of SH equivalents has been found in beat denatured 
G -actin. In this case as well as in the presence of EDTA the obtained 
values yaried in experim ents from  6.7 to 7.5 SH Eq. p e r m ole of actin.

A fter polym erization of G -actin to F -actin  the num ber of sulphydryl 
groups d irectly  reacting w ith  HEDD and the rate  of the  reaction do not 
change at all; the same m ean  value 2.0 Eq. of SH groups per 60 000 g. 
o f F -actin  has been found as in the  case of G-actin. On the o ther hand,
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the addition of 1 шм-EDTA to F -actin  does not increase the num ber of 
sulphydryl groups available to HEDD.

The action of HEDD leads ne ither to the loss of polym erizability of 
G-actin nor to the depolyimerization of F-actin  (Table 1). These results

T a b l e  1

The effect of HEDD on the viscosity of F-actin and on the  
polymerizability of G-actin

Viscosity was measured in samples of F-actin after incubation with HEDD for 1 hr. 
at 20° and in samples of G-actin after 1 hr. incubation with HEDD and subseąuent 
polymerization for 2 hr. In 0.1 м-KOl. Finał concentration of actin: 0.06 to

0.10 g./100 ml. Finał concentration of HEDD: 0.3 - 0.35 тм .

Reduced viscosity ysp/c

Expt.
no.

F-actin 
treated 

with HEDD

G-actin 
treated 

with HEDD and 
polymerized

Control
F-actin

1 11.4 12.7 10.6
2 7.8 — 7.3
3 — 9.1 8.7
4 10.0 - 11.7

show that those SH groups w hich react d irectly  w ith  HEDD are not 
involved in the polym erization of actin. As can be seen from Talble 2 
the reaction w ith  HEDD does not also cause any release of bound ATP 
of G-actin. Ali these observations seem to suggest that HEDD reacts

T a b l e  2

The effect of HEDD on the bound ATP  of G-actin
G-actin, labelled with [14C]ATP was treated with Dowex 1 suspension (see Methods). 
The obtained actin solution (1.0 to 1.5 mg/ml.) was incubated with 0.3 т м -HEDD in 
2 т 'м -tris, pH 7.0. At time intervals indicated in the Table the samples of the 
reaction ,mixture were treated with Dowex 1 suspension in 2 т м -tris - HC1, pH 8.0. 
After гетоѵ аі of resin radioactiyity and protein concentration were determined.

Expt.
Incubation time 

(min )

Bound ATP (counts/min./mg. protein)

HEDD-treated
actin

Control
actin

I 3 1540 1480
30 1330 1500

II 20 1358 1345
40 1256 -
60 1210 1210
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T a b l e  3

The effect of pretreatment of actin w ith  NEM on the reaction of SH
groups w ith HEDD

One part of G-actin solution was treated with 1 itim^NEM in 10 m м-tris - HC1, 
pH 7.0; the second one was used as a control. After 1 hr. both Solutions were 
polymerized in 0.1 м -KC1 for 2 hr. and then centrifuged in Spinco for 3 hr. at 
90 000 g [21]. Pellets were homogenized in 0.2 тм -А Т Р  in 2 m м-tris - HC1, pH 8.0_ 
and subseąuently dialysed for 40 hr. against the same solution. In the NEM-treated 
G-actin and in the control G-actin SH groups as well as polymerizability after the 

reaction with HEDD were measured.

Number of SH groups per 60 000 g. of actin Reduced viscosity (rjsp/c) 
after polymerization

Actin Directly reacting with 
HEDD

After denaturation
by: directly

1 hr. after 
treatment

in G-form in F-form EDTA heat with HEDD

NEM-treated 0.14 0.23 4.95 4.90 6.3 7.2

Control 2.08 - 6.95 - 7.2 -

w ith the same sulphydryl grnups which react w ith NEM. In order to 
ргоѵе this assum ption the effect of HEDD was checked on actin p re- 
viously treated  w ith NEM. Table 3 shows that a fter treatm ent w ith NEM 
neither G-actin nor F-actin contain additional su lphydryl groups directly 
reacting w ith HEDD. Могеоѵег, in the presence of EDTA, o r after heat 
denaturation, in actin pretreated  w ith NEM only about 5 SH Eq. per mole 
of actin could be found in comparison to about 7 found in th e  control. 
The subsequent addition of HEDD to N EM -treated actin does not also 
change its polym erizability. These results indicate tha t HEDD and NEM 
react w ith the same sulphydryl groups of actin molecule.

DISCUSSION

The effect oJ disulphides on sulphydryl groups of actin and on the 
properties of this protein have not been studied so far. Feuer et al. in 
an earlier paper [10] m entioned only the oxidative effect of cystine on 
G -actin and its inhibitory effect on the ipolymerization of this protein.

In the p resen t paper HEDD w as used for the study  of reactiv ity  of 
SH groups of actin tow ards disulphides. This reagent has several 
advantages. F irst, it is highly reactive because of the asym m etric 
s tru c tu re  and secondly, the product of its reaction w ith sulphydryl 
groups (dinitrothiophenol) is characterized by a peak at 408 т м  and 
by a high m olar extinction coefficient.
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The resu lts  presented in this paper show that HEDD reacts w ith tw o 
SH groups of native actin m olecule. The ra te  of the reaction of HEDD 
w ith these SH groups is very  high and is sim ilar to that of the reaction 
w ith such Iow m olecular w eight SH-com pounds as cysteine and glu ta
thione [3, 4]. This fact supports the obseryation of o ther authors [14, 23, 
24] that two SH groups of actin are easily accessible to su lphydryl 
reagents. No influence of ATP on the ra te  of the reaction of these SH 
groups w ith  HEDD could be found in contrast to its protective effect 
against the reaction of o ther SH groups of actin molecule w ith m ercurials 
[7, 24]. As m entioned above the resu lts of the  present experim ents seem 
to support the view  th a t NEM and HEDD reac t w ith  the same SH groups 
o f actin. The reaction of actin w ith e ither of these reagents leads neither 
to a loss of polym erizability  nor to a release of 'bound nucleotide. 
Могеоѵег, natiye actin in which two SH groups had been preyiously 
blocked by NEM, does not react anym ore w ith  HEDD. The role of these 
peculiar SH groups of actin rem ains unknown; they are, however, 
extrem ely chem ically active as is shown by the reactions w ith  NEM and 
HEDD, by an instantaneous reaction w ith m ercurials [14, 23, 24] and by 
the ayailability  to autooxidation. Som awhat surprisingly, it has been 
obseryed ąu ite  recently  (W. Drabikowski, unpublished) that during the 
reaction of G-actin w ith  HEDD some release of bound calcium takes 
place. This w ould indicate that in certain  conditions the dissociation of 
bound calcium  m ay occur w ithout a release of ibound ATP.

It is known that the action of EDTA leads to the release of bound 
calcium  and bound ATP and to inactivation of G-actin [2, 11, 19, 26, 23]. 
As a resu lt of this process all SH groups become available to NEM 
[23, 24] and, according to the present experim ents, to HEDD. M aruyam a 
& Martonosi [20] obseryed tha t ATP prevents the denaturing effect of 
EDTA. The present resu lts  show, howeyer, that at least in the presence 
of HEDD free ATP only re ta rd s  the  effect of EDTA.

It is generally accepted that EDTA has no effect on F-actin [2, 11]. 
In  their recent paper Kasai & Oosawa [13] have reported  that the trea t-  
m ent of F-actin  w ith EDTA increases the  num ber of SH groups rapidly 
reacting w ith  PCMB from  2 to 4 w ithout causing depolym erization of 
F-actin. In  the present wonk, howeyer, the presence of EDTA did not 
lead to any increase of SH groups of F-actin  reacting w ith  HEDD.

Table 4 sum m arizes the  data of d ifferent authors concerning the 
to ta l num ber of SH equivalents in actin molecule. In the  earlier papers 
a yalue of 4 to 5 titra tab le  equivalents of sulphydryl groups p e r  mole of 
actin was found [25, 15, 1, 2]. Since amino acid analysis of actin gave the 
yalue of about 6 to 7 half-cystine residues per mole [12, 15] it was even 
suggested th a t actin m olecule contained one disulphide bridge [17]. The 
recent resu lts  of Katz & M om m aerts [14] and Tonomura & Yoshimura 
[24] as well as the resu lts  presented  here show, howeyer, that this is
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not the case, sińce the num ber of chemically determ ined SH groups 
corresponds to  th a t obtained on the basis of amino acid analysis. Table 4 
shows that the m ean values for the num ber of SH groups obtained 
recen tly  [14, 24] am ount to about 6.5 Eq. per mole of actin. In  conse- 
quence the value of 6 w as usually accepted, although Katz & M om m aerts 
[14] pointed out the  possibility of existence of 7 SH Eq. in actin molecule.

T a b l e  4
The total num ber of SH equivalents per 60 000 g. of actin

Method of determination
Number 

of SH groups Author

Amino acid analysis 60 Іѵапоѵ I.I. et al. [12]
6.8 Kominz D.R. et al. [15]
6.7 Carsten H.E. [6]

Titration with: NEM 4.2 Tsao T.C. et al. [25]
CH3H gN 03 4.4 Kominz D.R. et al. [15]
CH3H gN 03 4.0 Barany M. [1]
CH3H gN 03 4.7- 5.0 Barany M. et al. [2]

Amperometric titration with: Ag' 6.0 - 7 0 Katz A.M. et al. [14]
Hg2̂  or Ag+ 5.0-6.0 Poglazov B.F. et al. [22]

Spectrophotometrically with: NEM 8.3 Strohman R.C. et al.[23]
PCMB 6.1-6.8 Tonomura Y. et al. [24]
PCMB and NEM 6.0 - 7.0 Katz A.M. et al. [14]
HEDD 6.7-7.5 This paper

The results presented  in this paper also indicate that G -actin contains 
7 SH Eq. p e r mole. The values lower than  7 for the total num ber of 
SH Eq. and, correspondingly, the values lower than 2 for d irectly  reacting 
SH groups obtained in this paper in some cas es, especially in o lder actin 
preparations, w ere most probably due to a slight autooxidation of SH 
groups [14]. The differences, howeyer, betw een the to.tal num ber of 
SH groups and the num ber of directly reacting SH groups am ounted 
in each experim ent to about 5 and were not lower than 4.6, indicating 
th a t ra th e r only the d irectly  reacting SH groups were easily autooxidi- 
zable.

The autors w ish to thank  Prof. W. Niemierko for his in terest and 
critlcism  in the course of this w ork.

SUMM ARY

The effect of /?-hydroxyethyl-2,4-dinitrophenyl disulphide (HEDD) 
on sulphydryl groups of actin has been investigated. This compound 
reacts w ith two su lphydry l groups of native actin  m olecule w hich are
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in v o lv e d  n e ith e r  in  p o ly m e r iz a t io n  n or in  n u c le o t id e  b in d in g . T h e se  
g ro u p s co r re sp o n d  to th o s e  r e a c t in g  w i t h  N -e th y lm a le im id e .

T h e to ta l nurnber o f  S H  g ro u p s in  a c t in  d e te r m in e d  u sin g  H E D D  a fte r  
h ea t d e n a tu r a t io n  o r  in  th e  p r e se n c e  o f  E D T A  a m o u n ts  to 7.
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BADANIA NAD GRUPAMI SULFHYDRYLOWYMI AKTYNY 

S t r e s z c z e n i e

Badano wpływ dwusiarczku /?-hydroksyetylo-2,4-dwunitrofenylowego (HEDD) 
na grupy sulfhydrylowe aktyny. Związek ten reaguje z dwoma grupami SH czą
steczki rodzimej aktyny, nie biorącymi udziału w  procesie polimeryzacji, ani w  w ią
zaniu nukleotydów przez aktynę. Wyniki wskazują na to, że są to te same grupy 
SH, które reagują z N-etylom aleim i!dem.

Received 8 February 1964.
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It is well know n that generał features of insect m etabolism  resem ble 
those of the h igher animals. However, some of the m etabolic pathw ays 
seem to occur only in insects and some of the Chemical constituents of 
the body are present only in  certain  groups of insects and, sometimes, 
even in single species. As a peculiar е х а т р іе  trehalose can be given 
which highly accum ulates in the haem olym ph of m any, perhaps most, 
insects as the chief carbohydrate [37] and is only exceptionally found in 
o ther animals. The form ation of large am ounts of pyrophosphates was 
described in Celerio euphorbiae (Heller et al. [12]) and intense form ation 
of pyro- and polyphosphates was found in Galleria mellonella  and 
Achroea grisella (Niemierko & Niemierko [21, 23]).

The processes of anaerohic glycolysis which are universally  found 
in the anim al kingdom  appear to be somewhat peculiar in insects. 
In experim ents perform ed on isolated thoracic m uscle of Periplaneta 
americana and Locusta migratoria K ubista [15, 16] and Biicher & K lingen- 
berg [3] found th a t during апохіа a-glycerophosphate is form ed as the 
chief endproduct of glycolysis. In jum ping muscles of insects tbe m eta
bolism is, however, sim ilar to that of m am m alian muscles and m ainly 
lactic acid is produced. The form ation of glycerophosphate, although in 
sm aller am ounts and only in the first period of апохіа, w as recently  
described [14] in housefly. Price [27] suggested that a-alanine accum ulates 
in the housefly in an atm osphere of nitrogen. In pupae of Cecropia [32] 
during  апохіа glycerol is formed, while in the pupae of Cynthia sarnia 
lactic acid was the endproduct of glycolysis and its am ount was propor- 
tional to the duration of апохіа. In the last m entioned insect glycerol 
increased only slightly bu t a t a reduced tem peraturę  its am ount during 
апохіа w as considerably higher. Chino [5] found in diapauzing eggs of 
the silkw orm  transform ation of glycogen into sorbitol and glycerol.

In some insects o ther endproduets of glycolysis, besides those
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m entioned above, are present: succinic, acetic, m alic acids. But even 
together w ith  lactic and ругиѵіс acids they often  are not sufficient to 
balance the  carbohydrates disappearing.

The relation betw een the am ount of d ifferent endproducts of glyco
lysis ev idently  depends on the actiy ity  of particu lar enzymes engaged 
in m etabolic processes and hence stritking discrepancies can be found 
in yarious groups of insects (c.f. G ilm our [9]). According to Zebe & Mc- 
Shan [39] and Chefurka [4] glycerophosphate dehydrogenase is in m uscles 
of insects m uch m ore active than  lactic acid dehydrotgenase. As a resu lt, 
glycerophosphate and not lactic acid is form ed in the muscles of most 
of the insects as the chief product of anaerobic glycolysis w ith utilrzation 
of phosphates split from  ATP and phosphagen.

On the o ther hand, our earlier inyestigations have shown th a t in 
Іагѵае of Galleria mellonella  w hen they are  put in anaerobic conditions 
very  considerable am ounts of orthop/hosphate accum ulate in the body 
and disappear during postanoxic гесоѵегу in air. A sim ilar phenom enon 
was described by W interingham  [33] in Musca domestica and confirmed 
th ereafte r in the same laboratory [14, 28].

The aim  of the  present investigation was (1) to study more closely 
the phosiphorus m etabolism  during anaerobiosis of Іагѵае, pupae and 
adults of Galleria mellonella ; (2) to inyestigate the carbohydrate m eta
bolism during апохіа; (3) to е х а т іп е  some of the biochemical processes 
which take  place a fte r anaerobiosis during  гесоѵегу in air.

A prelim inary  account of some of the resu lts  has appeared [20, 22].

MATERIAŁ AND METHODS

The experim ents w ere perform ed on Galleria mellonella L. bread 
at 30° as described earlie r [24]. In most of the experim ents fully grown 
Іагѵае, w eighing usually  from  140 to 200 mg. each, were used; for some 
experim ents pupae (males) of a defin ite age were taken, and in a few 
cases fresh ly  hatched adults (males) w ere inyestigated.

The insects were taken in  groups of indiyiduals and put in 50 ml. 
tubes (w ith 'two stopcocks) through w hich a stromg stream  of nitrogen 
from  a gas cylinder was blown during  a few m inutes to гетоѵ е all 
traces of the  air. The yessels w ere then im m ediately tightly  closed and 
kept a t 30° for yarious periods of tim e from  10 min. to 13 hr. A fterw ards, 
the insects from  some of the  yessels were analysed d irectly  w hereas 
those from  o ther yessels were kept in a ir at 30° for yarious periods of 
tim e in o rder to study the processes which occur during гесоѵегу. The 
insects w hich seryed as control were kept in a ir also at 30° usually for 
the same periods of tim e as the experim ental animals.

In  experim ents which w ere perform ed on Іагѵае they w ere preyiously
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staryed during  one to two hours because it appeared tha t such anim als 
be tte r sustain  the laok of oxygen.

In some experim ents the  Іагѵае w ere ligated ju st behind the head 
and w ere in this w ay immobiiized [25]. This trea tm en t seem ed to be 
im portant as the m oyem ents in  the  control Іагѵае, and in those w hich 
recoyered in air a f te r  anaerobiosis, could have an influence on the 
m etabolism .

The acid soluble phosphorus compounds w ere analysed a fte r  ex trac- 
tion w ith  TCA or HC104, as described earlie r [19]. For a rough determ ina
tion of labile and of nonhydrolysable phosphates a fractionation w ith 
n-HCI at 100° according to the m ethod described in an earlier paper [19] 
was perform ed. Phosiphoarginine (P A *) was determ ined according to 
Rosenberg et al. [29] and th e  sum of ATP and ADP according to  S la te r 
[30]. Beside this ATP, ADP and AMP w ere separated  by colum n chro
m atography in a cold room and assayed according to Cohn & C a rte r [6]; 
the separation w as checked by paper chrom atography. Phosphorylcholine, 
phosphorylethanolam ine and glycerophosphate w ere determ ined as 
described earlier [17]. Glycerol w as esitimated a fte r  paper chrłomato- 
graphic separation w ith  a microiodom etric m ethod of W. N iem ierko 
(unpublished). Lactic acid was determ ined according to B arker & Surn- 
m erson [1] and ругиѵіс acid according to Friedm an [8]. The carbo- 
hydrates were determ ined by the anthrone m ethod; glycogen was 
p recip ita ted  by alcohol from  the  cold as w ell as from  th e  hot TCA 
ex tract; trehalose was determ ined a fte r elim ination of glycogen and a fte r  
destruction of m onosaccharides w ith NaOH [37]; th e  oxygen consumption 
of the Іагѵае before the experim ents and during  the гесоѵегу period, 
was determ ined in a conyentional W arburg apparatus.

RESULTS

Biological observations

Prelim inary  experim ents indicated tha t about 25% of /the Іагѵае 
survived after 36 hr. anaerobiosis, about 50% survived w hen deprived 
of oxygen for 12 hr., and practioally all Іагѵае rem ained аііѵе w hen 
anaerobiosis did not last longer than  6 hr. P u t in to  the norm al conditions 
a t 30° the  Іагѵае gradually  began to feed and underw ent m etam or- 
phosis. Compared w ith  the control anim als the m etam orphosis started  
w ith  a certain  delay, although it did not last longer. The pupae appeared 
to be m ore resistant tow ards anaerobiosis than  the Іагѵае, w hereas the

1 Abbreyiations used: PA, phosphoarginine; Рю, phosphate split after 10 min. 
hydrolysis in 1 N-acid at 100°, minus phosphoarginine; Piso. phosphate split after 
180 min. hydrolysis, minus labile phosphates; P nh, nonhydrolysable phosphates; 
pt.ac.soi.> t°tal acid soluble phosphates; TCA, trichloroacetic acid.
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adu lts пеѵег survived if they w ere  depriyed of oxygen for longer th an  
8 to 10 hr. The differences in susceptibility to lack of oxygen of pupae 
o f d ifferent age were also described by  Parok & Buck [26].

In a few seconds after blowing the  stream  of nitrogen through  the  
vessels spontaneous m ovem ents of the Іагѵае, еѵеп of those preyiously 
imm obilized by ligaturing, and of the  puipae became yisible. These 
m oyem ents usually  lasted for 10 to 15 sec. most probably un til the 
last traces of oxygen w ere elim inated.

A fter anaerobiosis the insects w ere ąu ite  motionless for some tim e; 
they  seemed to be inexcitable, as they  did not react when touched w ith  
a needle. The longer was the period of anaerobiosis the longer lasted 
the  inexcitability , sometim es up to 12 - 24 hr. a fte r  15 hr. of lack of 
oxygen.

Phosphorus compounds

In  the Іагѵае of Galleria mellonella w hich are kept in nitrogen a t 30° 
th e  am ount of Pj in the body increases continuously. Data in Fig. 1 show  
th a t after about 12 hr. of anaerobiosis th e  laryae contain 3 tim es m ore Pj

Fig. 1. The inerease of orthophosphate in 
Іагѵае of w ax moth during апохіа. Each 
point represents imean value, ± S.D., from 

3 to 16 experiments.

th a n  the control ones. The inerease of Pj was recognizable already during  
th e  first few m inutes. So for instanoe in some of experim ents th e  lack 
of oxygen w hich lasted only 10 m in. produced an inerease of P; by about 
30%  over the m ean norm al value.

These resu lts  ехріаіп o u r earlie r observations [19] in which yacuum  
dry ing  of w ax m oth was found to cause a considerable inerease of o rtho
phosphate. This inerease of Pj occurred a t the expense of a partial 
breakdow n of some acid soluble phosphorus compounds. Hence it m ay 
be understood that the efficient cause of obseryed accum ulation of 
orthophosphate  was not the drying but the lack of oxygen. In a few  of
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experim ents w e w ere now able to show th a t splitting of some phosphates 
w ith  the  liberation of P; occurs both in yacuum  and in an atm osphere 
of nitrogen.

D uring гесоѵегу in a ir the  amount of orthophosphate in  the  Іагѵае 
gradually  dim inishes. The ra te  of this process as illustrated  in Table 1 
depends upon the  duration of anaerobiosis. Experim ents perform ed to 
elucidate which constrtuents of the laryal body undengo dephosphoryla- 
tion during anaerobiosis showed (Table 2) that P { which was form ed

T a b l e  1

Orthophosphate in \arvae of wax moth during апохіа and гесоѵегу in air
Mean yalues, ± S.D., ате giyen; in parentheses the number of experiments.

Experimental
conditions

p.1

Duration Recovery
of апохіа in air ^moles/g. % of initial value

(hr.) (hr.)

0
(Control) 5.34 ± 0.26 (10) 100 ±  4.8

3 0 12.0 ± 1.36 (5) 225 ± 11.2
3 2 6.2 ± 0.71 (5) 117 ± 11.3

5 0 14.5 ±  2.39 (8) 272 ± 16.5
5 1 10.6 (2) 198

10.4; 10.8
5 2 9.0 ± 1.19 (3) 169 ± 13.2
5 3 8.5 ± 0.88 (3) 159 ± 10.3

12 0 15.4 (1) 332
12 3 13.2 (1) 247

T a b l e  2

Orthophosphate, phosphoarginine and P]0 in Іагѵае of w ax  moth  during
апохіа

Each determination in duplicate. The results are expressed as umoles/g.

Dura P PA F>10 P ł  4 1 ,
tion
of Difference Difference Difference Difference

ano-
xia

(hr.)

Contents after
апохіа

Contents after
апохіа

Contents after
апохіа

Contents after
апохіа

0 4.27 _ 1.99 _ 5.69 _ 7.68 _
1.5 8.60 +4.33 1.03 -0 .96 2.45 -3 .24 3.48 -4 .2 0
3 13.60 +9.33 0.37 -1 .62 2.05 -3 .6 4 2.42 -5 .2 6

2 3 http://rcin.org.pl
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during 1.5 hr. corresponded to the am ount of labile phosphates d isap- 
pearing from the body (PA and P 10). The degree of accum ulation of P f 
during a m ore prolonged anaerobiosis indicated, howeyer, that in th is 
case also some o ther phosphates w ere split.

Table 3 sum m arizes the resu lts of experim ents in which апохіа lasted 
up to 13 hr. D uring the first 3 hr. the am ount of labile phosphates 
dim inished to a very  Iow leyel but fu rth e r decrease was no longer 
considerable.

T a b l e  3

Acid soluble phosphorus compounds in Іагѵае of wax moth during апохга 
Mean yalues ± S.D., are given. The results are expressed as pmoles/g.

Duration of 
апохіа (hr.)

No. of 
expts. P i PA Pio Pl 80 Pnh* P t .a c . s o l .* *

0 8 5.33 2.03 5.92 4.61 16.3 33.8
± 0.49 ± 0.70 ± 1.07 ± 0.27 ± 1.99 ± 1.22

3 4 12.3 0.84 1.63 2.84 12.0 33.7
± 1.83 ± 0.21 ± 1.09 ± 0.73 ± 5.60 ± 3.59

5 4 13.0 0.45 1.52 2.41 19.2 36.8
± 1.07 ± 0.24 ± 0.14 ± 0.95 ± 1.28 ± 0.01

13 3 18.4 0.76 0.96 2.86 14.9 39.2
± 2.19 ± 0.26 ± 0.23 ± 0.83 ± 1.77 ± 1.13 |

* T he differences between th e  normal value and those after апохіа are not sign ificant. 
** The difference between the normal value and that after 5 hr. of апохіа is sign ificant 

at P <  0.05, and after 13 hr. of апохіа at P <  0.01.

The ąuan tity  of nonhydrolysable phosphates is highly ѵагіаЫе. Ac
cording to Lenartowicz et al. [17] in Іагѵае of Galleria mellonella th is 
fraction chiefly consists of phosphorylethanolam ine, phosphorylcholine 
and glycerophosphate. The behayiour of these compounds in апохіа deser- 
ves a m ore detailed exam ination. Some of the prelim inary resu lts  are 
discussed below.

The total am ount of acid soluble phosphates did not change during the 
first hours of anaerobiosis. In experim ents, howeyer, in w hich the Іагѵае 
had been depriyed of oxygen for 13 hr. the am ount of these compounds 
distinctly  increased. At the same tim e a certain amount of phospholipids 
(10 to 20%) was split. This point deseryes, howeyer, fu rth e r inyestigation, 
as well as the  ąuestion w hether o ther acid insoluble phosphorus com-
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pounds also are engaged in the processes w hich take place in the Іагѵае 
during anaero-biosis.

As has been know n from our earlier papers in Іагѵае of Galleria 
mellonella  large am ounts of inorganic pyro- and tripolyphosphates are 
form ed and elim inated w ith the excreta [23]. These substances belonging 
to labile phosphates iwere in the experim ents presented in Table 3 deter
mined as P 10 together w ith  th e  nucleoside polyphospbates (ATP, ADP). 
It was therefore necessary to differentiate  the behaviour during апохіа 
of these two kinds of compounds. A tentative calculation of the ąuan tity  
of pyro- and tripolyphosphates was m ade from  the  difference betw een 
the to tal P 10 and the sum ATP +  ADP estim ated according to S later [30]. 
The figures obtained were highly ѵагіаЫе. It m ust be stressed, howeyer, 
that the greater part of inorganic polyphosphates is present in the wax 
m oth in the M alpighian tubes and in the hindgut in the form ready  to be 
excreted. It seems therefore  unlikely that this large part of th e  poly
phosphates could be involved in the m etabolism  at all. On the  o ther 
hand, it deseryes a special investigation using specific methods of deter
m ination to elucidate w hether the very smali part of these compounds 
present in the  tissues (cf. [23]) may be hydrolysed during апохіа.

Fig. 2 Fig. 3
Fig. 2. The change in the amounts of P j; PA and (ATP +  ADP) in Іагѵае of wax
moth during апохіа and гесоѵегу in air. (O), P j’, ( • ) ,  PA; (Д), ATP +  ADP.
F:g. 3. The change in the amounts of ATP and AMP in Іагѵае of wax moth during

апохіа. (O), AMP; (# ), ADP; (□), ATP.
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Fig. 2 illustrates the  changes in the  am ount of Pj, PA and (ATP +  ADP) 
during anaerobiosis as well as during postanoxic гесоѵегу in air. It can 
be seen that in nitrogen about 80% of nucleoside polyphosphates and 
еѵеп a som ew hat larger ąuan tity  of PA  were split during 5 hr. Three 
hours of postanoxic гесоѵегу w ere, howeyer, sufficient for a complete 
resynthesis of the form er and a resynthesis of about 60% of the la tte r. 
Data in Fig. 2 show  a t the same tim e that the large increase of Pi in 
апохіа m ust be connected w ith  a hydrolysis also of some o ther phos- 
phates and, correspondingly, the  high dim inution of P { during гесоѵегу 
points to  a partial resynthesis of these compounds.

In o rd er to characterize the nucleotides m ore precisely, in siome cases 
they w ere estim ated according to Cohn & C arter [6]. The data in Fig. 3 
which p resent m ean values of analyses dem onstrate th a t during апохіа 
ATP greatly  dim inishes and a certain  am ount of AMP is formed, 
w hereas ADP rem ains practically  unchanged. These resu lts  m ake highly 
probable that in the  m etabolism  of ATP during апохіа A TPase and 
adenylate kinase participate. The presence of the  last m entioned enzyme 
in insects w as found by  G ilm our & Calaby [10], and an increase of AMP 
during апохіа of the  housefly was ąu ite  recently  obseryed by Heslop 
et al. [14].

As w as m entioned aboye, the pupa of the wax m oth appeared to be 
more resistan t and the imago less resis tan t to the laok of oxygen than 
the Іагѵа. In relation to these facts and in connection w ith the  well 
known differences in the ra te  of respiration which occur during insect

T a b l e  4

Increase of orthophosphate during апохіа at different stages 
of deuelopment of w ax  moth

Mean yalue from 2 - 3  analyses.

Stage of 
development

Normal 0 2 
consumption 
(ml./g./hr.)*

Duration 
of апохіа 

(hr.)

Pj in % of 
the normal 

value

Larvae 1.2 3 230
Pupae 2 days after

metamorphosis 0.5 3 129
Pupae 5 days after

metamorphosis 0.8 3 15C

Larvae 1.2 5 260
Pupae 5 -6  days after

metamorphosis 0.8 -0.9 5 170

Larvae 1.2 2 180
Imago 3 -8 2 268

* Data of Wojtczak [34].
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developm ent the experim ents have been extended to pupae and to adults. 
The data obtained are  sum m arized in Table 4; they show that the 
influence of anaerobiosis, as m easured by the increase of iPif is -more 
evident in those stages of developm ent which are chanacterized by 
a higher ra te  of m etabolism.

Some prelim inary  ехрегі-ments were perform ed to elucidate the influ
ence of апохіа on the P ; increase in different tissues of Galleria mello- 
nella. A fter 4 hr. of anaerobiosis the  m ean level of P; in the w hole Іагѵае 
was more than  twice higher (230%) than in control animals. At the same 
tim e the increase of Pj in the  haemolymph appeared to be higher than  
in o ther tissues: -it increased from 4 to 17 umoles/g. (420%); sim ultaneously 
phosphorylethanolam ine, phosphorylcholine and glycerophosphate, which 
are the m ain organie phosphates in the haemolymph, decreased.

Охудеп uptake during гесоѵегу in air

I t was m entioned above that the processes of -dephosphorylation which 
occurred under influence of lack of oxygen in the wax moth were to 
a great extent reyersib le and th a t during postanoxic гесоѵегу in air 
rephosphorylation preyailed. Thus, it can be calculated from the  results 
presented in Table 3 and Fig. 2 th a t during 1 hr. of гесоѵегу in air 
a net synthesis of about 3 м то -les per 1 g. body w eight of en-ergy rich 
compounds (ATP and PA) took place and, besides this, a certain  am ount 
of some o ther P  compounds was new ly formed. It seemed therefore of 
in terest to е х а т іп е  the utilization of oxygen by  the Іагѵа of Galleria 
mellonella  during the  postanoxic гесоѵегу period.

Num erous data concerned w ith  th is ąuestion exist in the  litera tu rę  
but they  are not uniform . In some insects (Tenebrio molitor, Euchytrai-  
deae, Periplaneta americana) an oxygen debt alw ays o-ccurs a fte r апохіа, 
w hile in some o ther insects (Melolontha, Elateridae) such phenom enon is 
not observable (cf. G ilm our [9]). It m ay be added that according to 
Rotta & S tannard  (cf. [9]) oxygen debt is a fea tu re  peculiar to muscles, 
while in a num ber of o ther tissues it is not obseryed during postanoxic 
гесоѵегу.

In the present investigation the consumption of oxygen was m easured 
in Іагѵае which had been preyiously kept -in nitrogen for 3 hr. The 
data in Fig. 4 show th a t during the first 60 to 90 min. of гесоѵегу in air 
the respiration of the  Іагѵа was considerably lower than  it was before 
anaerobiosis; it re tu rned  to the norm al level not earlier than  in about 2 hr.

Utilization of carbohydrates

It is a known fact tha t anaerobiosis is nearly  universally  connected 
w ith glycolysis, although the products of glycolysis may vary greatly. 
This is especially the case in insects [9].
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Figurę 5 illustrates the data found in the present inyestigation for 
the behaviour of carbohydrates. As can be seen, a sharp  dim inution of 
glycogen was visible after 3 hr. stay  of the Іагѵае in nitrogen; a fter- 
wards during the next 2 hr. of апохіа its am ount dim inished not very 
considerably. The behaviour of trehalose, the chief carbohydrate in the 
wax m oth  [38], w as somewhat d ifferent: a distinct decrease of the am ount 
of trehalose was o'bservable only during a more prolonged апохіа. In the

Fig. 4 Fig. 5

Fig. 4. Oxygen consumption of Іагѵае of wax moth during pos4anoxic гесоѵегу 
in air after 3 hr. of anaerobiosis. Each point represents a measurement on a single 
Іагѵа expressed in °/o of the value found in this animal before anaerobiosis.

Fig. 5. Concentration of glycogen, trehalose and lactic acid in Іагѵае of w ax moth 
during апохіа and гесоѵегу in air. (©), Trehalose; (Д), glycogen; (O), lactic acid.

course of a very  long period of anaerobiosis, up to 12 hr., a dim inution 
of trehalose was still observable, but glycogen rem ained at a Iow level 
w ithout any fu rth e r change.

D uring 3 hr. of postanoxic гесоѵегу in air the  am ount of glycogen 
alm ost re tu rned  to the  initial ąu an tity  (Fig. 5) while the ąuan tity  of 
trehalose (although it was partly  resynthesized) was still lower than  the 
norm al value. It m ay be supposed th a t the difference in the 'behaviour 
of the two carbohydrates is connected with the distribution of these 
substances in 'the tissues. Glycogen is accum ulated ohiefly in the fat body 
[38], physiologically very  active tissue, w hereas by far the g rea ter part of 
trehalose is found in the haemolymph. It would be therefore expected 
th a t glycogen is m ore easily accessible to the action of enzyme system s 
than  trehalose chiefly present in the haem olym ph, by far m ore inert 
tissue. The changes found in the haem olym ph can be ascribed to pro- 
cesses w hich occur m ainly, o r even only then w hen haem olym ph gra- 
dually  comes into contact w ith  particu lar tissues and their enzymes. 
The Iow level of 'glycogen which is found in the Іагѵа after a few hours
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of anaerobiosis and which does not change fu rth e r during a more pro- 
longed апохіа m ay represent that part of this carbohydrate which is in 
a close connection w ith the s true tu ra l elem ents of the  celi. Such an 
opinion is in agreem ent w ith  prelim inary  experim ents from this labo- 
ra to ry  (Lenartowicz, unpublished) in which it has been shown that under 
influence of Iow tem peratu rę  glycogen falls to nearly  the same Iow 
value (about 90 mg.%) as found in the  present inyestigation and does 
not change further.

Figurę 5 and Table 5 show the ąuan tity  of lactic and ругиѵіс acids, 
and of glycerol which were present in the Іагѵае during апохіа. A lthough 
the  relative amount of these substances was found to be highly increased, 
nevertheless, as their initial content in  the body was extrem ely  Iow, 
the  total ąuan tity  accum ulated in the Іагѵа could be responsible only 
for a not very  considerable part of glycogen and trehalose w hich disap- 
peared during anaerobiosis. It m ust be added that according to our 
prelim inary  analyses the  content of monosaccharides, which is very Iow 
in the wax rnoth, practically does not change during апохіа.

T a b l e  5

Carbohydrates and products of glycolysis in Іагѵае of wax moth  during
апохіа

Mean values, ± S.D., are given; in iparentheses the nurnber of ejcperiments.

Duration 
of апохіа 

(hr.)

Glycogen* 
(mg. %)

Trehalose** 
(mg. %)

Lactic acid 
(mg.%)

Ругиѵіс acid 
(mg. %)

Glycerol
(mg.%)

0 198 ± 50(6) 500 ± 100 (6) 4.9 ± 1.24 (7) 10.5 (2) 11.8 ± 3.16 (7)
3 115 ± 25(6) 440 ± 50 (6) 20.8 ± 4.03 (4) 23.1 (2) —
5 73 ± 16(9) 362 ± 75 (9) 43.5 ± 7.81 (4) — —
8 82 ± 28(4) 350 ± 40 (4) 44.3 (2) — —

12 97 (2) 155 (2) — — 82.7 ± 14.6 (3)

* The difference between the normal value and that after 3 hr. of апохіа is siginificant 
at P <  0.05, and the differences between normal and later data are sign ificant at P <  0.01.

** The difference between th e  normal value and that after 3 hr. o f апохіа is not significant; 
it is sign ificant between the normal and later data: at P <  0.05 after 5 hr. o f апохіа and at 
P <C 0.01 later on.

In the present inyestigation likewise no increase of glycerophosphate 
was found in the Іагѵа. In some prelim inary experim ents, a fte r seyeral 
hours of anaerobiosis, analysis of particu lar Іагѵаі tissues for phosphorus 
compounds was performed, but also in this case no increase of glycero
phosphate could be found.

In this way the ąuestion of the products of glycolysis which are 
form ed w hen the wax m oth is pu t into anaerobic conditions still remaims 
to be elucidated.
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DISCUSSION

As has been shown in the p resen t study the influence of experim ental 
апохіа on the w ax m oth is connected w ith  hydrolysis of d ifferen t organie 
phosphates, in the firs t place of energy rich compounds, and in accum u
lation of large am ounts of inorganic phosphate.

D uring postanoxic гесоѵегу in a ir a reversal of these processes takes 
place; Pj dim inishes and the  organie phosphates become reconstitu ted . 
It seem s to be rem arkable  tha t oxygen consum ption is at the beginning 
of гесоѵегу period highly reduced and rises gradually to the norm al 
value. • -

The dnteresting observation that during the pupal period of Celerio 
euphorbiae  the ra te  of respiration was inversely proportional to th e  
am ount of Pj in the body was made by H eller & Mokłowska already 
in 1930 [13]. L a ter on sim ilar resu lts  for Pj and a reyerse relationship  
for easily  hydrolysable P  w ere found by Leyenbook in the blowfly [18]. 
These facts according to W yatt [35] indicate tha t during diapause the 
m etabolism  is lim ited by  some factors, and inorganic phosphate accum u- 
lates as a result.

I t  is plausible to consider experim ental anaerobiosis as an ex trem e 
case of insufficient oxyigen supply. Some sim ilarities m ay exist betw een 
d ifferen t m etabolic processes such as occur during hypoxia, апохіа, inade- 
ąuate  oxygen supply, and depression of respiration as in pupal diapause. 
N eyertheless, one m ust realize that m any im portant features of m eta
bolism can be en tire ly  d ifferent in pa rticu la r cases. Three such cases 
w ill be discussed as examples.

(1), Initense m uscular activ ity  in yerteb ra tes diuring w hich the norm al 
oxygem supply becomes insufficient and which is accompanied by typical 
anaerobic glyeolysis. As a rule, except in the  most severe circumstances, 
orthophosphate is not accum ulated; b u t during гесоѵегу an oxygen 
debt is norm ally  observable. Howeyer, in some insects which utilize fats 
as fuel during  flight, e.g. the  m igratory  locust, no oxygen debt is found.

(2), Low m etabolism  and reduced resp iration  in the middle of insect 
m etam orphosis, esp. in the pupal diapause. The extrem ely complicated 
control m echanism s involved in these processes are  undoubtedly con
nected w ith  the activ ity  of insect horm ones which have been intensively 
investigated during  the  last several years [cf. 11, 36] and perhaps also 
w ith  activ ity  of a horm one found ąu ite  recently  in the hindgut of Іагѵае 
of a corn borer, Ostinea nubilialis and In Іагѵа of Galleria mellonella [2]. 
The coincidence betw een the low oxygen consumption, decrease of 
labile phosphates and an increase of orthophosphate, which is found in the 
m iddle of m etam orphosis [36], m ay reflec t only a smali part of events 
precisely regulated  and still not very  w ell known so far.
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(3), The experimem tal апохіа and the postanoxic геооѵегу of the w ax 
m oth. This last е х а т р іе  seem s to be somewhat less complicated than  the 
tw o previous ones and it is perhaps possible to give at least a ten ta tive  
explanation of some of the resu lts obtained.

It seems likely tha t the hydrolysis of energy rich phosphates and 
o ther phosphorus compounds followed by accum ulation of Pj, a s  found in 
the  present imvestigation during anaerobiosis, is the resu lt of in ju ry  
of some celi constituents. de Duve in his lysosome concept [7] m entions 
th a t under influence of апохіа in tracellu lar ru p tu re  of lysosomes and 
in tracellu lar release of enzymes m ay occur causing generalized autolysis. 
Various hydrolytic and glycolytic processes are in itiated in  th is w ay o r 
enhanced and, as one can suppose, some of them  m ay proceed not only  
in  the in jured  cells bu t also outside the  cells. It is possible th a t the 
released enzymes cam get into the haem olym ph and under the ir influence 
phosphorylethanolam ine and phosphorylcholine and o ther nonhydrolys- 
able phosphates presen t in very  considerable am ounts [17] a re  split and, 
as has been showin, larger am ounts of inorganic phosphate than  in any 
o ther tissue accum ulate. It seems to be im portan t to m ention th a t ou r 
prelim inary  resu lts indicate that the am ounts of P; and o ther phosphates 
do not change in the  haem olym ph taken from norm al resp iring  Іагѵае 
and kept in vitro under nitrogen during several hours.

At the beginning of postanoxic гесоѵегу in air the  Іагѵаі tissues 
contain an  increased am ount of orthophosphate and AMP. At the  sam e 
time the ąu an tity  of some organie phosphates, especially ATP and  iPA, 
is greatly  dim inished. It is d ifficult so fa r  to understand  w hat is th e  
m echanism  which is responsible for the reduced respiration ra te  w hich 
is observable during the  first one or two hours of the гесоѵегу period. 
In any case the gradual increase of resp iration  seems to go para lle l 
w ith the dim inution of Pj and the resynthesis of energy rich phosphates.

From  experim ents perform ed on isolated m itochondria it is w ell know n 
th a t oxidative phosphorylation during which various substra tes a re  oxi- 
dized depends on the presence of Pj and ADP. There is no deficiency 
of these substances a fte r  anaerobiosis, the  am ount of Pj is even highly 
increased. However, according to S later & Holton [31] AMP is phosipho- 
ry lated  only slowly and th is process probably reąu ires  first form ation 
of ATP from ADP and secondly sufficient adenylate kinase to  prom ote 
phosphorylation of AMP. It seems to be possible therefore tha t accum u
lation of AM P during  апохіа, found in the present investigation, m ay 
be partly  responsible for the  Iow initial oxygen uptake by the  Іагѵае 
during гесоѵегу in air.

Some data in th e  lite ra tu rę  point to a harm ful effect of ex tra  ąu an ti-  
ties of orthophosphate in the body. O ur unpublished resu lts  indicate th a t 
when Іагѵае of Galleria mellonella  are fed w ith highly increased am ounts
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of P; a retention. of P; in the body takes place and, at the same time, 
the processes of grow th appear to be delayed.

There exist m any obseryations which show that the body activity and 
especially the m uscle activity  are  related  to the am ount of ATP and 
phosphagen. The resu lts  of the present investigation are in good agree- 
m ent w ith these obseryations. As has been shown, the Іагѵае after апохіа 
appear to be com pletely motionless. They begin to move only after a cer- 
tain  period of гесоѵегу. This corresponds approxim ately to the tim e in 
w hich the energy rich  phosphates are gradually  resynthesized.

In this way it seems possiible tha t in the course of the processes of 
postanoxic гесоѵегу the high concentrations of P ;, increase of AMP 
and the diminished am ount of energy rich  compounds m ay serve as the  
lim iting factors for resp iration  together w ith  the participation of m any 
more other substances w hose role rem ains to be elucidated.

We thank Mrs. W. Chm urzyńska for determ inations of oxygen con- 
sumption, Mrs. B. G inter for column chrom atography of nucleotides, 
and Mrs. M. Krzyżanowska and Mrs. B. Rudzisz for skilful technical 
assistance.

S U M M A R Y

1. The influence of апохіа was sbudied on Іагѵа of the wax moth. 
W hen the anim als were keipt in nitrogen at 30° for up to 13 hr. the 
inorganic phosphate gradually  accum ulated from about 4 to about 
15 umoles per 1 g. 'body weight. A t the  same time the amount of some 
organie phosphates, in the  first place ATP and phosphoarginime, dim i
nished while AMP increased and ADP did not change. The ąuan tity  of 
glycogen was highly reduced already during the first few hours of апохіа 
from about 200 to 80 mg.°/o; la te r on this smali ąuaintity rem ained w ithout 
any  fu rth e r change. Trehalose started  to decrease som ewhat later than 
glycogen; during  a prolonged апохіа it diminished from 500 to about 
200 mg.%. No increase of glycerophospbate and monosaccharides was 
obseryed. Lactic and ругиѵіс acids and glycerol increased but their 
to tal ąuan tity  was too smali to account for the disappearance of glycogen 
and trehalose.

2. D uring the postanoxic гесоѵегу in air the accum ulated products 
diminished and the compounds which had been split became reconstituted. 
At the beginning of гесоѵегу the oxygen uptake was considerably re 
duced; it increased to the  norm al value only in about 2 hr.

3. Some of the  processes which take place in the wax m oth during 
апохіа are discussed in rela tion  to the  lysosome concept of  de Duve. 
Besides, it is suggested that the accum ulation of orthophosphate and 
AMP and the decrease of ATP may be partly  responsible for the reduced 
respiration a t the  beginning of the гесоѵегу period.
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WPŁYW ANAEROBIOZY NA ZACHOWANIE SIĘ NIEKTÓRYCH ZWIĄZKÓW 
FOSFOROWYCH I WĘGLOWODANÓW U MOLA WOSKOWEGO

S t r e s z c z e n i e

1. Badania prowadzono na różnych stadiach rozwojowych, głównie na gąsieni
cach, Galleria mellonella  umieszczanych w  atmosferze azotu w  30° na różny okres 
czasu, aż do 13 godzin. W warunkach beztlenowych wzrasta zawartość ortofosforanu, 
która z około 4 pjmoli może dochodzić do 15 pmoli na 1 g. masy ciała. Równocześnie 
ilość niektórych związków fosforowych — przede wszystkim ATP i fosfoargininy — 
zmniejsza się, AMP wzrasta, ADP zaś nie ulega zmianie. W czasie anaerobiozy znika 
z ciała znaczna część glikogenu i trehalozy. Ilość glikogenu m aleje już w pierwszych 
godzinach anoksiji z około 200 do 80 mg%; ta niewielka ilość nie ulega jednak 
dalszemu zmniejszeniu. Zawartość trehalozy zaczyna spadać dopiero w nieco póź
niejszym okresie anofcsji. Spadek ten po dłuższym czasie doprowadza do zmniejsze
nia się  zawartości trehalozy z 500 do 200 mg°/o. Nie zaobserwowano przyrostu 
glicerofosforanu i cukrów prostych. Ilość powstających w warunkach beztlenowych 
kwasu mlekowego i pirogronowego oraz glicerolu nie pokrywa ilości znikających 
węglowodanów.

2. Po przeniesieniu gąsienic z warunków beztlenowych do powietrza obserwuje 
się zmniejszenie ilości nagromadzonych poprzednio produktów oraz odbudowę sub
stancji, które uległy rozpadowi. Zużycie tlenu przez gąsienice w początkowym okre
sie „wypoczynku" w  powietrzu jest znacznie mniejsze niż w normie i w przypadku 
3 godzinnej anaerobiozy dopiero po około 2 godz. pobytu w powietrzu powraca do 
stanu wyjściowego.

3. Podjęto próbę interpretacji niektórych procesów występujących w  czasie 
braku tlenu w oparciu o opisane przez de Duve’a zjawisko rozpadu lizosomów pod 
wpływem  anoksji. Wysunięto ponadto przypuszczenie, że obniżone oddychanie gą
sienic w  początkowych okresach powrotu do normy może być, częściowo przynaj
mniej, uzależnione od nagromadzenia się w  ciele ortofosforanu i AMP i równo
czesnego zmniejszenia się ilości ATP.

Received 15 February 1964.
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RECENZJE KSIĄŻEK

PHENYLKETONURIA (F. L L y  m a n ,  ed.). Charles C. Thomas, Publ., Springfield 
(111.) 1963; str. 318, cena $ 12.75.

W lipeu 1959 odbyła się w  Portland (Maine) I Międzynarodowa konferencja 
“On Mental Retardation”, która dała uczestnikom sposobność do bliższego zetknięcia 
się z odkrywcą fenyloketonurii, dr Asbjórnem Follingiem. W teil sposób powstała 
inicjatywa opracowania tej książki, która łączy w  sobie elementy biograficzne 
z naukowym omówieniem problemu oraz przepisami laboratoryjnymi i obszernym  
traktatem o diecie leczniczej. Książka więc jest przeznaczona zarówno dla bio
chemików, jak i klinicystów, pielęgniarek, rodziców chorych dzieci, a zainteresuje 
również historyka medycyny. Dla klimatu tej książki charakterystycznym jest, że 
wstęp do niej napisała słynna* autorka amerykańska, Pearl S. Buck. Uczuciowy 
stosunek Redaktora książki do zagadnienia wyraża się i w  takim szczególe, że 
barwa okładki mogłaby służyć jako wzorzec do odczytywania próby diagnostycznej 
na fenyloketonurię.

W I rozdziale Zygryda i W. R. Centerwall opowiadają historię odkrycia, tak 
jak ją usłyszeli z ust dr Follinga. Następnie W. E. Knox przedstawia występowanie 
i dziedziczność fenyloketonurii. G. A. Jervis jest autorem rozdziałów o klinicznym  
obrazie tej choroby oraz o patogenezie zaburzeń w rozwoju umysłowym. Stronę 
biochemiczną zagadnienia omawia obszernie M. D. Armstrong. O metodach w ykry
wania i rozpoznawania piszą W. R. Centerwall, Helena K. Berry i L. I. Woolf. 
Rozdział o leczeniu dzieci dotkniętych tym blokiem metabolicznym napisali 
H. Bickel i W. Griiter; polega o.no głównie na podawaniu (kosztownej zresztą) diety  
ubogiej w  fenyloalaninę. Osobny rozdział, autorstwa F. L. Lymana, podaje wylbór 
przepisów dietetycznych. Szczegółowe metody jakościowe i ilościowe dla oznaczania 
kwasu fenylopirogronowego i hydroksyfenylooctowego 'podaje L. I. Woolf. Na zakoń
czenie H. A. Waisman omawia krótko doświadczenia na zwierzętach eksperymen
talnych.

Bardzo charakterystyczne dla rozwoju zainteresowania fenyloketonurią i po
krewnymi zjawiskami jest chronologiczne zestawienie piśmiennictwa: w  okresie 
1908 - 1918, 5 publikacji, 1919 - 1933, 5 publikacji, w  latach 1934- 1945, 49 publikacji, 
w  dziesięcioleciu 1950 - 1959, 372 pozycje, w r. 1960, 54, a w  r. 1961 już 112.

Józef Heller

ENZYME CHEMISTRY OF PHENODTC COMPOUNDS. Proceedings of the Plant 
Phenolics Group Symposium, Liverpool, April 1962 (J. B. P r i d h a m ,  ed.). Per
gamon Press, Oxford 1968; str. IX +  1411, cena 50 s.

Omawiana książka zawiera materiały kolejnej konferencji roboczej „grupy 
fenoli roślinnych1* (porównaj recenzję w Acta Biochim. Polon. 9, zeszyt 2, 1962). 
Konferencja odbyła się w  kwietniu 1962 w  Liverpoolu. Redaktorem jest J. B. Prid-
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ham, który jest również autorem rozdziału o enzymach hydrolitycznych. Ogółem 
książka zawiera 13 artykułów7. Wstępny, pióra N. A. Burgesa, zawiera krótką cha
rakterystykę enzymów, działających na fenole. O oczyszczaniu i testowaniu roślin
nych oksydaz fenolowych traktuje jasno i instruktyiwnie napisany artykuł D. S. Ben- 
dalla i R. P. F. Gregory’ego. Wiele mogą z niego skorzystać także pracujący nad 
enzymami zlwierzęcyimi. J. G. Boswell dyskutuje zagadnienie, czy fenolazy pełnią  
rolę końcowych oksydaz oddechowych i stwierdza, że kwestia ta pozostaje nadal 
otwarta. J. B. Jepson omawia porównawczo najważniejsze reakcje enzymatyczne 
wprowadzające grupy hydroksylowe do pierścieni aromatycznych. Następne dwa 
rozdziały poświęcono ważnym dla świata zwierzęcego chinonom. J. Green omawia 
występowanie tokoferoli, a F. W. Hemming i R. A. Morton rolę ubichinonu i iplasto- 
chinonu u roślin. A. H. Williams omawia hamujący wpływ fenoli na enzymy, ma
jący duże znaczenie praktyczne.

Wymienione rozdziały charakteryzują wystarczająco tem atykę wypełniającą ten 
interesujący tomik. Ważne dla siebie informacje znajdzie w  nim przede wszystkim  
biochemik interesujący się metabolizmem związków fenolowych u roślin, ale rów
nież u zwierząt i drobnoustrojów. Książka zawiera też w iele szczegółów, ważnych 
dla zrozumienia charakteru niektórych ogniw łańcucha oddechowego. Zainteresować 
powinna ona również tych, którzy, kierując biochemiczną stroną procesów techno
logicznych, napotykają w  praktyce na trudności związane z obecnością i dużą reak
tywnością związków fenolowych.

Józef Heller

F. C. R e u b i, CLEARANCE TESTS IN CLINICAL MEDICINE. Charles C. Thomas, 
Publ., Springfield (111.) 1963; str. XV +  217, 36 tabel i 26 rysunków, cena $8.75.

Wprowadzenie testów oczyszczania do fizjologii i fizjopatologii nerek pozwoliło 
na stworzenie podwalin nowoczesnej nefrologii. Podczas gdy w medycynie doświad
czalnej testy oczyszczania różnych substancji znalazły bardzo szerokie zastosowanie, 
to zdecydowana większość ośrodków klinicznyah ogranicza 'się w badaniach rutyno
wych do oznaczania testu oczyszczania endogennej kreatyniny, mimo że jest on 
mało dokładnym wskaźnikiem wielkości filtracji kłębkowej. T esty’ oczyszczania 
innych substancji wykonywane są tylko w wyjątkowych przypadkach tak ze w zglę
du na trudności techniczne, jak i bezpieczeństwo badanego.

Podręcznik F. C. Reubi’ego poświęcony jest omówieniu zastosowania testów  
oczyszczania w  praktyce klinicznej dla celów diagnostycznych i prognostycznych. 
Podręcznik składa się z dwóch części. Pierwsza z nich (3 rozdziały) obejmuje roz
ważania teoretyczne, opis metod oraz interpretację wyników. W części drugiej 
(8 rozdziałów) omówione są wyniki testów oczyszczania w różnych scho-rzeniach 
nerek oraz podane są kryteria, które, zdaniem Autora, pozwalają wykorzystać te 
wyniki w  diagnostyce różnicowej oraz w  rozważaniach prognostycznych. Podręcz
nik napisany rozstał na podstawie własnego materiału i własnych obserwacji Autora. 
Nie ulega wątpliwości, że Reubi, który zajm uje się od kilkunastu lat testami 
oczyszczania u ludzi zdrowych i u pacjentów ze schorzeniami nerek, jest jedną 
z najbardziej powołanych osób do napisania tego rodzaju podręcznika. Mimo pełnego 
uznania dla doświadczenia Autora, trudno jest zgodzić się z niektórymi tezami 
i zaleceniami zawartymi w  omawianym podręczniku. Autor stoi na stanowisku, 
że ponieważ test oczyszczania endogennej kreatyniny jest (szczególnie w schorze
niach nerek) złym wskaźnikiem wielkości filtracji kłębkowej, powinien on być
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zastąpiony przez test oczyszczania inuliny (lub tiosiarczanu). Ponadto Autor uważa* 
że wyniki testów oczyszczania inuliny (lub tiosiarczanu) i paraaminohippuranu mają 
bardzo duże znaczenie diagnostyczne i prognostyczne i dlatego testy te powinny 
być stosowane jako badanie rutynowe. W wybranych przypadkach Autor zaleca prze
prowadzenie testów  oczyszczania innych substancji oraz badań pochodnych, jak np. 
ekstrakcji nerkowej paraaminohiippuranu, reabsorpcji glikozy i innych. Dla prze
śledzenia dynamiki procesu wskazane jest okresowe powtarzanie badań. Technika 
wszystkich tych badań wymaga cewnikowania moczu. W opinii Autora zabieg ten* 
o ile wykonany jest w warunkach aseptycznych, nie powoduje żadnych szkodliwych 
następstw. Opinia ta jest zaskakująca, ponieważ jest zupełnie sprzeczna z poglądami 
zdecydowanej większości internistów. Z licznych badań różnych autorów wynika* 
że nawet przy bardzo ściśle przestrzeganej aseptyce i antyseptyce już jednorazowe 
cewnikowanie moczu, nawet nie połączone z wprowadzaniem do pęcherza jakich
kolwiek środków przez cewnik (co jest konieczne w testach oczyszczania), powoduje 
w 5 do 10% przypadków zakażenie dróg moczowych. Stanowi to groźne niebezpie
czeństwo już dla osobników zdrowych, a cóż dopiero dla pacjentów ze schorzeniami 
nerek. Groźba zakażenia dróg moczowych 'była przyczyną, która spowodowała, że 
większość internistów wykluczyła z arsenału dodatkowych badań rutynowych testy 
oczyszczania z wyjątkiem  testu endogennej kreatyniny, który nie wymaga cewni
kowania pęcherza. Zdziwienie 'budzi fakt, że Reubi kilku zdaniami .kwituje problem 
cewnikowania moczu i przekreśla badania i opinie wielu bardzo poważnych autorów.

Przypisując główne znaczenie testom oczyszczania inuliny (lub tiosiarczanu) 
oraz paraaminohippuranu Autor omawia przede wszystkim te próby. Szkoda, że 
równie wyczerpująco nie zostały omówione inne testy, dla których krytycznego 
omówienia ten właśnie podręcznik jest jak najbardziej odpowiednim miejscem .

W rozdziale poświęconym interpretacji wyników testów oczyszczania oraz w y
liczanej z nich wielkości frakcji filtracyjnej Autor, świadomie zresztą, upraszcza 
szereg zagadnień. Wydaje się jednak, że Autor żbyt marginesowo traktuje fakt, 
że w schorzeniach nerek u różnych osobników cierpiących na tę  samą sprawę cho
robową zmiany strukturalne i czynnościowe nerek mogą mieć różny charakter 
w zależności od bliżej nieokreślonych właściwości osobniczych lub też od współ
istnienia zmian dodatkowych (np. niedokrwistość, nadciśnienie, niedomoga krąże
nia i in.).

Część szczegółowa podręcznika jest bogatym i interesującym zbiorem wyników  
testów oczyszczania uzyskanych przez Autora u pacjentów z różnymi schorzeniami 
nerek. Przy omawianiu każdej jednostki chorobowej Autor przeprowadza najpierw  
rozważania teoretyczne dotyczące zmian czynnościowych nerek, a następnie przed
stawia korzyści praktyczne, jakie jego zdaniem uzyskać można przez w nikliwą  
ocenę wyników testów oczyszczania. Korzyści te dotyczą przede wszystkim rozpo
znania różnicowego oraz rokowania w  chorobach nerek. Ta część podręcznika w y
magałaby obszernego omówienia przekraczającego ramy niniejszej recenzji. Ogólnie 
biorąc wydaje się, że Autor zbyt entuzjastycznie określa wartość praktyczną testów  
oczyszczania. W niektórych punktach (nip. różnicowanie między ostrym, rozlanym  
a ogniskowym zapaleniem kłębków nerkowych) można m ieć wątpliwości co do 
zgodności wniosków i wyników przedstawionych przez Autora. Wydaje się również,- 
że w  pewnych przypadkach Autor wysunął wnioski na podstawie zbyt imałej ilości 
przypadków (np. podział 18 pacjentów z zespołem nerozy-cowym na 7 grup o różnym 
obrazie i przebiegu klinicznym).

W sum ie podręcznik F. C. Reubi’ego stanowi obszerny ii bogaty m ateriał bar
dzo pomocny (szczególnie w konfrontacji z wynikami innych autorów) w  ugrunto
waniu naszej wiedzy w  zakresie fizjopatologii nerek. Zdaniem recenzenta nie spełni
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on jednak zadania, jakie chciał irrni nadać Autor, 'to -znaczy nie zachęci do rutyno
wego stosowania testów oczyszczania inuliny i paraaminohippuranu. Napewno w ięk 
szość klinicystów ograniczy swoje badania rutynowe do innych, mniej niebezpiecz
nych -testów, na których (także można się oprzeć zarówno w rozpoznawaniu różni
cowym chorób -nerek, jak i w  'rokowaniu.

Andrzej Manitius

F. B. S t r a u b .  BIOCHIMIJA (Przekład z II wydania węgierskiego z r. 1961). 
Izdatelstwo Akademii Nauk Wengrii, Budapeszt 1963; str. 716.

Rosyjsto-e wydanie biochemii Strauba jest, obok niemieckiego, drugim tłum a
czeniem tego podręcznika.

Biochemia Strauba jest przeznaczona dla studentów medycyny i biochemii. 
Każdy z autorów podręczników ‘biochemii stoi przed trudną decyzją co do zakresu, 
jaki ma nadać podręcznikowi. Powszechnie stwierdzany niezwykle szybki rozwój 
biochemii sprawia trudności w  wyborze materiału, nadającego się -do przedstawie
nia w podręczniku uniwersyteckim. Wydaje się, że Autor omawianego podręcznika 
trudne to zadanie rozwiązał pomyślnie.

Biochemia Strauba zastała podzielona na trzy główne części. Autor 'przyjął 
tu zasadę od dawna stosowaną, m ianowicie część pierwsza, najdłuższa (około 
450 stron), obejmuje biochemię ogólną usystematyzowaną według klucza chemicz
nego, druga część, biochemia szczegółowa (około 200 stron), obejmuje problemy 
uszeregowane według kryteriów fizjologiczno-biologicznych. Ostatnia część, naj
krótsza (około 60 stron), zawiera opis głównych metod i podstawowe wiadomości 
z chemii fizycznej.

Część I składa się kolejno z następujących 9 rozdziałów: białka, enzymy, ener
getyka organizmu, aminokwasy, węglowodany, lipidy, -kwasy nukleinowe, witaminy, 
hormony. W rozdziale o białkach umieszczono ustęp omawiający w  zarysie nowo
czesny mechanizm biosyntezy, podano także wzmiankę o zakaźności kwasu rybo
nukleinowego mozaiki tytoniowej. Na str. 73 we wzorze gramicydyny S pomyłkowo 
podano kierunek strzałek. Grupa karboksylowa łeucyny tworzy wiązanie peptydowe 
z aminową grupą fenyloalaniny, dlatego strzałka winna być Skierowana w odwrotną 
stronę; to samo odnosi się do wszystkich innych strzałek tego cyklicznego deka- 
peptydu. W drugim rozdziale zasługuje na uwagę jasny wykład o kinetyce reakcji 
enzymatycznych. Treść pierwszych dwóch rozdziałów umożliwia Autorowi umiesz
czenie już w  trzecim rozdziale tych wiadomości, które w  innych podręcznikach 
mogą być podane dopiero w  późniejszych częściach książki. W rozdziale poświęconym  
energetyce organizmu znalazły miejsce: rola ATP, glikoliza, utlenianie kwasu pyrogro
nowego, cykl kwasów trój-katfbaksylowych i końcowy łańcuch oddechowy, przy czym 
zasługuje na uwagę, że wiadomości o koenzymach (NAD i Co A) zostały podane nie 
w  oddzielnym rozdziale, ale w bezpośrednim .złwiązku z procesami. W ten .sposób 
Autor umknął opisowego, statycznego sposobu podawania wiadomości o budowie 
koenzymów. Czytelnik wcześnie zostaje zainteresowany dynamicznym sposobem 
traktowania biochemii, podczas gdy w  dawniejszych podręcznikach poświęcano 
znaczną część książki na opis substancji o znaczeniu biologicznym. W rozdziale 
czwartym zamieszczono wiadomości o przemianach aminokwasów, opis ich bowiem 
podano już w  rozdziale pierwszym. Zasługuje na uwagę, że oddzielnie omówiono 
patologiczną przemianę aminokwasów i ich przemianę w  drobnoustrojach. W roz
dziale piątym zatytułowanym „Węglowodany w żywym organizmie'* dynamiczny
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sposób tTaktowania znowu /wysuwa się na pierwszy plan. Sposób ten wymaga 
jednak od czytelnika większego przygotowania z chemii organicznej, niż to było 
konieczne z podręcznikami dawniejszymi. Rozdział szósty odnosi s!ię do lipidów. 
Drogi biosyntezy fosfolipidów zostały tu uwzględnione w  sposób nowoczesny. Roz
dział ten został zakończony uwagami z  dziedziny patologii przemiany tłuszczowej. 
Następny rozdział zawiera wykład o kwasach nukleinowych, uwzględnia przy tym 
drogi biosyntezy układu purynowego i pirymidynowego. Pelwnego rodzaju powtó
rzeniem jesit ponowne omówienie wolnych nukleotydów już poprzednio opisanych 
w rozdziale o enzymach. Dwa ostatnie rozdziały pierwszej części, o witaminach  
i hormonach, tm'ają układ najbardziej przypominający dawny siposób wykładu, cho
ciaż i 'tu biosynteza została uwzględniona do pewnego stopnia, jak np. przy oma
wianiu kwasu askorbinowego, lub hormonów sterydowych.

Druga, fizjologiczna cizęść podręcznika składa się z siedmiu rozdziałów, zatytu
łowanych: biochemia trawienia, krwi, mleka, skurczu mięśniowego, tkanki nerwo
wej, skóry. W pierwszym rozdziale znalazł miejsce wykład o enzymach trawien
nych, ich budowie i mechanizmie działania. Jednym <z obszerniejszych rozdziałów  
jest rozdział poświęcony krwi, w  którym omóiwiono hemoglobinę (częściowo także 
w rozdziale o białkach), mechanizm przenoszenia tlenu, przemianę m aterii ciałek  
czerwonych, białka osocza i .składniki niebiałkowe. Wszędzie uwzględniono aspekt 
patologiczny, co w  znacznym stopniu ułatwi studentom medycyny trudne 'powiąza
nie dyscyplin teoretycznyah iz klinicznymi. Po krótkim czwartym rozdiziale poświę
conym biochemii mleka następuje rozdział o skurczu mięśniowym,, w  którym  
zasługuje na. uwagę dobre powiązanie zagadnień chemicznych i fizjologicznych, 
przy czym morfologia też znalazła odpowiednie naświetlenie. Dwa ostatnie rozdziały 
poświęcono systemowi nerwowemu, biochemii widzenia i tkanki łącznej. I tu rów
nież uwzględniono mechanizm zmian patologicznych.

Ostatnia część zawiera jasny wykład o podstawowych pojęciach fizykochem icz
nych, wolnej energii, systemach buforowych i potencjale oksydoredukcyjnym. 
Podano tu także opis ważniejszych metod stosowanych w  biochemii: elektroforezy, 
miareczkowania potencjoimetrycznego, metody ultrawirówtkowej, ekstrakcji prze- 
ciwprądowej, chromatografii bibułowej i wymieniaczy jonowych. Najwięcej miejsca 
poświęcono metodom izotopowym.

Po każdym rozdziale Autor umieścił wykaz głównych pozycji bibliograficznych, 
często obejmujących najnowsze lata. W skorowidzu przedmiotowym korzystne jest 
podanie kursywą tej strony, na której podano wzór strukturalny (danego -związku. 
Korzystne jest także częste odwoływanie się do innych miejsc tekstu, co znacznie 
ułatwi studentowi przyswajanie materiału.

Wyżej wymienione cechy książki Strauba skłaniają do twierdzenia, że Autor 
pomyślnie rozwiązał trudne dydaktyczne zadanie stworzenia nowoczesnego podręcz
nika biochemii.

Tadeusz Korzybski

COMPREHENSIVE BHOCHEMISTRY. (M. F l o r k i n  & E. H. S t o i  z, eds.) 
Vol. 8. Proteins (Part 2) and Nućleic Acids. Elsevier Publishing Co. Amsterdam, 
London, New York 1963; str. 308, cena Dfl. 40.—, Sh. 80, DM 44.50.

W recenzowanym tomie znajdujemy w  części pierwszej zwięzłe, ale bardzo 
przejrzyste, omówienie stanu naszej wiedzy o białkach złożonych oraz o hormonach 
peptydowych i białkowych; część druga tego tomu jest poświęcona kwasom  
nukleinowym. Rozdziały części pierwszej opracowali: F. R. N. Guid (llpoproteiny),
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A. Gottschalk (glikoproteiny), E. Boeri (imetaloproteiny nieporfirynowe), H. Lehmann 
i R. G. Huntsman (hemoglobina i mioglobina), J. Roche i R. Michel (hormon tar
czycy), H. Rasmussen (hormon przytarczyc), Ch. H. Li (hormony przedniej części 
przysadki), R. Acher (hormony tylnej części przysadki), W. W. Bromer i O. K. Be- 
hrems (insulina i glukagon). Autorami rozdziałów części drugiej są: D. M. Brown 
i T. L. V. Uibricht fchemia klwasów nukleinowych), М. H. F. Wilkins (trójwymia
rowa konfiguracja cząsteczki DNA), J. D. Coombes (fizyczne właściwości roztworów  
kwasów nukleinowych) oraz G. R. Wilkinson (spektroskopowe właściwości kwasów  
nukleinowych). Na końcu każdego rozdziału podano piśmiennictwo. Wyrazem dba
łości Autorów o podanie aktualnego stanu wiedzy jest nip. dodana w  druku uwaga 
podająca najnowsze, ogłoszone w  r. 1962, prace o insulinie i glukagonie, iktóre nie 
mogły być uwzględnione w tekście. Stosunkowo wysoka cena książki znajduje uza
sadnienie w  bardzo starannej formie wydania. Recenzowana książka będzie cennym  
nabytkiem biblioteki każdego biochemika, zwłaszcza wykładowcy.

Włodzimierz Mozolowski

NOBEL. THE MAN AND HIS PRIZES. Ediited by Nobel Foundation. Elsevier 
Publishing Co. Amsterdam, London, New York 1962; str. 690. cena Dfl. 30.—, 
sh. 60, DM 33.50.

Nagroda Nobla jest jednym z najwyższych zaszczytów, jaki może spotkać ludzi, 
których zasługi mają znaczenie dla całej ludzkości. Zrozumiałe więc jest zaintere
sowanie dziejami Fundacji oraz osobami, które spotkał ten zaszczyt. Omawiana 
książka ma za zadanie dostarczenie odnośnych informacji. Książkę opracowało 
ośmiu autorów; wsizyscy oni są związani z Fundacją Nobla długoletnią w  niej dzia
łalnością i im należy, w  dużej mierze, zawdzięczać to, że Fundacja Nobla jest 
czymś więcej niż instytucją rozdzielającą nagrody wybitnym  uczonym, literatom  
czy działaczom społecznym; jest ona także czynnikiem mającym wpływ na 'kształ
towanie się nie tylko naukowych, ale także moralnych poglądów ludzkości.

Prezes zespołu dyrektorów Fundacji, Henryk iSćhuok, podaje biografię Allfreda 
Nobla. Ragnar Soblman, współpracownik i przyjaciel Nobla, wykonawca jego testa
mentu, który w  trzy i pół roku trwającej walce ugruntował istnienie Fundacji 
i nadał kierunek jej pracy, pisze dzieje jej powstania. Te diwa rozdziały przedsta
wiają trudy, zwycięstwa i Męski życia Alfreda Nobla, człowieka, który mimo m ate
rialnego powodzenia nie w iele doznał szczęścia, w  którym walczyły ze sobą m izan
tropia i miłość do ludzi, którego idea stworzenia nagród dla ludzi - dobroczyńców  
ludźkości musiała sobie z trudem torować drogę przez ludzką małość, ciasny nacjo
nalizm, biurokrację i gąszcz prawnych przepisów. Okres od śmierci Alfreda Nobla 
w grudniu 1896 r. do wydania statutu będącego prawną podstawą Fundacji w  czerw
cu 1900 r. — to lata ciężkiej, niekiedy zdawało się beznadziejnej, walki.

O nagrodach z dziedziny literatury pisze Anders Osterling ze Szwedzkiej Aka
demii; omawia on podstawy decyzji w stosunku do wszystkich laureatów literatury 
do 1961 roku włącznie; czytelnik polski znajdzie tu ciekawe szczegóły związane 
z przyznaniem nagrody Henrykowi Sienkiewiczowi, dotyczące propozycji m niejszo
ści Komitetu równoczesnego nagrodzenia Elizy Orzeszkowej; interesujące jest rów
nież rozważanie udzielenia nagrody Stefanowi Żeromskiemu jako kontrkandydatowi 
Władysława Reymonta; niezmiernie interesujące jest omówienie podstaw decyzji
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Komitetu w  stosunku do poszczególnych osób, będących przecież zespołem najwy
bitniejszych pisarzy naszego wieku.

Goran Liłjestrand z Karolińskiego Medyczno-Chirurgicznego Instytutu opraco
wał dział nagród z fizjologii i medycyny. Na ponad 200 stronach omówiono dzia
łalność poszczególnych laureatów, ujmując razem badaczy określonych działów; 
wyróżniono następujące pola badania: mikrobiologia i serologia; chemoterapia; 
fototerapia i leczenie gorączką; hormony i w itam iny; nowotwory; genetyka i me
chanika rozwojowa; trawienie, krążenie krwi, oddychanie, wydalanie; chemiczna 
budowa ciała i przemiana pośrednia; układ nerwowy i narządy zmysłowe. Rozdział 
ten przedstawia w  związku z pracą Komitetu dzieje fizjologii i medycyny w pierw 
szej połowie naszego wieku. Dowiadujemy się tu także o sprawach, iktóre są po
twierdzeniem moralnego znaczenia nagród Nobla: ciężkie kłopoty, których doznał 
Domagk, gdy w 1939 r. przyznano mu nagrodę, były spowodowane wrogim nasta
wieniem  Hitlera wobec Fundacji za przyznanie nagrody pokoju Ossietzky’eimu; n ie
zależność decyzji Komitetów Fundacji i uczciwość w ocenie wartości (poszczególnych 
laureatów nie zawsze wychodziły na dobre nagrodzonym.

Arne Westtgren z Królewskiej Akademii Nauk pisze o nagrodach z chemii, 
obejmujących zakres od budowy atomu i radioaktywności przez termodynamikę 
chemiczną, chemię nieorganiczną i organiczną, aż do biochemii. Gwałtowny rozwój 
tych nauk w  dlwudziestym wieku z jednej strony ułatwiał pracę Komitetowi, k tó
remu nie brakło kandydatów, z drugiej zaś utrudniał wybór jednego z wielu;
i w tym rozdziale, jak w e wszystkich innych, dostrzeże czytelnik (wielki trud Ko
mitetów przyznających nagrody; kierowanie się wyłącznie istotnymi rzeczowymi 
względami było nakazem, od którego Komitety starały się nie odstąpić ani o krok.

Mannę Siegibahn, z Królewskiej Akademii Nauk, laureat Nobla z fizyki
z 1924 roku, przedstawiając pracę nad przyznaniem nagród z fizyki w latach
1901 - 1961, kreśli właściwie dzieje tej nauki w  okresie jej najbardziej intensywnego 
rozwoju. W końcu XIX  wieku wielu fizyków uważało, że wszystko co najważniejsze 
zostało już odkryte i zbadane, a dla przyszłych pokoleń pozostaje jedynie uzupeł
nianie szczegółów; później jednak przychodzą odkrycia 1 teoretyczne ujęcia, których 
następstwem  jest zupełna rewolucja naszydh poglądów w  dziedzinie fizyki. Te ba
dania, 'których znaczenia dla ludzkości, znaczenia dobroczynnego, ale i zbrodniczego, 
nikt dziś nie może zaprzeczyć, nie wydają się słabnąć w swym rozwoju.

O nagrodzie pokoju pisze August Schou z Norweskiego Instytutu Nobla. Nie 
łatwe zadanie miał, i ma, ten Komitet: przyznanie nagrody osobie (lub instytucji), 
która przyczyniła się w szczególnej mierze do wzrostu braterstwa między narodami, 
zniesienia lub zmniejszenia stałych armii i do inicjowania 'i popierania pokojowych 
kongresów. W bardzo burzliwej pod względem politycznym pierwszej połowie na
szego wieku nie brak było poczynań mających cele humanitarne i pokojoiwe. Piękny 
początek nagród Nobla to tak bardzo zasłużone, choć bardzo spóźnione, uznanie 
dla Henryka Dunant, twórcy Czerwonego Krzyża. W dalszych latach znajdujemy 
liczne nazwiska nagrodzonych działaczy, z których nie wszystkim dziś przyznali
byśmy to wyróżnienie, ale pamiętać musimy, że przewidywanie skutków działań 
politycznych nie jest rzeczą łatwą. Autor tego rozdziału zwraca uwagę na szczególne 
trudności podjęcia decyzji; ujważa jednak, że brak jednego tylko nazwiska wśród 
nagrodzonych niie znajduje usprawiedliwienia, a mianowicie Gandhi’ego. Wśród 
laureatów pokoju znajdujemy ludzi o bardzo rozmaitych światopoglądach i różnych 
rodzajach działalności; wspólnym było jedno: dążenie do utrzymania i podniesienia 
godności człowieka.

Nils K. Stźhle, dyrektor Fundacji do 1948 roku, pisze o finansach i administracji
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Fundacji Nobla. Zasługuje na przytoczenie fakt, że nigdy koszta administracji nie 
przekroczyły 5% dochodów.

Pełny tekst statutów Fundacji i jej Instytutów oraz wykaz wszystkich osób  
i instytucji nagrodzonych w latach 1901 - 1961 kończy tę bardzo ciekawą książkę. 
Indeks obejmujący ponad tysiąc nazwisk wymienionych w tym dziele pozwala na 
pełne wykorzystanie zawartych w  nim wiadomości.

Włodzimierz Mozołowski

PHYS1CAL PROPERTIES OF THE STEROID HORMONES (Lewis L. E n g e 1, ed.). 
International Series of -MonOgraphs on Pure and Applied Biology, vol. 3. Pergamon 
Press, Oxford, London, New York, Parts, 1963; str. 488, cena £  7.

Zbiorowy podręcznik wydany pod redakcją Prof. Engela jest niezbędny dla 
wszystkich pracowni biochemicznych, a w szczególności dla biochemików pracują
cych nad związkami sterydowymi. Zgromadzone zostały w nim dane fizyczne natu
ralnych i półsyntetycznych związków sterydowych, ńiezbędne przy pracach nad ich 
wyosobnieniem i analizą.

Dział współczynników rozdzielczych, ważny dla wyosobnienia związków stery
dowych, został opracowany przez Prof. L. Engela i dir P. Cartera. Po krótkim  
wstępie teoretycznym ii po zarysie techniki badań, podane zostały w  układzie tabe- 
larnym współczynniki rozdzielcze najważniejszych sterydów w  różnych układach 
rozpuszczalników.

Dział chromatografii sterydów opracowany został przez dr R. Nehera. Również 
po krótkim wstępie teoretycznym zamieszczono zarys techniki chromatografii ste
rydów i uwidoczniania ich metodami barwnymi. Zamieszczono również tabelę 
danych cbromałograficznydh najważniejszych sterydów przy różnych układach roz
puszczalników.

Największy dzliał Widim absorpcyjnych sterydów w ultrafiolecie opracowali 
dr J. P. Dusza, M. Heller i S. Bernstein. Po bardzo krótkilm wstępie technicznym  
i teoretycznym podano w iele tabeli w idm  absorpcyjnych w  ultrafiolecie, bardzo 
wielu naturalnych i półsyntetycznych związków sterydowych. Bez danych „ych 
żadna pracownia naukowa nie może obecnie pracować.

Wiidma fluorescencyjne związków sterydowych opracował J. W. Goldzieher 
podając tabelę tych widm dla najważniejszych związków sterydowych. Dział ten 
zresztą w skali światowej n ie jest jeszcze dostatecznie opracowany.

Ostatni dział podręcznika, „Widma absorpcyjne sterydów w stężonym  -kwasie 
siarkowym", opracowany został przez dr L. L. Smitha i B. Bernsteina. Zgromadzono 
taim również w układzie tabelarnym i wykresach w ;dma najważniejszych związ
ków sterydowych. Absorpcja sterydów rozpuszczonych w  kwasie siarkowym  często 
daje bardzo charakterystyczne parametry. W podręczńiku brak opracowania widm 
sterydów w podczerwieni. Prawdopodobnie zostanie uwzględnione to w  następnych 
wydaniach, bo nagromadzony materiał nie jest jeszcze wystarczający do syntetycz
nego ujęcia tego zagadnienia.

Na końcu podręcznika znajduje się indeks omawianych związków sterydowych, 
pozwalający na szybkie znalezienie opisu ich własności fizycznych.

Janusz Supniewski
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