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

V o l. X  1963 N o . 3

W. WALERYCH

5- AMIN OLE VULINIC ACID DEHYDRATASE FROM PROPIONIC 
ACID BACTERIA

D ep a rtm en t o f B io ch em is try , C ollege o f A g ricu ltu re , P oznań

<5-Aminolevulinic acid, the  precursor of porphyrins and haem e is 
transform ed to porphobilinogen (PBG) by (5-aminolevulinic acid 
dehydratase (5-am inolevulinate hydrolyase, ЕС 4.2.1.24). The enzyme 
was discovered by Dresel & Falk [6 ]; some of its properties have been 
described by Gibson et al. [8 ], and at the same tim e Schmid & Shem in
[14] and Schulm an [15] published some data concerning this enzyme.

(5-Aminolevulinic acid dehydratase (ALAD) is, as reported  by the 
above m entioned authors, w idely d istribu ted  in natu rę  and probably 
p resent in all aerobic organisms. The enzyme was found in the  Ііѵег, 
kidney and bone m arrow  of mammals. In  domestic birds the presence 
of the  enzyme was detected in the erythro-cytes of ducks and chickens. 
It was also found to occur in spinach leaves, b rew er’s yeast, algae 
(Chlorella), and in the cells of Bacterium cadaveris, Corynebacterium  
diphtheriae  and Rhodopseudomonas spheroides.

A ttem pts to purify  the enzyme from  anim al m ateriał were under- 
taken by a num ber of authors. Gibson, N euberger & Scott [8 ] isolated 
ALAD from acetone-dried Ііѵег. The purification m ethod was based on 
amm onium  sulphate fractionation, repeated  absorption on calcium  
phosphate gel and elution w ith  buffer Solutions. G ranick & M auzerall [9] 
isolated and purified the enzyme from chick erythrocytes and rabbit 
reticulocytes by zone electrophoresis after K unkel. Bogorad & G ranick [2] 
isolated the enzyme from  Chlorella and Falk  et al. [7] from  spinach 
leaves.

The present paper describes a m ethod of purification and some 
properties of (5-aminolevulinic acid dehydratase isolated from propionic 
acid bacteria, Propionibacterium shermanii. The presence of th is enzyme 
has also been dem onstrated in the cells of Propionibacterium petersonii, 
Propionibacterium freudenreichii and Propionibacterium arabinosum.

EXPERIMENTAL

Culture of bacteria and preparation of acetone powder. P. shermanii 
from  the collection in th is laboratory (National Collection of Dairy 
Organisms, no. 839), P. petersonii (Am erican Туре C ulture Collection,
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244 W. WALERYCH [2]

4870), P. freudenreichii (A.T.C.C., 6207) and P. arabinosum  (A.T.C.C., 
4965) w ere grown on a m edium  containing acid casein hydrolysate, 
trypsin  casein hydrolysate, potassium  phosphates, m agnesium  chloride, 
ferrous sulphate, calcium panto thenate, biotin and glucose. The bacteria 
were grown in 10 liter flasks according to the m ethod of Zodrow & Pa- 
wełkiewicz [19].

A fter about 10 days of grow th, the  bacterial suspension was centri- 
fuged on a Sharples laboratory centrifuge and the acetone powder was 
prepared after B artosiński [1]. The bacterial sedim ent w as suspended 
in a smali am ount of w ater and then  poured portionwise w ith vigorous 
m ixing into a tw entyfold volume of acetone cooled to about -15°. The 
m ixture was stirred  for another 1 0  m in., filtered  under reduced pressure 
through a G3 sintered glass filter, washed several tim es w ith  cold 
acetone and dried 24 hr. a t room tem peraturę . The bacterial powder 
obtained could be stored at - 1 0 ° for several m onths w ithout losing its 
enzymie activity.

Chemical synthesis of 6-aminolevulinic acid (ALA).  M ethyl-5-brom o- 
levulinate ( 1 0  g.) obtained from  /?-carbom ethoxypropionyl chloride by 
Rappe’s m ethod [13] was dissolved in 50 ml. anhydrous dim ethyl 
formamide, and 8  g. of solid potassium  phthalim ide was added [17]. 
The m ixture  was shaken for 40 min. at 60°. The phthaly l derivative 
was ex tracted  w ith chloroform -w ater m ixture. The aąueous layer was 
re-ex tracted  w ith chloroform. The combined chloroform  ex tracts were 
washed w ith 20 ml. w ater, 20 ml. 2 N-NaOH and finally  twice w ith w ater. 
The chloroform  solution was dried over anhydrous M gS0 4 and con- 
centrated  under reduced pressure. The residue was brought to boil 
in 1500 ml. w ater and cooled. The obtained m ethyl 5 -phthalim idolevu- 
linate was hydrolysed by boiliing for aboutt 10 hr. in 7 n-HCI. The solution 
was evaporated under vacuum  to dryness, the residue dissolved in 
a smali am ount of ethanol and recrystallized by adding ethyl acetate. 
The white crystalline (5-am inolevulinate hydrochloride obtained was 
fu rth e r purified by repeated crystallizations from  ethanol and ethyl 
acetate, m.p. 149-151° [11].

Calcium phosphate gel. This was prepared by the m ethod of Kei- 
lin & H artree as described by Colowick [3].

Cellulose exchangers. D iethylam inoethyl cellulose (DEAE) and carbo- 
xym ethyl cellulose were prepared  a fte r Peterson & Sober [12].

Chemicals. They w ere of highest technical purity  purchased from 
Fabryka Odczynników Chemicznych, Gliwice, Poland.

Determinations of proteins and nucleic acids. The m easurem ents of 
extinction at w avelengths of 260 and 280 mu according to the m ethod 
of W arburg & Christian [18] w ere m ade in a Uvispeck H 700 spectro- 
photom eter. »
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[3] AMINOLEYULINBC АСШ  DEHYORATASE 245

Activ ity  of d-aminolevulinic acid dehydratase. The activity was 
expressed in t^moles of porphobilinogen form ed during 1 hour per 1 mg. 
of protein. The incubation m ix ture  consisted of 0.2 ml. of the enzyme 
solution, 0.2 ml. of 0.01 M-<5-aminolevulinic acid hydrochloride adjusted 
to pH 7.0, 1.0 ml. m /1 5  phosphate buffer of pH 7.0, and 0.5 ml. MgSO^ 
solution w ith 10~ 3 m finał concentration. The incubation was carried 
out for 30 min. on a w ater bath at 60° sińce th is tem peraturę  was found 
to be optim al for the enzyme. The reaction was stopped by adding 1 ml. 
of trichloroacetic acid - m ercuric chloride solution (80 ml. 5°/o TC A and 
20 ml. 0.2 M-HgCl2) [9]. The m ercuric chloride was added to bond the 
SH groups which in terfere  w ith the developm ent of colour under the 
action of Ehrlich’s reagent. A fter centrifuging off the protein  precipitate, 
2 ml. of the supernatan t was m ixed w ith an eąual volum e of 4 N-Ehrlich’s 
reagent prepared according to the modification of M auzerall & G ranick 
[10]. The arnount of porphobilinogen form ed was determ ined by 
meaisuring the  extinction at 552.5 nu1 in  a Baush & Lomb Spectronic 
20 colorimeter, using a solution of reagents as a blank. The am ount of 
porphobilinogen form ed in 1 ml. of the exam ined solution was calculated 
in м-moles according to Granick & M auzerall [9] by m ultiplying the value 
of extinction obtained in a test tube of 1 cm. in diam eter by 0.226.

Enzymie synthesis of porphobilinogen. A  m ix ture  of 50 ml. 0.15 m- 
-phosphate buffer of pH 7.0, 25 ml. ALA neutralized to pH 7.0, and 
35 ml. partly  purified ó-am inolevulinic acid dehydratase (fraction 3) 
was ineubated for 16 hr. in a 500 ml. filte r fiask under reduced pressure. 
The tem peratu rę  was m aintained betw een 38° and 40°. A fter incubation, 
1 0 0  ml. of a TCA-HgCl2 solution was added, and the protein precipitate 
was centrifuged off (10 min. at 4000 g). From  the elear supernatan t (PBG 
was isolated by the m ethod of Cookson & Rimington [5]. For this 
purpose the solution was adjusted  w ith acetic acid to pH 4.5, and 15°/o 
(w/v) m ercuric acetate solution was added gradually  un til the super­
natan t above the с о тр іе х  of PBG w ith m ercuric acetate gave no reac­
tion w ith E hrlich’s reagent. The sedim ent was filtered  off, washed w ith  
1 %  m ercuric acetate, suspended in 80 ml. of w ater and then  saturated  
w ith H2S to decompose the m ercuric сотр іех . A fter filtering the HgS 
sedim ent, the excess of H2S was rem oved by aeration. The solution was 
concentrated to 25 ml. at room tem peratu rę  under reduced pressure 
(to avoid PBG condensation), pH was adjusted  w ith aąueous а т т о п іа  
solution to 4 and the solution crystallized for about 12 hr. at 0°. The 
pale pink crystals form ed w ere filtered, washed w ith w ater and dried 
over solid NaOH under reduced pressure. From  42 mg. of ó-amino- 
levulinic acid 10 mg. of crystalline porphobilinogen, m.p. 184 - 186° 
(with decomposition) was obtained. Paper chrom atography of the cry ­
stalline product was carried out a fte r Consden et al. [4] in two solyent
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246 W. WALERYCH [4]

system s; it gave one spot w ith R F 0.24 in propanol - am m onia - ethyl 
acetate - acetic acid - w ater (60:10:25:5:20, by vol.) and one spot w ith  Rp 
0.51 in butanol - acetic acid - w ater (40:10:50, by vol.).

Purijication oj d-aminolewulinic acid dehydratase

Acetone powder (10 g.) from propionic acid bacteria w as thoroughly 
ground in a porcelain m ortar, then 1 0 0  ml. w ater was added stepwise 
w ith stirring. The suspension was left standing for 20 - 30 min. at 
0 - 4 °  and then  centrifuged for 20 min. a t 34 000 g. Concentration of 
proteins and nucleic acids, and enzymie activity  w ere determ ined in the 
supernatant. F u rth e r steps of purification were perform ed at 0 - 4 ° .  The 
crude ex tract was trea ted  w ith solid amm onium  sulphate up to 35% 
saturation  and left in a refrigerato r for 25 min. The suspension was 
centrifuged for 20 min. a t about 40 000 g. The sedim ent was discarded, 
to the  supernatan t amm onium  sulphate was added to 60%  saturation, 
the m ixture  was left standing in a refrigerato r and then  centrifuged. 
The sedim ent was dissolved in 20 ml. w ater and the solution dialysed 
against 2 liter of distilled w ater. D uring the 12- or 16-hr. dialysis the 
w ater was changed six tim es un til no sulphate ions w ere detected in the 
solution. The dialysis residue was adjusted  to pH 6.5 w ith  0.001 м-phos- 
phate buffer and then  trea ted  w ith calcium  phosphate gel in the am ount 
of 12 mg. Ca3 (PO/j2 per 100 mg. protein. A fter 10 min. the  suspension 
was centrifuged for 5 min. at about 10 000 g and the sedim ent discarded. 
The protein solution, a fte r being thrice trea ted  w ith  the gel, w as chro- 
m atographed on a DEAE cellulose column ( 2 X 1 5  cm.). The colum n was 
prepared as follows. DEAE-cellulose (4.0 g.) was eąu ilib rated  w ith
0.001 м-phosphate buffer of pH 8.15, suspended in w ater and introduced 
into the column. A fter uniform  deposition of the exchanger a solution 
containing about 70 mg. of protein was introduced. Proteins w ere sepa- 
rated  by elution w ith w ater, 0.01 м-phosphate buffer of pH 7.2, and 
fu rth e r by concentration gradient elution w ith 0 .05-0 .1  м-phosphate 
buffer of pH 6 .6 . Fractions of 10 ml. w ere collected. The steps of pu ri­
fication are shown in Table 1. The presented data are m eans from  several 
determ inations. ó-Am inolevulinic acid dehydratase present in the  ex trac t 
of P. shermanii was purified about 140 tim es; the  specific activ ity  of the 
enzyme inereased from  0.05 in the crude ex tract to 6.85 (fraction 4a). 
The separation on DEAE-cellulose gave distinct fractions; the  most 
active w ere the fractions 4a and 4b. Rechrom atography of these fractions 
on DEAE-cellulose for fu rth e r purification gave negative resu lts  because 
of the inactivation of the enzyme. As resu lts  from the data in Table 1, 
the first two steps of purification, the fractionation w ith am m onium  
sulphate and the trea tm en t w ith calcium phosphate gel, gave only 6 -fold 
purification, however, the calcium phosphate rem oved the nucleic acids

http://rcin.org.pl



[5] AMINOLEYULINIC АСШ  DEHYDRATASE 2 47

T a b l e  1

Purification oj b-aminolevulinic acid dehydratase jrom  P. sherm anii
T h e a c tiv ity  w as assayed  in a m ix tu re  co n ta in in g : 0.2 ml. enzym e so lu tion ; 0.2 m l. 
0.01 m -A LA  so lu tio n ; 1 ml. м/15 p h o sp h a te  b u ffe r, pH  7.0; 0.5 ml. MgSC>4 w ith  f in a ł 

concn. 10—3m; and  w a te r  to  3 m l. In cu b a tio n  30 m in. a t 60°

Fraction
Volume

(ml.)

Total
protein
(mg.)

Activity
([лтоіе

PBG/mg.
protein)

Total
activity

Yield
(%)

1. Crude extract 700 11200 0.05 566 100
2. Fraction 35 - 60% sat.

(N H 4)2S 0 4 80 1920 0.27 528 93
3. Adsorption on С аз(Р04)2 gel

(1 - 3 X) 130 1196 0.32 384 68
4. Eluates from DEAE - cellulose 

column
a) fractions no. 10-15 49 3.9 6.85 27 |
b) fractions no. 19-20 26 6.5 6.42 42 32
c) fractions no. 26 - 30 35 385 0,29 113 1

T a b l e  2

Effect of metal ions on tlne activity oj d-aminolevulinic acid dehydratase
In c u b a tio n  m ix tu re : 0.2 m l. of enzym e (frac tion  4b); 0.2 ml. 0.01 м -A LA  so lu tion ; 
1 m l. m/ 15 p h o sp h a te  b u ffe r, pH  7.0; 0.5 m l. m e ta l sa lt  so lu tion , as in d ica ted  in  th e  

T ab le  to  f in a ł concn. of 10—3 м ; w a te r  to  3 m l. In cu b a tio n  30 m in. a t 60°

Addition 
(10-3 m )

Activity
(%)

Mg2 + 100
Cu2 + 0
Hg2 + 0
Ag + 0

Zn2+ 90
Pb2 + 60
Fe2+ 70
Fe3 + 75

Mn2 + 90
Ca2+ 85
Co2+ 90

th e  presence of which interfered w ith  purification of the enzyme on the 
ion exchanger. For amm onium  sulphate fractionation the reagent of 
highest grade of pu rity  (Fabryka Odczynników Chemicznych, Gliwice, 
Poland) was used. Application of am m onium  sulphate of lower purity  
caused inactivation of the enzyme in 90%.
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24 8 W. W ALERYCH [6]

T a b l e  3

Irihibition of b-aminolevulinic acid dehydratase activity
In cu b a tio n  m ix tu re  as in T ab le  1, w ith  M g2+ om itted . F ra c tio n  4b o f  th e  enzym e 

p re p a ra tio n  w as used. In c u b a tio n  30 m in. a t 60°

Addition 
(1 0 -3  m)

Inhibition
(%)

Iodoacetic acid 61
6-Chloromercuric-2-nitrophenol 83
EDTA 80
5-Chlorolevulinic acid 28
Tris 46

T a b l e  4

Balance experiment
In cu b a tio n  m ix tu re  as in T ab le  1. T h e  enzym e a f te r  th e  th ird  s tep  of p u rif ic a tio n  

w as  used. M ichaelis  co n s tan t К  =  3.0 X 10—4m

Incubation time
(5-Aminolevulinic

acid
(jj-moles)

Porphobilinogen
(t^moles)

0 3.00 _

1 hr. 1.68 0.64
Difference -1.32 0.64

T a b l e  5

Enzymie activity of crude extracts from  various P ropionibacterium
strains

P ro te in  e x tra c t  (0.2 ml.) fro m  b a c te r ia l ace to n e  pow der. O th e r  com ponen ts as in
T ab le  1. In c u b a tio n  30 m in. a t 60°

Strain Activity 
(pimole PBG/mg. protein)

P. shermanii 0.05
P. petersonii 0.015
P. freudertreichii 0.027
P. arabinosum 0.07

A ttem pts were also m ade to гешоѵе nucleic acids by protam inę or 
streptom ycin sulphate precipitation, th is m ethod was, however, aban- 
doned sińce it caused considerable (70%) inactivation of the enzyme. 
The chrom atography on carboxym ethyl-cellulose also inactivated the 
enzyme. A ttem pts to purify  the  enzym e by heat denaturation of the  
contam inating proteins or by fractionation w ith ethanol a t Iow tem pera­
tu rę  w ere also unsuccessful.
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[7] AMINOLEYULINIC AlCID DEHYDRATASE 249

The purified  enzyme preparation, fractions 4a and 4b, when stored at 
-10° lost about 10% of its activ ity  after 10 days. The isolated enzyme 
gave an absorption spectrum  characteristic for protein w ith a m axim um

Fig. l  Fig. 2

Fig. 1. E ffec t of p H  on th e  enzym ie  ac tiv ity  of p u rif ie d  enzym e p rep a ra tio n . 
In c u b a tio n  m ix tu re : 0.2 m l. of th e  enzym e (0.016 mg. p ro te in ), 0.2 ml. 0.01 m-A L A , 
0.1 m l. m/15 p h o sp h a te  b u ffe r, 0.5 ml. M g S 0 4 so lu tion  (finał concn. 10—3 m ), w a te r  

to  3 m l. In cu b a tio n  30 m in. a t  60°.

Fig. 2. E ffec t of te m p e ra tu rę  on reac tio n  y ield . C om position  of th e  in cu b a tio n  
m ix tu re  as g iven  in  F ig . 1; p h o sp h a te  b u ffe r  of pH  7.0. In cu b a tio n  30 m in.

F ig. 3 F ig . 4

Fig. 3. E ffec t of E D T A  o n  enzym e ac tiv ity . In cu b a tio n  m ix tu re  as in  Fig. 1; p h o s­
p h a te  b u ffe r  of pH  7.0. In cu b a tio n  30 m in. a t  60°.

F ig . 4. P o rp h o b ilin o g en  fo rm atio n  as a fu n c tio n  of in cu b a tio n  tim e. In cu b a tio n  
m ix tu re : 0.1 m l. p ro te in  so lu tion  (6.3 m g./m l.) a f te r  th e  th ird  s tep  of p u rifica tio n , 
0.2 m l. 0.01 M-ALA so lu tion , 1.0 m l. m /15 p h o sp h a te  b u ffe r  of pH  7.0 an d  0.5 m l.

M g S 0 4 (fina ł concn. 10—8 ).

http://rcin.org.pl



250 W. WALERYCH [8]

at 278 mu and a second m axim um  at 420 mu. It was repeatedly  observed 
tha t the enzymie activity of the protein  was alw ays associated w ith  its 
yellow coloration. It would seem th a t the enzyme contains a yellow  
pigment. This problem , however, was not studied rnore extensively 
in the present work.

The enzymie activity  was tested in phosphate buffer in the  presence 
of Mg2+ ions. U nder these conditions the optim um  pH for the  purified 
enzyme was 7.0 (Fig. 1) and the optim um  tem peratu rę  was 60° (Fig. 2).

M agnesium ions at 10- 3  м concentration activated the enzyme 
w hereas cobaltous, zinc and m anganous ions at the same concentration 
had a much sm aller effect. Неаѵу m etal ions such as Cu2+, Hg2+, A g+, 
inhibited the enzyme completely while ferric, ferrous and calcium  ions 
inhibited it only partially  (Table 2). To establish w hether bivalent m etal 
ions are essential components of the enzymie system  or s tru c tu ra l ele- 
m ents of the enzyme, the influence of sodium ethylenediam inetetraace- 
tate  (EDTA) on the enzymie activity was tested (Fig. 3). The effect of the  
SH group reagents, iodoacetic acid and 6-chloro-2-nitrophenol, is shown 
in Table 3. It was also found that tris  inhibited the enzymie activity  by

Fig. 5. P o rp h o b ilin o g en  fo rm a tio n  a t  v a rio u s  
enzym e con cen tra tio n s. In cu b a tio n  m ix tu re :
0.1 - 1.0 ml. enzym e (0.016 mg. p ro te in ) so lu ­
tion , 0.2 m l. 0.01 м -A L A  so lu tion , 1.0 m l. m /15 
p h o sp h a te  b u ffe r  of pH  7.0, 0.5 m l. M g S 0 4 
so lu tion  (finał concn. 10—я m ). In c u b a tio n  

30 m in . a t 60°.

a half and th a t 5-chlorolevulinic acid inhibited  porphobilinogen form ation. 
Balance experim ents showed that, w ith in  the lim its of experim ental 
error, from  2  pmoles of 5-am inolevulinic acid 1 pmole of porphobilinogen 
was form ed (Table 4). It was also dem onstrated th a t the yield of porpho­
bilinogen synthesis from  ALA is proportional to the incubation tim e 
(Fig. 4). It is also proportional to the concentration of the  enzyme (Fig. 5).

In acetone-pow der ex tracts of th ree  o ther stra ins of propionic acid 
bacteria the activity  of (5-aminolevulinic acid dehydratase was also 
dem onstrated (Table 5). The activity in various preparations of the  
individual strains was yariable and unreproducible depending on the  
culture, the m ethod of preparation of the acetone powder etc., therefore  
no conclusion can be draw n as regards the am ount of the enzyme in the 
exam ined bacteria.
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[9] AMINOLEYULINIC ACID DEHYDRATASE 251

DISCUSSION

Gibson et dl. [8 ] dem onstrated th a t <5-aminolevulinic acid dehydratase 
isolated from  the Ііѵег is inactivated by heavy m etal ions. The same 
effect on the enzyme from  Propionibacterium shermanii was observed. 
M agnesium  ion, in contrast to the data reported  by Gibson et al. for the 
Ііѵег enzyme, was found to activate the  bacterial dehydratase. The 
inh ib iting  effect of EDTA which was оѵегсоте by the addition of Mg24- 
ions allows to assume that for the fuli activ ity  of the bacterial enzyme 
the  presence of diyalent m etal ions, possibly Mg2+, is necessary. It should 
be noted th a t Schulm an [16] established the presence of m agnesium  in 
ALAD preparation  isolated from  the Ііѵег. Inhibition of the activity  by 
iodoacetic acid or 6 -chlorom ercuric-2 -nitrophenol, and also by heavy 
m etals, points to the sulphydryl character of the enzyme.

P re lim inary  experim ents indicated th a t the inhibition caused by these 
agents was partly  оѵегсоте by the addition of glutathione or cysteine. 
These two substances had, however, no influence on the enzymie activity 
in the  absence of the inhibitors. On the o ther hand, the enzyme isolated 
from  anim al tissue by Gibson et al. [8 ] and Schmid & Shem in [14] was 
activated  by glutathione and cysteine.

Betw een ALAD isolated from  P. shermanii and th a t obtained from 
the  Ііѵег or erythrocytes there  is a difference in optim um  tem peratu rę  

.fo r th e ir  catalytic activity, which for the  bacterial enzyme is 60° while 
for the  anim al enzymes it is 38°. The optim um  pH for the bacterial 
dehydratase  was found to be 7.0, sim ilarly as for the enzyme isolated 
by G ranick and Gibson.

SUMMARY

1. 5-Am inolevulinic acid dehydratase was found in Propionibacterium  
shermanii, P. freudenreichii, P. petersonii and P. arabinosum.

2. E x tracts of acetone-dried P. shermanii w ere fractionated and 
a 140-fold purification of the  enzyme was achieyed.

3. The optim um  temp. for the purified  enzyme was 60° and optim um  
pH 7.0. The enzyme was inhibited by heavy m etals, SH group reagent 
and EDTA. M agnesium ions activated the enzyme and оѵ егсате the 
inh ib iting  effect of EDTA.
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D EH Y D R A TA ZA  K W A SU  Ó -A M IN O LEW U LIN O W EG O  Z B A K T E R II 
K W A SU  PR O PIO N O W E G O

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

1. W ykazano , że k om órk i b a k te r ii  k w asu  p rop ionow ego : P ro p ion ibac ter ium  
sh erm a n ii, P. freu d en re ich ii, P. p e te rso n ii  i P. a rab inosum  z a w ie ra ją  d eh y d ra tazę  
k w asu  ó-am ino lew ulinow ego .

2. E k s tra k ty  z p ro szk u  acetonow ego  P. sh erm a n ii frak c jo n o w a n o  i uzysk iw ano  
140-k ro tne  oczyszczenie enzym u.

3. O p tim u m  te m p e ra tu ry  oczyszczonego enzym u w ynosiło  60° a o p tim um  
pH  7,0. B ad an ą  d e h y d ra ta z ę  ham o w ały  odczynn ik i g ru p  SH  o raz  ED TA  i jony  C u!+, 
H g2+, A g+ . Jo n y  m agnezu  a k ty w o w a ły  enzym  a tak że  znosiły  in h ib ic ję  w y w o łan ą  
p rzez  EDTA .

R ece iyed  15 D ecem ber 1962.
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J. KAWIAK

PRESENCE OF CHONDROITIN SULPHATE IN CHONDROCYTES

II. SYNTHESIS OF CHONDROITIN SULPHATE IN THE CELLS *

D ep a rtm en t o f H isto logy  and  E m bryo logy , M edical School, W arszaw a

The site of m ucopolysaccharide synthesis in the connective tissue is 
discussed by several authors. Most of the autoradiographic observations 
[18, 6 , 3] suggested th a t synthesis of sulphate m ucopolysaccharides occurs 
in the cells, o ther authors [19], however, supposed th a t only precursors 
for polysaccharide synthesis are produced in the cells and th a t fu rth e r 
synthetic processes go on in the in tercellu lar space.

Histochemical and autoradiographic evidence for the presence of 
chondroitin sulphate in chondrocytes has been previously described [15]. 
In  the present experim ents a more direct approach to the problem  was 
possible because of the use of a m icromethod, sim ilar in some principles 
to the extraction m ethods for nucleic acids [8 ,9]. This m icrom ethod 
enabled qualitative analysis to be carried out on smali sam ples of 
cartilage cells free of ex tracellu lar m ateriał. The resu lts indicate that 
m ucopolysaccharides are synthesized in the cells.

MATERIALS AND METHODS

S p e c ia l  r e a g e n ts  a n d  S o lu tio n s . Sodium [35S]sulphate, ІОООцо/ml. 
carrier-free  (The Radiochemical Centre, Am ersham , England). Chon­
droitin  sulphate containing 2.95% N and prepared by the alkaline 
m ethod, and Ьоѵіпе album in (V fraction) used as standards were 
commercial products (L. L ight & Co., Colnbrook, England). H eparin 
was an old lyophilized preparation  obtained from Prof. J. Zweibaum. 
D extran was from  Pharm acia, Uppsala, Sweden (No. KH 6811). 
Lyophilized testicu lar hyaluronidase preparation was purchased from 
W ytw órnia Surowic i Szczepionek, W arszawa, Poland. Toluidine blue 
(G. T. Gurr, London, England) was fractionated w ith HgCl2 by Dr. A. Bil­
ski, and Amido Schwarz 10 В was a product of F luka AG Chemische 
Fabrik, Buchs SG.

Tris-glucose-salt solution used as incubation medium  contained 
sodium [35S]sulphate, 4.7 цо/ml., and consisted of 1 part of 0.05 м-tris-ace-

* P a r t  I [15].
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ta te  buffer, pH 7.5, m ixed w ith  9 parts of a solution composed of 8.0 g. 
NaCl, 0.2 g. KC1, 0.2 g. CaCl2, 0.1 g. MgCl2, 1.0 g. glucose in 1000 ml. 
of bidistilled w ater. Collodion solution was prepared  as follows: 1 g. of 
cellulose tri- ,te tran itra te  dried over P 20 5 was dissolved in 100 ml. of gla- 
cial acetic acid. The solution was stable for about 1 m onth; afterw ards 
it became yellow and was no longer used.

Cartilage. Distal and р го х іта і cartilaginous epiphyses of fem oral 
bones were taken from  60 W istar ra ts  14 to 20 days old and w ere 
prepared as previously described [15].

Incubation with [35S]sulphate . Sam ples of cartilage of р го х іта і and 
distal epiphyses (арргох. 380 mg. w et wt. each) w ere incubated separa- 
tely  at 37° in 12 ml. of tris-glucose-salt solution containing [3 5S]sulphate. 
A fter 20 min. incubation, the tissue was transferred  to 96°/o ethanol 
and left overnight. From  each sample of cartilage two fragm ents w ere 
taken, passed through 1 0 0 %  ethanol, benzene, and then  embedded in 
paraffin. They w ere used for autoradiography and isolation of the 
chondrocytes. The rem aining tissue was dried at 105° to constant w eight 
and used for polysaccharides isolation.

Samples of cartilage heated for 5 min. a t 100° and then  incubated 
in the medium containing radioactive sulphate w ere used as Controls.

Isolation of chondroitin sulphate from  the cartilage. The procedurę 
described by Bostrom [4] was applied w ith  two slight differences: 
sm aller portions of cartilage w ere extracted, and centrifugation at 
3000 g for 30 min. instead of 12 000 g for 10 min. w as applied. To 48 mg. 
of dry cartilage 1 ml. of distilled w ater was added and the suspension 
was heated for 15 min. a t 100°. A fter cooling to 5°, 1 ml. of 1 N-NaOH 
was added and the suspension was m ixed for 18 hr. a t 5°. Then the 
sample was adjusted to pH 6  w ith  diluted acetic acid, the cartilage was 
removed, washed w ith w ater and washings were added to the extract. 
The combined Solutions were concentrated in ѵасио to 1 ml. and centri- 
fuged for 30 min. at 3 000 g. To the supernatan t 3 volumes of ethanol 
were added. The precipitate form ed was sedim ented, washed w ith 80% 
ethanol and dried. Then it was dissolved in 1 ml. of distilled w ater, 
added w ith 8  ml. of glacial acetic acid and after 2  hr. a t room temp. the 
precipitate was separated, washed w ith glacial acetic acid and ethanol, 
dried and dissolved in 5 ml. of distilled w ater. The solution was adjusted 
to pH 5 - 6  w ith sodium carbonate solution, centrifuged for 30 min. at 
3 000 g and the elear supernatan t dialysed overnight at 5° against two 
changes of distilled w ater (2 liter each). The dialysis residue was 
shaken for 15 min. w ith 0.2 g.- of kaolin. The kaolin was removed, the 
solution was concentrated and the traces of kaolin w ere separated. From  
the supernatant, sodium chondroitin sulphate was precipitated  w ith  
3 vol. of ethanol containing 20 mg. of NaCl. The precipitate  was dried 
in air and then over P 2Os to constant weight. The yield was 7 - 9  mg.
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W hen 10 mg. portions of standard  chondroitin sulphate were subm itted 
to the  same procedurę, the гесоѵегу was about 75°/o.

Electrophoresis. Paper electrophoresis of the isolated chondroitin 
sulphate was perform ed on W hatm an no. 2 paper in 0.1 м-acetate buffer, 
pH 5.0, at 5.0 v/cm. and 3.0 mA. The apparatus w ith  p latinum  electrodes 
was sim ilar to th a t described by W ieland [26]. S tandard  chondroitin  sul­
phate and heparin  moved w ith the relative velocities as observed by Rie- 
nits [22]. D extran, 300 м-g., was used to tracę  electro-osm otic flow, and 
4 %  acid fuchsin solution was used as an indicator for the observation 
of the  supposed velocity of chondroitin sulphate [11]. Aąueous Solutions 
of the  tested substances were applied in about 50 м-g. amounts.

Chondroitin sulphate and heparin were stained w ith 0.1°/o toluidine 
blue solution in 30°/o ethanol. The paper was subseąuently  w ashed w ith 
several changes of dilu ted  acetic acid. D extran was stained w ith 
satu rated  solution of Amido Schwarz 10 В in m ethanol - acetic acid 
m ixture  (9 :1 , v/v). Then the strips were washed w ith the same m ixture 
of m ethanol and acetic acid.

Paper chromatography. This was perform ed after K erby [16]. 
Ascending techniąue at 5° on W hatm an no. 1 paper was used, w ith 
a solvent consisting of 1/15 м-phosphate buffer, pH 6.4, and propanol 
(3 :1 , v/v). S tandards of chondroitin sulphate and heparin in am ounts 
of 13 and 60 vŁg., respectively, w ere chiromatographed sim ultaneously. 
W hen the m ix ture  of the two standards was chrom atographed, two spots 
were obtained, chondroitin sulphate having the higher R F value.

Treatment w ith  hyaluronidase. Testicular hyaluronidase, 10.5 mg. 
(about 600 turbidim etric  units) was dissolved in 1 ml. of 0 . 1  м-acetate 
buffer, pH 4.6, containing 0.45% NaCl and 0.1% gelatine as stabilizer 
of the  enzyme. The preparation of chondroitin sulphate was incubated 
w ith the enzyme solution for 48 hr. at 39° under toluene. A fter 24 hr. 
incubation the second portion of the enzyme was added. The incubated 
m ix ture  was placed on W hatm an no. 1 paper, dried and stained w ith 
toluidine blue. The control w ithout hyaluronidase was trea ted  in the 
same m anner.

Radioactivity measurements. These w ere perform ed on isolated from 
cartilage chondroitin sulphate in infinite th in  layer (50 n<g./3.14 cm.2) 
w ith an end-w indow Geiger-M tiller counter (1.5 mg./cm.2) and in con- 
stan t geometrie conditions. Self-absorption was negligible, bu t the  self- 
-absorption curves nevertheless w ere prepared. Corrections w ere made 
for radioactivity decay and background. A sufficient num ber of counts 
was collected to obtain a statistical error lower than  3%.

The radioactivity  on chrom atogram s and electrophorogram s was 
m easured w ith sim ilar end-w indow G-M counter supplied w ith 
a 10 X 3 mm. aperture .
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A utoradiogram s of 7 u cartilage sections were prepared w ith  stripping 
film  AR-10, Kodak Ltd. [21].

Extraction of chondroitin sulphate from  isolated chondrocytes. Ali 
m anipulations w ere carried out at room tem peratu rę  (18°) except w hen 
otherw ise stated. The cartilage em bedded in paraffin  was cut into 10 u 
sections which w ere adhered w ithout use of egg album in on coverslips 
( 1 2  X 32 X 0.17 mm.). A fter гетоѵ аі of the  paraffin, the sections were 
passed through 100%, 96%, and 70% ethanol, then  hydrated  w ith 2% 
N a 2 S 0 4 solution (w/v) and w ater. Each preparation was placed in w ater, 
and the  cartilage was rem oved w ith  a needle in order to separate the 
chondrocytes from  the in tercellu lar substance [15]. D uring th is proceduro 
the  chondrocytes of the opened lacunae adhering to the  coverslip 
rem ained  on the glass while the in tercellu lar substance together w ith 
the cells still embedded in it, was removed. The coverslip w ith  the sepa- 
ra ted  chondrocytes was transferred  to de Fonbrune oil cham ber in 
w hich the subseąuent stages of the procedurę w ere perform ed. The 
m icrom anipulator of de Fonbrune was used for handling the cells and 
for directing the m icropipettes. The basie procedures w ere sim ilar to 
those used in nucleic acid determ inations in cells [8 , 9].

Chondrocytes taken at random  from  different regions of cartilage 
w ere transported  under paraffin  oil onto another coverslip. Groups of 
2 0  chondrocytes w ere collected and after evaporation of w ater арргох. 
0.1 mul. of 0.5 N-NaOH was added to each group of cells. The extraction 
was perform ed at 5° under paraffin  oil saturated  w ith  w ater and in an 
atm osphere satu rated  w ith 0.5 N-NaOH solution. A fter 20 hr. the tem ­
p e ra tu rę  of the oil cham ber was eąuilibrated  w ith room tem peraturę, 
the  ex trac t was rem oved w ith  a m icropipette (5 to 7 u diam eter of the 
tip) and evaporated on another coverslip in the oil-free com partm ent 
of the  cham ber. The ex tracted  cells w ere washed twice w ith w ater in 
th e  following m anner. A drop (0.1 mul.) of distilled w ater was draw n 
into the  same m icropipette and applied on the cells. Thus the rem nants 
of the  solution in the p ipette are included into the washings. The two 
w ashings w ere placed on the coverslip near to the ex tract. The dried 
ex trac t and washings on the coverslip w ere washed w ith  glacial or 80% 
acetic acid to neutralize sodium hydroxide, and surplus acetic acid was 
evaporated.

Subseąuently  the coverslip w ith  the ex tract was dipped in collodion 
solution and dried overnight above M gS04. The form ed m em brane was 
about 0.4 u thick, as m easured w ith the interference microscope. The 
p repara tion  was subm itted to dialysis for 24 hr. against distilled w ater 
a t 5°. A utoradiogram s of the dialysed celi ex tracts w ere made by 
covering them  w ith AR-10 emulsion and exposing for 4 weeks. Then 
ex trac ts  w ere stained w ith  0 .0 1 %  toluidine blue solution in 0 . 1  м-acetate
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buffer, pH 4.5. The cells rem aining a fte r the extraction were autoradio- 
graphed and stained in the same m anner.

In prelim inary  experim ents арргох. 0.1 mul. yolumes of 0.5% standard  
chondroitin  sulphate solution in 0.5 N-NaOH or in w ater were evaporated 
on coverslips, washed w ith glacial or 80% acetic acid and covered w ith  
collodion m em brane. As checked w ith phase-contrast microscope, the 
chondroitin sulphate persisted on the glass after all th is procedurę.

RESULTS

Sodium chondroitin sulphate isolated from  the cartilage was iden- 
tified by paper electrophoresis, paper chrom atography and hyaluronidase 
treatm ent.

On electrophoresis, the isolated preparation moved w ith  the  same 
velocity as the standard  chondroitin sulphate. The m easurem ent of 
radioactivity revealed one peak which m atched the area exhibiting 
m etachrom atic staining properties (Fig. 1). On paper chrom atogram s, the 
isolated chondroitin sulphate moved sim ilarly as the standard  sample. 
Radioactivity occupied the area stained w ith toluidine blue.

H yaluronidase trea tm en t of the chondroitin sulphate preparation 
led to the disappearance of m etachrom asia which was not observed in 
control incubations w ithout the enzyme. The sensitivity to hyaluronidase 
indicates th a t the isolated 35S-labelled polysaccharide is chondroitin 
sulphate A and/or C.

T a b l e  1

Radioactivity of chondroitin sulphate isolated from rat fem ur  epiphyseal 
cartilages incubated with  / 35S/ sulphate 

F o r d e ta ils  see M ethods

Cartilage Counts/min./50 (j.g. dry wt.

Ргохітаі epiphysis 3020
Distal epiphysis 2508
Control (distal epiphysis heated

for 5 min. at 1000 before incu­
bation) 74

The preparation contained some protein, the am ount of which was 
estim ated sem iquantitatively  w ith  2 %  sulphosalicylic acid and by 
staining the spot on the  filte r paper w ith Amido Schwarz 10 B. The 
resu lts compared w ith  appropriate  Ьоѵіпе serum  album in Solutions 
indicated th a t no more than  0.5% of protein was present in the isolated 
chondroitin sulphate.

Chondroitin sulphate obtained from  р го х іта і and distal epiphyses 
incubated w ith [35S]sulphate showed radioactivities as presented in
2
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Table 1. Relative activities rem ained unchanged after the preparations 
w ere passed through A m berlite IRA-400(OH~) colum n (15 X 0.5 cm.). 
However, smali am ounts of chondroitin sulphate, proportional in all 
samples, were adsorbed on the resin. Under the same conditions the 
m ix tu re  of 0.4% w ater solution of non-radioactive chondroitin sulphate 
and [35S]Na2 S0 4  (465 000 counts/min.) after passing through the A m ber­
lite colum n showed a background activity  of 13 counts/m in. It follows 
th a t the  chondroitin [3 5S]sulphate preparation did not contain detectable 
am ounts of inorganic [35S]sulphate.

Autoradiogram s of cartilage sections showed th a t the bulk of radio- 
activ ity  was localized w ithin the cells; in the m atrix  only traces of 
radioactiv ity  w ere found. Chondrocytes used for m icro-extractions w ere 
microscopically free from  in tercellu lar substance; they  w ere radioactive 
and showed m etachrom atic reaction w ith  toluidine blue. The alkaline 
ex traction  rem oved the m etachrom atic as well as radioactive m ateriał 
from  the cells.

The ex tracts of chondrocytes showed the presence of substance(s) 
w ith  properties of acid mucopolysaccharides. They w ere soluble in 
w ater, v irtua lly  insoluble in glacial acetic acid, did not dialyse through 
the collodion m em brane and showed m etachrom atic reaction w ith 
d ilu te  Solutions of toluidine blue. P a rt of the m ateriał in ex tracts 
exhib ited  also an ortochrom atic reaction. Autoradiogram s of the dialysed 
chondrocyte ex tracts showed the presence of 35S-labelled substances 
(Fig. 2). The radioactivity was not due to inorganic [3 5S]sulphate n o r 
to [3 5S]phosphosulphate nucleotides [1,24] sińce 2%  natrium  sulphate 
(non-radioactive) and w ater treatm ents applied to the cells before 
ex traction , as well as acetic acid trea tm ent and dialysis of the ex tracts 
would have rem oved them . The radioactivity, howeyer, persisted a fte r 
all these procedures. It appears then that radioactive su lphur is p resent 
in some high-m olecular compound(s). This compound was sensitive to 
hyaluronidase treatm ent; the ex tract treated  w ith the enzyme and 
dialysed exhibited lower radioactivity.

The above results perm it to conclude tha t in the  ex tract from  
chondrocytes the sulphated acid m ucopolysaccharides w ere present. 
P robably  these are chondroitin sulphates and/or the ir complexes w ith  
some o ther compounds.

F ragm ents of the m atrix  free from  cells, ex tracted  and subm itted 
to the same procedurę as ex tracts from chondrocytes, gave a strong 
m etachrom atic reaction. Autoradiogram s of these ex tracts were n o t 
prepared .

http://rcin.org.pl



Fig. 1. P a p e r  e lec tro p h o res is : (1) s ta n d a rd  cho n d ro itin  su lp h a te , (2) ch o n d ro itin  su l­
p h a te  e x tra c te d  from  d is ta l ep iphysis, (3) h ep a rin , (4) d e x tra n  (two sm a li spots). 
0.1 м -a c e ta te  b u ffe r, pH  5.0 a t 5^0 v/cm . and  3.0 mA, 1(8°. S ta in ed  w ith  0.1°/o to lu id in e  
b lue  in 30% e th an o l; d e x tra n  s ta in ed  w ith  A m ido S chw arz  10 B. T he d iag ram  
re p re se n ts  th e  ra d io a c tiv ity  of e lec tro p h o ro g ram  of th e  ex tra c te d  ch o n d ro itin  su l­

p h a te  (2).

Fig. 2. A u to rad io g ram  of th e  chond rocy te  ex trac t. T w en ty  cells w e re  e x tra c te d  
w ith  0.5 N-NaOH fo r 20 h r. a t 5°. T he e x tra c t and  th e  tw o w ash ings w e re  p u t on 
a coverslip , d ried , tr e a te d  w ith  acetic  acid, covered  w ith  collodion m e m b ra n e , 
d ia ly sed  and  covered  w ith  au to rad io g rap h ic  em ulsion. E x posu re : 4 w eeks. Д85 X .

A CTA  B IO CH IM . PO LO N ., vol. 10, 1963 (fac ing  p. 258)
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m ucopolysaccharides disappear from  the cartilage and probably this 
leads to increased release of the synthesized polysaccharides from  the 
chondrocytes into the m atrix .
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SUMMARY

Possibility of chondroitin sulphate synthesis in cartilage cells was 
dem onstrated. In the cartilage incubated for 20 min. in a m edium  
containing p 5S] Na2S 0 4 the radioactiyity was localized in the cells. 
From  the cartilage, 35S-labelled chondroitin sulphate was isolated. 
Separated  chondrocytes w ere ex tracted  w ith a new  micromethod. 
In the  ex tract, radioactiye substances w ith properties of acid m ucopoly­
saccharides w ere found.
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O BECNO ŚĆ SIA R C Z A N U  C H O N D R O ITY N Y  W C HO ND ROCYTA CH

II . S Y N T E Z A  S IA R C Z A N U  C H O N D R O IT Y N Y  W  K O M Ó R K A C H

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

W ykazano  m ożliw ość sy n tezy  sia rczan u  ch o n d ro ity n y  w  k o m órkach  ch rząs tk i. 
C h rzą s tk a  in k u b o w an a  p rzez  20 m in. w  środow isku  zaw ie ra jący m  [35S] N a 2 Ś 0 4  m ia ła  
rad io ak ty w n o ść  u m ie jsco w io n ą  w  kom órkach . Z ta k ie j ch rząs tk i izo low ano sia rczan  
ch o n d ro ity n y  znaczony  35S. P o słu g u jąc  się now ą m ik ro m eto d ą  ek s trah o w an o  ch o n d ro - 
cy ty  izo low ane z c h rz ą s tk i i w  w yciągu  s tw ierdzono  ra d io a k ty w n e  su b s ta n c je  
o w łasnośc iach  k w aśn y ch  m u kopo lisacharydów .

R eceiyed  00 F e b ru a ry , 1963.
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MIROSŁAWA PIECHOWSKA and D. SHUGAR

FRACTIONATION OF NATIVE AND HEAT DENATURED 
TRANSFORMING DNA BY CHLOROFORM TREATMENT

In s titu te  o f B io ch em is try  and B iophysics, P olish  A c a d e m y  o f S c iences , W arszaw a

Since its introdu.ction in 1934 by Sevag [25,26], the chloroform  
m ethod has been w idely applied to the deproteinization of deoxyribo- 
nucleic acids. Its effectiveness in this respect is so well appreciated that, 
even w hen other techniąues have been used for deproteinization, they 
a re  freo.uently followed by one or two chloroform  treatm ents.

In its usual form  the procedurę involves the energetic shaking of 
a salinę solution of deoxyribonucleoprotein w ith one-third to an eąual 
vol.ume of chloroform  or a m ixture of chloroform  and isoamyl or octyl 
alcohol [3, 25, 26] ostensibly to lim it foaming. The protein is denatured 
by this treatm ent and following centrifugation of the m ixture, is found 
in the interphase. This trea tm en t has variously been reported to result 
in a decreased yield of nucleic acid which, in some instances, has been 
minimized by efficient washing of the chloroform  gels [3]. The trea tm en t 
has been regarded as w ithout any deleterious effect on the nucleic acid 
itself and this opinion is strongly reinforced by the observation of Аѵегу 
et al. [1 ] th a t chloroform  deproteinization trea tm en t does not a lte r the 
biological activity of T-DNA l.

It appeared of in terest to us to е х а т іп е  the natu rę  of the DNA which 
has been occasionally reported  as appearing in the interphase following 
chloroform  treatm ent. D uring such a study it was found th a t when 
dilute Solutions of DNA are subjected to chloroform  treatm ent, heat- 
-denatured DNA is readily  rem oved from the aąueous phase while 
native DNA is rela tively  unaffected. This provides, therefore, an addi- 
tional m ethod not only for following the course of heat denaturation  of 
DNA but, w hat is even more im portant, a simple procedurę for the 
separation of native from  heat-denatured  DNA. The use of biologically 
active, such as transform ing, DNA offers also the possibility of applying 
additional criteria to the d ifferentiation of molecules carrying genetic 
m arkers.

1 T he fo llow ing  a b b re v ia tio n s  a re  u sed  in th is  te x t: T -D N A , tra n s fo rm in g  DNA; 
SSC, an  aąu eo u s so lu tion  of 0.15 м -N aC l in 0.015 м -sod ium  c itra te ; A -T , ad en in e - 
-th y m in e  base  p a ir  in D N A ; G -C , g u an in e -cy to s in e  base p a ir; D HS, С an d  E re fe r  
to th e  d ih y d ro strep to m y c in , ca thom ycin  and  e ry th ro m y c in  re s is tan ce  m a rk e rs  of 
T-D N A .
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D uring the course of this inyestigation, a brief com m unication by 
B en-Porat et al. [2] reported  that, following adm inistration of a pulse 
of [14C]thym idine to a cu lture  of tissue cells, the newly synthesized 
labelled DNA could be separated from  the to tal cellular DNA by shaking 
the crude tissue DNA ex tract w ith  a m ixture  of chloroform  and isoamyl 
alcohol, the new ly-synthesized DNA passing into the interphase. Not- 
w ithstanding the d ifferen t conditions employed in the inyestigation of 
B en-Porat et al. [2], the phenom enon appears of sufficient in terest to 
w arran t an inyestigation of the  natu rę  of the fractionation achieved.

In the present study the difference in behayiour tow ards chloroform  
of native and heat-denatured  DNA was used to follow the course of 
heat inactivation of streptococcal DNA. One of the objectiyes was to 
determ ine w hether partially  denatured  DNA is due to the total inactiva- 
tion of only a given fraction of the molecules, w ith a more resistan t 
fraction rem aining unaffected; or to the partial inactivation of all, or 
most, of the molecules. This was fu rth e r facilitated by the use of T-DNA.

P articu la rly  in teresting is the problem  of the residual biological 
activity  of heat-inactivated  T-DNA. W hen inactivation is conducted 
under conditions such th a t * depurination [10] and chain scission [13, 
2 2 , 6 ] are  avoided, the biological actiyity does not decrease to zero w ith 
tim e of heating, bu t reaches a p lateau value [2 1 ] now commonly refe rred  
to as the  ‘‘residual” actiyity. The ąuestion has arisen as to w hether the  
residual actiyity  is an inherent property  of the single strands resu lting  
from heat denaturation, or w hether it is due to partial rena tu ra tion  
even under conditions w here the  heated DNA is rapidly chilled [4, 16]. 
One o ther possible explanation for this phenomenon m ay be enyisaged, 
viz. the existence of a fraction so rich in G-C content th a t the  tw in 
strands do not separate under the conditions of heat denatu ration  
h itherto  employed. Such a fraction might. be expected to re ta in  its 
biological actiyity  even after heating at 1 0 0 °. If so, this would indicate 
tha t a given m arker is d istribu ted  amongst d ifferen t DNA m olecules 
(and th is would, in tu rn , exclude the possibility of concentrating the  
m arker by ordinary DNA fractionation procedures).

From  the experim ents of Ginoza & Zimm [9] it appears th a t the  
residual actiyity  of a pneumococcal T-DNA preparation is quan tita tively  
unaltered  w hen the concentration of the heated DNA is yaried over 
a 100-fold rangę. This, of course, argues against renatu ra tion  as the  
source of residual actiyity sińce renatu ration  varies, as expected, w ith 
the sąuare  of the concentration [5, 16].

Density gradient centrifugation has shown th a t residual actiy ity  is 
located in the denatured DNA band [11,23]. The ąuestion, therefore, 
poses itself as to w hether DNA exhibiting residual actiyity  is in the 
form  of a single strand or a partially  dissociated tw in strand. An exam i- 
nation of heat-denatured  Bacillus subtilis T-DNA is claimed to have
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dem onstrated  the existence of a partially  denatured fraction w ith  bio~ 
logical activity  [17].

It is elear tha t characterization of the residually active DNA m ay 
help to clarify  the natu rę  of the heat denaturation  mechanism. In this 
connection an exam ination has been m ade of the heat inactivation of 
T-DNA in sodium perchlorate solution, profiting from  the observation 
[7,12] th a t 7.2 м-perchlorate reduces the denaturation tem pera tu rę  of 
DNA by as m uch as 40 - 50° as compared to tha t in SSC. A ssum ing th a t  
no h itherto  unknow n factors intervene, as regards denaturation  of DNA 
in aąueous perchlorate, then  heating of DNA at 100° in 7.2 м-perch lorate  
should be equivalent to heating at about 140° in SSC. Hence, if a given 
DNA preparation  contains some fraction which is heat-resistan t in SSC, 
it should nonetheless undergo complete denaturation  at 100° in 7.2 м-per­
chlorate sińce the resu ltan t “equivalen t” tem peraturę  in the  la tte r  
solvent is m ore than  sufficient to separate the tw in strands of the syn- 
thetic  polym er poly-dG +  poly-dC [15]. If, therefore, the residual 
activ ity  is linked to some highly enriched G-C fraction, it should be
com pletely inactivated a t 100° in 7.2 м-perchlorate.

MATERIAŁ AND METHODS

The calf thym us DNA, highly polymerized, was prepared according 
to standard  techniques [5a, 13a] in this laboratory. T ransform ing DNA 
from Streptococcus Challis group H was obtained by a procedurę
previously described [19] and contained the  m arkers for resistance to
d ihydrostreptom ycin (DHS), cathom ycin (C) and erythrom ycin (E).

A purinic acid was prepared from calf thym us DNA according to 
C hargaff [3]. Yeast RNA was a commercial M erck preparation.

Heat denaturation. Sam ples of 0.5 ml. DNA at a concentration of 
20 (Ltg./ml. (unless otherw ise stated) were sealed into ampoules which 
were im m ersed in a heated w ater bath for 10 or 15 min. Tem peratures 
w ere m aintained constant to ±  0.15° by m eans of a Hoeppler ultra* 
therm ostat. Im m ediately after heating the ampoules were rem oved and 
dropped into an ice-w ater bath. D enaturation in aqueous perchlorate 
was carried  out as described by Ham aguchi & Geiduschek [12] using
7.2 м-perchlorate in 0.1 м-sodium versenate.

M easurement oj D N A concentration. This was based on readings of 
extinction at 260 т ц  in a Beckman DU spectrophotom eter a t room 
tem peratu rę . Since m ixtures of native and heat-denatured  DNA w ere 
m easured in the same way, th is introduces some erro r due to the  hyper- 
chrom icity of denatured DNA; streptococcal DNA heated for 10 min. 
at 100° in SSC, and then  rapidly  chilled, exhibits ll°/o hyperchrom icity  
at room tem peraturę. This source of e rro r was disregarded because: 
(a) it is less than  the errors involved in m easurem ent of transform ing
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activity , and (b) its direction is such th a t the validity of the finał results 
w ould be im proved if it w ere taken  into account.

Melting curves, or temperaturę profiles of DNA. These were 
determ ined on a Hilger Uvispek or a Unicam SP500 spectrophotom eter, 
using specially constructed com partm ents for 3 cuvettes, the com part- 
m ents being m aintained at the  desired tem peratu rę  by the circulation 
of w ater from a Hoeppler u ltra therm osta t. The com partm ent tem pera­
tu rę  was calibrated against the  therm ostat tem peratu rę  by m eans of 
copper-constantan therrnocouples. Sam ples w ere m aintained at the 
desired tem peratu rę  for 5 min. prior to taking extinction readings so as 
to allow a tta inm ent of ląu ilib rium . No corrections were m ade for 
therm al expansion of solvent during heating.

Transforming actiuity. The procedurę for m easurem ent of the 
activities of the various m arkers has been previously described [19]. 
Only the stra ight line portions of the calibration curves were used.

Chloroform fractionation. To a solution of DNA in a centrifuge test 
tube was added one-third its volume of chloroform  and the tube agitated  
on a linear shaker w ith a displacem ent of 3 cm. and a freąuency  of 
200 cycles/m in. Following 20 min. shaking the m ixture was centrifuged 
at 1000 r. p. m. for 2 min. The aąueous phase w as removed and subm itted  
to a second chloroform  treatm ent, and this was repeated until the  DNA 
concentration in the aąueous phase had reached a m inim um  plateau 
value. Four to five trea tm ents w ere norm ally reąuired, the firs t being 
alw ays 20 min. and subseąuent ones 10 -15  min. In a typical experim ent 
on a 1 :1  m ixture  of native and heat-denatured  DNA, 69% rem ained 
in the aąueous phase following the first chloroform  treatm ent, 60% 
following the second and 50% after the fourth.

RESULTS

Separation of native and heat-denatured DNA by means of chloro­
form. In initial experim ents it was observed th a t shaking w ith chloroform  
of a solution of calf thym us DNA in SSC results in the transfer to the 
in terphase of about 30% of the DNA. If the DNA is first heated at 100° 
and rapidly  chilled, then chloroform  trea tm en t removes about 60% from 
the aąueous phase.

For streptococcal DNA the differences were much m ore pronounced, 
chloroform  trea tm en t rem oving at most 1 0 %  from a native sam ple and 
up to 82% after denaturation  at 1 0 0 °.

The foregoing suggested a tria l w ith a 1 : 1 m ix ture  of native and 
heat-denatu red  DNA. Following chloroform  trea tm en t of such a m ixture  
of streptococcal DNA, about 50% of the to tal rem ained in the aąueous 
phase, suggesting tha t the native and heat-denatured  fractions had been 
effectiyely separated. This was fu rth e r tested by an exam ination of the
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tem p era tu rę  profiles of the DNA rem aining in the aąueous phase and 
th a t ex tracted  from  the interphase. To dissolve the la tte r fraction, it 
w as suspended in SSC, the chloroform rem oved at 37° and the  resulting 
prec ip ita te  dissolved in SSC and dialysed against the same solvent.

From  Fig. 1 it w ill be seen that the tem peratu rę  profile of the DNA 
rem aining in the aąueous phase is sim ilar to tha t for the native DNA. 
The 2.5% decrease in hyperchrom icity as compared to th a t for the 
orig inal native preparation, may be due in part to incomplete гетоѵ аі of

d en a tu red  DNA. On the other hand the profile for the DNA extracted  
from  the interphase corresponds to that of a preparation fully denatured 
a t 1 0 0 °; it is also sim ilar to the profile of a heat-denatured  preparation 
of Diplococcus pneumoniae  DNA [16].

Influence of addition of isoamyl alcohol. If, in place of chloroform  
alone, one uses a m ix tu re  of isoamyl alcohol - chloroform  ( 1  : 24) such 
as is norm ally employed for deproteinization of nucleoprotein [14], the 
ab ility  to differentiate  native from denatured DNA is abolished. Such 
a m ix tu re  will гетоѵ е from the aąueous phase only a few percent of 
e ith e r native or denatured  DNA.

Influence of D N A concentration. While the m ajority  of experim ents 
w ere conducted w ith a DNA concentration of 20 ug./ml., identical 
resu lts  were obtained w ith  concentrations as Iow as 5 iLig./ml. Analogous 
findings prevailed w hen the DNA concentration was increased to 
50 ug./ml. but, a t 100 ug./ml., the am ount of DNA removed by chloro­
form  trea tm en t was m arkedly reduced. This is very likely due to 
appreciable form ation of aggregates of denatured DNA form ed a t these 
concentrations [24].

Influence of concentration and type of salt. In 0.01 м-NaCl little  
fractionation of native from  denatured DNA could be observed; at best 
only about 20% of the  denatured DNA was rem oyed from the aąueous

F ig . 1. T e m p e ra tu rę  p ro file s  in SSC fo r 
D N A  f ra c tio n a te d  from  a 1:1 m ix tu re  
of n a tiv e  and  h e a t-d e n a tu re d  (at 100°) 
s tre p to c o c c a l DNA. (□ ), N a tiv e  DNA;
(O ), D N A  rem ain in g  in a ąu eo u s  phase  
fo llo w in g  ch lo ro fo rm  tr e a tm e n t of m ix - 
tu r e  of n a tiv e  and  d e n a tu re d  sam ples; 
(Д ), D N A  a f te r  h ea t d e n a tu ra tio n  ca r-  
r ied  in to  in te rp h a se  by ch lo ro fo rm

tre a tm e n t.
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phase to the interphase. In О.Ібм-NaCl the resu lts were sim ilar to those 
obtained w ith an SSC solution of DNA. In saturated  NaCl solution, on 
the o ther hand, chloroform  trea tm en t rem oved from the aąueous phase 
over 90°/o of e ither native or denatured  DNA. However, from a DNA 
solution in 7.2 м-perchlorate w ith  added sodium yersenate, chloroform  
trea tm en t rem oves 9°/o from a native DNA preparation but only 53°/o 
from a denatured  sample as com pared to 80°/o and more from an SSC 
solution.

Effect of depurination. In the  above experim ents we have been 
dealing w ith DNA denatured by heating for short periods a t 100°, the  
principal effect of such trea tm en t being to ргоѵоке separation of the 
tw in strands [18, 5]. If, howeyer, DNA is heated at a tem peratu rę  below 
that for the  m id-point of the tem pera tu rę  profile, i.e. a t a tem peraturo  
below T m, for more extended periods, the m ajor effect is partial depuri­
nation [6 , 8 , 10]. A Challis DNA sample in SSC (Tm 87°) was therefo re  
heated for 2 0  hr. at 80° w ith a resulting  decrease in biological activ ity  
of 94°/o. Chloroform  trea tm ent of such a solution rem oyed only a m ini- 
mal am ount of DNA from  the aąueous phase, from which it w ould 
appear th a t separation of the tw in strands is a prereąuisite  for chloro­
form fractionation. On the o ther hand, apurinic acid, which is single 
stranded w ith a m olecular w eight of the order of 15,000 [3], w as 
com pletely inert to chloroform  treatm ent. Yeast RNA in SSC w as 
likewise resistan t to гетоѵ аі from  the aąueous phase by chloroform . 
The effect of chloroform  trea tm en t on heat-denatured  DNA in SSC 
conseąuently  appears to be a relatiyely  specific phenomenon.

Fig. 2 Fig. 3

Fig. 2. T he am o u n t of DNA le f t in a ąu eo u s  p hase  a f te r  h ea tin g  a t te m p e ra tu rę  
in d ica ted , fo llow ed by ch lo ro fo rm  tre a tm e n t to  г е т о ѵ е  h e a t-d e n a tu re d  D N A  (see

te x t fo r fu r th e r  details).
Fig. 3. H e a t in ac tiv a tio n  in SSC of s trep to co cca l T -D N A  m a rk e rs  a t  v a rio u s  te m - 
p e ra tu re s . (+ ) . D ih y d ro s trep to m y c in  re s is tan ce  m a rk e r; (O ), ca thom ycin  re s is ta n c e

m ark e r.
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Fractionation of partially denatured DNA.  Samples of DNA were 
heated  for 10 -1 5  min. at various tem peratu res and then subm itted to 
chloroform  treatm ent. Fig. 2 shows th a t the am ount of DNA removed 
from  the  aąueous phase increases w ith  tem peraturę  of heating, in 
accordance w ith expectation.

Now if heat denaturation  of DNA w ere an “all-or-none” process 
[20, 4], then  in a partia lly  denatured sample we would expect dissocia- 
tion p rim arily  of the tw in  strands w ith a Iow G-C content, the rem ainder 
of the  molecules being less affected. Following chloroform trea tm ent 
such a solution should re ta in  in the aąueous phase a fraction w ith 
a h igher average G-C content, hence w ith  a higher Tm, than  the initial 
solution. A DNA solution was therefore heated at 91.2°, following which 
chloroform  trea tm en t rem oved 38°/o of the  DNA from  the aąueous 
phase. However, the tem pera tu rę  profile of the DNA rem aining in the 
aąueous phase exhibited the same T m and the same breadth  as the 
•original unheated sample; the only difference was a 4.5% decrease in 
hyperchrom icity  (cf. Fig. 1).

Biological trials

The behaviour of heat-denatured  DNA versus chloroform  was now 
extended  to follow the inactivation of genetic m arkers in T-DNA. 
T ransform ing activity of the  m arkers was estim ated, following heat 
inactivation, prior to and following chloroform  treatm ent. Fig. 3 exhibits 
th e  ra tes  of inactivation of the DHS and С m arkers in Challis DNA. 
It w ill be seen from  the figurę tha t the course of inactivation is gradual 
and proceeds over a rangę of several degrees. Inactivation begins for 
cach  m arker at a characteristic  tem pera tu rę  and the activity decreases

T a b 1 e 1

Influence of chloroform fractionation on the specific actiuity of Challis 
T -D N A  dihydrostreptomycin resistance marker following heat inactiuation

at uarious temperatures
In a c tiv a tio n  w as c a rr ie d  o u t fo r  15 m in. F o r d e ta ils  see tex t.

Inactivation temp. 

(°C)

Specific activiiy 
of unfractionated 

solution

(%)

Following chloroform fractionation

DNA remaining 
in aąueous phase

(%)

Specific activity 

(%)

Room  temp. 100 _ __
90.0 91 73 100
91.0 35 52 52
92.1 14 32 35

D l
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w ith increase in tem pera tu rę  to a residual level of approxim ately  
0 .5 - 1 .0 %  (see below), which is unaltered  even w hen the tem pera tu rę  is 
raised to 1 0 0 °.

Control experim ents showed th a t chloroform  trea tm en t of native 
DNA did not affect or, at most, only slightly decreased the specific 
activ ity  of a given m arker. For a m ix tu re  of native and heat-denatu red  
DNA, chloroform  trea tm en t provoked a 1 0 -2 0 %  decrease in specific 
activity.

T a b l e  2

Influence of chloroform fractionation on the relatiue specific actiuities 
of Challis T -D N A dihydrostreptomycin and cathomycin resistance m arkers  

following heat inactivation at various temperatures  
In a c tiv a tio n  w as c a rr ied  o u t fo r  15 m in. F o r  d e ta ils  see te x t.

Inactivation
temp.

(°C)

Specific activity 
of unfractionated 

solution
(%)

Following chloroform fractionation

DNA remaining 
in aąueous phase

(%)

Specific activity 
of DHS marker

(%)

Specific activity 
of С marker

(% )
DHS

marker
С

marker

90.2 28.5 22.3 46 25 32
90.95 8.7 24.5 34 15 30
91.5 7.1 18 30 17 35
92.1 3.6 5.5 22 14 12
92.65 1.8 1.4 19 6.3 7.4

The behaviour of the DHS m arker was then  followed as a function 
of tem pera tu rę  of heating, w ith results shown in Table 1. It w ill be 
noted tha t under these conditions there  is a definite increase in the  
specific activity of the m arker following chloroform  trea tm ent. The 
resu lts  for another experim ent, in which the inactivation of both the DHS 
and С m arkers was carried to a level of about 1.5%, are exhibited  in 
Table 2. The increases in specific activities of both m arkers are  here 
m uch more m arked.

It must, on the other hand, be conceded th a t the increases in specific 
activ ity  are not nearly  as pronounced as m ight be expected from  the  
am ount of DNA rem oved from  the aąueous phase by chloroform  tre a t­
m ent.

Residual actiuity

Magnitude of residual actiuity for streptococcal DNA.  In order to 
establish the level of residual activity  of heat-denatu red  DNA, an 
exam ination was m ade of the effect of tim e of heating at 1 0 0 ° on bio- 
logical activity. Curye b of Fig. 5 (see below) dem onstrates the initial,
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rapid drop in activity  during the first m inutę, followed by a gradual 
decrease. On the basis of our present understanding of the naturę  of 
the  heat-induced  modifications in DNA, it seems reasonable to assum e 
th a t the  initial, abrupt, decrease is related  to dissociation of the tw in 
strands, and the subseąuent gradual loss in actiyity to depurination [1 0 ]

Fig. 4. T e m p e ra tu rę  p ro file s  of n a tiv e  
an d  h e a t-d e n a tu re d  strep to co cca l DNA 
in  SSC  a n d  in 7.2 M-NaClC>4 . (□ ), N a- 
tiv e  D N A  in lO -fo ld  d ilu ted  SSC; (O ), 
n a tiv e  D N A  in 7.2M -N aC 104; (Д ), DNA 
h e a t-d e n a tu re d  (at 100°) in 7.2 m - 

-N aC 104.

and, possibly, some chain scission [13, 22, 6 ]. From  the point of intersec- 
tion of the extrapolated  two portions of the  inactivation curve, it appears 
th a t the  residual actiyity, corrected for depurination and chain scission, 
is about 2%, i.e. sim ilar to tha t obtained for T-DNA from other 
bacterial system s.

A c tiv i ty  of denatured DNA following chloroform treatment. The 
purpose of the following experim ent was to determ ine w hether th e

Fig. 5. C ourse of in ac tiv a tio n  w ith  tim e  of 
T -D N A  d ih y d ro strep to m y c in  res is tan ce  m a rk e r ;
(a), a t  70° in 7.2M -N aC 104; (b), a t 100° in  SSC. 
O nly th e  lo w er p o rtio n s of th e  in ac tiv a tio n  
cu rves a re  show n, sińce th e  in itia l p o rtio n s  a re  

v e ry  s teep  and  p ra c tic a lly  coincide.

DNA fraction  exhibiting residual actiyity  differed from the en tire  
denatured  DNA sample as regards its behaviour tow ards chloroform tre a t­
m ent. A DNA sample was inactiyated at 100° to 0.4% residual actiyity and 
shaken w ith chloroform . This trea tm ent resulted  in the remoyal of 72%.
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of the DNA w ith no change in the total activity, i.e. the specific 
.actiyity of the DNA in the aąueous phase increased at least 3-fold. The 
m ateriał in the in terphase was washed w ith physiological salinę, the  
chloroform  rem oved by warm ing to 37° and the DNA then dissolved 
in SSC. This solution exhibited about 2°/o of the actiyity of the original, 
native sample. It conseąuently appears as though chloroform trea tm ent 
of denatured DNA induces partial renaturation, perhaps by fayouring 
increased contact betw een separated or partially  separated strands, as 
a resu lt of their being concentrated in the interphase. But the foregoing 
results do not enable us to decide w hether the residual actiyity is linked 
to some fraction w ith a different behaviour towards chloroform  than  
the rem ainder of the denatured DNA. The tem peraturę profile for the 
residual DNA did not differ in any m arked respect from that for the 
unfractionated denatured DNA.

Residual activity in 7.2 м-perchlorate. A determ ination of the tem ­
pera tu rę  profile of the streptococcal DNA in 7.2M-sodium perchlorate 
and 0.1 m-EDTA at pH 7 dem onstrated a decrease in T m of 36.5° re la- 
tive to th a t in SSC. From  Fig. 4 it will be seen tha t the DNA is 
fully  “m elted” out in perchlorate at 58°. A comparison of the tem pera­
tu rę  profiles for streptococcal DNA in perchlorate and SSC indicates 
th a t a tem peratu rę  of 6 6 ° in 7 . 2  м-perchlorate is equivalent to 1 0 0 ° in 
SSC, while a tem pera tu rę  of 100° in perchlorate corresponds to 134° 
in SSC. The la tte r tem peratu rę  in SSC is 24° higher than  tha t necessary 
to completely dissociate the tw in-stranded polymer poly-dG +  poly-dC
[15]. An exam ination of the biological actiyity of DNA, which had been 
subjected to such conditions, was made by heating identical T-DNA 
.samples in 7.2м -perchlorate at tem peratures of 6 6 ° and 100°, followed 
by rapid chilling (see also below and Fig. 5). Subsequent m easurem ents 
of extinction at 4° showed that both samples exhibited 21°/o hyper- 
chrom icity w ith respect to the native DNA. That heated at 6 6 ° possessed 
2.4% residual actiyity, while the one heated at 100° exhibited 0.7% 
actiyity.

Hence even heating to a tem peraturę  corresponding to 134° (for only 
10 -15  min., of course) in SSC does not resu lt in complete inactivation. 
This effectively disposes of the asum ption that the residual actiyity  
m ay be linked to some fraction which fails to undergo denaturation  at 
100° in SSC; but reinforces the argum ent tha t it is a property  of the 
dissociated, wholly or partially, tw in strands.

It should also be noted that the hyperchrom icity of DNA denatured  
in SSC is 11% and in 7.2 M-NaClO* is 2 1 -22% , w ith respect to the  
native DNA at room tem peraturę. Consequently bond reform ation during 
rapid chilling occurs to a m arkedly lesser extent in perchlorate than  in 
SSC. But the  residual actiyity of DNA denatured in perchlorate is cer- 
ta in ly  not less than  th a t denatured in SSC. Hence disordered bond refor-
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mation, if it does not in fact lower, at least does not increase the  activity 
of denatured DNA.

Finally a tten tion  should be draw n to the fact tha t denaturation  in
7.2 м-perchlorate provides a supplem entary and quantita tively  more 
accurate procedurę for determ ining the residual activity of a given 
T-DNA m arker. This is so because at 6 6 ° in perchlorate, corresponding 
to 100° in SSC, no depurination [10] or chain scission [13, 22, 6 ] of the 
DNA are to be expected. This is fairly  well illustrated  in Fig. 5, showing 
the course of inactiyation of the T-DNA DHS m arker at 70° in 
7 .2 M-NaC1 0 4  and 100° in SSC. Following the initial rapid decrease in 
activity in both solvents, tha t in perchlorate reaches a residual plateau 
value of about 2%; but in SSC the activity  continues to decrease w ith 
time, due undoubtedly to depurination and, to a lesser extent, to chain 
scission.

DISCUSSION

It may be considered as established th a t chloroform  treatm ent, as 
described above, provides a relatively  simple procedurę for the frac­
tionation of heat-denatu red  from native DNA, w hether the  criterion 
applied is biological or physico-chemical. Although application of the 
m ethod has been largely  lim ited in this study to m ixtures of native 
and heat-denatured DNA, the partial fractionation achieved w ith unheated 
calf thym us DNA suggests th a t its rangę of application m ay be con- 
siderably broader, as is likewise indicated by the findings of B en-Porat 
et al. [2 ].

The conditions for fractionation are, on the other hand, highly specific 
w ith  respect to several factors: (a) DNA concentration; (b) ionic strength  
and naturę of salt in the aąueous phase; (c) w hether the chloroform  is 
used alone or in adm ixture  w ith an anti-foam ing agent. As regards this 
la tte r point, it should be noted tha t the fractionation of newly synthe- 
sized DNA achieyed by B en-Porat et al. [2] involved the use of a chloro- 
form -isoam yl alcohol m ixture, which gives no separation of native and 
heat-denatured  acids.

It rem ains to determ ine w hat are the heat-induced modifications 
which render the DNA molecules susceptible to гетоѵ аі from  the 
aąueous phase by chloroform . Since depurination induced by heat at 
neutral pH, which presum ably leaves the tw in-stranded structu re  more 
or less intact [1 0 ], is w ithout effect, it would appear tha t strand sepa­
ration (whole or partial) is a p rereąuisite  for гетоѵ аі of DNA to the 
chloroform -w ater interphase. It then becomes difficult, however, to 
understand why neither apurinic acid nor RNA are susceptible to chloro­
form  treatm ent.
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P articu la rly  interesting is the fact tha t if a DNA preparation is fully  
denatured, as judged by the loss of its characteristic tem peratu rę  profile, 
2 0 °/o rem ains resistan t to chloroform  treatm ent, i.e. does not pass into the 
chloroform -w ater interphase. The reality  of this phenom enon is testified 
to by the fact th a t 2 0 %  rem ains in the aąueous phase w hen the initial 
concentration is varied over a rangę of 5 to 50 pg./ml. This m ay be in ter- 
p reted  as indicating tha t denaturation  at 1 0 0 ° results in m ore than  one 
m odification of the native DNA, in other words th a t denaturation is not 
an all-or-none phenomenon.

It is, therefore, significant that, following partial heat denaturation 
of a solution of DNA and гетоѵ аі of the denatured  m olecules by m eans 
of chloroform , the fraction rem aining does not exhibit an increase in T m. 
In  fact, the tem peratu rę  profile of the rem aining fraction is practically 
identical to th a t of the original unheated sample, except for a smali 
decrease in tem peratu rę  hyperchrom icity. If the T m of a given DNA 
preparation  is indeed a linear function of its G-C (or A-T) content, and 
if denaturation  is an all-or-none phenomenon, then  those strands w ith 
a low er G-C content should m elt out first and those rem aining in the 
aąueous phase should exhibit a higher T,„. The absence of such a pheno­
m enon argues against the assum ption tha t heat denaturation of some frac­
tion is due to its lower G-C content. The observed differences in heat 
resistance may be due to differences in base seąuence which do арреаг 
to have a pronounced effect on the extent of denaturation as observed 
following chilling of the heated samples.

Essentially the same conclusion follows from an exam ination of the 
effect of heat on the biological activity of transform ing DNA. In those 
experim ents w here a DNA solution was only partially  heat-inactivated 
and then  trea ted  w ith chloroform, the fraction rem aining in the aąueous 
phase did indeed show an increase in specific activity. But this increase 
was still considerably less than  tha t expected from the am ount of DNA 
left in the aąueous medium. It, therefore, appears th a t the  biological 
activ ity  of a partially  inactivated m arker is a property  of m olecules 
which have undergone only partial strand separation.

In all probability molecules w ith only partially  separated tw in 
strands, and therefore not com pletely denatured, are eąually  well re- 
moved from  the aąueous phase by chloroform  treatm ent. It would 
obvious!y be highly desirable to е х а т іп е  by some other techniąues, such 
as density gradient centrifugation, the naturę  of the DNA fractions 
separated by m eans of chloroform.

The foregoing conclusion regarding the biological activity of partially  
denatured  m olecules is in agreem ent w ith the observations of Rownd 
et al. [see 17] on Bacillus subtilis DNA and w ith those of Rownd & Lanyi 
[see 17] on H. influenzae  DNA. Our results are in accord w ith  the heat 
denaturation  of DNA as a step-wisę phenomenon and suggest also tha t
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the heat inactivation of a genetic m arker proceeds likewise in a step- 
-wise fashion.

Insofar as the  residual activity of heat-inactivated DNA is con- 
cerned, our resu lts indicate th a t this is not a property  of some particu lar 
heat-resistan t fraction, sińce denaturation at 100° in aąueous 7.2 M-NaClC>4 

(which is equivalent to 134° in SSC) does not lead to total inactivation, 
nor even to a lower residual activity than  in SSC. In view of the fact 
th a t following chloroform  fractionation of DNA inactivated at 100° in 
SSC, the tem pera tu rę  profile of the aąueous fraction did not differ 
essentially from th a t of the entire  denatured sample, it seems reasonable 
to conclude th a t the  residual activity is a property  of denatured DNA 
molecules which underw ent strand separation as a resu lt of heating. 
The results do not, however, perm it us to decide w hether the residual 
activity  resides in molecules which, following rapid cooling, rem ain in 
the form of single strands or of molecules which underw ent partial 
renaturation.

We should like to express our thanks to Professor R. Pakuła for 
m aking available the streptococcal strains; Dr. K. L. W ierzchowski for 
discussions on DNA denaturation; Mrs. A. Golda for technical assistance; 
and Professor J. H eller for his in terest and support in the initiation of 
work in this field.

SUMMARY

H eat-denatured streptococcal DNA m ay be separated from native 
DNA by shaking an aąueous salinę solution of the m ixture with chloro­
form  and centrifuging. The denatured  DNA is then found predom inantly 
in the interphase. The conditions for such fractionation are ąuite specific 
w ith regard to a num ber of factors such as DNA concentration, ionic 
strength  and type of salt in the medium. No fractionation is obseryed 
w hen the chloroform  is used in adm ixture w ith an anti-foam ing agent 
such as isoamyl alcohol.

P relim inary  obseryations indicate tha t both native and heat-dena­
tured calf thym us DNA m ay be fractionated by the above techniąue, 
but the naturę  of the fractions obtained w ith native calf thym us DNA 
rem ains to be established. Chloroform trea tm ent is w ithout effect on 
yeast RNA, on apurinic acid, or on DNA heat treated  under conditions 
where only depurination or chain scission take place.

Following controlled partial heat denaturation, chloroform  treatm ent 
of streptococcal transform ing DNA results in the гетоѵ аі from  the 
aąueous phase of only a portion of the DNA. The resu ltan t specific 
activity of the DNA rem aining in the aąueous phase is increased, but 
not as much as expected. ^
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The оѵегаіі resu lts  are consistent w ith the view th a t heat dena- 
tu ration  of DNA, or heat inactivation of transform ing DNA, is not an 
“all-or-none” phenom enon but is ra the r step-wise in character. The 
biological activity of a partially  inactivated genetic m arker is a property 
of molecules which have undergone only partial strand separation. The 
residual activity  of a heat-denatured  transform ing DNA is a property 
of denatured DNA molecules.

Heat denaturation  of transform ing DNA in 7.2 м-perchlorate provides 
an excellent quantita tive  techniąue for m easuring the residual activity 
of fully heat-denatu red  DNA under conditions w here depurination and 
chain scission are non-existent.
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F R A K C JO N O W A N IE  R O D ZIM EG O  I C IE P L N IE  ZD EN A TU R O W A N EG O  
T R A N SFO R M U JĄ C E G O  DNA

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

C iepln ie  zd en a tu ro w an e  tra n s fo rm u ją c e  D NA  pacio rkow ców  m ożna oddzielić 
od rodzim ego DNA przez  w y trz ą sa n ie  z ch lo ro fo rm em  m ieszan iny  tak ich  p re p a ra tó w  
w  w odnym  roz tw orze  soli. Po od w iro w an iu  zd en a tu ro w an e  DNA zn a jd u je  się 
w  in te rfaz ie . P rzy  ta k im  frak c jo n o w an iu  m uszą być zachow ane odpow iednie  w a ­
ru n k i stężen ia  DNA, siły  jonow ej roz tw o ru  i ro d za ju  soli w  środow isku . D odanie 
a lkoho lu  izoam ylow ego do ch lo ro fo rm u  un iem ożliw ia  p rze jśc ie  zd en a tu row anego  
DNA do in te rfazy .

W stępne obse rw ac je  w y k azu ją , że p rzy  pom ocy pow yższej te ch n ik i m ożna 
rów n ież  frak c jo n o w ać  rodzim e i c iep ln ie  zd en a tu ro w an e  D NA  z grasicy , lecz pozo­
s ta je  do u s ta len ia  c h a ra k te r  f ra k c ji o trzy m y w an e j z ro z tw o ru  rodzim ego DNA. 
T rak to w an ie  ch lo ro fo rm em  n ie  m a w p ły w u  n a  RN A z drożdży, kw as ap u ry n o w y  
o raz D NA  ogrzew ane w  w a ru n k a c h  pow odu jących  jedyn ie  d ep u ry n ac ję  lub  śc inan ie  
łańcuchów .

T rak to w an ie  ch lo ro fo rm em  częściow o zdena tu ro w an eg o  ciep łem  tra n s fo rm u ją ­
cego DNA strep tococcus C hallis  po w o d u je  u sun ięc ie  z fazy  w odnej ty lko  części 
DNA; specyficzna  ak ty w n o ść  tran sfo rm u ją ceg o  DNA w  fazie w odnej w zras ta , lecz 
w  m n ie jszym  sto p n iu  niż m ożna by  oczekiw ać na  po d staw ie  ilości DNA usuw anego  
z roztw oru .

W ynik i dośw iadczeń  są zgodne z pog lądem , że d e n a tu ra c ja  c iep lna  DNA, lub  
in a k ty w a c ja  c iep lna  tra n sfo rm u ją c e g o  DNA, n ie je s t p rocesem  o ch a ra k te rz e  „w szy­
stko  lub  n ic “, lecz p rocesem  stopniow ym . B iologiczna ak tyw ność  częściow o 
z in ak tyw ow anego  DNA pochodzi od cząsteczek, k tó ry ch  łań cu ch y  podw ójnej sp ira li 
u leg ły  ty lk o  częściow em u rozdzie len iu . R esztkow a ak ty w n o ść  ciep ln ie  z d e n a tu ro ­
w anego  tra n sfo rm u ją c e g o  D NA  je s t w łasnością  zd en a tu ro w an y ch  cząsteczek DNA.

D e n a tu ra c ja  c iep lna  tran sfo rm u ją ceg o  D N A  w  7,2 м -n ad ch lo ran ie  sodow ym  
um ożliw ia  d ok ładny  p o m ia r ak ty w n o śc i resz tow ej całkow icie  zd en a tu row anego  
ciep ln ie  D NA  w  w a ru n k a c h , w  k tó ry ch  n ie n a s tę p u je  d e p u ry n a c ja  i śc inan ie  
łańcuchów .

R eceived  20 F e b ru a ry  1963.

N otę ad d ed  in p roof: I t  h as  now  been  fo u n d  th a t  th e  d eg ree  of frac tio n a tio n  
of h e a t-d e n a tu re d  fro m  n a tiv e  DNA is a lso  d ep en d en t on  th e  base  com position  of 
th e  DNA. F o r DNA w ith  a h igh  G—€  co n ten t, ab o u t 70%, ch lo ro fo rm  tre a tm e n t 
gives p ra c tic a lly  no fra c tio n a tio n . F u r th e r  stu d ies  a re  in p rogress.
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BASIC PROTEIN FROM MITOCHONDRIA AS INHIBITOR 
OF THE ENZYMES OF THE ELECTRON TRANSPORT SYSTEM

D ep a r tm en t o f B io ch em is try , M edical School, G dańsk

Basic proteins, protam inę, histones, ribonuclease, lysosyme and the 
synthetic polylysine, inhibit cytochrome oxidase [1 0 , 6 ], succinate oxidase 
and succinate cytochrom e с reductase [3, 4], the enzyme system s parti- 
cipating in m itochondrial electron transport.

Previously the isolation from hog kidney m itochondria of a basie 
protein containing about 25% lysine was reported  [9]. The present paper 
deals w ith the effect of this protein on m itochondrial electron tran spo rt 
enzymes.

MATERIAŁ AND METHODS

Mitochondrial basie protein (MBP). This protein was obtained from 
hog kidney as described previously [9]. It corresponded electrophoreti- 
cally to the m ain fraction A of the basie proteins extracted  from  hog 
kidney w ith sulphosalicylic acid [8 ].

Preparation of mitochondria. Tissues w ere homogenized in 9 vol. of 
0.25 м-sucrose at 0 °, the nuclei were sedim ented at 600 g and the  m ito­
chondria were centrifuged at 2 0  0 0 0  g for 1 0  min., then  washed twice 
with, and suspended in, 0.25 м-sucrose solution. One ml. of the suspens- 
ion contained m itochondria from  1 g. of tissue.

Cytochrome oxidase. The activity  was determ ined in a W arburg 
apparatus a t 37°. Three ml. of the ineubating solution contained: m ito­
chondria (0 .1-0 .2  mg. N); cytochrom e c, 0.25 ц то іе ; sodium phosphate 
buffer, pH 7.4, 100 pmoles; sodium ascorbate, pH 7.0, 30 p-moles; and 
AICI3 , 1 ц то іе  [7]. L iberated C 0 2 was absorbed by 0.2 ml. of 10% KOH 
and oxygen uptake was m easured after 10, 20 and 30 min.

Succinate oxidase. The determ inations w ere carried out in a W arburg 
apparatus a t 37°; each vessel contained in 3 ml. volume: m itochondria 
(0.2 - 0.4 mg. N); cytochrom e c, 0.05 м т о і е ;  sodium phosphate buffer, 
pH 7.4, 100 umoles; sodium succinate, pH 7.4, 300 j-unoles; CaCl2, 1 м-тоіе; 
and AICI3 , 1 м то іе  [7].

Succinate - cytochrome  с reductase. The inerease of extinction at 
550 тц. (reduced cytochrome c) was m easured in 3 ml. of the m ix tu re  
containing: m itochondria (0.015 - 0.030 mg. N); sodium phosphate buffer,
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pH 7.4, 100 iumoles; cytochrom e с 0.1 umole; KCN, 3 umoles; and sodium 
succinate, pH 7.4, 30 iumoles [11]. The m easurem ents were carried out 
w ith a Unicam spectrophotom eter in 1 cm. long cuvette еѵегу 2 0  seconds 
for 3 min. a t room tem peratu rę  varying from  21 to 25° from  one ехрегі- 
m ent to another. The concentration of the reduced cytochrome с was 
calculated in moles by m ultip ly ing the extinction values by 
5.35 X 10“ 5 [11].

N A D H 2 - cytochrome  с reductase. The same method was used as for 
succinate - cytochrome с reductase except th a t 0.3 ц то іе  NADH2 was 
added instead of sodium succinate [1 1 ].

The ef fect  of  basie protein. To study the effect of MBP and protam inę 
on the enzymie reactions the protein  was added to the respective reaction 
m ixtures before ineubation.

Determination of total nitrogen. The nitrogen of m itochondrial pre~ 
parations was determ ined by the K jeldahl method.

Reagents. Cytochrome c, Biosedra, France, a solution containing 3 mg. 
cytochrom e с in 1 ml.; protam inę sulphate, c.p., Biuro Odczynników 
Chemicznych, Gliwice, Poland; NADH2, Sigma, U.S.A. O ther reagents 
were of analytical grade.

RESULTS

The effect of protam inę and MBP from kidney on the actiyity of the  
electron transfer enzymes in hog kidney m itochondria is presented in 
Figs. 1 - 4 .  For the experim ents the same preparation of m itochondria 
was used. It was found th a t the inhibiting effect of protam inę on succinate 
oxidase was twice as great as th a t of MBP; this difference was m uch 
sm aller for cytochrome oxidase, and nearly  the same effect was observed 
for NADH 2 - cytochrome с reductase. On the other hand, succinate - cyto­
chrom e с reductase was affected m ore by MBP than  by protam inę.

The inhibitory effect of yarying concentrations of MBP and p ro t­
aminę on the enzymie activities is shown in Table 1. It should be noted 
tha t the  am ount of inhibitor producing the т а х і т и т  of inhibition was 
eąual for protam inę and MBP. For cytochrome с and succinate oxidases 
the т а х і т и т  effects w ere at over 300 M^g./ml. For cytochrome с re -  
ductases the  т а х і т а  of inhibition were at over 1 0 0  м-g./ml. but already  
at 30 |Lig./ml. the effect was nearly  the same. Basing on these results, in 
fu rth e r experim ents 500 ing./ml. of basie protein for the oxidases, and 
1 0 0  [Ag./ml. for the reductases was used.

The effect of the basie protein  isolated from  hog kidney m itochondria, 
on m itochondrial preparations from  hog Ііѵег and from ra t Ііѵег and 
kidney, was studied (Table 2). In each experim ent, the results for the  
two m itochondrial preparations used were y irtua lly  the same.

Г2]
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Fig. 1 Fig. 2

Fig. 1. C y tochrom e ox idase  ac tiv ity  in hog k id n ey  m ito ch o n d ria : ( • ) ,  con tro l;
(O), w ith  300 pg./m l. m ito ch o n d ria l basie p ro te in ; ( Д ), w ith  300 ng./m l. p ro ta m in ę  
su lp h a te . A c tiv ity  w as  m easu red  by  oxygen  u p tak e  by m ito ch o n d ria  (0.14 mg. N) 

a t 37°, using  sod ium  asco rb a te  as e lec tro n  donor

Fig. 2. S ucc ina te  ox idase  ac tiv ity  in  hog k id n ey  m ito ch o n d ria : ( • ) ,  co n tro l; (o), w ith  
300 M,g./ml. m ito ch o n d ria l basie  p ro te in ; (Д), w ith  300 ng-Anl. p ro tam in ę  su lp h a te . 
A c tiv ity  w as m e a su re d  by oxygen u p ta k e  by m ito ch o n d ria  (0.28 mg. N) using

sod ium  succ ina te  as su b s tra te

F ig . 3 Fig. 4

Fig. 3. S ucc ina te  - cy toch rom e с red u c ta se  ac tiv ity  in hog k id n ey  m ito ch o n d ria : 
( • ) ,  co n tro l; (o), w ith  100 ng./m l. m ito ch o n d ria l basie  p ro te in ; (Д), w ith  100 (ig./ml. 
p ro tam in ę  su lp h a te . A c tiv ity  w as d e te rm in ed  a t 550 т ц  by m easu rin g  th e  cy to ­
chrom e с red u ced  by  m ito ch o n d ria  (0.02 mg. N); sod ium  su cc in a te  w as u sed  as

su b s tra te

Fig. 4. N A D H 2 - cy toch rom e с red u c ta se  ac tiv ity  in  hog k id n ey  m ito ch o n d ria : 
( • ) ,  con tro l; (o ), w ith  100 pg./m l. m ito ch o n d ria l basie p ro te in ; (Д), w ith  100 ng./m l. 
p ro tam in ę  su lp h a te . A c tiv ity  w as d e te rm in ed  a t  550 т ц  by  m easu rin g  th e  cy to ­
ch rom e с red u ced  by  m ito ch o n d ria  (0.02 mg. N); N A D H 2 w as used  as su b s tra te
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T a b l e  1

The effect  of ѵагуіпд concentration of basie proteins on the activity  
of electron transport enzymes in hog kidney mitochondria

F o r de ta ils  see M ethods

Inhibition by

Enzyme
Concn. of 
inhibitor Protaminę

sulphate
(%)

Mitochondrial 
basie protein 

(%)

Cvtochrome с oxidase 1 0 27 25
1 0 0 65 60
300 78 70
600 80 70

Succinate oxidase 1 0 50 15
1 0 0 80 41
300 87 54
600 90 55

Succinate - cytochrome с reductase 1 1 0 25
3 30 50
5 37 58

1 0 46 71
15 53 77
30 64 85

1 0 0 70 90
150 73 92

NADH? - cytochrome с reductase 5 35 36
1 0 45 42

1 0 0 6 8 65
150 70 67

The degree of inhibition by the MBP preparation in relation to the 
inhibition produced by protam inę was for cytochrome oxidase, succinate 
oxidase and NADH 2 - cytochrome с reductase the same in hog Ііѵег m ito­
chondria and in ra t Ііѵег and kidney m itochondria, as in hog kidney 
m itochondria. Only the activity of succinate - cytochrome с reductase 
in hog kidney m itochondria was m ore inhibited by MBP than  by pro t­
am inę; in o ther m itochondria the effect of both inhibitors was nearly  
the same, or the inhibition produced by MBP was slightly smaller.

DISCUSSION

The isolation of basie protein from m itochondria and the demon- 
stra tion  of its inhibitory effect on the electron transport system  allows 
to m ake some suggestions regarding one of the possible m echanism s 
of m etabolic control in m itochondria.
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T a b l e  2

Inhibition of some electron transport enzymes by mitochondrial basie 
protein and protaminę, in k idney and Ііѵег mitochondria of hog and rat
In  ex p e rim en ts  on cy toch rom e с an d  su cc in a te  ox idases th e  co n cen tra tio n  of th e  
basie  p ro te in  w as 500 pg./m l. an d  in ex p e rim en ts  on succ ina te  - an d  N A D H 2 - cy to ­
chrom e с re d u c ta se s  th e  co n cen tra tio n  of th e  added  basie p ro te in  w as 1 0 0  pg ./m l.

Mitochondrial
preparation

from

Inhibition by

Enzyme
Protaminę sulphate

(%)
Mitochondrial basie protein 

(%)
Expt. 1 Expt. 2 Expt. 1 Expt. 2

Cytochrome с Hog kidney 80 90 70 80
oxidase Hog Ііѵег 85 80 73 75

Rat kidney 92 80 83 70
Rat Ііѵеі 8 8 85 78 70

Succinate oxidase Hog kidney 90 90 52 45
Hog Ііѵег 82 81 67 65
Rat kidney 92 8 8 65 63
Rat Ііѵег 85 87 42 51

Succinate-cyto- Hog kidney 73 75 90 92
chrome с re- Hog Ііѵег 65 75 65 70
ductase Rat kidney 65 70 51 55

R at Ііѵег 85 80 60 55

NADbb-cytochro- Hog kidney 70 75 67 70
ms с reductase Hog Ііѵег 78 80 64 70

Rat kidney 79 80 73 75
Rat Ііѵег 72 70 70 65

It may be assum ed that in m itochondria the  basie protein is combined 
by electrostatic bonds w ith acidic proteins or phospholipids. Such com- 
plexes were dem onstrated in vitro  by Chargaff & Ziff [1] and Nagumo [5]. 
The m itochondrial basie protein is readily  ex tracted  w ith sulphosalicylic 
acid which probably dissociates the ionic bonds, and then the protein 
can pass to the solution; this is sim ilar to the extraction w ith 0.2 n -H 2SO,; 
of histones combined w ith DNA in celi nuclei. In m itochondria the 
с о тр іех  of the basie protein w ith  the acidic component would dissociate 
reversibly in d ifferen t sites under the influence of local changes in pH 
or ions concentration, and would thus regulate the metabolism of the  
mitochondria.

The m echanism  of the inhibitory  effect of the basie protein on the  
electron transport enzymes could be explained by two assum ptions. 
Takemori et al. [1 2 ] suggested th a t the inhibition of cytochrome oxidase 
by basie proteins is due to the combination w ith the acidic protein and 
cytochrome c. This could be also valid for the components of the W ar- 
burg-K eilin system . M achinist et al. [3] suggested th a t the inhibition of
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oxidoreduction processes in m itochondria by protam inę consists in bond- 
ing w ith the negatively charged pores in the m itochondrial m em brane 
which prevents the en try  of ex ternal cytochrome c. According to both 
these assumptions, the inhibition by more basie protein should be greater 
than  by less basie protein. In the presented experim ents the effect of 
protam inę (80°/o of arginine [2 ]) was greater than  the effect of the basie 
protein from hog kidney m itochondria (30% of basie amino acids), w ith 
the single exception for hog kidney m itochondria w here the succinate - cy­
tochrom e с reductase was more affected by MBP than by protam inę. 
This could be in terp reted  as due to a specific effect of hog kidney m ito­
chondria basie protein on the succinate - cytochrome с reductase activity 
in this tissue.

SUMMARY

1. The effect of basie protein obtained from hog kidney m itochondria 
and that of protam inę, on m itochondrial electron transfer enzymes was 
examined in the kidney and Ііѵег m itochondria of hog and rat.

2. Both protam inę and m itochondrial basie protein inhibited by 
40 - 90% the activities of succinate and cytochrome oxidases as well as 
succinate - and NADH 2 - cytochrome с reductases.

3. The inhibition by protam inę was more effective than  by m ito­
chondrial protein except for succinate - cytochrom e с reductase in hog 
kidney.
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ZASA DO W E B IA Ł K O  M ITO C H O N D RIÓ W  JA K O  IN H IB IT O R  ENZYM ÓW  
PR ZEN O SZĄ C Y C H  E LE K TR O N Y

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

Z b adano  w p ły w  zasadow ego b ia łk a  z m itochond riów  n e rk i w iep rza  oraz w p ływ  
p ro tam in y  na ak ty w n o ść  oksydazy  cy tochrom ow ej i b u rsz ty n o w ej, a tak że  n a  a k - 
tywmość re d u k ta z  cy toch rom u  с zależnych  od N A D H 2 i k w asu  bu rsz tynow ego  w  m i- 
to ch o n d riach  n e rk i i w ą tro b y  w iep rza  o raz  szczura. Z arów no  p ro tam in a  ja k  i za sa ­
dow e b ia łko  m ito ch o n d ria ln e  h a m u ją  ak ty w n o ść  ty ch  enzym ów  od 40 do 90 p rocen t. 
W m ito ch o n d riach  n e rk i w iep rza , zasadow e b ia łko  m ito ch o n d ria ln e  h am u je  m ocniej 
ak tyw ność  re d u k ta z y  cy toch rom u  с zależnej od k w asu  bursz tynow ego  niż p ro ta m i­
na. In n e  enzym y są m ocniej h am o w an e  p rzez  p ro tam in ę  niż p rzez  zasadow e b ia łko  
m itochond ria lne .

R eceiyed  20 F e b ru a ry  1963
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BARBARA ŻMUDZKA, L. LEPOUTRE* and D. SHUGAR

ACID AND ENZYMIC HYDROLYSIS PRODUCTS OF THE CYCLIC
PHOSPHATE ESTERS OF 1-(P-d-GLUCOPYRANOSYL)URACIL

D ep a rtm en t o f B io ch em is try , S ta te  In s titu te  o f H yg ien e ; and In s titu te  o f B ioche-  
m is try  and B iophysics , P olish  A c a d e m y  o f Sciences, W arszaw a

In a previous publication [13] were described the synthesis and Identi­
fication of the four isomeric m onophosphate esters of l(/3-D-glucopyrano- 
syl)uracil, as well as the preparation of the  th ree  possible cyclic phos­
phate isomers which m ay be form ed from  these; viz. the 2':4' and 4':6’ 
w ith six-m em bered rings, and the 3':6' w ith  a seven-m em bered ring. 
The cyclic phosphates are of particu lar in terest from the biological point 
of view sińce all th ree  of them  were found to be susceptible to ring 
opening by m am m alian tissue enzymes [13]. Additional significance at- 
taches to the cyclic phosphates as a resu lt of the  discovery in biological 
m ateriał of adenosine-3':5 '-phosphate and its role in glycogenolysis 
[7, 6 , 10], ketone body form ation in Ііѵег slices, activation of phospho- 
fructokinase, and o ther biological functions [1 0 ].

Six- and seven-m em bered cyclic phosphate rings are known to be 
more resistant to Chemical hydrolysis than  5-m em bered rings [1,4, 5, 8 , 
12, 13] and special enzyme system s have been described for the  synthesis 
[10,11] or hydrolysis [3,9,10,13] of these compounds. In the  present 
comm unication we describe the products of acid and enzymie hydrolysis 
of the three cyclic phosphates of glucosyluracil. The la tte r w ere obtained 
by treatm ent w ith dicyclohexylcarbodiim ide in aąueous pyridine [13] of 
the 2'-, 3 '-, and 6 '-m onophosphates 1. For the  2'- and З'-isom ers the  only 
sterically  possible products are the 2':4'- and 3':6'-cyclic phosphates, res- 
pectively. Cyclization of the 6 '-m onophosphate may, however, lead to the 
form ation of e ither the  З 'г б '- ,  or 4':6'-cyclic phosphates, or a m ix tu re  of 
the two. The resu lts  of Chemical and enzymie hydrolysis, to be described 
below, show th a t w ith  the reaction conditions used here [13] the  only 
product is the 4':6'-cyclic phosphate. This resu lt is all the  more striking

* H o lder of a fe llo w sh ip  of th e  B elg ian  “F o n d a tio n  U n iv e rs ita ire ” a t  th e  In s ti­
tu te  of B iochem istry  an d  B iophysics, W arsaw . P e rm a n e n t ad d ress: L ab o ra to riu m  
voor Fysio log ische S ch e ik u n d e , R ijk su n iv e rs ite it G en t, B elgium .

1 I t w as p rev io u sly  re p o r te d  [)13] th a t  th e  cy c liza tio n  reac tio n  p roceeds in  70% 
y ield . We h av e  now  fo u n d  th a t , if th e  d icyc lo h ex y lca rb o d iim id e  is p u rif ie d  by 
d is tilla tio n  b efo re  use, th e  y ie ld  of cyclic p h o sp h a te  m ay be in ereased  to 90%.
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in that, under identical conditions, glucose-6 -phosphate itself reacts to 
form  a m ixture  of two cyclic phosphates, presum ably the 3:6 and 4:6, 
both of which are likewise susceptible to enzymie hydrolysis (Żmudz- 
ka & Shugar, in preparation).

Acid hydrolysis of the cyclic phosphates was carried out in 1 n -  HC1 
a t 1 0 0 ° for 60 min., the sam ples being contained in sealed ampoules. 
U nder these conditions, hydrolysis proceeded to the extent of about 
75 - 80%. The hydrolysis products were identified by paper chromato- 
graphy in solvents А, В and С (see Table 1); solvent В is particularly  
useful in that it resolves a m ix tu re  of the 3' and 4' m onophosphates from 
the 2' and 6 '. In addition the hydrolysis products of the 4':6'-cyclic phos- 
phate (Table 1) w ere identified by chrom atography on a Dowex 2 X 8  
form ate column previously calibrated against the known m onophosphate 
isomers [13]. This was done by first eluting from the column the three 
isomeric monophosphates, and then  a m ixture of the three plus the cyclic 
phosphate, as shown in Fig. 1.

T a b l e  1

Paper chromatography of l-(f>-D-glucopyranosyl)uracil and its phosphate
esters

W h atm an  no. 1 p a p e r  an d  ascend ing  te c h n ią u e  w ere  used. S o lven t: A, p ro - 
р а п -2 -ol - am m on ia  (d - 0.88) - w a te r  (7:1:2, by vol.); B, sa t. (NH 4)2 S 0 4  - 1 m - 

-C H 3COONa - p ro p an -2 -o l (80:18:2, by vol); C, m e th y l cellosolve - m e th y l e th y l ke- 
to n e - 3  n -N H 4OH (7:2:3, by  vol.)

Compound
Rf in solvent

A В С

l(|3-D-Gliicopyranosyl)uracil 0.38 0.73 —

2'-Phosphate 0.07 0.82 0.18
3'-Phosphate 0.08 0.73 0.19
4'-Phosphate 0.07 0.73 0 . 2 1

6 '-Phosphate 0.05 0.82 0.16
2':4'-Cyclic phosphate 0.25 0.57 0.53
3':6'-Cyclic phosphate 0.25 0.57 0.53
4':6'-Cyclic phosphate 0.25 0.57 0.53

The fractionation of the  products of hydrolysis of glucosyluracil- 
-4 ':6 '-phosphate (Fig. 2) dem onstrates that, apart from a smali percentage 
of 6 '-m onophosphate, the principal product is the 4'-rnonophosphate, 
w hile the  З'-m onophosphate is completely absent. It follows, as noted 
above, th a t the product of cyclization of the 6 '-m onophosphate is exclu- 
sively the 4':6'-cyclic phosphate.

The оѵегаіі results (Table 2) dem onstrate that, w ith the hydrolysis 
conditions employed, the 3 ': 6 '-, and 4':6'-cyclic phosphates are hydrolysed 
predom inantly  to products in which the phosphate group rem ains in a
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Fig. 1. C olum n ca lib ra tio n  w ith  s ta n d a rd  g lucosy lu rac il p h o sp h a tes: (—), 1.0 m g. 
each  of th e  3 '- , 4 '- , an d  6 '-m o n o p h o sp h a te s  or (-•-), a ll th e  fo regoing  p lu s  0.6 m g. 
of th e  4/ :6 '-cyclic p h o sp h a te  of g lu cosy lu rac il w ere  d isso lved  in  3 ml. H 20 ,  b ro u g h t 
to  pH  9 w ith  1 N-NH 4OH, an d  ad so rb ed  on D ow ex 2 X 8  fo rm a te  co lum n 
(14 X 0.8 cm.). T he co lum n w as th e n  w ash ed  w ith  300 m l. w a te r  an d  e lu tio n  
c a rr ie d  ou t w ith  0.05 M -HCOONH 4 - 0.01 м -Н С О О Н . F rac tio n s  of 5 ml. w ere  co llec ted  

a t  1 0  m in . in te ry a ls  an d  th e  ex tin c tio n s m easu red  a t 260 т ц .

F ig . 2. A na ly sis  of h y d ro ly sis  p ro d u c ts  of g lucosy lu rac il-4 ':6 '-cy c lic  p h o sp h a te : 
( - •-) , e lu tio n  p a tte rn  fo r  3 mg. o f cyclic p h o sp h a te  fo llow ing  hyd ro ly sis  in  0.2 m l. 
1 n -H C I a t  100° fo r  60 m in .; (—), e lu tio n  p a tte rn  fo r m ix tu re  of 1.0 mg. each  of th e  
3/_, 4 '- , 6 '- ,  an d  0 .6  mg. 4 ':6 '-p h o sp h a te s . A d so rp tio n  and  e lu tio n  c a rr ied  o u t as

described  in  F ig . 1.
4 http://rcin.org.pl



290 В. ŻMUDZKA, L. LEPOUTRE and D . SHUGtAR [4]

secondary ester linkage, i.e. to the 3'- and 4/-phosphates, respectively. 
An analogous finding was reported  by Sm ith et al. [8 ] for the alkaline 
hydrolysis of riboside-3 ':5 '-Cyclic phosphates, the greater stability  of 
a phosphate ester at a secondary linkage being likened to the increased 
stability  of carboxylic esters a t a secondary, as compared to a prim ary, 
linkage. In  the case of the 2':4'-cyclic phosphate, where each of the 
two possible products is a m onophosphate w ith a secondary ester linkage, 
acid hydrolysis leads to the form ation largely of the 4 '-phosphate 
(Table 2).

T a b l e  2

Chemical and enzymie hydrolysis products of cyclic phosphates 
of l-(fi-D-glucopyranosyl)uracil

F o r h y d ro ly sis  cond itions see tex t. E nzym ie hy d ro ly sis  p ro d u c ts  u su a lly  con ta ined  
ab o u t 2 0 %  nucleoside, due to th e  ac tion  of th e  tissu e  e x tra c t m onophosphoesterase .

T he re su lts  re p re se n t a ty p ica l ex p e rim en t

Cyclic
phosphate

Туре of 
hydrolysis

Monophosphate products and their relative 
proportions (%)

2 '- 3'- 4'- 6 '-

2 ':4 '
Chemical 15 — 85 —

Enzymie 0 — 1 0 0 —

3':6'
Chemical — 79 — 2 1

Enzymie — 0 — 1 0 0

4':6'
Chemical — — 93 7

Enzymie — — 0 1 0 0

Enzymie hydrolysis of the cyclic phosphates was carried out by 
means of a rabbit brain ex tract as employed by Drum mond & P erro tt-  
-Yee [3] for decyclization of riboside-3 ':5 '-phosphates, and prepared as 
previously described [13]. Hydrolysis conditions were as follows: 0.1 m l.  
substrate  (1 mg./ml.), 0.05 ml. 0.2M-tris buffer, pH 7.5, 1 м-1. 0.1 M -M gC l2 
and 0.05 ml. brain ex tract (14 mg. protein/m l.), incubation for 20 hr. 
at 3 7 ° (in presence of thym ol to preyent infection; control of p repara- 
tion under the microscope preceding and following incubation did not 
indicate pronounced bacterial contamination). The incubation m ixture 
was then  heated on a w ater bath for 1 0  min., the precipitated protein 
centrifuged down, and cations rem oyed from  the supernatant by means 
of a few grains of Dowex 50 (H+). The supernatan t was then  paper 
chrom atographed w ith solyent A  to control the course of the reaction. 
The spots corresponding to m onophosphates, R F ~  0.07, were eluted, the 
eluate concentrated and chrom atographed w ith solvent B. For the 
4 ' : 6 '-cyclic phosphate, the results w ere checked by column chrom ato- 
graphy as described aboye for acid hydrolysis.
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The results for enzymie hydrolysis are collected in Table 2. In the 
two instances w here the cyclic phosphate ring involves both a prim ary 
and secondary linkage (i.e. the 3':6' and 4':6'), the hydrolysis products 
are such th a t the  phosphate group rem ains involved in a prim ary ester 
linkage, hence in a sense inverse to th a t resulting  from acid hydrolysis. 
However, the enzymie hydrolysis products differ from  those obtained 
by acid hydrolysis in th a t only a single product is obtained. The action 
of brain ex tract is seen from  the foregoing results to be analogous to 
the action of the same ex tract [3], as well as to the action of the purified 
phosphodiesterase of B utcher & Sutherland  [2], on riboside-3':5'-cyclic 
phosphates, the products of which are the 5'-phosphates. The enzyme(s) 
involved in all the  above reactions also reąu ire  the presence of Mg2+ 
ions for activity [cf. ref. 2, 3].

The foregoing provides no clue as to w hat enzyme or enzymes hydro- 
lyse the glucosyluracil cyclic phosphates. It is perhaps more than  
a coincidence th a t brain extract, which most . actively attacks ribo- 
side-3':5'-cyclic phosphates, is also most active against the glucosyluracil 
cyclic phosphates, although less so than  against the riboside cyclic 
phosphates. It should be recalled th a t brain  ex tract also decyclizes 
glucose-4:6-cyclic phosphate [13] and probably glucose-3:6-cyclic phos­
phate (Żmudzka & Shugar, work in progress). If, therefore, the same 
enzyme is involved, its rangę of specificity m ust be very  broad. It is 
hoped tha t fu rth e r work, now in progress, m ay clarify this problem, 
as well as the possible metabolic role of the enzyme(s) involved.

SUMMARY

P aper and colum n chrom atographic m ethods have been applied to 
the identification of the acid and enzymie hydrolysis products of the 
three possible cyclic phosphates of l(/3-D-glucopyranosyl)uracil, viz. the 
2':4'~, 3':6'-, and 4':6'-phosphates.

Enzymie hydrolysis (by brain tissue extracts) leads to the form a- 
tion of the 4 '-, 6'-, and б'-phosphates, respectiyely. Acid hydrolysis of 
the cyclic phosphates gives a m ixture of the two possible m onophosphate 
esters, w ith one form  predom inating in each case, viz. the 4'-, 3'-, and 4'-. 
The results of acid and enzymie hydrolyses are compared and the 
possible specificity of the enzyme(s) involved discussed.
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PR O D U K T Y  C H E M IC Z N EJ I E N ZY M A TY C ZN EJ H Y D RO LIZY  C Y K LIC ZN Y C H  
FO SFO R A N Ó W  1 -(£ -d  -G L U K O PY R A N O ZO )U R A C Y LU

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

Z asto sow ano  m etody  ch ro m a to g ra fii b ibu łow ej i k o lum now ej do id e n ty fik a c ji 
p ro d u k tó w  kw asow ej i enzym atycznej hyd ro lizy  trz ech  m ożliw ych  cyk licznych  
fo s fo ran ó w  l(/J-D -glukopyranozo)uracylu , tzn . 2 ':4 '- , 3, :6 '- o raz  4 '^ '- fo s fo ra n ó w .

H y d ro liza  en zym atyczna  (ek s trak tem  z m ózgu k ró lik a) p ro w ad z i do p o w stan ia  
k o le jno  4 '-, 6 ' -  i 6 '-m o n o e s tró w  fosforow ych . H ydro liza  k w aso w a d a je  m ieszan inę  
dw u  m ożliw ych  m onoestrów  z w y ra ź n ą  p rzew ag ą  jednego  z n ich ; d la  k o le jn y ch  
fo s fo ran ó w  cyklicznych  by ły  to  4 '- , 3 '- i 4 '-fo sfo ran y .

P o ró w n an o  w y n ik i hyd ro lizy  chem icznej i enzym atyczne j o raz  p rzed y sk u to w an o  
m ożliw ą specyficzność ro zp a try w an eg o  enzym u(ów ).

R eceived  4 M arch  1963.
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The available m ethods for the estim ation of glutam inę in biological 
m ateriał containing also AM P and amino acids are few and ra ther 
inconvenient. The chrom atographic m ethods [16, 13] are ra th e r  tim e 
consuming, and the m ethods in which acid or alkaline hydrolysis is 
applied [14, 3, 12] prior to ammonia or glutam ate estimation, are  lacking 
in specificity [9]. The same is true  for the ninhydrin-gasom etric m ethod 
of Ham ilton [8 ]. Among the enzymie m ethods th a t described by Krebs 
[10] is highly specific but Clostridium welchi used in this m ethod is 
a very  infective m ateriał. The A rchibald’s m ethod for glutam inase 
p reparation  from  dog kidney [1 , 2 ] is troublesom e and the enzyme ob- 
tained is not very  specific, as ammonia is liberated from  glutam inę and 
AM P to the sam e extent.

In kidney, AM P am inohydrolase is localized in the supernatan t frac­
tion [17] and glutam inase in the particu late fraction [7]; therefore  it 
seemed probable th a t kidney glutam inase m ay be separated from  AMP 
am inohydrolase and from  some o ther am inohydrolases by centrifugation. 
This supposition was confirmed. The particu late fraction of ra t kidney 
hom ogenate suspended in KCN-phosphate solution can be used as 
a specific enzyme preparation for glutam inę deam idation. The liberated 
ammonia m ay be estim ated directly  by m icrodiffusion if the reaction 
is perform ed in a Conway dish.

MATERIALS AND METHODS

Reagents. G lutam inę was T. Schuchardt (Gorlitz, East Germany) and 
Fluka (Switzerland) product; 5'-AMP, adenosine, D,L-alanine, L-serine, 
tau rine  and L-leucine w ere L. Light (England) produets. Glycine was 
obtained from T. Schuchardt (East Germany); L-glutamic acid from  
M erck (West Germ any); D,L-threonine from  Lachem a (Czechoslovakia); 
L-aspartic acid from  Riedel (West Germany); L-asparagine from  BDH 
(England); D,L-lysine hydrochloride and ѵаііпе from  U.S.S.R.; 3'-AMP,
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L-alanine and tris  from Fluka (Switzerland). O ther Chemicals were 
purchased from  Gliwicka Fabryka Odczynników, Gliwice, Poland.

Enzyme preparation. Albino ra ts w ere killed by a blow on the head 
and decapitation. The kidneys w ere rem oved and homogenized in 
a Potter-E lvehjem  homogenizer w ith О.Ім-KCl solution to m ake a 10°/o 
homogenate. The hom ogenate was centrifuged in cold a t 600 g for 3 min., 
the sedim ent was discarded and the supernatan t centrifuged at 24 000 g 
for 15 min. The sedim ent containing amidohydrolase w as washed by 
suspending it carefully  in 0.04 м-KCN solution containing О.ібм-sodium 
phosphate, pH 7.7, and centrifuging for 15 min. a t 24 000 g. The sedim ent 
corresponding to 1 gram  of kidney was suspended in 3.5 ml. of the 
KCN-phosphate solution, and used for the assays. *The enzyme was 
stable for about 2  weeks w hen stored a t 1 °.

Tissue and blood extracts. Not less than  1 g. tissue or 5 g. blood was 
dipped into 7 ml. of 15% trichloroacetic acid. W hile working w ith the 
tissues containing glutam inę am idohydrolase it was im portant to put 
them  into acid as soon after гетоѵ аі from  the body as possible. The 
tissue was homogenized in a Potter-E lvehjem  homogenizer and the 
sedim ent centrifuged off. From  the supernatan t 5 ml. was transferred  
into a calibrated test tube, 3 ml. of tris buffer, pH 7.7, containing 
50 ibimoles sodium phosphate per ml., was added, the solution brought 
to pH 7.7 w ith diluted NaOH and made up to 10 ml. w ith glass-distilled, 
am m onia-free w ater.

Glutaminę determination. The incubation of the tested sample w ith  
the enzyme preparation m ay be carried out either in the Conway m icro- 
diffusion dish [6 ] or in the m icrodiffusion bottle described by Brown 
et al. [4]. W hen Conway techniąue was used, 1 ml. of the tissue ex tract 
was put into a half of the outer cham ber, the dish being propped into 
a sloping position; then  0.3 ml. of the enzyme suspension was added 
and m ixed carefully, and care was taken to preyent the o ther half of 
the outer cham ber from getting wet.

Next the dish was covered w ith a dry glass plate and incubated at 
room tem peratu rę  (20 - 25°) for 45 min. Then 1 ml. of boric acid w ith  
indicator was poured into the central cham ber, 1 ml. of satu rated  Иа2СОз 
solution was added to the incubation m ix ture  and ammonia was estim ated 
by the usual Conway techniąue w ith e ither 0.005 n  or 0.01 n -H C I solu­
tion for the titration , depending on the concentration of glutam inę. 
Enzymie blanks containing w ater instead of the extract, and substra te  
blanks containing K CN-phosphate solution instead of the enzyme 
suspension, were carried out sim ultaneously. The net ammonia content 
after both blanks have been subtracted  represents the am ount of g lu ta­
minę in 1 ml. sample.
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RESULTS

The am ount of amm onia liberated under the influence of the  kidney 
enzym e preparation, was proportional to the am ount of glutam inę added 
in  the rangę from  0.1 to 3 pmoles glutam inę per ml. (Fig. 1).

Fig . 1. T he e s tim a tio n  of g lu tam in ę  in s ta n d a rd  
Solutions by th e  enzym ie  m ethod . E ach sam p le  
co n ta in ed  50 jim oles p h o sp h a te ; 25 pm oles tr is , 
p H  7.7; 12 jiimoles K CN , an d  an  am o u n t of en zy ­
m e p re p a ra tio n  co rresp o n d in g  to 80 mg. of k id ­
ney  tissue . G lu tam in ę  w as added  as in d ica ted  
in  th e  F ig u rę . F in a ł vo lum e 1.3 ml. T he in c u b a ­
tion  w as c a rr ied  ou t in th e  o u te r cham ber of 
C onw ay  m ic ro d iffu sio n  d ish  a t ab o u t 25° fo r 

45 m in.

The specificity of the enzyme preparation from ra t kidney is demon­
stra ted  in Table 1 . No ammonia, or only negligible am ounts w ere libe­
rated  from  adenine nucleotides, adenosine, and from  the amino acids 
tested. The only exception was D,L-alanine from which about 40% of 
its amm onia content was liberated. As the deam ination of L-alanine is

T a b l e  1

The specificity of glutaminę amidohydrolase preparation from rat kidney
E ach  sam p le  co n ta ined  0.5 pm ole su b s tra te , 50 p,moles ph o sp h a te , 25 pm oles tr is , 
pH  7.7, 12 iiimoles K CN  an d  su spension  of th e  enzym e p re p a ra tio n  co rrespond ing  
to  80 mg. of tissu e  in  th e  f in a ł yo lum e 1.3 m l. In cu b a tio n  w as ca rr ied  ou t in th e  
o u te r  ch am b e r of C onw ay d ish  a t 20 - 25° fo r 45 m in. T he reac tio n  w as stopped  
by th e  a d d itio n  of 1 m l. sa tu ra te d  N a 2 C 0 3, w h ich  a t th e  sam e tim e  s ta r te d  am m on ia

m ic rod iffu sion

Substrate 
(0.5 (amole)

N H 3 liberated 
(p.moles)

Substrate 
(0.5 p.mole)

N H 3 liberated 
(umoles)

L-Glutamine 0.51 L-Serine 0 . 0 1

5-A M P 0 .0 0 D,L-Lysine 0 . 0 2

3'-AM P 0 .0 0 D,L-Threonine 0 . 0 0

Adenosine 0 . 0 2 Glycine 0 . 0 0

L-Glutamic acid 0 .0 0 L-Valine 0 . 0 0

L-Aspartic acid 0 . 0 1 L-Tyrosine 0 . 0 0

L-Asparagine 0 . 0 1 L-Leucine 0 . 0 0

D,L-Alanine 0 . 2 1 Taurine 0 .0 0

L-Alanine 0 . 0 1 D-Glucosamine 0 .0 0
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negligible it is possible that only D-alanine, besides glutaminę, was de- 
aminated by our enzyme preparation.

The activ ity  of glutam inę am idohydrolase was fairly  stable in the 
p reparation  stored at 1 °, howeyer, it decreased rapidly when the prepa- 
ra tion  was frozen and thaw ed (Table 2). W hen kept at 1°, the p repara­
tion reta ined  its initial activity  for about a fortnight, and then  some 
loss of activ ity  began. Usually the  am ount of endogenous ammonia in 
the preparation  was negligible, howeyer, it increased slightly during 
storage.

T a b l e  2

The ef fect  of storage on glutaminę amidohydrolase actiuity in the enzyme
preparation

T he su sp en sio n  of r a t  k id n ey  p a r t ic u la te  fra c tio n  w as p re p a re d  as described  in  th e  
te x t. I t  w as  d iv ided  in to  sm a li p o rtio n s, p a r t  of w h ich  w as s to red  a t 1° an d  th e  
o th e r  p a r t  a t  -10°. B efo re use, th e  su sp en sio n  w as d ilu ted  tw ice  w ith  K C N -p h o sp h a te  
so lu tion  ( 7  m l. of su spension  co rresp o n d ed  to  1  g. of tissue), and  its a c tiv ity  w as 
e s tim a te d  by  in cu b a tin g  0 . 3  m l. w ith  1 0  jim oles g lu tam inę , u n d e r  conditions described  

in  Fig. 1, ex cep t th a t  in c u b a tio n  tim e  w as 20 min.

Days of storage
Glutaminę decomposed 

(fimole/ 2 0  min.)

Enzyme stored at 1° Enzyme stored at -10°

0 2.59 2.59
5 2.24 0.35
8 2.15 0.34

1 2 2.28 0.39
17 1 . 0 1

2 0 1 . 0 1

23 1.13
28 0.87

The extraction procedurę did not destroy the glutam inę present in 
the tissue. This was proyed by the гесоѵегу of the  glutam inę added to 
the deproteinized blood. A typical experim ent of this series is shown 
in Table 3.

The determ ination of glutam inę in the whole blood, w ithout prior 
ex traction  or haemolysis, gave lower results; e.g. in two blood samples
0.49 and 0.42 pmoles glutam inę per g. could be detected w hen incubated 
directly, and 0.84 and 1.04 pmoles per g. a fter extraction. This indicates 
th a t the ex traction  of the blood (or o ther tissues) forms an essential step 
in the  procedurę.

Reproducibility of the m ethod was tested by perform ing ten  estim a- 
tions on the same hum an blood sample. The m ean yalue obtained was 
1.33 Mmoles glutam inę per g. w ith a standard  deyiation of 0.06. In Table 4
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T a b l e  3

The гесоѵегу of glutaminę added to the blood
G lu tam in ę  w as ad d ed  to th e  b lood dep ro te in ized  w ith  tr ich lo ro ace tic  ac id . A n o th e r 
p o rtio n  of g lu ta m in ę  w as d ilu ted  w ith  w a te r  in  th e  sam e p ro p o rtio n  an d  g lu tam in ę  

w as e s tim a ted  in  b o th  sam ples as described  in  th e  te x t

Experiment
Glutaminę
(pt-moles)

added recovered

I 0.47 0.45
1 1 0.41 0.44
III 0.79 0.85

T a b l e  4

Glutaminę concentration in the blood of healthy human subjects
fasted for 12 hr.

Initals Glutaminę 
(pimole/l g. of blood)

J.P. 0.82
L.Ź. 0.80
M.Ż. 0.69
R.K. 0 .8 8

W.M. 0.77
J.Pr. 0 .8 8

W.Rz. 0.82
A.G. 0.52
J.U. 0.52
Z.T. 0.99

A verage±S.D . 0.77±0.15

glutam inę concentration in the blood of ten  healthy hum an subjects aged 
20 - 40 years fasted for about 12 hr., is shown. The concentration found 
is w ithin the lim its reported  for blood plasma by other au thors using 
d ifferen t m ethods [e.g. 16]. H igher values were obtained w hen the  blood 
had been taken a fte r the ingestion of a meal.

DISCUSSION

The quantita tive  estim ation of glutam inę is of great in terest for phy- 
siologists as this compound m ay constitute as m uch as 25% of to ta l free 
amino acids in the  blood and 60% in some other tissues [14]. Changes 
in glutam inę concentration in the blood m ay occur in some pathological 
conditions [15, 5]. As already m entioned, few m ethods of glutam inę de- 
term ination have been described so far.
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In  ou r work advantage was taken  of the fact th a t ra t  kidney glutam inę 
am idohydrolase is present in the m itochondrial fraction [7] w hereas 
AMP am inohydrolase is localized in the supernatan t [17]. Using the  KCN 
solution proposed by A rchibald [1] to wash and suspend the m itochond­
rial fraction we w ere able to obtain a ra th e r specific enzyme preparation. 
D-Alanine, which is deam inated by the preparation, does not occur in 
anim al tissues and therefore could not in terfere  w ith the glutam inę 
estim ation. The kidneys of dog and cat could also be used for enzym e 
preparation. However, hog and ox kidney m itochondria, showing a high 
glutam inę am idohydrolase actiyity, contain also adenosine am inohydro­
lase [1 1 ] and are not suitable for glutam inę estim ation in the presence 
of adenosine.

The m ethod described is applicable to the blood and other anim al 
tissues. Probably it could be also used for glutam inę determ ination in 
p lan t m ateriał.

The authors appreciate the skilful technical assistance of Mrs. Regina 
Kaczorowska.

SUMMARY

1. A specific glutam inę am idohydrolase preparation was obtained 
by suspending ra t kidney m itochondrial fraction in K C N -phosphate 
solution.

2. By using this preparation, and the Conway techniąue for the  
estim ation of ammonia, it is possible to determ ine even 0 . 1  ц т о іе  g lu­
tam inę per ml. of blood otr tissue extract.
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EN ZY M A TY CZN E O ZN ACZAN IE G LU T A M IN Y  PR E PA R A T E M  
Z N E R K I SZCZU RA

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

1. P rzez  zaw ieszen ie  fra k c ji m ito ch o n d ria ln e j n e re k  szczura w  roztw orze KCN 
za w ie ra ją c y m  fo sfo ran y , o trzym ano  sw oisty  p re p a ra t  g lu tam inazy .

2. U ży w ając  tego p re p a ra tu  d la u w o ln ien ia  am o n iak u  i m ik ro d y fu z ji C onw aya 
d la  jego  oznaczen ia , m ożna było oznaczyć ОД ц т о іа  lub  w ięcej g lu tam in y  w  1 m l 
e k s t ra k tu  k rw i lu b  tk a n k i.

R eceiyed  9 M arch  1963.
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In the years preceding the discovery of polynucieotide phosphorylase, 
DNA polym erase and RNA polymerase, two different conceptions con- 
cerning the m echanism  of the synthesis of polynucleotides w ere deve- 
loped. According to one of them  the nucleic acid molecule is form ed 
by gradual binding of phosphates, carbohydrates and bases to a m acro- 
m olecular acceptor. The other conception assumed the possibility of po- 
lym erization of activated mononucleotides (see Brown & Roli [3]).

It is now generally  accepted tha t nucleosidediphosphates and nucleo- 
sidetriphosphates are the direct precursors of each nucleotide u n it of the 
polynucieotide chain in anim al tissues and in m icroorganism s as well 
as in higher p lants [4, 2, 1, 8 ]. However, Reifer and co-w orkers [6 , 7] in 
the ir studies on the anabolism  of pyrim idines in higher p lants in vivo  
m ade some observations which seem to indicate th a t m ononucleotides 
m ay be not the only precursors of nucleic acids. F irst, no correlation 
was observed betw een the specific activities of both 5'-UM P and 5 '-CM P 
and the corresponding 2'(3')-mononucleotides obtained on hydrolysis of 
nucleic acids [6 ]. Then it was found tha t feeding of the p lan ts w ith 
0.05 т м  solution of [2-14C]uracil led to the incorporation of radioactivitv 
into urid ine and the polynucleotides, while 5'-UMP and 5'-CMP re- 
m ained free of the  radioactive carbon [7]. These observations suggested 
the possibility of d irect incorporation of uracil or urid ine into a fraction 
of polynucleotides, w ith  the omission of the mononucleotide stage. In 
th is paper, the corresponding results obtained in vitro  on hom ogenates 
of p lan t m ateriał are  reported.

MATERIALS AND METHODS

Homogenates. These w ere prepared in a cold-room at 6 °; 2 0  g. sam ­
ples of 5 days old w heat seedlings (Dańkowska 40 variety) w ere ground 
in a porcelain m orta r w ith 2 0  ml. of ice-cold 0 . 2  м-saccharose solution 
containing 0.2 м то іе  of ATP per ml. The pulp was then  passed through 
four layers of gauze and the liąuid d irectly  used in the preparation  of
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the incubation m ixtures. Total protein  content in the  hom ogenate was 
5 mg./m l.

Incubation. [2-14C]Uracil (0.01 umole in 0.5 ml. of 0.2 м-saccharose) 
w ith the  specific activity  of 2 0  uc/umole was added to 2  ml. of the 
hom ogenate, made up to 3 ml. w ith 0 .2 м -saccharose and incubated a t 17°. 
The reaction was stopped by addition of 20 ml. of ice-cold 0.3 N-HCIO4 . 
In the  control sample, perchloric acid was added sim ultaneously with 
the radioactive uracil. A fter addition of perchloric acid the incubation 
m ixtures w ere separated by centrifugation into two fractions: acid-so- 
luble (supernatant) and acid-insoluble (precipitate).

Analytical procedures. The precipitate containing the polynucleotide 
was w ashed 1 0  tim es w ith 2 0  ml. portions of an ice-cold 0 . 1  т м -solution 
of non-radioactive uracil in 0.3 N-HCIO4 , and hydrolysed in 1 n-HCI 
at 100° for 1 hr. A fter cooling, the  hydrolysate was filtered  and the 
solution either used for the determ inations of total radioactivity of the 
polynucleotide fraction or subjected to fu rth e r fractionation as described 
earlie r [6 ].

The supernatan t, i.e. the acid-soluble fraction, was heated for 10 min. 
on a boiling w ater bath in order to hydrolyse UDP and UTP into 5'-UMP, 
then  cooled and the acid-soluble pyrim idine derivatives were separated 
according to the previously described procedurę [6 , 5].

Q uantita tive  determ inations and m easurem ents of radioactivity  were 
perform ed as before [6 ]. The particu lar pyrim idine derivatives were 
identified spectrophotom etrically [1 0 ].

Chemicals. 2'(3')-UMP was prepared from RNA according to the  pro­
cedurę described earlier [6 ]. O ther reagents w ere obtained from  com- 
m ercial sources: [2-14C]uracil, Radiochemical Centre, Am ersham , En- 
gland; A TP-N a4 and ribose-5-phosphate (R-5^P), A. G. Fluka, Sw itzer- 
land; glutathione, T. Schuchardt, M iinchen; potassium  phosphates, 
E. M erck, D arm stadt; uridine, California Corp. for Biochemical Re­
search; RNA, N utritional Biochemicals Co. The Solutions for preparing  
the incubation m ix ture  w ere made up w ith double-distilled w ater.

RESULTS

The use of a saccharose solution containing ATP, a factor preventing 
heat denaturation  of proteins [9], enabled to obtain a hom ogenate of 
w heat seedlings catalysing the incorporation of [2-14C]uracil into the 
polynucleotides (Table 1). The hom ogenate prepared in this way showed 
no increase in actiyity  on fu rth e r addition of ATP, MgCl2, R -5-P and 
glutathione. In hom ogenates prepared in 0.2 м-saccharose w ithout ATP, 
[2-14C]uracil was incorporated into the polynucleotides only in traces, 
the  subseąuent addition of ATP, MgCl2, R-5-P or of all these compounds 
together to the incubation m ix ture  rem aining w ithout effect (Table 1).
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T a b l e  1

Incorporation of [2-^C]uracil into the polynucleotide fraction in the  
homogenates of wheat seedlings

C o n d itio n s: 2 m l. sam p les of hom ogenates w ere  in eu b a ted  fo r 1 hr. a t  17° w ith  
0.01 pm ole  of [2-14C ]u rac il (20 ц с /ц то іе ). A T P , R -5 -P , M gC l2 and  g lu ta th io n e  w^ere 
ad d ed  in  am o u n ts  g iven  in th e  T able . T he in cu b a tio n  m ix tu re s  w ere  m ade up  to

3 ml. w ith  0.2 м -saccharose.
M ean  y a lu e s  ± S.D. a re  g iven. In  p a re n th e se s  th e  n u m b e r of ex p e rim en ts . T he

s ta n d a rd  d ev ia tion  w as ca lcu la ted  from  th e  eą u a tio n : S.D. =  1 /   -___ 1
X  n — 1

Homogenate Additions ([i.moles)

Activity 
of polynucleotide 

fraction 
(counts/min.)

0 . 2  м-saccharose None 30.3 ±  1.6 (5)
with 0.2 тм-А ТР| ATP (0.4) 28.9 ±  2.3 (3)

MgCl2 ( 1 .0 ) 30.7 ±  1.8 (3)
R-5-P (0.4) 31.2 ±  1.3 (3)
ATP (0.4) ±  MgCl2 (1.0) ±  R-5-P (0.4) 30.1 ±  1.0 (3)
Glutathione (2.0) 22.0 ±  1.9 (3)

0 . 2  м-saccharose None 0.9 ±  0.5 (6 )
ATP (0.4) 1 . 0  ± 0 .6  (6 )
MgCl2 (1.0) 1.0 ± 0 .4  (6 )
R-5-P (0.4) 0.7 ±  0.5 (6 )
ATP (0.4) ±  MgCl2 (1.0) ±  R-5-P (0.4) 1 . 1  ±  0 .8  (6 )
Glutathione (2.0) 0.3 ±  0.3 (6 )

T a b l e  2

Effect  of  pH on the incorporation of [2-1'1С]игасй

C o n d itio n s; 2 m l. sam p les of hom ogena tes  in A T P -sacch a ro se  so lu tion  w e re  ineuba ted  
fo r  1 h r . a t  17° w ith  0.01 ц т о іе  of [2-14C ]u rac il (20 ц с /д то іе ). T he pH  of th e  
in c u b a tio n  m ix tu re  w as ad ju s te d  by ad d in g  40 fim oles of a p p ro p r ia te  p o tassium  
p h o sp h a te  b u ffe r. T he f in a ł vo lum e of th e  in cu b a tio n  m ix tu re  w as 3 ml. M ean 

v a lu e s  ±  S.D. a re  g iyen ; in  p a ren th ese s  th e  n u m b er of experim en ts '.

pH Actiyity of polynucleotide fraction 
(counts/min.)

6.5 (without phosphate) 29.2± 1.1 (5)
5.5 37.7±0.7 (3)
6 .0 45.8 ±  1.3 (3)
6.5 43.4±0.8 (5)
7.0 34.6±2.5 (3)
7.5 29.5±2.6 (3)

http://rcin.org.pl



304 J. BU OHO WDCZ [4]

The addition of potassium  phosphate to the  incubation m ixtures 
showed th a t its presence as well as changes of pH values influence 
essentially  the in tensity  of uracil incorporation into the polynucleotides 
(Table 2). The highest radioactivity  in th is fraction was observed at 
pH 6 . The total radioactivity  of polynucleotides a fte r 1 hr. of incubation 
am ounted in this case to 0.25°/o of [2-14C]uracil used.

In the  subseąuent experim ents hom ogenates prepared in saccharose 
solution containing ATP w ere used, and the ir pH was adjusted  before 
incubation to 6  w ith phosphate buffer.

The relation betw een the radioactivity of the polynucleotide fraction 
and the tim e of incubation is shown in Fig. 1. There was no incorporation

Fig. 1. In c re a se  of a c tiv ity  of th e  po ly n u c leo tid e  fra c tio n  d u rin g  in cuba tion . C ondi­
tio n s: 2 m l. of hom ogena te  in A T P -sacch a ro se  so lu tion , 0.01 ц т о іе  of [2-14C ]u rac il 
(20 ц с /ц т о іе ) , 40 jxmoles p o tassiu m  p h o sp h a te , 0.2 м -sacch aro se  to  3 m l.; pH  6.0; 

tem p . 17°. R esu lts  fro m  th re e  ex p e rim en ts .

of 14C into the polynucleotides in the control sample. A lready after 
1 min. of incubation the activity  appeared in the polynucleotide fraction 
and the linear increase of the activity  was m aintained for the first 
30 m in. L ater the ra te  of uracil incorporation was distinctly  lower.

The resu lts of m easurem ents of the content and activities of some 
pyrim idine derivatives in the hom ogenates incubated w ith [2-14C]uracil 
during various periods, are presented in Table 3. In uridine and uridine 
m ononucleotides only insignificant am ounts of 14C w ere found, irres- 
pective of the incubation time. Considerable activ ity  was, however, found 
after 90 min. of incubation in the  hydrolysis products of polynucleotides
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T a b l e  3

Content and total activity of sorne pyrimidine derivatives in homogenates 
of wheat seedlings incubated with [2-^C]uracil

C ond itions: 2 m l. sam p les  of hom ogenates in A T P -sacch aro se  so lu tion  w ere  in ­
c u b a te d  w ith  0,01 ц т о іе  of [2-14C ]u racil (20 ц с /ц то іе ), 40 pm oles of p o tass iu m  
p h o sp h a te , and  0.2 м -sacch aro se  up  to 3 m l.; pH  6.0; tem p . 17°. T im e of in cu b a tio n  
as in d ica ted  in th e  T able. M ean v a lu es from  th re e  ex p e rim en ts  ±  S.D. a re  g iven

Time of incubation (min.)

Pyrimidine
compounds

0

(Control)
1 1 0 90

pimole counts/
min.

[хтоіе counts/
min.

[хтоіе counts/
min.

tymole counts/
min.

Acid-soluble frac­
tion 

Uracil 0.06 17020 ± 30 0.06 17040 ±30 0.08 17010±30 0.07 16880±30
Uridine 0.13 1.0±0.3 0 . 1 2 1.2±0.9 0 . 1 2 1.4±0.8 0.14 0.9±0.2
5 '-U M P +
+  UDP +  UTP 0 . 1 0 0.8 ± 0 .4 0 . 1 1 1.3±0.5 0.13 1.3 ±0.4 0.13 1.0±0.5

Acid-insoluble frac­
tion 

2 '(3 )-U M P 0.46 0.2±0.3 0.46 1.3 ± 0 .2 0.47 5.6±  1.3 0.43 49.8±2.4
Uridine 0.05 0.3±0.3 0.04 1 .2 ±  1 . 6 0.05 2.6±0.9 0.05 15.4 ±1.3

nam ely in 2'(3')-UMP and uridine. Presum ably the hom ogenates did not 
catalyse the degradation of [2 - 14C]uracil, for its loss during incubation 
was very  slight. The content of the particu lar pyrim idine derivatives did 
not undergo any considerable changes in the course of the incubation.

DISCUSSION

The presented data show that in the homogenates of w heat seedlings 
incubated w ith [2-14C]uracil, considerable activity appears in the hydro­
lysis products of the acid-insoluble fraction. The lack of incorporation 
of I4C in the control, as well as in homogenates prepared w ithout ATP 
indicates the enzymie character of this process. The observed dependence 
of uracil incorporation on the pH value and on the incubation time 
is also typical for enzymie reactions.

The presence of radioactive 2'(3')-UMP and urid ine in the products 
of hydrolysis of the acid-insoluble fraction suggests th a t the observed 
incorporation of [2-14C]uracil is connected w ith the biosynthesis of poly- 
nucleotides. A lthough the inform ation so far obtained is inadeąuate  to 
elucidate the m echanism  of this biosynthetic process, yet it is possible 
to draw  some ten tative conclusions. First, the relatively  high radioacti- 
vity of uridine form ed on hydrolysis of polynucleotides in comparison
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w ith the activity  of 2'(3')-UMP indicates tha t a considerable p a rt of the  
incorporated uracil results from  the term inal addition. Secondly, the  
atten tion  is called to the lack of 14C in the uracil derivatives of the  
acid-soluble fraction, nam ely in uridine and uridine mononucleotides. 
These obseryations would indicate th a t uracil can be incorporated di- 
rectly  into the respective fraction of polynucleotides w ith the omission 
of urid ine and of m ononucleotides. In other words, the incorporation of 
radioactiyity  into the nucleic acids occurring under the described expe- 
rim ental conditions seems to resu lt from  direct binding of [2-14C]uracil 
by a polynucleotide acceptor ra th e r than  from the polym erization of 
mononucleotides.

The possibility of anabolic reactions of uracil in plants was recently  
suggested on the basis of experim ents in vivo  [7]. The results obtained 
in vitro support this finding.

The au thor wishes to express his gratitude to Professor I. Reifer for 
yaluable suggestions during the course of this work.

SUMMARY

Hom ogenates of w heat seedlings were incubated with [2-14C]uracil. 
A high ra te  of incorporation of 14C into the acid-insoluble fraction was 
obseryed. On hydrolysis, two radioactive products were identified, na ­
m ely 2'(3')-UMP and uridine. In the acid-soluble fraction no products 
of m etabolism  of [2-14C]uracil were found. These results suggest a pos- 
sible direct path  of incorporation of uracil into polynucleotides, w ith 
the omission of the m ononucleotide stage.
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W ŁĄ C ZA N IE [2-14C]UR A CY LU  DO PO LIN U K L E O T Y D Ó W  W H O M O G EN A TA C H
K IE ŁK Ó W  PSZ EN IC Y

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

H om ogenaty  k ie łków  pszen icy  inku b o w an o  z [2-14C ]uracy lem . S tw ierd zo n o  szyb ­
k ie w łączan ie  14C do f ra k c ji kw ason ie rozpuszcza lne j. Po hydro liz ie  o trzy m an o  dw a 
ra d io ak ty w n e  zw iązk i: 2y(3 ')-U M P i u ry d y n ę . We f ra k c ji k w aso rozpuszcza lne j nie 
znaleziono żadnych  p ro d u k tó w  p rzem ian  [2-14C] u racy lu . W ynik i su g e ru ją  m ożliw ość 
bezpośredniego  w łączan ia  u racy lu  do po lin u k leo ty d ó w  a n ie  poprzez  m ononu- 
k leo tydy .

R eceived 12 M arch  1963.
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A C T A  B I O C H I M I C A  P O L O N I C A
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MARIA M. JEŻEWSKA, B. GORZKOWSKI and J. HELLER

SEASONAL CHANGES IN THE EXCRETION OF NITROGEN 
WASTES IN HELIX PO M A TI A

In s t i tu te  o f B io ch em is try  and B iophysics, P o lish  A ca d em y  o f Sc iences , a n d  D ep a rt­
m e n t o f P hysio log ica l C h em is try , M edical School, W arszaw a

In an earlier paper [1] we have stated  an accum ulation of uric acid, 
xan th ine  and guanine in the nephridia of h ibernating Неііх pomatia. 
In spring, when the snails resum ed their actiyity, a great part of these 
purine compounds was elim inated but a considerable proportion re- 
m ained stored in nephridium . D uring th is inyestigation extending till 
Ju ly  alm ost the whole of nitrogen substances in nephridium  and nephri- 
dial excreta  consisted of the same purines oniy w ith  changes in their 
m utual proportion. In contrast w ith the accepted view that Неігх pomatia 
is uricotelic during hibernation but ureotelic during the feeding period, 
our conciusion was tha t H. pomatia is uricotelic throughout the whole 
year.

The present inyestigation was carried  out from August till M arch 
com pleting the form er observation so as to соѵег the whole year cycle.

F ully  grown snails w ere collected and kept under the same con­
ditions as described preyiously [1]. The firs t series of experim ents was 
m ade in Septem ber and the beginning of October w hen the snails were 
feeding very  actiyely. D uring the next period, from  October 15th to 
N ovem ber 15th, the  feeding was ąuite irregu lar and in m any specimens 
the closing of shell by epiphragm a was obseryed. Some of them , howe- 
ver, resum ed their actiyity  and feeding. Therefore in this series our 
m ateriał was inhomogeneous. Beginning w ith the second half of Novem- 
ber all th rough the w in ter till M arch the snails rem ained in shells closed 
w ith solid epiphragm a.

The m ethods applied were the same as in [1]. The total nitrogen 
was estim ated in isolated nephridia and in nephridial excreta. From  
chrom atogram s the spots of uric acid, guanine, xanth ine and of an 
unidentified  substance were eluted, and the nitrogen content of the th ree  
last compounds was estim ated. The uric acid was estim ated colorim e- 
trically  and its nitrogen content was calculated. Table 1 presents the 
results together w ith  those from  the earlie r paper. The nitrogen of purine 
compounds is also expressed as percentage of to tal nitrogen. In Table 
1 a the sam e resu lts  are expressed in umoles and th e  difference for each

[309]
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T a b l e  la

Purines in nephridia and nephridial excreta of the snail Неііх pomatia

T h e  v a lues re p re se n t th e  am o u n t of p u rin e s  in  prnoles p e r 1 n ep h rid iu m  or p e r 
100 mg. of ex c re ta . T he av e rag e  fo r the  w ho le  y e a r  an d  th e  d iffe rences b e tw een  
th e  found  v a lu es  an d  th e  y e a r’s av erag e  (d.y.a.) a re  a lso  g iven. T he f ig u re s  fo r th e  
p e rio d s  m ark ed  w ith  an  a s te risk  a re  ta k e n  from  th e  p rev ious p a p e r  [1]. F o r 
N o vem ber, D ecem ber an d  F e b ru a ry , the  re s u lts  fo r snails  in  w h ich  g u an in e  w as 
p re s e n t a re  in c luded  in  th e  se t A, and  fo r  those  w ith o u t guan ine , in th e  se t В

Materiał Period
(months)

Uric acid Xanthine Guanine
Sum 

for xanthine 
and guanine

(fimo-
les)

(d.y.a.) ((лшо-
les)

(d.y.a.) ([ЛШ О-

les)
(d.y.a.) (fimo-

les)
(d.y.a.)

Nephridium 
during hiberna- 

; tion X I-X II  A 157 -8 7 .6 119 -35 .3 44 + 1 1 . 8 320 - 1 1 1 . 1

В 162 -8 2 .6 178 +23.7 0 -3 2 .2 340 -91 .1
I 347 + 102.4 237 +82.7 0 -3 2 .2 584 + 152.9
II A 352 + 107.4 2 0 0 +45.7 67 +34.8 619 + 187.9

В 389 + 144.4 145 -9 .3 0 -3 2 .2 534 + 102.9
end of 
I I - I I I  * 559 + 314.4 107 -47 .3 80 +47.8 746 + 314.9

during the feed- 
ing period I V - 15.VII * 135 -109 .6 127 -27 .3 62 +29.8 324 -107.1

IX -X 60 -184 .6 1 1 0 -44 .3 35 + 2 .8 205 -226.1
Х -Х І  A 163 -8 1 .6 131 -23 .3 34 + 1 . 8 328 -103.1

В 1 2 2 - 1 2 2 . 6 189 +34.7 0 -3 2 .2 311 - 1 2 0 . 1

!

Excreta 
first after hiber­
nation
during the feeding 
period

Year’s aver- 
age

*

IV -15.VII * 
I X - X

244.6

389

261
177

154.3

226

176
285

32.2

0

8 6

56

431.1

615

523
518

period from the average for the whole year is calculated. The results 
for guanine in Novem ber and December, and again in F ebruary  were 
highly ѵагіаЫе w ithin  the series of experim ents. In some snails guanine 
was not to be detected at all, in m any others the am ount of th is base 
was ra th e r rem arkable. We w ere inclined to refer these findings to the 
already  m entioned differences in behaviour of snails in the period at the 
onset and tow ards the end of hibernation. Therefore in the Tables the 
resu lts were pooled into two sets, A and В, В representing the ехрегі- 
m ents in which no guanine could be detected. The seasonal fluctuations
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of the content of purine substances in nephridia are graphically presented  
in Fig. 1 giving the am ount in umoles throughout the year.

The total nitrogen in nephridium  varied m arkedly throughout the 
year exhibiting a m inim um  tow ards the end of the feeding period. Soon 
afterw ards the epiphragm a was form ed and the excreta could not be 
eliminated. This is reflected by a rise of nitrogen compounds in nephri-

Fig. 1. C hanges in th e  co n ten t of p u rin e s  in n ep h rid ia  of H. p om a tia  th ro u g h o u t 
th e  year. ( Д),  U ric  acid ; (O ), x a n th in e ; ( • ) ,  guan ine . T he re su lts  fo r N ovem ber, 
D ecem ber and  F e b ru a ry  a re  averages of th e  re su lts  fo r th e  se ts A and  В of T ab le  la

dia proceeding gradually  till the end of hibernation, the value for the 
m axim um  being th ree tim es th a t for the minimum. A fter awakening, 
the snails deposited the excreta, and the nitrogen content in nephridia 
fell down rapidly to a half of the m axim um  value. Then the decrease 
proceeded slowly during the feeding period reaching the m inim um  in 
autum n.

The composition of nephridial excreta rem ained unchanged th rough­
out the whole feeding period. In nephridia during the whole year over 
90°/o of total nitrogen consisted of purine derivatives. D uring hibernation 
uric acid form ed the greatest part of total N. The am ount of uric 
acid increased tenfold over this period, and tow ards the end of h iber­
nation alm ost 65°/o of total N consisted of this compound.
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The rapid augm entation of uric acid towards the end of hibernation 
is clearly expressed in Fig. 1. The excreta elim inated just a fte r awakening 
contained predom inantly  uric acid, and tha t resulted in a rapid  decrease 
of this compound in nephridia leaving only one th ird  of the  m axim um  
value. D uring the feeding period the level of uric acid in nephridia 
fluctuated but slightly, decreasing slowly during autum n. Ju s t before 
the onset of hibernation the uric acid was a t its m inim um  contributing 
as little as 25°/o to total nitrogen. Reciprocally, in the excreta deposited 
just after awakening the uric acid constituted as m uch as 60% of total N, 
and during the feeding period only 30%.

The percent contribution of xanthine to total N was at its m axim um  
ju st before the  onset of hibernation when it constituted 47 - 58% of 
total N. In early  stages of hibernation the absolute content of xan th ine  
rose until January  when it reached its m axim um  but the percent con­
tribution fell at the same time being overtaken by the m ore rapid rise 
of uric acid. A t its m axim um , the absolute content of xanth ine was 
twice tha t at the onset of hibernation. In February  and M arch the level 
of xanthine in nephridia was falling, reaching its m inim um  just before 
the snail resum ed in spring its activity. At this m oment the  nitrogen 
of xanth ine furnished only 12% of total N which is the relative m inim um  
throughout the year. D uring the feeding period the level of xanth ine 
fluctuated but slightly almost parallelly  to changes in uric acid.

In excreta, the xanthine nitrogen contributed throughout the feeding 
period 30% of the to tal N. This value rose m arkedly tow ards the end 
of the active period reaching 51% of total N. A fter snails’ awakening^ 
the xanthine m ade 37% of the excreted nitrogen.

Guanine is the least soluble of the three purine compounds. Its con­
ten t dim inished gradually  during the feeding period and during the 
first half of hibernation. In January  this base was absent from  the ne­
phridia of all snails examined. In November, December and February  
the same was true  for m any of the specimens exam ined but at the same 
time in o ther specimens the content of guanine was ąu ite  conspicuous, 
sometimes reaching the same values as during the feeding period. We 
have already discussed this bifurcation w hen speaking about the results 
presented in Table 1.

The m axim um  of guanine was to be found in M arch sim ultaneously 
w ith the m axim um  for uric acid and the m inim um  for xanth ine content. 
A fter snails’ awakening, a gradual fali of guanine content began and 
was m aintained through the feeding period. Guanine was not observed 
in the excreta of snails just after awakening. D uring the feeding period 
this base m ade about 18% in spring and summ er, and about 13% in 
autum n, of the to tal N of the excreta.

In Fig. 1 the curves for xanth ine and guanine are som ewhat reciprocal 
so tha t in nephridium  the sum of both would vary  but slightly throughout
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the  year. In conseąuence, the great variations in the storage of nitrogen 
th roughout the year are due m ainly to storage or elim ination of uric acid.

The unidentified compound absorbing in UV accum ulated in nephridia 
only during  the feeding period, being at its m axim um  early  in spring 
(almost 9°/o of total N). It was absent from  excreta deposited after 
aw akening and made 4.5% and 3.3% of the total N of excreta during 
-summer and autum n, respectively. It seems to be some constituent of 
the  ingested food.

Our present investigation substantiated  the suggestion th a t Неііх  
pomatia  is uricotelic throughout the year.

SUMMARY

The nitrogen compounds in nephridia and nephridial excreta of Неііх  
pomatia w ere exam ined throughout the year. It was found th a t in all 
seasons H. pomatia is uricotelic, as over 90% of N-wastes consists of 
purine compounds. In spring, the nephridia contain almost eąual am ounts 
of xan th ine and uric acid, in autum n xanth ine prevails both in nephrid ia 
and in excreta. D uring the first half of hibernation there is a parallel 
rise in xan th ine  and uric acid, in the second half, uric acid is still rising 
bu t xan th ine  is dim inishing being substitu ted  by guanine.

R E F E R E N C E

II] М. M. Jeżew sk a , B. G orzkow sk i & J. H e lle r - A cta  B iochim . Polon. 10, 55, 19-63.

R O C ZN Y  C Y K L W Y D A LA N IA  ZW IĄ ZK Ó W  A ZO TOW Y CH  U Н Е Ы Х  P O M A T IA

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

P rz e b a d a n o  w y d a lan ie  zw iązków  azo tow ych  p rzez  Н еііх  pom atia  w  c iągu  roku . 
S tw ierdzono , że p rzez  cały rok  ś lim ak  w inn iczek  je s t u rik o te liczn y . P o n ad  90°/o 
w y d a lin  azo tow ych  stan o w ią  p u ry n y . N efrid iu m  że ru jący ch  ślim aków  zaw ie ra  na 
w iosnę  p ra w ie  ró w n e  części k sa n ty n y  i k w asu  m oczow ego, na je s ien i p rzew aża  
k sa n ty n a  zarów no  w  n e fr id iu m  ja k  i w  jego  w y d alin ach . W p ie rw sze j po łow ie 
ok resu  h ib e rn a c ji w zro s t k w asu  m oczow ego i jego p rek u rso ra , k san ty n y , je s t  p ra w ie  
ró w n o leg ły , n a to m ia s t w  d rug ie j po łow ie ilość k sa n ty n y  zm niejsza się i n e fr id iu m  
z a w ie ra  g łów n ie  słabo rozpuszczalne  w  w odzie p u ry n y , gu an in ę  i k w as  m oczow y.

R eceived 19 M arch , 1963,

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

V o l. X  1963 N o . 3

W. RZECZYCKI, ALICJA BARDON, M. HILLAR and J. W OJCIECHOW SKI

SIALIC ACID AND OTHER PROTEIN-BOUND CARBOHYDRATES 
IN EHRLICH MOUSE ASCITES TUMOUR FLUID*

D ep a rtm en t o f B io ch em is try , M edical School, G dańsk

Ehrlich ascites tum our seems to be a suitable object for studying the 
biosynthesis of sialic acid in vitro. W allach & Eylar [1 2 ] in 1961 found 
about 11 mg. sialic acid per 100 ml. of packed ascites tum our cells. In the 
present work about 80 mg. sialic acid per 1 0 0  ml. of ascites fluid was 
found.

In various anim al species and in various tissues d ifferent sialic acid 
derivatives are present, e.g. N -acetylneuram inic acid in hum an serum, 
N -glycollylneuram inic acid in hog subm axillary gland, and a m ixture 
of yarious sialic acids comprising a great am ount of IV,0 -d iacety lneura- 
m inic acid in Ьоѵіпе subm axillary gland [5]. The present paper describes 
an  attem pt to determ ine which derivatives of neuram inic acid are 
present in ascites fluid. Also the am ount of protein-bound carbohydrates 
was assayed in ascites fluid and in blood sera of norm al and of tum our- 
-bearing mice.

METHODS

Ehrlich ascites tum our cells were obtained from  the D epartm ent of 
Pathological Anatom y of the Medical School in Gdańsk. Ten days after 
in traperitoneal inoculation of w hite mice w ith Ehrlich ascites tum our 
cells, the ascites fluid was w ithdraw n from the peritoneal cavity. The 
fluid from  individual mice was centrifuged; the supernatan ts w ere com- 
bined, and used for fu rth e r experim ents.

The serum  was obtained from pooled blood of 15 decapitated norm al 
mice and from pooled blood of 15 tum our-bearing mice decapitated 
1 0  days a fte r the inoculation.

Sialic acid was determ ined by the m ethod of Svennerholm  [1 1 ] using 
as a standard  N -glycollylneuram inic acid kindly given by Professor 
G. Blix. The sialic acid-protein со тр іех  was hydrolysed by the m ethod 
of M artensson et al. [9]. The protein was precipitated w ith  ethanol 
from  1 0 0  ml. of cell-free ascites fluid and hydrolysed twice with

* T his s tu d y  w as  p a r t ia l ly  su p p o rted  by a g ra n t fro m  th e  C om m ittee  of B io­
ch em is try  an d  B iophysics of th e  P o lish  A cadem y of Sciences.
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0.03 N-sulphuric acid for 1 hr. a t 80°. From  the combined hydrolysates 
sulphuric acid was rem oved w ith barium  hydroxide and the elear solu­
tion was freeze-dried. The obtained m ateriał was dissolved in 3 ml. of 
w ater and placed on several sheets (15 X 45 cm.) of W hatm an no. 1 paper. 
The chrom atography was carried out in n-butanol - pyridine - w ater 
(6:4:3, by vol.) w ith the descending techniąue [2]. From  the central part 
of each sheet, a strip  1 cm. wide, parallel to the direction of solvent 
m igration was cut out, the spots were localized w ith orcinol in trichloro- 
acetic acid [3 ], and compared w ith the spot of standard  N -glycollylneura- 
minic acid. The areas corresponding to the most intensive spot were cut 
out from  the non-stained chrom atogram s and eluted w ith  w ater; the 
combined eluates were filtered through a hard, washed w ith w ater, filter 
paper, and freeze-dried. In this m ateriał dissolved in 10 ml. of w ater, th e  
sialic acid [1 1 ], O-acyl [8 ] and N-glycollyl [6 ] residues w ere determ ined.

In the protein precipitated w ith ethanol, hexose was determ ined with 
orcinol [13], hexosam ine by the Elson-M organ m ethod after Вііх [1] and 
fucose w ith  the cysteine reagent [13]. The am ount of protein was deter­
mined by the b iuret m ethod [7].

RESULTS

The protein-bound sialic acids present in ascites fluid w ere separated  
on chrom atography into 3 spots (Fig. 1). The first spot w ith a mobility 
of standard  N-glycollylneuram inic acid constituted the m ain component, 
whereas two other spots form ed a much sm aller fraction. The compound

Fig. 1. P a p e r  c h ro m a to g rap h y  of sia lic  acid se p a ­
ra te d  from  E h rlich  asc ites f lu id  p ro te in . D escending
te c h n ią u e  in n -b u ta n o l - p y rid in e  - w a te r  (6:4:3r
by vol.). (a), S ta n d a rd  N -g ly co lly ln eu ram in ic  a c id ; 
(b), m ix tu re  of sia lic  ac ids from  asc ites w ith  
N -g ly co lly ln eu ram in ic  ac id ; (c), sia lic  acids fro m  

ascites.

corresponding to the first spot was eluted from  chrom atogram s w ith
water. In  the eluate, per 1 mole sialic acid nearly  1 mole of N-glycollyl
residues was found, and no O-acyl residues could be detected (Table 1).
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T a b l e  1

N -Glycollyl and O-acyl residues of sialic acid isolated from  Ehrlich
ascites fluid protein

Sialic  acid  e lu te d  fro m  th e  ch ro m ato g ram  (spot 1  in Fig. 1) w as te s ted  fo r
lV-glycollyl and  O -acy l res idues

Expt.
no.

A-Glycollyl residue О-Acyl residue 
(mole per mole sialic acid)

1 0.81 0 .0

2 0.73 0 .0

3 0.90 0 .0

4 0.81 0 .0

Mean
value 0.81 ±  0 . 1 1 0 .0

±  S.D.

The above data indicate th a t in Ehrlich ascites tum our fluid the main 
protein-bound neuram inic acid derivative is N -glycollylneuram inic acid.

In Table 2 are presented the results of determ inations of protein- 
-bound carbohydrate components, and of sialic acid, in mouse ascites 
fluid. It should be noted th a t the standard  deyiation for the determ ina­
tions of carbohydrate per gram  of protein was very  smali. The average 
am ount of sialic acid, 85 mg. per 100 ml. ascites fluid, was m uch higher 
than  tha t in tum our cells which was found by W allach & Eylar [12] 
to be 1 1  mg. per 1 0 0  ml. cells.

In Table 3 the am ounts of indiyidual carbohydrate components in 
ascites fluid are compared w ith those for the serum  of norm al and

T a b l e  2

Protein-bound carbohydrate components in Ehrlich ascites tumour fluid

Expt. Protein Hexose Hexos- Sialic Hexose Hexos- Sialic
no. amine acid amine acid

(g./lOOml.) (mg./ІОО ml.) (mg./g. protein)

1 2.5 82 71 81 33 28 32
2 2.4 79 53 82 32 2 2 33
3 2.7 97 72 103 39 26 38
4 2.7 89 80 93 33 29 34
5 2.7 84 63 80 31 23 30
6 2.3 82 60 80 35 26 35
7 2.4 84 58 80 35 26 35

Mean values
±  S. D. 2.5 ±0.06 85.2±2.2 65.2±3.5 85.5±3.4 34.0±1.0 25.7±0.89 33.8±0.9
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T a b l e  3

Protein-bound carbohydrate components in sera of normal and 
tumour-bearing mice and in Ehrlich ascites fluid

M ateriał Protein Hexose Hexosamine Sialic acid Fucose

(g./ЮО ml.) (mg ./ 1 0 0  ml.)
Serum of normal

mouse 7.0 114 95 130 4.8
Serum of tumour-

-bearing mouse 7.0 160 150 1 2 0 4.4
Ascites fluid 2.5 85 65 85 —

(mg./g. protein)
Serum of normal mouse 16.3 14 18 0.7
Serum of tumour-

bearing mouse 23 2 1 17 0 .6

Ascites fluid 34 26 34 —

tum our-bearing  mice. In the protein of the tum our-bearing mouse 
serum , the  content of hexose and hexosam ine was higher than in the  
serum  of norm al mice, w hereas the am ounts of sialic acid and fucose 
w ere not changed. In the protein of ascites fluid about twice as m uch 
carbohydrates was found as in the serum  of norm al mice. The am ount of 
sialic acid per 1 g. protein was twice as high in ascites fluid as in the  
serum  of norm al or tum our-bearing mice.

The am ounts of fucose in ascites fluid were m uch sm aller than  in 
the  serum  and could not be determ ined w ith  the cysteine reagent.

DISCUSSION

In mouse ascites fluid, th ree sialic acid derivatives were found by 
paper chrom atography. The m ain one is probably N-glycollylneuram inic 
acid. A lthough this compound was not obtained in pure crystallized 
form, the Rp value, and the analysis of N-glycollyl and O-acyl groups 
strongly  support th is suggestion. The two other sialic acids could be 
O -acetyl derivatives (spots 2 and 3 in Fig. 1). They were not identified 
but there  is a m arked sim ilarity betw een our chrom atogram  and tha t 
of Blix [2] obtained w ith O-acetyl derivatives.

H igher content of sialic acid in ascites fluid protein than  in the  
protein  of norm al and tum our-bearing mouse serum , can be explained 
by the assum ption th a t the proteins containing acid polysaccharides are 
produced by tum our cells or by the peritoneal m em brane, and cannot 
pass into the blood. O ther glycoproteins synthesized by tum our cells 
or by the peritoneal m em brane m ay penetrate into the blood causing 
the  increase of hexose and hexosamine contents in the serum  of tum our- 
-bearing  mice.
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On the o ther hand, it cannot be excluded th a t in tum our-bearing  
mouse the increase of protein-bound hexose and hexosam ine first 
occurs in the serum, from which these compounds would pass to the 
peritoneal cavity. The greater am ount of sialic acid in the ascites fluid 
than  in the serum  could be accounted for by active accum ulation against 
the concentration gradient.

The high ra te  of protein synthesis in Ehrlich ascites tum our cells 
was dem onstrated by Le Page [10]. He found tha t the incorporation of 
[2-14C]glycine by these cells was 50 tim es g reater than  by m ouse Ііѵег 
cells. Christensen & Riggs [4] showed in vitro  an assim ilation of am ino 
acids from  the medium. Glycine gradients of 60 т м  per liter w ere 
observed betw een the cells and the suspending fluids.

SUMMARY

N -G lycollylneuram inic acid was found to be the m ain com ponent 
of the sialic acids in the protein of Ehrlich mouse ascites fluid. In the  
serum  of the  tum our-bearing mouse an increase of protein-bound 
hexose and hexosam ine in relation to norm al mouse serum  was observed; 
however, no differences in sialic acid content in the sera w ere found.
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K W A S SJA Ł O W Y  O RA Z IN N E K O M PO N EN TY  W ĘGLO W O D A N O W E W P Ł Y N IE  
A SC ITE S E H R L IC H A  U  M YSZY

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

S tw ierdzono , że k w as N -g lik o lilo n eu ram in o w y  s tanow i g łów ną k o m p o n en tę  
k w asó w  sja lo w y ch  b ia łek  o trzew now ego  p ły n u  now otw orow ego  m yszek  z guzem  
E h rlich a . P o ró w n an o  zaw arto ść  sk ład n ik ó w  w ęg low odanow ych  b ia łek  p ły n u  
o trzew now ego  i su row icy  m yszek zdrow ych  i now otw orow ych . Z aw arto ść  heksozy  
i h ek so zam in y  w  surow icy  m yszek  now o tw orow ych  b y ła  w yższa około pół ra z a , 
a  w  p ły n ie  o trzew now ym  około dw a razy  w  p rze liczen iu  na  1  g b ia łk a  w  p o ró w ­
n a n iu  z ich  zaw arto śc ią  w  su row icy  m yszek zdrow ych . P oziom  k w asu  s ja low ego  
w  p rze liczen iu  na 1  g b ia łk a  w  su row icy  m yszek  zd row ych  i now o tw orow ych  b y ł 
jed n ak o w y , lecz d w u k ro tn ie  niższy niż w  p łyn ie  o trzew now ym .

R eceived  25 M arch  1963.
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RECENZJE KSIĄŻEK

C h r i s t o p h e r  C a r r u t h e r s :  B IO C H E M IST R Y  OF SK IN  IN  H EA L TH  
AND  D ISEA SE. C h arle s  C. T hom as P ub l., S p ring fie ld , Illino is, U.S.A. 1962. S tr . 263, 
rys. 41, tab l. 130.

O m aw iana k s iążk a  je s t k o le jn ą  pozycją  se rii “A m erican  L ec tu re s  in  L iv ing  
C h em istry ” pod re d a k c ją  I. M. K ugelm assa , k tó ry  ją  poprzedził w stęp em . K siążka  
podzielona je s t na  9 rozdziałów . W p ie rw szy m  z n ich  A u to r poda je , g łów nie  na 
p o d staw ie  p rac  С. C. S elby  (1955), G. F. O d lan d a  (1958) oraz  M. S. C. B irbecka  
i E. H. M ercera  (1957), szczegóły u lt r a s t ru k tu ry  skó ry  u jaw n io n e  p rzez  m ik roskop ię  
e lek tro n o w ą. W d ru g im  rozdziale  A u to r om aw ia k ró tk o  b ia łk a  sk ó ry  o raz  proces 
k e ra ty n izac ji, p rz y jm u ją c  teo rię  F lescha, w ed le  k tó re j k e ra ty n iz a c ja  p rzeb iega  
w  dw óch e tap a ch : w  p ie rw szy m  tw orzy  się w łó k n is ty  b ia łkow y  p re k u rso r  z a w ie ra ­
jący  n a jw yże j ślady  s ia rk i, w  d ru g im  e tap ie  ten  p re k u rso r  łączy się z b ia łk am i 
bogatym i w s ia rk ę  lub  p ro d u k ta m i ro zp ad u  tak ich  b ia łek  w y tw a rz a ją c  k e ra ty n ę . 
T rzeci rozdział pośw ięca  A u to r p ig m en tac ji, om aw ia jąc  m elanogenezę  i w p ływ  
p ro m ien i pozafio łkow ych. W czw arty m  rozdziale  zb ie ra  dane  do tyczące ro d za ju  
i zaw arto śc i su b s ta n c ji tłuszczow ych. R ozdział p ią ty  pośw ięcony  je s t enzym om  
w y stęp u jący m  w  skórze. W rozdzia le  szóstym  om ów iono skó rę  jak o  m ag azy n  w ody 
o raz ch lo rk u  i innych  sk ład n ik ó w  m in e ra ln y ch , o raz  p rzed staw io n o  dan e  do tyczące 
pH  i po tu . W rozdzia le  siódm ym  A u to r om aw ia tk a n k ę  łączną, p o św ięca jąc  osobny 
u s tęp  zagadn ien iu  go jen ia  ran . R ozdział ósm y z a jm u je  się w łosam i. O s ta tn i, d z ie­
w ią ty , rozdzia ł pośw ięcony  je s t chorobom  skóry . A u to r om aw ia  n a jp ie rw  zm iany 
zachodzące p rzy  łuszczycy, n a s tęp n ie  d y sk u tu je  ogólnie zab u rzen ia  m e tabo lizm u  
w  różnych  chorobach  skó rnych , a d a le j zm iany  zachodzące w  sk ładz ie  su row icy  
k rw i w  poszczególnych chorobach .

K ażdy  rozdzia ł kończy się zestaw ien iem  li te ra tu ry  (do 1961 r.) zaw ie ra jący m  
k ilk ad z ie s ią t pozycji; s tan o w ią  one cenne źródło in fo rm ac ji. R ozdziały  o u l t r a -  
s tru k tu rz e , tłuszczach , enzym ach , o w odzie itd. o raz rozdział o ch o ro b ach  skóry  
do tyczą g łów nie skóry  lu d zk ie j, n a to m ia s t cz te ry  pozosta łe  rozdzia ły  o p ie ra ją  się 
na  znaczn ie  szerszej p o dstaw ie  i częściow o na  p racach  e k sp e ry m e n ta ln y c h  w y k o ­
nan y ch  na zw ierzę tach .

W kład  A u to ra  w op racow an ie  i p rzed s taw ien ie  d anych  zeb ran y ch  z p iśm ie n ­
n ic tw a  n ie  je s t rów nom ierny . R ecenzen t z p rzy jem n o śc ią  p rzeczy ta ł doskonale  
op raco w an y  i upo rząd k o w an y  rozdział o m elanogenezie , n a to m ia s t rozdz ia ł o en zy ­
m ach  skóry , k tó ry m i A u to r sam  ek sp e ry m en ta ln ie  się za jm u je , z red ag o w an y  je s t 
znacznie  słab ie j. W sum ie  k siążkę  czy ta  się z p rzy jem nośc ią ; s tan o w i ona cenny 
zbiór in fo rm ac ji d la  derm ato logów  i biologów , k tó rzy  b a d a ją  p rocesy  b iochem iczne 
i b iofizyczne zw iązane ze skórą . Z za in te reso w an iem  p rzeczy ta  tę  k s iążk ę  każdy  
biolog zysk u jąc  w łaśc iw y  pogląd  na ten  o rgan , k tó ry  w  podśw iadom ośc i w ie lu  
b iologów  ry su je  się jeszcze jak o  b ie rn a  pow łoka o d g ran icza jąca  u s tró j od św ia ta  
zew nętrznego . Do ty ch  o s ta tn ich  czy te ln ików  sk ie ro w an a  je s t p rzed m o w a re d a k ­
to ra  se r ii m onografii. P rzy p o m in a  on, że każdy  cm 2 skó ry  zaw iera  3 0 0 0  0 0 0  kom ó­
rek , 15 gruczo łów  ło jow ych , 10 w łosków , około 1 m e tra  bieżącego n aczy ń  k rw io ­
nośnych , 100 gruczo łów  po tow ych , 300 recep to ró w  czuciow ych z 4 m e tra m i nerw ów , 
w  tym  25 recep to ró w  reag u jący ch  n a  c iśn ien ie  m echan iczne , 200 g en e ru jący ch  
uczucie bó lu , 12 w raż liw y ch  na ciepło, 2 n a  zim no. N aw e t n a jb a rd z ie j z ew n ę trzn a  
w a rs te w k a  g rubości 0.03 m m , k tó rą  k iedyś uw ażano  za m a rtw ą , w y k azu je  fizyko ­
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chem iczne  u k ład y  w sp ó łd z ia ła jące  w  m echan izm ach  u trzy m an ia  te m p e ra tu ry  c ia ła , 
pH  pow ierzchn i, ob rony  p rzed  b a k te r ia m i i g rzybkam i, w  tran sp o rc ie  w ody  i in. 
S k ó rę  m ożna w ięc uw ażać  za złożony g ruczo ł w ydz ie la jący  k e ra ty n ę , m e la n in ę , 
sebum , po t, h e p a ry n ę  i h is tam in ę . Z as łu g u je  ona n iew ą tp liw ie  na  w iększe z a in te re ­
so w an ie  biologów .

Jó ze f H e lle r

H e s s  B.: ENZYM E IM  B LU T PLA SM A . (B iochem ie u n d  K lin ik  — M o n o g ra - 
p h ie n  in  zw ang loser Folgę. H e ra u sg e b e r: G. W eitzel, T iib ingen; N. Z ó lln e r,
M iinchen). G eorg T h iem e V erlag . S tu t tg a r t.  1962: 142 str., DM 29,90.

Z w ięzłe  m onograficzne  o p racow an ie  doc. d r H essa p t. E nzym y w  Osoczu K rw i 
n a leży  do zam ierzonej se r ii w y d aw n ic tw  pod ogólnym  ty tu łe m  B iochem ia i K lin ik a . 
S e ria  ta , w ed ług  je j w ydaw ców , m a na celu  k ry ty czn e  p rzed s taw ien ie  ty ch  d z ia ­
łów  biochem ii, k tó re  m a ją  znaczen ie  d la  m edycyny  w ew n ę trzn e j. K siążka zo sta ła  
pod z ie lo n a  na  dw ie części, b iochem iczną i k lin iczną . P ie rw sza  część, s tan o w iąca  
p ra w ie  połow ę ob jętości, zaw ie ra  w y cze rp u jący  opis rodza jów  i w łasności enzym ów  
k rw i, a tak że  p o d a je  now oczesne  z a p a try w a n ia  na pochodzenie  enzym ów  
k rw i, ic h  syn tezę  i e lim in ac ję  w zg lędn ie  rozpad . P rzy  opisie enzym ów  a u to r  p o w o ­
łu je  się na  te rm ino log ię  i k la sy fik a c ję  zaak cep to w an ą  p rzez  M iędzynarodow ą U n ię  
B iochem iczną, m im o to  używ a w  w ie lu  p rzy p ad k ach  d aw nych  nazw , chociaż 
zosta ły  one zd y sk w alifik o w an e  (np. D PN  zam iast NAD, enolaza zam iast h y d ra -  
ta z a  fo s fop irog ron ianow a, tra n sa m in a z a  g lu tam inow o-szczaw iow ooctow a zam ia s t 
a m in o tra n s fe ra z a  a sp a rag in ian o w a  itd.). C hociaż do tychczasow e nazw y n ie m ogą 
być jeszcze zupełn ie  pom in ię te , now e je d n a k  p o w inny  być stosow ane coraz szerze j. 
Z ag ad n ien ie  izoenzym ów  zostało  p rzez  a u to ra  obszern ie  i k ry ty czn ie  p rzed s taw io n e  
i to  zarów no  z p u n k tu  w idzen ia  teo re ty czn eg o  ja k  i p rak tycznego . O p ie ra jąc  się 
g łów n ie  na w y n ik ach  szkoły B iichera a u to r  p rzed s taw ił now oczesne pog lądy  na 
znaczen ie  w za jem nego  ilościow ego s to su n k u  enzym ów  w  różnych  tk a n k a c h , 
u w zg lęd n ił p rzy  tym  znaczenie  filogenezy  d la „zestaw ów " enzym ów . B iochem iczna 
część zaw ie ra  na  końcu  opis s tan u  dzis ie jsze j w iedzy na te m a t ko re lac ji m iędzy  
ak ty w n o śc iam i c h a ra k te ry s ty c z n y m i dla poszczególnych rodzajów  enzym ów  w  s u ­
ro w icy  i stopn iem  zm ian  pato log icznych . Część k lin iczna  k siążk i została u sy s te m a ­
ty zo w an a  w ed ług  podz ia łu  k lin icznego , p rzy  czym  n a jw ięce j m ie jsca  pośw ięcono 
cho robom  serca, w ą tro b y  i trz u s tk i. O m ów iono p rzy  tym  oddzieln ie  pa togenezę  
i d iag n o s ty k ę  schorzeń  ty ch  organów . Sposób p rzed s taw ien ia  um ożliw ia c z y te ln i­
kow i ocenę s topn ia  w ażności w yn ików  oznaczan ia  ak tyw nośc i enzym atycznych  
poszczególnych  enzym ów . A u to r p o ró w n a ł tak że  w yn ik i oznaczeń ak ty w n o śc i 
enzym ow ej z w y n ik am i różnych  p rób  d iagnostycznych . Z innych  chorób p o św ię ­
cono w ięce j m ie jsca  sp raw o m  now otw orow ym . K siążkę  zam yka rozdział, w  k tó ­
ry m  p o dano  jasno  i k ró tk o  p o dstaw ow e d efin ic je  enzym ologii ogólnej. D la je d n o ­
s tk i en zy m a ty czn e j p rz y ję to  za lecen ia  K om isji E nzym ow ej M iędzynarodow ej U nii 
B iochem icznej. C enna je s t tab e la  u m o żliw ia jąca  prze liczan ie  do tychczasow ych 
ró żn y ch  jed n o s tek  na  je d n o lity  sposób p rz y ję ty  n a  te ren ie  m iędzynarodow ym . 
L ite r a tu r a  p rzed m io tu  o b e jm u je  p raw ie  sześćset pozycji. Szkoda, że n ie  zasto so ­
w an o  p rzy  tym  k lucza  a lfabetycznego .

K siążk ę  m ożna polecić w szystk im , k tó rzy  in te re su ją  się zagadn ien iam i en zy ­
m olog ii k lin icznej.

T a d eu sz K o rzyb sk i
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