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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 ol. X III  1966 NO. 1

K . G O L A N K IE W IC Z , M A R IA  D E Z O R  and M . W IE W IÓ R O W SK I

FURTHER INFORMATION ON THE BEHAVIOUR OF ORNITHINE 
AND /5-AMINOPIPERIDON IN AQUEOUS SOLUTIONS AND SOME 

SPECTRAL DATA ON /5-AMINOPIPERIDON AND ITS SALTS

D epartm ent o f  O rganie C hem istry, University, P oznań; and ln stitu te  o f  B iochem istry and B iophysics,
Polish A cadem y o f  Sciences

1. H ydrolysis o f  /3-aminopiperidon (/3-AP) to ornithine and lactam ization o f  ornithine  
to  $ -A P  was studied at d ifferent tem peraturę and pH  values. 2. The m echanism  o f  lactam i
zation o f  ornithine was discussed and com pared with the lactam ization o f  łupanie acid.
3. On the basis o f  the infrared-absorption spectra it was suggested that in the so lid  State 
/?-AP, sim ilarly as a-piperidon, form s strong associate dim ers (N — H • • •  0 = C ) .  These 
dimers are stable in ССЦ but are destroyed in C H C I3 so lu tion . The infrared spectra o f  the 
Д-АР salts show ed that there are a lso  dim er-type associations o f  a different type ( + N H 3 • • •
• • •  0 = C ) .

Preliminary inform ations on the behavioui o f ornithine (Orn) and /?-amino- 
piperidon (/i-AP) in aąueous solution were reported previously [2]. In  this paper, 
more precise observations concerning the lactam ization of Orn to /5-АР, and hydro
lysis o f /3-АР to  O rn are presented.

M E T H O D S

/3-АР perchlorate was used because the free base is highly hygroscopic and 
difficult to  handle. Samples containing 10 mg. of /5-АР (18.8 mg. of perchlorate) 
and  10 mg. of O rn (12.8 mg. of O rn-H C l) were dissolved separately in 1 ml. o f 
the following nine Solutions: N aO H , 0 .02,0.05,0.1 and 0 .2 n ; w ater; HC1, 0.02, 
0.05,0.1 and 0.2 n . The samples were sealed in glass tubes and kept in a therm o- 
stat at the following tem peratures: 4°, 20°, 60° and 100°. At different time intervals, 
samples of 1 0  p.l. were taken from  each solution and separated by high-voltage 
electrophoresis in pyridine buffer, pH  5.9 (1 hr., 80 v/cm.). The electrophoreto- 
grams were stained with ninhydrin and the am ounts of Orn and /?-AP were deter- 
mined in a Locarte-Laurence Recording D ensitom eter, using standard curves 
prepared with mixtures of varying am ounts of Orn and /?-AP (Fig. 1). The adopted 
m ethod does not allow to  determine quantitatively in a mixture of these two com-
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2 К . G O L A N K IE W IC Z, М. DEZO R an d  M. W IEW IÓ RO W SK I [2]

pounds an am ount of O rn greater than  60 % and an am ount o f /?-AP greater than  
80%. In samples in which the content of /3-АР or Orn did not exceed, respectively, 
80 and 60% , the experimental error was about 6 % and either substance was de- 
term ined separately in each solution. In other samples, only the content o f the 
m inor com ponent of the mixture was determined and the content o f the other 
one was calculated. Each determ ination was made in triplicate.

Fig. 1. Standard curves representing ( o ) ,  
the am ount o f  ornithine in the presence o f  
/1-АР and ( • ) ,  the am ount o f  (3-AP in the 
presence o f  Orn, determ ined densitom etri- 
cally  after paper electrophoresis and  

staining w ith ninhydrin.

The rate of hydrolysis o f /І-АР and a-piperidon in 4 N-HC1 at 80° was determi- 
ned spectrophotom etrically at 224 mp..

Reagents: Orn*HCl was a Reanal (Budapest, Hungary) product; /3-АР was 
prepared from O rn-H C l according to  a recently published m ethod [2].

R E SU L T S A N D  D ISC U S SIO N

Figures 2 - 5  represent the rate o f hydrolysis of /3-АР to  Orn (curves l ' - 9 ' )  
and lactam ization o f O rn to  /1-АР (curves 1 -9 )  in aąueous Solutions of sodium  
hydroxide and hydrochloric acid, and in water, at different tem peratures. p H  va- 
lues o f the Solutions are presented in Table 1. W ithin about 50 hr. at 60° (Fig. 2c), 
and about 100 hr. at 4° (Fig. 2a) and 20° (Fig. 2b), only at pH  of about 12 (samples 
1, 1') the equilibrium between /3-АР and O rn was reached. At 60° at pH  about 9 
(samples 2 , 2 '), although the reaction was highly advanced, the eąuilibrium  was 
not attained after 48 hr. The increase in hydroxyl ion concentration not only ac- 
celerated the reaction but also shifted the eąuilibrium  state to the right:

£ -A P + H 20  źz;  Orn 

T a b le  1

pH  values o f  the reaction Solutions

O ne ml. o f  the so lu tion  contained  12.8 m g. o f  O rn -H C l (sam ples 1 - 9) or 18.8 mg. o f  Д -А Р -Н С 1 0 4

(sam ples l ' - 9 ' ) .

Solvent N aO H  ( n ) W ater HC1 (N )

0 . 2 0 . 1 0.05 0 . 0 2 0 . 0 2 0.05 0 . 1  | 0 . 2

pH 1 2 9.0 8 . 2 7.5 2.9 1 . 8 1.5 1 . 0  0.08
Sam ple no. i ;  i ' 2 ; 2 ' 3; У 4; 4 ' 5; 5' 6 ; 6 ' 7; 7 ' 8 ; 8 ' 9; 9'
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[3] O R N IT H IN E  A N D  0-A M IN O PIPE R ID O N 3

At 100° (Fig .3) the eąuilibrium  between /3-АР and O rn was attained in the so- 
dium hydroxide media of 0.2 N  (samples 1, 1'), 0.1 N (samples 2 ,2 ')  and 0.05 N 
(samples 3 ,3 ')  after 2 ,8  and 10 hr., respectively. In  Solutions of 0.02 N-NaOH 
(samples 4, 4 '), 0.1 n -  and 0.2 N-HC1 (samples 8 , 8 ' and 9, 9 ') after 16 hr. the reac- 
tion  was so advanced tha t it was possible to  determine by extrapolation the time

Fig. 2. T he rate o f  establishm ent o f  eąuilibrium  Orn ±=?/3-АР at d ifferent tem peratures in Solutions 
o f  d ifferent p H  values. (a), A t 4°; (b), at 20°; (c), at 60°. For com position  o f  the sam ples see Table 1.

needed for attainm ent of the eąuilibrium  state. It was 18,24, and 17 hr., respec- 
tively. In  the rem aining three Solutions (water, samples 5, 5 ';  0.05 n- and 0.02 N-HC1, 
samples 6 , 6 ' and  7, 7 ') during 16 hr. the rate of the reaction was very slow. Ne- 
vertheless, also for these Solutions the eąuilibrium  state and the time needed for 
its attainm ent could be calculated by extrapolation.

http://rcin.org.pl



4 К . G O LA N K IEW IC Z, М. DEZO R a n d  M. W IEW IÓ RO W SK I [4]

In  Fig. 4 the effect o f pH  at 100°, the time needed for attainm ent of the equi- 
librium  state, and the percentage of p-AP  in the eąuilibrium  state, are presented. 
It may be seen that in more acidic and more basie Solutions the eąuilibrium  is 
shifted distinctly tow ards Orn. In Solutions of pH  about 1.8 and about 8.5 the 
content of j8 -AP in the eąuilibrium state was about 40 - 50 %, with a maximum 
of 70% at pH 7.5. The eąuilibrium  was established more rapidly in alkaline Solu
tions (pH 9.8 - 7.5) than  in acidic Solutions (pH 1 .5-3). U nfortunately, we did not

Fig. 3. T he rate o f  establishm ent o f  eąuilibrium  O r n ^ ^ - A P  at 100° (a), in water and alkaline  
Solutions, and (b), in acidic Solutions. For com position  o f  the sam ples see T able 1.

investigate the reaction at pH 3.0 - 7.4. Nevertheless, it can be anticipated from 
the shape of the curves that in this rangę of pH  values the rates both of hydrolysis 
of 0-AP and of lactamization of O rn are very Iow, and it seems possible tha t there 
is such a value of pH  (probably about pH  7) at which both  these reactions are 
so slow as to be practically absent.
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[5] O R N IT H IN E  A N D  P-A M IN O PIPER ID O N 5

The rather Iow rate of lactam ization and hydrolysis in neutral or nearly neutral 
media is very unexpected because, as reported previously [2 ], the methyl ester of 
ornithine is immediately condensed to  /3-АР. Therefore it could have been expected 
that in aąueous solution o f pH  about 7 the lactam ization of O rn also would be 
very fast. This supposition was also based on the well-known behaviour of the free 
methyl ester of łupanie acid as well as o f the free łupanie acid itself which rapidly 
condensed to  lupanine [5, 6 , 4]. Therefore it is possible to characterize these two 
com pounds only as their salts, e.g. dihydrochlorides.

Fig. 4. The effect o f  pH  (■ )  on  the tim e needed for attaining the eąuilibrium  Orn ^  /?-AP at 100° 
and (O ), the percentage o f  /?-AP in the eąuilibrium  State.

Although there are some similarities between the two reactions:

/9-АР ;z± Orn
and

lupanine ;z± łupanie acid,

they differ in some respeets. In  contrast to  łupanie acid, free ornithine does not 
undergo spontaneous cyclization. In the first system, the eąuilibrium  is established 
faster in alkaline solution, and in the second one in acidic solution; this seems 
to  be due to  different position of am ino groups in these two amino lactams and 
two diam ino acids.

The behaviour of lupanine and łupanie acid in the reactions of hydrolysis and 
lactam ization was explained only after elucidation of some subtle details of their 
structure. The infrared-absorption spectra o f the alkaloids of the sparteine group 
dem onstrated the presence in the free łupanie acid of a strong hydrogen bond 
between secondary and tertiary am ino groups. This bond would favour the nuc-
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0 К. G O LA N K IEW IC Z, М. DEZOR an d  M. W IEW IÓ RO W SK I [6]

leophilic attack  of the secondary amino group nitrogen on the carbon of the car- 
bonyl group which would lead to  the lactamization. The mechanism of lactami- 
zation of łupanie acid is shown in Scheme 1.

To gain better insight into the structure of 0-AP, the infrared-absorption spec
tra  of the free base in the solid State and in Solutions, and of /9-АР perchlorate, 
hydrochloride and acetate in solid State, were studied. The spectrum  of perchlo
rate with the active hydrogens replaced by deuterium, was also recorded. F or com- 
parison, the spectrum of hydrochloride of <5-aminovaleric acid and the spectra

Fig. 5 F ig . 6

Fig. 5. The region 3600 - 3050 cm . - 1  o f  the spectra o f  a-piperidon (a and b  in CCI4 , 0.1 and 0 .6  mm.
cells; and с and d  in CH CI3 , 0.1 and 0.6 mm. cells).

F ig. 6 . The region 3600 - 3050 cm . - 1  o f  the spectra o f  /J-AP (a  and b in C H C I3 , 0.1 and 0 .6  mm.
cells; and с  in  CCI4 , 0 .6  m m. cells).
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[V] O R N IT H IN E  A N D  p-A M IN O PIPE R ID O N 7

of a-piperidon in CCI4  and CHCI3 were made. As m entioned before, the rates of 
hydrolysis o f /ТАР and a-piperidon were also determined spectrophotometrically. 
The obtained data showed th a t a-piperidon was hydrolysed in 4 n-HCI alm ost 
immediately whereas /ТАР under these conditions was hydrolysed more slowly 
( ti / 2  at 80° was about 7 min.).

The infrared-absorption spectra of a-piperidon in CCI4  (a and b) and in CHCI3 

(c and d ) are shown in  Fig. 5. The spectra a and с were taken using concentrated 
Solutions in 0.1 mm. cells. The spectra b and d  were taken using properly diluted 
Solutions in 0.6 mm. cells. The region 3600 - 3050 cm - 1  was chosen, and from 
the positions of the v N H  conclusions were draw n concerning the grade and cha- 
racter o f the association of a-piperidon. In  the spectra, four т а х і т а  (A - D ) are 
visible. In  both CCI4  Solutions the absorption т а х і т а  С and D  were the greatest. 
The dilution caused only a smali increase of the weak maximum A  and a decrease 
of the maximum D. On the other hand, in both  CHC13  Solutions the maximum A 
was the m ost intensive one, and in the dilute solution it was the only maximum, 
w ith smali shoulders in the places of the т а х і т а  В  and C. Since only the maximum A  
is connected with r N —H of free non-bonded N H  group [3], there is a predomi- 
nance of m onomeric a-piperidon only in the dilute CHCI3  solution whereas in 
CCI4  the strong associate dimer predom inates even in dilute solution (Scheme 2).

Such structure would favour the protonization of nitrogen and oxygen atom s 
in acid solution facilitating the nucleophilic attack of w ater molecule on carbonyl 
carbon atom , and after breaking o f the C —N  bond, <5-aminovaleric acid would 
be obtained. O f course, in water Solutions the concentration of the dimer of a-pi
peridon is Iow but it is probable th a t this form  is particularly susceptible to  hy
drolysis.

Schem e 2

Schem e 3

The infrared-absorption spectra o f /ТАР in CHCI3  (Fig. 6 ) in the region 3600 - 
3050 cm . - 1  are very similar to  those of a-piperidon. This seems to  indicate that
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8 К. G O LA N K IEW IC Z, М. DEZOR an d  M. W IEW IÓ RO W SK I [8]

introduction of am ino group to  the molecule o f a-piperidon did not decrease the 
tendency to  the d ;mer-type association, and the absence of a maximum at 3500 cm . - 1  

in the CCI4  solution suggests that also amino groups are associated.

• crri'1

С

Fig. 7. The infrared-absorption spectra o f  /3-АР salts. (a), Spectrum  o f  /1-АР perchlorate in the 
solid  state (the region 4 0 0 0 -  1800 cm . - 1  was taken in hexachlorobutadiene and the region  18 0 0 -  
- 650 cm . - 1  in nujol); (b), spectrum  o f  /3-АР acetate (in KBr disk); and (c), spectrum  o f  Д-АР

hydrochloride (in nujol).

Studies of the /9-АР molecule seem to  indicate th a t the structure of this dimer 
is as shown in Scheme 3. O f course, such a dimer in acidic solution would be pro- 
tonated first on the prim ary amino groups. The inductive eflfect o f +N H 3  group 
would reduce the electropositivity of carbonyl carbon atom  and  the steric effect 
would hinder the protonation  of oxygen atom . This would ехріаіп why the hydro- 
lysis o f /9-АР is slower than  tha t o f a-piperidon. Unfortunately, we are unable
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[9] O R N IT H IN E  A N D  0-A M IN O P IP E R ID O N 9

to  ехріаіп the absence of vas N H 2  at about 3500 cm . - 1  in dilute CHCI3  solution 
in which this type of association should be destroyed.

The infrared-absorption spectra of the salts of /1-АР are dissimilar and depend 
on the presence or absence of water o f crystallization. The spectrum of /3-АР per- 
chlorate (Fig. 7a) seems to  be very interesting. It was taken in hexachlorobutadiene 
(region of 4000- 1800 cm .-1) and in nujol (region of 1800 - 650 cm .-1). The per- 
chlorate anion has practically no proton-acceptor properties, therefore the posi- 
tion  of the free +N H 3 a should be at 3100 cm . - 1  [1], whereas in the spectrum of 
/S-АР perchlorate this band is missing and instead there are several bands of dec- 
reasing intensity in the region of 3000 -2540 cm . - 1  which are shifted after deutera- 
tion  tow ard 2200 cm -1 . Thus they can be ascribed to  hydrogen bonded v +N H 3 * • *B. 
This suggests the presence of another kind of association between m onoprotonated 
cations of /3-АР (dimerization ?) than  in the free base. This possibility is supported 
by the presence of two bands at 3320 and 3220 cm . - 1  which can be ascribed to  
tw o differently associated t>N—H. On the basis of this evidence it seems possible 
to  suggest the mechanism of dimerization of /5-АР perchlorate shown in Scheme 4.

The association betw'een individual dimers is due to  hydrogen bonds N —H* • *N. 
The position of v C —O at 1680 cm . - 1  and /3 +N H 3  at 1610 cm . - 1  (which is shifted 
after deuteration to  1250cm .-1) seems to support this suggestion.

The infrared-absorption spectrum of /3-АР acetate (Fig. 7b) is m uch more com- 
plicated as in the region of 3300 - 2500 cm . - 1  the bands are very compact, but 
there are no maxima at 3320 and 3220 cm .-1 . On the other hand, the positions 
o f v C = 0  and (3 +N H 3, similar to  those found for the perchlorate salt, suggest 
that the dim erization o f m onocations of /3-АР in acetate is essentially the same. 
The main difference between them  is tha t in acetate there is no further association 
o f dimers because v N H  is associated with acetic anion (cf. bands at 1560 and 
1390 cm.-1 ). Such structure of this salt is supported by the fact that it can easily 
be sublimed whereas /3-АР perchlorate is decomposed during sublimation.

The infrared-absorption spectrum of /5-АР hydrochloride (Fig. 7c) differs very 
much from the spectra o f /5-АР perchlorate and acetate. The position of v C = 0  
is at about 1720cm .-1 which indicates that in the crystal lattice the carbonyl oxy- 
gen does not play the part of proton-acceptor. The spectrum in the region of 3300 - 
-2200 cm . - 1  is very difficult to  interpret. The strongly shaped band at about 
2600 cm . - 1  suggests tha t first o f all there is association of +N H 3 with the chlo- 
ride ion.

Schem e 4
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10 К. G O L A N K IEW IC Z, М. DEZOR a n d  M. W IEW IÓ RO W SK I [Ю]

The spectral analyses of /3-АР were made in anhydrous media or in solid state, 
and it is obvious tha t in aąueous medium at different pH  values the properties 
of the  molecule may be fundam entally changed; therefore in futurę studies the 
infrared spectra o f /3-АР will be taken in aąueous media, and the eąuilibrium be
tween Orn and /?-AP will be studied in Solutions at pH  4 - 8 .

From  the presented experiments it appears tha t in investigations concerning 
biological fluids in which ornithine is present, the possibility o f the occurrence of 
/З-aminopiperidon should be taken into account as in the pH  rangę of 2 - 8  the 
eąuilibrium of the reaction /?-AP O rn is shifted strongly in the direction of /5-АР. 
A lthough the rate of lactam ization o f O rn is very slow, it cannot be excluded that 
the reaction may be accelerated by some enzymie system.

The authors wish to  thank  Prof. Dr. J. Pawełkiewicz from  the Departm ent of 
Biochemistry, College of Agriculture, Poznań, for making available the Locarte- 
-Laurence Recording D ensitom eter; Dr. W. Meissner from  the D epartm ent of Ge
neral Chemistry, College o f Economics, Poznań, for spectrophotom etric determina- 
tion of the rate of hydrolysis o f /З-am inopiperidon and a-piperidon in 4 N-HC1; 
and Dr. J. D obak from  our D epartm ent for the preparation o f a-piperidon.
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D A L SZ E  IN F O R M A C JE  N A  T E M A T  Z A C H O W A N IA  SIĘ O R N IT Y N Y
I Д-A M IN O P IP E R Y D O N U  W  R O Z T W O R A C H  W O D N Y C H  O R A Z  P E W N E  D A N E
O W Ł A ŚC IW O ŚC IA C H  SP E K T R A L N Y C H  /S-A M IN O P IP E R Y D O N U  I JEG O  SOLI

S t r e s z c z e n ie

1. B adano hydrolizę /?-aminopiperydonu (/ŁAP) do ornityny i laktam izację ornityny do /ŁAP  
w różnych tem peraturach i w  różnych pH .

2 . Przedyskutow ano m echanizm  laktam izacji ornityny i porów nano z laktam izacją kwasu  
lupaninow ego.

3. N a  podstaw ie widm  absorpcyjnych w  podczerw ieni w ysunięto sugestię, że w  stanie stałym  
zarów no /ŁAP jak  i a-piperydon tworzą silne dimery asocjacyjne (N — H  • • •  0 = C ) .  D im ery te 
są trwałe w  CCI4 , a le ulegają rozbiciu w  roztw orze ch loroform ow ym . W idm a w  podczerw ieni 
so li /ŁAP w ykazały, że rów nież w  solach  istnieją dimery asocjacyjne, a le innego typu niż w w olnych  
zasadach, a m ianow icie + N H 3 • • •  0 = C .

R eceived  15 M ay 1965.
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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 ol. X III 1966 NO. 1

W . D R A B IK O W S K I, H A L IN A  D O M IN A S  and M A R IA  D Ą B R O W SK A

LIPID PATTERNS IN MICROSOMAL FRACTIONS 
OF RABBIT SKELETAL MUSCLE

D epartm ent o f  B iochem istry, N encki Institute o f  Е хрегі/nental B iology, W arszawa

1. Неаѵу m icrosom es (fraction sedim ented betw een 8  000 and 28 000 g)  contain  about 
54%  o f  proteins and about 22%  o f  total lipids, calculated for the dry w eight. C holesterol 
accounts for about 6 % and phospholip ids for about 50%  o f  total lipids. Phosphatidylcho- 
line accounts for about 7 5  % o f  phospholipids, whereas other phospholip ids are present 
on ly  in sm ali am ounts. 2. T he lipid pattern o f  light m icrosom es (fraction sedim ented be
tw een 28 000 and 100 000 # ) is sim ilar to  that o f  heavy m icrosom es .3. The finał 100 000 £■ 
supernatant contains about 6 6 % o f  protein  and on ly  about 0.2%  o f  lipids. Phospholipids  
w ere found in this fraction on ly  in traces; cholesterol accounts for about 1 2 % o f  total lipids.

It has been recently established tha t the fraction of the muscle microsomes 
consists of vesicles which are fragments of sarcoplasmic reticulum, an intercellular 
m em brane system. In connection to  relaxing factor activity the microsomal frac
tion shows the ability to  accumulate Ca, coupled with splitting of ATP [8 , 9, 17, 
18, 33].

It was observed earlier by Lorand and coworkers [25, 26] and by Ebashi [7] 
that treatm ent of microsomes with organie solvents, deoxycholate or phospholi- 
pase C, completely abolished their relaxing activity. These observations were con- 
sistent with the fact that the preparations of the so-called sarcoplasmic ATPase, 
obtained several years ago by Kielley & M eyerhof [22], lost their activity after 
treatm ent with phospholipase C. These preparations were shown later by Ebashi [7] 
to  possess the relaxing factor activity.

Ali these observations might suggest that some lipid-protein com bination could 
be responsible for the biological effect o f muscle microsomal fraction, and such 
idea was first postulated by Lorand & M olnar [25]. The recent findings of the impor- 
tan t role of lipids in the function o f various biomembranes (for instance in the 
case of m itochondrial membranes [cf. 13]) might also support this idea.

Contrary, however, to  a good deal o f inform ation concerning the content and 
com position of lipids in microsomes o f various tissues [cf. 39], there have been 
up to  recently only scarce data on the content o f to ta l lipid materiał in muscle 
microsomes [25,26]. As recently as in 1964 Hasselbach [16] stated in his excellent
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revue that the Chemical com position of the lipid materiał of muscle vesicles still 
remained unknown. Before starting investigations on the possible involvement o f 
lipids in the function of muscle vesicles it seemed therefore necessary to  get more 
inform ation about the content and com position of lipids in this fraction of muscle, 
and this was the aim of the present investigation к

Since it was already shown that the relaxing factor activity is localized in the 
heavy microsomal fraction, i.e. in the fraction of muscle homogenate sedimenting 
between about 8000 # and about 28 000 g  [34] special attention was paid to that 
fraction. F or com parison, lipid content and com position was also determined in 
light microsomes (fraction sedimenting between 28 0 0 0 # and 1 0 0  0 0 0 #) and in 
the finał supernatant.

D uring the progress of this w ork two publications appeared [32, 43] in which 
some data about the lipid com position in muscle vesicles have been reported. In 
one of the papers M artonosi [32] also dem onstrated the direct involvement of 
phospholipids in the accumulation of Ca and in the ATPase activity of muscle 
microsomes.

M A T E R IA Ł  A N D  M E T H O D S  

Preparation o f  celi fractions

The leg and back rabbit muscles were excised and immediately chilled in ice. 
They were then carefully freed from visible fat, ground with a meatgrinder and 
subseąuently homogenized in a W aring Blendor for 1.5 min. with 4 vol. of ice-cold 
0.1 M-KC1, containing either 5 т м -histidine, pH  7.2, or 5 т м -phosphate buffer, 
pH  7.0 [34]. In some experiments 5 mM-K-oxalate was also present. Celi debris, 
myollbrils and m itochondria were removed by two subseąuent centrifugations for 
20 min. each; the first at 2000#, the second at 8000#. After each centrifugation 
the fat layer which accumulated on the top  was carefully removed. The obtained 
supernatant was filtered through several layers of gauze and was subjected to  two 
subseąuent centrifugations for 1 hr. each in the preparative Spinco U ltracentrifuge, 
model L; the first at 28 000#, the second at 100 000#, yielding two microsomal 
fractions and the finał supernatant. These fractions will be referred to later as heavy 
microsomes (fraction sedimenting between 8  0 0 0  and 28 0 0 0  #), light microsomes 
(fraction sedimenting between 28 0 0 0  and 1 0 0  0 0 0 #) and the finał 1 0 0  0 0 0 # su
pernatant. The whole procedurę was performed at 2° - 4°.

Extraction o f  lipids

The microsomal pellets were extracted several times with a mixture of hot chlo
roform  - m ethanol (2:1, v/v) [11] in a m ortar by grinding with silica sand. Ali 
extracts were collected by decantation and filtered through cotton wool. The sol-

1 A  prelim inary report o f  som e o f  the results was already presented in 1963 [6 ].
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vents were evaporated either under reduced pressure at room  tem peraturę or under 
nitrogen in a hot w ater bath. The crude lipids obtained were reextracted with a mix- 
ture o f petroleum  ether - chloroform  (2 : 1 , v/v) in the presence of a few drops of 
water. The lipid extract was dehydrated with anhydrous sodium sulphate, the sol- 
vents were evaporated and the residue was weighed after drying in a desiccator 
under nitrogen.

After prelim inary com parison of several solvents the mixture of chloroform  - 
- m ethanol (2 : 1 , v/v) was chosen as the best solvent for extraction of the micro- 
somal lipids. Table 1 shows that the am ounts o f total lipids and phospholipids 
extracted w ith this solvent were practically identical with those obtained during 
prolonged ( 2 - 3  days) extraction o f microsomes with diethyl ether in a Soxhlet 
apparatus, followed by reextraction of the lipid m ateriał with petroleum  ether - 
-ch lo ro fo rm  (2 : 1 , v/v).

T a b le  1

The yields o f  total lipids and phospholipids obtained from  muscle microsomes by
different kinds o f  extraction

T he extraction w ith ch loroform  - m ethanol m ixture was com pared w ith the 2 - 3  days extraction  
w ith diethyl ether in Soxhlet apparatus

Н еаѵу m icrosom es 
(m g. o f  dry w eight 

in the sam ple)

Lipids extracted by
Phospholipids in lipids 

extracted by

C H C I3 - C H 3 O H diethyl ether CH C I3 - C H 3 O H diethyl ether

(m g.) (m g.) (m g.) (m g.)

149 30.9 30.5 16.4 16.1

1 1 0 2 2 . 2 24.0 1 0 . 0 1 1 . 1

109 2 2 . 6 24.8 1 2 . 1 1 2 . 8

132 26.2 26.1 14.3 13.2

In some preparations of microsomes the extraction of lipids was performed 
with acetone containing about 10% o f water, according to  Green & Fleischer [13]. 
In this case the suspension of microsomes in 0.1 м-KCl with histidine or phos- 
phate buffer was treated at 0° w ith 9 volumes of chilled acetone (-15°). After 
centrifugation at 0 ° acetone was evaporated from  the supernatant and the crude 
lipids were reextracted from the residue with a mixture of chloroform  - methanol 
(2 : 1 , v/v). The obtained extract was treated as described above for purification 

of crude lipids.
For the determ ination of lipids in the finał 100 000 g  supernatant, trichloro- 

acetic acid was added to  the samples to  7%  finał concentration and the resulting 
precipitates were removed by centrifugation. A fter washing with water the lipids 
were extracted with a mixture o f chloroform  - m ethanol (2 :1 , v/v), and purified 
as described above.

[3]
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Chromatographic analysis o f  lipids

Thin-layer chrom atography was perform ed on glass plates (8 .5 x 8 .5 cm . or 
2 0 x 2 0 cm.) covered with silica gel G  (M erck, D arm stadt, Germany). Silicie acid 
was activated before use for 30 min. at 100°. Lipids were separated by thin-layer 
chrom atography in a system: petroleum  ether - ethyl ether - glacial acetic acid 
(6.0:4.0:0.2, by vol.) [29]. The separation of phospholipids was achieved by chro 
m atography in a system: chloroform  - m ethanol - water (6.5:2.5:0.4, by vol.) [42]. 
The spots were revealed by spraying with 10% phosphom olybdic acid in ethanol 
and subseąuent heating for a few minutes at 80°.

Paper chrom atography of phospholipids was perform ed on commercial silica 
gel paper (Schleicher - Schull no. 287), in a  solvent system: chloroform  - m ethanol - 
-w a te r  (12:1.6:0.15, by vol.) (C. Michalec, private com m unication). The spots 
were revealed with the solution of acid fuchsine [19] or Rodam ine В [30].

Column chrom atography was performed according to  H anahan et al. [14] on 
silicie acid (M allincrodt, USA) activated before use for 13 hr. at 110°. Usually 
about 1 0 0  mg. of lipids, dissolved in chloroform , were applied to  a colum n 1 cm. 
in diameter, containing 8  g. o f silicie acid. The flow rate was about 0.8 ml. per 
minutę, achieved with the use of slight nitrogen pressure. N eutral lipids were eluted 
with chloroform  and, afterwards, phospholipids with chloroform  containing m etha
nol in inereasing concentrations. The collected fractions were rechrom atographed 
with the use of the above chloroform  - m ethanol mixtures. From  the obtained 
fractions the solvents were evaporated, and the residue was weighed after drying 
under nitrogen in a desiccator. The homogeneity of each fraction was checked 
either directly with the use of thin-layer chrom atography or after the mild alkaline 
hydrolysis. The mild alkaline hydrolysis of phospholipids was carried out according 
to  Dawson [5] and the products of hydrolysis were separated by paper chrom a
tography on W hatm an no. 1 paper in the system: phenol, saturated w ith w a te r- 
-glacial acetic acid - ethanol (100:10:12, by vol.) [5] and identified according to  
Hanes & Isherwood [15].

The following substances were used as standards: cardiolipins and  phosphati- 
dylcholine, both  prepared according to  Pangborn [35] and M acfarlane [27], sphin- 
gomyelin and phosphatidylethanolam ine (Light, England), m onoolein and oleić 
acid (Serva, Germany), diolein, triolein and cholesterol (La Roche, France).

Lipid phosphorus was determined according to  Fiske & Subbarow [10], after 
com bustion of the samples in concentrated H N O 3  and H 2 SO 4  in the presence of 
few drops of 30% hydrogen peroxide. Phospholipid content was calculated by 
m ultiplying the am ount of phosphorus by 25.

The content o f to tal sterols was determined in extracted lipids according to 
Searcy et al. [37].

Determination o f  dry weight and protein content

The microsomal pellets were gently homogenized with a  teflon homogenizer 
in 0.1 M-KC1 with phosphate or histidine buffer and diluted to  a know n volume.
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Fig. 1. Thin-layer chrcm atcgraphy and paper chrcm atcgraphy o f  total lipids and phospholipids 
in rabbit m uscle hom cgenate fracticns.

A . Thin-layer chrom atogram  o f  total lipids. G lass p late (8.5 x  8.5 cm .) covered with silica  
gel G . Solvent system : petroleum  ether - diethyl ether - g lacia l acetic acid (6.0:4 .0:0 .2 , by vol.)
[29]. Each sam ple contained  200 ;j.g. o f  lipid m ateriał. D evelop in g  time 8  m in. D etection  with  
p h osphom olybd ic acid.

B. Thin-layer chrom atogram  o f  phospholipids. G lass plate (20 x  20 cm .) covered with silica  
gel G . Solvent system : ch loroform  - m ethanol - ЕЬО (6 .5 :2 .5 :0 .4 , by vo l.) [42]. Each sam ple co n 
tained 150 [jLg. o f  lipid m ateriał. D evelop in g  tim e 60 m in. D etection  with phosphom olybdic acid.

C. Paper chrom atogram  o f  phospholip ids. Silica gel paper (Scheicher-Schiill, no. 287). Solvent 
system : ch loroform  - m ethanol - H 20  (12:1.6:0.15, by v o l.) (Ć . M ichalec, private com m unication). 
Each sam ple contained  20 p g . o f  lipid m ateriał. D evelop in g  time 15 min. D etection  with acid  
fuchsine [19].

Sam ple 1, heavy m icrosom al fraction; sam ple 2, light m icrosom al fraction; sam ple 3, the finał 
1 00 000 g  supernatant. CE, cho lestero l esters; TG, triglycerides; FA, fatty acids; C, cholesterol; 
D G , d iglycerides; M G , m onoglycerides; P, phospholip ids; N L , neutral lipids; A P , acidic phos
pholipids; PE, phosphatidylethanolam ine; PI, phosphatidyl inositols; P C , phosphatidylcholine; 
Sph, sphingom yelin; L P C , lysophosphatidylcholine.

Fig. 2. Thin-layer chrom atography o f  phos- 
pholipid  fractions eluted from  silicie acid  
co lum n. G lass plate (8.5 x  8.5 cm .)covered  
with silica gel G . Each sam ple contained  
50 [J.g. o f  lipid m ateriał. Solvent system : 
chloroform  - m ethanol - ЕЬО (6 .5 :2.5 :0.4, 
by vo l.) [42]. D eveloping tim e 8  min. 
D etection  with phosphom olybdic acid. 
Sam ple 1, fraction eluted from the colum n  
with ch loroform ; sam ples 2 - 6 ,  fractions 
eluted  with ch loroform  - m ethanol in the 
fo llow in g  ratios: 2, 9 6 : 4 ;  3, 9 0 :1 0 ;
4, 80:20; 5 ,4 0 :6 0 ;  6, 20:80 [14]. For ab- 

breviations see legend to F ig. 1.

A C T A  B IO C H IM . PO L O N ., v o l. 13, 1966 (facing p. 14).
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[5] L IP ID S IN  M USCLE M ICROSO M ES 15

Protein was determined with the biuret m ethod in a modification of Cleland & Sla- 
te r [3], after precipitation with trichloroacetic acid. F or the determ ination of dry 
weight the samples were evaporated at room  tem peraturę in a desiccator and dried 
at 105° to  a  constant weight. Protein determ inations in the finał supernatant were 
perform ed on the samples with the biuret reagent [ 1 2 ] and determ ination of the 
dry weight was carried out as in the microsomal fractions.

R E SU L T S

Table 2 presents the contents of protein, to tal lipids and phospholipids, expres- 
sed as percentages of dry weight in the heavy and in the light microsomal fractions 
as well as in the finał supernatant. The percentage content o f phospholipids in 
lipids is also presented. FIeavy microsomes contain on the average about 54% 
o f proteins and 22 % of lipids. Phospholipids contribute to  about 11 % of dry weight, 
th a t is to  about 50%  of to tal lipids. Light microsomes contain on the average 50%  
of proteins and 20%  of to ta l lipids. Phospholipids are present in am ounts cor- 
responding to  9%  of dry weight, that is to  about 43%  of to tal lipids. The average 
contents o f both to ta l lipids and phospholipids seem to  be slightly lower in the 
light than  in the heavy microsomes. As it can be seen in Table 2 the differences 
among the values obtained in the particular experiments for the light microsomes 
were m uch greater than  those for the heavy microsomes. Since, however, the to tal 
m ateriał o f light microsomal fraction corresponded only to  about 1 5 -2 5 %  of 
th a t o f the heavy microsomal fraction the am ounts o f the m ateriał available for 
analysis were much smaller and therefore the error of estim ation could be greater. 
The finał supernatant contains about 6 6 % of proteins and only smali am ounts 
o f lipids; phospholipids are present only in traces. As it can be seen from the data 
in Table 2 the kind of buflfer used for hom ogenization of the muscle and the pre
sence or absence of oxalate have practically no influence on the contents of p ro 
tein and lipids in all three investigated fractions.

The thin-layer and paper chrom atogram s, presented in Fig. 1, show the pattern 
o f neutral lipids and phospholipids in the investigated fractions of muscle homo- 
genate. The generał pattern  o f lipids is very similar in the tw o microsomal frac
tions and in the finał supernatant. The main com ponents of neutral lipids are tri- 
glycerides, cholesterol and cholesterol esters. Free fatty acids are present in smaller 
am ounts, whereas only traces o f di- and monoglycerides are vis<ble.

From  the intensity of spots it can be judged that phosphatidylcholine is the 
main constituent o f phospholipids in the investigated subcellular fractions, whereas 
phosphatidylethanolam ine, acidic phosphatides (phosphatidic acids and cardio- 
lipins), lysophosphatidylcholine, sphingomyelin and phosphatidyl inositides are 
present in much smaller am ounts.

For quantitative determ inations the phospholipids were separated on the silicie 
acid colum n with chloroform  containing inereasing concentrations of m ethanol [14]. 
As it can be judged from thin-layer chrornatography (Fig. 2) the obtained fractions 
were satisfactorily homogeneous. The am ounts of phospholipids in all fractions.
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16 W. D R A B IK O W SK I, H. D O M IN A S an d  M. D Ą B R O W SK A [6]

found by weight determ ination, were sim ilar to those calculated on the basis of 
estim ations of lipid phosphorus. Table 3 shows the percentage distribution of the 
particular fractions of phospholipids. The available am ounts of m ateriał allowed 
to  carry out five independent experiments for heavy microsomes but only one for 
the light microsomes, in the latter case done on the whole m ateriał collected. F or 
the same reason it was not possible to  separate the phospholipid fractions of the 
finał supernatant.

As it can be seen from Table 3 there is practically no difference between the 
heavy and light microsomes in respect to quantitative com position of phospholi
pids. The main fraction, which forms about 75% of all phospholipids, was eluted

Fig. 3. Thin-layer chrom atography o f  m icrosom al phospholipids (Iocalization o f  n inhydrin-po- 
sitive spots). G lass p late (8.5 X  8.5 cm .) covered with silica gel G . Each sam ple contained  200 p.g. 
o f  lipid m ateriał. Solvent system : chloroform  - m ethanol - H 2 O (6 .5 :2 .5 :0 .4 , by v o l.) [42]. D e-  
veloping tim e 8  m in. Separated lipids were first localized by iod ine vapours (these spots are visu- 
alized on the Figurę by tracing). A fter evaporation o f  the iodine, the chrom atoplate was sprayed  
with ninhydrin reagent. (The Iocalization is show n as black spots on  the F igurę). Sam ple 1, lipids 
o f  the heavy m icrosom es; sam ple 2, phospholip id  fraction eluted  from  the colum n with ch loro 
form  - m ethanol m ixture (40:60, v /v ); sam ple 3, phospholipid  fraction, e luted  w ith c h lo ro fo rm - 

-m eth a n o l (80:20, v/v). For abbreviations see legend to F ig. 1.

Fig. 4. Paper chrom atogram  o f  the products o f  m ild  alkaline hydrolysis o f  phospholip ids. Sam ples 
containing 6  m g. o f  phospholipid  fractions w ere hydrolysed according to D aw son  [5], and portions 
o f  the obtained products were chrom atographed on  W hatman no. 1 paper. Solvent system : phenol 
saturated with water - glacial acetic acid  - ethanol (100:10:12, by v o l.) [5]. D evelop in g  tim e 16 hr. 
Spots w ere localized  on the chrom atogram  according to H anes & Isherw ood [15]. Sam ple 1, pro
ducts o f  the hydrolysis o f  phospholipids, e luted  from  silicie acid colum n with ch loroform  - m etha
n o l m ixture (80:20, v /v ); sam ple 2, products o f  the hydrolysis o f  phospholip ids, e luted  from  silicie  
acid  colum n w ith chloroform  - m ethanol (40:60, v /v). GPE, g lycerylphosphorylethanolam ine; GPS, 

glycerylphosphorylserine; G PC, g lycerylphosphorylcholine; GPI, g lycerylphosphorylinosito l.
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with the mixture of 40%  of chloroform  and 60%  of m ethanol. It can be assum ed 
that this fraction consists alm ost entirely of phosphatidylcholine, sińce as judged 
from the localization of ninhydrin-positive materiał (Fig. 3), as well as from  the 
separation of the products of mild alkaline hydrolysis (Fig. 4), phosphatidylserine 
and phosphatidyl inositides are present in this fraction only in traces. Among the 
remaining phospholipids present in microsomes, phosphatidylethanolam ine accounts 
for about 13.0%, lysophosphatidylcholine plus sphingomyelin for about 7%  and 
acidic phosphatides for about 5%  (Table 3).

T a b le  2

Contents o f  protein and lipids in the fractions o f  muscle homogenate

R abbit m uscles w ere hom ogenized  in  on e o f  the fo llow in g  m edia: (A ), 0.1 m-KCI, 5 т м -phosphate  
buffer, p H  7.0; (B), 0.1 M-KCI, 5 т м -phosphate buffer, pH  7.0, 5 m M -K -oxalate; (C), 0.1 m-KCI, 
5 т м -histidine, p H  7.2; (D ), 0.1 m-KCI, 5 т м -histidine, pH  7.2, 5 m M -K-oxalate. The hom ogenates  
were subseąuently fractionated by centrifugation. For details o f  the procedurę see M ethods. Each  
value in the T able is the m ean from  2 - 3  parallel determ inations. The differences betw een separate

determ inations did n o t exceed  5% .

# H om oge- Proteins T ota l P hosp h o P hospho
Fraction nization lipids lipids lipids

m edium У/ 0 o f  dry w eight (%  in lipids)

Неаѵу m icrosom es A 50.4 20.7 1 1 . 0 53.1
(fraction sedim en- A 54.5 2 0 . 2 9.1 45.0
ted betw een 8000 A — 27.5 13.3 48.5
and 28 0 0 0  g) В 69.7 2 0 . 6 1 1 . 2 54.5

В 54.3 19.9 10.7 54.2
С — 24.7 1 2 . 0 48.5
D 52.0 17.8 8 . 0 43.6
D 45.5 24.2 1 2 . 1 52.0

Average 54.3 2 2 . 0 10.9 49.5

Light m icrosom es A — 25.5 1 1 . 2 45.5
(fraction sedim en- В — — — 46.3
ted betw een 28 0 0 0 В — — — 37.0
and 1 0 0  0 0 0  g) С — 29.6 14.5 48.5

С 56.0 18.7 8 . 6 46.3
D 44.5 1 1 . 6 4.5 38.3
D 52.0 13.0 4.9 36.3

Average 50.2 19.7 8 . 8 43.0

Finał 100 000 g A — 0.15
supernatant С — 0.23

С 6 6 . 0 0.16
D 6 8 . 0 0 . 2 2

D 65.0 0.18

Average 66.3 0.18 1.5*

* The d e term ination  o f phosphorus con ten t w as perform ed on the m a teria ł co llected  from  a l l  5 experim ents.
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In  the investigated subcellular fractions the content o f sterols (Table 4) was 
the  lowest in heavy microsomes ( 5 - 7  %), somewhat higher in light microsomes, 
and the highest in the finał supernatant (11 - 14%).

T a b le  3

The percentage distribution o f  phospholipid fractions in phospholipids from  muscle 
microsomes separated by column chromatography

T he sum  o f  the phospholip id  phosphorus found in the separate fractions w as taken as 100.

Eluent 
(m etha
n ol to  
ch loro

form  
ratio, 
v/v)

Fraction o f  phospholipids

Неаѵу m icrosom es

Light
m icro
som es

Experim ent

A ve-
rage

1 2 3 4 5

10:90 A cidic phosphatides 5 8 3 5 3 5 3
20:80 Phosphatidylethanolam ine 1 2 1 1 14 14 15 13 16
60:40 P hosphatidylcholine 78 67 79 75 74 75 75
80:20 L ysophosphatidylcholine %

-f sphingom yelin 5 14 4 6 8 7 6

T a b le  4

Content o f  total sterols in the fractions o f  muscle homogenate

Each value in the T able is the m ean from  2 - 3  parallel determ inations. The differences betw een  
separate determ inations did n o t exceed 5% .

F raction Sterols 
(%  o f  to ta l lipids)

Н еаѵу m icrosom es 5.0
( 8  0 0 0  - 28 0 0 0  g) 7.3

6.5
6 . 1

Light m icrosom es 9.0
(28 0 0 0  - 1 0 0  0 0 0  g) 8 . 0

8.5

F inał 100 0 0 0 # 13.7
supernatant 14.1

10.9

W hen the am ounts o f neutral lipids and phospholipids extracted from  m icro
somes with the chloroform  - m ethanol mixture were determ ined not as usually 
after exhaustive extraction but after a single treatm ent w ith th is solvent it was 
found th a t about 99%  o f phospholipids had  been extracted. Simultaneously
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however, only about 48%  o f other lipid m ateriał was removed. Similarly, a single 
treatm ent of microsome suspension with 90%  acetone removed practically all 
phospholipids, but only about 50% o f other lipids. W hen the residue after acetone 
treatm ent was exhaustively extracted with chloroform  - m ethanol the lipids in the 
obtained extract did not contain any phospholipids as judged by phosphorus 
determ ination and thin-layer chrom atography. This observation seems to  indicate 
that m icrosomal phospholipids are easier extractable than  other lipids.

D ISC U S SIO N

According to  the presented results the heavy microsomal fraction contains 
about 54%  o f protein and about 22%  of to tal lipids. Phospholipids correspond 
to  about 50% o f lipids. Similar values were found in the light microsomal fraction. 
W hen these results are compared with those of other authors (Table 5) it can be 
seen that the protein contents are similar. The com parison of the data for lipids 
is however ra ther difficult, sińce the corresponding values present in the literaturę 
are fragmentary. The lipid content found in the present paper is lower than  that 
found by Lorand and coworkers [25, 26]. The content o f phospholipids, although 
similar to  the value presented by M artonosi [32], is lower than  that recently repor- 
ted by Inesi et al. [20]. These differences may be connected with the fact th a t in 
the present w ork special care has been taken to  purify the extracted crude lipid 
m ateriał. Crude extracts could contain, in addition to  lipids, some other materiał 
which might account for higher values found by other authors. On the other hand, 
our values for to ta l lipids and phospholipids are much higher than  those of Seray- 
darian & M om m aerts [38] 2.

The kind of buffer used for homogenization in the presence of potassium chlo- 
ride, as well as the presence of oxalate, do not seem to  have significant influence 
on the content o f lipids found in microsomes. On the other hand, Seraydarian 
& M om m aerts [38] found that microsomes prepared in sucrose have higher lipid 
contents than  those prepared in potassium  chloride. In  view of this observatiort 
one can assume that the higher phospholipid content found by Inesi et al. [20] 
might be also due to  the use of bicarbonate for homogenization of muscle.

As far as the content o f to tal lipids and phospholipids is concerned, muscle 
microsomes do not differ considerably from  microsomes o f other tissues, which 
also usually contain about 2 0 % of to tal lipids, more than  half o f which consist 
of phospholipids [2 ,4 ,31].

The com position o f phospholipids in the microsomes o f skeletal muscle pre
sented in this paper (Table 6 ) is in good agreement with th a t reported by M arto
nosi [32] and similar to tha t found by W aku & N akazaw a [43]. In  all these papers 
phosphatidylcholine has been found to  make up the m ain fraction, corresponding

2  D r. M om m aerts recently inform ed us that the Iow yields o f  lipids obtained by them  were 
due to  the treatm ent o f  m icrosom es with trichloroacetic acid prior to extraction o f  lipids. W hen this 
treatm ent was om itted  the lip id  content was a lso  o f  the order o f  30%  (W . F . H . M . M om m aerts, 
personal com m unication).
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to  about three-fourths of to tal phospholipids. The fraction of phosphatidylethanol- 
amine was found in this w ork to  account for about 13%. O ther phospholipids 
were present in rather smali am ounts.

The microsomes of other tissues [2 ,2 8 ,31 ,40 ], especially those from cardiac 
and uterine muscles [2 , 31], seem to  contain less phosphatidylcholine than  skeletal 
muscle microsomes. It is however difficult to  decide at present whether this fact 
may be of some biological significance.

O ther phospholipids seem to  be present in microsomes of other tissues in slight- 
ly higher am ounts, but the data obtained by different authors for the same materiał 
are divergent and hence difficult to  compare.

The finał 100 000 g  supernatant was found in this w ork to  contain only m inutę 
am ounts of lipids (about 0.2%  of dry weight). The corresponding values obtained 
by Seraydarian & M om m aerts for rabbit skeletal muscle [38] as well as by M ari- 
netti for pig heart [31] are much higher (about 6 - 8 %). M arinetti et al. [31], how- 
ever, used lower speed for separation of microsomes (average 54 000 g) and hence 
their finał supernatant could contain some smali microsomes. The relatively high 
phospholipid content (46% of to tal lipids) found by these authors in the finał su
pernatant might support this assum ption.

On the basis o f the results presented in this paper it seems tha t there is no es- 
sential difference between heavy and light microsomes in respect to  total lipid and 
phospholipid content as well as to  the com position of phospholipids. The speed 
used for sedimentation of heavy microsomes was the same as that previously shown 
by Nagai et al. [34] to  sediment vesicles containing the whole relaxing factor ac.i- 
vity. Hence it seems reasonable to  assume th a t this activity cannot be attributed 
simply to  the am ount or particular com position of phospholipids in heavy m icro
somes.

On the other hand, the possibility cannot be excluded th a t the presence of large 
am ounts of cholinę phospholipids in the fragments o f sarcoplasmic reticulum 
may be of significance in respect to the biological function o f the latter. Cholinę 
phosphatides, due to  their structure, can form  internal salts and thereby they can 
be fully ionized оѵег a  wide rangę of pH  values. Both the high content o f cholinę 
phosphatides and the presence of non-ionic lipids, as cholesterol, is supposed to 
be responsible for the Iow surface charge density of biom em branes [1 ].

Recently some authors have suggested th a t phospholipids play an essential 
role in the active transport o f cations through various biological membranes [2 1 ]. 
The finding of Kimizuka & K oketsu [23] that phosphatidylcholine films can bind 
calcium is in favour o f this supposition. The interaction o f these two substances 
was also recently observed by Inesi et al. [20]. These authors concluded [20], how- 
ever, that the strong binding of calcium by muscle microsomes could not be 
simply explained on this way.

The cholesterol content in skeletal muscle microsomes (5 - 7 % of to tal lipids) 
is similar to  that found by other authors in Ііѵег [40] and heart [31] microsomes. 
The finał supernatants o f Ііѵег [24, 40] or adrenal cortex [30] hom ogenate contain, 
however, less cholesterol than the corresponding microsomal fractions; on the other
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hand, in the case of skeletal muscle, as found in the present work, and in heart 
muscle as reported by M arinetti et al. [31], the cholesterol content is higher in the 
supernatant than  in the microsom al fractions.

The ratio  of cholesterol to phospholipids in various membranes has been re
cently extensively investigated. Several authors observed that cholesterol allows 
a closer packing of the phosphorylcholine molecules in its m onolayer films and 
suggested that a similar phenom enon takes place in various biomembranes [44]. 
The extent of this effect depends on the proportion  of both  com pounds. One of 
the theoretically possible and favourable arrangem ents takes place when three 
phosphorylcholine molecules form a с о тр іех  with one cholesterol molecule. This 
value is close to  the m olar ratio  o f phospholipids to  cholesterol in muscle m icroso
mes (3.2:1), calculated on the basis o f the results o f this work. Also this fact may 
be of some biological importance.

The authors wish to  thank  Prof. Dr. W. Niemierko for his interest and criti- 
cism in the course of this w ork as well as M rs. A. Jurow ska and M rs. U. K operska 
for skilful technical assistance.
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L IP ID Y  W E F R A K C JA C H  M IK R O SO M A L N Y C H  M IĘ ŚN I SZ K IE LE TO W Y C H  K R Ó L IK A

S t r e s z c z e n ie

1. C iężkie m ikrosom y m ięśni szkieletow ych królika (frakcja sedym entująca m iędzy 8  000  
a 28 000 g ) zawierają ok o ło  54 % białek i 22 % lip idów  (odniesionych  do suchej m asy). Zawartość 
cholesterolu  w ynosi ok o ło  6 % a fosfolip idów  ok o ło  50%  ogólnej ilo śc i lip idów . Fosfatydylocho- 
lina stanow i 75%  ogólnej ilości fosfo lip idów , podczas gdy inne fosfo lip idy występują w  niewielkich  
ilościach .

2. Skład i zaw artość lip idów  w  lekkich m ikrosom ach (frakcji sedym entującej m iędzy 28 000  
a 1 0 0  0 0 0 #) jest podobny do ciężkich m ikrosom ów .

3. K ońcow y 100 0 0 0 #  supernatant zawiera ok o ło  6 6 % białek i zaledw ie 0 ,2%  lipidów . F os
folip idy występują w  tej frakcji w  ilościach  śladow ych, zaw artość zaś cholesterolu  w ynosi ok oło  
1 2 % ogólnej ilości lip idów .

R eceived  17 July 1965.
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M A R IA  D Y D Y Ń S K A

CHANGES IN PHOSPHORUS COMPOUNDS DURING DEHYDRATION 
AND REHYDRATION OF FROG SARTOR1US DRIED OVER SILICA GEL

D epartm en t o f  B iochem istry, N encki Institute o f  E xperim ental B iology, W arszawa

1. It w as foun d  that dehydration o f  frog m uscles over silica gel at 2° to  a degree which  
does n ot exceed  7 5 -  80%  o f  the water content did n ot dam age the fibres and no special 
changes in properties o f  the m uscle could  be observed on rehydration. 2 . I f  the dehydrated  
m uscles lost m orę than 80%  o f  fibrę water, under rehydration a spontaneous contraction  
w as observed accom panied  by a com plete splitting o f  phosphocreatine and partial dephos- 
phorylation and deam ination o f  adenine nucleotides. 3. It is suggested that a ll these changes 
are the results o f  a dam age to m uscle ce li organization w hich m ay be due to  the loss o f  
structurally bound water.

Many investigations have been carried out on the influence of dehydration 
on the properties of different tissues, especially o f the muscle. Several authors 
[7,28, 16,24] found that norm al functions of the muscle were restored after re
hydration so long as a certain degree of water loss had not been exceeded. In  1909 
Hiirthle [20] observed spontaneous contraction o f Hydrophilus muscle fibres during 
rehydration after alm ost complete drying. M ore recently a similar phenom enon 
was described by Mueller & Szent-Gyorgyi [25], Hopkins [18] and H unt & M athe- 
son [19].

Biochemical analyses o f the dried muscles have not been perform ed in these 
investigations; it appeared therefore interesting to  study the changes in the content 
of laĘile phosphorus com pounds, as they are know n to  be m ost im portant for 
muscular activity. In  the present w ork these changes have been investigated on 
muscles dried over silica gel and rehydrated in R inger’s solution. Silica gel, which 
is a good absorbing substance and is also chemically relatively inert, seemed to  
be especially suitable for these experiments.

M E T H O D S

The frogs, Rana esculenta, previously kept at 2°, were killed by decapitation, 
pithed, and the sartorius muscles were taken out. The muscles were weighed im- 
mediately and their length and w idth were m easured in order to  calculate the 
surface of the muscles.
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26 M. D Y D Y Ń S K A [2]

The muscles were dried in 1 0 0  ml. glass vessels over about 2  g. o f pow dered 
silica gel (for chrom atography, 100 -2 0 0 m esh , im ported by B. O. O. Gliwice) 
at 2°. The water loss of the muscles was determ ined by weighing. R ehydration  o f 
the muscles was carried out by soaking in Ringer’s solution for 20 - 30 min. at 20°.

Extracellular space (sucrose space) in the fresh muscles as well as in the dehy- 
drated ones was determ ined after Tasker et al. [30]. The muscles were im m ersed 
for 2 h r . at 2° in Ringer’s solution containing 0.75%  sucrose and then for 2 hr. 
in R inger’s solution w ithout sucrose. The sucrose which had penetrated the extra- 
cellular space diffused out o f the muscle into the medium and was determ ined by 
the anthrone m ethod in the modification o f N orm an et al. [27]. F rom  the am o
unt o f sucrose and the weight o f the muscle (drained by pulling it slowly up the 
side of a glass beaker [1 ]) the extracellular space and the water content inside the 
muscle fibrę were calculated according to  D ydyńska & Wilkie [9].

For Chemical analyses the tissue was ground in a m ortar at 0° with 1 n-H C 10 4  

( 2  ml. per 1 0 0  mg. o f muscle tissue) and the acid-soluble com pounds were sepa- 
rated by filtration. The filtrate was neutralized with N aO H  and used for phosphate 
determ ination of: Pi, true inorganic, after precipitation with magnesium m ixture; 
Pi and P 15, corresponding to  the am ounts of orthophosphate which could be es- 
tim ated after hydrolysis at 100° in 1 n -H 2 S 0 4  for 1 min. and 15 m in., respectively. 
The phosphate groups of A TP and A D P(zdP15) could be calculated as the diffe- 
rence between P 1 5  and Pi. Total phosphorus was determined after digestion of 
the whole muscles with conc. H 2 S 0 4  and H N O 3 . All orthophosphate determ ina- 
tions were perform ed according to  Fiske & Subbarow [14].

»

T a b le  1

Water partition and contents o f  phosphorus compounds and nucleotides in the sym- 
metrical fro g  sartorii (R. esculenta)

Y alues per 100 m g. fresh tissue ±  S. E . are g iven .

N o . o f  expts. R ight m uscle Left m uscle

T otal water content (p.1.) 9 81.5 ±  0.63 82.1 ±  0 .44
Extracellular water (p.1.) 9 46.8 ±  1.57 47.4 ±  J.51
Fibrę water (p.1.) 9 34.8 ±  1.50 34.6 ±  1.82
Pi (p-moles) 1 1 1.18 ±  0.14 1 . 1 2 ±  0 . 1 1

Phosphocreatine (pimoles) 18 0.94 ±  0 . 1 0 1 . 0 1 ±  0 . 1 2

/ iP js  (um oles) 18 0.82 ±  0.04 0.80 ±  0.05
Ptot (p.moles) 7 4.46 ±  0 . 2 2 4.21 ±  0.26
A denine nucleotides ((zm oles) 17 0.47 ±  0 . 0 2 0.46 ±  0 . 0 2

Inosine nucleotides (p.moles) 17 0.024 ±  0.006 0.024 ±  0.005

The nucleotide content was determ ined spectrophotom etrically (Unicam  500) 
at tw o wavelengths 259 and 249 m^t and the concentrations of adenine and inosine 
nucleotides were calculated [2, 6 ]. Phosphocreatine was determ ined after Ennor
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[3] D R Y IN G  A N D  R E H Y DR A TIO N  OF M USCLE 27

& Rosenberg [10]. The same analyses of phosphorus com pounds were performed 
in the Ringer’s solution in which the muscles had been rehydrated.

As the contents o f the investigated com pounds in the symmetrical muscles 
differed only slightly (Table 1), it was thought possible to  use one of the paired 
muscles as control.

R E SU L T S

Phenomena observed during drying and rehydration o f  frog  muscle

W ater content of the sartorii of the frog appeared to  be fairly stable; it was 
82.2 ± 1 -6 %  for smaller muscles (50 - 100 mg.) and 79.5 ±  0.6%  for the larger 
ones (200 - 300 mg.). Drying of the muscles in the conditions used was influenced 
by the water ѵароиг pressure at 2 °, by the initial tem peraturę of the muscle and 
its size (weight and surface). It can be seen from Fig. 1 that the surface of the m us
cles weighing 50 to  400 mg. increased linearly with the increase in weight.

Fig. 1 F ig . 2

F ig. 1. R elation  betw een the w eight o f  the m uscles and their surface.

F ig. 2. R ate o f  evaporation o f  water from  the m uscle related to  the actual m oisture content. 
W eight o f  m uscle: (O ), 60 m g.; (Д ), 150 m g.; (□ ) , 300 mg.

The loss of water by evaporation from a surface unit is proportional to  the 
difference between water ѵароиг pressures over the substance (Ps) and over the 
dehydrating agent (Pa) [5]:

d\v 1

~ d t  X  ~A  =  K °  ( P s  ~  P a )  

where dw/dt is the loss of weight in a time unit, A  the surface of the substance, 
K G the m ass transfer coefficient for diffusion of water ѵароиг in to  air, and Ps and P a 
are the corresponding water ѵароиг pressures. The whole process o f drying con- 
sists of two periods: the constant-rate period and the falling-rate period. The above 
eąuation perm its the calculation of the constant rate of drying during the first 
period, which usually constitutes the main part o f the process of desiccation.
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The relation between the rate of water loss from a surface unit o f the muscle 
and its actual water content is shown in Fig. 2. In the rangę o f water content from  
about 70%  of initial to about 20% , the rate o f water loss was roughly stable and 
the mean value for 153 dried muscles was found to  be 4.8 i  2.1 mg./cm.2 /hr. Ini- 
tially the rate of drying of the muscles was somewhat higher than  during the con- 
stant-rate period, most probably because the tem peraturę of the muscles which 
had been excised at 2 0 ° did not drop yet to  2°. The m ean time necessary for the 
eąuilibration of tem peraturę was about 1.5 hours.

W ater ѵароиг pressure over the muscle surface (Ps) at 2° was 7 x l 0 - 3 atm . 
and over silica gel (Pa) it was 2 .6 x l 0 - 6 atm . The latter value, being extremely 
smali, can be neglected and thus the calculation may be simplified:

4.8 mg./cm.2 /hr. =  K GX l X  10- 3  atm.

K G calculated from the present experimental data was 685 mg./cm.2 /h r./a tm . The 
same mass transfer coefficient may be also calculated from  the form uła [5]:

D

K° = Щ уі  -

where D  is the diffusion coefficient, R  gas constant, T  tem peraturę in the absolute 
scalę, and У2  — у  i the distance between the dried substance and the dehydrating 
agent. In  the conditions of present experiments, D  was 903.6 cm .2 /hr, R  4.56 atm. x  
X cm .3 / g . x 6 , T215°. F or the different parts o f the dried muscle У2 — Уі was from 

0 . 2  to  2 . 8  cm., and the mean distance for the muscle water to diffuse as water va- 
pour was about 1.0 - 1.4 cm. The values for K G calculated in this way were from 
720 to  520 mg./cm.2 /h r./a tm ., which agreed with the value 685 found ехрегітеп- 
tally.

T a b le  2

Changes in water partition in muscles after drying and rehydration in separate expe-
riments on paired muscles

The data are expressed as percentage o f  the in itial water content in the con tro l sym m etrical fresh 
m uscle. D R , m uscle dried and rehydrated.

C ontrol m uscle M uscle dried and rehydrated Fibrę water

“Sucrose
sp ace”

Fibrę
water

W ater W ater partition after rehydration (D R  to

content after 
drying

T otal
water

“Sucrose
space”

Fibrę
water

control
ratio)

58.8 41.2 76.5 1 0 0 . 0 57.4 42.6 1.03
51.6 48.4 65.0 91.4 55.9 44.1 0.89
56.0 44.0 49.0 98.6 62.4 36.3 0.82
60.5 39.5 43.0 83.0 52.0 31.2 0.79
56.9 43.1 38.0 88.4 54.6 33.7 0.78
48.9 51.1 24.8 88.5 59.5 29.2 0.57
61.7 38.3 24.0 80.0 56.7 23.2 0.61
63.4 36.7 15.7 85.8 76.5 9.3 0.25
56.5 43.5 8.4 82.5 75.2 7.2 0.16
73.5 26.5 0 . 0 60.5 60.5 0 . 0 0 . 0 0
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The duration of the constant-rate period depended on the weight of the muscles, 
varying from 3.5 to  7 hr. for muscles weighing from  50 to  300 mg. The falling-rate 
period lasted about 1.5 hr. for all the muscles. Therefore the time of complete desic- 
cation of the muscles, including the initial eąuilibration of tem peraturę, was from  
6.5 to  10 hr.

Determ inations of water partition  in the fresh muscles and in muscles rehyd- 
rated after different degrees of dehydration (Table 2) indicate that if the muscle 
had lost not more than  80% of its initial water content, a  good part of the fibrę 
water can be restored during rehydration, attaining 60 - 90 % of the am ount pre- 
sent in the fresh muscle. Further drying apparently  damaged the fibrę membra- 
nes, resulting in an increase of the sucrose space and in the disappearance of the 
fibrę water.

Phosphorus compounds in dehydrated muscles

Changes in the contents of phosphorus com pounds brought about by drying 
(Table 3) were but slight and even after complete dehydration no significant chan
ges took place. M inutę ąuantities of deam inated nucleotides found in the dried 
muscles are not significant for the changes in the to tal am ount of adenine nucleo
tides.

Phosphorus compounds in the rehydrated muscles and in the RingePs solution used
. fo r  rehydration

W hen fresh muscles were immersed in Ringer’s solution for about 30 min. 
at 20° some changes in phosphorus com pounds took  place (Table 4). A lthough 
there was no dephosphorylation of labile com pounds as phosphocreatine or ATP, 
an outflow of Pi into the medium and a smali but significant deam ination of ade
nine nucleotides could be observed. M any authors suggest that orthophosphate 
can pass through the sarcolemma only very slowly [11,4, 15] and therefore it can 
be supposed that the Pi found in the Ringer’s solution originated from the extra- 
cellular space.

The contents of various com pounds in rehydrated muscles and in the solution 
used for rehydration are shown in Table 5. The am ount o f Pi found in the Ringer’s 
solution did not exceed the value found after immersion of fresh muscle (cf. T ab
le 4) if the loss of water on dehydration did not surpass about 80%. The content 
o f phosphocreatine showed significant changes only in those muscles which had 
lost more than  80% of their water, when splitting of m ost o f phosphocreatine 
occurred, accompanied by an outflow of Pi into the Ringer’s solution. D ephos
phorylation of adenine nucleotides took  place during rehydration; it was more 
pronounced in those muscles which had  lost 90%  of water. Smali am ounts of ZlPis 
found in the Ringer’s solution were insignificant. Rehydration of the dried muscles 
led to  deamination of about 30% o f the to tal nucleotides, tw o thirds of which were 
found in the Ringer’s solution.
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Total phosphorus content and the am ount of dry m atter in muscles which were 
dried and rehydrated, were also investigated. The data obtained in these estima- 
tions related to  the degree of water loss by the muscle are shown in Table 6 . De- 
hydration and rehydration of the muscle led to  progressive decrease both  of solids 
and to tal phosphorus. The changes were especially pronounced in those muscles 
which had lost more than  80% of water.

T a b le  6

Changes in dry matter and total phosphorus contents in muscles which were dried
and rehydrated

R esults o f  separate experim ents are given.

W ater loss 
after drying 
(%  o f  initial 

content)

D ry m atter (mg./lOO mg. fresh m uscle) P tot ((J.moles/ 1 0 0  mg. fresh m uscle)

C ontrol
D ried and  
rehydrated D ifference Control

D ried and  
rehydrated D ifference

35 16.4 16.8 + 0 . 2 4.19 4.02 — 0.17
50 18.0 17.8 — 0 . 2 4.77 4.14 — 0.63
60 17.2 16.0 — 1 . 2 4.77 3.64 — 1.13
75 18.4 16.5 — 1.9 4.82 3.32 — 1.50
80 17.6 15.5 — 2 . 1 5.07 2.19 — 2 . 8 8

90 19.5 16.6 — 2.9 5.11 1.46 — 3.65
1 0 0 17.4 14.3 — 3.1 4.77 1 . 0 2 — 3.75

Shortening o f  the muscle during rehydration

Rehydration of the dried muscles had no effect on their length and shape if 
the muscles had lost less than  60%  of water. After greater dehydration the muscles 
when immersed in Ringer’s solution at 20° showed a slow spontaneous contrac-

40

.C

Л 20

o° ° °
° o

o
o

o  o
 0 — o— p— o— 2----------1------------- l  F ig. 3. D im inution  o f  the length  o f

20 7o 60 80 100 .
Water loss beFore rehydration (%) m uscle after * h y d r a tio n .

tion. The shortening was especially pronounced in muscles which had lost 90%  
o f water. In  this case the reduction in  length was about 30%  of the initial value 
(Fig. 3).

D IS C U S S IO N

The presented results show that during dehydration over silica gel the contents of 
examined muscle constituents remained alm ost constant and no significant breakdow n
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of A TP or phosphocreatine occurred. On the other hand, the changes observed 
after rehydration of the muscle indicate that at a certain degree of water loss the 
norm al functions of the muscle are irreversibly destroyed. This is accompanied by 
splitting of ATP and phosphocreatine and an  outw ard diffusion of some products 
o f their breakdown. The tolerance for water loss found in our experiments seemed 
to  be significantly higher than  it was reported by Overton [28], Hill & Кираіоѵ [16] 
or Fenn [12] who suggested that гетоѵаі o f about 50% of water from  the muscles 
kept in hypertonic solution involves damage to  the muscle fibres. Contrary to these 
earlier findings, Hodgkin & Horowicz [17], Pauschinger & Brecht [29] and Dy
dyńska & Wilkie [9] have shown that dehydration by the hypertonic medium did 
not seriously affect the muscles, provided that their fibres had lost not more than  
80% of water. After rehydration the norm al functions o f the muscles were resto- 
red, probably because the properties of the celi membranes were maintained.

The results o f extracellular space determ inations in fresh and rehydrated muscles 
seem to  throw  some light on processes related to  water loss by the muscle fibres. 
D uring drying of the muscle over silica gel the layer of w ater on the surface of the 
muscle am ounting to  10% of the to tal water (Dydyńska, unpublished results) 
was the first to  evaporate and only afterwards the water from the m ost superficial 
layers of muscle fibres came out. As the fibres were still able to gain water during 
rehydration, provided that the muscle had lost less than  80% of to tal water (Tab
le 2 ), there are good reasons to  assume that the fibres in the deeper layers of the 
muscle were undamaged and the properties of the membranes were unaffected. 
Calculations based on the diameter of a single muscle fibie (0.05 mm. [21, 9]) and 
the volume of the whole muscle, show that the sartorius of the frog consists of 
about 1600 fibres. The two most superficial layers contribute to approximately 
2 0 % o f the muscle fibres, and these layers are m ost likely to  be damaged at the 
onset o f dehydration.

The dehydration of the muscles over silica gel seems to  be limited by the rate 
of evaporation of water from the surface of the muscle. Experiments with the m us
cles kept in hypertonic Solutions allowed to  calculate the rate of water loss by the 
muscle through water movement from one fibrę to  another [9]. This was about 
10- 15 mg./cm 2 ./hr. which is significantly higher than the rate of evaporation of 
water from  the muscle surface (4.8 m g./cm.2 /hr.) found in the present experiments. 
I t can be, therefore, supposed that during dehydration over silica gel only an in- 
significant gradient o f the water content exists inside the muscle and that all fibres 
contain the same percentage of water.

D uring rehydration of dried muscle considerable changes occurred in the con
tents o f labile phosphorus compounds (Table 5) whereas in muscles which were 
dried but not rehydrated alm ost no changes were observed (Table 3). The value 
found for phosphocreatine in com parison to  the data given by other workers and 
collected by M aiechal in his thesis [23] belongs to the lower ones. This may be 
due the to fact that the muscles excised from  the pithed frogs were dried immediately 
w ithout previous immersion in oxygenated Ringer’s solution. This procedurę was 
used to  avoid changes in the content o f water and other constituen ts; the elimi-
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nation of initial rest in Ringer’s solution could have prevented the restoration of 
phosphocreatine, the content o f which was decreased due to  stim ulation caused 
by pithing and  excision of the muscles.

Changes in phosphorus compounds occurring in the muscle during drying and 
rehydration summarized in Fig. 4 indicate tha t when the dehydration exceeds 80%  
of water loss the structure of the muscle becomes damaged. It has been shown 
previously [8 ] th a t frog heart submitted to dehydration over silica gel did not stop 
beating until it had lost over 70% of water content, which is in agreement with 
the present results.

Fig. 4. C hanges: ( o ) ,  in fibrę water content, and o f  (Д ), Pj.truei (□ ) . phosphocreatine; 
(Й), d P l5 ; and ( • ) ,  Ptot, in the m uscles after drying and rehydration.

Recent experiments carried out on isolated muscle fibres kept in hypertonic 
or hypotonic Solutions showed that only 6 6 % (Blinks [3]) or 60%  (K rolenko et 
al. [2 2 ]) of fibrę volume was able to  undergo changes according to the laws of os- 
mosis. As from  the remaining 33 or 40%  of fibrę volume only 20%  may be accoun- 
ted for solids, about 13 - 20%  of fibrę volume seems to  consist o f structurally bound 
water. On the other hand, the experiments on the whole muscle immersed in hyper
tonic solution seemed to  show that the total am ount of water in the fibrę is osmo- 
tically active [9]. The present results indicate that a certain ąuantity  of structurally 
bound water may be present in the muscle fibrę; the loss of this water could pos- 
sibly lead to  various changes observed when m ore than  80%  of the to tal am ount 
of w ater had been evaporated.

The known phenom enon of spontaneous contraction of the dried muscle during 
rehydration [20,25, 18,26] was also observed in the present experiments and ap- 
peared to  be connected with some special changes caused by drying. It seems tha t, 
although in such conditions the structure of the celi m em brane is already dam aged,
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the contractile proteins remain relatively unaffected. Thus H unt & M atheson [19] 
found that myosin extracted from  the dried muscle showed ATPase activity. As 
alm ost norm al ąuantities of labile phosphorus com pounds have been found in 
dried muscle, the suggestion of Szent-Gyorgyi that the contraction of dried muscles 
on rehydration may іпѵоіѵе Chemical processes similar to  those which occUr in 
fresh muscles, seems fairly probable. The dehydrated muscles would be able to 
contract as soon as enough water had entered the muscle cells. The exact naturę 
of the influence of water inflow on the contractile proteins and the explanation 
o f the character of the observed contraction need, however, further investigations.

T h e  a u th o r  w is h e s  t o  e x p r e s s  h e r  t h a n k f u ln e s s  t o  P r o f . D r .  W . N ie m ie r k o  fo r  

h is  h e lp  a n d  s t im u la t in g  in f lu e n c e  d u r in g  t h i s  w o r k ,  t o  P r o f . D r .  D .  R . W ilk ie ,  

D o c .  D r .  D r a b ik o w s k i  a n d  D o c .  D r .  W ło d a w e r  fo r  v a lu a b le  a d v ic e  a n d  d i s c u s -  

s i o n s  u p o n  t h e  m a n u s c r ip t  .a n d  t o  M r s . B e d n a r e k  a n d  M is s  S z w y k o w s k a  f o r  th e ir  

t e c h n ic a l  a s s is t a n c e .
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Z M IA N Y  W  Z A W A R T O ŚC I L A B IL N Y C H  Z W IĄ Z K Ó W  F O SF O R O W Y C H  
PO D C Z A S O D W A D N IA N IA  I U W A D N IA N IA  M IĘ ŚN I SU S Z O N Y C H  

N A D  SPR O SZ K O W A N Y M  ŻELEM  K R Z E M IO N K O W Y M

S t r e s z c z e n ie

1. W ykazano, że o  ile m ięsień nie utracił więcej niż 75 - 80%  w ody nie obserwuje się znacz
niejszych uszkodzeń w łókien  i po  uw odnieniu m ięsień powraca do stanu norm alnego.

2. Jeżeli w łókna m ięśniow e utraciły więcej n iż 80%  w ody, podczas uwadniania obserwuje się  
pow olny spontaniczny skurcz m ięśnia, którem u towarzyszy całkow ity rozpad fosfokreatyny oraz  
częściow a defosforylacja i dezam inacja nukleotydów  adenilow ych.

3. W ysuwa się przypuszczenie, że obserw ow ane zjawiska są następstw em  uszkodzenia orga
nizacji w łókna m ięśniow ego, być m oże z pow odu utraty w ody związanej strukturalnie.

R eceived  20 July 1965.
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M A G D A L E N A  F IK U S  and D . S H U G A R

ALKALINE TRANSFORMATIONS OF THE PHOTOHYDRATES 
OF SOME 2,4-DIKETOPYRIMIDINES AND THEIR GLYCOSIDES

D epartm en t o f  B iochem istry, S ta te  Institute o f  H ygiene; and Institute o f  B iochem istry and B iophysics, 
Polish A cadem y o f  Sciences, W arszawa

1. In aqueous alkaline m edium  the photohydrate o f  1-methyluracil undergoes direct 
base-catalysed dehydration to regenerate quantitatively 1-methyluracil. 2. In aqueous am- 
m oniacal m edium  the photohydrate o f  1 ,6 -dim ethyluracil undergoes ring opening at the 
1 , 6  bond, fo llow ed  by dehydration and finally ring closure to quantitatively reform  1 ,6 - 
-dim ethyluracil. If  the m edium  is m ade alkaline with N aO H  or K O H  instead o f  am m onia, 
regeneration o f  1,6-dim ethyluracil is n ot fully quantitative. 3. In aqueous am m oniacal 
m edium  the photohydrate o f  uridine (and o f  a w ide variety o f  other uracil glycosides) un
dergoes tw o sim ultaneous, com peting, reactions: direct base-catalysed dehydration; and 
ring opening at the 1,6 bond, fo llow ed  by dehydration and ring closure. These lead to quan- 
titative regeneration o f  uridine. If  the m edium  is m ade alkaline with N aO H  or K O H , a third 
reaction intervenes, the extent o f  w hich is dependent on the pH , and which appears to  
іпѵоіѵе opening o f  the ring at the 3,4 bond; this reaction does not lead to regeneration o f  
uridine. H ow ever, addition o f  an excess o f  am m onia, fo llow in g  addition o f  N aO H  or K O H , 
abolishes the effect o f  the latter, and again  leads to quantitative regeneration o f  uridine.
4. In alkaline m ethanolic m edium  the photohydrates o f  1,6-dim ethyluracil, and o f  the uracil 
glycosides, undergo on ly  one type o f  transform ation: ring opening at the 1 , 6  bond, dehy
dration o f  the open chain com pound, and ring closure to regenerate the parent com pound. 
The presence o f  traces o f  water is necessary for this reaction sequence. 5. The difference 
in behaviour in alkaline m edium  betw een the photohydrates o f  1 -m ethyluracil on  the one  
hand, and the uracil glycosides on the other, appears to be due to som e influence o f  the 
glycosid ic linkage, and not to  any involvem ent o f  the carbohydrate hydroxyls. 6 . The kinetics 
and activation energies for som e o f  the reactions have been m easured and calculated. Isotope  
effects in heavy water have also been m easured, but these did not ргоѵе readily interpretable. 7. 
A ttention  is drawn to the significance o f  the results in pyrim idine syntheses, and for possible  
quantitative reversal o f  uracil hydration in irradiated p o ly -U  and ribonucleic acids.

U ltraviolet irradiation of uracil glycosides in aąueous medium leads to  the 
nucleophilic addition of water to  the 5,6 double bond of the pyrimidine ring. In 
aąueous frozen  medium the principal reaction is the form ation of a  photodim er 
in which the 5,6 bonds of two molecules combine to  form  a cyclobutane ring. In 
oligo- and poly-U, and in RN A , bo th  of these reactions are known to  occur, the
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relative proportions of hydrates to  dimers being partially a function of the irra-
diation wavelength (for review see ref. [ 1 0 ]).

The photohydrates are relatively stable at room  tem peraturę and  neutral pH ,
but are readily subject to acid-base catalysed dehydration either at elevated tem-
peratures at neutral pH  or at room  tem peraturę in acid medium. The photodim ers 
are fully stable in neutral and acid medium, even at elevated tem peratures [19] 
but readily photodissociate to  regenerate the original uracil rings. Photodissocia- 
tion of dimers occurs more readily in alkaline medium due (a), to  the higher absor- 
ption o f the dimers under these conditions and, (b), because the dim erization 
reaction does not proceed at alkaline pH  [18, 19].

In alkaline medium both uracil and  thymine photodim ers may photodissociate 
quantitatively to  uracil and thymine [19]. This is not so for the photodim ers of 
uridine and thymidine, or U pU  and TpT, for all o f which photodissociation in 
alkaline medium is accompanied by some side reaction(s) [18]. In  the case of uri
dine photodim er, it was found that these side reactions were not due to  the effects 
o f radiation on the dimer itself; but that the uridine resulting from  dimer photo
dissociation underwent photohydration in the alkaline medium, and subseąuently 
underwent а сотр іех  series of alkali-catalysed reactions. The aim of the present 
investigation was to  clarify the naturę of the reactions undergone by uridine pho- 
tohydrate in alkaline medium.

It had earlier been noted by R apport et al. [12] that alkalization of irradiated 
uridine did not lead to  quantitative reform ation of the uridine spectrum , but that 
the resulting product could satisfy the growth requirements of the uridine depen
dent Neurospora crassa. It had also been noted by Sinsheimer [16] tha t some un- 
known product(s) were formed when irradiated uridine was treated with strong 
alkali. M ore recently Schuster [14] reported that when photohydrated uridylic 
acid is brought to  1 n-K O H , 65% dehydrates to  uridylic acid, while 35%  is trans- 
formed to a  new com pound resulting from scission of the 3,4 bond; this was ap- 
plied to  determ ination of the num ber o f hydrated, as compared to dimerized, uracil 
residues in irradiated RNA.

M A T E R IA L S A N D  M E T H O D S

Uridine, deoxyuridine, uridylic acid were commercial preparations (Sigma, 
St. Louis, U.S.A., and Calbiochem., Los Angeles, U.S.A.).

Uridine and 2 ',3 '-0-isopropylideneuridine were acetylated as described by 
Visser et al. [20] and the products identified by paper chrom atography. In  water- 
-saturated butanol the R F values were: uridine, 0.17; isopropylideneuridine, 0.66; 
2 ',3 ',5 '-triacetyluridine, 0.72; S^acetyK L^-isopropylideneuridine, 0.80.

1,6-Dimethyluracil was obtained from  2,4-dimethoxy-6-methyluracil [11] by 
treatm ent with methyl iodide according to  Hilbert & Johnson [7]. We are indebted 
to  M rs. K. Ziabicka for this preparation. 1,3,6-Trimethyluracil was prepared by 
treatm ent of 6 -methyluracil with dimethylsulphate in alkaline m edium [13]. Both 
of these compounds were hydrogenated to  give the 5,6-dihydro derivatives, using 
a rhodium  catalyst as elsewhere described [2, 6 , 9].
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1-Methyluracil was obtained as described by Hilbert & Johnson [7]. Uridine 
and thym idine were treated  with diazomethane in anhydrous m ethanol to  give 
the A-methyl derivatives [17]. Glucopyranosyluracil was prepared according to 
Hilbert & Johnson [8 ] and ribosethymine according to  Fox et al. [5]. We are indeb- 
ted to  D r. Barbara Żm udzka and Mr. M. Świerkowski for assistance in the pre- 
paration of several o f these compounds.

Irradiations, and subseąuent treatm ent o f photoproduct s, were carried out 
for the m ost part in 1- and 10-mm. ąuartz  spectrophotom eter cuvettes. The irra- 
diation source was a 40-watt Phillips germicidal lamp (253.7 A) encased in a ąuartz 
cylinder with an  inner diam eter 4 mm. greater than  that of the lamp. This made 
it possible to  surround the lam p with a 2 -mm. layer of saturated sodium acetate 
to  cut o ff all radiation below 230 mjx. The intensity of this source, in a direction 
perpendicular to  the lam p axis, was of the order of 7 Х І0 - 7  einsteins/m in./cm . 2  

at the surface of the surrounding ąuartz  cylinder. A 10~4 m aąueous neutral so
lution of uridine was employed as an actinom eter for intensity measurements [23]. 
In several instances, where larger ąuantities of photoproduct were reąuired, a spec- 
ially constructed reactor [3] was employed.

Measurements and irradiations at tem peratures other than  am bient were car
ried out by locating the cuvettes to  be irradiated in a spectrophotom eter constant 
tem peraturę błock. W ater or aąueous glycol was pum ped through the błock by 
means of an ultratherm ostat and tem peratures controlled by means of a therm istor 
in a dummy cuvette. All spectral measurements were carried out with a Beckman 
D U  instrum ent.

R E SU L T S

Alkaline transformations o f  uridine photohydrate in ammoniacal medium

Irradiation o f a neutral aąueous solution of uridine (10 - 4  - 10- 3  m )  results 
in alm ost quantitative conversion to 5-hydro-6-hydroxyuridine. The subseąuent 
acid-catalysed elim ination o f the water molecule regenerates from  95 to  100% 
of the uridine l .

In  neutral medium photohydrated uridine exhibits only end absorption in the 
ąu artz  ultraviolet (Fig. 1) in expected accordance with saturation o f the 5,6 bond 
(see Scheme 1). I f  the photoproduct solution is made alkaline (about pH  12) and 
spectral readings carried out within a few  seconds following addition o f  alkali, cur- 
ѵе с is obtained. In practice, сигѵе с was recorded in the following m anner: A  lar
ger volume of uridine photohydrate was prepared in a reactor. A n aliąuot was 
transferred to  a spectral cuvette and concentrated am m onia added to  give pH  
11.8- 12.02  with stirring. W ithin 3 - 5  sec. o f the addition of am m onia, an  extin-

1 A t a concentration o f  10 - 3  м it has been show n that up to 5-6 % o f  uridine dimer m ay be 
form ed under these cond itions (E. Sztum pf-K ulikow ska, Ph. D . thesis, Polish A cadem y o f  Scien
ces, 1966).

2  The reason for the use o f  concentrated am m onia instead o f  N aO H  or K O H  w ill be ехріаі-
ned below .
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ction reading was made at one predeterm ined wavelength. A different a liąuot 
of photoproduct was employed for each wavelength.

Сигѵе с of Fig. 1 (I, Ешах 232 m[x, emax ~  104) is alm ost identical with th a t 
of the alkaline spectrum of 5,6-dihydrouridine (II) [9], and is due to  dissociation 
o f the N 3  proton with resultant conjugation of the C 2 = 0  and N 3 = C 4  double 
bonds (see ref. [21] for fuli discussion of these structures); (Scheme 1 ).

W ithin 2 - 3  min. at room  tem peraturę following addition of alkali, сигѵе с 
disappears. Simultaneously a new peak appears at 290 m[i,, the optical density 
of which attains a maximum within a time interval of about 3 - 4  min. When the 
spectra were recorded at 1 min. intervals, it was found tha t they pass through an 
isosbestic point at 245 mjjt..

T a b le  1

Ra te constants and energy o f  activation fo r  disappearance o f  alkaline transformat ion 
product o f  uridine photohydrate (disappearance o f  absorption тахітит at 290 m p ) , 

to regenerate uridine, in ammoniacal aqueous medium  pH  72

t°C Г °К k r (sec .- 1 ) E  (ксаі./м )

17.0 290.0 4 .3 6 x 1 0 - 4
24.0 297.0 9 .4 8 x 1 0 - 4 18.5
27.5 300.5 + X 0

1 u

About 3 - 4  minutes following addition of alkali, the peak at 290 m[x begins 
to  decrease; simultaneously the absorption at 260 m[x increases (Fig. 2). These 
modifications are complete within about 1 hour. The am m onia was then partially 
removed from the solution with a stream of cold air and the spectrum  o f the solu- 
tion, determined at acid and alkaline pH  values, found to  be identical with that 
o f the initial uridine (Fig. 3). N ote from  Fig. 3 that regeneration o f uridine was 
practically quantitative, notw ithstanding that the processes involved were obviously 
different from the direct dehydration mechanisms at neutral or acid pH. If the 
ammoniacal solution is neutralized, in place of initial гетоѵ аі of some of the am 
m onia in a stream of air, regeneration of uridine is not quantitative.
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WavelengTh (m y) Wavelength (m y)

Fig. 1 F ig . 2

F ig . 1. A bsorption  spectra o f  (a), uridine at neutral pH ; (b), uridine photohydrate, 5-hydro-6- 
-hydroxyuridine at neutral p H ; (с), uridine photohydrate an ion  at pH  12 (N o te: the anion is very 

lab ile in a lkali; see text for m ethod o f  obtain ing this curve).

F ig . 2. T ransform ation at 20° o f  uridine photohydrate an ion  (1 0 ~ 3 - 10 - 4  m ) in alkaline m edium  
at pH  12 (50 [Л. con c. N H 4 O H  in 2.5 ml. H 2 0 ) :  (a), Spectrum  o f  uridine photohydrate in neutral 
m edium ; (b), (c), (d ) and (e) are spectra 2.5, 5, 16 and 49 m in. respectively, after alkalization to

Wavelength (my) Time aFter addition oF NH40H(min.)

Fig. 3 Fig. 4

F ig . 3. Illustrating quantitative regeneration o f  uridine from  uridine photohydrate in am m oniacal 
aąueous m edium  at pH  12: (a), Spectrum  o f  uridine prior to  irradiation at neutral pH ; (b), spec
trum o f  uridine photohydrate at neutral pH ; (c), spectrum  fo llow ing alkaline am m oniacal treat- 
m ent o f  uridine photohydrate, г ет о ѵ а і o f  am m onia and neutralization to p H 7 ; ( Ą  spectrum

o f  regenerated uridine at pH  12.

F ig . 4. Influence o f  tem peraturę on  rate o f  transform ation o f  uridine photohydrate in am m oniacal 
aąueous m edium , pH  12, to  product w ith absorption т а х і т и т  at 290 mpu (a) 4.4°, (b) 17.0°,

(c) 27.5°.
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The rate of alkaline regeneration of uridine was found to be independent of 
concentration over the rangę 10~4 - 10~ 3  м. There was, however, a  very p ronoun
ced dependence of rate on tem peraturę (Fig. 4); but the presence o f several si- 
m ultaneous reactions made it difficult to determ ine the kinetics. Only the rate of 
disappearance of the peak at 290 m î. was followed as a function of tem peraturę, 
sińce only one Chemical transform ation appears to  be involved in this step; the 
results are recorded in Table 1.

Transformations o f  uridine photohydrate at alkaline pH  in presence o f  N aO H  or K O H

W hen the photohydrate of uridine was brought to  alkaline pH  with N aO H  
or KO H , instead of N H 4 OH, the seąuence o f spectral changes observed was si- 
m ilar; but regeneration of uridine was no longer quantitative and a spectral exa- 
m ination dem onstraied the presence of an additional product with absorption  
in alkaline medium. The am ount o f this additional product was dependent on 
the pH  to  which the photoproduct was brought. Tf the uridine photohydrate was 
alkalized to  pH  11 with N aO H  or K O H , the finał am ount of regenerated uridine 
was 87% ; for pH  12 it was 78% ; and for pH  13, about 55%. These results differ 
somewhat from those of Schuster [14], who reported that the am ount of uridylic 
acid regenerated at pH  14 was 65%.

A solution of uridylic acid (which behaves like uridine, see below) was trans- 
form ed to  the photohydrate by irradiation, brought to  pH  13 (0.1 n -KOH), left 
for one hour at room  tem peraturę, neutralized with perchloric acid, and then sub- 
jected to ascending chrom atography with W hatm an no. 1 paper, using the solvent 
system л-butanol - ethanol - 5 n -H C I, 3:2:2, by vol. (cf. ref. [14]). The chrom a- 
togram  showed, in addition to  regenerated uridylic acid, a spot which gave a po- 
sitive Fink reaction [4] without prior spraying with alkali. The R f  values for uri
dylic acid and the additional product were 0.72 and 0.59; these are to  be com pared 
with those given by Schuster [14], viz. 0.70 and 0.57. It appears reasonable to  as- 
sume, in agreement with Schuster [14], tha t the additional product is due to  opening 
o f the uracil ring at the 3,4 bond [1], i.e. it is an analogue of /3-ureidopropionic 
acid. We have found that this com pound does not revert to  uridylic acid in acid 
medium. This is of some interest, in tha t it might have been expected to  undergo 
ring closure in acid medium by analogy with various dihydrouracil analogues which 
undergo ring opening at the 3,4 bond in alkali and subseąuent ring closure in acid 
[1,9].

Abolishment o f  effect o f  N aO H  (1or KO H ) with ammonia

N o immediate explanation is at hand for the presum ed ring opening reaction 
at the 3,4 bond by K O H  or N aO H . However, the following experiment demon- 
strated that this effect o f the alkali cations could be fully reversed by the ammo- 
nium  ion. The photohydrate of uridine was brought to  pH  12 with N aO H  and 
left at room  tem peraturę for 30 m in .; under these conditions only 78 % o f the ori-
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ginal uridine should have been regenerated (see above). At this point a threefold 
excess of N H 4O H  was added and the solution then brought to neutrality. An exa- 
m ination now dem onstrated that regeneration of uridine was quantitative.

Kinetics o f  photochemical transformation o f  uridine photohydrate in alkaline medium

W hen uridine is irradiated in alkaline medium, the prim ary photoproduct is 
ionized hydrated uridine ( I ) 3. This also undergoes subsequent alkaline transfor- 
m ations as above. If  irradiation, and spectral measurements, are conducted at 2°, 
the rate of photohydration .is unchanged, but the subsequent dark reactions are 
slowed down considerably (see Fig. 5).

Wavelength (my) Wavelength (m y)

F ig. 5 F ig. 6

F ig . 5. P hotochem ical transform ation o f  uridine in aqueous m edium  at pH  12 (0.01 N -N aO H ) 
at 0° w ith incident intensity (254 mpO o f  7 x  10~? F /m in. /cm .2 : (a), A bsorption spectrum  prior 

to irradiation; (6 ), spectrum  6  m in. after irradiation; (c), spectrum  1 2  m in. after irradiation.

F ig . 6 . P hotohydration o f  1-methyluracil and alkaline dehydration o f  photoproduct to  regenerate 
1-m ethyluracil at 0°: (a), A bsorption  spectrum  o f  1-m ethyluracil at neutral pH ; (b), spectrum  
o f  l-m ethyl-5-hydro-6-hydroxyuracil at neutral pH ; (c), spectrum  5 m in. after alkalization o f  
photohydrate; (d ), and (e) are spectra 10 and 25 m in., respectively, after alkalization o f  p h oto

hydrate.

W hen photohydrated uridine was brought to  pH  12, the rate constants for 
disappearance of the peak at 290 mfj. were found to be 6.4 X 10- 4 sec . - 1  in or- 
dinary water and 3.6 X 10- 4  sec . - 1  in heavy water, the resultant isotope effect 
k r (H20 ) / k r (D 2 0 )  being 6.4/3 . 6  or 1.8. N o appreciable difference in rates of change 
o f extinctions at 230 mfjt, or 260 m[x could be observed in light and heavy water.

3 See ref. [21] for discussion o f  significance o f  this observation.
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Behaviour o f  other uracil glycoside photohydrate analogues

The following com pounds, after photohydration at neutral pH  and subseąuent 
alkalization to pH 12, behaved similarly to uridine: deoxyuridine, uridylic acid, 
2 ',3 '-0-isopropylideneuridine, 5 '-0-acetyl-2 ',3 '-isopropylideneuridine, 2',3',5'-tri-ć>- 
-acetyluridine, glucopyranosyluracil, 2 ',3 ',4 ',6 '-tetraacetylglucopyranosyluracil. Ir- 
respective of the modifications of the carbohydrate moiety, the rates and naturę 
o f the dark reactions resulting from  alkalization were quantitatively the same as 
for uridine.

Behaviour o f  'Nysubstituted uracil analogues

By contrast A-melhyluridine exhibits none of the foregoing changes. When 
photohydrated A-methyluridine is brought to  pH  12, at room  tem peraturę, the 
spectrum  of A-methyluridine is regenerated quantitatively and instantaneously 
(certainly within 2 - 3  sec. which is the shortest time interwal following which spec
tral measurements can be made after addition of alkali). The same applies to  1,3- 
-dimethyluracil and 1,3,6-trimethyluracil (see below). It follows that the presence 
of an ionizable proton on N 3 is a prereąuisite for the existence of the dark reac
tions outlined above.

Alkaline transformation o f  N ym ethyluracil photohydrates

In an entirely different category, however, are uracil analogues with an 
methyl substituent, which we shall now discuss:

Both 1-methyluracil and 1,3-dimethyluracil photohydrate readily in neutral 
medium. But alkalization of both these photoproducts leads to  the instantaneous 
elimination of Water and quantitative regeneration of the parent com pounds. Ir- 
radiation of the parent substances in alkaline medium results only in irreversible 
modifications with Iow ąuantum  yields.

In  the case of l-methyl-5-hydro-6-hydroxyuracil it is possible, by reducing 
the tem peraturę to  2 °, to  observe the characteristic absorption maximum at about 
230 m[x in alkaline medium (Fig. 6 ). A t pH  12 under these conditions the rate of 
dehydration of the photoproduct in ordinary water was 24.7 X 10- 4 sec.-1 , whe- 
reas the rate of elimination of a heavy water molecule in D 20  was 12.8. There is 
conseąuently an isotope effect k r (H 2 0 )//:r (D 2 0 )  =  1.9. This is to  be compared 
with the analogous isotope effect for dehydration of 1 -methyluracil photohydrate 
in neutral medium, where the situation is reversed, i.e. elimination of a heavy water 
molecule in D 20  is 2 - 3 times more rapid than  elimination of an ordinary water 
molecule in H 20  [15].

1,3,6-Trimethyluracil likewise photohydrates [24] and the resulting photopro
duct undergoes rapid base-catalysed elimination of the water adduct, w ith quan- 
titative regeneration of the parent com pound. But 1,6-dimethyluracil exhibits ąuite 
a different behaviour, as we shall now show.
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Irradiation  of 1,6-dimethyluracil leads to  a  slow dissappearance of the charac- 
teristic absorption maximum, ąuantum  yield 5.7 X 10-3 , the photoproduct exhi- 
biting only end absorption in the ultraviolet. The reaction is first order, with a rate

Wave!ength (m fj) Wavelength (m /j)

Fig. 7 F ig. 8

F ig. 7. Transform ation o f  photohydrate o f  1,6-dim ethyluracil in am m oniacal aąueous m edium , 
p H  12, at room  temperaturę to  regenerate 1,6-dim ethyluracil: (a), A bsorption spectrum  o f  p h o to 
hydrate at neutral pH ; (b), spectrum  2 m in. after addition o f  am m onia; (c), (d ) and (e) are spectra  

6 ,1 0  and 65 m in., respectively, after addition  o f  am m onia.

F ig . 8 . R egeneration o f  1-m ethyluracil from  l-m ethyl-5-hydro-6-hydroxyuracil in alkaline m etha- 
nolic  m edium , 0.01 N -N aO H  at 21°: (a), A bsorption  spectrum  o f  1-m ethyluracil in aąueous m edium  
prior to irradiation; (6 ), spectrum  o f  photohydrate in m ethanol; (c) and (d ) are spectra in m ethanol 

3 and 5 m in., respectively, after addition o f  N aO H .

which is unaltered оѵег a tenfold concentration rangę, 1 0 - 4  м to  1 0 - 3  m , and is 
also the same in light and heavy water, a rather unexpected finding (but see Dis- 
cussion).

Acidification of the photoproduct of 1,6-dimethyluracil to  0.01 n-HCI at room  
tem peraturę instantaneously regenerates the absorption spectium  of the parent 
substance; but regeneration is not quantitative, only 80%  of the starting com pound 
being reformed. Heating the photoproduct at neutral pH  at 80° for 1 hr. likewise 
regenerates only 80% of the starting com pound. The identity of the regenerated 
com pound with the original was verified by paper chrom atography (R F 0.70 in 
w ater-saturated sec.-butanol) and by spectral analysis at various pH  values. At 
neutral pH  the rate constant at 76° for elimination of an  ordinary water molecule 
in H 20  is 5.0 X 10- 4 sec.-1 , and for elimination of a heavy water molecule in
D 20  is 2.6 X 10_ 4 sec._1, so that the isotope effect is about 2.0. This is again
rather surprising in tha t the photohydrates of uridine and  1 -methyluracil eliminate 
a  heavy water molecule in neutral D 20  more rapidly [15]. N otw ithstanding these
isotope effect anomalies, it is our opinion th a t the оѵегаіі results, together with
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the analogous behaviour of the photohydrates of 1 ,6 -dimethyluracil and uridine 
in alkaline m ethanol (see next section), indicate tha t the photoproduct o f 1 ,6 -di
methyluracil is the hydrate, i.e. l,6-dimethyl-5-hydro-6-hydroxyuracil.

When the photoproduct o f 1,6-dimethyluracil, exhibiting only end absorption  
in the ąuartz  ultraviolet (Fig. 7) is brought to  pH  11.8 - 12.0 by addition of N H 4 OH, 
there results immediate form ation (both at room  tem peraturę or at 3°) o f a  cha- 
racteristic maximum at 290 m|i. with an  extinction of about 104  (Fig. 7). Subse- 
quently the height o f this maximum decreases; simultaneously the extinction in- 
creases at 260-270m fj. to  give, finally, the spectrum of 1,6-dimethyluracil. Note 
from Fig. 7 that the various curves intersect at an isosbestic point at 270 mjx. Spec- 
tral analysis of сигѵе с in Fig. 7 dem onstrated that regeneration of 1,6-dimethyl
uracil at alkaline pH  was quantitative.

T a b le  2

Rate constants and energy o f  actwation fo r  disappearance o f  alkaline transformation 
product o f  1,6-dimethyl-5-hydro-6-hydroxyuracil (disappearance o f  absorption ma- 
хітит at 290 mp),  to regenerate 1,6-dimethyluracil, in aąueous ammonia pH  12

t cC T °  К k r (sec .- 1 ) E  (ксаі./м )

3.6 276.6 1 .3 x 1 0 - 4
16.5 289.5 3 .9 x 1 0 - 4 17.8
23.0 296.0 8 .1 x 1 0 - 4
27.6 300.6 1 3 .4 x 1 0 - 4

The rate of disappearance of the peak at 290 mja in alkali was found to  follow 
a first-order reaction (Table 2) with an  activation energy of 17.8 kcal./mole. The 
rate was found to  be independent o f concentration over the rangę 1 0 - 4 - 1 0 - 3  m, 

but exhibited a ra ther high isotope effect in light and heavy water,

k r (H 2 0 )  9.36 X 10" 4  sec .-t

k r (D 2 0 )  =  ZÓ6  X 10" 4  sec . - 1  =  4 '56'

T a b le  3

Rate constants and energy o f  actwation fo r  acid-catalysed regeneration o f  1,6-dime
thyluracil fro m  alkali treated 1,6-dimethyl-5-hydro-6-hydroxyuracil

Solution  o f  l,6-dim ethyl-5-hydro-6-hydroxyuracil brought to  p H  12 w ith am m onia, and con-  
centrated HC1 added to bring to p H  1; so lu tion  then heated and extinction  increase at 265 mjx

follow ed .

t°C T°K k r (sec .- 1 ) E  (ксаі./м )

38.8 311.8 2.4 Х І 0 - 4
43.8 316.8 3.81 x  1 0 -4 15.0
50.0 323.0 5 .3 5 x 1 0 - 4
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W hen the photoproduct of 1,6 -dimethyluracil is brought to  alkaline pH  with 
N aO H  or K O H , the resulting transform ations to the starting com pound are si- 
m ilar to  those described above; but regeneration of the starting com pound is not 
quantitative and attains at most 75%.

W hen the com pound with an absorption band at 290 mji, is acidified, the 290 mjj. 
peak disappears. But subseąuent alkalization restores the 290 т[і. band. If  the pro- 
duct is brought to  about pH  1 and then warmed at 40 - 50° for about 2 hr., it re- 
verts to  1,6-dimethyluracil; the kinetics for this reaction are presented in Table 3. 
This, o f course, constitutes further evidence that the product with a 290 т\л maxi- 
mum is no longer the prim ary photoproduct.

Reaction o f  photohydrates o f  uracil analogues in alkaline methanolic medium

A n exam ination of the reactions undergone by the various photohydrates in 
alkaline m ethanolic medium provided additional data  which proved useful in the 
in terpretation of the reactions in aąueous alkaline medium.

These reactions were carried out in the following m anner:
(1), A given com pound was irradiated at a concentration of 10- 3  м in a 1-mm. 

cuvette until photohydration was complete (disappearance of characteristic ab- 
sorption maximum).

(2), The photoproduct solution was transferred to  a 10-mm. cuvette and eva- 
porated  to  dryness in a  stream  of cold air.

(3), The dried photoproduct was then dissolved in freshly distilled methanol, 
the resultant concentration being 10- 4  m , and the cuvette stoppered. A ąueous 
10 N-NaOH was then added to  give a finał concentration o f 0.01 N-NaOH, and 
the resulting spectral modifications recorded, as follows.

T a b le  4

Rate constants and energy o f  actwation fo r  disappearance o f  alkaline transformation 
product o f  1,6-dimethyl-5-hydro-6-hydroxyuracil (disappearance o f  absorption tna- 
хітит at 290 m/u), to regenerate 1,6-dimethyluracil, in methanolic medium containing

0.01 N-NaOH

t°C Г °К k r (sec .- 1 ) E  (ксаі./м )

42.5 315.5 2 . 8  Х І 0 - 4
47.8 320.8 4.2 Х І 0 - 4 17.2
51.8 324.8 6 .0 9 x 1 0 - 4

l-Methyl-5-hydro-6-hydroxyuracil. Dehydration of this photoproduct in m etha
nol is appreciably slower than  in aąueous 0.01 N-NaOH, so th a t the kinetics can 
be followed easily even at room  tem peraturę (Fig. 8 ), and there is no evidence 
from  the spectral changes of any other reaction. At 0° the ra te  constants for dehy
dration in alkaline aąueous and methanolic media are, respectively, 2.47 X Ю- 3  

sec . - 1  and 0.9 X 10- 3  sec.-1 .
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In  alkaline sec.-butanol the dehydration reaction is slowed down still further, 
so that rates are m easurable at tem peratures o f 35 - 40°. Here again there was no 
evidence of any reaction other than  direct dehydration.

1,6-Dimethyl-5-hydro-6-hydroxyuracil. The behaviour of this photoproduct in 
alkaline m ethanol is identical with that in  alkaline aąueous medium. Even at 0° 
there was no evidence o f direct dehydration, but only instantaneous form ation 
o f a product with a peak at 290 m p immediately following addition of alkali (cf. 
Fig. 7). However, this product (i.e. the product with a maximum at 290 m p) was 
m uch more stable in alkaline m ethanol (cf. Tables 2 and 4). W hen the methanol 
solution was acidified with HC1 this peak disappeared but was immediately res- 
tored on readdition of alkali.

Wavelength (m y)

F ig. 9. Transform ation o f  uridine photohydrate in alkaline m ethanol at room  tem peraturę leading  
to  alm ost quantitative regeneration o f  uridine: (ci), A bsorption spectrum  o f  initial aąu eou s solu 
tion  o f  uridine, 10 - 3  m  in 1-mm. cuvette at neutral pH ; (b), spectrum  o f  photohydrate fo llow ing  
irradiation; (c), spectrum  o f  photohydrate in m ethanol ( 1 0 ~ 4 m  in 1 0 -mm . cuvette); (d ), spectrum  
90 sec. after addition o f  alkali to  concn . o f  10 - 2  m ; (e), ( / )  and (g ) are spectra 18, 38 and 115 min, 
respectively, after addition o f  alkali to  concn . o f  1 0 - 2 m ; (A), spectrum  18 hr. after addition o f  
alkali to concn . o f  1 0 _ 2 m ; (/), spectrum  fo llow in g  addition o f  HC1 to about 0.01 N. (N ote: al- 
though extinction  o f  curve i is about 8  % below  that o f  curve a, regeneration o f  original extinction  

is nearly quantitative w hen a ll m anipulation errors are taken into account).
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5-Hydro-6-hydroxyuridine. It should be recalled th a t in aąueous ammoniacal 
m edium the behaviour of the photohydrate of uridine is intermediate between that of 
1 -methyluracil and 1 ,6 -dimethyluracil, i.e. it undergoes simultaneously two ieactions: 
direct dehydration, and form ation of a product with an absorption maximum at 
290 m[A which in tu rn  reverts to uridine. In  alkaline m ethanol, on the other hand, 
neither ionization o f the photoproduct nor direct dehydration can be observed. 
From  Fig. 9 it will be noted that uridine photohydrate in alkaline m ethanol reacts 
identically like the photohydrate of 1 ,6 -dimethyluracil, i.e. forms a product with 
a maximum at 290 mjr which then reverts to uridine (see also Table 5). Regenera- 
tion  o f uridine at the end of the reaction is over 90%  and is, in fact, probably quan- 
titative when all m anipulation errors are taken into account.

T a b le  5

Rate constants and energy o f  activation fo r  disappearance o f  alkaline transformation 
product o f  uridine photohydrate (disappearance o f  absorption тахітит at 290 т/л), 
to regenerate uridine, in methanol containing 0.01 N-NaOH (2.5 /лі. 10 N-NaOH

in 2.5 ml. methanol)

t°C T °K k r (sec .- 1 ) E  (ксаі./м )

2 1 . 0 294.0 1 .9 8 x 1 0 - 4
27.6 300.6 4 .0 0 x 1 0 - 4 16.1
33.2 306.2 6 .0 2 x 1 0 - 4

The following experiment dem onstrated th a t the reaction sequences in alkaline 
m ethanol іпѵоіѵе participation of water, and tha t differences in behaviour from 
that in aqueous medium are due to  the change in medium from  water to m ethanol: 
15 ml. o f 10- 3  м solution of photohydrate was freeze-dried and then dissolved 
in 0.15 ml. methanol containing 0.01 N-NaOH. The concentration of photoproduct 
in this solution was 0.1 м and the ratio of water (from the added N aO H  solution) 
to  photoproduct was 1 0 0 0 -fold lower than  in the experiments outlined above. 
U nder these conditions the photohydrates were fully stable and did not undergo 
any o f the transform ations described above.

D ISC U S SIO N

It is elear from  the оѵегаіі results that alkalization of the photohydrates of 
1-methyluracil, 1,3-dimethyluracil and 1,3,6-trimethyluracil leads to  the rapid 
base-catalysed direct elimination o f the water adduct, with quantitative regenera- 
tion  of the parent com pounds.

F or 1,6-dimethyluracil and the various glycosides of uracil, the reactions are 
m ore сотр іех . Before discussing these in detail, there are two points to which at- 
ten tion  should be directed.

(a), The behaviour in alkali o f all the uracil glycoside photoproducts is the 
same, irrespective of whether the carbohydrate moiety is pentose or hexose, or
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w hether the sugar hydroxyls are free or blocked. Conseąuently the difference in 
behaviour in alkali between the photoproducts of 1 -methyluracil on the one hand, 
and the uracil glycosides on the other, is probably due to  some influence of the 
glycosidic linkage. It is certainly not due to  any interaction between the aglycon 
and carbohydrate hydroxyls, as in the case of cytosine glycosides where the rates 
o f photohydration and subseąuent dark dehydration are both influenced by the 
naturę of the carbohydrate com ponent [22]. A study of the behaviour of higher 
1 -alkyluracils may conceivably help to  clarify the difference in behaviour between 
1 -methyluracil and uracil glycosides; we have, in fact, carried out prelim inary 
experiments with 1 -ethyluracil and found that its photohydrate undergoes in alkali 
(both in aąueous and m ethanolic media) only direct dehydration, at a rate much 
slower than  that for 1 -methyluracil, but with no evidence for form ation of a  pro 
duct with an absorption maximum at 290 m[x.

(b), The alkaline transform ations of the photohydrates o f uridine (and all the 
o ther uracil glycosides), as well as of 1 ,6 -dimethyluracil, are obviously linked with the 
dissociation of the N 3 proton. W hen this position is blocked, as in A-methyluridine 
or in 1,3,6-trimethyluracil, only direct base-catalysed dehydration occurs, rapidly.

Reverting now to  the photohydrate of uridine, i.e. 5-hydro-6-hydroxyuridine, 
the spectral changes resulting from  the alkalization of this photoproduct (Fig. 2) 
dem onstrate that the ionized photoproduct with a maximum at 230 m[x (I) is par- 
tially or wholly transform ed first to  another product with an absorption maximum 
at 290 m[x. The location of this maximum and its high m olar extinction (cf. Fig. 9) 
m ust, o f necessity, be due to  the appearance of an additional conjugated double 
bond resulting from elim ination of the water adduct. But this m ust be preceded 
by opening of the pyrimidine ring, for otherwise we would observe only the direct 
regeneration of uridine with a £ max at 262 m(x. The resulting open chain com pound, 
following elimination o f the water molecule, in tu rn  undergoes ring closure to  
regenerate the parent uridine.

As regards 1,6-dimethyluracil, there is very little doubt but that its pho topro
duct is also the hydrate, i.e. l,6-dimethyl-5-hydro-6-hydroxyuracil. Photoproduct 
form ation is first order, with a rate unchanged оѵег a  1 0 -fold concentration rangę; 
the photoproduct exhibits only end absorption in the ultraviolet, and reverses 
to  the parent com pound in neutral and acid medium directly, and in alkaline medium 
partly, like uridine. It is somewhat surprising that photohydration o f 1,6-dimethyl
uracil does no t exhibit the expected isotope effect in heavy water [15]; but it should 
be recalled that photohydration of 5-fluorouracil analogues is accompanied by 
only a smali isotope effect [3]. It is even more surprising that the isotope effect 
for the dehydration reaction of the photohydrate of 1 ,6 -dimethyluracil is so diffe
rent from that o f other uracil analogues, but this is obviously a problem  which 
reąuires additional study; our data are inadeąuate to  clarify this anomaly.

While the ionized photoproduct o f 1,6-dimethyluracil is extremely labile in 
alkaline medium, in th a t it is transform ed very rapidly to  the product with an  ab
sorption maximum at 290 m(x, the subseąuent ring closure reaction is identical 
to  that described for uridine. The reaction is first order, exhibits a  high isotope
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effect in heavy water, and the energy of activation is similar to that for uridine 
(cf. Tables 1 and 2). The ring closure reaction may also be observed in acid m edium ; 
this reaction is easily differentiated from the direct acid-catalysed dehydration 
o f the photohydrate of 1 ,6 -dimethyluracil, which is very rap id ; some kinetic data 
for the ring closure reaction in acid medium are presented in Table 3.

The оѵегаіі results may be summarized as follows.
(a), F o r the photohydrate of 1-methyluracil the base-catalysed dehydration 

reaction is rapid and ring opening does not occur.
(b), F o r the photohydrate of 1,6-dimethyluracil, in alkaline aąueous or metha- 

nolic media, ring opening first occurs, followed by dehydration, and finally ring 
closure to  regenerate 1 ,6 -dimethyluracil.

(c), In  alkaline m ethanolic medium the photohydrate o f uridine undergoes 
the same reaction seąuence as 1 ,6 -dimethyluracil.

But in aąueous alkaline medium uridine photohydrate undergoes three reac- 
tions sim ultaneously: ( 1 ) direct base-catalysed dehydration; (2 ) ring opening and 
dehydration, followed by ring closure; (3) ring opening, probably at the 3,4 bond,

Wavelength (m /j)

Fig. 10. Illustrating that a decrease in tem peraturę increases the extent o f  direct dehydration o f  
ion ized  uridine photohydrate in alkaline aąueous m edium  (higher extinction  at 260 mjr) as com - 
pared to other reactions occurring: (a), Spectrum  o f  uridine photohydrate at 0° 2 m in. after alkaliza- 
tion  to 0.01 N -N aO H ; (b), (ć) and (d ) are spectra 15, 48 and 77 m in., respectively, after alkalization.

to  give a product which does not revert to  uridine. The extent to which reactions 
( 1 ) and (2 ) predom inate may be modified by changing the tem peraturę; this is 
shown in Fig. 10, where a decrease in tem peraturę decreases the extent o f ring 
opening m oie than  tha t o f direct dehydration.
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It rem ains to  establish which bond in the photohydrated uracil ring undergoes 
scission in the reaction seąuence leading to  regeneration of the ring. Four possi- 
bilities may be envisaged, viz. N i—C2, N 3 —C2, N 3 —C 4  and N i —C6. The first 
two of these may be excluded on theoretical grounds in that they would lead to

/  OH
form ation o f the extremely labile groupings > N —С /  , which are unknown

x O
and the derivatives of which are very unstable, particularly in acid medium; whe- 
reas the product o f ring opening and dehydration of the photohydrate of 1 ,6 -di- 
methyluracil is stable even at pH  1. Ring opening at N 3 —C 2  may also be excluded 
from  spectral considerations, sińce the resulting chain com pound could not pos- 
sibly contain three conjugated double bonds. The same argument may be used 
to exclude the N 3 —C 4  bond, and this is supported by the fact tha t the products 
with an absorption maximum at 290 m p do not give the Fink reaction with p-di- 
methylaminobenzaldehyde.

Schem e 2

On the basis o f the experimental data and the foregoing considerations, the 
two reaction seąuences for the alkaline transform ations o f uracil analogue p h o ti- 
hydrates to  the parent compounds may be represented as shown in scheme 2 .
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Reaction path A is that observed for the dehydration of l-methyl-5-hydro-6- 
-hydroxyuracil and is also one o f the transform ation pathways of 5-hydro-6-hydro- 
xyuridine to  regenerate uridine.

Reaction seąuence В is tha t observed for the transform ation of l,6-dimethyl-5- 
-hydro-6 -hydroxyuracil to  1 ,6 -dimethyluracil and is one of the transform ation 
pathways whereby 5-hydro-6-hydroxyuridine is converted to  uridine.

It rem ains to emphasize th a t the above two reaction seąuences lead to the quan- 
titative regeneration of uracil glycosides from their photohydrates only in ammo- 
niacal medium. This should be of practical im portance in experiments on the alka
line photodissociation of uracil glycoside photodim ers. Why the presence of so- 
dium or potassium  cations leads to  partial opening of the 3,4 bond, with the con- 
seąuent reduction in the am ount of uracil glycoside regenerated, is still to be cla- 
rified. Finally, it should be emphasized that these results will undoubtedly ргоѵе 
of value in pyrimidine chemistry, sińce many syntheses o f the pyrimidine ring are 
based on ring closure to  form  the 1 , 6  bond.
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P R Z E K SZ T A Ł C E N IA  N IE K T Ó R Y C H  F O T O C H E M IC Z N IE  U W O D N IO N Y C H  2 ,4 -D W U -  
K E T O P IR Y M ID Y N  I IC H  G L IK O Z Y D Ó W  W  Ś R O D O W IS K U  A L K A L IC Z N Y M

S t r e s z c z e n ie

1. W  w odnym , alkalicznym  środow isku produkt fo tolitycznego uw odnienia 1-m etylouracylu  
ulega reakcji odw odnienia katalizow anej zasadam i, z utw orzeniem  ze 100%  w ydajnością 1-me
tylouracylu.

2. l,6-D w um etylo-5-hydro-6-hydroksyuracyl w  roztw orze w odnym , alkalizow anym  am onia
kiem , ulega reakcji hydrolitycznego pęknięcia w iązania 1,6. Z tak pow stałego produktu następuje  
wydzielenie w ody i zam knięcie pierścienia. W  wyniku tych przekształceń uzyskuje się, ze 100%  
w ydajnością, 1,6-dw um etylouracyl. W  obecności N aO H  lub K O H  reakcje te  przebiegają z niższą  
wydajnością (ok. 75% ).

3. W  w odnym  am oniakalnym  środow isku uw odniona fotolitycznie urydyna (oraz inne g li
kozydy uracylu) u lega dw om , przebiegającym  jednocześn ie, konkurującym  reakcjom : (a), kata
lizow anem u zasadam i w ydzieleniu w ody i utw orzeniu urydyny oraz (b), reakcji otw arcia pier
ścienia w skutek pęknięcia wiązania 1,6. Produkt otw arcia pierścienia ulega z k o le i odw odnieniu  
i ponow nem u zam knięciu pierścienia. W  wyniku tych przekształceń tworzy się rów nież urydyna. 
W  środow isku alkalicznym  uzyskanym  przez dodanie N aO H  lub K O H  pojaw ia się trzecia 
reakcja, polegająca praw dopodobnie na otwarciu pierścienia fotoproduktu  w w iązaniu 3,4. Reakcja  
ta nie prowadzi do utw orzenia urydyny. D od an ie  w odnego roztw oru am oniaku już po alkalizacji 
roztw oru fotoproduktu  przy pom ocy N aO H  lub K O H  przesuwa rów now agę m iędzy om aw ianym i 
procesam i w  kierunku ilościow ego  odtw orzenia urydyny z jej fotoproduktu.

4. W  alkalizow anym  roztw orze m etanolu uw odnione 1,6-dw um etylouracyl i g likozydy uracylu  
ulegają jedynie reakcji otw arcia wiązania 1,6 i następującym  po nim odw odnieniu  i zam knięciu  
pierścienia. W arunkiem  przebiegu tych reakcji jest obecność śladow ych ilości w ody.

5. O różnicach w reakcjach, którym  ulegają w  środow isku alkalicznym  uw odnione: 1-m etylo- 
uracyl z jednej, a glikozydy uracylu z drugiej strony decyduje praw dopodobnie w iązanie glikozy- 
dow e, n ie zaś udział w tych reakcjach grup w odorotlenow ych cukru.

6. Zbadano kinetykę i energię aktywacji n iektórych z om ów ionych  reakcji. W ykonano również 
pomiary efektów  izotopow ych, jednakże wyniki te wym agają dalszych uzupełnień.

7. A utorzy pragną zw rócić uwagę na znaczenie opisanych w yników  w syntezie pirymidyn  
oraz wynikające z nich m ożliw ości odw rócenia uw odnienia uracylu w  naśw ietlanym  prom ienio
w aniem  nadfioletow ym  kwasie poliurydylow ym  oraz kwasach rybonukleinow ych.

R eceived  7 Septem ber 1965.
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APPLICATION OF UREA, FERRIC AMMONIUM SULPHATE 
AND CASEIN FOR DETERMINATION OF TANNING SUBSTANCES

IN PLANTS

D epartm ent o f  B iochem istry, University, and D epartm ent o f  Physiological Chem istry, Faculty o f
Pharm acy, M edica l School, W rocław

1. In plants, tannins are present in the form  o f  insoluble com plexes with protein or 
alkaloids, w hich are so luble in urea solution. 2. Ferric am m onium  sulphate gives a v io let 
colour with gallic acid derivatives and a green colour with catechin derivatives. This reaction  
in the presence o f  acetate ion, urea and a protective co llo id , was utilized for colorim etric  
determ ination o f  40 - 400 \xg. o f  tannins in a 5 m l. sam ple. 3. From  protein-free water ex- 
tracts, tannins can  be precipitated by casein, and determ ined colorim etrically  after being  
dissolved in urea. 4. Paper electrophoresis facilitates identification o f  tannins and their 
derivatives.

It has been dem onstrated earlier [6 ] that pentadigalloyloglucose (chinese tan- 
nin) forms insoluble com pounds with protein and alkaloids, depending upon the 
concentration of both reactants and the pH  of the medium. The complexes with 
protein are form ed when the pH  of the medium is lower than  the Р. I. o f the protein, 
and at the optim um  pH  for со тр іех  form ation the weight ratio of protein to tannin 
should be 1:1. From  protein-tannin complexes the protein can be regenerated with 
caffeine according to  the foliowing scheme:

Protein +  tannin -*  Protein-tannin

Protein-tannin - f  caffeine -> Caffeine-tannin - f  protein

Insoluble protein-tannin and caffeine-tannin complexes do not form, or become 
dissociated, in the presence of urea, acetone, alcohol, or in an alkaline medium.

In plants the tannins are presum ably bound with protein or alkaloid and only 
the excess of one o f the com pounds can be extracted with water. W hen alkaline ex- 
traction  is applied, the protein-tannin complexes are dissociated, and the protein 
passes to the solution, but at the same time the tannins are partially oxidized to 
com pounds possessing no tanning properties. Acetone and alcohol, although they 
are good solvents for tannins, cause precipitation of protein. It was found that 
successful extraction can be obtained with urea solution. U rea releases the tannins
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from  complexes with protein or alkaloids without aflfecting their tanning properties, 
and both tannin and protein pass to the solution.

In  1905 Stiasny has applied ferric am monium sulphate for determ ination of 
tannins and their derivatives in plants. In  the previous work [6 ] this reaction was 
applied for colorimetric determ ination of 40 - 400 pg. o f gallic acid or tannin. 
I t was dem onstrated that the addition of urea does not affect the sensitivity o f the 
reaction, and тогеоѵег it makes possible the determ ination of tannins and other 
polyhydroxyphenols in the presence of protein. In  the present work an attem pt 
was made to  apply ferric am m onium  sulphate for determ ination of dihydroxyphe- 
nols and catechin tannin, and of trihydroxyphenols and gallotannins.

Determ ination of tannins in the presence of non-tanning phenol derivatives 
reąuires their isolation. For isolation of the tanning substances, powder from spec- 
ially processed hide is commonly used. In this work, hide was replaced by casein which 
at pH  4.7 is insoluble and has the best binding properties. Complexes of casein 
with tannins were dissolved in urea and the tannins were determined colorimetri- 
cally by the reaction with the ferric-ammonium reagent, w ithout removing the 
protein. Instead of casein, plant proteins were also used.

The procedurę elaborated on standard com pounds was applied bo th  to  plant 
m ateriał rich in tanning substances (bark of trees) and to  m ateriał rich in protein 
and fat (seeds). Могеоѵег, the tanning properties and purity of some commercial 
preparations of tannin were determined.

M A T E R IA Ł  A N D  M E T H O D S

The following com pounds were used as standards: from  the group of galloyl 
com pounds, chinese tannin (pentadigalloyloglucose), gallic acid (Се-Farm . Kraków), 
and pyrogallol (F. O. Ch. Gliwice, Poland); and from the group o f catechin deri- 
vatives, pyrocatechol (U.S.S.R. product).

Pyrogallol and pyrocatechol were purified by sublimation. Commercial pre
parations of tannin (products of Politechnika Śląska, Gliwice, Poland, and Mal- 
linckrodt U.S.P. XII, St. Louis, M o., U.S.A.) were purified by extraction to  ethyl 
acetate according to Armitage et al. [1]. A 10% solution of tannin in 0.5 M-Na2 H P 0 4  

was adjusted to  pH  6 . 8  with 0.5 N-NaOH and extracted five times to  half its volume 
o f ethyl acetate. The extracts were pooled, washed several times with smali por- 
tions of phosphate buffer and filtered. The filtrate was evaporated to  dryness under 
reduced pressure on a water bath at 35°.

Ali the standards were dried and stored in a vacuum desiccator over CaCl2.
F or precipitation of the tanning substances, fat-free casein (Inw. Sp. Chem. 

Pokój, Kraków, Poland) was used.
Plant m ateriał: bark  of oak (Quercus robur) and willow (Salix alba) were com 

mercial products (Herbapol, K utno, Poland); bark of catechu (Acacia catechu) 
and ąuebracho were obtained from the collection of the D epartm ent o f Pharm a- 
cognosis o f the Medical School in Wrocław, through courtesy o f Prof. D r. Tadeusz 
Bodalski. The seeds o f cultivated plants were obtained from  the D epartm ent of
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Biology and Storage of Seeds of the Institute of Cultivation and Acclimatization 
of Plants in Wrocław.

Protein was determined by the m icrom ethod of M ejbaum-Katzenellenbogen [5]. 
The urea extracts were diluted to  a concentration of urea lower than 1 % because 
higher concentration interfered with the determ ination of protein.

The content of glucose in tannin was determined by the anthrone m ethod ac
cording to  Bjornesjo [3].

Paper chrom atography was carried out according to  Barton, Evans & G ard- 
ner [2]. Paper electrophoresis was carried out on W hatm an no. 1 paper (4 x 2 8  cm.) 
in 0.1 м-acetate buffer, pH  4.7; time 4 hr., potential 200 v. A sample of 0.02 - 0.05 ml. 
o f a solution containing 100 - 500 mg. of the polyhydroxyphenol studied was placed 
on the middle of the strip.

R E SU L T S

Determination o f  tannins and polyhydroxyphenols by the ferric-ammonium reagent

In  the previous work [6 ] determ inations of gallic acid and tannin  have been 
made using the ferric-ammonium reagent containing 0.05%  ferric ammonium 
sulphate and 0.1 % arabie gum in 1 м-acetate buffer, pH  4.7. Gallic acid and other 
trihydroxyphenols gave violet com pounds w ith an absorption maximum at 550 mu. 
Changes in the concentration of the buffer and addition of urea did not affect 
the intensity of the colour and absorption spectra.

W ith pyrocatechol this reagent gave a green colour, with a maximum of absorp
tion  at 700 m[x. The extinction at 700 mja. for equal am ounts of pyrocatechol and 
pyrogallol was always higher for pyrogallol despite the fact th a t the maximum 
of absorption for gallic acid derivatives is at 550 m^.. Therefore attem pts were 
made to  modify the com position of the reagent so as to  obtain equal extinctions 
for trihydroxy- and dihydroxyphenols corresponding to  gallic and catechin tan 
nins.

It was found that lowering of the concentration of the acetate ion from  1 м 
to  0.1  m  results in intensification of the green colour of pyrocatechol, and a further 
inerease in the sensitivity of the reaction was attained by introducing urea (Fig. 1). 
The extinctions were proportional to the am ount of pyrocatechol at each concen
tration  o f urea studied, and the presence of 50%  urea resulted in a tw ofo ld  inerease 
o f extinction. By applying the colour reagent containing 0.1 м-acetate buffer and 
50%  of urea, it was possible to obtain equal extinctions at 680 mjj. for both groups 
of standard substances.

The absorption spectra at 500 - 700 m[x for pyrogallol and pyrocatechol are 
shown in Fig. 2. The minimum of absorption of the pyrocatechol reaction product 
and the maximum for that o f pyrogallol are both at 550 mjA and the two curves 
intersect at 680 m ^. Using the modified ferric-ammonium reagent, in spite of diffe- 
rences in the colour formed, the same extinction at 680 m[x was obtained both  for 
pyrogallol and pyrocatechol when these were applied in equal am ounts over the rangę

V
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of 40 - 400 fxg. per sample. In  Fig. 3 the standard curve for pyrogallol and pyro- 
catechol is given. The readings were made in a Coleman Junior spectrophotom eter 
at 680 m[x and Pulfrich photocolorim eter with the S/ 6 6  ffiter. Lower extinctions

Fig. 1. The effect o f  urea on  the co lou r  
intensity o f  the reaction product o f  pyro- 
catech ol and ferric-am m onium  sulphate.
(O ), W ithout urea; (□ ), w ith 20%  urea; 

(Д ), w ith 50%  urea solution.

for catechin derivatives and higher for gallic acid derivatives were obtained with 
other red filters, e.g. in the photocolorim eter K F-II (produced by Warszawskie 
Zakłady A paratury Laboratoryjnej, Poland).

Fig. 2 F ig. 3

F ig. 2. A bsorption  spectra o f  the coloured  derivatives o f  ( Д ) ,  pyrocatechol; ( o ) ,  pyrogallol; and 
( • ) ,  the reagent b lank. T o 1 m l. o f  a so lu tion  containing 200 pt.g. o f  the standard, or 1 m l. o f  water, 
4 m l. o f  the m odified ferric-am m onium  reagent was added and the extinction was read in the Co

lem an Junior spectrophotom eter in tubes 12 mm. in diam eter.

F ig. 3. Standard curve for pyrogallol and pyrocatechol w ith the m odified ferric-am m onium  rea
gent. T o 1 m l. o f  the sam ple, 4 m l. o f  the reagent was added and extinction was read in the Colem an  

Junior spectrophotom eter in tubes 12 m m. in diam eter.
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The results presented in Table 1 illustrate the reproducibility and sensitivity 
of the m ethod. The average extinction calculated per 200 p.g. for the three standard 
com pounds studied was 0.52, the error of the m ethod being 4 - 6 % .

T a b le  1

Reproducibility and sensitivity o f  the method fo r  determination o f  polyhydroxyphenols 
by the modified ferric-ammonium reagent

Extinctions for different concentrations o f  standard substances ranging from  40 to 400 fi.g./ml. 
were read in the C olem an Junior spectrophotom eter at 680 mjx and calcu lated  per 200 p.g.

M ean values ±  S. D . are given.

Standard N o. o f determ. •^680 т;л

P yrogallol 50 0 .52 ±  0.02
Pyrocatechol 50 0 .52 ±  0.02
G allic acid 35 0 .52 ±  0.03

The intensity of the colour of the reaction products of both groups of com pounds 
depends on the pH  value and ferric ammonium sulphate concentration. At pH  
values lower than  4.4 and higher than 5.2 the colour was distinctly changed and the 
extinction decreased. Changes in the concentration of ferric am m onium  sulphate to  
below 0.025 % or above 0.1 % aflfect the sensitivity and proportionality  of the method.

The modified ferric-ammonium reagent is prepared by mixing, just before use, 
9 parts o f 50%  urea solution in 0.1 м-acetate buffer, pH  4.7, 1 part of 1 % solution 
of arabie gum, and 0 . 1  part o f 5%  solution of ferric am m onium  sulphate 
(N H 4 F e(S 04)2* 12H2 0 ).

For colorim etric determ inations, to 1 ml. of the sample 4 ml. of the ferric-am
monium reagent are added, mixed, and the extinction read at 680 mjj. against a rea
gent blank. The colour is stable up to  two hours.

The standard  Solutions are prepared by boiling 400 mg. of pyrogallol (pyro- 
catechol, gallic acid or tannin) in a smali am ount o f water, and after cooling adjus- 
ted to  100 ml. Before use, appropriate dilutions are done.

Paper chromatography and electrophoresis o f  polyhydroxyphenols and tannins
I

The polyhydroxyphenols were detected on the chrom atogram s and electropho- 
retograms by spraying with the modified ferric-ammonium reagent. The mixture 
of ferric chloride and potassium  ferrieyanide used by Barton et al. [2] stained blue 
all polyhydroxyphenols; the ferric-ammonium reagent gives a violet colour with 
gallic acid derivatives and a green colour with catechin derivatives. The well visible 
difference of the two colours facilitates identification, and тогеоѵег the ferric- 
-ammonium reagent gives no colour reaction with phenol, phenylalanine, resor- 
cinol, phloroglucinol and ѵапіііп.

The electrophoretogram s of the standard substances run  at pH  4.7 are shown 
in Fig. 4. Purified tannin remained at the point o f application, gallic acid migrated
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tow ards the anodę and pyrogallol and pyrocatechol, both with the same velocity, 
tow ards the cathode. From  the non-stained electrophoretogram s the individual 
fractions were eluted with 50% solution of urea in 0.1 м-acetate buffer, pH  4.7, 
and after 1 hr. the am ount of polyhydroxyphenol was determined. The гесоѵегу 
am ounted to 96%.

Application o f  casein, cajfeine and urea fo r  determination o f  tannins in the presence
o f  other polyhydroxyphenols

To 0.4%  solution of standard substances, casein was added in tenfold weight 
ratio  in relation to  the standards used, and  the pH  was adjusted to  4.7. The mix- 
tu re  was ground in a porcelain m ortar for 15 min., cooled in a refrigerator and 
centrifuged at 6000 rev./min. In  the supernatant fluid the phenol derivatives not 
bound to  protein were determ ined; the sediment, which contained casein and 
casein-bound tannins, was dissolved in 50%  solution of urea in 0.1 м-acetate buffer, 
pH  4.7, and the am ount of tannins was determined. It was found tha t under these 
conditions all purified tannin was bound to  casein whereas gallic acid, pyrogallol 
and pyrocatechol remained in the supernatant. The electrophoretogram s of tannin 
before and after precipitation with casein and extraction from the со тр іех  were 
identical, one band at the point o f application being found.

W hen the purified tannin was precipitated by an equal or fivefold am ount of 
caffeine, mixed for 15 min., then cooled to  2° and centrifuged, the supernatant 
fluid gave no reaction with the ferric-am m onium  reagent indicating that the pre
cipitation of tannin  by caffeine was complete.

То ехатіп е  the ability of plant proteins to  bind tannin, 1 ml. o f 1 % tannin 
solution was added to  500 mg. of finely ground seeds of pea or lupine. The mix- 
ture was ground for 15 min. in a porcelain m ortar and left for 1 hr. in the refri
gerator, then adjusted to  a volume of 10 ml. with water or 50%  solution of urea 
in 0.1 м-acetate buffer, pH  4.7, and shaken mechanically for 1 hr. a t room  tempe
raturę. After centrifugation at 6000 rev./min., tannin  was determined colorimetri- 
cally in the supernatant fluid. It was found that all the added tannin  was bound 
to  proteins of the seeds and could not be extracted with water, whereas with 50% 
urea solution it was extracted completely.

Analysis o f  commercial preparations o f  tannin

In  the course of working on protein it has been observed tha t not all commercial 
p reparations of tannin are suitable for determ ination and purification of protein. 
Therefore different preparations were analysed by paper electrophoresis and the 
content o f sugar com pounds was determined (Table 2). The results were com- 
pared with those obtained with a tannin preparation purified by ethyl acetate ex- 
traction. The electrophoretogram s of the purified tannin and two commercial pro
ducts are presented in Fig. 5. On the electrophoretogram s of the tannin  produced 
by Politechnika Śląska three fractions were obtained: two anodic ones, F -l cor-
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responding to gallic acid and a non-identified F-2, and a th ird  fraction (F-3) which 
remained at the point o f application and corresponded to  tannin (pentadigalloylo- 
glucose). The preparation of “aąueous tannin” contained an additional cathodic 
fraction (F-4) having the mobility o f pyrogallol. The products of M allinckrodt, 
Politechnika Śląska and Се-Farm , K raków  (Table 2) contained 8 .3 -9 .8 %  o f glu
cose and 65 - 85%  of the fraction F-3 corresponding to  tannin. The rem ainder 
consisted of fraction F-l having the mobility of gallic acid, and the non-identified 
fraction F-2. On the other hand, the preparation of Се-Farm , Wrocław contained 
only 47%  o f the fraction F-3 and as much as 41 % of the fraction F-2; the content 
o f glucose in the preparation was 4.7%  but in relation to  the tannin fraction its 
content am ounted to  10%. “A ąueous tannin” supplied by B. O. Chem., Gliwice 
(the producer not stated) contained as much as 28 % of glucose and separated into 
four fractions.

T a b le  2

Content o f  glucose and distribution o f  electrophoretic fractions in some commercial
tannin preparations

G lucose w as de term ined with anthrone according to Bjórnesjó [3]. Paper electrophoresis on W hat- 
m an n o . 1 paper was carried out in 0.1 м -acetate buffer, pH  4 .7; 4 hr., 200 v.

N o . T annin preparation G lucose

(% )

D istribution  o f  fractions (% )

F -l F-2 F-3 F-4

1 H urt.Farm . W rocław  793/61 4.7* 12 41 47 _
2 A ąu eou s tannin, G liw ice 299/53 28.5 4 11 72 13
3 С е-Farm  K raków  1025/56 8.9 14 10 76 —

4 M allinckrodt U . S. Р. X II 9.8 15 9 76 —

5 Politechnika Śląska 9 /T o/59 8.3 8 7 85 —

6 P olitechnika Śląska 9/T o/60 8.9 11 7 82 —

7 Politechnika Śląska 1/3/61 9.3 11 8 81 —

8 Politechnika Śląska 7/62 9.1 9 6 85 —

9 Politechnika Śląska T /l/6 5 9.8 17 18 65 —

10 Purified by extraction to  ethyl
acetate 10.5 — — 100 —

* G lucose form ed 10 percent o f  the f ra c t io n  F-3 w hich corresponds to  tann in .

The electrophoretogram s shown in Fig. 6  illustrate the form ation of insoluble 
com plexes with casein by the individual fractions of commercial tannin (prepara
tion  of Politechnika Śląska). Fraction F-l did not bind with protein and after the 
addition o f casein rem ained in solution, whereas F-2 and F-3 were completely pre- 
cipitated by casein. Extraction w ith 50%  urea solution at room  tem peraturę relea- 
sed fraction F-3 (pentadigalloyloglucose); on the o ther hand, fraction F-2, which 
also possessed tanning properties, could be released only by extraction with hot 
urea. This treatm ent, however, although it did not interfere with colorimetric de
term ination  o f fraction F-2, resulted in its destruction, and on the electrophore- 
tograrn a diffuse pattern  was obtained.
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Figurę 7 illustrates the binding o f the fractions by caffeine. F-3 was the only 
fraction that formed complexes with caffeine whereas not only fraction F-l bu t 
also fraction F-2 rem ained in the supernatant fluid.

The ability of plant proteins to  bind commercial tannin  preparations was exa- 
mined on pea and lupine seeds using the preparation o f Politechnika Śląska T /l/6 5  
(Table 2, no. 9). One ml. o f 1 % tannin  solution was treated  with 500 mg. of finely 
ground seeds. From  the to tal colorimetrically determ ined polyhydroxyphenols, 
about 17% was extracted with water, this value corresponding to  the content o f 
fraction F - l ; 82% of the materiał was extracted with urea at room  tem peraturę 
(fractions F -l and F-3) and the whole of the added m ateriał (including fraction 
F-2, 18%) by extraction with hot urea. In  this experiment it appeared that seed 
proteins, similarly as casein, bind the tanning substances from  the polyhydroxy- 
phenol mixture.

Natural tannins

The worked-out procedurę has been applied to  determ ine the tanning substan
ces in plant seeds and in the bark  of trees. Protein and polyhydroxyphenols weie 
determined in aąueous cold and hot urea extracts, and the results are summarized 
in Table 3.

Among the six kinds of seeds studied, only pea and lupine seeds did not contain 
phenol derivatives reacting with the ferric-am m onium  reagen t; in other seeds such 
substances were found to  be present. The blue-violet colour of the reaction pro- 
ducts o f the lettuce-seed extract indicated the presence o f gallic acid derivatives, 
the green colour in the clover-seed extract, the presence o f catechin derivatives. 
Extracts from  the celery and parsley seeds gave an interm ediate colour which sug- 
gests the presence of both groups of polyhydioxyphenols. Seeds of the celery, let- 
tuce and сіоѵег contained some non-tanning polyhydroxyphenols, as aąueous 
extracts contained protein as well. The seeds studied, except pea and lupine, con
tained urea-extractable com pounds, more tanning substances being extracted with 
hot urea solution than  with urea at room tem peraturę.

The am ount of gallotannins from  willow and oak bark, and  of mixed catechin- 
-galloyl com pounds from  catechu and ąuebracho bark, extracted with urea solu
tion was twice th a t extracted with water. However, no protein  was found either 
in water or urea extracts.

The electrophoretogram s of oak-bark extracts made with water, urea and ace
tone, are shown in Fig. 8 . In  all the extracts the same tw o fractions were found 
to be present.

The am ount o f tanning substances present in the bark  was estimated in aąueous 
extracts by precipitation with casein (Fig. 9). In  the willow-bark extract, 92% of 
substances giving a colour reaction with the ferric-am m onium  reagent was preci- 
pitated by casein, whereas the fractions corresponding to  gallic acid and pyro- 
gallol rem ained in the supernatant; their am ount was very smali and on electro- 
phoresis they gave weak bands. In  the oak-bark aąueous extracts 95%  of poly- 
hydroxyphenols was precipitated by casein and the rest corresponded to gallic
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Fig. 4 Fig. 5

Fig. 4. Paper electrophoresis o f  standard substances in 0.1 м-acetate buffer, pH  4.7. The p oly- 
hydroxyphenols were located with the m odified ferric-am m onium  reagent. (A), G allic acid; (В ), 

tannin; and (C ), pyrogallol, v io let colour; (D ), pyrocatechol, green colour.

Fig. 5. E lectrophoresis: (A), o f  tannin purified by extraction with ethyl acetate, and o f  com m ercial 
products: (B), o f  Politechnika Śląska; (C ), “aąueous tannin” .

Fig. 6 F ig . 7

F ig . 6. Binding o f  protein by the tannin preparation produced by Politechnika Śląska. (A), Star- 
tin g  so lu tion ; (B), supernatant fluid after precipitation o f  the tanning substances by casein ; (C ),

urea extract o f  the precipitate.

F ig . 7. B inding o f  caffeine by the tannin preparation produced by Politechnika Śląska. (A), Star-
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T a b le  3

Tanning substances, polyhydroxyphenols and protein in aąueous and urea extracts
from  seeds and tree-bark

T o 500 mg. o f  finely ground seeds and to  50 m g. o f  bark, water or 50%  urea solu tion  in 1 м -асе- 
tate buffer, p H  4 .7 , was added  to the volum e o f  10 m l. The sam ples were m echanically shaken at 
room  tem peraturę for 1 hr., or for hot extraction im m ersed in a boiling water bath for 10 m in. 
Then the sam ple was centrifuged at 6000 rev./m in. and in the elear extract the tanning substances 
were determ ined in 1 m l. by the m odified ferric-am m onium  reagent, and protein  in 0.01 m l. by 

the tannin m icrom ethod [5]. The values are percentages o f  fresh tissue weight.

Tanning substances Protein

A ąu eou s
extract

U rea extract A ąu eou s
extract

U rea extract

Plant m ateriał R oom
tem p.

(% )

B oiling
R oom
tem p.

(% )

B oiling
R oom
tem p.

(% )

w ater
bath

(% )

R oom
tem p.

(% )

w ater
bath

(% )

I. Seeds
Pea “Szlachetna Perlą” 

Pisum  sativum  L. 0 0 0 3.8 5.8 16.0
Y ellow  lupine  

Lupinus luteus L. 0 < 0 .0 8 < 0 .0 8 5.0 16.5 18.5
Parsley “B erlińska” 

Petroselinum  sativum  L. < 0 .0 8 0.22 0.40 1.5 4.1 5.8
C elery “Jab łkow y” 

Apium  graveolens L. 0.13 0.34 0.54 3.3 7.2 11.6
R ed сіоѵег 

Trifolium  pra tense  L. 0.20 0.62 0.73 2.2 5.1 7.2
Lettuce “R ak ow ick a” 

Leciuca sa tiva  L. 0.29 0.31 1.48 8.2 8.0 18.8
II. Barks 

W illow  
Sali;с alba  L. 2.36 5.12 5.72 0 < 0 .1 < 0 .1

Oak
Quercus rob ur L. 4.60 8.11 8.36 0 0 < 0 .1

Catechu  
A cacia catechu 10.4 21.00 20.00 0 0 < 0 .1

Q uebracho 11.2 17.00 22.00 0 0 < 0 .1

acid. The catechu-bark extract contained, in addition to  the fraction bound by 
casein(94% ), a fraction corresponding to  pyrocatechol. On the other hand, the 
quebracho-bark extract contained 97%  of substances precipitable by casein, whe- 
reas the fraction remaining in the supernatant and migrating tow ards the anodę 
gave a green colour w ith the ferric-am m onium  reagent.

Fig. 8. Electrophoresis o f  tanning substances from  oak bark extracted w ith: (A ), water; (B), 50%  
urea so lu tion ; (C ), 40%  acetone; (Z)), 100%  acetone.

F ig. 9. Paper electrophoresis o f  (a), aąueous extracts from  tree bark, and (b), supernatants after 
precipitation o f  tanning substances w ith  casein. Extracts from  the bark o f: ( / ) ,  w illow ; (II), oak ;
(III), catechu; (IV ), ąuebracho. A ll the sam ples w ere applied  on the m iddle o f  the paper strips.
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D ISC U S SIO N

U p till now, no method was available for determ ination of tanning substances 
in the presence of protein and alkaloids, or o f phenol derivatives commonly found 
in plants. The first successful step in this direction was the elaboration of a mi- 
crom ethod perm itting to  determine simultaneously both gallic acid and catechin 
derivatives.

The natu ral tanning substances form coloured derivatives with metal ions. 
The reaction of tannin with iron has been one of the first reactions used for detec- 
ting iron salts, and it had been utilized in the antiąuity for production of ink. Its 
specificity is, however, insufficient for determ ination of tannins in the presence 
o f other phenol compounds.

In the elaborated procedurę, Fe3+ of the ferric am monium sulphate, in the 
presence of the acetate ion, acts as a sensitive and selective reagent tow ards poly- 
hydroxyphenols, giving green-coloured derivatives with dihydroxyphenols and 
a violet colour with trihydroxyphenols, while with monohydroxyphenols it gives 
no colour reaction.

The adaptation  of this reaction for colorimetric determ ination o f polyhydro- 
xyphenols was greatly assisted by the introduction of the protective colloid which 
m aintains in solution the coloured reaction products. However, when the am ount 
o f polyhydroxyphenol surpasses 400 jxg. per sample, a precipitate is form ed even 
in the presence of the colloid. The addition of urea to  the ferric am m onium  rea
gent resulted, rather unexpectedly, in increased sensitivity tow ards the catechin 
derivatives, m aking the reagent equally sensitive tow ards the galloyl compounds 
and the catechin derivatives.

Identification of tannins in a mixture of polyhydroxyphenols was based on 
the reaction with casein. It was found that at appropriate pH  values casein and 
also plant proteins are able to bind tanning substances. The commonly used methods 
for the determ ination of tannins are based on the estim ation of weight after adsorp- 
tion on hide powder or after precipitation by cupric salts [4]. In the presented pro 
cedurę the rather inaccurate and tedious gravimetric m ethods have been replaced 
by a colorim etric microm ethod. Protein-bound tannins are dissolved in a solution 
o f urea and determ ined colorimetrically. The presence of urea perm its to  determine 
the tanning substances in the presence not only of protein but also o f alkaloids.

This m ethod, when applied to  plants, was found to  be suitable for determ ina
tion o f tanning substances both  in m ateriał rich in protein and containing but 
traces of tannins (seeds) and in materiał rich in tannins and containing no protein 
(bark of trees). A ąueous extracts o f the studied seeds contained rather high am o
unts of protein com pared to slight am ounts of com pounds giving a colour reaction 
with the ferric-am m onium  reagent. It can be assumed that in aąueous extracts 
containing soluble protein, only the non-tanning phenol derivatives are present 
(probably they consist o f some intermediate metabolites of synthesis or degrada- 
tion  of tannins), whereas the tanning substances, together with the bound protein 
and alkaloids, can be extracted with a good yield only by urea solution. The dif-
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ference between the polyhydroxyphenols extracted by hot urea and by w ater at 
room  tem peraturę gives the am ount o f to ta l tanning substances. In  this way it 
was dem onstrated that the seeds of some cultivated plants contain slight am ounts 
of protein-bound tannins.

Since aąueous extracts from protein-free plant materiał (bark) may contain 
both tanning and non-tanning phenol derivatives, for the determ ination o f the 
tanning substances it is necessary to  add exogenous protein. The tannins are de
termined either indirectly from the difference of colorim etric deteim inations be
fore and after precipitation with casein, or directly in the precipitated casein-tan- 
nin complexes. This procedurę can be applied eąually well to  tanning substances 
of the catechin group and o f the gallic acid group.

The utilization of chinese tannin  (pentadigalloyloglucose) for concentration 
and purification of protein by the tannin-caffeine procedurę [6 ] makes necessary 
standardization of preparations of tannin. It appeared that the com m ercial pre- 
parations are non-homogeneous in paper electrophoresis and contain some non- 
-tanning fractions as well as a fraction which forms insoluble com pounds with
protein but does not react with caffeine. Such contam inations are harm less in the
tanning process and in medicine but they do limit the usefulness o f the respective 
products for the analytical m ethods. Therefore commercial tannin  preparations 
before use should be checked by electrophoresis and purified with ethyl acetate 
according to  Armitage et al. [1].
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Z A ST O SO W A N IE  M O C Z N IK A , A Ł U N U  Ż E L A Z O W O -A  M O N O W E G O  I K A Z E IN Y  
D O  O Z N A C Z A N IA  G A R B N IK Ó W  R O Ś L IN N Y C H

S t r e s z c z e n ie

1. W  roślinach garbniki występują w form ie dobrze rozpuszczalnych w m oczniku kom pleksów  
z  białkami i alkaloidam i.

2. A łun żelazow o-am onow y daje fio letow e zabarw ienie z pochodnym i galusow ym i i zielone  
z pochodnym i katech i now ym i. W  obecności jonu  octan ow ego , m ocznika i kolo id u  chroniącego  
reakcja m oże być w ykorzystana d o  kolorym etrycznego oznaczania 40 - 400 ;rg tych substancji 
w 5 m l próby.

3. G arbniki m ożna wytrącać z w yciągów  nie zawierających białka kazeiną i po  rozpuszczeniu  
w m oczniku oznaczać kolorym etrycznie.

4. E lektroforeza bibułow a ułatw ia identyfikację garbników  i ich pochodnych.

R eceived 13 Septem ber 1965.
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W A N D A  M E JB A U M -K A T Z E N E L L E N B O G E N  and E L E O N O R A  W IE C ZO R E K

SULPHOSALICYLIC ACID-SOLUBLE PROTEINS 
FROM K1DNEYS OF SOME ANIMALS

9
D epartm en t o f  P hysiological C hem istry, Faculty o f  Pharm acy, M ed ica l School; and D epartm ent

o f  Biochem istry, University, W rocław

1. In anim als belonging to the sam e species, sm ali differences in the am ount o f  SSA- 
-soluble proteins were observed. 2. In rodents, ca lf  and hen, the SSA -soluble protein was 
found to  contain  very sm ali am ounts o f  hexose (2 -7 % ) . O nly in frog kidney protein, 5 7 -  
-7 1 %  o f  sugars was found. 3. On paper electrophoresis in citrate - phosphate buffer, si- 
m ilar fractions were obtained from SSA -soluble proteins o f  different anim als.

In  the blood serum, after deproteinization with sulphosalicylic or perchloric 
acids, there rem ains a smali am ount of proteins, about 80 mg. %. These proteins, 
possessing a high content o f sugar, are called seromucoid. In  pathological sera 
the concentration of seromucoid increases up to  several times and this increase 
is supposed to  be due to  mucoproteins derived from  pathologically changed tis- 
sues. M ejbaum-Katzenellenbogen and coworkers applied the tannin-caffeine pro
cedurę to isolate the proteins soluble in sulphosalicylic acid (SSA) from  normal 
[13, 10, 15] and pathological [15, 12] sera, from other body fluids [13, 1] and plant 
and animal tissues [13, 11, 5]. In all the m aterials studied, smali am ounts of the 
SSA-soluble protein reacting with tannin were found to  be present. In most animal 
tissues the concentration o f this protein was higher than in the serum ; it was the 
lowest in muscles and white brain m atter and the highest in the pituitary and thy- 
roid glands. The naturę and function of the SSA-soluble proteins are unknown.

Rzeczycki et al. [17] dem onstrated that the basie protein from hog kidney mi- 
tochondria can be extracted with SSA. Rzeczycki [16] reported also that the mito- 
chondrial basie protein inhibits the activity of cytochrom e oxidase and prevents 
the swelling of m itochondria (Hillar & Rzeczycki [3]).

The aim of the present work was to isolate and compare by paper electropho
resis the sulphosalicylic acid-soluble proteins from kidney of some animals belong
ing to  different taxonom ic classes.
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M A T E R IA Ł  A N D  M E T H O D S

Animals. The experiments were carried out on kidneys of the calf, rabbit, guinea 
pig, white mouse, white rat, Leghorn hen and frogs: Rana temporaria caught in 
autum n and kept in a tank , and Rana esculenta caught in spring. The anim als were 
killed by exsanguination or by ether (frogs, guinea pigs and white mice), the kid
neys removed immediately and freed of fat and connective tissue.

Sulphosalicylic acid extracts. Kidneys were cut into slices about 0.5 cm. thick 
and homogenized in a porcelain m ortar with a tenfold volume o f 0.15 M-sulpho- 
salicylic acid (SSA), left for 10- 15 min., then centrifuged, and the elear superna
tan t fluid was used for experiments. In the case o f frogs, guinea pigs and  white
mice, the extracts were made from  kidneys of several animals.

T a b le  1

Concentration by the tannin-caffeine procedurę o f  sulphosalicylic acid-soluble 
proteins from  rabbit kidney

SSA -soluble protein
D egree o f  

concentrationin SSA -extract 
(g ./ІОО m l.)

after concentration  
(g ./ІОО m l.)

0.024 2.15 90
0.016 1.80 112
0.020 1.95 97
0.017 1.85 108
0.017 1.60 100
0.022 1.35 61
0.022 1.75 80
0.019 2.05 107
0.020 1.05 52
0.020 1.55 77
0.020 2.25 112
0.019 1.45 76
0.020 1.65 82

The extracts from  rabbit-kidney nuclei were prepared according to  H ogeboom  [4]. 
The kidney was washed with water until free of blood, then cut into slices, and 1 g. wras 
homogenized with 9 ml. o f 0.25 м-sucrose - 1.8 тм-СаС 12, and filtered th rough  
gauze. The homogenate was layered with 0.34 м-sucrose - 0.18 тм -С аС 1 2  and  cen
trifuged for 10 min. at 700 g. The sedimented nuclei were homogenized w ith 5 ml. 
o f 0.25 м-sucrose - 0.18 тм-С аС 12. Then 10 ml. of 0.34 м-sucrose - 0.18 тм -С аС І 2  

was introduced beneath the suspension o f nuclei and centrifuged at 700 g. This 
procedurę was repeated twice. To the nuclei pellet, 0.15m-SSA was added to  the 
volume of 1 0  ml.

Concentration o f  the SSA  extracts. The SSA-soluble protein was concentrated 
by the tannin-caffeine procedurę [8 ]. To the extract, 20-fold am ount o f tannin 
in relation to  protein, was added. The sediment formed was washed with water,
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mixed with a smali am ount of the ѵегопаі buffer of Michaelis [14] of pH  2.6, a n d  
then caffeine was added, mixed thoroughly and left overnight in a refrigerator. 
Then the sample was centrifuged at 3000 rev./min. The supernatant containing 
the SSA-soluble proteins was of a yellow colour; some samples were opalescent. 
The efficiency of the procedurę is presented in Table 1 on rabbit kidney SSA-soluble 
pro tein .

Paper electrophoresis. The following buffers were used: citrate - phosphate,. 
0.15 m, pH  4.4 [6 ]; citrate - HC1, 0.15 м , pH  4.6; and ѵ егопаі - acetate, 0.1 m, 
pH  9 [9]. On the middle of Schleicher-Schiill no. 2043a paper (2 8 x 3  cm.) 0.02 ml. 
of about 1 % solution of the concentrated protein was applied and the separation 
was carried out for 5 - 6 h r .  at 150 v. From  the electrophoretogram s stained with 
brom ophenol blue according to  M ejbaum-Katzenellenbogen & D obryszycka [9] 
the separate fractions were eluted with 0.1 N-NaOH and protein was determ ined 
by the tannin  m ethod [7]. To detect sugars, the electrophoretogram s were stained 
with SchifFs reagent according to  W underly & Piller [19].

Determination o f  protein-bound sugars. SSA-soluble proteins were precipitated 
with a  30-fold am ount o f tannin  and the samples left overnight at 4°. The protein- 
-tannin sediment was washed several times with acetone until tannin-free. The 
protein sediment was dissolved in 0.1 N-NaOH, then protein was determined by 
the tannin  m ethod [7] and hexoses with anthrone according to  G ra ff  & G roens- 
pan  [2 ].

R E SU L T S

In rabbit kidney the average content o f SSA-soluble proteins am ounted to  
2 0 4 ± 3 4  mg. per 100 g. o f fresh tissue weight. The content of hexoses in these pro
teins was about 2 .6 %.

It was found that the procedurę applied for isolation of the nuclear fraction 
did not affect the concentration o f SSA-soluble protein ; only traces of this protein 
were present in the nuclei (3.5%  of the content o f SSA-soluble protein in kidney 
hom ogenate).

То ехатіп е  more closely the SSA-soluble proteins, the concentrated protein 
Solutions were submitted to  electrophoresis (Fig. la). In  the ѵегопаі - acetate buffer, 
p H  9, used for separation of serum  proteins, the SSA-soluble protein m igrated 
tow ards the cathode but no distinct resolution could be obtained. In the citrate - 
- HC1 buffer, pH  4.6, the SSA-soluble protein separated into three cathodic frac
tions (Fig. Ib). The d istribution of the individual fractions was determined on 
10 rabbits. The slower fraction (K \) accounted for 6 0 ± 3 .2 % , the second fraction 
(K 2) for 10± 2 .4% , and the m ost mobile fraction (K3) for 30 ± 2 .9 % . In the cit
rate - phosphate buffer, pH  4.4, as many as five fractions were obtained (Fig. lc), 
four of which displayed cathodic m obility and one anodic mobility. In no fraction 
any sugars could be detected by the SchiflTs reagent [19].

In guinea pig kidney, the average content of SSA-soluble proteins in a g roup  
o f  20 anim als, was 166± 13m g. per 100 g. o f fresh weight. The SSA-soluble p ro -
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teins contained on  the average 2 .8 % of htxoses, ar.d frcm  the со тр іех  with tannin  
they  were regenerated  by caffeine wilh a yield of 77% . On paper electrophoresis

F ig . 1. Paper electrophoresis o f  su lphosalicylic acid-soluble proteins from  rabbit kidney. Proteins 
w ere detected  by staining with brcm ophenol blue dissolved in the tannin reagent; 0.02 m l. sam ples 

containing 500 pg. o f  protein w ere applied.

in citrate - phosphate buffer they separated into six, and sometimes eight, cathodic 
frac tions (Fig. 2a). A lthough the num ber of fractions differed from  one prepara- 
tio n  to  another, the characteristic pattern of four groups of fractions was always

F ig . 2. Paper e lectrop h oresis o f  sulphosalicylic acid-soluble proteins from  the kidney of: (o), guinea  
p ig , and (b), w hite m ouse, in 0.15 м -citrate - phosphate buffer, pH  4.4. Proteins were detected  

by sta in in g  w ith brom ophenol blue d issolved in the tannin reagent.

observed and could be com pared with the four fractions of rabbit kidney (Fig. lc). 
T he first group consisted usually of two slow-moving fractions (K \ and K2). Frac- 
tio  n K t, which distinctly stained with brom ophenol blue and sometimes had a ten-
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dency to further separation, was taken as the second group. The th ird  group 
consisted of two fractions, Ką and K 5. F raction K6, corresponding to  the fourth 
group, had the greatest mobility and was m ost intensively stained; sometimes it 
separated into tw o fractions. The distribution of SSA-soluble proteins from  guinea 
pig kidney is shown in Table 2.

T a b le  2

Distribution o f  sulphosalicylic acid-soluble protein fractions fro m  guinea pig kidney, 
separated by paper electrophoresis

The electrophoresis w as carried out in citrate - phosphate buffer, pH  4.4 (F ig. 2a). In the fractions 
elu ted  w ith 1 N -N aO H  the protein w as determ ined.

G roup Fraction
%  o f  the to ta l

A verage
Expt. I Expt. II Expt. III

I K{ 27.6 23.2 25.4 25.4 1
К г 12.4 14.2 18.0 15 j 40

II К г 15.2 27.6 25.4 22.7 22.7
III к4 12.2 11.6 9.0 11.0 1

к5 9.1 8.9 6.0 8.0 j 19
IV Кв 23.5 14.6 16.2 18.0 18

In  white mouse kidney the content o f SSA-soluble proteins am ounted to  167±  
± 4 0  mg. per 100 g. o f fresh tissue. The extracts were concentrated, and separated 
by electrophoresis in citrate - phosphate buffer, pH  4.4 (Fig. 2b). F ou r cathodic 
fractions and one anodic fraction were present, similarly as in rabbit kidney. The 
m obility and the intensity of staining of the cathodic fractions corresponded to 
the fractions К ъ - K6 o f guinea pig kidney.

a
— K3 «2 K-j -j-

I '  ^

\  : -;Ц  11

lii
!

b
1

S ta rt
\

Д і

F ig. 3. Paper electrophoresis o f  sulphosalicylic acid-soluble proteins from  frog kidney ( Rana tem - 
poraria ) in 0.15 м-citrate - phosphate buffer, pH  4.4. (a), E lectrophoretogram  stained with bro- 
m oph en ol blue dissolved in the tannin reagent; (b ), electrophoretogram  stained with the SchifPs

reagent.

In frog kidney in w inter (Rana temporaria) the content of SSA-soluble protein 
am ounted to  262±11 mg. per 1 0 0  g. o f fresh tissue, and in spring ( Rana esculenta)
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to 286±Ю  rng. The frog SSA-soluble proteins differed from those o f o ther anim als 
studied in that their content o f hexoses was very high (57 % in w inter and 71 % 
in spring). On paper electrophoresis in citrate - phosphate buffer, pH  4.4, four 
cathodic fractions were obtained (Fig. За) and the sugar was found to  be present 
only in the slowest-moving fraction K \ (Fig. 3b).

T a b le  3

Sulphosalicylic acid-soluble proteins from  the kidney o f  different animals

Protein was determ ined by the tannin m ethod [7], hexoses by the anthrone m ethod [2]. M ean  
values ±  S. D . are given; in parentheses the num ber o f  anim als.

A nim al
SSA -soluble protein  

(mg./lOO g. 
fresh w t.)

H exoses in the 
protein (% )

C alf (10) 298 ±  11.6 3.8 ±  1.3
R abbit (20) 204 ±  34 2.6 ±  0.6
G uinea p ig  (20) 166 ±  13 2.8 ±  0.7
W hite rat (10) 234 ±  14.9 3.9 ±  0.8
W hite m ouse (45) 167 ±  40 —

Leghorn hen (10) 122 ±  10 7.1 ±  0.1
Frog, Rana esculenta.

in spring (10) 286 ±  10 71.5 ±  2.4
Frog, Rana tem poraria,

in w inter (10) 262 ±  11 57.0 ±  5.3

In the kidney of the rat, calf, hen and frogs only the content o f SSA-soluble 
proteins and of sugar bound with these proteins, were determined. These results 
as well as those for the guinea pig, white mouse and rabbit, are sum m arized in 
Table 3.

D ISC U S SIO N

The kidneys o f all animals studied, whether m am m als, birds or am phibians, 
contain some SSA-soluble proteins which react w ith tannin . The highest content 
o f these proteins was found in the kidneys of calf (300 mg. per 100 g. o f fresh tis- 
sue) and frog, the lowest in hen kidney (120 mg.). As these proteins, w ith the ex- 
ception of those from frog kidney, contain smali am ounts of hexoses and no sialic 
acid, they are not m ucoprotein and should be considered as protein or polypep- 
tide. The presence of polypeptides could be due to  digestion o f tissue protein by 
active proteolytic enzymes; however, even after several hours o f autolysis o f the 
kidney at room  tem peraturę, the content and electrophoretic pattern  o f the SSA- 
-soluble protein was not affected.

In SSA-soluble proteins from  frog kidney the content o f hexoses was very high. 
On paper electrophoresis it appeared, however, that only one, the slowest-moving 
protein fraction was intensively stained for sugars. The content o f hexoses was
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lower for the frogs kept in winter in tanks than  for frogs that had passed the winter 
in natural conditions. This difference could be due to  environmental conditions, 
o r be species-dependent.

The electrophoretic patterns o f SSA-soluble proteins were similar for all ani- 
mals studied, four cathodic fractions being always present. In the citrate - phos
phate buffer, pH  4.4, some fractions underwent further separation. The fractions 
with the greatest cathodic mobility displayed a special affinity for brom ophenol 
blue, giving an intensively blue band. Rzeczycki [17] reported that the fast-moving 
fraction accounts for 35% of the SSA-soluble proteins isolated from  hog kidney. 
In  the present work, the m ost intensively staining, fast-moving fraction accounted 
also for 30%  of the SSA-soluble protein, whereas fraction K \, which on the elec- 
trophoretogram  gave a weakly stained band (Fig. la), accounted for 60%. Strong 
binding of the dye to  the fast-moving fraction is probably due to the high content 
o f lysine which according to  Rzeczycki am ounted to  25% .

In a few cases when it was possible to  ехатіп е  hum an kidney, it was observed 
tha t in some pathological conditions (tum our, nephrosis) the electrophoretic pat
terns were similar to  those found in animals but differed from those for blood 
serom ucoid.

The presence of SSA-soluble proteins in the kidney of all animal species studied 
and the similarities in the electrophoretic patterns seem to  indicate that these pro
teins form  an essential component o f the celi and may have an im portant role in 
the structure and activity of the kidney.
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B IA Ł K A  W Y C IĄ G Ó W  SU L F O S A L IC Y L O W Y C H  N E R E K  Z W IE R Z Ę C Y C H

S t r e s z c z e n ie

1. Stężenie białek rozpuszczalnych w kw asie su lfosalicylow ym  u lega n ieznacznym  w ahaniom  
i jest charakterystyczne dla przedstawicieli poszczególnych  grom ad.

2. U  gryzoni, cieląt i kur białka rozpuszczalne w kw asie su lfosalicylow ym  zaw ierały m ałe  
ilości heksoz (2 -7 % ) . Jedynie nerki żab zaw ierały 5 7 - 7 1 %  heksoz.

3. W  elektroforezie bibułowej w  m oderatorze cytrynianow o-fosforanow ym  uzyskano podobne  
frakcje dla białek rozpuszczalnych w kw asie su lfosalicylow ym , pochodzących  z nerek różnych  
zwierząt.

Received 13 Septem ber 1965.
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D epartm ent o f  B iochem istry, University; and D epartm en t o f  Physiological C hem istry, F aculty o f
Pharm acy, M ed ica l School, W rocław

1. It was dem onstrated that insulin form s w ith tannin prim ary com plexes as w ell as 
saturated com plexes. From  the primary com plexes the insu lin  can  be regenerated by ca f
feine, its b io log ica l activity rem aining unaffected. 2. The behaviour tow ards tannin  o f  the  
polypeptide chains A  and В obtained by reduction o f  insu lin  by sulphite, is sim ilar to that 
o f  insulin. 3. W hen the polypeptide chains are obtained  by oxidation  o f  insulin  w ith per- 
form ic acid, only the phenylalanyl chain form s com plexes with tannin.

In  the previous studies on the application of tannin and caffeine for precipi- 
ta tion  and regeneration of protein [7, 5], it has been found th a t binding of protein  
with tannin  is a steicheiometric reaction, as form ation of the product depends on 
the weight ratio of the reactants. Certain suggestions concerning the m echanism  
of this reaction have been advanced but they reąuired further confirm ation.

The reaction o f protein with tannin  proceeds th rough a num ber o f steps. First,, 
a prim ary insoluble со тр іех  is form ed which is able to  react with caffeine or m etal 
ions, or to  form further complexes with fresh portions of tannin, the form ation  
o f these complexes being revealed by increasing turbidity.

The complexes form ed in the first step, containing the smallest am ount of tan 
nin, have been utilized for isolation and concentration of protein [7]. The tann in - 
-bound protein does not undergo denaturation, and after regeneration m aintains 
its biological activity [9, 10, 5]. The complexes saturated w ith tann in  form ed in 
further steps of the reaction, have been applied for protein determ ination by the 
turbidim etric m icrom ethod [6 ].

According to the hitherto  made observations, the m icrom ethod w orked out 
on three standard proteins, lysozyme, gelatin and serum protein, perm its to  de- 
term ine the protein directly. The turbidity form ed is proportional to the weight 
of the protein in the sample. This is in agreement with the initial assum ption o f  
the steicheiometric reaction. In  this respect it is possible to  com pare this m ethod 
with the gravimetric m ethod of determ ination of proteins and polypeptides.

Taking into account the m olecular weight o f tannin  (1800) and  the results 
o f  analysis o f the prim ary protein-tannin  complexes, it was assum ed th a t 1 0  am ina
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acid residues o f the peptide chain are bound with 1 mole of tannin. Therefore the 
peptides with a molecular weight higher than 1500 could be expected to  form  com- 
plexes from  which tannin  would be easily removed with caffeine, and to be deter
mined directly in the turbidim etric m ethod on weight basis. To support this as- 
sum ption it was thought necessary to study in more detail the reaction o f tannin  
with insulin and with the polypeptide chains A and B, obtained by oxidation or 
reduction of disulphide bonds. The glycyl chain A (mol. wt. 2400) and the phenyl- 
alanyl chain В (mol. wt. 3600) differ from each other not only in the num ber of 
am ino acid residues but also in the num ber and position of the sulphur-containing 
am ino acids. Могеоѵег, the glycyl chain contains an internal disulphide bond be
tween residues 6  and 11. Such S—S bonds are found as a characteristic feature of 
th e  structure o f many biologically active proteins.

M A T E R IA L S A N D  M E T H O D S

Insulin “Polfa” from Tarchomińskie Zakłady Farmaceutyczne (W arszawa, 
Poland) and insulin from  W ytwórnia Surowic i Szczepionek (Warszawa, Poland) 
хѵеге used for experiments. Samples of insulin solution prepared for medical use 
contained 40 or 80 international units per 1 ml., and 0.1%  of phenol.

F or oxidation of insulin, performic acid was used according to  Sanger [14]. 
The oxidized glycyl chain A and phenylalanyl chain В were separated by DEAE- 
-Sephadex A 25 column chrom atography after F ittkau  [4] or according to  Sanger [14] 
by precipitation at pH  6.5 of the poorly soluble phenylalanyl chain; the glycyl 
chain rem ained in the solution.

Insulin was reduced to  S-sulphonated products by the m ethod of Bailey & Co
le [1]. Insulin, 25 mg., was dissolved in 1.25 ml. o f 8  м-urea solution in 0.2 M-tris 
buffer, pH  7.4, placed in a w ater bath  at 38°, and added successively, at 20 min. 
intervals, w ith: 0.15 ml. o f 1 м-sodium sulphite, 0.31 ml. o f 0.5 м -sodium tetra- 
th ionate, and  again 0.15 ml. o f sodium sulphite. This treatm ent was repeated three 
tim es. Then the mixture was dialysed for one hour against 0.01 м-sodium sulphite 
and placed on a Dowex 50 X 2 column that had been eąuilibrated with 8  M-urea 
in 0.1 м-citrate buffer, pH  2.2. The glycyl chain was eluted with 8  м-urea in citrate 
buffer, pH  2.2, and the phenylalanyl chain with 8  м-urea solution, pH  7.6.

Insulin, and  the A and В chains were concentrated by the tannin-caffeine p ro 
cedurę [7].

Biological activity of insulin was determined on rabbits according to  Polish 
Pharm acopoea III  [3]. Sugar in the blood was determ ined according to  Nelson [12], 
0 . 1  ml. o f blood being taken  from the marginal vein o f rabbit ear.

Protein was determ ined spectrophotom etrically in the Zeiss-VUS 1 spectro- 
pho tom eter at 278 mfj., by the tannin  m icrom ethod [6 ] and by the Kjeldahl method. 
Selenium oxide was used as catalyst and for insulin the coefficient 6.43 was ap- 
plied.

Paper electrophoresis was carried out in 0.1 м-phosphate buffer, pH  7.3, at 
280 v, for 5 h r., about 300 p.g. o f protein being placed on Schleicher-Schull 2403a
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paper (2 8 x 3  cm.). The electrophoretogram s were stained with brom ophenol blue 
dissolved in the tann in  reagent [8 ].

Reagents: Tannin  was a product o f Politechnika Śląska (Gliwice, Poland), 
no. contr. 3-TO/60, and was nitrogen-free. Sodium tetrathionate was prepared 
as described by Supniewski [15]. O ther reagents were of analytical grade.

R E SU L T S

Application o f  the tannin micromethod fo r  determination o f  insulin

The am ount o f protein present in the solution of the “Polfa” insulin was de
term ined by the Kjeldahl m ethod after precipitation with trichloroacetic acid. 
The Solutions o f insulin containing a known am ount o f protein were estimated 
by the tannin  m icrom ethod and the extinctions were com pared with those for the 
standard  gelatin Solutions (Fig. 1). The same extinction readings were obtained

Fig. 1. Standard curve for gelatin and  
insulin  in the tannin m icrom ethod. P hoto- 
colorim eter K F , red filter. ( o ) ,  G elatin , 
18%  o f  n itrogen; ( • ) ,  insulin, 15.9%  o f  

nitrogen.

for the same am ounts of protein at concentrations higher than  30 [xg. per 1 ml. 
In some preparations of insulin, the determ inations of to tal nitrogen and nitrogen 
present in the tannin-protein  sediment were com pared with the am ount o f protein 
determ ined by the tannin  m ethod (Table 1). In  separate commercial samples the 
to ta l nitrogen content was practically identical, am ounting on the average to  0.416 mg. 
per 1 ml. Despite the constant to tal nitrogen content, in the m ateriał precipitated 
by tannin  the nitrogen content varied markedly, from  50 to  80%  of the to ta l n itro
gen. In parallel determ inations, the content o f protein in the solution determ ined 
by the tann in  m icrom ethod was in agreement with the values obtained by the Kjel
dahl m ethod for the protein-tannin precipitate. This indicated tha t the nitrogen 
com pound which was not precipitated by tannin , corresponds to  a non-protein 
contam ination. Therefore in further w ork protein was determined by the tan n in  
m ethod.
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T a b le  1

Determination o f  protein in the samples o f  “Polfa” insulin by the Kjeldahl
and tannin methods

The data pertain to separate sam ples o f  the indicated series. M ean va lu es from  three paratlel de
term inations are g iven; the differences did n ot exceed  5% .

N o . o f  series
T otal N  
(m g./m l.)

Protein-tannin с о т р іе х  N Protein

(m g./m l.) (%  o f  total N )
N  in  с о т р іе х  

x  6.43 
(m g./m l.)

tannin m ethod  
(m g./m l.)

700660 0.418 0.342 81.8 2.20 2 .20
700660 0.419 0.273 65.1 1.75 1.76
700660 0.411 0.273 66.6 1.75 1.76
270361 0.420 0.240 59.3 1.54 1.55
270361 0.413 0.208 50.3 1.34 1.34

A p p l i c a t i o n  o f  t a n n i n  a n d  c a j f e i n e  f o r  i s o l a t i o n  o f  i n s u l i n  f r o m  S o l u t i o n s

Only at a narrow  pH  rangę, from  4.0 to  5.3, the protein  was quantitatively pre- 
cipitated from  insulin Solutions. At pH  values lower than  4 it was necessary to  
apply a  large excess of tannin in relation to  protein. In  neutral or alkaline media 
no insoluble insulin-tannin complexes were formed.

The regeneration of insulin by caffeine from  the complexes gave a go od yield 
(on the average 84%) only in an  acidic medium, at pH  арргох. 2 (Table 2). On 
paper electrophoresis in phosphate buffer, pH  7.3, the regenerated insulin  gave 
a single anodic fraction (Fig. 2 a ) .

T a b le  2

Regeneration o f  insulin from  protein-tannin complexes by caffeine

To Solutions o f  “P olfa” insulin, tannin w as added in an am ount eąu a l to  the w eight o f  the protein , 
at pH  5.3; the precipitate was washed w ith acetate buffer, p H  5.3. T he protein-tannin  sedim ent 
was added with a tw ofold  am ount o f  caffeine (in relation  to protein  w eigh t) and with 0 .5  n -HCI 
in such an am ount as to  obtain  an about 1% so lu tion  o f  the regenerated protein . P rotein  was

determ ined by the tannin m ethod .

N o . o f  
series

Protein
Y ield

C /o)
in the starting m ateriał after concentration

(g ./ІОО m l.) (g./sam ple) (g ./ІОО m l.) recovered (g.)

620561 0.750 0.075 1.90 0.066 87
620561 0.060 0.006 0.46 0.003 77
620561 0.060 0.005 0.44 0.004 80
720662 0.210 0.069 0.46 0.046 74
720662 0.180 0.022 1.14 0.020 92
720662 0.190 0.950 1.44 0.778 82
720662 0.190 0.840 1.44 0.670 77
710361 0.210 0.002 1.34 0.002 83
710361 0.200 0.016 0.78 0.016 97
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The activity of the regenerated insulin is presented in Table 3. The sample of 
insulin “Polfa” used, contained in 1 ml. 80 i.u. and 1.6 mg. of protein reacting 
with tannin. As after precipitation of the protein by tannin  about 14% of the total

Fig. 2. Paper electrophoresis o f  insulin and chains A  and В precipitated by tannin and regenerated  
by caffeine. (a), Insulin; (b), oxid ized  phenylalanyl chain ; (c), S -su lphoglycyl chain; (d ), S -su l- 

phophenylalanyl chain. C onditions o f  electrophoresis as described in M ethods.

nitrogen rem ained in the supernatant fluid, it could be expected tha t also 14% 
of the activity (11 i.u.) would remain in the supernatant. However, the whole ac- 
tivity was found in the insulin regenerated from the protein-tannin sediment. The

T a b le  3

Activity o f  insulin regenerated from  the сотріех with tannin

For the experim ents, sam ples o f  “P olfa” insulin, series no. 710361, contain ing in 1 m l. 80 i.u . and  
1.6 m g. o f  protein, were used. The activity o f  preparations was assayed by subcutaneous adm i- 
nistration to rabbits w eighing 2 - 3 kg., starved for 24 hr. G roup I obtained  1 i.u. (20 [jLg. o f  pro
tein) per 2 kg. body w eight, o f  the starting sam ple. G roup II obtained 20 fig. per 2 kg. body w eight, 
o f  insulin regenerated from  the insulin-tannin с о т р іе х . G roup III obtained  the w hole supernatant 
fluid rem aining from  1 m l. o f  the “P olfa” insulin  after precipitation with tannin, and conta in ing  

presum ably 11 i.u . G lucose was determ ined according to N elson  [12].

B lood  glucose (m g.% )

Group Preparation at zero after

tim e 1 hr. 2 hr. 3 hr.

I Insulin “P olfa” standard 97.0 40.3 37.2 60.5
II Regenerated insulin 97.0 46.1 39.2 51.3

III Supernatant fluid after precipitation o f  the
protein-tannin с о т р іе х 99.0 90.0 88.0 83.0
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supernatant fluid presum ably corresponding to  1 1  i.u. adm inistered to  rabbits 
showed virtually no insulin activity.

In  further experiments it was found that not only the insulin regenerated from 
the со тр іех , but the insulin-tannin с о тр іех  as well, was biologically active. In 
some cases, after subcutaneous injection o f the сотр іех  to  rabbits, a heavy hypo- 
glycaemic shock resistant to  glucose and adrenalin treatm ent, was observed.

Oxidation o f  insulin with performic acid and reaction o f  the oxidized chains A and В
with tannin

Before treatm ent with perform ic acid or sodium sulphite, the insulin was iso- 
lated from the commercial sample by precipitation with tannin, then the сотр іех  
was treated with acetone to  гетоѵ е the tannin, and the free insulin was air-dried 
and kept in a desiccator over calcium chloride. The isolated insulin was dissolved 
and oxidized with perform ic acid [14] and protein was determined in the solution. 
The am ount of protein found after oxidation was only 58 % of that present in the 
starting m ateriał; this value corresponds to  the content of the phenylalanyl chain. 
The loss o f about 40%  o f the m ateriał reacting with tannin  due to  the oxidation 
agrees closely with the theoretical content of the glycyl chain.

The oxidized phenylalanyl chain was separated by precipitation at pH  6.5, 
and the sediment dissolved in 0.1 n-HCI. In  the sediment the to tal am ount of pro
tein found in the solution o f oxidized insulin was recovered, and the supernatant 
fluid, which contained the glycyl chain, gave no reaction with tannin.

T a b le  4

Separation by column chromatography and determination o f  the products o f  insulin
oxidation by performic acid

From  the “P olfa” preparation, insulin w as precipitated by tannin and from  the с о т р іе х  the tannin  
was rem oved with acetone. Insulin , 25 m g., was oxidized with perform ic acid and placed on a 
D E A E -Sephadex A  25 colum n; then the phenylalanyl chain was eluted with 20%  form ie acid, 
and the glycyl chain  w ith 1 n-H C I [4]. In both  fractions, protein  was determ ined by the tannin  
m ethod and spectrophotom etrically . In the tannin m ethod, the content o f  protein  was read from  
the standard gelatin  curve. From  extinction  readings the content o f  protein  w as calculated taking  

Д?7 в°° =  1. M ean values o f  three experim ents a reg iv en ; the differences did not exceed 5%.

Protein

Tannin m ethod S p ectrophotom etric m ethod
(m g.) (m g.) (% )

G lycyl chain A 0.0 8.6 35
P henylalanyl chain В 13.2 13.5 61

T otal 13.2 22.1 100

Oxidized insulin was subm itted to  column chrom atography on DEAE-Sepha- 
dex A 25 [4], and in the obtained two fractions protein was determ ined by the tan 
nin m ethod and spectrophotom etrically (Table 4). The same results were obtained
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by the tw o m ethods for the oxidized phenylalanyl chain; 13.3 mg. of protein was 
found, which corresponded to 61 % of the chrom atographed insulin. In the fraction 
containing the glycyl chain, the tannin  m ethod did not show the presence of p ro 
tein whereas spectrophotom etrically 8 . 6  mg. was found, which corresponded to  
39%  of the chrom atographed m ateriał.

The phenylalanyl chain, similarly as insulin, was precipitated by tannin  at 
pH  5.3, and could be regenerated with caffeine only in an acidic m edium; on paper 
electrophoresis a single fraction was obtained (Fig. 2 b).

Reduction o f  insulin with sodium sulphite and reaction o f  the S-sulphonated products 
o f the chains A and В with tannin

Insulin, after sulphite-tetrathionate treatm ent, was subm itted to  chrom atography 
on a Dowex 5 0 X 2  column [1]. The two fractions were dialysed until urea was 
removed, then protein was determ ined (Table 5). Both the glycyl and the phenyl
alanyl chain could be determined by the tannin  m ethod; 63% of the m ateriał 
recovered from  the column corresponded to  the phenylalanyl chain and 36% to  the

T a b le  5

Separation and determination o f  the products obtained by treatment o f  insulin
with sodium sulphite

From  the “P olfa” preparation, insulin  was precipitated by tannin and from  the с о т р іе х  the tan
nin was rem oved w ith acetone. Insulin , 25 m g., w as reduced and chrom atographed on D ow ex  
50 X  2 colum n according to B ailey & C ole [1]. In the eluates, protein  was determ ined by the tannin  
m ethod. M ean values o f  three separate experim ents are g iven ; the differences d id not exceed  5% .

Protein

(m g.) (% )

G lycyl chain  A 6.5 34.6
Phenylalanyl chain  В 12.3 65.4

T otal 18.8 100.0

glycyl chain. From  the dialysed eluates, chains A and В were concentrated by the 
tannin-caffeine procedurę. The S-sulphophenylalanyl chain, similarly as that obtained 
after oxidation of insulin, was quantitatively precipitated by tannin at pH  5.3 and 
regenerated by caffeine at pH  2. The S-sulphoglycyl chain was also precipitated 
by tannin  at pH  5.3, but for the regeneration a neatral medium was required. The 
differences in the electrophoretic mobility o f the tw o chains were but slight 
(Fig. 2 с and d).

D IS C U S S IO N

Insulin, like other h itherto  examined proteins, form s with tannin  prim ary com- 
plexes in which it m aintains its fuli biological activity, and finał complexes which 
are utilized for quantitative determ ination of protein.
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The observation that the insulin-tannin complexes, when adm inistered sub- 
cutaneously, exhibit prolonged activity may be of practical im portance. Presum ably 
the tannin-bound insulin is resistant to  enzymie proteolysis. In experiments not 
presented in this paper it was found tha t tannin-bound insulin is not digested by 
pepsin. Therefore it seems that it should be possible to  utilize tannin for isolation 
o f insulin from the panereas, as a factor protecting the horm one against p ro teo
lysis. The S-sulphonated products o f the glycyl and phenylalanyl chains react with 
tannin  similarly as insulin. On the other hand, after oxidation o f insulin only the 
phenylalanyl chain forms insoluble complexes with tannin , whereas the oxidized 
glycyl chain gives no reaction; this indicates that the length of the peptide chain 
is not the only factor in the form ation o f complexes with tannin.

O xidation of insulin with performic acid splits the S-S bonds, and the cysteine 
residues are oxidized to  cysteinie acid

performic acid 
R i S - S R 2  > R i S O j H + R ^ O s H

The glycyl chain contains more cysteine residues than  the phenylalanyl chain (see 
Scheme 1), and after oxidation the four strongly ionized groups SO 3 -  can act as 
a steric hindrance preventing the form ation of hydrogen bonds with tannin. The 
form ation of hydrogen bonds has been previously suggested [7] and M orawiecki [11] 
dem onstrated tha t in the polylysine-tannin complexes, between the carbonyl groups 
o f the polypeptide and the phenol hydroxy groups of gallic acid, hydrogen bonds 
are formed.

Chain A  Nj1* j—  S  S — j N” 2 Nj*2 NJi2

Gly. Ile. Val. Glu. Glu. Cy. Cy. Ala. Ser. ѴаІ.Су. Ser. Leu. Туг. Glu. Leu.Glu. Asp. Tyr. Cy. Asp.
I I
S S
I I

n h 2 n h 2 s  s
I I I  /

Phe. Val. Asp. Glu. His. Leu. Cy. Gly. Ser. His. Leu. Val.Glu. Ala. Leu.Tyr. Leu. Val. Cy. Gly.Glu. Arg. Gly. Phe.Phe. Tyr. Thr. Pro. Lys. Ala

Chain В

Schem e 1. Structure o f  insulin according to R yle, Sanger, Sm ith & K itai [13].

In the glycyl chain, fragments consisting of 5, 3, 8  and 1 am ino acid(s) are 
present between the half-cystine residues. The largest 8 -amino acid fragm ent with 
a m olecular weight o f 1029 is probably to o  smali for stable binding o f tannin  after 
oxidation o f cysteine to  cysteinie acid. In the phenylalanyl chain, fragm ents con
sisting of 6 , 11 and 11 amino acids are present. In this case, after oxidation two 
SC>3 ~ groups do not interfere with the binding of tannin. Probably tw o tannin 
molecules are bound to  the phenylalanyl chain, each to  one 1 l-am ino acid fragment.

Interesting results were obtained by splitting the S-S bonds by sulphite treat- 
m ent in the presence of urea according to  Bailey & Cole [1]. In  this m ethod, by 
successive oxido-reduction cycles, all S-S linkages are broken form ing S-sulpho- 
nated products. According to  the authors, the reaction proceeds as shown in Sche
me 2 .
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In the first step, one sulphur of the split disulphide becomes reduced. Its oxi- 
dation  by air oxygen is accelerated by tetrathionate. After three cycles of oxido- 
-reduction all half-cystine residues of insulin are S-sulphonated. As dem onstrated 
by Cecil & Loening [2], in the absence o f urea in the medium the iptt-a-chain S-S 
bond is not split.

R - S - S - R + S 0 3 ~  ->  R -S-SC >r +  R S -
T

A ir oxygen  

or weak oxidizing factors

Schem e 2.

In  our experim ents, by the procedurę of Bailey & Cole the chains A  and В were 
obtained from  insulin in the appropriate proportion and with a good yield. Both 
chains reacted with tannin. Thus it appears th a t the presence of S-sulphocysteine 
residues does not interfere with binding o f tannin.

Insulin and the oxidized or »S-sulphonated phenylalanyl chain react w ith tannin . 
They form  prim ary complexes and can be isolated by the tannin-caffeine procedurę. 
They form also complexes fully saturated with tannin and can be determ ined by 
the tannin  m ethod. A  close agreement was obtained between the results o f deter- 
m inations obtained in this way and by the Kjeldahl and spectrophotom etric me- 
thods.

The oxidized glycyl chain does not react with tannin  but in the sulphonated 
form  it is bound by tannin  and then it can be determined directly; it can be also 
concentrated  by the tannin-caffeine procedurę.

R ather unexpected behaviour of nitrogen com pounds was observed in “Polfa” 
insulin (Tarchom ińskie Zakłady Farmaceutyczne). In some samples the content 
o f nitrogen of com pounds not reacting with tannin  am ounted even to  50%  o f the 
to tal nitrogen. One o f the possible explanations is tha t the insulin was oxidized 
and in the  sample the oxidized glycyl chain was present. This, however, did not 
affect the activity of the preparations, and no attem pt was made to  identify these 
com pounds.
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K O M PL E K SY  IN S U L IN Y  Z T A N IN Ą  

S t r e s z c z e n ie

1. Stw ierdzono, że insulina tworzy z  taniną kom pleksy pierw otne i m aksym alnie w ysycone. 
Z kom pleksów  pierw otnych m ożna insulinę regenerow ać przy pom ocy  kofeiny, przy czym  zach o
wuje ona pełną aktyw ność biologiczną.

2. U zyskane p o  redukcji insuliny łańcuchy polipeptydow e A  i В wykazują pod ob ne w łasności 
w stosunku do taniny jak  insulina.

3. Z łańcuchów  polipeptydow ych utlenionych  przy pom ocy kwasu nadm rów kow ego jedynie  
łańcuch fen iloalanylow y tworzy kom pleksy z  taniną.

R eceived  21 Septem ber 1965.
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1. Tannin was applied for studying the course o f  enzym ie proteolysis and for iso la tion  
o f  end polypeptide produets. 2. The course o f  d igestion  o f  casein , gelatin  and fibrin by 
trypsin and pepsin was fo llow ed  by estim ating the decrease o f  protein , and the form ation  
o f  polypeptides and o f  peptides. The polypeptides w ere isolated  by the tannin-caffeine  
procedurę. 3. On the basis o f  the obtained  results, a rapid and sim ple m icrom ethod for 
determ ination o f  trypsin and pepsin activity was elaborated .

The possibility of using tannin  for studying the course of proteolysis appeared 
when it has been realized th a t tannin  reacts not only with protein but also with 
a wide group of peptides form ed during the enzymie reaction.

In acidic medium, tannin forms insoluble complexes with all proteins and  w ith 
peptides of molecular weight higher than  2000 [7]. W hen the am ount of p ro tein  
is smali, after addition of the tannin reagent a fine suspension is form ed which can 
be stabilized by applying a protective colloid. The turbid ity  form ed is proportional 
to the am ount of protein over the rangę of 10 - 100 [Ag. per sample [4]. W ithout 
the addition of the protective colloid and at appropriate tann in  concentration and 
pH  value, the protein-tannin со тр іех  precipitates, and in this way the protein  
and polypeptides can be removed from  the solution. By treating the sedim ented 
protein-tannin со тр іех  with caffeine, pure protein can be recovered [5].

Both these methods were applied for studying the course of the degradation 
of protein by trypsin and pepsin, and for analysis by paper electrophoresis o f the  
resistant (core) polypeptides.

Enzymie degradation of protein was studied by the tannin  m ethod in three 
tests: (1), Determ ination of the decrease in the content o f protein precipitated by 
sulphosalicylic acid. (2), D irect determ ination in the ineubation mixture of the 
com pounds reacting with tannin, which are a mixture of non-digested pro tein  
and polypeptides. The decrease of the com pounds reacting with tannin  corresponds 
to the form ation of the low-molecular peptides. This procedurę is called the pep- 
tide test. (3), D eterm ination of com pounds reacting with tannin , present in the
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filtrate after precipitation of protein with sulphosalicylic acid, called the poly- 
peptide test.

The course of degradation of casein (2 mg./ml.) incubated for 5 min. with vary- 
ing am ounts of trypsin, tested by the three methods is shown in Fig. 1. Сигѵе 1 
represents the decrease o f casein precipitated by 0.15 м-sulphosalicylic acid. At 
a  trypsin concentration of 1 0 0  fig./ml., the whole casein was degraded to  sulpho
salicylic acid-soluble products.

Fig. 1 F ig . 2

F ig . 1. The eflfect o f  trypsin concentration  on the rate o f  proteolysis o f  casein , estim ated by three 
tests. (7), D ecrease o f  casein; ( 2 ) ,  the peptide te st;(3 ) , the polypeptide test. O ne m l. o f  the incuba- 
t io n  m ixture contained 2 m g. o f  casein in 0.1 м -phosphate buffer, pH  7.6, and increasing am ounts 
o f  trypsin protein. Incubation 5 m in. at 25°. For the peptide test, to  1 m l. o f  the incubation  m ix- 
ture, 9 m l. o f  0.3 n-H CI was added and protein was determ ined (curve 2). For casein determ ination  
an d  the polypeptide test, an equal am ount o f  0 .3  м-sulphosalicylic acid  was added to  the incuba
tion  mixture. A fter 30 m in. the sam ple w as centrifuged. Protein w as determ ined in the sedim ent 

dissolved  in 0.1 N -N aO H  and in the supernatant.

F ig . 2. T im e-course o f  casein  proteolysis by trypsin, estim ated by three tests. (7), D ecrease o f  casein;
(2), the peptide test; (3), the polypeptide test. C onditions as in F ig . 1.

Curve 2 (the peptide test) represents the decrease of the com pounds reacting 
w ith tannin in the non-deproteinized incubation mixture. At high enzyme concen- 
trations, 90%  of casein was digested to  low-molecular peptides and 10% remained 
a s  polypeptides.

Curve 3 (the polypeptide test) represents the form ation of sulphosalicylic acid 
-soluble peptides reacting with tannin. The maximum am ount of polypeptides was 
found at Iow trypsin concentrations. W ith increasing enzyme concentration, the 
am ount o f polypeptides diminished indicating that the polypeptides form ed during 
proteolysis are further degraded by trypsin to  low-molecular peptides. At high enzy
me concentrations, all com pounds reacting with tannin  present in the incubation 
m ixture, are found in the  sulphosalicylic acid filtrate; they am ount to  1 0 % o f the 
starting  protein  and consist o f a fraction containing bonds resistant to  trypsin.
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From  the course of curve 3 it can be seen that the reaction rate determined 
for, e.g., 5 and 30 p.g. o f trypsin, is expressed by the same increase of polypeptides. 
Therefore, to  determine the trypsin activity by the polypeptide test it is necessary 
to  m ake tw o assays at different enzyme concentrations and to  perform  the deter
m inations o f activity under conditions which assure the linearity of the ascending 
part o f the curve. The results o f determ inations of trypsin activity by the polypep
tide test are presented in Table 1. In  the rangę of 2 - 12 [xg. o f enzyme protein, 
31 ± 2 .1  [xg. o f polypeptides were form ed per 1 p.g. o f trypsin.

T a b le  1

Determination o f  trypsin actw ity by the polypeptide test

O ne m l. o f  the incubation mixture contained  2.5 m g. o f  casein in 0.1 м-phosphate buffer, pH  7.6, 
and the a m o u n ts o f  tiypsin  protein indicated in the Table. Incubation 5 m in. at 25°. The reaction  
was sto p p ed  by addition  o f  an eąual volum e o f  0.3 м -sulphosalicylic acid. A fter 30 m in. the sam ple 
was cen tr ifu ged  and in the supernatant the polypeptides were assayed by the tannin m icrom ethod.

Trypsin
([xg./ml.)

Polypeptides formed

([Ag./ml.) (jjig./fjig. o f  trypsin)

1.75 46 26.2
2.20 66 30.0
3.00 84 28.0
4.00 132 33.0
5.00 165 33.0
6.00 198 33.0
7.00 225 32.2
8.00 243 30.4
9.00 285 31.7

11.00 346 31.5
12.00 363 30.3
13.00 402 30.9

A verage 31.0 ±  2.1

The tim e-course of casein digestion with 2.5 \ig. o f trypsin was also-studied 
by all three tests. The results presented in Fig. 2 indicate that for estim ation of the 
initial reaction rate at Iow enzyme concentration, the polypeptide test is the most 
convenient one, whereas the determ ination of protein is charged with great ex- 
perim ental error due to  a great excess of protein.

Similar determ inations were made to  study the couise of digestion of casein 
by pepsin. It was found that the polypeptides formed are not determined propor- 
tionally by the tannin  m ethod. However, the activity of pepsin can be estimated 
by m easuring the decrease o f protein precipitated by sulphosalicylic acid or, in 
the initial period of the reaction, by determining in the incubation mixture the 
decrease of total com pounds reacting with tannin. In  either test, a proportional 
relation between the concentration of pepsin and the reaction rate was obtained.

In addition to  casein, which is commonly used as substrate for studying the 
activity o f endopeptidases, e.g. in the m ethod of Kunitz [3], the elaborated pro-
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cedure was also tested on other substrates: fibrin, which is used in clinical m ethods, 
and gelatin, applied in physico-chemical tests. These substrates differ very much 
from each other. Casein is soluble in water and is precipitated by trichloroacetic 
and sulphosalicylic acids; fibrin is insoluble in w ater; and gelatin, which is soluble
in water, is not precipitated by the acids used for deproteinization.

F ig . 3. The effect o f  trypsin concentration  
on the rate o f  proteolysis o f  gelatin , esti- 
m ated by the peptide test. O ne m l. o f  
the incubation m ixture contained  2.5 mg. 
o f  gelatin  in 0.1 м -phosphate buffer, pH  
7.6, and increasing am ounts o f  trypsin  
protein . Incubation 5 m in. at 25°. The 
reaction was stopped  by the add ition  o f  

9 m l. o f  0.3 n -HCI.

W ith gelatin as substrate, Ihe activity of the proteolytic enzymes can be deter
mined by the peptide test. Figurę 3 presents the course of digestion of gelatin by 
trypsin. At high enzyme concentrations, 60% of gelatin underwent degradation 
to  low-molecular peptides, and even after prolonged incubation 40%  rem ained 
in the form of polypeptides reacting with tannin.

F ig. 4. E lectrophoresis o f  end polypeptides o f  casein  digestion by (А , С ), trypsin, and (В , Z)), pepsin. 
The polypeptides were concentrated by the tannin-caffeine procedurę and subm itted to  electro 
phoresis as described in M ethods. Sam ples (A ) and (C ) contained  in 1 m l. o f  the incubation m ixture 
2.5 m g. o f  casein in 0.1 м -phosphate buffer, p H  7.6, and 15 p.g. o f  trypsin protein. Sam ples (В ) 
and (Z)) contained in 1 m l. o f  the incubation m ixture 2.5 m g. o f  casein in 0.06 N-HCI and 30 p.g. 
o f  pepsin  protein. A fter 6 hr. o f  incubation at 25°, the content o f  the end  polypeptides am ounted

to 0.25 m g./m l.
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The degradation of the insoluble fibrin by a proteolytic enzyme is expressed 
by its dissolution, and the digestion products can be determined by the tannin  
m ethod. Trypsin digested fibrin slowly to  give products reacting with the tannin  
reagent. Pepsin solubilized fibrin rapidly, and the polypeptides form ed were further 
degraded to  low-molecular peptides,bu t 2 0 % of the initial am ount of fibrin remai- 
ned in the form  of polypeptides resistant to  pepsin. The difference between the 
products form ed from  fibrin under the action of trypsin and of pepsin suggests 
that fibrin could be used for differentiation of the specificity o f the two enzymes.

Fig. 5. E lectrophoresis o f  end polypeptides o f  fibrin digestion by (A  and С ), trypsin, and (В  and D ), 
pepsin . A fter 20 hr. o f  incubation  with the enzym e at room  tem peraturę, the polypeptides were 
concentrated  by the tannin-caffeine procedurę and subm itted to electrophoresis as described in 
M ethods. Sam ples (A ) and (C ) contained  in 1 m l. o f  the incubation m ixture 4 m g. o f  fibrin sus- 
pended in 0.1 м-phosphate buffer, pH  7.6, and 100 fig. o f  trypsin protein. Sam ples (B ) and (D ) 
contained  in 1 m l. o f  the incubation  m ixture 4  m g. o f  fibrin in 0.06 n-H CI and 30 (xg. o f  pepsin

protein.

The polypeptides rem aining after exhaustive proteolysis o f casein or fibrin 
were concentrated by the tannin-caffeine procedurę [5], and subm itted to  electro
phoresis at pH 4.5 and 9. Figurę 4 A and С presents the polypeptide fractions of 
casein obtained by trypsin digestion, and Fig. 4, В  and D, by pepsin digestion. 
At pH  4.5, four cathodic fractions were obtained, both after pepsin and trypsin 
digestion, whereas at pH  9 a fast-moving anodic fraction appeared after pepsin 
digestion.

The electrophoretogram  of the polypeptide fraction obtained from  fibrin after 
20 hr. o f incubation at room  tem peraturę, is shown in Fig. 5. At pH  4.5, poorly 
resolved cathodic fractions were obtained both  after trypsin and pepsin digestion 
(Fig. 5, А, В ). At pH  9 the peptides released by trypsin (Fig. 5, C) separated into 
6  fractions, 3 of which m igrated tow ards the anodę and 3 to  the cathode. After
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pepsin digestion at pH  9 (Fig. 5, D), one fraction m igrated tow ards the anodę, 
a group of fractions displayed Iow anodic mobility and another group migrated 
tow ards the cathode.

The application of tannin  for studying the course o f proteolysis permits to  
determine the activity o f proteases tow ard any protein, and to  evaluate the type 
of the products formed. By performing the three presented tests, not only the activity 
and, to  a certain degree, the specificity of the enzyme can be determined, but also 
some inform ation concerning the structure of protein could be obtained. When 
the substrate contains bonds susceptible to  the action o f the enzyme spaced at 
intervals o f at least ten amino acids, all proteolysis products react with tannin, 
and the enzymie reaction can be followed by the determ ination of the undigested 
protein and by the polypeptide test. If  there is a different distribution o f the sus
ceptible peptide bonds, the polypeptides and low-molecular peptides are formed, 
and the proteolysis can be followed by the peptide and polypeptide tests.

The products of proteolysis can be separated by applying tannin; polypeptides 
precipitate, and low-molecular peptides and amino acids remain in the superna
tan t. The precipitated polypeptide cores can be easily regenerated by caffeine and 
subm itted to  further examination.

Application of tannin  for determ ination and isolation of proteolysis products 
can facilitate their further analysis and contribute to  better understanding of the 
enzyme activity and of the mechanism of the protein-protein reactions.

M A T E R IA L S A N D  M E T H O D S

Enzymes. The trypsin preparation (M erck A. G ., D arm stadt, Germany) con- 
tained 1.9% of protein and 20 000 Fuld-G ross units per gram ; the pepsin prepa
ration (W ytwórnia Fermentów, W arszawa, Poland) contained 0.3%  o f protein. 
The activity of the enzymes was tested by the Anson m ethod [1].

Substrates. Soluble white casein was a product o f B. D. H. (Poole, England); 
gelatin was a product o f G. Grubler (Leipzig, G erm any); fibrin was obtained 
from ox blood by recalcification of oxalized blood plasma. The ciot was washed 
with water until the washings gave no reaction for protein. For determ inations 
of trypsin activity, casein and gelatin were freshly dissolved and fibrin suspended 
in water, and mixed with an eąual volume of 0.2 м-phosphate buffer, pH  7.6. For 
determ inations of pepsin activity, Solutions or suspension in 0.06 N-HC1 were used.

Reagents. Tannic acid (Politechnika Śląska, Gliwice, Poland), no.contr. 1/3/61. 
O ther Chemicals were of analytical grade.

Determinations o f  protein and polypeptides were made by the tannin micro- 
m ethod [4].

Concentration o f  polypeptides. The end products of exhaustive digestion of 
casein and fibrin by trypsin or pepsin were concentrated by the tannin-caffeine 
procedurę [5]. The polypeptides were precipitated at pH  5 with a twofold am ount 
of tannin , and regenerated at pH  about 3 with a twofold am ount of caffeine in
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re la tio n  to  p ro te in . A b o u t 1 %  p o ly p e p tid e  S o lu tions w ere  o b ta in e d  w ith  a  y ie ld  
o f  8 0 % .

Paper electrophoresis o f the concentrated proteolysis products was carried out 
on Schleicher-Schull no. 2043a paper (3 X 36 cm.) in 0.1 м-acetate buffer, pH  4.5 
and in the ѵегопаі buffer according to  D ittm er [2] at pH  9; time of separation 
6  hr., potential 200 v. On the paper strip, 0.5 mg. of polypeptides was placed 2 cm. 
from the middle in the direction o f the anodę. The electrophoretogram s were stained 
with brom ophenol blue dissolved in the tannin  reagent [6 ].

Determination o f  trypsin and pepsin actwity by the peptide test

On the basis of the obtained results, a rapid and simple m icrom ethod for de
term ination of trypsin and pepsin actwity was elaborated; it is hoped that the pro
cedurę described below will be suitable for serial determ inations in laboratory 
conditions.

T a b le  2

Determination o f  activity o f  trypsin and pepsin by the peptide test

O n e m l. o f  the incubation m ixture contained  80 fig. o f  casein  in 0.1 м -phosphate buffer, pH  7.6, 
and the am ounts o f  trypsin protein  indicated  in the T ab le; or 80 fig. o f  casein  in 0.06 n -HCI and  
the am ounts o f  pepsin protein  indicated  in  the Table. Incubation 5 m in. at 30°. M ean values from

5 experim ents are g iven .

Trypsin
(fig /m l.)

D ecrease o f  protein
Pepsin

(fig ./m l.)

D ecrease o f  protein

(fig ./m l.) (№ /fA g. 
o f  trypsin)

(fig ./m l.) (f*g-/f*g. 
o f  pepsin)M ean S. D . M ean S. D .

0.25 5.5 1.29 22.0 0.5 6.35 0.88 12.6
0.50 10.3 1.71 20.6 1.0 10.8 0.52 10.8
0.75 14.5 1.29 19.4 1.5 18.0 1.38 12.0
1.00 18.8 1.92 18.8 2.0 22.8 1.54 11.4
1.25 21.8 0 .96 17.5 2.5 26.5 0.45 10.7
1.50 27.5 1.04 18.3 3.0 30.7 1.00 10.2
1.75 31.0 0.82 17.7 3.5 34.3 1.82 9.8
2.00 33.0 1.82 16.5 4.0 37.2 0.77 9 .0
2.50 37.0 0.82 14.8 4.5 40.3 0.67 9 .0
3.00 42.0 1.41 14.0 5.0 44.2 1.86 9 .0

The enzymie reaction is carried out at 30° at protein concentration not exceed- 
ing 100 [ig./ml. of the incubation m ixture. The reaction is stopped by adding the 
tannin reagent, and simultaneously the determ ination of protein is started.

For trypsin determ ination, 0.9 ml. o f freshly prepared 0.01 % solution of casein 
is placed in a water bath at 30° and after tem peraturę eąuilibration 0.1 ml. o f trypsin 
solution (10 [xg. o f p ro te in /l ml.), is added. After 5 min. the incubation is stopped 
by adding 1 ml. o f the tannin  reagent (10%  tannin  solution in 1 N-HCI, containing 
2%  o f phenol) which was heated to  30°, and the whole is mixed. After 10 m in., 
2 ml. of 0.1 % arabie gum solution is added. Then the sample is taken out from  the
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w ater bath , mixed, cooled to  room  tem peraturę, and the extinction is read at 610 m p 
(red  filter, S 61), zero of the apparatus being adjusted to  the reagent blank. Simulta- 
neously a control is prepared, in which to  the substrate solution first the tannin  
reagent and  then the enzyme is added. The am ount o f protein in the proper and 
con tro l samples is read from  the standard curve, the difference corresponding 
to  the activity of the enzyme. If  the decrease o f protein is greater than  30 pg., the 
determ ination should be repeated taking a smaller am ount of the enzyme. I f  the 
difference is smaller than  1 0  pg .,the determ ination should be repeated with a greater 
am ount of the enzyme.

Fig. 6 Fig. 7

F ig . 6. The effect o f  substrate concentration on the rate o f  proteolysis o f  casein , determ ined by 
th e  peptide test. (a ), O ne m l. o f  the incubation m ixture contained  2 0 -  100 pg. o f  casein  in 0.1 m - 

-ph osp h ate buffer, p H  7.6, and 1 pg. o f  trypsin protein . (b), O ne m l. o f  the incubation  m ixture 
con ta ined  2 0 -  100 pg. o f  casein in 0.06 N-HC1 and 1.5 pg. o f  pepsin protein . Incubation 5 m in. 
a t  30°. T he reaction  w as stopped by the addition  o f  1 m l. o f  the tannin reagent, and com pounds 

reactin g  w ith  tannin were determ ined. M ean values o f  5 determ inations are given.

F ig . 7. T im e-course o f  digestion o f  casein by trypsin and pepsin , determ ined by the peptide test. 
<o), O n e m l. o f  the incubation  m ixture contained  80 pg. o f  casein  in 0.1 м -phosphate buffer, pH  7.6, 
and  1 pg. o f  trypsin p rotein ; (b), 1 m l. o f  the incubation m ixture contained  80 pg. o f  casein in
0 .0 6  N-HC1 and 1.5 pg. o f  pepsin protein . M ean values o f  5 determ inations are given.

F or pepsin determ ination the same procedurę is applied except that casein 
d.issolved in 0.06 N-HC1 is used as substrate, and pepsin is dissolved in 0.06 N-HC1.

U sing the peptide test, the effects o f substrate and enzyme concentration on 
the  reaction  rate were studied. From  the data presented in Table 2 it appears that 
a t  trypsin  concentrations o f 0 .2 5 -1 .8  pg., and o f pepsin below 3 pg. per 1 ml., 
the  reaction  rate was in linear relation to  the concentration of the enzyme in the 
incubation  m ixture. The average decrease of casein per 1 pg. o f trypsin was 18.7 ±  
±  1 . 1  pg., and per 1 pg. o f pepsin, 1 1  ± 0 . 8  pg.

The e ffect o f casein concentration is shown in Fig. 6 . In the rangę o f 60 - 100 pg. 
o f  casein per 1 ml., the reaction for either enzyme was of zero-order. The time- 
-course of digestion of casein w ith 1 pg. o f trypsin or 1.5 pg. o f pepsin is shown 
in  Fig. 7.
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O Z N A C Z A N IE  I P R E PA R A C JA  P R O D U K T Ó W  
E N Z Y M A T Y C Z N E J D E G R A D A C JI BIA ŁE K

S t r e s z c z e n ie

1. Przedstaw iono m ożliw ości zastosow ania taniny do badania przebiegu proteolizy, zagęsz
czania polipeptydow ych produktów  enzym atycznego trawienia białek oraz oznaczania aktyw 
ności enzym ów  proteolitycznych.

2. B adano przebieg trawienia kazeiny, żelatyny i fibryny za pom ocą trypsyny i pepsyny. O zna
czano  ubytek substratu oraz przyrost peptydow ych i polipeptydow ych produktów  reakcji. Poli- 
peptydy zagęszczano taniną i regenerow ano kofeiną.

3. N a podstaw ie uzyskanych w yników  opracow ano m ikrom etodę oznaczania aktyw ności 
trypsyny i pepsyny w warunkach prostego testu.

R eceived 26 Septem ber 1965.
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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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K . T A Y L O R

PH Y SICA L AND CHEM ICAL CHANGES O F Vi-POLYSACCHARIDE 

DUE TO  Vi-PHAGE II A CTION

The Biochem ical L aboratory, Institute o f  M arinę M edicine, Gdańsk  '

1. V i-phage II treated V i-polysaccharide deprived o f  receptor activity, was com pared  
with the initial preparation. The treatm ent did n ot cause depolym erization but resulted  
in a decrease o f  ТѴ-acetyl groups and loss o f  O a c e ty l groups. 2. The loss o f  the ester bond  
was confirm ed by infrared-absorption analysis. The acetic acid split o ff by the phage was 
identified by chrom atography as acetohydroxam ate. 3. The phage-treated Vi-polysaccha- 
ride regained the receptor activity after acetylation and lost it again after second phage 
treatm ent.

The reaction between Vi-phage II  and Vi-polysaccharide leading to the loss 
of the receptor activity (phage-binding ability) o f the polysaccharide was thought 
to  be of an enzymie character [4, 13]. Previously, the generał conditions of this 
reaction (ionic medium, pH , tem peraturę, inhibitors) have been established [13], 
and a m ethod for the isolation of considerable ąuantities of Vi-polysaccharide 
was elaborated [12]. The aim of the present work was to  study physical and chemical 
changes of Vi-polysaccharide due to  Vi-phage II action. The main results have 
been presented [14].

M A T E R IA L S A N D  M E T H O D S

The purified Vi-phage II preparation was obtained as described previously [13]. 
For control experiments, the phage unable to  destroy the receptor activity of the 
polysaccharide was used. It was obtained by an overnight incubation at 37° in 
0.15 м-NaCl - 0.01 м-phosphate buffer, pH  7.2, containing 5% formaldehyde, fol- 
lowed by 2  min. heating in a boiling-water bath and dialysis against an appropriate 
salt solution (Fig. 3c). The omission of the incubation with formaldehyde resulted 
in the ejection of the nucleic acid from  the phage head (Fig. 3b) causing a drastic 
inerement of viscosity. Fig. За represents the native phage preparation.

Vi-polysaccharide was isolated from  Escherichia coli 5396/38 as described pre- 
viously [12]. To obtain its sodium  salt free from divalent cations, the Vi-polysaccha- 
ride was additionally dialysed against 0.01 M-Na-EDTA, pH  7.0, then against
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bidistilled w ater saturated with chloroform , and the finał product was freeze- 
dried.

Reagents used : EDTA (Light, Colnbrook, England); /?-chloromercuribenzoic 
acid, crystalline Ьоѵіпе serum albumin, and acetylcholine (B. D. H ., Poole, En
gland); tubings for dialysis (Kalle, Wiesbaden, W est G erm any); Special Agar- 
-Noble (Difco, D etroit, U.S.A.). Other reagents were products of Fabryka O d
czynników Chemicznych (Gliwice, Poland).

Vi-phage II and Vi-receptor activity were estimated by the methods previously 
described [13, 17].

Acetyl groups (total) were determined according to  Pregl & R oth [10], after 
4 hr. hydrolysis in /M oluenesulphonic acid on a boiling-water bath. О-Acetyl groups 
were determ ined according to  H estrin [3], using acetylcholine as a standard. 
Protein was determined according to  Lowry et al. [7], using crystalline Ьоѵіпе 
serum album in as a standard. The turbidim etric test with albumin for acid poly- 
saccharides was perform ed according to  W ebster et al. [19].

Agar electrophoresis o f Vi-polysaccharide was perform ed in W ieme’s apparatus, 
using light petroleum  cooling [21]. The preparation was introduced to a well in 
agar, made as follows. A mould made of a brass sheet (10 mm. broad, 0.5 mm. 
thick) coated with paraffin was placed on a horizontal glass plate. Special Agar- 
-Noble (0.8 %) dissolved in the appropriate buffer was poured at 65° on the glass 
plate to  form  a layer 2  mm. thick, and left overnight in a moist box at room  tem 
peraturę. Then the m ould was carefully removed and the well was washed with 
light petroleum . If  the well was of a different shape or had been cut out of the 
agar, the trailing of Vi-polysaccharide during electrophoresis was observed. At 
concentrations higher than  0.5 mg./ml. additional false bands appeared and the 
outline of the polysaccharide zone became irregular. This disturbance was due 
to  the electronegative character of Vi-polysaccharide which caused a local increase 
o f the electro-osm otic flow in the agar to such an extent that, at concentrations 
exceeding 1 m g./ml., a depression in the agar moving tow ards the anodę and cor- 
responding to  Vi-polysaccharide, could be observed. A voltage of 10v/cm. was 
applied, usually for 40 or 80 min. Vi-polysaccharide was located by dipping the 
electrophoretogram  in 0 .2 % Ьоѵіпе albumin solution in 0 . 1  м-acetate buffer, 
pH  4.0. The turbid  bands corresponding to  Vi-polysaccharide appeared already 
after 2  hr., but they were photographed the next day, in the dark-field illumina- 
tion . The electrophoretogram s immersed in 0.1 м-acetate buffer, pH  4.0, could 
be kept unaltered for several months.

Free electrophoresis was carried out in the K ern LK  apparatus, sedim entation 
in the analytical ultracentrifuge Spinco model E. Specific viscosity (tj/r]0 — 1) was 
estim ated in a capillary viscometer, ultraviolet absorption in the Spektrom om  201 
(H ungary) spectrophotom eter. Infrared-absorption spectrum of Vi-polysaccharide 
(in K Br discs) was estimated in the Perkin-Infracord SP-200 spectrophotom eter.
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R E SU L T S  

Preliminary experiments

Koziński & O para [4] could not find any serological difference between Vi-an- 
tigen and the same substance deprived of receptor activity by Vi-phage II action, 
hence it was at first assumed that the phage causes only a slight change in the structure 
of Vi-polysaccharide. Different Vi-polysaccharide preparations were found to  pos- 
sess the same, unidentified ninhydrin-positive com ponents [1 2 ] which could be 
covalently bound with the polysaccharide. These com ponents appeared in slight 
ąuantities and so, if one of them  would be split-off by the phage this would not 
m arkedly change the serological properties of the polysaccharide. To verify this 
supposition, Vi-polysaccharide was incubated with purified Vi-phage II  preparation 
in 0.1 м-amm onium  acetate, pH  7.0, at 37°, under toluene until the receptor ac- 
tivity of the polysaccharide was lost. The phage was removed by centrifugation 
and the supernatant was separated by Sephadex G-25 filtration into tw o fractions: 
the high-molecular (polysaccharide) and the low-molecular one (am m onium  acetate 
and presum ably the digestion products). After acid hydrolysis o f the high-mole
cular fraction and гетоѵаі of ammonium acetate from  the low-molecular fraction 
in ѵасио, both fractions were examined by thin-layer chrom atography. N o ninhy- 
drin-positive component appeared in the low-molecular fraction, and all the com- 
ponenfs o f the high-molecular fraction rem ained unaltered.

Phage action could also consist in partial depolymerization of the polysaccha
ride to  large fragments. In this case, the ąuantity  of new term inal groups would 
be smali and not easy to detect by serological methods. Therefore an attem pt was 
made to verify this supposition by viscosimetry. The viscosity of the polysaccharide 
decreased during incubation with the phage (Fig. 1) in Solutions containing consi- 
derable ąuantities (0.025-0 .1  м) of magnesium or calcium ions. In the reaction 
of the polysaccharide with album in, during incubation with the phage an increase 
of turbid ity  was observed. Both these phenom ena might be regarded as manifesta- 
tions o f the splitting of the polysaccharide chain into large fragments. However, 
on agar electrophoresis no new fractions appeared. In the Mg2+ or C a2+ containing 
medium, the phage-treated polysaccharide showed a diminished electrophoretic 
mobility (Fig. 4). The polysaccharide preparation consisting exclusively of the slo- 
wer-moving fraction m aintained its homogeneity (and showed a diminished elec
trophoretic  mobility) following the incubation with the phage. The change of the 
properties of the polysaccharide which could be detected by the turbidim etric 
reaction and by agar electrophoresis was com pared with the decrease of the receptor 
activity (Fig. 2).

The influence of the incubation with the phage on the polysaccharide viscosity 
diminished when lower concentrations o f divalent cations were applied. On agar 
electrophoresis in the presence of EDTA no differences were found between the 
initial and the phage-treated preparation; under these conditions the mobility 
of both preparations was m uch greater than  in the presence of divalent cations.
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F ig. 1. Specific viscosity o f  V i-polysaccharide (2 m g./m l.): ( o ) ,  incubated with V i-phage II (2 x  
x  1012/m l.) and ( • ) ,  incubated with inactiyated V i-phage II (2 x  1012/m l.) at 37°, in 0.05 m - 

-H C l-veronal buffer, pH  7.6 (37°), containing 0.05 м -calcium  acetate and 10- 4  м -p-chlorom er-
curibenzoate.

F ig . 2. Incubation  o f  V i-polysaccharide (2 m g./m l.) w ith Vi-phage II (2 x  1012/m l.) at 37° in
0 .05 M-HC1 - ѵегопаі buffer, pH  7.6 (37°), containing 0.01 M-MgSC>4 and 1 0 ~ 4 м-p-chlorom er- 
curibenzoate. ( o ) ,  Turbidity with album in; ( • ) ,  distance o f  the front o f  the polysaccharide zcn e  
from  the start line in agar electrophoresis (10 v /cm ., 80 m in., HC1- ѵегопаі buffer, pH  8.4, /  0 С 5, 
containing 0.025 м -calcium  acetate); and ( Д )  receptor activity were estim ated. T he initial values 
am ounted to 1400 A T U /m l. for the turbidim etric test, 12 m m. for the electrophoresis, 480 R U /m l. 
for the receptor activity. The form olized and heated phage preparation did not change the exam ined

properties o f  the polysaccharide.

These observations seem to indicate that Vi-polysaccharide forms complexes with 
divalent cations, and that this ability is affected by the incubation with the phage. 
This supposition has been confirmed experimentally (to be published) and there
fore in the further part of this paper the physico-chemical properties o f the initial 
and the phage-treated polysaccharide are com pared only in the media free from 
divalent cations.

Preparation o f  the phage-treated polysaccharide

Vi-polysaccharide (2 mg./ml.), a preparation homogeneous in agar electropho
resis, was incubated with Vi-phage II (2 X 101 2 /m l.) in 0.01 M-MgSOą - 0.05 M-HC1- 
-ѵегопаі buffer, pH  7.6 (37°), containing 10- 4  M-/?-chloromercuribenzoate, at 37°, 
for 4 hr. The phage was removed by centrifugation for 1 hr. at 16 000 g. The phage 
m aintained its infectivity and the supernatant did not show increased absorption 
at 260 mp,. Hence it may be concluded that ejection of the phage nucleic acid did
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 ,
F ig. 3. V i-phage II preparations: (a), native; (b), heated; (c), form olized and heated; explanations  

in the text. Agar-diffusion and chrom ium  shadowing.

+  Fig. 4. A gar electrophoresis o f  V i-polysaccharide  
(0.8 m g./m l.), a preparation separating into tw o  

t ||§  fractions: above, before incubation; below , after 
incubation with Vi-phage II. HC1 - ѵегопаі buffer, 
pH  8.4, /  0.05, containing 0.025 м-calcium  acetate;  
10 v /cm ., 40 m in. The electrophoretogram  was 
developed in 0.2%  Ьоѵіпе album in so lu tion  in 0.1 m - 
-acetate buffer, pH  4.0, and photographed  in the 

dark-field illum ination.

F ig . 5. Sed im entation  o f  initial (above) and phage-treated (below ) Vi-poiysaccharide (2 m g./m l.)  
in (a) 0 .05 M -HCl-veronal buffer, pH 7.8; and (b ), 0.1 м-acetate buffer, pH  4.7, in analytical ultra- 
centrifuge Spinco m odel E. Photographs were taken after 80 m in. centrifugation at 56 100 rev./m in. 

at 18°. C entrifugation from  left to  right.

Fig. 6. Free m icroelectrophoresis in Kern  
LK apparatus o f  initial (above) and phage 
treated (below ) V i-polysaccharide (5 m g./ 
/m l.) in acetate buffer, pH  4.7, /  0.05. 
Photographs were taken after 20 m in. 

at 5 v/cm .

A C T A  B IO C H IM . P O L O N ., 13, 1966 (facing p . 100).
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not occur during incubation and the polysaccharide has not been contam inated 
by nucleic acid. The supernatant was dialysed for 24 hr. against 10 volumes of 
bidistilled water (the diffusate being kept for further experiments), followed by 
dialysis against 0.01 м-N a-ED TA , pH  7.0, and against bidistilled water saturated  
with chloroform . The obtained preparation was freeze-dried yielding the phage- 
-treated polysaccharide. The initial polysaccharide contained slight am ounts o f 
substances reacting with the Folin-Ciocalteu reagent which, calculated as a protein  
contam ination, am ounted to 0.6% . This value increased to 2.0%  in the phage- 
-treated polysaccharide.

Comparison o f  physical and Chemical properties

The specific viscosity (Table 1) and the sedim entation in the analytical u ltra- 
centrifuge (Fig. 5) of th e  initial and phage-treated polysaccharides were assayed 
in 0.05 M-HCl-veronal buffer, pH  7.8, and in 0.1 м-acetate buffer, pH  4.7. The 
results of sedimentation analysis are difficult to  interpret on account of the lack 
of basie studies on the sedim entation of acid polysaccharides [1]. In generał, at 
pH  4.7 Vi-polysaccharide sedimented a little faster than  at pH  7.8; this property 
has been observed earlier by W ebster et al. [20] and was accounted for by aggre- 
gation. The presence of tw o peaks at pH  4.7 may be due to  aggregation although 
it cannot yet be excluded tha t the Vi-polysaccharide examined consists o f tw o 
fractions differing in m olecular weight. This, however, is of no im portance for the 
present work. On the other hand, it should be emphasized tha t both at pH  4.7 
and  7.8 the sedim entation of the phage-treated polysaccharide was not slower 
than  th a t o f the initial polysaccharide, and tha t in the phage-treated preparation 
no new slower-sedimenting fractions could be found. Thus the sedim entation ana
lysis together with the com parison of specific viscosity excluded the possibility 
o f  depolymerization of the polysaccharide by the phage.

T a b le  1

Specific viscosity (rj/rjo — 1) at 20° o f  the initial and phage-treated 
Vi-polysaccharide ( 1  mg./ml.)

In itial Phage-treated

0.05 m-HCI - ѵегопаі buffer, pH  7.8 
0.1 м-acetate buffer, pH  4.7

0.43
0.69

0.53
0.51

In free electrophoresis in HC1 - ѵегопаі buffer, pH  8.4, /0 .0 5 , both prepara- 
tions had the same mobility but in acetate buffer, pH  4.7, /0 .0 5 , the phage-treated 
polysaccharide seemed to  move slightly slower than  the initial one (Fig. 6 ). A t 
pH  values lower than  4.7 the phage-treated preparation, unlike the initial one, 
dissolved poorly.

It seems possible to  ехріаіп this behaviour o f the phage-treated polysaccharide 
by the decrease in the negative charge o f the molecule. This effect could be due
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to  the liberation of free amino groups. The results o f analyses (Table 2) confirm 
this supposition. The contents o f /Ѵ-acetyl groups, calculated by subtracting 0 -acetyl 
from  the total contents of acetyl groups, am ounted to  9.6%  in the initial polysac- 
charide and to 2.1 % in the phage-treated one. Могеоѵег, it appeared that although 
the initial polysaccharide contained 8.4%  of О-acetyl groups, the product o f phage 
action was practically deprived of them  (0.8%). The loss of the ester bond ( 0 -acetyl 
group) was confirmed by the infrared-absorption analyses. To avoid interference

Fig. 7. Infrared absorption spectra o f  initial (above) and phage-treated (below ) V i-polysaccharide  
(sodium  salt) in KBr. Perkin-Infracord SP-200 spectrophotom eter.

caused by un-ionized carboxyl groups, sodium salts o f the polysaccharides were 
used. The absorption peaks at 1740 cm . - 1  and 1240 cm . - 1  characteristic o f the 
ester bond disappeared after incubation with the phage (Fig. 7). The nitrogen con
tents (Table 2) were in agreement with the presented results; the value calculated 
for sodium salt of deacetylated polyam inogalacturonic acid am ounted to  6.76%  
and for sodium salt o f polyam inogalacturonic acid containing tw o acetyl groups 
(one O - and one N -)  per one sugar residue, 4.98% .

A formolized and heated phage preparation did not cause deacetylation of 
Vi-polysaccharide.
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T a b le  2

Properties o f  initial and phage-treated Vi-polysaccharide

Initial Phage-treated

R eceptor activity (units/m g.) 240 < 1
A cetyl groups, total (% ) 18.0 2.9
O -A cetyl groups (% ) 8.4 0.8
N  (% ) 4.9 6.5

Identification o f  acetic acid

Acetic acid, which is split off and passes into the diffusate during the prepa
ration of the phage-treated polysaccharide, was identified in the following way. 
The diffusate was concentrated to  5 ml. in ѵасио, acidified with hydrochloric acid 
and left overnight in the refrigerator. The precipitated diethylbarbituric acid was 
removed by filtration, and 1 0  ml. o f saturated sodium sulphate solution and  1 ml. 
o f conc. sulphuric acid were added to the filtrate. After steam distillation, the dis- 
tillate was neutralized with 1 N-NaOH to  pH  12, concentrated and dried at 110°. 
The residue was used for the preparation of methyl ester and, subseąuently, o f 
hydroxam ate, according to Błock, D urrum  & Zweig [2].. The product was chro- 
m atographed on W hatm an no. 1 paper in the following solvent systems: (1), pen- 
tan -l-o l - formie acid - water (75:25:75, by vol.); (2), pentan-l-o l - acetic acid - wa
ter (4:1:5, by vol.); (3), bu tan-l-o l - acetic acid - water (4:1:5, by vol.); (4), phenol 
saturated with water. The chrom atogram s were sprayed with a solution o f ferric 
chloride [2]. In all the solvent systems the substance examined moved as acetohy- 
droxam ate. In phenol saturated with water an additional unidentified spot, moving 
m ore slowly, was detected.

Acetylation

The phage-treated Vi-polysaccharide deprived o f receptor activity and con- 
taining 2.9%  of acetyl groups (including 0.8%  of O-acetyl groups) was acetylated 
in the following way [8 , 9]. The polysaccharide, dried in ѵасио оѵег P2 O 5  (40 mg.) 
was dissolved in 10 ml. o f form am ide by stirring for 2 hr. at 30°. Dry pyridine was 
slowly added to  this solution with constant mixing; after addition of 8  ml. o f py
ridine the polysaccharide began to  precipitate in the gel-form. Then 7 ml. of cool 
acetic anhydride was added to  the cooled mixture with constant shaking. The mix- 
ture was kept for an hour at room  tem peraturę, then overnight at 30°. To the brow n 
solution 1 2  ml. o f pyridine and 1 1  ml. o f acetic anhydride were added and the  
whole was again kept overnight a t 30°. A part o f the solvents was removed from  
the dark brown solution by distillation in ѵасио carried out at a tem peraturę lower 
than  35°. The residue was mixed with ice and dialysed against bidistilled w ater. 
The larger part o f the coloui ing m atter passed into the diffusate or underwent 
precipitation during dialysis. A fter filtration the solution was freeze-dried.
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The acetylated preparation contained 18.3% o f acetyl groups (including 8.3%  
o f  О-acetyl groups) and possessed the receptor activity am ounting to  about 80%  
o f  the activity of the initial polysaccharide (Table 3).

T a b le  3

Properties o f  phage-treated, acetylated Vi-polysaccharide

T h e phage-treated Vi-polysaccharide preparation was acetylated  by acetic anhydride; then the  
sam e preparation was subm itted again  to  phage-treatm ent.

Phage-treated,
acetylated

Phage-treated,
acetylated,

phage-treated

R eceptor activity (units/m g.) 200 < 2
A cety l groups, total (% ) 18.3 5.4
О-A cety l groups (% ) 8.3 1.7

The phage-treated and subseąuently acetylated polysaccharide was subm itted 
again  to the phage action under the same conditions (Table 3). This treatm ent 
gave a preparation  deprived of receptor activity and containing 5.4%  of acetyl 
g roups (including 1.7% of О-acetyl groups).

D ISC U S SIO N

The reaction between Vi-phage II and Vi-polysaccharide leading to  the loss 
o f  the receptor activity of the polysaccharide, was shown to  consist in enzymie deacety- 
la tion  of the polysaccharide by the phage. Thus it appears that the receptor activity 
o f Vi-polysaccharide consists in its ability to bind phage enzyme. The electron 
m icrographs [15] showing the adsorption of the phage on erythrocyte mem branes 
coated with Vi-polysaccharide represent the binding of the substrate with the phage 
enzyme. This enzyme is situated on the tip  of the phage taił, probably in the spikes 
found by Kwiatkowski [5], similarly to  neuram inidase which according to  Schafer [11] 
seems to  be localized in the spikes present on the surface of viruses of the influenza 
group.

The preparation of Vi-polysaccharide deprived of О-acetyl groups and partially 
depolym erized [6 ] obtained by W ebster et al. [18] did not possess receptor acti- 
vity [12]. It seems possible that, as suggested by W ebster (private com m unication) 
the presence of O acety l groups is indispensable for the binding of phage enzyme 
w ith Vi-polysaccharide. O-Acetyl as well as A-acetyl groups are split-off hydro- 
lytically by the enzyme of Vi-phage II; its mode o f action is unknown but O -A trans- 
acetylation, with the possibility of the acetyl transfer on the water molecule, seems 
to be the m ost probable supposition.

From  the ąuantity  of Ѵі-II phages, 1011, bound in the cold by 1 [ag. o f Vi-poly- 
saccharidc adsorbed on erythrocytes [17] it follows th a t one phage is bound by 
a  ąuantity  o f polysaccharide corresponding to  the molecular weight of 6  X 106.
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As the molecular weight of Vi-polysaccharide is o f the order of 106 [20] it appears 
that the phage is bound by at least one polysaccharide particie. In the cold the 
phage-polysaccharide linkage lasts several minutes [17] and after elution of the 
phage the receptor activity of the polysaccharide is completely lost. It seems the- 
refore that, once bound with a polysaccharide particie, the phage can be detached 
only after having split off all the accessible acetyl groups. It is possible tha t during 
deacetylation Vi-phage II móves along the polysaccharide chain; this phenom enon 
could have some significance in the process o f phage penetration through the bac- 
terial celi wali [16].

The author wishes to  express his gratitude to  Prof. Dr. Z. Buczówski for his 
constant stimulating interest during the course of this work, and to  thank  D r. Alina 
Taylor for the Vi-polysaccharide preparations, and M r. B. Kwiatkowski, M. Sc., 
for the electron m icrographs. Thanks are also due for making available the ap
paratus to  Prof. Dr. D. Shugar and  Dr. I. Niedźwiecka (the apparatus for free 
electrophoresis), Dr. T В Grela (the analytical centrifuge) and Doc. D i. J. Soko
łowski (the infrared spectrophotom eter). The valuable technical assistance of 
M rs. J. Starczewska, Mrs. J. Żabina and Miss A. Pióro is greatly appreciated.
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К. TAYLOR

FIZ Y C Z N E  I C H E M IC Z N E  Z M IA N Y  W IE L O C U K R U  Vi 
S PO W O D O W A N E  D Z IA Ł A N IE M  F A G A  Ѵі II

S t r e s z c z e n ie

1. W ielocukier Vi pozbaw iony aktyw ności receptorow ej pod  wpływem  działania faga Ѵі II 
porów nano z preparatem w yjściow ym ; w ielocukier ten nie był zdepolim eryzow any, posiadał 
znacznie mniej grup A -acetylow ych i był praktycznie pozbaw iony grup O -acetylow ych.

2. U tratę wiązania estrow ego potw ierdzono analizą absorpcji w podczerw ieni. O dszczepiony  
przez faga kwas octow y zidentyfikow ano chrom atograficznie jako  acetohydroksam ian.

3. W ielocukier pozbaw iony przez faga aktyw ności receptorow ej odzyskiw ał ją  po zacetylo- 
waniu i tracił ponow nie po pow tórnym  działaniu faga.

R eceived 27 Septem ber 1965.
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R EC EN ZJE K SIĄ Ż EK

J. N . A t t i s  and R. A. K h a d if ,  M E L A N O T IC  T U M O R S. B iology, Pathology and C linical Fea- 
tures. Charles C. Tom as, Springfield (111.) 1965, str. ХІ +  346, cena 12 .50$ .

W om awianej książce A utorzy zebrali zarów no z piśm iennictw a jak i z w ieloletniej praktyki 
w szystko, co  się odnosi do now otw orów  m elanotycznych. K siążka przeznaczona jest g łów nie dla 
o n k o logów  zainteresow anych tymi now otw oram i, to  też g łów ną jej treść stanow i om ów ienie pa
to log ii i h istogenezy, obrazu k lin icznego oraz etio log ii teg o  schorzenia, a przeszło trzecią część 
tekstu zajmuje terapia. D la  biochem ika interesującego się procesem  m elanogenezy bezpośrednie  
znaczenie posiadają tylko dwa pierwsze rozdziały, pośw ięcone m elanogenezie i b iochem ii m elanin  
oraz histologji i pochodzeniu m elanocytów .

N a w yjaśnienie procesu m elanogenezy złożyły się przyczynki z bardzo różnych dziedzin nau
kow ych. Stąd źródłow e inform acje rozsiane są w  piśm iennictw ie biochem icznym , endokrynolo
gicznym , chem icznym , histologicznym  a naw et w ściśle zoologicznym . W ielką zaletą om awianej 
książki i zasługą A utorów  jest skrupulatne zebranie tych różnorodnych informacji i cytow anie  
ich  źródeł do każdego rozdziału z osobna. D zięk i tem u książka ta, m im o że niew iele stosunkow o  
m iejsca w tekście pośw ięca samej m elanogenezie, stanow i także dla biochem ika ważną pozycję  
w  bibliografii tego zagadnienia. Jak w szystkie książki Thom asa i ta wydana jest nadzwyczaj sta
rannie i estetycznie.

J ó ze f  H eller

M . D a v ie s ,  SO M E E L E C T R IC A L  A N D  O PT IC A L A SPE C TS O F M O L E C U L A R  B E H A - 
V IO U R . The C om m onw ealth  and International Library, Chemistry D ivision  (G eneral Editors, 
Sir Robert R obinson , H . M . N . H . Irving & L. A. K. Staveley), Pergam on Press, O xford, 1965; 
X + 1 9 0 p p . ,  price 15 sh.

This sm ali pocket-size volum e o f  7 chapters contains a rem arkably lucid and concise account 
o f  those electrical and som e optical properties o f  m olecu les which are o f  im portance in studies 
o f  m olecular structure and m olecular interactions. A lthough the book  is intended primarily for 
students o f  chem istry w ho are being introduced for the first tim e to the subject o f  d ipole m om ents 
and m olecular polarizability, the subject m atter and clarity o f  presentation are such that it should  
ргоѵе o f  interest to  a m uch broader audience. In particular, it is to  be highly recom m ended to  
the increasing number o f  biochem ists and biophysicists w hose special interests em brace such fields 
as m alecular structure, and conform ation , properties o f  polypeptides and polynucleotides, energy 
transfer, etc.

It is perhaps not out o f  place to point ou t that one o f  the stum biing blocks to the adequate  
developm ent o f  theoretical descriptions o f  the sources o f  hypochrom icity and stability o f  poly- 
nucleotide h elices (with a view  to obtain ing a better understanding o f  the structure o f  nucleic acids) 
is the lack o f  suitable experim ental data on the d ipole m om ents o f  the purine and pyrim idine bases. 
This book let m ay be expected to stim ulate further research in this field, as w ell as a wider appli- 
cation o f  d ip o le m om ent techniąues to  m olecu les o f  b io log ica l interest, the m ore so in that rea- 
sonably goo d  m easuring instrum ents for this purpose are now  availabłe com m ercially from  a num 
ber o f  m anufacturers.
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The treatment throughout is extensively illustrated w ith a large number o f  experim ental re
sults and with brief descriptions o f  experim ental principles and m ethods, as w ell as their scope  
and lim itations. Particularly interesting is Chapter 6, w hich delves into som e o f  the aspects o f  
m olecular behaviour associated with polarizability, e .g . R ayleigh  scattering and its application  
to  the investigation o f  m olecular w eights and shapes o f  large m olecules; R am an scattering and  
m olecular vibrations; the perm ittivity (or dielectric constants) o f  non-polar com pounds, etc . N o t-  
w ithstanding the short space necessarily assigned  to each  topie, the exposition is straightforward  
and sim ple.

The com plete replacem ent o f  the term “dielectric con stan t” by the m ore precise term  “per- 
m ittivity” is perhaps open  to ąuestion. The A uthor has done this on the grounds that “ the ’d ielect- 
ric constant’ is ... constant in on ly a very lim ited w ay.” (page 9). This is true enough. But the term  
“dielectric constant” has becom e so  ingrained in the scientific literaturę that only som e interna- 
tional body such as the International U n ion  o f  Pure and A pplied  Chemistry (IU PA C ) cou ld  autho-  
ritatively discountenance its use.

The book contains a number o f  representative problem s at the end o f  each chapter, in som e  
instances with hints as to how  to solve them , and with num erical answers at the end o f  the volum e, 
all o f  which undoubtedly enhance its value. Each chapter a lso  includes a short list o f  references 
for additional reading for those interested in particular topics covered in the text. A  6-page subject 
index is a useful adjunct even to constant users o f  the text. T w o rem arkably good  photographs 
o f  Peter J. D ebye and С. P. Smythe vividly recall to the reader the major contributions m ade by 
these two authorities in this im portant field. F inally  the publishers deserve to be com m ended for  
the excellent type and good  paper, both o f  w hich contribute to provide a very readable text.

D avid  Sfuigar

M ETA BO L ISM  O F LIPID S A S R E L A T E D  TO A T H E R O SC L E R O SIS (A  Sym posium  com p iled  
by Fred A . K u m m e r o w )  Charles C. Thom as Publ., Springfield, (Illi.) 1965; str. Х Х Х ІѴ  +  300, 
cena 14.50 $.

R ecenzow ana książka jest zbiorem  (niekom pletnym ) referatów  w ygłoszonych na sym pozjum  
pośw ięconym  znaczeniu przem iany tłuszczów  w patogenezie m iażdżycy, które odbyło się w czerw cu  
1963 r. w U niw ersytecie Illinois (U rbana, 111., U .S .A .).

W e wstępie i pierwszych rozdziałach A utorzy wprowadzają w aspekty kliniczne a terosk lerozy ; 
om ów iono w nich w ystępow anie tego schorzenia, jeg o  następstwa oraz znane już od  w ielu  lat 
zalecenia dietetyczne w m iażdżycy: zredukow anie ilości dostarczanego tłuszczu do 25%  zap o
trzebowania kalorycznego, przy zw iększeniu w  nim  zaw artości kw asów  tłuszczow ych n ienasy
conych. Z podaw anych obliczeń statystycznych wynika, iż stosow anie tego zalecenia obniża śm ier
telność z pow odu następstw m iażdżycy o 2 0 -  30 %. W  dwu rozdziałach om ów ione są badania  
histologiczne i chem iczne wczesnych zm ian m iażdżycow ych w naczyniach. Podkreśla się, że w czesne  
zm iany, tj. nagrom adzenia tłuszczu w kom órkach m ięśni gładkich m ające charakter ogniskow y, 
występują dość pow szechnie już u dzieci. Są to zasadniczo zm iany o charakterze odw racalnym . 
W  populacjach o dużym  procencie w ystępow ania następstw  m iażdżycy te nacieczenia tłuszczow e  
są już u dzieci o toczone odczynem  zapalnym . W  populacjach o  niskim  procencie w ystępow ania  
następstw  m iażdżycy tym  nacieczeniom  tłuszczow ym  nie towarzyszy odczyn zapalny. A utorzy  
zadają pytanie, czy obecność stanu zapalnego, która prow adzi następnie do rozwoju guzka m iaż
dżycow ego, n ie jest uwarunkowana toksycznym  charakterem  nagrom adzonego w  kom órce lipidu. 
W  jednym  z referatów porów nano skład lip idow y fragm entów  aort zm ienionych m iażdżycow o  
i zdrowych u różnych grup etniczych. Badania te jednakże n ie dają odpow iedzi na poprzednie  
pytanie, gdyż dotyczyły zm ian zbyt zaaw ansow anych, posługiw ano się przy tym  m ateriałem  utrwa
lonym  w form alinie.

W  czterech rozdziałach om ów iono w łasności fizyko-chem iczne i przem ianę cholesterolu  w  or
ganizm ie w  związku z rolą tego związku w patogenezie m iażdżycy. O m ów ione są krytycznie farma-
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kolog iczne sposoby obniżania  poziom u cholesterolu  w surow icy. M echanizm  biochem iczny dzia
łania środków  farm akologicznych  ham ujących ostatnie etapy biosyntezy cholesterolu  oraz ich  
zestaw ienie podane są  w  referacie D . Steinberga (str. 207 - 224). Zwraca on uwagę na niebezpie
czeństw a m ogące w ynikać przy stosow aniu tych zw iązków . D w a rozdziały pośw ięcono lipopro- 
teidom  osocza. W  procesie tw orzenia guzka m iażdżycow ego duże znaczenie odgrywa oksydatyw na  
denaturacja tych ciał. Jest on a  katalizow ana przez związki hem ow e i zachodzi przy w spółudziale  
m ostów  nadtlenkow ych pow stających w kwasach tłuszczow ych cząsteczki lipoproteidu.

Cztery dalsze rozdziały pośw ięcono przem ianie i roli kw asów  tłuszczow ych w  organizm ie. 
W  referacie S. J. W akila o  b iosyntezie kw asów  tłuszczow ych C zytelnik  znajdzie dane o  udziale  
term ostabilnego koenzym u p olipeptydow ego w procesie pow staw ania kwasu tłuszczow ego z ma- 
lonylokoenzym u A. Peptyd  ten przyłącza do swej grupy sulfhydrylow ej resztę acylow ą z acylo- 
koenzym u A  i w  czasie ca łego  procesu w ydłużania łańcucha kwasu tłuszczow ego reszta acylow a  
jest z  n im  związana. O znaczono skład am inokw asow y i ciężar cząsteczkow y tego peptydu oraz 
przeprow adzono syntezy chem iczne om aw ianych acylopeptydów . J. F. M ead w sw ym  referacie 
om aw ia eksperym enty św iadczące o w ystępow aniu w  m ózgu procesu a-oksydacji kw asów  tłusz
czow ych. R. T. H olm an om aw ia badania nad ilościow ym  zapotrzebow aniem  na niezbędne kwasy  
tłuszczow e u ludzi i zw ierząt. A . L. T appel om aw ia w ystępow anie i lokalizację kom órkow ą w ielo- 
nienasyconych kw asów  tłuszczow ych, proces ich peroksydacji katalizow anej przez hem oproteidy  
oraz antyoksydatyw ne działanie am inokw asów  i białek zawierających selen. Związki te wykazują 
5 0 -  500 razy silniejsze działanie niż tokoferol. Tem atam i pozostałych rozdziałów  są: fizjologiczne  
m echanizm y przeciw działające krzepnięciu krwi, budow a chem iczna i b iochem ia fosfo lip idów  
oraz biochem ia i funkcje koenzym u Q, w itam iny E i w itam iny K.

P oszczególne referaty zaopatrzone są w  spis cytow anego piśm iennictw a; zam ieszczono rów nież 
w ypow iedzi dyskutantów . K siążka posiada indeks autorów  i indeks rzeczow y. M ożna ją  p o lec ić  
klinicystom  i b iochem ikom  zajmującym  się zagadnieniem  lip idów .

Tadeusz Chojnacki

M a k s y m i l i a n  P l u t a :  M K R 0 3 K O P I A  FA Z O W O -K O N T R A ST O W A  I IN T E R F E R E N 
C Y JN A . P W N , W arszawa 1965; str. 370, cena zl. 3 5 .—

O ceniana książka jest bardzo w artościow ą p oz /c ją , godną jak  najszerszej popularyzacji 
wśród b iochem ików , tych zw łaszcza, którzy zajmują się ultrastrukturą, cytochem ią, m ikroana- 
Iizą czy badaniam i izolow anych  organelli kom órkow ych.

A utor jest w ysoce kom petentny w  om aw ianiu zawartego w książce m ateriału. Jest on  
tw órcą p olsk iego m ikroskopu interferencyjnego.

M ikroskopia fazow o-kontrastow a, jak  i interferencyjna, spełn iać m ogą dw a, rów nie zresztą  
użyteczne, zadania. Przy pom ocy  obu  tych system ów  m ożna oglądać tzw. ob iekty  fazow e, tzn. 
takie, jakim i najczęściej są n iebarw ione żyw e kom órki. O biekty fazow e, których m odelem  
m ogłaby być płytka szklana zanurzona w  w odzie, przesuwają fazę fali św ietlnej w  stosunku do  
fali św ietlnej przechodzącej w środow isku je  otaczającym . A ni ok o  ludzkie ani fotokom órka nie 
potrafią odczytać przesunięcia fazy św iatła. W  układach kontrastujących fazy oraz w  m ikroskopie  
interferencyjnym  przesunięcie fazy zostaje zam ienione na zm ianę w  am plitudzie św iatła prze
chodzącego przez obiekt. D la teg o  w  układach tych obiekty ,,przeźroczyste“ dają się oglądać.

D rugim , ważniejszym  dla biochem ika, zastosow aniem  układów  fazow o-kontrastow ych oraz  
m ikroskopu interferencyjnego jest m ożliw ość dokonyw ania  pom iarów  suchej m asy określonych  
struktur kom órkow ych, jak  np. jąder kom órkow ych , w łókien  kolagenow ych, izolow anych  ją- 
derek itp. Im ponująca jest czu łość tej m etody w ażenia, jednostką pom iaru jest bow iem  10- I 2 g.

K siążka M . Pluty om aw ia w  sp osób  system atyczny, jasny i dostępny dla n iespecjalistów  
teorię oraz praktykę tych now ych  i stale rozwijanych system ów  optycznych. D la  nieznających  
analizy m atem atycznej rozw ażanych zagadnień, w  każdym  razie dostępna będzie prosta w ekto- 
ralna interpretacja om aw ianych  zjaw isk.

http://rcin.org.pl
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P odk reślić  trzeba doskonałą  stronę ilustracyjną książki. Z arów no schem aty układów  op ty
cznych , jak  i fo to g ia fie  istniejących instrum entów  uprzystępniają wykład. K siążka zawiera bar
d zo  krótkie om ów ien ie zastosow ań m ikroskopii interferencyjnej w poszczególnych  gałęziach  
w ied zy , m . in. w dziedzinie biologiczno-m edycznej. M ikrofotografie załączone do książki zbli
żają w yobraźni tych, którzy nigdy tą m etodą nie pracow ali, efekty, jakie przy p om ocy m ikro
skopu  interferencyjnego m ożna uzyskać. Jednym  z błahych, ale wyzyskiw anych w cytologii 
efek tów  jest m ożliw ość  w ykonyw ania barwnych fotografii obiektów  żyw ych, niebarwionych, 
przez w ykorzystanie pow staw ania barw interferencyjnych.

K siążka M . P luty jest podręcznikiem , którego użyteczność jest naprawdę duża, a grono  
zainteresow anych  odbiorców , wbrew zawartem u w tytule term inowi ,,M ikroskop ia“ , jest znacz- 

л іе  szersze niż grono cytologów  i h isto logów .

K azim ierz O strow ski
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