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It has  been shown that  cytotoxins isola ted f r o m  cobra  venom differ  in hemolyt ic  act ivi ty;  the 
g r e a t e r  ac t iv i ty  of one of the cytotoxins co r r e sponds  to a m o r e  pronounced bas ic i ty  of  i ts  
m o l e c u l e s ,  which con f i rms  the s ignif icance  of a pos i t ive  cha rge  of a cytotoxin molecu le  in 
the m e c h a n i s m  of i ts  lyt ic  act ion.  

Cytotoxins - bas ic  polypept ides  r e p r e s e n t e d  in the venoms of elapid snakes  by numerous  mo lecu l a r  f o r m s  - 
cause  cell  lys i s  which is aggrava ted  by the addition of phosphol ipases  A 2. It is a s s u m e d  that  the l ipid effect  of  
the cytotoxins is due to the i r  capac i ty  for  labi l iz ing the s t r u c t u r e  of cy top lasmic  m e m b r a n e s ,  the ma in  ro le  in 
this being ass igned  to the hydrophobic p r o p e r t i e s  and pronounced posi t ive  cha rges  of the cytotoxin molecu les  
[1, 2]. Two cytotoxins ,  Vc l  and Vc5 have  been i so la ted  p rev ious ly  f r o m  the venom of the Central  Asian cobra  
[3]. The amino acid sequences  of the two cytotoxins were  c h a r a c t e r i z e d  by a high deg ree  of homology [4, 5], 
but cytotoxin Vc 1 was dis t inguished by a s m a l l e r  lysin content  and a l a r g e r  content  of d icarboxyl ic  amino acid  
r e s i d u e s ,  which co r r e sponded  to the lower  bas ic i ty  of i ts  molecu le  found on e l ec t ropho re s i s  [6, 7]. It appea red  
poss ib le  that the c o m p a r a t i v e  functional ana lys i s  of the two cytotoxins would p e r m i t  an es t imat ion  of the s i g -  
n i f icance  of the pos i t ive  cha rge s  of the i r  molecu les  in the m e c h a n i s m  of the i r  act ion on m e m b r a n e s .  

Di rec t  h e m o l y s i s  is the m o s t  commonly  used method of evaluating the m e m b r a n e  ac t iv i t ies  of d i f ferent  
ly t ic  agents .  The d i r ec t  hemolyt ic  ac t iv i t i es  of the cytotoxins that  we were  invest igat ing depended on the i r  con -  
cent ra t ion  in the med ium and the t ime  of incubation with washed e ry th rocy t e s .  In both va r i an t s  of  the e x p e r i -  
men t s  we found a fa i r ly  high s i m i l a r i t y  of the kinet ics  of the d i r ec t  lyric ef fec ts  of the cytotoxins being c o m -  
pa r ed ,  but at  the s a m e  t ime ,  cytotoxin Vc5 was c h a r a c t e r i z e d  by a h igher  hemolyt ic  eff ic iency:  the ca lcula ted  
HD~0values for  cytotoxins Vcl  and Vc5 p roved  to be 2000 and 1400 ]~g, r espec t ive ly .  The lyt ic  effects  of  both 
cytotoxins a lso  showed s i m i l a r  dependences on the pH of the medium.  With a r i s e  in the absolute  pH of the m e -  
d ium,  when the ionizat ion of  the negat ive ly  charged  groups  of a m e m b r a n e  i n c r e a s e s ,  the in terac t ion  of the c y t o -  
toxins with the m e m b r a n e s  was intensif ied,  the m o r e  basic  cytotoxin Vc5 lys ing the e r y t h r o c y t e s  m o r e  ac t ive ly  
than cytotoxin Vcl .  Cha rac t e r i s t i c  for  the t e m p e r a t u r e  dependence of the lyt ic  effect  of the cytotoxins was an 
i n c r e a s e  in the d i r ec t  hemolyt ic  effect  with a r i s e  in the t e m p e r a t u r e  to 30°C, while with a fu r the r  r i s e  in the 
t e m p e r a t u r e  of incubation the hemolyt ic  effect  of the cytotoxins fell  sha rp ly  (Fig. 1). It  is known that a t  phys i -  
ological  t e m p e r a t u r e s  a coopera t ive  s t ruc tu ra l  r e a r r a n g e m e n t  of m e m b r a n e s  takes  p lace  which is accompanied  
by the i r  labi l izat ion.  The cytotoxins p robab ly  a t tack  such des tabi l ized  m e m b r a n e s  m o r e  v igorous ly .  

We have  shown prev ious ly  that ca lc ium ions inhibit the d i r ec t  hemolyt ic  ef fec t  of  cytotoxin Vc5 [2]. With 
an i nc rea se  in the concent ra t ion  of ca lc ium ions in the med ium,  a fal l  is a l so  obse rved  in the d i rec t  hemolyt ic  
ac t iv i ty  of  cytotoxin Vcl  while in the p r e s e n c e  of phosphol ipase  A 2 the addition of ca lc ium ions cons iderab ly  en -  
hances  the syne rg i s t i c  hemolyt ic  effect  of cytotexin Vcl  and the enzyme in a s i m i l a r  m a n n e r  (Fig. 2) to what 
has  been found p rev ious ly  for  cytotoxin Vc5 [2]. 

On the whole,  the r e su l t s  of the invest igat ions  p e r f o r m e d  revea l  a fa i r ly  high s i m i l a r i t y  in the hemolyt ic  
effects  of the two cytotoxins.  The higher  hemolyt ic  effect  of cytotoxin Vc5 obse rved  in al l  c a s e s  c o r r e l a t e s  with 
the g r e a t e r  bas i c i ty  of i ts  molecu les .  This  co r r e l a t i on  gives  a conf i rmat ion  of the s ignif icance of the pos i t ive  
charge  o fcy to tox inmolecu le s  in the m e c h a n i s m  of  the i r  lyt ic  action postula ted  p rev ious ly  on the bas i s  of an ana ly -  
s i s  of  the i r  s t r u c t u r e s  and in terac t ions  with synthetic  phospholipid m e m b r a n e s  [6, 8]. 
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Fig. 1. Temperature dependence of the direct hemolytic effects 
of cytotoxins Vcl and Vc5 (400 ~g). Incubation medium (volume 
0.2 ml): 5070 suspension of washed human erythrocytes (0.05 ml) 
and solutions of the cytotoxins (0.15 ml). 

Fig. 2. Influence of Ca 2+ ions on the potential hemolysis caused 
by the combined action of cytotoxin Vcl (400 ~g) and phospholi- 
pase A 2 (50 ~g) (for the incubation medium, see Fig. 1): 1) cyto- 
toxin, phospholipase A2, 5 mM Ca2+; 2) cytotoxin, phospholipase 
A2, 0.5 mM Ca2+; 3) cytotoxin, phospholipase A2; 4) cytotoxin| 
5) phospholipase A2, 5 mM Ca2+; 6) phospholipase A2, 0.5 mM 
Ca 2+ . 

EXPEI~ I M E N T A  L 

Pure preparations of the cytotoxins and of phospholipase A 2 were obtained from the venom of the Central 
Asian cobra Naja oxiana Eichwald by methods described previously [3, 6, 9]. Hemolytic activity was evaluated 
by known methods [10]. We used 50% suspensions of human erythrocytes washed three times with physiological 
solution and taken in an isotonic medium. The degree of hemolysis was expressed in percentages calculated 
from the liberation of hemoglobin, the amount of which was measured spectrophotometrically from its absorp- 
tion at 540 nm. 

S U M M A B Y  

It has been shown that with a considerable overall similarity in the kinetics of the direct hemolytic effect 
cytotoxin Vc5 is characterized by a greater hemolytic efficiency than Vcl. The high lytic activity of cytotoxin 
Vc5 corresponds to the more pronounced basicity of its molecules. This correspondence confirms the signifi- 
cance of the positive charges of cytotoxin molecules in the mechanism of their lytic action. 

le 
2. 
3. 

4. 

5o 
6° 
7. 

L I T E B A T U B  E C I T E D  

E. Condrea, Experientia, 30,121 (1974). 
L. Ya. Yukel'son, ~. S. Sadykov, 13. N. Sakhibov, and V. M. Sorokin, Biokhimiya, 40,698 (1975). 
L. Ya. Jukelson, [L. Ya. Yukel'son], 1~,. S. Sadykov, and V, M' Sorokin, Abstracts of a Soviet-Indian Sym- 
posium on the Chemistry of Natural Products (October 22-25,1973), Tashkent (1973), p. 189. 
E, V. Grishin, A. P. Sukhikh, T. B. Adamovich, Yu. A. Ovchinnikov, and L. Ya. Yukel'son, FEBS Letters, 
48,179 (1974). 
E. V. Grishin, A. P~ Sukhikh, T. B. Adamovich, and Yu. A. Ovchinnikov, Bioorgan. I~im.,  2, 1018 (1976). 
L. Ya. Yukel'son, ~. Sadykov, and V. M. Sorokin, Biokhimiya, 39,816 (1974). 
L. Ya. Yukel'son, V. M. Sorokin, and D. N. Sakhibov, Abstracts of Lectures at the Second Conference of 
Biochemists of the Republics of Central Asia and Kazakhstan (October, 1976, Frunze) [in Russian], Med. 
Biokhimiya, Frunze (1976), p. 198. 

6 9  



8. L. Ya. Jukelson [L.  Ya. Yukel ' son] ,  B. A. Tashmuchamedov  [Tashmukhamedov] ,  and O. Kras i ln ikov,  
Stud. Biophys. ,  54, 77 (1976). 

9. D . N .  Sakhibov, V. M. Sorokin,  and L. Ya. Yukel ' son,  Biokhimiya,  35, 13 (1970). 
10.  S. Aloof -Hi r sch ,  A. de Vr i e s ,  and A. B e r g e r ,  Biochim. Biophys. Acta,  154, 53 (1968). 

A M O U N T S  O F  P R O T E I N  A N D  O I L  A N D  A C T I V I T Y  

O F  T H E  T R Y P S I N  I N H I B I T O R  I N  D I F F E R E N T  

V A B I E T I E S  O F  S O Y B E A N  

L .  R.  B a d z h a b o v ,  M. N i g m o n o v ,  
a n d  V .  A .  S h i b n e v  

UDC 641.58;635.655 : 577.150.14 + 156.1 

~lf teen v a r i e t i e s  of soybean have  been inves t iga ted  for  the amounts  of  p ro te in ,  o i l ,  and t ryps in  
inhibi ter  that  they contain.  A high t h e r m a l  s tabi l i ty  of the l a t t e r  has  been detected.  Informat ion 
is given on the k inet ics  of  the inhibition of the amidase  and p ro te inase  ac t iv i ty  of t ryps in .  It 
has  been  shown that  the " t ryps in  inhibi tor"  cons i s t s  of a mix tu re  of s ix  p ro te ins .  

Soybeans occupy an except ional  p lace  among leguminous and c e r e a l  c r o p s ,  s ince  the i r  pro te in  is  the only 
one out of all  p lant  p ro te ins  that  is c lose  in food value to the pro te ins  of animal  or igin  [1]. I t  m u s t  be ment ioned,  
howeve r ,  that  soybean s e e d s  contain l a r g e r  o r  s m a l l e r  amounts  of inhibi tor  p ro te ins  t ha t a r e - r e spons ib l e  in c e r -  
tain c a s e s  for  reducing the a s s imi l ab i l i t y  of soybean pro te in  by an imals  because  of the inhibition of the p r o t e o l y -  
t ic enzymes  of the d iges t ive  t r a c t  and,  in the f i r s t  p lace ,  of t ryps in  and chymot ryps in  [2-4]. F u r t h e r m o r e ,  it 
has  been es tab l i shed  that  these  inhibi tor  p ro te ins  a r e  f a r  f r o m  h a r m l e s s .  They not only supp re s s  the growth 
of  the an imal  but m a y  a lso  cause  hype r t rophy  of the panc rea s  [5, 6]. Consequently,  a r e a l  i n c r e a s e  in the food 
value of soybeans  m a y  take p lace  in two d i rec t ions .  The f i r s t  is the f ree ing  of the nu t r ien t  prote in  of  the s o y -  
bean f r o m  the accompanying  inhibitor p ro te ins  in the p r o c e s s  of p r e p a r i n g  the beans ,  which is economica l ly  un-  
f avorab le ,  and the second is the isolat ion of new va r i e t i e s  of soybean with a reduced content  of inhibitor p ro te ins .  
In the l a t t e r  c a s e ,  these  inhibi tors  b e c o m e  pecu l i a r  genetic m a r k e r s  that  can be used both in the ana lys i s  of  a l -  
r eady  exis t ing genetic  m a t e r i a l  of  the soybean and in the p r o c e s s  of isolat ing new v a r i e t i e s .  In view of th is ,  i t  
m u s t  be s ta ted  that  the re  is ano ther  impor tan t  f ac to r  - p r o t e i n s  inhibiting proteolyt ic  enzymes  have  an indepen~- 
dent va lue ,  s ince a number  of p r epa ra t i ons  used in medica l  p r ac t i ce  have been c rea ted  f r o m  them abroad.  We 

h a v e  inves t iga ted  15 v a r i e t i e s  of soybean grown in one of the regions  where  it  is cul t ivated,  Tadzhikis tan ,  for  
the i r  contents  of oil and pro te in  and have  a lso  made  a c o m p a r a t i v e  study of the ac t iv i t ies  of the inhibi tor  p r o -  
te ins  in re la t ion  to t ryps in .  As can be seen f r o m  Table  1, the amounts  of pro te in  in d i f ferent  v a r i e t i e s  of s o y -  
bean range  between 30.3 and 43.4%, and the amounts  of oil between 14.3 and 28%. According to the f igures  in 
Table  1, the v a r i e t i e s  of soybean inves t iga ted  can be divided in re la t ion  to the pro te in  and oil in the seeds  into 
th ree  groups :  1) the p r o t e i n - r i c h ,  o i l - r i c h  va r i e t i e s  (1-5}; 2) the p r o t e i n - p o o r ,  o f f - r i ch  va r i e t i e s  (7-15); and 
3) a p r o t e i n - r i c h ,  o i l -poo r  va r i e t y  (6). The mean  values  of the ra t ios  of the amounts  of pro te in  and oil in these  
groups  a r e  1.87, 1.41, and 2.76, r e spec t i ve ly ,  the sum of pro te in  and oil ranging f r o m  65.2 to 51.3%. 

2'he speci f ic  ac t iv i ty  of the t ryps in  inhibi ters  f r o m  the d i f ferent  va r i e t i e s  of soybean ranged  f r o m  17 to 
135 u n i t s / m l  of ex t r ac t  (determined in the p r e s e n c e  of N-benzoy l -d , / - a rg in ine  p-n i t roani l ide  (BAPA)} and f rom 
1.95 to 11.5 u n i t s / m l  of ex t r ac t  (determined with r e s p e c t  to casein}. These  r e su l t s  show the absence  of a c o n -  
nect ion between an i nc rea sed  content  of pro te in  and oil and the specif ic  inhibi tor  of the t ryps in  inhibi tors  i s o -  
la ted f r o m  soybean seeds .  

It m a y  be a s s u m e d  that  the d i f fe rence  in the ac t iv i t ies  of the t ryps in  inhibi tors  p r e s e n t  in soybean pro te in  
depends on a genotypic fea tu re  of a p a r t i c u l a r  va r ie ty .  In view of th i s ,  the act ivi ty  of the t ryps in  inhibi tors  may  
be a good t e s t  for  se lec t ing  those  v a r i e t i e s  that would combine  a high prote in  content with a low ac t iv i ty  of  the 
t r yps in  inhibi tors .  F r o m  this point of v iew,  accord ing  to the f igures  in Table  1, the m o s t  p romis ing  va r i e t i e s  
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