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Chol inesterase  catalyzes  the hydrolysis  of choline es te r s  to choline and the corresponding carboxylic 
acids. The presence  of this enzyme in venoms of snakes of the Elapidae family is a charac te r i s t i c  feature 
of them; chol ines terase  has not been found in venoms of snakes of the Viperinae and Crotalinae families 
[1-3]. In many proper t ies ,  par t icular ly  in substrate  specificity,  the chol ines terase  of venoms differs f rom 
enzymes with a s imi la r  action from other sources .  Consequently, it cannot be included with the "true" 
chol ines terases  (acetylcholine acetyl -hydrolase ,  E.C. 3.1.1.7) nor with the pseudochol inesterases  (cholin- 
e s t e ra ses  E.C. 3.1.1.8), which has been made a reason for  separat ing it as an independent "ophiocholin- 
e s t e ra se"  [4]. 

A detailed investigation of the proper t ies  of chol ines terase  and the determination of its biological 
value in snakes is impossible without the isolation of the enzyme in the purified state f rom the complex 
mixture of biologically active protein components forming snake venom, all the more  since the la t ter  also 
contains its inhibitor [5]. Several attempts at purifying venom chol inesterase  are known. Thus, by prec ip-  
itation with sodium sulfate and ammonium sulfate, preparat ions  of chol inesterase  purified by factors  of 20 
and 11, respect ively,  have been isolated f rom the venoms of Naja naja (cobra) and Bungarus faseiatus 
(bungarus). It was impossible to increase  their  specific activity by e lec t rophores is  or  by adsorption ch roma-  
tography; i.e., t h e y  were pract ical ly  free f rom contamination with other substances [6]. Eighteenfold pur i -  
fication of chol ines terase  has been achieved by the passage of the venom of Naja oxiana Eichwald (Central 
Asian cobra) through Sephadex gel G-75. However, the enzyme preparat ion obtained, according to e l ec t ro -  
phoretic and enzymological  analysis,  included other biologically active factors  of the venom -hya lu ron ida se ,  
phosphatases,  etc. [3, 7]. Using the method of ion-exchange chromatography on sulfoethyl-Sephadex C-50 
followed by gel fi l tration on Sephadex G-25, we have increased the specific activity of the chol ines terase  of 
the same venom by a factor  of 46. Nevertheless,  the resul ts  of an e lectrophoret ic  check have shown that 
the preparat ion contains two protein components [8]. The present  paper  d iscusses  the p rocess  of the fur~- 
ther  purif ication of the chol ines terase  and some of its proper t ies .  

EXPERIMENTAL 

The enriched (by a factor of 46) preparation of eholinesterase from the venom of Naja oxiana Eichwald 
was rechromatographed on sulfoethyl-Sephadex C-50 in columns (15 × 300 ram). The sorption of the prep- 
aration on the cation-exchange resin was performed from 0.05 M ammonium acetate buffer, pH 5.5. Elution 
was performed with the same buffer solution with an increase in the concentration to 0.3 M and a change in 
the pH from 5.5 to 7.8. The eluent (volume 3-4 ml) was collected in a Kb_KOV-1 automatic fraction collector, 
the amounts of protein, from the absorption at 280 nm, and the cholinesterase activity were determined, the 
fractions were combined according to the protein "peaks,'and they were freeze-dried, desalted on Sephadex 
G-25, again freeze-dried, and then investigated. 

The eholinesterase activity was determined by Hestrin's method as modified by A. N. Panyukov [9]. 
The unit of activity of the enzyme corresponded to 1 #mole of substrate hydrolyzed in 60 rain at 37°C. 
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Fig .  1. R e s u l t s  of the r e c h r o m a t o g r a p h y  of the 
4 6 - t i m e s  e n r i c h e d  p r e p a r a t i o n  o f c h o l i n e s t e r a s e  
[8] on s u l f o e t h y l - S e p h a d e x  C-50 :  1) c o n c e n t r a -  
t ion of p r o t e i n  (ex t inc t ion  at  280 nm); 2) c h o l i n -  
e s t e r a s e  a c t i v i t y .  V I - C - I - 1  and V I - C - 1 - 2  a r e  
the f r a c t i o n s  c o m b i n e d  a c c o r d i n g  to the p r o t e i n  
"peaks." 

TABLE 1. C h o l i n e s t e r a s e  A c t i v i t y  of the Venom and Its F r a c t i o n s  

M a t e r i a l  

C o b r a  venom 
F r a c t i o n  VI (obtained by c h r o m a t o g r a p h i n g  

the venom on s u l f o e t h y l - S e p h a d e x  C-50  [8]) 
F r a c t i o n  V I - C - 1  (obta ined a f t e r  the p a s s a g e  

of f r a c t i o n  (VI) th rough  Sephadex  G-25 [8]) 
F r a c t i o n  V I - C - I - 1  (obta ined by  r e c h r o m a t o -  

Spec i f i c  A c t i v i t y  (~mole  
of h y d r o l y z e d  a c e t y l c h o -  

! l ine  p e r  1 ml  of p r o t e i n )  

0.9 × 103 

6.82 × 103 

41.57 × 103 

P u r i f i c a -  
t ion A1/A 

7.5 

46.0 

Yie ld ,  % 

graphing fraction VI-C-I 
Sephadex C-50) 3.68 × 103 4.0 

Notes. A 1 Specific activity of the cholinesterase in the fractions; A in the cobra venom. 
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The d i s c  e l e c t r o p h o r e s i s  of the p r o t e i n  p r e p a r a t i o n s  was  p e r f o r m e d  by the me thod  of Davis  and 
O r n s t e i n  [10]. 

The t o x i c i t y  of t he se  p r e p a r a t i o n s  was  d e t e r m i n e d  by i n t r a p e r i t o n e a l  i n j ec t ion  into white  m i c e  w e i g h -  
ing 18-20 g, and the r e s u l t s  w e r e  t r e a t e d  s t a t i s t i c a l l y  by the me thod  of L i t ch f i e l d  and Wi lcoxon  [11]. 

F u r t h e r  P u r i f i c a t i o n  of the C h o l i n e s t e r a s e .  When the 4 6 - t i m e s - e n r i c h e d  p r e p a r a t i o n  of c h o l i n e s t e r a s e  
was  s e p a r a t e d  on s u l f o e t h y l - S e p h a d e x  C-50 ,  we found in i t  (Fig .  1) two p r o t e i n  c o m p o n e n t s ,  one of which  
was d e s o r b e d  f r o m  the c a t i o n - e x c h a n g e  r e s i n  wi th  a change  in the c o n c e n t r a t i o n  of the e lu t ing  a m m o n i u m -  
a c e t a t e  bu f f e r  f r o m  0.1 to 0.2 M and the s econd  when the c o n c e n t r a t i o n  was  r a i s e d  to 0.3 M. ] 'he c h o l i n -  
e s t e r a s e  a p p e a r e d  in the f i r s t  f r a c t i o n  ( tes t  tubes  Nos.  26-37) ,  and i ts  a c t i v i t y  r o s e  in p a r a l l e l  wi th  the in -  
c r e a s e  in the c o n c e n t r a t i o n  of p r o t e i n  in the tubes  (the m a x i m u m  a c t i v i t y  c o r r e s p o n d e d  to the m a x i m u m  

• a b s o r p t i o n  at  280 nm).  Disc  e l e c t r o p h o r e s i s  of th is  f r a c t i o n  showed that  it  was  an ind iv idua l  s u b s t a n c e  
(Fig .  2). On c a l c u l a t i n g  the s p e c i f i c  a c t i v i t y  of the e n z y m e ,  we found that  i t  had f a l l en  by a p p r o x i m a t e l y  14 
t i m e s ,  be ing  3.68 • 103 ~mole  i n s t ead  of 41.57 • 103 p m o l e  of the i n i t i a l  m a t e r i a l .  The y i e ld  of c h o l i n e s t e r a s e  
amoun ted  to 13%; i t  was  only four  t i m e s  m o r e  ac t ive  than the whole  c o b r a  v e n o m .  The r e s u l t s  of a d e t e r -  
m i n a t i o n  of the c h o l i n e s t e r a s e  a c t i v i t y  in the f i r s t  f r a c t i o n ,  which  we have  deno ted  by the s y m b o l s  V I - C - I - I ~  
and of s i m i l a r  i n v e s t i g a t i o n s  of the whole  c o b r a  venom and a l so  of the f r a c t i o n s  ob ta ined  f r o m  it  in v a r i o u s  
ways  a r e  g iven  in Table  1. 

The fa l l  in the c h o l i n e s t e r a s e  a c t i v i t y  in the p r o c e s s  of r e c h r o m a t o g r a p h y  on s u l f o e t h y l - S e p h a d e x  can  
be e x p l a i n e d  by a s e p a r a t i o n  of an a g g r e g a t e d  c h o l i n e s t e r a s e  e n z y m e  s y s t e m  into two c o m p o n e n t s .  
Changeux  e t  al° [12], who have s tud ied  the a c e t y l c h o l i n e s t e r a s e  of the e l e c t r i c  a p p a r a t u s ,  a s s u m e t h a t i t c o n -  
s i s t s  of subun i t s  wi th  a c a t a l y t i c  a c t i v i t y  and " r e g u l a t o r "  subun i t s .  The s e p a r a t i o n  of t hem f r o m  one a n -  
o t h e r  m a y  be a c c o m p a n i e d  by a fa l l  in the a c t i v i t y  of the e n z y m e  as  we have p r o b a b l y  o b s e r v e d  in the 
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Fig. 2. Disc e l ec t rophoregram of 
cobra  venom and of f ract ion VI-C-  
1-1 (polyacrylamide gel, glycine 
acetate buffer, pH3:6, at a voltage 
of 200 V and a cur ren t  strength of 
2,5 mA per  tube with a t ime of e lec -  
t rophores i s  of 55 rain), a) Fract ion 
VI -C- I ,1 ;  b) cobra  venom. 

Fig. 3. Influence of the conditions of incubation on the cholin- 
e s t e rase  activity of cobra  venom (incubation medium 0.05 M 
t r i s - h y d r o c h l o r i c  acid buffer or  0.033 M phosphate buffer), 0.2 
ml (4 ~g) of enzyme and 0.0193 M solution of the substrate  - 
acetylcholine, a) Dependence of the activity on the concent ra -  
tion (0.1 ml of solution contains 2 pg of chol ines terase  protein); 
b) dependence of the activity on the time of incubation; c) influ- 
ence of the pH on the activity; t) t r i s - h y d r o c h l o r i c  acid buffer; 
2) phosphate buffer (time of incubation 30 min); d) influence of 
the tempera ture  on the activity (time of incubation 30 min). 

investigation of the e lect rophoret ica l ly  pure preparat ion of chol ines terase .  Attempts to res to re  the initial 
activity of recombining fract ions V I - C - I - 1  and VI-C-1-2  proved unsuccessful .  The res tora t ion  of activity 
on the recombination of subunits is apparently possible only when cer ta in  conditions unknown to us are ob- 
served.  It is not excluded that in the p rocess  of separat ion conformational  changes in the molecules  of the 
subunits take place, as a consequence of which the chol ines terase  activity is not res tored when the two f r a c -  
tions are mixed. Nevertheless ,  in fur ther  experiments  on the proper t ies  of the venom chol ines terase  we 
used the V I - C - I - 1  fraction, which was e lec t rophoret ica l ly  homogeneous. 

Influence of the Conditions of Incubation on the Rate of Hydrolysis  of Acetylcholine byCobra Venom 
Cholinestera~e.  With an excess  of substrate ,  the rate of an enzymat ic  react ion depends p r imar i ly  on the 
concentrat ion of the enzyme:  

v =  k(E). 

where V is the rate of the reaction and (E) is the concentrat ion of enzyme.  This relationship is shown 
graphical ly in Fig. 3a. The activity of the venom chol ines terase  r i ses  l inearly with an increase  in thecon-  
centrat ion of the enzyme in the samples .  Such a l inear  relat ionship is cha rac te r i s t i c  for  the major i ty  of 
enzymes [13]. 

The dependence of the rate of hydrolysis  of acetylcholine on the time of incubation is shown in Fig. 3b. 
In the time f rom 10 to 45 rain, the chel ines terase  activity r ises  l inearly with the increase  in the time of in- 
cubation. This shows that the hydrolysis  of the acetylchol ine takes place as a z e r o - o r d e r  reaction.  If the 
concentrat ion of hydrolyzed subst ra te  is denoted by X and the time by t, for  the initial part  of the curves  in 
Fig. 3b it is possible to write the following equation: 

d x  
ko = ~ .  

where k 0 is the rate constant of the z e r o - o r d e r  reaction.  

In our case,  k 0 will be equal to 0.314; i.e., in 1 min 0.2 ml (4 ~g) of chol ines terase  venom hydrolyzes 
0.314 #mole of acetylcholine.  In the main, the curve of Fig. 3b cor responds  to f i r s t - o r d e r  react ions:  after  
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F ig .  4. R e s u l t s  of the inh ib i t ion  of 
venom c h o l i n e s t e r a s e  by d i i s o p r o p y l  
p h o s p h o r o f l u o r i d a t e  (DIPF) .  The in-  
cuba t ion  m e d i u m  con ta ined  the s a m e  
i n g r e d i e n t s  ( see  cap t i on  to F ig .  3 )and  
v a r i o u s  amoun t s  on D I P F .  

the l a p s e  of 45 min,  the r a t e  of the r e a c t i o n  g r a d u a l l y  f a l l s  and 
the k ine t i c  c u r v e  a p p r o a c h e s  a l ine p a r a l l e l  to the ax i s  of a b s c i s -  
s a s .  The r a t e  of such  a r e a c t i o n  at  e a c h  m o m e n t  is  d e t e r m i n e d  
by the equa t ion  

d...~X= k (A _ X), 
dt 

w h e r e  A is the i n i t i a l  c o n c e n t r a t i o n  of the s u b s t r a t e  and X is the 
c o n c e n t r a t i o n  of the c o n v e r t e d  f r a c t i o n  of the s u b s t r a t e  (the hy -  
d r o l y z e d  a c e t y l c h o l i n e ) .  

Thus,  l ike  m a n y  o t h e r  e n z y m a t i c  p r o c e s s e s ,  the h y d r o l y s i s  
of a c e t y l c h o l i n e  in the p r e s e n c e  of venom c h o l i n e s t e r a s e ,  in the 
f i r s t  p e r i o d  (up to 45 rain) - when the d e g r e e  of c o n v e r s i o n  is low, 
t h e r e  is a c o n s i d e r a b l e  e x c e s s  of s u b s t r a t e ,  and only a s m a l l  
amoun t  of r e a c t i o n  p r o d u c t s  has  been  f o r m e d  - is  a z e r o - o r d e r  
r e a c t i o n ,  and only when the e x h a u s t i o n  of a s u b s t r a t e  beg ins  and 
the r e a c t i o n  p r o d u c t s  a c c u m u l a t e  does  the r a t e  fa l l  and the p r o c e s s  

take  p l a c e  in the m a n n e r  of f i r s t - o r d e r  r e a c t i o n s .  Consequen t ly ,  it is  d e s i r a b l e  to e s t i m a t e  the a c t i v i t y  of 
venom c h o l i n e s t e r a s e  a f t e r  incuba t ion  of the e n z y m e  with  the s u b s t r a t e  f o r  20-30 min,  and we took this  
into accoun t .  

We i n v e s t i g a t e d  the inf luence  of the c o n c e n t r a t i o n  of h y d r o g e n  ions  in the incuba t ion  m e d i u m  on the 
c h o l i n e s t e r a s e  ac t iv i t y ,  and this  both  in 0.05 M t r i s - h y d r o c h l o r i c  ac id  bu f f e r  and in 0.033 M phospha te  
bu f f e r  (Fig .  3c).  In both c a s e s ,  the g r a p h  of the d e p e n d e n c e  of the a c t i v i t y  on the pH had a s i g m o i d  n a t u r e .  
The o p t i m u m  pH was  found to be 8 .0 -8 .5 .  The r a t e  of h y d r o l y s i s  of a e e t y l c h o l i n e  r o s e  r a p i d l y  wi th  an in -  
c r e a s e  in the pH f r o m  5 .5 -6 .0  to 8 .0-8 .5 ,  and, w h e n t h e  incuba t ion  m e d i u m  was  m a d e  m o r e  a l k a l i n e  it fe l l ,  
wh ich  is p o s s i b l y  due to the d e n a t u r a t i o n  of the e n z y m e .  A l m o s t  the s a m e  o p t i m u m  pH (8.4-9.0)  was  found 
by  H e i l b r o n  [14] and by Chowdhury  [15], who p e r f o r m e d  e x p e r i m e n t s  wi th  whole  v e n o m s  of the E l a p i d a e  
f a m i l y  and c h o l i n e s t e r a s e s  p u r i f i e d  f r o m  them.  In both bu f f e r  s y s t e m s  ( t r i s  and phospha te )  they o b s e r v e d  
a r a p i d  i n c r e a s e  in c h o l i n e s t e r a s e  a c t i v i t y  wi th  a sh i f t  in the pH to 7.4, and then the a c t i v i t y  changed  l i t t l e ,  
b e c o m i n g  a l m o s t  s t a b l e .  The s t a b i l i t y  and m a r k e d  ac t ion  of c h o l i n e s t e r a s e  at pH 7.4 has  been  r e p o r t e d  by 
Chowdhury  [15] and by Bj i i rk  [16]. 

F i g u r e  3d shows g r a p h i c a l l y  how the t e m p e r a t u r e  a f fec t s  the c h o l i n e s t e r a s e  a c t i v i t y .  With  a r i s e  in 
the t e m p e r a t u r e  the r a t e  of h y d r o l y s i s  of a c e t y l c h o l i n e  i n c r e a s e s ,  as  wi th  any o t h e r  e n z y m a t i c  r e a c t i o n .  
l 'he m a x i m u m  c l e a v a g e  of a c e t y l c h o l i n e  t a k e s  p l a c e  at  37-38°C.  The s a m e  t e m p e r a t u r e  o p t i m u m  f o r  cho -  
l i n e s t e r a s e  was  found in an i n v e s t i g a t i o n  of the whole  venom of the C e n t r a l  A s i a n  c o b r a  [3]. With  a f u r t h e r  
r i s e  in t e m p e r a t u r e  the c o l i n e s t e r a s e  a c t i v i t y  f a l l s ;  a t  50°C it  has  f a l l en  to s o m e w h a t  l e s s  than half  (41~), 
and at  60°C it is  s u p p r e s s e d  c o m p l e t e l y  in the f i r s t  few m i n u t e s .  The c a u s e  of the s h a r p  fa l l  in the ac t i v i t y  
of the e n z y m e  with a r i s e  in the t e m p e r a t u r e  is c o n s i d e r e d  to be p r i m a r i l y  i ts  t h e r m a l  d e n a t u r a t i o n  [13]. 
The t h e r m o l a b i l i t y  of venom c h o l i n e s t e r a s e  has  a l so  been  r e p o r t e d  by o t h e r  au tho r s  [17]. 

Inf luence  of D i i s o p r o p y l  P h o s p h o r o f l u o r i d a t e  (DIPF)  on the A c t i v i t y  of C o b r a  Venom C h o l i n e s t e r a s e .  
D I P F  is a r e a g e n t  which  r e a c t s  s p e c i f i c a l l y  with s e r i n e .  It is  a s s u m e d  that  h i s t i d i n e  p a r t i c i p a t e s  in the 
r e a c t i o n  of D I P F  with  s e r i n e  [18]. Consequen t ly ,  the fa l l  in e n z y m a t i c  a c t i v i t y  on t r e a t m e n t  wi th  D I P F  may  
be c o n s i d e r e d  an i nd i ca t i on  of the i nc lus ion  of s e r i n e  and h i s t i d i n e  in the "ac t ive  c e n t e r . "  F i g u r e  4 shows 
the in f luence  of D I P F  on the a c t i v i t y  of the c o b r a  venom c h o l i n e s t e r a s e .  With  an i n c r e a s e  in the c o n c e n -  
t r a t i o n  of D I P F  to 2 ~M the r a t e  of h y d r o l y s i s  of a c e t y l c h o l i n e  f a l l s  to z e r o .  The r e s u l t s  that  we have ob-  
t a ined  ind ica te  that  s e r i n e  and h i s t i d i n e  p a r t i c i p a t e  in the f o r m a t i o n  of the e s t e r a s e  c e n t e r  of the e n z y m e .  
The f o r m a t i o n  of the "ac t ive  c e n t e r "  wi th  the a id  of t he se  amino  a c i d s  is c o m m o n  to a l l  e h o l i n e s t e r a s e s ;  
the ac t ion  of D I P F  that  has  been  shown is c h a r a c t e r i s t i c  fo r  many  c h o l i n e s t e r a s e s  f r o m  o t h e r  s o u r c e s  [19]. 

S u b s t r a t e  S p e c i f i c i t y  of C o b r a  Venom C h o l i n e s t e r a s e .  We have i n v e s t i g a t e d  the ac t ion  of c o b r a  venom 
c h o l i n e s t e r a s e  on a c e t y l c h o l i n e  c h l o r i d e  , a c e t y l c h o l i n e  b r o m i d e ,  and b u t y r y l t h i o c h o l i n e  b r o m i d e .  The r e -  
su l t s  of the d e t e r m i n a t i o n  of the s u b s t r a t e  s p e c i f i c i t y  of the c h o l i n e s t e r a s e  a r e  g iven  be low.  
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Substrate 

Acetylcholine chloride 
Acetylthiocholine bromide 
Butyrylthiocholine bromide 

Specific activity 
of the chol inesterase ,  
~mole/mg of protein 

4.32 • 103 
4.33 • 103 

0 

The venom chol ines terase  hydrolyzes acetylcholine chloride and acetylthiocholine bromide equally actively, 
but has no effect on butyrylthiocholine bromide.  It is known that the e s t e r  of choline and butyric acid is a 
revers ib le  inhibitor of acetylcholine e s t e rase  [18]. It is possible just for this reason that the venom cholin- 
e s t e rase  does not attack butyrylthiocholine bromide.  In this respect  it is s imi la r  to the "true" chol ines-  
te rases ,  which also act on acetylcholine chloride and acetylcholine bromide but do not hydrolyze butyryl-  
thiocholine bromide [19]. The s imi lar i ty  of "ophiocholinesterase" to the true chol ines terases  has also 
been reported by other authors [15]. 

Toxicity of Cobra Venom Cholinesterase.  In experiments  on mice we studied the biological action of 
the chol ines terase  isolated, evaluating it according to its lethality for  mice. On intraperi toneal  adminis t ra -  
tion of the preparat ion,  no lethal outcome was observed even at doses of 8-10 mg/kg body weight. The lack 
of toxicity of the venom chol inesterase  has been observed previously in experiments  on the separat ion of 
the venom and the determinat ion of the toxicity of the fract ions [3, 20], and also in experiments  on the lethal 
effect of venoms in which the chol ines terase  was suppressed with the aid of specific inhibitors (proserine, 
DIPF) [3]. Nevertheless ,  the assumption has existed that venom enzymes,  while themselves being nontoxic, 
may potentiate the action of the true toxins. In view of this, we studied the lethal effect of the neurotoxin 
isolated from cobra venom with LD500.13 mg/kg body weight [21] in combination with the chol ines terase .  
The addition of the chol ines terase  did not change the effect iveness of this neurotoxin; its LDs0 value re -  
mained constant at 0.12-0.125 mg/kg body weight. 

S U M M A R Y  

1. By rechromatography on sulfoethyl-Sephadex C-50, an e lectrophoret ical ly  homogeneous p repa ra -  
tion of chol ines terase  has been obtained from the venom of Naja oxiana E ichwald. 

2. The activity of the chol ines terase  isolated depends on the concentrat ion of the enzyme and the time 
and tempera ture  of incubation, and also on the pH. The following must be considered the optimum condi- 
tions: time of incubation of the enzyme with the substrate  20-30 rain, pH 8.0-8.5, tempera ture  37-38°C. 

3. Diisopropyl phosphorofluoridate (DIPF) in a concentrat ion of 2 /zM completely suppresses  the ac-  
tivity of the cobra  venom chol inesterase .  

4. The venom chol inesterase  hydrolyzes  acetylcholine chloride and acetylthiocholine bromide but has 
no effect on butyrylthiocholine bromide,  in which respec t  it resembles  the true chol ines terases .  

5. Prepara t ions  of cobra  venom chol ines terase  do not p o s s e s s a l e t h a l  action and do not potentiate the 
activity of the neurotoxins of the same venom. 
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