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T h e  a c t i o n  of  s n a k e  v e n o m  p h o s p h a t a s e s  has  b e e n  s u g g e s t e d  by  Ze l le r  
(23) to  be  r e l a t e d  to  s h o c k  s y m p t o m s .  I n v e s t i g a t i o n s  on  t h e  ac t iv i ty ,  
p r o p e r t y ,  a n d  c h a r a c t e r i s t i c s  of  p h o s p h o m o n o e s t e r a s e s  in  v a r i o u s  snake  
v e n o m s  h a v e  a t t r a c t e d  t h e  a t t e n t i o n  of  m a n y  w o r k e r s ,  K a y  (9), L u n d s t e e n  
a n d  V e r m e h r e n  (14), S h i n o w a r a  e t  al. (18). 

S t u d i e s  o n  d i f f e r e n t  s n a k e  v e n o m s  b y  a n u m b e r  of  w o r k e r s  - Y a n g  and 
C h a n g  (22), L a s k o w s k i  e t  al. (12), K a y e  (10), B j o r k  (3) a n d  J i m e n e z - P o r r a s  
(8) - s h o w e d  c e r t a i n  v a r i a t i o n s  t h a t  p r o v e d  to  be  of  r e m a r k a b l e  v a l u e  w h e n  
c o n s i d e r i n g  t h e  v a r i a b l e  e f f ec t s  of  d i f f e r e n t  s n a k e  v e n o m s .  

N o  s i m i l a r  s t u d i e s  o n  a n y  of  t h e  E g y p t i a n  s n a k e s  c o u l d  b e  t r a c e d  in  the  
a v a i l a b l e  l i t e r a tu re .  

T h e  p r e s e n t  s t u d y  dea l s  w i t h  i n v e s t i g a t i o n s  on  ac id  a n d  a l k a l i n e  phos-  
p h a t a s e s  in  f o u r  of  t h e  m o s t  c o m m o n  s p e c i e s  in  E g y p t ,  n a m e l y :  two  
v i p e r i d s ,  Cerastes  cerastes  a n d  Cerasfes  vipera, a n d  t w o  e lap ids ,  Naja haje 
a n d  Naja nigricollis. 

M a t e r i a l s  a n d  m e t h o d s  

Venoms used were milked in Agouza snake farm (Cairo) and venoms collected 
were either used fresh or frozen at -20~ then desiccated under  vacuum as 
described by Hassan and E1-Hawary (6). Venom solution of suitable concentration 
was adopted following pilot experiments,  these were: 5 % for the two vipers and 1% 
for the two elapids, prepared in physiological saline. 

King-Armstrong method as described by Wootton (21) was used for the determi- 
nation of the activities of both acid and alkaline phosphatases. 

Opt imum pH values were investigated in the range of 3-7 for acid phosphatase 
or 7-12 for alkaline phosphatase. Opt imum substrate concentrations were studied 
in the range of 0.001-0.200 M under  the obtained pH optima. The effect of activators 
and inhibitors was studied by the addition of 0.1 ml of either reagent to the venom 
buffer mixture  in a final concentration of 0.01 M. Effect of heat was studied by 
heating the venom solutions for 1O minutes at different temperatures  between 10 
and 60 ~ then estimating the residual activity. 

R e s u l t s  a n d  d i s c u s s i o n  

T a b l e  1 s h o w s  t h e  l e v e l s  of  ac id  a n d  a l k a l i n e  p h o s p h a t a s e  a c t i v i t i e s  in 
t h e  i n v e s t i g a t e d  s n a k e  v e n o m s  in  c o m p a r i s o n  to  h u m a n  s e r u m .  T h e  mag-  
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T a b l e  1. M e a n  v a l u e s  f o r  a c i d  a n d  a l k a l i n e  p h o s p h a t a s e  a c t i v i t i e s  i n  s n a k e  v e n o m s  
a s  c o m p a r e d  t o  t h o s e  o f  h u m a n  s e r u m .  

S a m p l e  

A c i d  p h o s p h a t a s e  
a c t i v i t y  x 10 -~ 

A l k a l i n e  p h o s p h a t a s e  
a c t i v i t y  x 10 -3 

r a n g e  m e a n  r a n g e  m e a n  

H u m a n  s e r u m  0 . 3 8 -  0.52 0 . 4 6 _ 0 , 0 4  1 . 2 8 -  2.22 1.75-+0.29 
C. c e r a s t e s v e n o m  0 . 6 9 -  0.92 0.80__.0.05 1 . 4 5 -  2.37 2 . 0 0 + 0 . 2 4  
C. v i p e r a  v e n o m  0 . 5 4 -  0.83 0 . 7 0 •  0 . 9 5 -  2.03 1.50+__0.27 
N.  h a j e  v e n o m  2 . 9 5 -  4.22 3.60_+0.29 23.5 -42 .2  30.00___4.50 
N.  n ig .  v e n o m  12.6 -21 .5  16.00 _ 2.32 6 .00 -13 .30  10.00 __. 1.38 

M e a n  of  10 e s t i m a t i o n s  o n  d i f f e r e n t  s a m p l e s .  
K i n g - A r m s t r o n g  u n i t s / 1  m g  p r o t e i n .  
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Fig .  1 a - e .  p H  - a c i d  p h o s p h a t a s e  a c t i v i t y  c u r v e s  o f  t h e  i n v e s t i g a t e d  s n a k e  v e n o m s  
c o m p a r e d  to  t h a t  o f  h u m a n  s e r u m  (a) C. c e r a s t e s ;  (b) C. v i p e r a ;  (c) N.  h a j e ;  (d) 

N.  n i g r i c o l l i s  a n d  (e) h u m a n  s e r u m .  
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Fig. 2a-e. pH - alkaline phosphatase activity curves of the investigated snake 
venoms and human serum (a) C. cerastes; (b) C. vipera; (c) N. haje; (d) N. nigricollis 

and (e) human serum. 

n i t u d e  of  t h e  a c t i v i t y  w a s  in  t h e  o r d e r  of  E l a p i d a e  > V i p e r i d a e ;  of  in teres t ,  
t h e  a c t i v i t y  of  b o t h  e n z y m e s  w a s  m o r e  o r  l e ss  t h e  s a m e  in  t h e  t w o  v ipe r ids ;  
w h i l e  t h e i r  s t r e n g t h  v a r i e d  r e m a r k a b l y  b e t w e e n  t h e  m e m b e r s  of  e lapids .  
N. n i g r i c o l l i s  o n l y  s h o w e d  ac id  p h o s p h a t a s e  a c t i v i t y  e x c e e d i n g  i ts  a lka l ine  

Table 2. Opt imum substrate concentrations and their corresponding Km values. 

Sample  
Acid phosphatase Alkaline phosphatase 

Opt imum substrate Opt imum substrate 
conc. (M) Km conc. (M) Km 

C. cerastes 0.100 0.028 0.100 0.025 
C. vipera 0.100 0.025 0.100 0.026 
N. haje 0.125 0.037 0.150 0.029 
N. nigricollis 0.150 0.042 0.125 0.038 
H. serum 0.010 0.004 0.010 0.005 
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Fig. 3a. Substrate concentrat ion - acid phosphatase activity curve for venom of 
C. cerastes. 

one.  Th i s  is pa ra l l e l  to s i m i l a r  r e su l t s  r e p o r t e d  b y  T u  a n d  C h u a  (20). W h e n  
the  ac t iv i ty  of b o t h  e n z y m e s  in  t h e  s n a k e  v e n o m s  w a s  c o m p a r e d  to t h o s e  
of h u m a n  s e r u m ,  t he  f o r m e r  s e e m e d  to be  a v e r y  r i ch  source ,  e spec i a l l y  
e l ap ids  s u p p o r t i n g  s i m i l a r  f i n d i n g s  b y  R i c h a r d s  e t  al. (15). 

F i g u r e s  1 a n d  2 s h o w  t h a t  t he  o p t i m u m  p H  for ac id  a n d  a l k a l i n e  
p h o s p h a t a s e s  are  4.9 a n d  10.0 in  t h e  2 v ipers ,  w h i l e  4.0 a n d  9.0 for  t he  2 
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Fig. 3b. Substrate concentrat ion - acid phosphatase activity curve for venom of 
C. vipera. 
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N. haje .  

elapids respectively.  These  opt ima are close to those repor ted  by Tu and 
Chua  (20), work ing  on 3 crotalids and 3 elapids, and  Se togouehi  et al. (17), 
work ing  on sea snakes.  Comparab le  results for h u m a n  se rum enzymes  are 
4.9 and 10.0, respect ively (Wootton 21). 

O p t i m u m  subst ra te  concent ra t ions  and their  cor responding  Km values 
(Michael-Menten constants)  for bo th  activities in tes ted v e n o m s  are shown 
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Fig .  3 d. S u b s t r a t e  c o n c e n t r a t i o n  - ac id  p h o s p h a t a s e  ac t i v i t y  c u r v e  fo r  v e n o m  of 
N.  n igr icoUis .  
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Fig. 3e. Substra te  concentrat ion - acid phosphatase  activi ty curve of human  serum 
enzyme. 

in  t a b l e  2. B o t h  v a l u e s  e x c e e d  t h o s e  fo r  c o r r e s p o n d i n g  e n z y m e s .  T h e  h i g h  
v e n o m - e n z y m e  c o n t e n t  a n d  a c t i v i t y  m a y  r e f l e c t  t h e i r  e s s e n t i a l  ro le ,  a t  l e a s t  
p a r t i a l l y  in  p r e c i p i t a t i n g  t h e  t o x i c  e f f ec t s  of  t h e  v e n o m s .  

L i n e a r  r e l a t i o n s h i p  c o u l d  b e  d e m o n s t r a t e d  b e t w e e n  e n z y m e  a c t i v i t y  
a n d  t e m p e r a t u r e  in  t h e  r a n g e  of  37-40 ~ b e y o n d  t h i s  r a n g e  d e t e r i o r a t i o n  
in  t h e  e n z y m e  a c t i v i t y  o c c u r r e d .  B r o w n  (4) n o t e d  t h a t  t h e  e s t e r a s e s  of  
C r o t a l u s  a t r o x  a r e  i n a c t i v a t e d  b e t w e e n  50 a n d  75 ~ w h e n  h e a t e d  fo r  1 h o u r  
S e t o g o u c h i  e t  al.  (17) s h o w e d  t h a t  t h e  p h o s p h a t a s e s  of  L.  s e m i f a s c i a t a  a r e  
h e a t - l a b i l e  w h e n  h e a t e d  fo r  10 m i n u t e s  a t  57 ~ 

T a b l e  3 s h o w s  t h e  e f f ec t  of  t h e  a c t i v a t o r s  a n d  i n h i b i t o r s  o n  t h e  a c t i v i t y  
of  b o t h  e n z y m e s  in  t h e  t e s t e d  v e n o m s  as  c o m p a r e d  to  t h o s e  of  h u m a n  
s e r u m .  M g  ++ a c t i v a t e d  b o t h  e n z y m e s  of  e i t h e r  v e n o m s  a n d  h u m a n  s e r u m .  
S i m i l a r  f i n d i n g s  w e r e  r e p o r t e d  b y  R o c h e  (16), J e n n e r  a n d  K a y  (7) a n d  
D a v i s  (5) w h e n  w o r k i n g  w i t h  m a m m a l i a n  e r y t h r o c y t e s .  O n  t h e  o t h e r  h a n d ,  
K u t s c h e r  a n d  W o l b e r g s  (11) c o u l d  n o t  p r o v e  t h e  a c t i v a t i o n  of  M g  +§ o n  a c i d  
p h o s p h a t a s e  w h e n  w o r k i n g  w i t h  t h e  p r o s t a t i c  e n z y m e  o r  h u m a n  e r t h r o -  
cy tes .  H o w e v e r ,  A b u l - F a d l  a n d  K i n g  r e p o r t e d  a s l i g h t  i n h i b i t o r y  e f f ec t  of  
M g  ++ o n  t h e  p r o s t a t i c  a c i d  p h o s p h a t a s e .  L a s k o w s k i  e t  al. (13) f o u n d  t h a t  
n o n s p e c i f i c  a l k a l i n e  p h o s p h a t a s e  of  B o t h r o p s  a t r o x v e n o m  is  a c t i v a t e d  b y  
M g  ++. T h e  a c t i v a t o r y  e f f e c t  of  t h i s  i o n  m i g h t  e x p l a i n  i t s  a d d i t i o n  to  t h e  
r e a c t i o n  m i x t u r e  in  t h e  e x p e r i m e n t s  of  S e t o g o u c h i  e t  al.  (17) in  t h e  v e n o m  
of  L. semifasciata.  

Z n  ++ w a s  f o u n d  to  b e  w i t h  n o  e f f e c t  o n  t h e  a c t i v i t y  of  a l l  v e n o m s '  a c i d  
p h o s p h a t a s e ,  a n d  t h e  v i p e r i d s '  a l k a l i n e  p h o s p h a t a s e s ,  b u t  p r o v e d  to  b e  
i n h i b i t o r y  fo r  e l a p i d s '  a l k a l i n e  p h o s p h a t a s e s .  

A r v y  (2) i s o l a t e d  a p u r i f i e d  a l k a l i n e  p h o s p h a t a s e  e n z y m e  f r o m  i s l e t  
t i s s u e  of  t h e  p a n c r e a s  of  vlpera aspls  a n d  vlpera berus  a n d  d e m o n s t r a t e d  
t h e  p r e s e n c e  of  z inc  in  t h e  i s l e t  ce l ls .  S u z u k i  (19), w o r k i n g  o n  t h i r t e e n  
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Fig. 4a. Substrate concentration "a lkal ine  phosphatase activity curve for venom of 
C. eerastes. 

v e n o m s  of J a p a n e s e  a n d  F o r m o s a n  s n a k e s ,  d e m o n s t r a t e d  the  p r e s e n c e  of 
c o n s i d e r a b l e  a m o u n t s  of z inc  a n d  s m a l l  a m o u n t s  of m a g n e s i u m  in  t h e s e  
v e n o m s  b y  e m i s s i o n  s p e c t r o p h o t o m e t r y ;  a n d  r e p o r t e d  m a r k e d l y  i n h i b i -  
t o ry  effect  of Z n  o n  a l k a l i n e  p h o s p h a t a s e  ac t i v i t y  of al l  v e n o m s  s t u d i e d .  T u  
a n d  C h u a  (20), w o r k i n g  o n  f ive e l ap id s  a n d  t h r e e  c ro ta l ids ,  r e a c h e d  s i m i l a r  
c o n c l u s i o n s .  
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Fig. 4b. Substrate concentration - alkaline phosphatase activity curves for venom 
of C. vipera. 
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Fig. 4c. Substrate concentration - alkaline phosphatase activity curve for v e n o m  of 
N. haje. 

F l u o r i d e  i o n s  s h o w e d  n o  e f f e c t  o n  v i p e r i d  a l k a l i n e  p h o s p h a t a s e s ,  but  
e x h i b i t e d  s l i g h t  a c t i v a t o r y  e f f e c t  o n  e l a p i d  a l k a l i n e  p h o s p h a t a s e ;  o n  the  
contrary ,  s n a k e - v e n o m  a c i d  p h o s p h a t a s e s  w e r e  c o m p l e t e l y  i n h i b i t e d  by 
f l u o r i d e  ions .  S i m i l a r  o b s e r v a t i o n  w a s  r e p o r t e d  b y  T u  a n d  C h u a  (20) w h e n  
w o r k i n g  o n  a l k a l i n e  p h o s p h a t a s e  o f  N. haje sarnarensis a n d  N. baje. 
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Pig. 4d. Substrate concentration - alkaline phosphatase activity curve for venom of 
N. nigricoUis. 
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F ig .  4e .  S u b s t r a t e  c o n c e n t r a t i o n  - a l k a l i n e  p h o s p h a t ~ s e  ac t i~_ ty  e u r c e  f o r  h u m a n  
s e r u m  e n z y m e .  

T h e  e f f ec t  of  E D T A  on  t h e  a c t i v i t y  of  d i f f e r e n t  v e n o m  a c i d  a n d  a l k a l i n e  
p h o s p h a t a s e s  w a s  e x t r e m e l y  v a r i a b l e .  O n l y  ac id  p h o s p h a t a s e  of  N. haje 
a n d  N. nigricollis w e r e  i n h i b i t e d  w h i l e  a l k a l i n e  a n d  a c i d  p h o s p h a t a s e  of  
t h e  v i p e r i d  e n z y m e s  w e r e  n o t  i n f l u e n c e d .  

I n  c o n c l u s i o n ,  i t  is a p p a r e n t  t h a t  v e n o m  a c i d  a n d  a l k a l i n e  p h o s p h a t a s e s  
are  s u b s t r a t e  spec i f i c ,  b u t  d i f f e r e n c e s  w e r e  o b s e r v e d  in t h e i r  p H  o p t i m a ,  
s u b s t r a t e  c o n c e n t r a t i o n ,  a n d  b e h a v i o u r  t o w a r d s  a c t i v a t o r s  a n d  i n h i b i t o r s .  
T h i s  m a y  s u g g e s t  t h e  e x i s t e n c e  of  d i f f e r e n t  i s o e n z y m e  p a t t e r n s ,  w h i c h  
n e e d s  f u r t h e r  i n v e s t i g a t i o n s .  I n  a d d i t i o n ,  s u c h  v a r i a t i o n s  s e e m  to  s u p p o r t  
t h e  i d e a  of  b i o c h e m i c a l  c l a s s i f i c a t i o n  r a t h e r  t h a n  t h e  m o r p h o l o g i c a l  one .  

S u m m ~  

Non-specific acid and alkaline phosphomonoesterases  could be demonstrated in 
two viperids (Cerastes cerastes and Cerastes vipera) and two elapids (Naja haje and 
Naja nigricoHis). The latter could be a natural source for the production of these 
enzymes. 

The activities of both enzymes in elapids were greater than in viperids. N. 
nig~collis was the only to show acid phospha/mse activity exceeding its alkaline 
o n e .  

The opt imum pH values recorded for acid phosphatase was 4.0 and 4.9 and for 
alkaline phosphatase 9.0 and 10.0 in viperids and elapids, respectively. 

Optimum substrate concentrat ion for both enzymes in viperids was 0.01 M, 
while for acid phosphatase in IV. haje and N. nigricollis it was 0.125 and 0.150 M; and 
for their alkaline phosphatases the values were 0.150 and 0.125 M, respectively. 

Mg ++ behaved as an activator for both enzymes in all venoms investigated, while 
Zn ++ showed either no or slight activating effect. Fluoride ions as well as EDTA 
showed certain inhibitory action. 

Both enzymes in the crude venoms were heat-labile. 

Key words: elapids, viperids, phosphomonoesterases  
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