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A recent  t rend in the field of venomology  is the use of v e n o m  propert ies  
as tools for t axonomic  and phylogene t ic  studies. Besides their  t axonomic  
implication, geographic  differences migh t  lead to medicob iochemica l  
importance.  

Many workers  emphas ized  the remarkable  effect of envi ronmenta l  
changes  due to geographical  dis t r ibut ion on some species of venoms.  The 
WHO commit tee  on s tandardizat ion (13) has poin ted  out  the impor tance  of 
repor t ing the specificity of ant ivenins  p roduced  against  their  appropr ia te  
zoogeographic  venoms.  Thus  antisera for rattle snakes  of Nor thern  Brazil 
were  found  to be ineffective towards  those  of Sou the rn  areas (4, 5). Also 
Asian cobras  f rom different  parts  of Asia were s tudied against  specific 
an t i se rum of Thai land cobras, and  it was found  to be incompat ib le  (11). 

I t  is well establ ished that  mos t  of the v e n o m  const i tuents  responsible  
for toxic  and  enzymat ic  activity are proteinic  in nature. It  has also been 
demons t ra t ed  that  proteins const i tute  90-95 % of d ry  elapid venoms  (3) and 
80-85% of viper  v e n o m s  (6), respectively.  Hence  one should  expect  that  
variations in prote in  content  or its dis t r ibut ion would  contr ibute  to a great 
deal to venoms '  biological specificity, involving both  their  enzymat ic  
activity and toxic power.  

The present  invest igat ion deals with a s tudy  of prote in  changes  and its 
consequences  related to toxici ty and its phosphol ipase  activity due  to 
geographical  dis t r ibut ion in five m e m b e r s  of Cerastes species living along 
the Nile Valley. 

Material  and m e t h o d s  

5 Cerastes vipers are dealt with in this study, namely: 
- Cerastes cerastes (Ccl) 2) captured near Cairo (Pyramid area) 
- Cerastes cerastes (Cc2) 2) captured at the New Valley (800 km south-west Cairo and 

located in the West. desert) 
- Cerastes cerastes (Cc3) 2) captured at Abu Simbil (1000 km south Cairo) 

1) This research is sponsored by O.N.R contract No. 0014-73-C-0508. 
2) These abbreviations are used through the whole text. 
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- Ceras t e s  v i p e r a  (Cvl) z) c a p t u r e d  n e a r  Cairo  ( P y r a m i d  area). 
- Ce ras t e s  v i p e r a  (Cv3) 2) c a p t u r e d  at  A b u  S i m b i l  (1000 k m  s o u t h  Cairo). 

V i p e r s  f r o m  d i f f e ren t  loca l i t ies  w e r e  c a p t u r e d  a n d  k e p t  in  t h e  s n a k e  f a r m  at  
A g o u z a  In s t i t u t e ,  Cairo.  T h e y  w e r e  m i l k e d  as  s o o n  as t h e y  w e r e  i n t r o d u c e d  to t he  
farm.  V e n o m s  are  d e s i c c a t e d  u n d e r  v a c u u m  at  r o o m  t e m p e r a t u r e ,  a n d  5% sa l ine  
s o l u t i o n s  w e r e  p r e p a r e d  for  e x p e r i m e n t a l  i nves t i ga t i ons .  A s s a y  of l e tha l  toxic i ty :  

0.5 m l  of c r u d e  v e n o m  of d i f f e r en t  d i l u t i o n s  are  i n t r a v e n o u s l y  i n j e c t e d  in to  4 
a l b i n o  Swiss  m i c e  (16-18 g) at  e a c h  level  dose.  LDs0 was  c a l c u l a t e d  a c c o r d i n g  to 
Dragsted a n d  Lang's f o r m u l a  (2). 

Protein content  

P r o t e i n  c o n t e n t  was  e s t i m a t e d  a c c o r d i n g  to L o w r y  et  al. m e t h o d  (8), a n d  da ta  
w e r e  ve r i f i ed  u s i n g  m i c r o - K j e l d a h l  m e t h o d  as d e s c r i b e d  b y  Wootton (14). 

Electrophoresls 

Cel lu lose  ace t a t e  

(A B e c k m a n  m i c r o z o n e  cell  Mod.  R.-101 was  used).  E l e c t r o p h o r e s i s  was  r u n  
u s i n g  v e r o n a l  b u f f e r  of p H  8.6 a n d  ion ic  s t r e n g t h  0.05 a n d  a p p l y i n g  250 vo l t s  for  20 
m i n u t e s .  A c r y l a m i d e  gel  e l e c t r opho r e s i s :  

C a t h o d i c  a n d  a n o d i c  m i g r a t i o n s  of t h e  d i f f e r en t  p r o t e i n i c  f r ac t ions  of t h e  5 
Ce ras t e s  v e n o m s  were  r u n  o n  15% a c r y l a m i d e  gel u s i n g  p H  8.3 a n d  4.5 buf fe r s  
r e s p e c t i v e l y  a c c o r d i n g  to t h e  m e t h o d  d e s c r i b e d  b y  Maurer (10). 

T h e  gel  s y s t e m s  u s e d  w e r e  

15% sma l l  p o r e  gel a t  p H  8.3 (Buf fe r  T r i s /g lyc ine  p H  8.3) 
15% sma l l  p o r e  gel  a t  p H  4.5 (Buf fe r  B - a l a n i n e  ace t ic  ac id  p H  4.5) 
100 a n d  200 ~g of e a c h  v e n o m  w e r e  used ,  a n d  e l e c t r o p h o r e s i s  was  r u n  for  3 to  5 
h o u r s  in  ac id ic  or a lka l i ne  med ia ,  r espec t ive ly .  

T h e  loca t ion  a n d  p a t t e r n  of s e p a r a t e d  v e n o m  f rac t ions  w e r e  c o m p a r e d  w i t h  
t h o s e  of h u m a n  s e r u m .  

PhosphoIipase determination 

P h o s p h o l i p a s e  ac t iv i ty  was  ca r r i ed  o u t  o n  t h e  c o n c e r n e d  v e n o m s  a c c o r d i n g  to 
t h e  m e t h o d  d e s c r i b e d  b y  Marinetti(9). I t  is a r ap id  a s say  of t h e  e n z y m e  t h a t  d e p e n d s  
o n  t h e  c l ea r ing  of a s u s p e n s i o n  of egg  yolk.  Th i s  c l ea r ing  is d u e  to  p h o s p h o l i p a s e  A 2 
of t h e  v e n o m  a c t i n g  o n  t h e  l i p o p r o t e i n s  to  p r o d u c e  lyso lec i th in ,  w h i c h  f u r t h e r  is 
c a p a b l e  of so lub i l i z ing  t h e  egg-yo lk  s u s p e n s i o n  u n d e r  c o n t r o l l e d  pH, t e m p e r a t u r e ,  
a n d  ion ic  s t r e n g t h .  D i f f e r en t  c o n c e n t r a t i o n  of v e n o m s  r a n g i n g  b e t w e e n  2 a n d  20 ~g 
w e r e  used .  

S t o c k  egg  yo lk  so lu t ion :  One  egg  yo lk  is c o m p l e t e d  to 100 m l  w i t h  phys io log ica l  
sa l ine ,  k e p t  a t  + 4 ~ as c o n c e n t r a t e d  subs t r a t e .  

W o r k i n g  egg-yo lk  so lu t ion :  0.25 m l  of t he  c o n c e n t r a t e d  s u s p e n s i o n  is c o m p l e t e d  
to a b o u t  6-10 m l  w i t h  phys io log ica l  sa l ine  so t h a t  t h e  a b s o r b a n c e  of t he  so lu t i on  
w o u l d  r e a d  6.6 a t  925 ~m. 

P r o c e d u r e :  0.2 m l  c o n t a i n i n g  2-20 ~g v e n o m  was  a d d e d  to e q u a l  a l i quo t s  (5.8 ml)  
of w o r k i n g  egg-yo lk  so lu t ion .  T e m p e r a t u r e  a d j u s t e d  to 37 ~ a n d  i ts  a b s o r b a n c e  a t  
925 ~rn is r e ad  a t  once .  

T h e  d e c r e a s e  in  a b s o r b a n c e  of t h e  s u s p e n s i o n  was  fo l lowed  at  5 m i n u t e s -  
i n t e rva l s  for  ha l f  a n  hour .  A a b s o r b a n c e  wil l  b e  p r o p o r t i o n a l  to  t h e  ac t iv i ty  of t he  
enzyme .  

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

D a t a  f o r  v e n o m  l e t h a l i t y  ( t a b l e  1) s h o w  t h a t  t h e  v e n o m  of  C e r a s t e s  
s n a k e s  l i v i n g  i n  A b u  S i m b i l  ( U p p e r  E g y p t ) ,  w h e r e  d a y  t e m p e r a t u r e  
a r o u n d  t h e  y e a r  v a r i e s  b e t w e e n  35 a n d  52 ~ a r e  t h e  m o s t  t o x i c  i f  c o r n -  
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Table 1. Lethal Toxicity of Different Species of Cerastes Venoms and their Neutrali- 
zation Power Against Specific Bivalent Antiserum of Cerastes cerastes and Ceras- 

tes vipera of Cairo. 

Venom Locality LD50 Mg of venom No. of LDs0 
species ~g/mouse neutralized neutralized 

by 1 ml of by 
ant iserum 1 ml antiserum 

C. eerastes Cct Pyramid desert 8-9 5.2 611 
C. cerastes Cc 2 New Valley 6-7 4.8 738 
C. cerastes Cc 3 Abu Simbil 5-6 4.6 836 
C. vipera Cv 1 Pyramid 12-13 4.0 320 
C. vipera Cv 3 Abu Simbil 9-10 3.6 379 

p a r e d  of t he i r  c o r r e s p o n d i n g  spec ies  of Cairo. Also  the  t o x i c i t y  of Ce ras t e s  
s n a k e s  of the  N e w  Val ley,  w h e r e  t he  t e m p e r a t u r e  d u r i n g  the  day  v~iries 
b e t w e e n  35 a n d  48 ~ all  ove r  the  year ,  is st i l l  m o r e  t h a n  t ha t  of Cairo. T h e  
l e tha l i t y  of the  s t u d i e d  v e n o m s  cou ld  b e  g i v e n  in  t he  f o l l o w i n g  s e q u e n c e  
Cc3 > Cc2 > Ccl > for  the  3 Ceras t e s -ce ra s t e s  s n a k e s  a n d  Cv3 > Cv, for  t he  
two  Ceras t e s -v ipe ra  snakes .  

T h e  p r o t e i n  c o n t e n t  ( tab le  2) of t he  d ry  v e n o m s  of the  5 s t u d i e d  s n a k e s  
s h o w e d  t he  s e q u e n c e  Cc 3 > Cc2 > Cct > a n d  Cv 3 > Cv 1. I t  s e e m s  tha t  t he  
e n v i r o n m e n t a l  h i g h  t e m p e r a t u r e  exe r t s  a n  i n f l u e n c e  o n  the  m o i s t u r e  
c o n t e n t  of t he  v e n o m s ;  a v i e w  t h a t  r ece ives  s u p p o r t  f r o m  the  f i n d i n g  t h a t  
the  m o i s t u r e  c o n t e n t  of the  f resh  v e n o m s  s h o w e d  a s e q u e n c e  o p p o s i t e  to 
t h a t  of toxic i ty .  

Ce l lu lose -ace t a t e  e l e c t r o p h o r e s i s  of t he  3 Ce ras t e s - ce ra s t e s  v e n o m s  
r e v e a l e d  g rea t  q u a l i t a t i v e  s i m i l a r i t y  i n  t he  p r o t e i n  p a t t e r n  r e g a r d i n g  the  
n u m b e r  of the  f r ac t ions  a n d  the i r  mob i l i t y .  O n  t he  con t ra ry ,  t he  v e n o m s  of 
t he  two  Ceras tes  v i p e r s  s h o w e d  d i f f e r en t  p r o t e i n - e l e c t r o p h o r e t i c  pa t t e r n s ;  
t ha t  of A b u  S i m b i l  (Cv3) r evea l ed  m o r e  n e g a t i v e l y - c h a r g e d  f r ac t ions  
m o v i n g  t o w a r d s  t he  a n o d e  t h a n  t h a t  of Cairo  (Cvl) (fig. 1). 

Table 2. Total protein and soluble nitrogen in g/100 ml in all cerastes species. 

Total protein 

Viper Tot.N 2 prot.N2 Sol.N2 micro- Folin 
Kjeldahl 

% 
Moisture 

content  

Cerastes cerastes (dry) Cc I 16.50 13.90 2.6 87.50 86.00 
Cerastes cerastes (fresh) Cc 1 4.00 3.30 0.70 20.60 20.47 76 
Cerastes cerastes (dry) Cc2 17.23 14.43 2.80 90.20 91.20 
Cerastes cerastes (fresh) Cc2 4.43 3.70 0.73 23.10 23.52 73.5 
Cerastes cerastes (dry) Cc 3 17.36 14.62 0.74 91.40 92.60 
Cerastes cerastes (fresh) Cc3 4.52 3.83 0.69 23.93 24.44 73 
Cerastes vipera (dry) Cv 1 15.10 13.10 2.00 82.00 84.00 
Cerastes vipera (fresh) Cv 1 3.80 3.30 0.50 20.60 21.30 75 
Cerastes vipera (dry) Cv3 1 7 . 4 0  14.81 2.59 92.60 94.00 
Cerastes vipera (fresh) Cv3 4.63 3.95 0.68 24.68 25.29 72.3 
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Fig. 1 shows cellulose acetate electrophoresis of (1) Cv 3, (2) Cc 3, (3) Cc 1, (4) Cc 2, (5) 
Cvl, (6) Cv3 (7) normal serum, and (8) cobra venom. 

A c r y l a m i d e  e l e c t r o p h o r e s i s  d e m o n s t r a t e d  s i g n i f i c a n t  p r o n o u n c e d  dif- 
f e r ences  b e t w e e n  t he  p u r e  v e n o m s .  A t  ac id ic  b u f f e r  of p H  4.5 (fig. 2), 
p r o t e i n s  m i g r a t i n g  t o w a r d s  the  c a t h o d e  s h o w e d  a l m o s t  s i m i l a r  p a t t e r n s  in  
t he  5 Ceras tes  v e n o m s ;  e x c e p t  for a d i l u t i o n  or c o n c e n t r a t i o n  of s o m e  of 
the  f a s t - m i g r a t i n g  c o m p o n e n t s .  At  a l k a l i n e  p H  8.3 (fig. 3) r e m a r k a b l e  

Fig. 2 shows acrylamide gel electrophoresis run at pH 4.5 for (1) human  serum, (2) 
Ccl, (3) Cvl, (4) Cc 2, (5) Cc 3, and (6) Cv 3. 
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Fig. 3 shows acrylamide gel electrophoresis run at pH 8.3 for (1) human serum, (2) 
Ccl, (3) Cc2, (4) Cc3, (5) Cv3, and (6) Cv 1. 

d i f fe rences  were  observed .  Var ia t ions  in the  m o b i l i t y  of the  fas ter  b a n d s  
and  p r e s e n c e  of new b a n d s  in the  area  of s low mig ra t i on  were  d e m o n s t r a t -  
ed  in Cv3 v e n o m  when  c o m p a r e d  to tha t  of Cv 1. In  Ceras tes -ce ras te s  
g roups ,  s imi la r  pa t t e rns  cou ld  be  obse rved ;  w i th  the  e x c e p t i o n  of two 
h e a v y  b a n d s  in the  m i d d l e  a rea  of Cc2 and  Cc3 v e n o m s  as c o m p a r e d  to a 
s ingle  b a n d  in the  same  area  for Ccl venom.  S u c h  d i f fe rences  in the  
p ro t e in  pa t t e rn s  cou ld  he lp  in d i f fe ren t i a t ing  b e t w e e n  the  five s tud i ed  
venoms ,  w h i c h  in tu rn  w o u l d  fac i l i ta te  the  iden t i f i ca t ion  of the  loca l i ty  of 
the  snake.  

All  the  5 v e n o m s  t e s t ed  s h o w e d  r e m a r k a b l e  p h o s p h o l i p a s e  A 2 act ivi ty;  
in h a r m o n y  wi th  h igh  ac t iv i ty  r e p o r t e d  by  K11bansky  et  al. (7) w o r k i n g  on 
Vipera  pa l aes t in i ae  and  B r a d l o w  and  M a r c u s  (1) w o r k i n g  on Vipera  rus- 
selli. On the  o the r  hand ,  Marlne t t i  (9) r e p o r t e d  lower  ac t iv i ty  for e l ap id  
venoms.  

The s equence  of p h o s p h o l i p a s e  A2 ac t iv i ty  (fig. 4) in the  s t ud i e d  
v e n o m s  was  Cv3 > Cc 3 > Cc2 > C c l  > Cv,. At  v e n o m  concen t r a t i ons  of 2-5 
~g pe r  r eac t ion  mix tu re ,  the  e n z y m e  ac t iv i ty  s h o w e d  a l inear  r e l a t i o n s h i p  
wi th  t ime  over  the  30-minutes  pe r iod  of the  e x p e r i m e n t .  At  v e n o m s  of 
h ighe r  concen t r a t i ons  (10-20 ~tg) e x c e p t  for v e n o m s  of low p h o s p h o l i p a s e  
ac t iv i ty  th is  l inear  r e l a t ionsh ip  was  on ly  l imi t ed  to the  in i t ia l  5-10 m i n u t e s  
of the  react ion ,  fo l lowed  b y  an ear ly  p la teau.  A p p a r e n t l y  one  can d r aw  a 
co r re la t ion  b e t w e e n  v e n o m - p h o s p h o l i p a s e  ac t iv i ty  and  e n v i r o n m e n t a l  
condi t ions ,  viz., v e n o m s  of s n a k e s  l iv ing in ho t  areas ,  e.g. A b u  S imb i l  and  
the  New Valley,  are cha rac te r i zed  by  very  h igh  p h o s p h o l i p a s e  act ivi ty.  
This  is in c o n c o r d a n c e  wi th  the  fact  t ha t  the  e n z y m e  is e x t r e m e l y  heat-  
s t ab le  (12). 
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Fig. 4 shows curves of phosphol ipase A 2 activity in Ccl, Cc2, Cc3, Cvz, and Cv 3 using 
(A) 2 ~g, (B) 5 ~g, (C) 10 ~g and (D) 20 ~g of venom per reaction mixture. 

Cellulose-acetate and acrylamide-gel  e lectrophoresis  showed  certain 
similarities be tween  the protein pat terns of snakes living under  similar 
envi ronmenta l  condit ions.  Thus  the pat terns  of v e n o m  proteins of Cv~ and 
Cc3 inhabi tants  of ho t  areas are quite  matching.  Also those  of Ccl and Cv: 
inhabi tants  of mild climatic areas were  similar, bu t  great ly different f rom 
those  of Cv 3 and  Cc3. 

Of value to add is that  there  is apparen t  possible correlat ion be tween  
the v e n o m  protein content ,  its toxici ty  and  its enzymat ic  phosphol ipase  
activity; and all three indices seem to increase with elevation of tempera-  
ture accord ing  to geographical  distribution. Also one m a y  add that  the 
toxic s y m p t o m s  that  are caused by  one or more  than  one protein enti ty of a 
v e n o m  species that  would  be dis t r ibuted in different amoun t s  and pat- 
terns due  to climatic changes  would  cause overall new symptoma t i c  
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resu l t s .  H e n c e  z o o l o g i c a l  d i s t r i b u t i o n  a n d  e n v i r o n m e n t a l  c o n d i t i o n s  a r e  
m o s t  e f f e c t i v e  a n d  p l a y  a s i g n i f i c a n t  ro l e  in t h e  ove ra l l  r e a c t i o n  of  t h e  
v e n o m s  i n sp i r e  of  i ts  m o r p h o l o g i c a l  c l a s s i f i ca t ion .  

T h e  m o s t  t o x i c  v e n o m  is t h a t  of  A b u  S i m b i l .  D e g r e e  of  t o x i c i t y  is 
Cc~ > Cc2 > Ccl  in  t h e  h o r n e d  v i p e r  C e r a s t e s  ce ras tes .  

T h e  b e s t - n e u t r a l i z e d  v e n o m  is a l so  t h a t  of  A b u  S i m b i l  f o l l o w e d  by  t h e  
N e w  Val ley ,  a n d  t h e  l eas t  is t h a t  of  t h e  P y r a m i d  area,  

I n  t h e  C e r a s t e s  v ipe r a ,  o u r  t w o  s p e c i e s  s h o w  a m a r k e d  d i f f e r e n c e  in  
t ox i c i t y .  T h e  s p e c i e s  of  A b u  S i m b i l  is s t i l l  m o r e  t o x i c  t h a n  t h a t  of  t he  
P y r a m i d  area.  A l s o  i t  is m o r e  n e u t r a l i z e d  by  t h e  a n t i s e r u m .  

This demonstrated paraspecific neutralization power  suggests the presence of 
common highly antigenic toxic factors in these five studied venoms, which are 
capable of inducing high antibody production sufficient to neutralize elevated 
concentrations of these antigens. 

Summar y  

Total proteins, electrophoretic analysis, biological lethality, and phospholipase 
activity of five members  of the Cerastes-viper species living along the Nile Valley 
were investigated. Elevation of environmental  temperature was accompanied with 
high values for these indices. 

It is concluded that zoological distribution and environmental  conditions could 
influence the overall biological behaviour of snake venoms of the same species. 
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