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Isolation from Cobra Venom of a Factor Inhibit ing Glycolysis  in Ehrlich Ascites  Carcinoma Cells 

Inh ib i t i on  of anaerobic  glycolysis (EMBDEN-MEYERHOF 
pa thway)  by  some snake (most ly  Najas) venoms  has  been  
known  for m a n y  years.  As far back  as 1934, 3{ELLANBY 1-~ 
po in t ed  ou t  t h a t  glycolysis and  resp i ra t ion  of J ensen ' s  
sa rcoma  cells are comple te ly  inh ib i t ed  by  very  smal l  
a m o u n t s  of  cobra  venom.  

CHAIN 4-~ conf i rmed t h e  inh ib i t ion  of gtycolysis  in 
sys t ems  con ta in ing  cell-free muscle  ex t r ac t s  and  in yeas t  
f e r m e n t a t i o n  mace ra t ion  juice. The  a u t h o r  ~ t r ied  w i t h o u t  
success to  pur i fy  t he  inh ib i t ing  fac tor  b y  f rac t ional  
prec ip i ta t ions .  He  ascr ibed ~ the  ac t ion  to  the  des t ruc t ion  
of NAD, an essent ia l  coenzyme of t he  dehydrogenases  
impl ica ted  in the  deg rada t ion  of glucose. 

In  1948 GHOSH and  CHATTIgRJ/gI~ ~, working  wi th  sus- 
pens ions  of p igeon bra in  cells, conf i rmed  this  inh ib i t ion  
w i t h  v e n o m  concen t r a t i ons  of a b o u t  30 pg /ml ;  on t h e  
o t h e r  hand ,  t h e y  showed t h a t  t h e  succinic dehyd rogenase  
is also inh ib i t ed  b y  venom,  b u t  to  a lesser degree.  

They  sugges ted  the re fore  t h a t  des t ruc t ion  of N A D  was  
n o t  t he  only  m e c h a n i s m  of inhibi t ion.  

Whi le  inves t iga t ing  bra in  homogena tes ,  BRAGANCA s 
not iced  t h a t  cobra  venom,  hea t ed  a t  100°C for 10 min  
causes  an ac t iva t ion  of glycolysis while i n t ac t  v e n o m  
causes  a to ta l  inhibi t ion,  which  the  au tho r  ascr ibed to  
t he  D P N a s e  and  the  A T P a s e  of the  venom.  

YANG ~ inves t iga ted  t h e  act ion of t he  v e n o m  on glycer-  
a l d e h y d e  3 p h o s p h a t e  dehyd rogenase  isola ted  f rom r a b b i t  
muscle  and  no t iced  an inh ib i t ion  of th is  e n z y m e ;  th is  
inhibi t ion,  however ,  was  comple te  only  a t  v e n o m  con- 
cen t ra t ions  of a b o u t  700 #g/ml,  

W i t h i n  the  f rame  of t he  inves t iga t ions  conduc ted  in our  
l abo ra to ry  on the  physiological  act ivi t ies  of cobra  v e n o m  
cons t i t uen t s  ~0, the  pur i f ica t ion of an inh ib i to r  of anaerobic  
glycolysis  was  o b t a i n e d  in a two- s t ep  ch roma tog raph i c  
process :  a f r ac t iona t ion  of F o r m o s a n  Na]a nasa atra 
v e n o m  on su lphoe thy l  Sephadex  (Figure 1) fol lowed b y  a 
molecular  gel f i l t ra t ion of t h e  i nh ib i t o ry  f rac t ion  on 
Sephadex  G 50 (Figure  2). 

The inh ib i to ry  ac t iv i t ies  were  t e s t ed  d i rec t ly  on anaer-  
obic glycolysis  of Ehr l i ch  aseit ic cells in a ~VVARBURG 
apparatus~Z. The subs tance  obta ined ,  far less toxic  t h a n  
the  to ta l  venom,  has  a pro te in ic  cons t i t u t ion  and  appears  
to  be homogeneous  b y  e lec t rophores is  on ac ry lamide  gel. 
No nucleot idas ic  (NADase) or leci thinasic  (Leci th inase  A) 
ac t iv i ty  could be de t ec t ed  in t he  isolated p roduc t .  

F igure  3 shows t h e  inh ib i to ry  ac t iv i ty  curves  of tile 
subs t ance  as a func t ion  of t he  concen t r a t ion  (0-70 l~g d ry  
we igh t /ml  range) for var ious  incuba t ion  t imes.  S tudies  
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Fig. I. Chromatography of Na]a na]a atra venom on SE Sephadex 
C 25. Column: height = 40 cm, N = 1.5 cm. Elution linear gradient 
NaC1 0-+0 .7M.  Phosphate buffer pH 6, 0.05M. Flow r a t e :  
0.3 ml]min. Desalting: ultrafiltration on collodion membrane. 

made,  up to  now, in t he  field of glycolysis  inh ib i t ion  show 
no ce r t a in ty  w i th  respec t  to  t h e  si te and  m e c h a n i s m  of 
t h a t  inhibi t ion .  

This  is easy to  u n d e r s t a n d  since the  au thors ,  work ing  
wi th  to ta l  venom,  could no t  d i sc r imina te  b e t w e e n  t h e  
d i f fe ren t  s imul t aneous  inh ib i to ry  act ions .  

In  t he  f i rs t  analysis ,  the  sepa ra t ion  of t he  p rev ious ly  
descr ibed glycolysis inh ib i to r  shows  t h a t  t h e  nuc leo t ide  
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Fig. 2. Molecular gel filtration on Sephadex G 50 medium of the 
twelfth fraction obtained from SE Sephadex. Column: height = 
200 em, ~ = 1 cm. Elution: ammonium acetate 0.1M. Flow rate: 
0.3 ml/min. 
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Fig. 3. Inhibition percentage of anaerobic glycolysis of ascitic 
Ehriich carcinoma cells for different concentrations (/tg/ml dry 
weight) of the isolated substance and for different incubation periods. 
Anaerobic glyeolysis (Q lac. N=) was measured manometrieally in a 
WARnURG apparatus, at 39°C in a N 95%, CO~ 5% atmosphere. 
The main flask contained 3 ml Krebs-Ringer 0,25% NaHCO 3, 0.1% 
glucose, pH 7.4, 20 X 106 ceils. The side attachment contained 0.5 ml 
saline solution of venom. Saline solution was substituted for venom 
solution in control flasks and the final volume was always 3.5 ml. 
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p y r o p h o s p h a t a s e  of the  v e n o m  is no t  t he  essent ia l  fac tor  
responsib le  for  t h e  inh ib i t ion  of t h a t  mechan i sm.  

I n v e s t i g a t i o n s  on the  cha rac t e r i za t ion  of t h e  isolated 
subs t ance  and  on t h e - n a t u r e  and  the  s i te  of i ts  ac t ion  are 
in progress  in our  l abo ra to ry  ~.  

Rdsumg. U n  inh ib i t eu r  de  la glycolyse ana6robie  es t  
purifi6 h pa r t i r  du  venin  de Na]a na]a atra pa r  un proc6d6 
c o u p l a n t  la c h r o m a t o g r a p h i e  sur  SE  S e p h a d e x  e t  la fil- 
t r a t i on  sur  gel mol6culaire.  L ' inh ib i t ion  compl6te  de la 
glycolyse ana6robie  est  ob t enue  sur  une  suspens ion  cellu- 

laire en 60 min  pour  une  concen t r a t ion  inf6rieure 
20 /~g/ml du  p r o d u i t  purifi6. L ' i nh ib i t eu r  es£ de n a t u r e  
pro t6 in ique  et  ne  pr6sente  aucune  act ivi t6 nucl6ot idas ique  
ni  16cithinasique A. 
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P o s i t i v e  C o r r e l a t i o n  o f  Responsiveness to C a t e c h o l a m i n e s  o f  t h e  R a t  Liver Glycop, enolytic Receptor 
with Other Qt-Receptor Responses 

Curren t  views on the  na tu r e  of t he  ra t  l iver g lycogeno-  
lyric adrenergic  recep tor  are ma rked ly  d ivergent .  Some 
inves t iga tors  have  concluded i t  is an  a - r ecep to r :  a, while 
o thers  5-x~ h a v e  sugges ted  t h a t  it  has  n o t  y e t  been  
adequa t e ly  charac ter ized .  Accordingly,  we were  p r o m p t e d  
to app ly  the  corre la t ion  p rocedure  ut i l ized earl ier  x3,14 
which  had  shown  clearly t h a t  the  adipose  t issue l ipolyt ic  
recep tor  exh ib i t ed  the  same profile of ac t iv i ty  in response  
to ca t echo lamines  as did t he  cardiac  receptor .  This  had  
shown  lipolysis to  be a f l-receptor m e d i a t e d  response.  In  
addi t ion ,  the  compar i sons  y ie lded c lear-cut  d i f fe ren t ia t ion  
of t h e  l ipolyt ic-cardiac  r ecep to r  f rom the  vasodepressor -  
b ronchod i l a to r  one. Fo r  s impl ic i ty  of reference,  i t  was 
sugges ted  :4 t h a t  these  d i f fe ren t  b u t  closely re la ted  
adrenergic  recep tors  migh t  be t e r m e d  /5-1 and  fl-2, re- 
spect ively .  More recent ly ,  LANDS e t  al. ~n have  p rov ided  
evidence  for an addi t iona l  fl-I adrenergic  receptor ,  t h a t  
of r abb i t  j e junum,  while r a t  d i a p h r a g m  and  u te rus  were 
shown to  man i f e s t  fl-2 adrenergic  r ecep to r  med i a t e d  
responses .  

D a t a  on the  de l inea t ion  of t he  r a t  l iver g lycogenolyt ic  
adrenergic  r ecep to r  are summar i zed  below. 

Procedure. For  these  s tudies  Sp rague -Dawley  s t ra in  
male  ra ts ,  weighing 200-250 g, were  m a i n t a i n e d  on feed 
and  w a t e r  ad l ib i tum.  The  t e s t  compounds ,  in 0.01% 
ascorbic  acid s tabi l ized solut ion,  were  admin i s t e r ed  i.p. 
An hour  la ter  blood samples  were t a k e n  b y  cardiac  punc-  
t u re  and  t h e  glucose con ten t ,  u t i l ized as t h e  index  of liver 
glycogenolysis ,  d e t e r m i n e d  by  the  glucose oxidase  pro-  
cedure  a~. In  th is  p rocedure  the  glucose is enzyma t i ca l l y  
oxidized to  yield HzO 2, the  oxygen  l ibera ted  f rom the  
l a t t e r  by  ca ta lase  being e s t i m a t e d  color imetr ica l ly  w i th  
o-dianis idine as the  chronlogen.  The  g lucos ta t  (~Vorthing- 
ton) appl ied procedure:7  sugges ted  for th is  series of re- 
ac t ions  requi red  modi f ica t ion  in our  h a n d s  to  ob ta in  a 
s t r a igh t  line reference curve.  The modi f ica t ions  followed 
those  of FALLS et  al. :8, ut i l izing p H  7.0 0 .05M p h o s p h a t e  
buffer  as the  r eagen t  d i luen t  and  final acidif icat ion wi th  
2 drops  4 N  HC1. 

Results. The re la t ive  hyperg lycemic  ac t iv i t ies  of i .-nor- 
epinephr ine ,  L-nordeff in,  DL-N-methyl-c~-methylnorepine-  
ph r ine  and  L-N-e thy lnorep inephr ine  c o m p a r e d  w i t h  a 
compos i te  ep inephr ine  response  (=  100) based  on mul t ip le-  
level dose:  response  effects  are  s h o w n  graphica l ly  in the  
Figure .  Norep inephr ine  and  nordef r in  were  1/~ as ac t ive  as 

t h e  reference,  and  N - m e t h y l - ~ - m e t h y l n o r e p i n e p h r i n e  (as 
t he  DL form) and  N - e t h y l n o r e p i n e p h r i n e  were  a b o u t  x/4 as 
ac t ive  as ep inephr ine .  Whi le  ep inephr ine  was  ac t ive  in 
t he  same range  as t h a t  given earl ier  by  ELLIS 19 norepine-  
ph r ine  was  cons iderab ly  more  act ive.  ELLIS r epo r t ed  
no rep inephr ine  to  be 1/15 as hyperg lycemic  as ep inephr ine  
in c o n t r a s t  to  t he  value  of x/3 given here.  The  reason for 
t he  d i sc repancy  is no t  i m m e d i a t e l y  ev iden t .  

The l iver  r ecep to r  was  insens i t ive  to  L-isoproterenot ,  
to  DL-N- te r t . bu ty lnorep inephr ine  and  to  DL-indolyl-iso- 
p ropy l -no rep ineph r ine  (DL-3, 4-d ihydroxy-a- ( [  (2-(indol- 
3-yl)- l -m  e t h y l e t h y l ) a m i n o ] m e t h y l ) b e n z y l  alcohol) a t  
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