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decreased (135-120%) (Table II) .  I t  m a y  be concluded 
tha t  under  aerobic  condi t ions  the  inh ib i t ing  effect  of 
D-L-glyceratdehyde, b o t h  on the  resp i ra t ion  and  the  
leueine-C 14 incorporat ion,  is v e r y  weak. U n d e r  anaerobic  
condit ions,  however ,  t he  p ic ture  is qu i te  di f ferent  
(Table I I I ) .  The  add i t ion  of  D-L-glyceraldehyde on ly  
results in absence of  fe rmenta t ion ,  w i th  no CO2 being 
produced.  

The addi t ion  of D-L-glyceraldehyde in weak  concentra-  
t ions (0.33 m M )  does no t  resul t  in a reduc t ion  of  gly- 
cotysis or  of leucine-C 1. incorporat ion,  b u t  m a y  even  
produce a s l ight  increase. 

Sl ight  inh ib i t ion  of glycolysis and  aminoac id  incorpora-  
t ion begins a t  concen t ra t ions  of  0.66 m M .  A t  h igher  
concent ra t ions  (1.32 m M )  of D-L-glyceraldehyde gly- 
colysis is reduced to abou t  a half, and the  leucine-C x4 
!ncorpora t ion  to a th i rd .  The  results  ob ta ined  in develop-  
mg cells and  in res t ing ceils are in agreement .  

Inves t iga t ions  are  cur ren t ly  in progress on the  inf luence 
of D-L-glyceraldehyde on R N A  cellular  synthesis  to 

es tabl ish a t  w h a t  level  the  inhibi t ion of pro te in  synthesis  
begins ~. 

Rias~unto. I n  aerobiosi  la D-L-gliceraldeide a no tevol i  
concent raz ioni  ha  una  l ieviss ima azione in ibente  sulla 
ossidazione del  glucosio e sutla incorporaz ione  di  leucina-  
C ~4. I n  condizioni  di anaerobiosi  invece la D-L-gliceraldeide 
in concent raz ioni  medie  inibisce n o t e v o l m e n t e  sic la 
glicotisi c h e l a  incorporaz ione  di leucina-C ~4. 
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T h e  P r e s e n c e  o f  a L - L e u c y l - f l - N a p t h y l a m i d e  

H y d r o l y z i n g  E n z y m e  i n  S n a k e  V e n o m s  

Al though  the  hydrolys is  of proteins  b y  snake venoms  
is well  recognized,  no ex tens ive  s t udy  has been carr ied 
ou t  on v e n o m  exopept idases .  The  inab i l i ty  of Crotalus 
atrox (Western  D i a m o n d b a c k  ra t t lesnake)  v e n o m  to 
hydro lyze  N-carbobenzoxyglycyl -L-phenyla lan ine ,  hip- 
puryl -e-arginine ,  and hippuryl-L-lysine,  lead BROWN1 tO 
the  conclusion t h a t  ca rboxypept idases  A and B were 
absen t  in this  venom.  Simi lar  conclusions were d rawn by  
WAGNER and PRESCOTT2 when N-carbobenzoxyglycyl -L-  
phenyla lan ine  and hippuryl - f l -oL-phenyl lac ta te  were no t  
hydro lyzed  by  4 ra t t l e snake  venoms.  I n  this  same 
inves t iga t ion ,  WAGNER and PRESCOTT found no evidence 
for a t rue  amino  pept idase.  

Recent ly ,  T u  e t  al. 8 s tud ied  the  di- and  t r ipep t ide  
hydro lyz ing  ab i l i ty  of 12 species of ra t t l e snake  and  8 
cobra  species. F r o m  this  s tudy,  i t  was concluded t h a t  
m a n y  of the  pept ides  hydro lyzed  by  these venoms  were 
those which would also be hydro lyzed  by  leucine amino 

pept idase.  Therefore,  the syn the t ic  subs t ra te  z-leucyl-fl- 
nap thy lamide ,  c o m m o n l y  used as a t e s t  for leucine amino  
pept idase,  was employed  in de te rmin ing  the  hydro lyz ing  
ab i l i ty  of a n u m b e r  of species f rom each family  of 
poisonous snakes. 

E n z y m a t i c  ac t i v i t y  was de te rmined  b y  a modif ied  
m e t h o d  of GOLDBARG and  RUTENBURG 4. A solut ion 
consist ing of 1 ml  v e n o m  (1 mg/ml)  was incuba ted  a t  
37 °C wi th  1 ml  of 0.02% subs t ra te  in 0,01 M phospha te  
buffer  p H  7.1 for 1 h. The  reac t ion  was s topped  b y  the  
addi t ion  of  1 ml  of 25% t r ichloroacet ic  acid. Fo l lowing  

1 j .  H. BROWN, U.S. Army Medical Research Laboratory, Report 
No. 622 (1965). 
F. W, WAONER and J. M. PRESCOTT, Comp. Biochem, Physiol. 
77, 191 (t966). 

s A. T, Tu, P. M. TOOK and D. S. MURDOCK, Animal Toxins (Ed. 
F. E. RUSSELL; Pergamon Press 1967), p. 365. 

4 j .  A. GOLDBARO and A. M. RUTENBURG, Cancer~ N.Y. 11, 283 
(195S). 
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Enzymatic activity of snake venoms hydrolyzing L-leucyl-fl-naphthyl- 
amide, Venoms eorresponding to the numbers are: 

Name Common name Origin 

Family Hydrophiidae 

(t) Laticauda laticaudata Black-banded sea snake Japan 
(2) Enhydrina sehistosa Common sea snake Malay to 

Australia 
(3) Hydrophis cyanocimtus Chittal Malay to 

Persian 
Gulf 

Family Elapidae 

(4) Naja na]a Common cobra 
(5) N. na]a atra Taiwan cobra 
(6) N. na]a siaraensis Thailand-cobra 
(7) N. hannah (Ophiophagus King cobra 

hannah) 
(8) N. melanoleuca Black cobra 

(9) N./lava Yellow cobra 
(10) N. ha/e Egyptian cobra 

(i i)  N. nigricollis Black-necked cobra 
(12) Dem&oaspis angusticeps Green mamba 
(1,3) Bungarus multivinctus Banded kraft 
(14) Oxyuranus scutellatus Australian taipan 

scutellatus 

(15) Notechis ater humphreys 
(16) Pseudechis australis 

Family Viperidae 

(17) Bi$is arietans 
(In) B. gabonica 
(19) B. gabonica rhinoceros 
(20) B, ~msicornis 
(21) Causus rhombeatus 
(22) gchis earinatus 

(23) Vipera ammodytes 
(24) V. russellii 

Family Crotalidae 

(25) Crotalus basiliscus 

(26) C. durissus totanacus 

(27) C. terri/icus terri/icus 
(28) C. viridis virldls 
(29) C. atrox 
(30) C. horridus horridus 
(31) C. horridus atricaudatus 
(32) Sislrurus miliarius 

barbouri 
(33) Bothrops ]araraca 
(34) B. schlegeli 
(35) B. nummi/era 
(36) B. pi, adoi 
(37) B, atrox 
(38) B. nasuta 
{39) Trimeresurus okinavensis 
(40) T. mu~oseuamatus 
(41) 2". gramineus 
{42) T. flavoviridis 
(43) Agkistrodon acutus 
(44) A. halys 
(45) A. contortrix lativinctus 
(46) A. contortrix mokesen 
(47) A. plscivorus Leukostoma 
(48) A. piscivoms piscivorus 
(49) A. bilneatus 

King Island tiger 
Common Malga snake 

India 
Formosa 
Thailand 
India 

Eastern 
Africa 
Africa 
Northern 
Africa 
Africa 
Africa 
Formosa 
Australia 
and New 
Guinea 
Australia 
Australia 
and New 
Guinea 

Puff adder Africa 
Gaboon viper Africa 

Africa 
Rhinoceros viper Africa 
Night adder S. Africa 
Saw-scaled viper C. Asia, N. 

Africa and 
Middle 
East 

Sand viper Europe 
Russell's viper India 

Mexican West Coast Mexico 
rattlesnake 
Mexican Totonacan Mexico 
rattlesnake 
S. American rattlesnake S. America 
Prairie rattlesnake USA 
Western diamondback USA 
Timber rattlesnake USA 
Canebrake rattlesnake USA 
Dusky Pygmy rattle- USA 
snake 
S. American pit viper S.America 
Horned Palm viper Costa Rica 
Jumping viper Costa Rica 

Costa Riea 
Fer de lance Mexico 
Hog nosed viper Costa Rica 
Okinawan habu Okinawa 
Taiwan habu Formosa 
Green habu Formosa 
Yellow-green pit viper Japan 
Hundred pace snake Formosa 
Mamushi Japan 
Broadhanded copperhead USA 
Northern copperhead USA 
Western cottonmouth USA 
Eastern cottonmouth USA 
Tropical moccasin C. America 

cen t r i fuga t ion ,  1 m l  of t h e  s u p e r n a t a n t  l iqu id  was  a d d e d  
to  1 ml  of 0 .1% s o d i u m  n i t r i t e .  Af te r  s t a n d i n g  3 min ,  1 
ml  of 0 .5% a m m o n i u m  s u l f a m a t e  was a d d e d  a n d  t h e  
r e a c t i o n  m i x t u r e  a l lowed to  s t a n d  for  2 rain.  To th i s  
so lu t ion ,  2 m l  of 0 .5% N - ( 1 - n a p h t h y l ) - e t h y l e n e d i a m i n e  
a lcohol ic  so lu t ion  was  added .  Af t e r  30 rain,  t he  a b s o r b a n c e  
was r e a d  a t  580 n m  a n d  co r rec t ed  w i t h  a p p r o p r i a t e  
b lanks .  E n z y m e  a c t i v i t y  was  def ined  as :  

a c t i v i t y  = a b s o r b a n c e  c h a n g e / m i n  . 1 0 0 0 .  
m g  v e n o m  

A l t h o u g h  t h e r e  were  cons ide rab le  species d e p e n d e n t  
v a r i a t i o n s  in  t h e  a b i l i t y  to  h y d r o l y z e  L- leucyl- f lonaphthyl-  
amide ,  a l m o s t  all  t h e  v e n o m s  i n v e s t i g a t e d  h y d r o l y z e d  
t h i s  subs t r a t e .  I n  general ,  E l a p i d a e  a n d  V i p e r i d a e  v e n o m s  
e x h i b i t e d  r e l a t i ve ly  h i g h  ac t iv i ty ,  whi le  t hose  of  H y d r o -  
ph i idae  (sea snakes)  gave  c o m p a r a t i v e l y  low a c t i v i t y .  
W h i l e  t he  overa l l  a c t i v i t y  of t h e  Cro ta l idae  fami ly  was  
qu i t e  low, t h e  v e n o m s  of t h e  g e n e r a  Agkistrodon showed  
cons ide r ab ly  h i g h e r  a c t i v i t y  t h a n  t h e  o t h e r  m e m b e r s  of 
t h e  family .  

M a n y  e n z y m e s  p r e s e n t  in  1 or  2 fami l ies  of po i sonous  
snakes  h a v e  b e e n  f o u n d  to  be  a b s e n t  in  o t h e r  famil ies .  
F o r  example ,  i t  h a s  b e e n  f o u n d  t h a t  whi le  cho l ines t e ra se  
is p r e s e n t  in  t h e  v e n o m s  of t h e  f a m i l y  E lap idae ,  i t  is 
a b s e n t  in  t he  v e n o m s  of Cro ta l idae  a n d  Vipe r idae  5-s. I n  
l ike m a n n e r ,  T u  e t  al.  9 - n  h a v e  f o u n d  t h a t  whi le  t h e  
v e n o m s  of Cro ta l idae  a n d  Vipe r idae  h y d r o l y z e  p - to luene -  
su l fonyl -L-arg in ine  m e t h y l  es te r  (TAME)  a n d  N - b e n z o y l -  
L-arginine  e t h y l  es te r  ( B A E E ) ,  t he  v e n o m e s  of  E l a p i d a e  
a n d  H y d r o p h i i d a e  are  i n a c t i v e  t o w a r d  these  s u b s t r a t e s .  
T h e  a b i l i t y  of  m o s t  v e n o m s  p r e s e n t l y  i n v e s t i g a t e d  to  
h y d r o l y z e  L- Ieucy l - f l -nap thy lamide  ind ica t e s  t h a t  t h e  
a b i l i t y  to  h y d r o l y z e  t h i s  s u b s t r a t e  is i n d e e d  q u i t e  c o m m o n  
in  v e n o m s  of po i sonous  s n a k e s  ~ , ~ .  

Rdsumd. P o u r  d 6 t e r m i n e r  le ca rac t~re  des  exo-pep t i -  
dases  d a n s  le v e n i n  des  s e r p e n t s  on  a emptoy~  c o m m e  
s u b s t r a t  du  L- leucy l - f l -nap thy lamide .  Des  v e n i n s  de  49 
esp~ces e t  sous-esp~ces des  4 famil ies  de s e r p e n t s  v e n i m e u x  
o n t  6t~ ~tudi6s.  L a  capac i t6  d ' h y d r o l i s e r  ce s u b s t r a t  a t t 6  
r encon t r~e  assez s o u v e n t  dans  les v e n i n s  des  s e r p e n t s  
v e n i m e u x  quel les  que  j o i e n t  1curs or ig ines  g~ograph iques  
ou leurs  diff6rences  g6n6t iques .  
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