
15. 8. 1970 Specialia 831 

Table II. Specific activities of human arterial phosphatidyl choline 
palmitic, stearic and oleic acids after incubation with acetate-l-l~C, 
with and without estradiol~ 

No estradiol Estradiol 

16:0 2,450~260 4,300• 
18:0 620•  560--116 
18:1 270•  54 225~_ 70 

DPM/mg fatty acid~:S.D. 

p h a t e  p recursors  in to  p h o s p h a t i d y l  choline.  The  de te rmi -  
n a t i o n  of the  exac t  s tage of p h o s p h a t i d y l  chol ine  syn-  
thes is  wh ich  is a f fec ted  b y  es t rad io l  will requi re  f u r t h e r  
s t u d y  la. 
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from the National Heart Institute, U.S.P.H.S. 

Zusammen/assung. Bei  B e b r f i t u n g  von  Ar t e r i en  in 
G e g e n w a r t  yon  C)stradiol wurde  der  E i n b a u  v o n  laC- 
A z e t a t  und  14C-Cholin in P h o s p h a t i d y l c h o l i n  deu t l i ch  
v e r m e h r t .  

R. J. MORIN 
Departmenst of Pathology, 
Los Angeles County Harbor General Hospital, 
Torrance (California 90509, USA), and 
U.C.L.A. School o/Medicine, 
Los Angdles (California, USA), 26 January 1970. 

Inhibi t ion  of P h o s p h o l i p a s e  A by a Natura l ly  Occurr ing  Pept ide  in Bothrops V e n o m s  

Compared  w i t h  o the r  snake  venoms,  the  ac t i v i t y  of 
phospho l ipase  A (EC 3.1.1.4.) in t he  v e n o m s  of Bothrops 
species (e.g. B. neuwiedii (Argen t ine  and  Brazi l ian) ,  
B. ]araraca, B. jararacussu, B. atrox) is r e la t ive ly  weak1. 
F u r t h e r m o r e ,  w i t h  these  v e n o m s  t he  e n z y m e  a c t i v i t y  
shows a cha rac t e r i s t i c  lag-per iod  (15-18 min) ,  wh ich  can  
be  obse rved  e i the r  w i t h  egg-yolk l i popro te in  1, e o r  w i t h  
pure  son ica ted  p h o s p h a t i d y l c h o l i n e  3 as subs t ra te .  The  
resu l t s  r epo r t ed  here  show t h a t  b o t h  t he  a p p a r e n t  inac-  
t i v i t y  of t he  e n z y m e  and  t he  lag-effect  are due  to a 
pep t ide  inh ib i to r ,  n o r m a l l y  p r e s en t  in Bothrops v e n o m s  
which,  u n d e r  well  def ined m e d i u m  condi t ions ,  is h igh ly  
effect ive  on  phospho l ipase  A. I t  m u s t  be  recal led t h a t  
HABERMANN 4 h a d  a l r eady  p o s t u l a t e d  t he  role of a n a t u r a l  
i n h i b i t o r  as cause  of  the  in i t i a l ly  low ac t i v i t y  of phospho-  O.ZO 
l ipase A in t he  v e n o m  of Crotalus d. terrificus. 

V e n o m  e n z y m e  a n d  i n h i b i t o r  can  be  s epa ra t ed  b y  a 
f r a c t i o n a t i o n  p rocedure  which,  briefly,  consis ts  of t h e  
fol lowing s teps :  a) two gel - f i l t ra t ions  on  Sephadex  G-50 
at p H  4.5; b) c h r o m a t o g r a p h y  on S E - S e p h a d e x  C-25 a t  0.15 
p H  4.5 w i t h  concave  g r ad i en t  e lu t ion  and  c) ge l - f i l t ra t ion  
on  S e p h a d e x  G-25 a t  p H  7.4. F igure  1 p resen t s  a t yp i ca l  =~ 
e lu t ion  p a t t e r n  for Step  3. P e a k  Fe, e lu ted  w i t h  the  vo id  
volume,  c o n t a i n e d  e n z y m e  a c t i v i t y  b u t  d id  no t  show lag. ~ 0.10 
The  t o t a l  phospho l ipase  a c t i v i t y  recovered  in peak  Fe 
was 275 % of t h a t  m e a s u r e d  in t he  or ig inal  v e n o m  sample .  
The  second, inc luded  peak  F~ ( K ~ - v a l u e  = 0.252) was =N 
e n z y m a t i c a l l y  i nac t ive  b u t  i ts  add i t i on  to F~ p rovoked  < 
b o t h  a s t rong  inh ib i t i on  of t h e  e n z y m e  and  a lag wh ich  0.05 
r e sembled  t h a t  obse rved  5 w i t h  t he  crude  v e n o m  (Figure 1 ; 
uppe r - r i gh t  corner) .  F u r t h e r  pur i f i ca t ion  of F~ on D E A E -  
cellulose a t  p H  7.6, w i t h  l inear  or concave  : g r ad i en t  
e lu t ion  (step 4 of phospho l ipase  A pur i f ica t ion)  y ie lded 
2 e l ec t rophore t i ca l ly  hom ogeneous  f rac t ions  w i t h  specific 0 
ac t iv i t i es  62- and  54-fold higher ,  respect ively ,  t h a n  t he  
c rude  venom.  The  pure  phospho l ipase  f rac t ions  were also 
s t rong ly  i n h i b i t e d  b y  F,. 
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Pur i f i ca t ion  of F ,  b y  c h r o m a t o g r a p h y  on S E - S e p h a d e x  
a t  p H  4.5 (concave g r ad i en t  elut ion) ,  b y  p a p e r  electro-  
phores is  or b y  p a p e r  c h r o m a t o g r a p h y  yie lded a n i n h y d r i n -  
r eac t ing  mate r ia l .  JF~ lost  i ts  i n h i b i t o r y  a c t i v i t y  a f t e r  
t r e a t m e n t  w i t h  t r y p s i n  or acid hydro lys i s  (10NHC1) .  
P a p e r  c h r o m a t o g r a p h y  of t he  h y d r o l y s a t e  y ie lded severa l  
a m i n o  acids, wh ich  is cons i s t en t  w i t h  t he  pep t ide  n a t u r e  
of F,. Af te r  th i s  work  was comple ted  a s imi la r  pep t ide  
i n h i b i t o r  has  been  r epo r t ed  b y  BRAGANZA et  a12 in Naya 
naja v e n o m  (faro. Elapidae) .  
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Fig. 1. Separation of phospholipase A and its inhibitor by gel- 
filtration on Sephadcx G-25 (step 3 of the purification procedure). 
The column (20.5• gel-bed volume, 53.5 ml) was equi- 
librated with 1 mM EDTA, 5 mM phosphate-Tris buffer pH 7.4, 
at 0-2 ~ The sample (2.2 ml, 248 m-units of A2s 0 per ml) was applied 
to the column and eluted with the equilibration buffer. 2.7 ml frac- 
tions were collected at a flow rate of 2.3 ml/h. 0, absorbance at 
280nm; A, phospholipase specific activity measured with the 
turbidimetrie method 1. At the right, upper corner, inhibition of F e 
by F,. The curves represent the phospholipase activity of 0.14 mg 
of F e preincubated 5 Illin at 0 ~ with buffer (curve A) or with 0.56 
(curve B) and 1.13 (curve C m-units A2s 0 of F ,  
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Fig. 2. Effect  of the auto lys is  on the lag-per iod and phosphoi ipase  A 
ac t iv i ty  of crude B. neuwiedii diporus venom. Crude, dr ied-venom 
was dissolved in  0 .15M NaCI at  a f inal  concent ra t ion  of 1.0 mg/ml .  
The sample  was ad jus ted  to pH 6.0 and incuba ted  a t  15 ~ for the 
t ime  ind ica ted  in  the abscissa. 0.2 ml  a l iqn0ts  were t aken  as ind ica ted  
and tes ted  for phosphol ipase  ac t i v i t y  wi th  the tu rb id ime t r i e  me thod  ~. 
Curve A, dura t ion  of lag-per iod (left-ordinate) and  cu rve  B, re la t ive  
phosphol ipase  ac t iv i ty ,  which is expressed b y  the  ra t io  be tween 
enzyme ac t iv i ty  in  au to lyzed  sample  and t h a t  in the or iginal  (zero 
time) sample  (r ight  ordinate) .  

on the  o the r  hand ,  the  same degree of au to lys i s  d id  no t  
affect  phospho l ipase  f rac t ions  as ev idenced  b y  t h e  
enzymes  c h r o m a t o g r a p h i c  b e h a v i o r  on  S e p h a d e x  G-50 
and  G-75 (Figure 3). Moreover,  these  l a t t e r  f r ac t ions  
r e t a ined  the i r  sens i t iv i ty  to  t he  i n h i b i t o r y  ac t i v i t y  of F~. 

I n  B. neuwiedii venom,  b o t h  pro teases  a n d  phospho -  
l ipase i n h i b i t o r  would c o n s t i t u t e  a se l f -ac t iva t ing  phys -  
iological m e c h a n i s m  a imed  to regu la te  in  v ivo  the  e n z y m e  
ac t iv i ty .  Thus,  in  f reshly  e m i t t e d  venom,  t he  p H  is a b o u t  
4.0 (unpub l i shed  observa t ion)  a n d  th i s  would resul t  in  
2 consequences :  a) t he  closer assoc ia t ion  of i nh ib i t o r  a n d  
enzyme,  and  b) t he  i n a c t i v i t y  of v e n o m  pro teases  5,7. 
W h e n  v e n o m  is in jec ted  in to  t he  v i c t i m ' s  t issues (pH 7.3), 
t he  e n z y m e  inh ib i t o r  i nac t ive  complex  would dissociate  
and,  in  addi t ion ,  the  p i t  change  would a c t i v a t e  proteases .  
These  l a t t e r  would t h e n  hydro lyse  F~ w i t h o u t  a l t e r ing  
the  ca ta ly t i c  p roper t i es  of phospho l ipase  A as shown  in 
F igure  3. 

The  poss ib i l i ty  t h a t  in Bolhrops v e n o m s  phospho l ipase  
A should  exis t  as a n  inac t ive  pre-enzyme,  as occurs  w i t h  
the  porc ine -pancreas  phospho l ipase  A 8,9 is a t  va r i ance  
w i t h  two i m p o r t a n t  pieces of evidence,  namely ,  a) m a x i m a l  
e n z y m e  a c t i v a t i o n  of protease-f ree  f rac t ions  (step 2) was  
ach ieved  a f te r  s epa ra t i on  of t he  i nh ib i t o r  b y  a s imple  
phys ica l  m e t h o d  (Figure 1), b) v e n o m  f rac t ions  in i t ia l ly  
devoid  of phospho l ipase  a c t i v i t y  were no t  conve r t ed  to 
the  ac t ive  e n z y m e  b y  auto lys is  (Figure 3) ~0 
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Dissocia t ion  (association) of phospho l ipase  f rac t ions  
a n d  F~ was s t rong ly  d e p e n d e n t  on  t he  p H  of t he  med ium.  
Thus,  in  s teps  1 and  2 of t he  f r ac t i ona t i on  p rocedure  
(bo th  a t  p H  4.5), F~ was e lu ted  t o g e t h e r  w i t h  t h e  enzy-  
ma t i ca l l y  ac t ive  fract ions,  ill spi te  of t he  d i f fe rent  
molecula r  sizes of phospho l ipases  and  t he  inh ib i to r .  On 
t he  o the r  hand ,  in s tep  3 a t  p H  7.4, a clear  s epa ra t i on  
occurred.  

The  presence  of i n h i b i t o r  Fi expla ins  sa t i s fac tor i ly  t h e  
k ine t ics  of se l f -ac t iva t ion  of phospho l ipase  A in crude  
B. neuwiedii venom.  In  fact,  upon  auto lys is  of v e n o m  
a t  p H  6.0, t h e  lag effect  decreased a n d  s imu l t aneous ly  
t he  a p p a r e n t  e n z y m e  ac t i v i t y  increased  to an  o p t i m a l  
va lue  (Figure 2). S u b s e q u e n t  decrease of phospho l ipase  
a c t i v i t y  can  be  a t t r i b u t e d  to t he  f u r t h e r  ac t ion  of v e n o m  
pro teases  on  t he  free enzyme.  The  effect  of au to lys i s  was  
p r e v e n t e d  b y  i n h i b i t i n g  t h e  v e n o m  proteases  w i th  E D T A  
or an  acid p H  (4.5). F~ could no t  be  de tec ted  in t he  
v e n o m  samples  au to lyzed  to  m a x i m a l  a c t i v a t i o n  while, 
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Fig. 3. E lu t ion  behavior  of au to lyzed  (A) and crude (C) 
venom on Sephadex G-75 and G-50. Venom sample  
(A) was dissolved in  0.15M NaC1 ad jus ted  to pH 4.5 
and centr i fuged for 10 min  a t  10,000 • g. The super- 
n a t a n t  was adjus ted  to pH 6.0 and auto lyzed at  15~ 
to d isappearance  of the lag-per iod (about  25 rain). Auto- 
lysis was then  s topped by  the addi t ion  of 1 m M  EDTA,  
0 .1M a m m o n i u m  formate  (final concentrat ion,  pH  4.5} 
and cooling at 0 ~ Venom sampIe (C) was directly 
dissolved in 0.15 M NaCI, 1 mM EDTA, 0.1 M ammonium 
formate buffer (pH 4.5) and centrifuged. Samples (A) 
and (C) were successively ehromatographed on Sepbadex 
G-75 (17.5• em column) and G-50 (15• cm 
column) equilibrated respectively with 1 mM EDTA, 
0.1M ammonium Iormate buffer, pH 4.5. Elutions were 
performed at 0 ~ with the equilibration buffer and 1.0 ml 
fractions were collected at a flow-rate of 3 ml/em 2 per h. 
A, A2~ 0 of - -  (A) and - - -  (C) venom samples. Sp.A., 
phospholipase activity of �9 (A) and & (C) sampIes, 
determined with the turbidimetric method 1. 

Zusamrnen/assung. I m  Schlangengi f t  yon  Bothrops befin-  
det sich ein Peptid, welches als Phospholipase-IIemmer 
beschrieben wird. 
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