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Summary 

An anticoagulant protein has been isolated by DEAE cellulose chromatogra- 
phy and gel filtration from the venom of the Vipera berus orientale (Eastern 
Europe). 

Purification has been completed by elution on carboxymethyl cellulose with 
continuous gradient at constant pH. The inhibitor of coagulation was separated 
from the other venom enzymes, e.g. procoagulant, fibrinogenolytic, amino- 
esterase and amino acid oxidase activities. It was also separated from other 
phospholipase components which were not related to the anticoagulant prop- 
erty. 

The inhibitor appeared as a single potypeptidic chain protein, formed by 119 
amino acid residues, with a molecular weight of 13 400 and an isoelectric point 
of 9.2. At low saline molarity, a monomer-trimer transition of this protein was 
observed. Both forms had the same amino acid composition. There were six 
disulfide bridges without free SH groups per phospholipase molecule. 

Deprived of any proteolytic activity, the clotting inhibitor displayed a high 
phospholipase activity in the presence of calcium. Activity did not appear with 
EDTA buffer deprived of  cation. Finely dispersed micellar suspensions were 
found suitable for obtaining the highest phospholipase activity. High sodium 
cholate concentration or methanol/chloroform/ether solvent were effective 
without loss of enzymatic activity. As characteristic of phospholipase A2 (EC 
3.1.1.4), the degradation products identified on thin-layer chromatography 
induced hemolysis of human erythrocytes. The apparent Km value 1.25 ' 10-3 M 
was determined on phosphatidylcholine isolated from ovolecithin. 

This purified berus inhibitor would be of value for investigating the involve- 
ment of phospholipids in the clotting mechanism. 
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Introduct ion 

Phospholipase A2 (EC 3.1.1.4.) catalyses the specific removal of  the fat ty  
acyl group from the position 2 of  an Sn-3-phosphoglyceride. 

This enzyme has been detected in numerous animal tissues and fluids and in 
bacteria bu t  pancreatic secretion and snake and bee venoms have provided the 
major sources of  enzyme [1 ,2] .  Phospholipase activity and molecular parame- 
ters have been studied in various venomous snake species from: Elapidae, 
Crotalidae, Viperidae and Hydrophiidae. In several venoms, the phospholipase 
was found to consist of  a group of  isoenzymes as described the first time in 
Naja naja venom [3] .  

Various biological effects of  phospholipase A2 on human blood phospholipid 
components  have been investigated, from ghost or native red blood cells [4],  
platelets [1] and serum lipoproteins [5--7] .  

Modifications of  normal blood coagulation have been described as a general 
proper ty  of  many snake venoms [8] .  Up to now, the action of  purified phos- 
pholipase A2 on phospholipid involved in blood coagulation has not  been 
reported.  

Several phospholipases A2 have been found in the venom of Vipera berus 
orientale [9 ,10] .  Among these, a toxic phospholipase A2 showed anticoagulant 
activity [ 11] .  

In this work we describe the isolation process of  the anticoagulant factor 
from the crude venom and investigations of  its physicochemical and enzymatic 
properties. 

Experimental  procedures 

1. Venoms. Dried venom from V. berus (Eastern Europe) was provided by  
l ' Insti tut  S~roth~rapique et Vaccinal, Bern, Switzerland. Crude venom was 
powdered and solubilized in 0.01 M Tris • HC1 buffer  (pH 8.), dialysed over- 
night at 4°C and centrifuged in order to discard insoluble material. 

2. Chromatographic procedures. Venom fractionation was performed on 
DEAE cellulose, on carboxymethyl  cellulose (Whatman DE 32, CM 32), and by  
gel filtration either on Biogel A 0.5 M, 100--200 mesh (Bio Rad Lab.) and 
Sephadex G-75 or on Sephadex G-75 and G-200 (Pharrnacia). 

Ultrafiltration (Diaflo membranes P.M. 10 or U.M. 2) was operated at a N2 
pressure of  4 kg/cm 2, under constant  stirring at 4°C. Protein content  was mea- 
sured by absorbance at 280 nm and by the method  of  Lowry et al. [12] using 
crystallized human serum albumin as standard. 

3. Polyacrylamide gel analysis. Electrophoresis on polyacrylamide gel electro- 
phoresis (9%) was carried ou t  according to the technique of  Weber and Osborn 
[131. 

4. Molecular weight determination. The molecular weight was estimated ac- 
cording to Andrews'  method [14] on Sephadex G-75 column and by (12%) 
polyacrylamide gel electrophoresis in sodium dodecyl  sulphate 0.1% and 2- 
mercaptoethanol  (120 min) [13] .  

5. Amino acid analysis. Amino acid analysis was carried out  according to the 
procedure of  P.B. Hamilton [15] .  Determination of  free SH groups was per- 



83O 

formed after protein labelling with iodo[2-14C] acetic acid (spec. act.: 21 ( ~  
mol) (Radiochemical Centre, Amersham) in the presence of 10 M urea or 8 ?.~ 
guanidine chlorhydrate.  Enzymatic digestion was performed by pepsin and 
trypsin. Labelled peptides [16] were detected by autoradiography after higtl 
voltage electrophoresis at pi t  3.5. 

6. Determination of  isoelectric point by electro focusing. Isoelectric focusing 
was carried out  in the 110 ml LKB 8 121 apparatus using 1% Ampholine con- 
centration with a pH ranging from 1 to 13 and from 7 to 10. 200 pg of  berus 
inhibitor (100 #1) were incorporated in the sucrose density gradient with a 
voltage power  supply from 600 to 1000 V for 48 h. Elution was carried out  at 
a 1.5 ml/min flow rate, 

pH values were measured at 5°C. Phospholipase activity and anticoagulant ac- 
tivity were determined on fractions submitted to Sephadex G-25 gel filtration 
in 0.10 M NaC1/0.05 M Tris buffer pH 7.3. 

7. Assay for amino acid esterase activity. The activity was measured by pH- 
stat t i tration using a-N-benzoyl-L-arginine ethyl ester (Bz-Arg-OEt) (Mann), at 
pH 7.7, 37°C under N2 stream on a 3 pmol/ml solution in deionized water (3 ml). 

8. Phosphorus determination. Phosphorus digestion (10--100 #g) was carried 
out  on an electrical heated Kjeldahl rack (160--180°C) by adding 0.5 ml of 72.°/~ 
perchloric acid [17] .  After adding 1 ml distilled water and 1 ml of  1% am- 
monium molybdate  solution, the samples were heated at 100°C. After the 
appearance of  yellow colour in the highly concentrated sample of  phosphorus 
standards, 1 ml of  0.005% hydrazine sulphate was added. Tubes were heated 
(100 ° C, 10 min), then cooled before spectrometrical determinations at 830 nm 
[181. 

9. Phospholipase A 2 assay. Measurements were performed as already described 
[19] by potent iometr ic  titration according to the technique of  de Haas et al. 
[20] .  Ovolecithin (Merck) or phosphatidyleholine (8--10 mg/ml) isolated by 
thin-layer chromatography were irradiated in a water cholate/ealcium medium 
[21] by repetitive exposures of  20--30 s with MSE 150 Watts ultrasonic des- 
integrator under a 20 kHz/s frequency at 2°C. 

Titration using a 0.25 ml autoburet te  was carried on with 0.01 M NaOH, 
pH 8.0, 37°C under a stream of N2. 

Km was determined on phosphatidyleholine with 2 #g berus inhibitor ac- 
cording to the Lineweaver-Burk experimental procedure [ 22] .  

10. Thin-layer chromatography. Thin-layer chromatography was performed 
on precoated plate silica gel F 254 (layer thickness: 0.25 mm) (Merck). A 
chloroform/methanol /acetone/acet ic  acid/water (10 : 2 : 4 : 21, by vol.)solvent 
was used for developing ehromatograms [23] .  

Hydrolysed products  were obtained with 1 mg of  phosphatidylcholine in 
1 ml buffer  mixed on Whirlimixer apparatus with 100 ~1 of  diethyl ether and 
10 #g berus inhibitor at 30°C. The following buffer  was used: saline solution 
(0.001 M EDTA, 0.01 M CaCl:) /methanol/diethyl  ether (100 : 5 : 5, by vol.) 
adjusted to pH 9.0 by 1 M NH4OH. After 15 min, 100 /al of chloroform/ 
methanol  (v/v, 2 : 1) were added before the next  15 min incubation. Phospho- 
lipids were extracted by chloroform/methanol  (v/v, 2 : 1) and the aqueous 
phase removed by eentrifugation. Hydrolysed phospholipids were dried under 
nitrogen and 40 ~m of the chromatographic solvent were added. 10 #1 of  the 
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mixture were incorporated on silica gel plates. Lipid spots were detected under 
ultraviolet light (366 nm), after Rhodamine 6-G spraying, or directly by iodine 
vapors. All chemicals used were reagent grade. 

11. Hemolytic activity o f  the lysoderivatives. 1 mg of phosphatidylcholine in 
1 ml of  0.05 M Tris/0.15 M NaC1/0.0~ M CaC12 buffer, pH 7.25, were submitted 
to 10 pl (10 pg) of berus inhibitor or" buffer, and incubated at 37°C. The hemo- 
lytic activity was assayed on a suspension of washed human red blood cells and 
measured at 540 nm after centrifugation. 

12. Blood clotting assays. Plasmas were prepared from human blood as de- 
scribed previously [11]. Polystyrene tubes were used in all preparative steps, 
glass tubes in clotting assays. Veronal buffer (0.026 M barbital sodium, 0.026 M 
sodium acetate, 0.1 M NaC1), pH 7.3, was used. Clotting times were measured at 
37°C. The venom fractions were diluted or not  in veronal buffer according to 
their protein concentration. For each assay, a control system was applied using 
veronal buffer instead of  venom for diluted fraction, or chromatographic buffer 
for undiluted fraction. 

Recalcification times (0.025 M CaC12) were performed on platelet-poor 
plasma to follow the elution of procoagulant and anticoagulant factors. Crude 
cephalin : chloroform extract from human thromboplastin [24] was or was not 
added to the calcium. Fibrinogenolytic activity was detected as previously for 
Vipera aspis venom [19] by thrombin times (bovine thrombin, Hoffmann-La 
Roche, Basel, 5 units/ml in veronal buffer) on a platelet-poor plasma, incubated 
(1 h, 37°C) with the venom fraction. 

Factor V activation was measured by specific one stage assay with factor-V 
deficient plasma [25].  Platelet-poor plasma was incubated (3 min, room 
temperature) with the venom fraction before serial dilution. 

Results 

Separation o f  the anticoagulant protein from the other enzymatic activities o f  
the venom 

V. berus venom was first fractionated into five main fractions on DEAE-cel- 
lulose chromatography (Fig. 1). The anticoagulant activity was found with the 
more basic proteins (fraction A), separated from the procoagulant activity 
(maximum in fraction C) and from the slight fibrinogenolytic effect eluted in 
fraction E. The highest peak of  phospholipase activity was present in fraction A 
but no esterase activity on Bz-Arg-OEt was detected in this fraction. A very 
weak activation of factor V (1.5 units) was induced by fraction B. 

After dialysis and concentration, fraction A was submitted to recycling gel 
filtration on Sephadex G-75, G-200 (Fig. 2). Three protein peaks were obtained. 
The anticoagulant and the phospholipase activities were recovered in the 
second peak. The active fractions were pooled (Fig. 2), concentrated and di- 
alysed before next  purification step. 

A chromatography on carboxymethyl  cellulose CM 32 was then performed 
{Fig. 3). A small protein peak wi thout  activity was eluted with the starting 
buffer (peak I). In the experimental conditions, specific phospholipase activity 
remained constant  over the two following protein peaks, peak II eluted with 
0.1 M NaC1 in phosphate buffer and peak III eluted with a gradient 0.1--0.25 M 
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Fig. 1. Dis t r ibu t ion  of  d i f f e r e n t  act ivi t ies  p r e s e n t  in  Vipera  berus  v e n o m  a f t e r  ion exchange  c h r o m a t o -  
g r a p h y  on  DEAE-cel lu lose .  The  D E A E  c o l u m n  (0.9 X 8 c m )  waS loaded  wi th  42 .5  m g  o f  dia lysed Vtpcra 
berus  or ientale  v e n o m  (2 .4  ml) .  E lu t ion  was p e r f o r m e d  wi th  d i s co n t i n u o u s  g rad ien t  b u f f e r  o b t a i n e d  wi th  
progress ively  increasing NaCI molar i t i es  in 0 .01 M Tris - HCI b u f f e r  (pH 8 .0 )  as i nd i ca t ed  b y  the  a r rows .  
F low ra te ,  20  m l / h ;  f r ac t ion  v o l u m e ,  4.5 m L  The  e lu t ed  v o l u m e  was d iv ided  in to  five pools  A,  B, C, D and 
E r e p r e s e n t e d  u n d e r  the  base  line c o r r e s p o n d i n g  to  the m a i n  p ro t e in  peaks .  T h e y  were  e lu ted  respec t ive ly  
w i th  equ i l i b r ium b u f f e r  and  wi th  0 .07 ,  0 .10 ,  0 .15  and  0.5 M NaCl in Tris  • HC1 buf fe r .  (A),  p ro t e in  con-  
c e n t r a t i o n  was  m e a s u r e d  as a b s o r h a n e e  a t  280  nm.  Reca lc i f ica t ion  t imes  were  p e r f o r m e d  in the  p resence  
of  cepha l in  d i lu t ed  1 / 2 0 0  in  0 . 0 2 5  M CaC12. Clo t t ing  sys t em:  0.2 m l  of  p la sma  + 0 .04  m l  of  v e n o m  frac- 
t ion  or  b u f f e r  + 0.2 m l  o f  cepha l in]CaCl  2. P lasma was  n o t  c l o t t ed  a f t e r  24  h in the  in te rva l  o f  the  inter-  
r u p t e d  lines. F ib r inogeno ly t i c  ac t iv i ty  was  s t u d i e d  b y  t h r o m b i n  t imes  a f t e r  i ncuba t ion .  Clo t t ing  sys tem:  
0.4 m l  o f  p l a s m a  was  i n c u b a t e d  1 h, 37°C, wi th  0 .08  ml  of  v e n o m  f rac t ion  a n d  0 .1  ml  of  t h r o m b i n  
(5 un i t s / m l )  was  a d d e d .  Clot t ing  act ivi t ies  were  m e a s u r e d  wi th  an equa l  v o l u m e  of  v e n o m  f rac t ion ,  n o t  
cons ider ing  the  p r o t e i n  c o n c e n t r a t i o n .  Cont ro l  t imes  w i th  b u f f e r  are r ep r e sen t ed  b y  the f irs t  p o i n t  o f  the  
curves  in  f r on t  of  the  p r o t e i n  e lu t ion  tubes .  (B), arginine es terase  ac t iv i ty  was  m e a s u r e d  on  Bz-Arg-OEt  
wi th  0 .04  m l  of  f rac t ion .  I t  is expressed  i n / a m o l  of  subs t ra te  h y d r o l y s e d  in 4 rain.  Phosphol ipase  A 2 activi-  
ty  was d e t e r m i n e d  wi th  0.01 m l  of  f rac t ion  on  3 m l  egg p h o s p h a t i d y l c h o l i n e  suspens ion  in 0 .05  M c h o l a t e /  
0 .001  M E D T A / 0 . 0 2  M CaCI2 as desc r ibed  in E x p e r i m e n t a l  P rocedures .  I t  is expressed  in N a O H / ~ m o i /  
4 rain.  

NaC1 in the same buffer. Anticoagulant activity measured with 8/~g/ml of  
protein was found only in the fraction eluted with the gradient (peak III). This 
peak was considered as the clotting berus inhibitor. Peak II consisted o f  a 
phospholipase without inhibitor activity. 

Polyacrylamide gel electrophoresis 
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of  the crude 
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Fig. 2. Dis t r ibu t ion  of  t he  a n t i c oa gu l a n t  and phospho l ipase  A 2 act ivi t ies  a f te r  recyc l ing  gel f i l t ra t ion of  
f rac t ion  A. 19 m g  of  p r o t e in  f r o m  d ia lysed  f r ac t ion  A (9 .5  m g / m l )  were  f i l tered t h r o u g h  Sephadex  G-75 
(68 X 1 c m )  and S e p h a d e x  G-200  (35  X 2.5 c m )  c o l u m n s  in 0 .15  M NaC1, pH 7.5. F low ra te ,  15 ml /h ;  
F rac t i on  vo l um e ,  7 ml .  Specific a n t i c oa gu l a n t  ac t iv i ty  was  m e a s u r e d  by  reca ic i f ica t ion  t ime  p e r f o r m e d  
wi th  CaC12 w i t h o u t  cephal in .  Clot t ing  s y s t e m  as in Fig. 1. Specif ic  phospho l ipase  A 2 ac t iv i ty  was expressed  
as the  u p t a k e  o f  N a O H  p m o l ] m i n  using p ro t e in  c o n c e n t r a t i o n  of  25 ~zg]ml. E lu ted  v o lu mes  f r o m  tubes  
2 5 - - 3 5  were  poo led  for  s u b s e q u e n t  c h r o m a t o g r a p h i c  s tep.  

venom and of the material obtained in step 2 and 3 are compared in Fig. 4. 
Analysis of eluted fractions from sliced polyacrylamide gel showed the presence 
of both anticoagulant and phospholipase activities associated with the single 
polypeptide chain band. 

Isoelectric point 
The determination of the isoelectric point was carried out by electrofocusing 

technic. As seen on Fig. 5, the peak of  phospholipase activity was found to 
coincide with that  of  anticoagulant activity at a pH of 9.2. 
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Fig. 3. C h r o m a t o g r a p h y  on c a r b o x y m e t h y l  cel lulose CM-32. The  p o o l e d  f rac t ion  (12.9 m g  of  p r o t e i n )  
a f t e r  dialysis and  c o n c e n t r a t i o n  (2 .5  ml )  was  appl ied  to  a c o l u m n  ( d i a m e t e r  5.5 r a m )  filled w i t h  1.3 m l  o f  
cellulose equ i l ib ra ted  in 0 .01 M N a 2 H P O 4 / K H 2 P O  4 bu f fe r ,  pH 6.5.  E lu t ion  was  car r ied  o u t  b y  add i t ion  of  
NaC1 to the  b u f f e r  to o b t a i n  first  a final c o n c e n t r a t i o n  of  0.1 M t h e n  a c o n t i n u o u s  g rad ien t  f rom 0.1 to 
0 .25  M NaCI. Specif ic  phospho l ipase  -~2 ac t iv i ty  was  m e a s u r e d  wi th  10 ~g of  the v e n o m  f rac t ion  and 
specif ic  a n t i c o a g u l a n t  ac t iv i ty  w i th  0.4 ~g. E lu ted  v o l u m e s  f r o m  tu b es  7 - -13  were  poo led  (peak  II)  and 
f rom tubes  15- -19  (peak  I I I  or  c lo t t ing  inh ib i to r ) .  
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Fig. 4. P o l y a c r y l a m i d e  gel e lec t rophores i s .  1---40 /~g of  Vipera berus  v e n o m .  2 - -2 5  #g of  Sephadex  e luate  
(s tep 2). 3 - -10  #g of  berus inh ib i to r  (peak  IH,  s t ep  3). Samples  were  i n c u b a t e d  2 h,  3"/°(3 wi th  1% s o d i u m  
d o d e c y l  su lpha te  and 1% f l -mcrcap toe thano l .  

Fig. 5. D e t e r m i n a t i o n  of  i soelect r ic  po in t  by  e l ec t ro focus ing  as desc r ibed  in E x p e r i m e n t a l  P rocedures  at 
5°C. F rac t ion  vo l um e :  2.2 ml .  p H  range  ( ) f r o m  9.5 to 7.5.  Phosphol ipase  ac t iv i ty  ( . . . . . .  ) mea-  
sured as desc r ibed  on 0.01 M p h o s p h a t i d y l c h o l i n e  in c a l c i u m / w a t e r / c h o l a t e  expressed  in n m o l / m i n  per  
50/~1 of  each  f rac t ion .  A n t i c o a g u l a n t  ac t iv i ty  was  m e a s u r e d  b y  reca lc i f ica t ion  t imes  (o - -  o)  wi th  50 pl 
of  each  f rac t ion .  T he  isoelectr ic  po in t  c o r r e s p o n d i n g  to  b o t h  m a x i m u m  act ivi t ies  was equal  to  9.2.  

Molecular weight 
Molecular weight was determined by sodium dodecyl sulfate-polyacrylamide 

gel and gel filtration. The molecular weight was estimated by the first method 
to 13 400 + 650. After gel filtration on Sephadex G-75, two peaks with similar 
specific anticoagulant activity were eluted. Both also exhibited high phospho- 
lipase activity. As seen on Fig. 6, V. berus inhibitor appeared under two forms: 
a small monomeric unit  of  13 800 + 1400 and a trimeric unit  of  38 750 -+ 1000. 
The monomeric uni t  had been detected with a very close molecular weight in 
the dissociating sodium dodecyl sulfate medium. 

Amino acid analysis 
The amino acid composition of  the clotting inhibitor (Table I) showed a high 

content  of  cystein. The protein was not  alkylated by iodo[14C] acetic acid in 
the presence of 10 M urea or 8 M guanidin chlorhydrate at acidic pH. This sug- 
gests a very compact  molecular structure, maintained by means of  6 disulfur 
bridges. The trimer form of  the clotting inhibitor did not  differ from the 
monomer  according to their amino acid content .  

Phospholipase A2 activity 
V. berus inhibitor showed a marked phospholipase activity in the presence of  
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(0.9 X 52 c m )  Flow ra te ,  10 ml /h ;  f rac t ion  v o l u m e ,  0 .25  ml ;  p ro t e in  i n c o r p o r a t i o n ,  0 .25  m l  of  1 m g / m l  
so lu t ion .  V 0 was d e t e r m i n e d  by  d e x t r a n  b lue  a t  620  n m .  1, c y t o c h r o m e  C ( M r l l  830) ;  2, r ibonuc lease  
(13 700) ;  3, m y o g l o b i n  (17 305) ;  4, c h y m o t r y p s i n o g e n  (26 076) ;  5, peps in  (35  000) ;  6, o v a l b u m i n  
(45  000) .  For  the  inh ib i tor ,  the  m o n o m e r i c  f o r m  c o r r e s p o n d e d  to 13 S00 -+ 1400 ,  the  t r imer ic  fo rm to  
38 750 -+ 1000 .  

calcium ions, completely inhibited by EDTA. Michaelis constant was determined 
on phosphatidylcholine in calcium/water/cholate. The apparent Km value at 
37°C was 1.25 • 10 -3 M. Storage under lyophilizated form did not alter phos- 
pholipase activity of  the inhibitor. 

The hemolytic effect of  lysoderivatives was measured on red cells after an 

T A B L E  I 

A m i n o  acid c o m p o s i t i o n  of  V.  b e r u s  inh ib i tor .  D e t e r m i n a t i o n  f r o m  acid h y d r o l y s a t e s  of  200  #g of  p ro te in .  
Values  average o f  10 runs  were  ca lcu la ted  in m o l  of  a m i n o  acid pe r  13 400  g of  res idues  r e co v e red  and 
co r r ec t ed  by  e x t r a p o l a t i o n  to ze ro  t ime .  T r y p t o p h a n  was  e s t i m a t e d  s p e c t r o p h o t o m e t r i c a l l y .  M o n o m e r s  
and t r i m e r  fo rms  o f  b e r u s  inh ib i to r  gave the  s ame  results .  

A m i n o  acid Res idues / too l  

Asp 13 .80  
Th r  6 .15  
Ser 4 .73  
Glu 7.79 
Pro 6 .12  
Gly 10 .64  
Ala 4.81 
Cys 12 .23  
Val 2 .08  
Met 1 .84  
Ile 3.71 
Leu 6.41 
T y r  9 .90  
Phe 5.96 
His 2 .67 
Lys  12 .33  
Arg 6.11 
Trp  1 .00  
N u m b e r  of  
to ta l  res idues  119 
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overnight incubation at room temperature.  The two controls were: phospha- 
tidylcholine (2 mg) or inhibitor (20 pg) in the red cell suspension. The absorI~ 
tion of  the supernatant at 540 nm was respectively: 0.20, 0.17 and 3.82. 
showing the high hemolytic  activity of  the lysoderivatives. 

Thin-layer chromatographic analysis of  purified phosphatidylcholine showed 
lysophosphatidylcholine after hydrolysis by V. berus inhibitor. Hemolytic  and 
chromatographic properties of  hydrolysed products were in agreement with the 
specific enzyme activity on the ~-acyl bond. 

Discussion 

During the last years, phospholipases A2 have been isolated from various 
sources: pig pancreas [20] ,  bee [26] and several snake venoms. In t h e  Viperidae 
family, phospholipases have been purified from the venom of four species: 
Vipera Russellii [27] ,  Vipera aspis [28] ,  Vipera berus [10] and Vipera pales- 
tinae [29 ]. 

Vipera berus anticoagulant phospholipase (berus inhibitor) was found as a 
single polypept ide chain with 119 amino acid residues and a molecular weight 
of  13 400. Berus inhibitor was also found, in the medium without  dissociating 
reagent, as a trimeric form. Both forms were active in blood clotting. Similar 
molecular weight variations ranging from 8500 to 40 000 have been described 
in other  phospholipases isolated from snake venoms. The discrepancies have 
been explained most ly by the presence of  monomer-dimer conversion as de- 
monstrated the first t ime for Crotalus adamenteus phospholipase [29] and also 
found for other  venom phospholipases [26,30--32] .  

The phospholipase purified from Vipera berus venom was found cross-linked 
by six disulfide bridges, as are the phospholipases from pancreatic secretion 
[33] and from the venom of  Laticauda semifasciata [34] ,  Vipera palestinae 
[31] ,  Bitis gabonica [35] .  Seven and eight disulfide bridges have been found in 
other snake venom phospholipases. With four disulfide bridges, the Apis 
mellifica phospholipase appears as a less reticulated protein. The position of  
disulfide bridges differs markedly for pancreas [36] and bee venom phospho- 
lipases [37] .  The structural relationships between phospholipases have been 
elucidated by  the determination of  amino acid sequences. They are entirely 
[33,38--42] or partially [10,43,44] known for some of them. 

Berus inhibitor has a high isoelectric point  (9.2) compared to those of  venom 
phospholipases from Apis mellifica (10.5 [26] ), Agkistrodon halys blomhoffii 
(10.0 [45] ), V. russellii (9.9 [27] ) or Crotalus terrificus (9.7 [46] ). The action 
of  these four enzymes on blood clotting has not  been reported. 

In this work, two phospholipases have been isolated from V. berus venom. 
With similar specific phospholipase activity, these isoenzymes differed by their 
action on blood clotting. One showed high inhibitory activity which has not  
been found in the other  one. Isoenzymes have been described for several venom 
phospholipases. Large pI differences between isoenzymes have been observed, 
such as those of  Agkistrodon halys blomhoffii, pI 4.10--10.0 [45] ,  V. russellii, 
pI 4.62--9.9 [27] ,  V. berus, pI 4.8--9.3 [10] ,  Naja naja, pI 4.6--5.6 [27] .  Too 
few data are actually available for determining the part  played on blood clotting 
inhibitor by pI  and other  physicochemical properties of  such enzymes. 
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The anticoagulant phospholipase appeared as a calcium-activated phospho- 
lipase A2 as described for almost all other phospholipases. An exception is 
reported for the Agkistrodon piscivorus enzyme, which is active wi thout  the 
addition of Ca 2÷ [47].  Berus inhibitor was a heat-stable enzyme and very resis- 
tant  to solvent. The equilibrium between monomeric and trimeric forms was 
independent  of  the presence of Ca 2÷. Both units were able to split the ~-acyl 
bond of  phospholipids. 

It is well known that  most  of the snake venoms possess factors able to inter- 
fere with blood coagulation [48,49].  Those factors are proteases with specific 
activity either on fibrinogen giving fibrinopeptides A or B or on prothrom- 
binase components  such as factor X activator, factor V activator or prothrombin 
activator. 

Anticoagulant properties of  venom are generally ascribed to fibrinolytic and 
fibrinogenolytic enzymes or to other enzymes which possess polyvalent activities 
on blood clotting protein or blood platelets. To our knowledge, two anticoagu- 
lant venom factors have been isolated, one from Agkistrodon acutus venom 
[50,51] the other from V. aspis venom [52].  These are both devoid of phos- 
pholipase activity. The A. acutus anticoagulant shows quite different character- 
istics from those of berus inhibitor. It is a larger molecule of 20 650 molecular 
weight and is thermolabile and negatively charged (pl  4.8). 

The anticoagulant proteins isolated from V. aspis venom showed an effect on 
human plasma near to that  of berus inhibitor [11].  However, it presented quite 
different characteristics and was more alike A. acutus inhibitor, as far as physi- 
cochemical characteristics were concerned (unpublished results). 

It was remarkable that  phospholipase and anticoagulant activities of berus 
inhibitor have always been eluted together, either from the single protein band 
of polyacrylamide gel, or from the electrofocusing ampholites and from the 
Sephadex G-150 during molecular weight determination. It appeared clearly 
that  both activities were carried on the same molecule. 

Acknowledgements 

The authors gratefully acknowledge the skilful technical assistance of Mrs. N. 
Lucien and Miss E. Derepas. This work was supported by a grant of  D.G.R.S.T. 
No. 72 7 049-01. 

References 

1 C o n d r e a ,  E. a n d  De Vr ies ,  A.  ( 1 9 6 5 )  T o x i c o n  2,  2 6 1 - - 2 7 3  
2 H a n a h a n ,  D.J .  ( 1 9 7 1 )  The  E n z y m e s  ( B o y e r ,  P .D. ,  ed . )  3 rd  e d  p p .  7 1 - - 8 5 ,  A c a d e m i c  Press,  N d w  Y o r k  
3 B r a g a n c a ,  B.M. a n d  S a m b r a y ,  Y.M. ( 1 9 6 7 )  N a t u r e  2 1 6 ,  1 2 1 0 - - 1 2 1 1  
4 B o q u e t ,  P. ( 1 9 6 8 )  in  V e n o m o u s  A n i m a l s  a n d  t h e i r  V e n o m s  (Bi icher l ,  W., B u c k l e y ,  E. a n d  D e u f o l e u ,  

V.  eds . ,  Vol .  1, p p .  3 3 9 - - 3 5 7 ,  A c a d e m i c  Press ,  N e w  Y o r k  
5 Mar ine t t i ,  G .V .  ( 1 9 6 1 )  B i o c h i m .  B i o p h y s .  A c t a  4 6 , 4 6 8 - - 4 7 8  
6 C o n d r e a ,  E. ,  De Vries ,  A. a n d  Mager ,  J .  ( 1 9 6 2 )  B i o c h i m .  B i o p h y s .  A c t a  58 ,  3 8 9 - - 3 9 7  
7 B o f f a ,  G . A . ,  B o f f a ,  M.C. ,  Z a k i n ,  M.M. a n d  B u r s t e i n ,  M. ( 1 9 7 2 )  P r o t i d e s  Biol .  F lu ids  19 ,  8 5 - - 9 0  
8 R o s e n f e l d ,  G. ,  N a h a s ,  L. a n d  Ke len ,  E .M.A.  ( 1 9 6 8 )  in  V e n o m o u s  A n i m a l s  a n d  t h e i r  V e n o m s  (Bi icher l ,  

W.,  B u c k l e y ,  E. a n d  D e u l o f e u ,  V. ,  ed . ) ,  Vol .  1, p p .  2 2 9 - - 2 7 3 ,  A c a d e m i c  Press ,  N e w  Y o r k  
9 Delor i ,  P . J .  ( 1 9 7 1 )  B i o c h i m i e  5 3 , 9 4 1 - - 9 4 2  

10  De lo r i ,  P .J .  ( 1 9 7 3 )  B i o c h i m i e  55 ,  1 0 3 1 - - 1 0 4 5  
11 B o f f a ,  M.C. ,  De lo r i ,  P. a n d  Sou l i e r ,  J .P .  ( 1 9 7 2 )  T h r o m b .  D ia th .  H a e m o r r h .  28 ,  5 0 9 - - 5 2 3  



8 3 8  

12 L o w r y ,  O.H.,  Roseb rough ,  N.J.,  Farr,  A.L. and Randal l ,  R.J.  (1951)  J. Biol. Chem. 193, 265 -  275 
13 Weber, K. and Osborn ,  M. (1969)  J. Biol. Chem. 244,  4 4 0 6 - - 4 4 1 2  
14 Andrews,  P. (1964)  Biochem.  J. 9 1 , 2 2 2 -  233 
15 Hami l ton ,  P.B. (1963)  Anal. Chem. 35, 2 0 5 5 - - 2 0 6 4  
16 Frangione ,  B., Milstein, C. and Frankl in ,  E.C. (1969)  Nature  221,  149 - -151  
17 Dawson,  R.M.C. (1960)  Biochem.  J. 75, 45- -53  
18 Bart le t t ,  G.R.  (1959)  J. Biol. Chem. 2 3 4 , 4 6 6  468  
19 Boffa ,  M.C. and Boffa ,  G.A. (1974)  Biochim. Biophys.  Acta  3 5 4 , 2 7 5 - - 2 9 0  
20 De Haas,  G.H.,  Postema,  N.M., Nieuwenhuizen ,  W. and Van Deenen,  L.L.M. (1968)  Biochim. Biophys~ 

Acta  159,  103 - -117  
21 Small,  D.M., Bourges,  M.C. and Dervichian,  D.G. (1966)  Biochim. Biophys.  Acta  125,  563 - -580  
22 Lineweaver ,  H. and Burl~. D. (1934)  J. Am. Chem. Soc. 5 6 , 6 5 8 - - 6 6 6  
23 Rouser ,  G., Si',d~otos, A.N. and Fleischer, S. (1966)  Lipids 1, 85---86 
24 Bell, W.N. and Al ton ,  H.G. (1954)  Nature  1 7 4 , 8 8 0 - - 8 8 1  
25 Boffa ,  M.C., Josso,  F. and Boffa ,  G.A. (1972)  Th r o mb .  Diath.  Haemqr rh .  27,  8--18 
26 Shipohni ,  R.A. ,  Cal lewacrt ,  G.L.,  Cottrel l ,  R.C., Doonan ,  S., Ve rnon ,  C.A. and Banks,  B.E.C. (1971)  

Eur. J. Biochem.  2 0 , 4 5 9 - - 4 6 8  
27 Salach,  J .T. ,  Turini ,  P., Seng, R.,  Hauber ,  J. and Singer, T.P. ( 1 9 7 1 ) J .  Biol. Chem.  2 4 6 , 3 3 1 - - 3 3 9  
28 Boffa ,  G.A., Boffa ,  M.C., Zakin,  M.M. and  Burstein,  M. (1972)  Prot ides Biol. Fluids 20, 85 - -90  
29 Wells, M.A. (1971)  Biochemis t ry  10, 4 0 7 4 - - 4 0 7 8  
30 Vidal,  J.C,,  Ca t taneo ,  P. and S toppani ,  A.O.M. (1972)  Arch.  Biochem.  Biophys.  147,  66--76  
31 Shiloah,  J, ,  Kl ibansky,  C., De Vries, A. and Berger,  A. (1973)  J. Lipid Res. 1 4 , 2 6 7 - - 2 7 8  
32 J o u b e r t ,  F.J .  and Van Der Walt, S.J. (1975)  Biochim. Biophys.  Acta  3 7 9 , 3 1 7 - - 3 2 8  
33 Maroux ,  S., Puigserver, A., Dlouha ,  V., Desnuelle, P., De Haas, G.H. ,  S lo tboom,  A.J. ,  Bonsen, P.P.M:, 

Nieuwenhuizen ,  W. and  Van Deenen,  L.L.M. (1969)  Biochim.  Biophys.  Acta  188,  3 5 1 - - 3 5 2  
34 Tu, A.T., Passey, R.B. and T o o m ,  P.M. (1970)  Arch.  Biochem.  Biophys.  140,  96 - -106  
35 Botes,  D.P. and Viljoen, C.C. (1974)  Tox icon  1 2 , 6 1 1 - 6 1 9  
36 De Haas,  G.H.,  S l o t b o o m ,  A.J. ,  Bonsen,  P.P.M., Nieuwen-huizen, W., Van Deenen,  L L . M . ,  Maroux,  S., 

Dlouha ,  V. and Desnuellc,  P. (1970)  Biochim. Biophys.  Acta  221,  5 4 - 6 1  
37 Shipolini ,  R.A. ,  Doo n an ,  S. and Vernon ,  C.A. (1974)  Eur.  J. Biochem.  4 8 , 4 7 7 - - 4 8 3  
38 Shipolini ,  R.A. ,  Callewaert ,  G.L.,  Cottrel l ,  R.C. and Vernon ,  C.A. (1971)  FEBS Left.  17, 39 - -40  
39 Botes,  D.P. and Viljoen, C.C. (1974)  J. Biol. Chem.  249,  3 8 2 7 - - 3 8 3 5  
40 J o u b e r t ,  F.J.  (1975)  Biochim. Biophys.  Acta  3 7 9 , 3 2 9 - - 3 4 4  
41 J o u b e r t ,  F.J.  (1975)  Biochinl.  Biophys.  Acta 3 7 9 , 3 4 5 - - 3 5 9  
42 Samej ima,  Y., Iwanaga ,  S., Suzuki,  T. and Kawauch i ,  S. (1970)  Biochim. Biophys.  Acta  2 2 1 , 4 1 7 - - 4 2 0  
43 Tsao,  F.H.C.,  Keim, P.S. and Heinr ikson,  R.L. (1975)  Arch.  Biochem.  Biophys.  1 6 7 , 7 0 6 - - 7 1 7  
44 Howard ,  N.L. (1975)  T o , i c o n  13, 21 - -30  
45 Kawauchi ,  S., Twanaga ,  S., Sameji ima,  Y. and Suzuki,  T. (1971)  Biochim. Biophys.  Aeta  236 ,  142--- 

160 
46 Brc i thaup t ,  H., Rubsamen ,  K. and H ab e r man n ,  E. (1974)  Eur. J. Biochem. 4 9 , 3 3 3 - - 3 4 5  
47 Augus tyn ,  J.M. and  EUiott, W.B. (1970)  Biochim. Biophys.  Acta  206 ,  9 8 - - 1 0 8  
48 Minton,  S.A. (1974)  Venom Diseases, pp.  1 1 5 - - 1 3 6 ,  Charles C. Thomas  Publisher,  Springfield Illinois 
49 Korna l ik ,  F., Taborska ,  A. and Erbanova,  Z. (1975)  Tox icon  13,  105 
50 Ouyang ,  C. and Teng, C.-M. (1972)  Biochim. Biophys.  Acta  2 7 8 , 1 5 5 - - 1 6 2  
51 Ouyang ,  C. and Teng, C.-M. (1973)  Tox icon  1 1 , 2 8 7 - - 2 9 2  
52 Boffa ,  G.A. and Boffa ,  M.C.  (1973)  C.R. Soc. Biol. 167,  6 5 4 - - 6 5 8  


