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Summary 

a- and fl-Fibrinogenases (EC 3.4.21.5) were purified from Trimeresurus 
mucrosquamatus venom by the technique of recycling chromatography. Both 
enzymes were single polypeptide chains and homogeneous as judged by sodium 
dodecyl  sulfate (SDS) polyacrylamide gel electrophoresis and ultracentrifuga- 
.tion. The sedimentation constants of a- and /3-fibrinogenases were 2.52 and 
3.04 respectively. The molecular weight of ~-fibrinogenase was 21 500-- 
23 400, and that of fi-fibrinogenase was 25 000--26 000. The contents of pro- 
line, glycine and t ryptophan were higher in ~-fibrinogenase than in a-fibrino- 
genase. The isoelectric points of a- and fl-fibrinogenases were pH 8.1 and 5.7 
respectively. The optimal pH of a-fibrinogenase was about  7.4 and that of 
fl-fibrinogenase was around 8.5. The activity of a-fibrinogenase was completely 
destroyed after 30 min at 60°C, pH 5.6, 7.4 and 9.0, while that of ~-fibrino- 
genase was not  significantly affected by the same treatment.  Both enzymes 
showed proteolytic activities toward fibrinogen and casein, but  were devoid of 
phospholipase A, alkaline phosphomonoesterase and phosphodiesterase activi- 
ties of the crude venom. The tosyl-L-arginine methylester esterase activity of 
~-fibrinogenase was about  17 times that of  the crude venom, while ~-fibrino- 
genase was completely devoid of  this activity. The fibrinogenolytic activity of 
a-fibrinogenase was markedly inhibited by EDTA and cysteine, while that of 
fl-fibrinogenase was inhibited markedly by phenylmethane sulfonylfluoride and 
slightly by tosyl-L-lysine chloromethylketone and cysteine. 

Introduction 

Fibrinogenolysis and fibrinolysis are characteristics of many snake venoms, 
especially in Crotalidae [1--3]. However, their enzymatic actions on fibrinogen 
and fibrin are not  well studied, and the physicochemical properties of  these 
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T A B L E  I 

SOME P H Y S I C A L  P R O P E R T I E S  OF ~- AND ~ - F I B R I N O G E N A S E S  OF T. M U C R O S Q U A M A T U S  
V E N O M  

a-F ib r inogenase  f l-Fibrinogenase 

S e d i m e n t a t i o n  c o n s t a n t  2 .52 3 .04  
Molecular  weight  

gel f i l t ra t ion 21 500 25 0 0 0  
SDS-po lyac ry l amide  gel e lec t rophores i s  22 400 26 0 0 0  
A m i n o  acid analysis 23 362 25 534 

E l %  l c m  at  286 n m  9 .36  18 .78  

active principles are also not known in their purified forms. Recently, we have 
isolated two fibrinogenolytic enzymes from the venom of Trimeresurus 
mucrosquamatus [4]. a-Fibrinogenase.(EC 3.4.21.5) attacks the a(A) chain, 
while t3-fibrinogenase attacks the ~(B) chain of fibrinogen molecule. In this 
paper, we present some physicochemical properties of these two fibrinogen- 
olytic enzymes and also compare their enzymatic properties with trypsin. 

Materials and Methods 

Materials. Venom, fibrinogen and thrombin were prepared as previously 
reported [4]. a-Casein, tosyl-L-arginine methylester, L~x-phosphatidyl choline, 
sodium bis-p-nitrophenyl phosphate, disodium p-nitrophenyl phosphate, 
cysteine, N-ethylmaleimide, tosyl-L-lysine chloromethylketone (TosLysCH2C1), 
phenylmethane sulfonylfluoride, e-aminocaproic acid, soybean trypsin inhib- 
itor, ethylenediamine tetraacetic acid (EDTA) and trypsin were purchased from 
Sigma Chemical Co. Trasylol was purchased from FBA Pharmaceuticals Inc. 
Other chemical reagents were analytical grade from Wako Pure Chemical 
Industries Ltd. 

Purification of  ~- and ~-fibrinogenases. The venom of T. mucrosquamatus 
was fractionated by CM-Sephadex column chromatography as previously 
reported procedure [4] into 20 fractions. The a-fibrinogenase (Ft. 13) and 
~-fibrinogenase (Ft. 8), were further purified by recycling chromatography with 
an LKB 4900A Automatic ReCychrom Apparatus according to the techniques 
suggested by the manufacturer. A Sephadex G-75 (40--120 pm) column with a 
bed volumn of 150 ml was used. The elution was carried out with 0.01 M 
ammonium bicarbonate (pH 7.0). 

Sedimentation study. This was carried out'in a Spinco Model E Analytical 
Ultracentrifuge, at protein concentrations of 14.4 mg/ml (a-fibrinogenase) and 
16.7 mg/ml (~-fibrinogenase) in 0.01 M KC1. The rotor speed was 59 780 rev./ 
min. Photographs were taken at various times after the rotor had attained cor- 
rect speed. 

Estimation of molecular weight. The molecular weights of the enzymes were 
measured by: (1) gel filtration on Sephadex G-75 column according to the 
method of Andrews [5], (2) SDS polyacrylamide gel electrophoresis according 
to the method of Weber and Osbom [6] and (3) amino acid analysis. 

Extinction coefficient. Protein solution was prepared by dissolving 0.2--0.5 
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mg of protein per ml of 0.1 M sodium hydroxide. The value of ~1% ~ l c m  w a s  cal- 
culated from the maximal absorbance, in the range between 270 and 290 nm 
with a 1-cm cell [7]. 

Amino acid analysis. This was carried out on a Beckman Model M121 ana- 
lyzer. The 22-h hydrolysis sample was used at the basis for calculations, 
because of no significant difference from the 48- and 72 h results. Tryptophan 
was determined by the spectrofluorometric method of Duggan and Udenfriend 
[81. 

Estimation o f  earbohydrate. This was estimated by the method of Dubois et 
al. [9] using dextrose as standard. Amino sugars were not  measured. 

Mierozone electrophoresis. This was performed as described previously [10]. 
Fibrinogenolytic activities. The method of  Ware et al. [11] was used. 
Enzymatic activities. Caseinolytic activiW was determined as previously 

described by us [4]. Esterase activity was measured by the method of Hestrin 
[12] modified by Habermann [13]. Phospholipase A activity was determined 
by the method of Brown and Bowles [14]. Alkaline phosphomonoesterase and 
phosphodiesterase were measured by the method of Suzuki and Iwanaga [15] 
as modified by Lo et al. [16]. 

Effects o f  enzyme inhibitors on fibrinogenolytic activities. 0.25 ml of a- 
(8 pg/ml) or ~:fibrinogenase (80 pg/ml) was incubated with 0.25 ml of enzyme 
inhibitors (pH 7.4) at 37°C for 30 min, and then 0.5 ml of bovine fibrinogen 
(2%) was added. After another 30 min, 0.2 ml of this mixture was withdrawn 
and the clottable fibrinogen was assayed. Effects of the inhibitors were 
presented as percent inhibition of the fibrinogen-destruction activities of these 
fibrinogenolytic enzymes. 

Results 

Purification o f  a- and {Pfibrinogenases. a- and ~-Fibrinogenases were purified 
by means of recycling chromatography on Sephadex G-75 column. After 3 
times passing through the column, the a- and ~-fibrinogenases were found to be 
homogeneous as judged by SDS polyacrylamide gel electrophoresis in the 
presence or absence of fi-mercapthoethanol. 

Physical properties o f  a- and [J-fibrinogenases. A single symmetrical boun- 
dary at 2.52 (a-fibrinogenase) and 3.04 (fl-fibrinogenase) S. was obtained by 
ultracentrifugation (Figs. 1 and 2). The molecular weights of a-and ~-fibrino- 
genases estimated by gel filtration were 21 500 and 25 000, by SDS-polyacryl- 
amide gel electrophoresis 22 400 and 26 000 and by amino acid analysis 
23 362 and 25 534, respectively. The maximal absorbance of both enzymes 
was at wavelength 286 nm. The extinction coefficients at this wavelength were 
calculated to be 9.36 for a-fibrogenase and 18.78 for fl-fibrinogenase (Table I). 

Chemical properties o f  a- and ~-fibrinogenases. The amino acid analysis of 
the purified a- and ~-fibrinogenases was given in Table II. The number of resi- 
dues per molecule was expressed as nearest integer. It was found to be com- 
posed of 18 common amino acids. The carbohydrate contents were about 2% 
in both enzymes. If the carbohydrate moiety were glucose, the molar ratio of 
carbohydrate moiety to enzyme was 2--3 residues per molecule calculated from 
their molecular weights. This indicates that these two enzymes are glycopro- 
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Fig .  1. Sehl ieren patterns  o f  a - f i b r i n o g e n a s e  o f  7'. mucrosquamatus v e n o m  o b t a i n e d  w i t h  S p i n e o  analyt-  
ical u l t r a c e n t r i f u g e  w i t h  r o t o r  s p e e d  a t  59 7 8 0  r e v . / m i n .  S e d i m e n t a t i o n  f r o m  l e f t  t o  r i g h t .  The  f i g u r e s  on  

c h a r t  r e f e r  t o  t i m e  in  r a in  w h e n  p h o t o g r a p h  was  t a k e n .  

teins. The isoelectric points were determined by electrophoresis on cellulose 
acetate membrane to be pH 8.1 (a-fibrinogenase) and pH 5.7 (fi-fibrinogenase) 
in citrate/phosphate buffer. 

Optimal pH values of  ~- and fJ-fibrinogenases. The optimal pH value of 
a-fibrinogenase was 7.4, while that of  fl-fibrinogenase was around 8.5. 

Effect of  heat treatment on ~- and fJ-fibrinogenases. As shown in Table III, 

i ̧ ~i =~, = 

Fig. 2. Schl ieren patterns  o f  f l -f ibrinogenase of  T. mucrosquamatus v e n o m  o b t a i n e d  w i t h  a Spinco  analyt-  
ical u l t r a c e n t r i f u g e  w i t h  r o t o r  s p e e d  a t  59  7 8 0  r e v . ] m i n .  S e d i m e n t a t i o n  f r o m  l e f t  t o  r i g h t .  T h e  f igu res  o n  

c h a r t  r e f e r  t o  t i m e  in  r a in  w h e n  p h o t o g r a p h  was  t a k e n .  
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T A B L E  II 

A M I N O  A C I D  C O M P O S I T I O N S  OF  o:- A N D  ~ - F I B R I N O G E N A S E S  OF  T. M U C R O S Q U A M A T U S  
V E N O M  ( R E S I D U E S / M O L E C U L E )  

Amino  a c i d  c ~ - F i b r i n o g e n a s e  f i -F ibr inogenase  

Lys ine  15 11 
His t id ine  7 5 

Arg in ine  6 7 

A s p a r t i c  a c i d  28 26 

T h r e o n i n e  14 12 

Serine 14 13 

G l u t a m i c  acid  21 15 

Prol ine  7 18 

Glycine  9 24 
Alanine  9 12 

H a l f - c y s t i n e  6 9 
Valin e 16 16 

Me th ion i n e  6 3 

I so leuc ine  9 11 
Leuc ine  17 19 

Tyros ine  6 8 

Pheny la l an ine  5 6 

T r y p t o p h a n  8 14 

T o t a l  203 229 

fibrinogenolytic activity of  a-fibrinogenase was completely destroyed at 60°C, 
pH 5.6 and 7.4, and only 9% residual activity was detected at pH 9.0. On the 
other hand, /~-fibrinogenase could not be significantly affected at pH 5.6, 7.4 
and 9.0 after the same treatment. 

Enzymatic properties of a- and ~-fibrinogenases. The enzymatic properties of 
purified a- and fi-fibrinogenases were compared with that of the crude venom. 
As shown in Table IV, a-fibrinogenase possessed the strongest fibrinogenolytic 
and caseinolytic activities. Concerning the esterase activity, ~-fibrinogenase was 
17 times higher than that of  the crude venom, while a-fibrinogenase was com- 
pletely devoid of  this activity. Both a- and ~-fibrinogenases were devoid of  
phospholipase A, phosphodiesterase and alkaline phosphomonoesterase activi- 
ties which were found in the crude venom. Tosyl-L-arginine methylester 

T A B L E  I I I  

T H E  E F F E C T S  OF  H E A T  T R E A T M E N T  ON T H E  F I B R I N O G E N O L Y T I C  A C T I V I T I E S  OF  ~- A N D  
f i - F I B R I N O G E N A S E S  

B o t h  e n z y m e s  w e r e  in  a c o n c e n t r a t i o n  o f  1 m g / m l  a n d  h e a t e d  a t  60°C ,  pH 5.6, 7.4 and  9.0 for  30 min .  
A f t e r  p r o p e r  d i l u t i o n  w i t h  i m i d a z o l e  sal ine (pH 7.4),  t h e  r e m a i n i n g  f i b r i n o g e n o l y t i c  a c t i v i t i e s  w e r c  
a s s a y e d  a n d  t h e  r e s i d u a l  a c t i v i t i e s  w e r e  c a l c u l a t e d  as p e r c e n t a g e  o f  in i t ia l  v a l u e s  ( m e a n s  o f  3 d e t e r m i n a -  
t i o n s  w e r e  p r e s e n t e d )  

Residua l  f i b r i n o g e n o l y t i c  ac t iv i ty  (%) at p H :  

5.6 7.4 9.0 

c~-Fibrinogenase 0 0 9 
/3-Fibrinogenase 95 100  100  
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T A B L E  I V  

C O M P A R I S O N  O F  T H E  E N Z Y M A T I C  A C T I V I T I E S  O F  T H E  P U R I F I E D  c¢- A N D  ~ - F I B R I N O G E N A S E  

A N D  T H E  C R U D E  V E N O M  O F  T. MUCROSQUAMATUS 

Crude a-Fibrinogenase  ~-Fibrinogenase 

Fibrinogenolys is  
( m g / m i n  pe r  m g  p r o t e i n )  24  + 3 1 2 0  +- 14  20 +- 5 

Cascinolysis  
( p m o l / m i n  pe r  m g  p r o t e i n )  0 . 0 9  +- 0 .01  0 . 1 0  -+ 0 . 0 2  0 . 0 3  + 0 .01  

T A M e  Esterase 
( p m o l / m i n  pe r  m g  p r o t e i n )  87 + 22  0 1 5 0 0  ± 2 1 0  

Phosphol ipase  A 

(% h e m o l y s i s ,  0 .1  m g / m l )  32  +- 7 0 0 

Phosphodiesterase  
(A 4 4 0  n m  X 1 0 0 0 / m i n  p e r  m g  p r o t e i n )  24 + 4 0 0 

Alkaline p h o s p h o m o n o e s t e r a s e  
(A 4 4 0  n m  X 1 0 0 0 / r a i n  pe r  m g  p r o t e i n )  27 + S 0 0 

esterase activity of  ~-fibrinogenase (2 pg/ml) was inhibited by phenylmethane 
sulfonyl fluoride, TosLysCH2Cl and cysteine at concentrations of 2.5 • 10 -3 M. 
The percent inhibitions were 33.7 + 11.4 for phenylmethane sulfonyl fluoride 
(n = 5), 26.7 +-10.3 for TosLysCH:C1 (n = 6) and 24.5 + 6.6 for cysteine 
(n  = 3 ) .  

Effects o f  enzyme inhibitors on the fibrinogenolytic activities of  ~- and ~- 
fibrinogenases. Table V showed the effects of  some enzyme inhibitors on the 
fibrinogenolytic activities of  a- and/3-fibrinogenases, comparing with trypsin. It 
was clearly shown that the fibrinogenolytic activity of a-fibrinogenase was 
markedly inhibited by cysteine and EDTA. Effect of /3-fibrinogenase was 
inhibited markedly by phenylmethane sulfonyl fluoride and slightly by TosLys- 
CH2C1 and cysteine. Effect of  trypsin was completely inhibited by phenyl- 
methane sulfonyl fluoride, trasylol, TosLysCH2C1 and soybean trypsin 
inhibitor. 

T A B L E  V 

E F F E C T S  O F  S O M E  E N Z Y M E  I N H I B I T O R S  ON T H E  F I B R I N O G E N O L Y T I C  A C T I V I T I E S  O F  ~- A N D  

~ - F I B R I N O G E N A S E S  A N D  T R Y P S I N  

Each exper iment  was per formed  in triplicate. Percent inhibi t ions  were presented as means  + S.E.  Final 
concentrat ions:  e-aminocaproic  acid ( E A C A ) ,  1 0  -2 M; T r a s y l o l  5 • 1 0  -5 M; Ethylenediamine  tetraacetic 
acid ( E D T A ) ,  2 .5  • 1 0  -4 M; Soybean  trypsin inhibitor  ( S B T I ) ,  1 0  -4  g / m l ;  Cysteine,  N-ethylmale imide  
( N E M ) ,  tosyl-L-lysine c h l o r m e t h y l k e t o n e  (TLCK) and pheny lmethanesu l fony l f luor ide  ( P M S F ) ;  2 .5  • 1 0  -3 

M; ~ - f i b r i n o g e n a s c ,  2 p g / m l ;  f l - f i b r i nogenase ,  20  p g / m l ;  t r y p s i n ,  1 ~tg/ml ;  f i b r i n o g e n  1 0  m g / m l .  

E A C A  
Trasylol  
E D T A  

S B T I  

Cysteinc 
N E M  

~I'LCK 

P M S F  

~-Fibrinogenase fl-Fibrinogenase Trypsin 

- - -6 -+23  0 + - 6 1 0 +  9 
- - 3 0  + 4 - - 1 8  + 12  94  -+ 8 

8 5 + 1 3  0 ±  6 8 + 7 

1 4  ± 8 - - 1 4  + 8 95-+ 7 

93  + 8 26-+ 5 24  + 10  

- - 6 +  4 11 + 8 5 + 1 0  

7 + 9 37  + 6 9 7  + 3 
7 + 1 2  82  + 11 1 1 0  +- 5 
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Discussion 

The pathogenesis of hypofibrinogenemia in vivo induced by snake venoms 
may be classified into two groups. Snake venoms containing thrombin-like 
enzymes can decrease fibrinogen level by converting fibrinogen to fibrin-like 
substance which does not  form a solid clot but  which is rapidly broken down in 
vivo by fibrinolytic system (defibrination syndrome) [17,18].  Other snake 
venoms decrease plasma fibrinogen primarily by destroying fibrinogen directly 
[1,19] or indirectly through the activation of plasminogen [20]. 

Studies of fibrinogen-fibrin transformation and the fibrinolytic system may 
contr ibute not  only to understanding of  the blood coagulation mechanisms but  
also to development of new therapeutic agents for the treatment of  thrombosis. 
Thrombin-like enzymes of snake venoms, especially Arvin from Agkistrodon 
rhodostorna, have been extensively studied, and to date, these appear to be 
very valuable as anti thrombic agents for human use [21,22].  However, fibrino- 
genolytic or fibrinolytic activities of snake venoms have not  been well studied. 
We isolated and purified two enzymes possessing fibrinogenolytic activity from 
the venom of T. mucrosquarnatus. 

We have reported previously [4] that  the two purified fibrinogenolytic 
enzymes differ in their mode of  actions on the fibrinogen, a-Fibrinogenase 
digested specifically the a(A) chain of fibrinogen, while fi-fibrinogenase 
digested mainly the /3(B) chain. We report  in this paper some differences in 
their physicochemical properties. The molecular weight of  fl-fibrinogenase is 
larger than that of a-fibrinogenase, determined either by gel filtration, SDS- 
polyacrylamide gel electrophoresis or calculated from amino acid analysis. Con- 
ceming the amino acid composition, the content  of  aspartic acid is highest in 
both enzymes. However, the content  of  glycine, proline and t ryptophan of 
/3-fibrinogenase is much higher than that of a-fibrinogenase. There are also 
marked differences in the heat stability, optimal pH values and isoelectric 
points. 

Concerning the enzymatic properties, a- and/3-fibrinogenases possess proteo- 
lyric activity toward casein and fibrinogen, but  were devoid of phospholipase 
A, phosphodiesterase and alkaline phosphomonoesterase activities found in the 
crude venom. In addition, fl-fibrinogenase also possesses strong esterase activity 
toward tosyl-L-arginine methylester (1500 units/mg protein). The fibrino- 
genolytic activities of  both enzymes are not  dependent  on plasminogen activa- 
tion because e-aminocaproic acid and trasylol do not  inhibit their actions. Their 
fibrinogenolytic actions are directly on fibrinogen, and may be trypsin-like or 
plasmin-like. However, trypsin and plasmin can digest the a(A) and fl(B) chains 
and, on prolonged incubation, also 7-chain of fibrinogen [23,24].  From these 
results, it is suggested that the enzymatic action of both fibrinogenolytic 
enzymes on fibrinogen are more specific than those of  trypsin and plasmin. 

As shown in Table V, EDTA inhibited the fibrinogenolytic activities of 
a-fibrinogenase. However, the caseinolytic [4] and fibrinogenolytic activities of 
fl-fibrinogenase were not  affected significantly by EDTA. The most  remarkable 
difference between both venom enzymes and trypsin was that the fibrino- 
genolytic activities of neither venom enzymes was affected by concentration of 
the soybean trypsin inhibitor, which produced complete inhibition of trypsin. 
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Cysteine inactivated completely the fibrinogenolytic activity of a-fibrino- 
genase. It seemed that the disulfide bridges were essential for the biological 
activity of this enzyme. This result may also explain the heat-labile property of 
this enzyme. The importance of disulfide bridges for fibrinogenolytic activity 
was also reported in thrombin [25], thrombin-like enzyme [26] and fibrin- 
olytic enzyme [27]. However, ~-fibrinogenase, similar to trypsin, is only 
slightly affected by this reducing agent. 

Neither a- nor ~-fibrinogenase was inhibited by sulfhydryl group reagent, 
N-ethylmaleimide. This indicated that neither enzyme is a thiol-enzyme such as 
ficin, bromelain and papain [28]. 

~-Fibrinogenase, but not a-fibrinogenase, was inhibited by TosLysCH2C1. 
TosLysCH2C1 has been used as a histidine-reactive reagent to elucidate the role 
of this amino acid in the active centers of plasmin [29], trypsin [30], thrombin 
[25] and thrombin-like enzymes [27,31,32]. The inhibition of ~-fibrinogenase 
by TosLysCH2C1 was less than that of trypsin, therefore, it probably reflected 
structural difference in the reactive histidine residue of the venom enzyme. 
But, nevertheless, the inhibitory effect of TosLysCH2C1 suggests the involve- 
ment of histidine in fibrinogenolytic activity of ~-fibrinogenase. 

Sulfonation with phenylmethanesulfonyl fluoride also inhibited the fibrino- 
genolytic activities of ~-fibrinogenase but not a-fibrinogenase. Sulfonation also 
inhibited trypsin, chymotrypsin [33], thrombin [34] and thrombin-like 
enzyme [31]. 

The esterase activity of ~-fibrinogenase was also inhibited by phenylmethane 
sulfonyl fluoride, TosLysCH2C1 and cysteine. This indicates that both esterase 
and fibrinogenolytic activities may be due to the same active site of this 
enzyme. However, phenylmethane sulfonyl fluoride caused stronger inhibition 
in fibrinogenolytic than in esterase activities. This may suggest that some 
groups in ~-fibrinogenase, which are easily sulfonated, are important for the 
hydrolysis of fibrinogen but not of tosyl-L-arginine methylester. 
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