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The Activation of Plasma Factor XIII with the Snake 
Venom Enzymes Ancrod and Batroxobin Marajoensis 

M. WALTER, D . NYMAN, V. KRAJNC and F. DucKERT 

From the Coagulation and Fibrinolysis Laboratories, Kantonsspital, Basle, 
Switzerland 

Summary 

The snake venom enzymes Ancrod and Batroxobin marajoensis are able to activate human "-" 
plasma factor XIII as shown by the formation of the y-dimers. The concentration of y-dimers 
increases with the concentration of the activating enzymes. Factor XIII activated by Ancrod or 
Batroxobin marajoensis is, however, unable to catalyse the incorporation of the amine dansyl
cadaverine into casein. The partially activated factor XIII is therefore not demonstrable by 
means of the artificial test system. This factor XIII loses little activity and remains activable by 
thrombin. 

Introduction 

Factor XIII is a coagulation factor present in plasma as enzyme precursor. Its molecule 
comprises two pairs of polypeptide chains (Schwartz et al. 1973), 2 a chains (MW= 78,000) 
and 2b chains (or S fragment) (MW= 88,000). These chains are linked together by non-cov
alent bonds to form the complete plasma factor XIII a2b2 (MW = 332,000). The platelet 
(Schwartz et al. 1973) and the placenta (Bohn and Schwick 1971) factor XIII comprise two a 
chains only, which are probably identical with the a chain of plasma factor XIII. 

Plasma factor XIII is converted to the active enzyme by a limited proteolysis and splitting of 
a peptide from the a chains, resulting in the formation of a' chains (Schwartz et al. 1973). After 
the peptide loss and in presence of calcium ions, factor XIII can dissociate into the separated 
chains. The active part of the activated factor XIII, factor XIII a is the a' chain. Factor XIII a is 
an£- (y-glutamyl)lysin transferase, which can introduce covalent bonds between glutamyl and 
lysyl residues of different fibrin monomers. The "isopeptide" has been isolated (Lorand et al. 
1968, Matacic and Loewy 1968, Pisano et al. 1968) . 

Thrombin is the physiological activator of factor XIII. However, other pro teases, especially 
the thrombin-like enzymes of snake venoms could activate factor XIII. Two enzymes, Ancrod 
isolated from the venom of Agkistrodon rhodostoma and Batroxobin marajoensis or moojeni 
obtained from the venom of two different species of Bothrops atrox either marajoensis or 
moojeni are particularly interesting. These enzymes split the fibrinopeptide A from fibrinogen 
and are used therapeutically for defibrination and anticoagulation of patients with throm
boembolic or circulation disorders. Contradictory reports have been published on the ability 
of these enzymes to activate factor XIII (Barlow et al. 1970, Edgar and Prentice 1973, Gaff
ney and Brasher 1974, Kopec et al. 1969, McDonagh and McDonagh 1975, Schwartz et al. 
1973). 

The present investigations were performed to follow, by means of different methods, the ac
tivation, if any, of factor XIII by these enzymes. 
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Materials 

Ancrod F-1623 (Twyford Laboratories, Courtesy of Fa. Knoll, Liestal, Switzerland) 
Ancrod A-38414 (Courtesy of Abbot Laboratories, Chicago, USA) 
Batroxobin marajocnsis 0637 (Courtesy of Pcntapharm, Aesch, Switzerland) 
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Batroxohin marajoensis and moojeni 00641 (mixture) (Courtesy ofPenlaphann, Aesch, Switzerland) 
Batroxobin marajoensis treated with elastase (Courtesy of Pentapharm, Aesch, Switzerland) 
Thrombin (Hoffmann-La Ruche, Basle, Switzerland) 
Heparin , Liquemin-Roche (Hoffmann La Roche, Basle, Switzerland) 
Hirudin, 1,500 AT-U/mg after Markwardt (Courtesy of Pentapharm, Aesch , Switzerland) 
Macrodex, 6% in physiological saline (Pharmacia, Uppsala, Sweden) 
Tris-HCI buffer pH 7.4, 0.05 M 
Macrodex buffer, 1 part Macrodex and 1 part 0.05 MTris-HCI buffer pH 7.4, containing 0.1 M CaCI 2 • 

Mercaptoethanol solution, 0.1 M 2-mercaptoethanol- 1% sodium dodecylsulfate- 4 M urea. 
Plasma: Human blood was collected with a butterfly needle directly in siliconized glass tubes. One m! of 

"\ each of the following anticoagulant solutions was added to 9 m! whole blood to obtain the various blood 
samples: 0.13 M trisodium citrate, 0.1 M EDTA, Heparin 208 USP u/ml or 0.1 M sodium oxalate. Im
mediately after collection the blood was centrifuged for 20 min. at 2,500 g. The platelet poor plasma 
(PPP) was transferred to siliconized tubes with siliconized pipettes. Fresh plasma of healthy donors was 
used in all experiments in order to avoid any formation of thrombin. All coagulation factors , especially 
fibrinogen, prothrombin and factor XIII were in the normal range. 

\ 

Methods 

Factor XIII assay according to Lorand et al. (1969) as modified by McDonagh et al. (1971). 
Fibrinogen according to Clauss (1957). 
Prothrombin according to Koller et al. (1951). 

Assay of the coagulant activity of the enzymes. 0.2 m! citrated normal plasma are incubated for 30 sec. at 
37° C and then 0.1 m! of the enzyme solution added. The clotting time is recorded. 

Preparation of plasma clots and polyacrylamid-gel electrophoresis ( P AA GE) was performed according 
to McKee and coworkers (1970). 

The samples to be analyzed were prepared as follows: 
a) 0.1 m! Macrodex buffer+ 0.1 m! enzyme solution and 0.2 m! PPP were incubated for 2 hours at 

37° C. The clots were then suspended in ice cold saline with 0.01 M Na2 EDTA, centrifuged and the 
supernatant discarded. The procedure was repeated at least twice and the washed clots were incubated for 
15 hours at room temperature in 0.1 m! 2-mercaptoethanol-sodiumdodecyl sulfate (SDS)-urea solution. 
After complete dissolution of the clot, the solution was diluted with 0.3 m! of 0.01 M phosphate buffer pH 

Fig. I Scan of a PAA-gel electrophoresis of a 
Batroxobin marajoensis clot. On top the area 
integral of the corresponding band. 
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7.0 containing 0.1 % SDS. 25 ~I of this solution were mixed with 10 ~I glycerol and 2 ~I bromophenol blue 
solution. Finally 6.5 ~I of the mixture were used for the PAA-gel electrophoresis. The gels were stained 
with Coomassie brilliant blue. 

For quantitative estimation of the relative concentration of the a, ~and y chains of fibrin, y-y dimers 
and a-polymers the gels were scanned in a Clifford Densi Comp (model 445) at 560 nm. The~ chain of 
fibrin not modified by the action of factor XIli on fibrin was taken as reference (Fig.1). 

Results 

Activity Equivalence of the Different Enzymes 

The coagulation time of series of dilutions of bovine thrombin, Ancrod and Batroxobin, 
were compared (Fig. 2). We attributed arbitrarily the value 1 to the concentration of the en
zyme which gave a clotting time of 20 seconds in our assay system. In the following experi
ments the relative concentrations for each enzyme are indicated in function of this value. 

Factor XIII Activation and Fibrin-Formation with Thrombin 

The plasma clots were obtained from oxalated, BaS04 adsorbed plasma and reduced before 
electrophoresis. The clots became smaller with decreasing thrombin concentration. The y
chains disappear to form the y-y-dimer, the a-chains to form the a-polymer (Fig. 3) . The for
mation of a-polymer, measured by the relative disappearance of the a-chain, in comparison 
with the ~-chain, increases with increasing thrombin concentrations. In F (Fig. 3) the adsorbed 
plasma was recalcified without addition of thrombin. The practically complete absence of 
fibrin demonstrated that prothrombin as well as factor X were almost quantitatively removed. 
The thrombin potentially formed was never able to produce any y-y-dimers and was easily 
neutralized by heparin as well as the traces of X which activation by Ancrod is only a very re
mote possibility . 

Factor Xlll Activation and Fibrin Formation with Ancrod 

In this experiment the clots were obtained from oxalated, BaS04 adsorbed plasma which 
was in addition heparinized (30 U/ml PPP) to avoid any formation and action of Xa and 
thrombin. In this case the starting Ancrod concentration (clotting time 20 sec.) was increased, 
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Fig. 2 The clotting times in function of various 
concentrations of bovine thrombin , Ancrod and 
Batroxobin. 
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in order to see if fibrin was cross-linked or not by this enzyme (Fig. 3 L toP) Hirudin (Fig. 3 R), 
at the final concentration of 625 AT U per m! incubation mixture was added to prevent any ac
tivation of factor XIII by thrombin traces. One finds in addition to the a,~ and y chains, they
y-dimer, the a-polymer and a hew band (MW= 40.000) which is due to a proteolyticfragmen
tation of the a-chain. They-chain is not completely crosslinked, the concentration of the y-y 
dimer increases with the Ancrod concentration, as shown by the increasing values of the quo
tient y-y dimer/~ chain (Fig. 4). The a-chain concentration diminishes with increasing Ancrod 
concentrations (Fig. 3). 

Factor XIII Activation and Fibrin Formation with Batroxobin 

The fibrin clots were obtained by coagulation with Batroxobin marajoensis of oxalated 
BaS04 adsorbed plasma in presence of heparin (30 U/ ml PPP). The relative concentration of 

: 1 1 
\ I \ 

I 

y-y _....., ~ ... 4 •• 

ex - • • ,. 
13 • ~ 

y-

a b c d e f 
1 0.5 0.25 0.1 0.05 0 

g 
1 

h 
4 

i 
B 

j k 
16 32 

-
m n o p 

1.16 1.75 3.5 7 
q 
16 3.5 

Enzyme relative concentration 

Fig. 3 PAA-gel electrophoretic patterns of human plasma clots obtained with decreasing concentration 
of bovine thrombin A to F, with increasing Batroxobin marajoensis concentration G to K, and with in
creasing Ancrod concentration L toP. Q is similar to 1 with in addition 625 U hirudin per m! of the clotting 
mixture. R corresponds to 0 with 625 U hirudin per m! of the clotting mixture. RC indicates the relative 
concentration of the enzymes. 
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Fig. 4 The relative amounts of y-y dim er and a-chains in comparison with the~ chains are given in func
tion of the relative enzyme concentration: Batroxobin marajoensis y-y/~ = 0; a/~= e ; Ancrod y-y/~ = 6, 
a/~ = .A. and thrombin a/~ = x. For the purpose of comparison the range of the thrombin concentration 
has been extended 10 times, the enzyme activity (clotting time of 20 seconds) is at concentration 1 for Ba
troxobin and Ancrod and at concentration 10 for thrombin. The relationship y-y/~ for thrombin as meas
ured by the coloration intensity of the polyacrylamide gel bands is constant and amounts to 0.58 ± 0.01 
at all thrombin concentrations tested in our system. 
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Table 1 The clotting activity of the enzymes was tested in the 1: 10 dilution of the enzyme effectively 
used for the activation of factor XIII. 

Enzyme 

B. marajoensis untreated 
B. marajoensis treated with iodoacetamide 
B. marajoensis treated with elastase 
B. marajoensis and B. moojeni mixture 
B. marajocnsis and B. moojeni treated with iodoacetamide 
Ancrod F-1623 
Ancrod A-38414 

Clotting time in second 

20 
27 
18 
33 
52 
21 
19 

they-chain is reduced by increasing the Batroxobin activity (Fig. 3 G to K), whereas the y-y 
dimer band is correspondingly increased (Fig.4). The addition of hirudin to block the activa
tion of factor XIII by hypothetical traces of thrombin does not modify the picture (Fig. 3 Q). 

Effect of Different Ancrod and Batroxobin Preparations 

For this series of investigations it was unfortunately not quite possible to maintain for all 
preparations the clotting activity at our standard level. The clotting times measured with ci
trated plasma are given in Table 1. The substrate for the formation of fibrin is always 
heparinized plasma. The macrodex buffer does not contain calcium ions, therefore reducing 
the calcium concentration to half the physiological concentration. Two different batches of 
Ancrod, Ancrod F- 1623 and Ancrod A-38414, gave similar electrophoretic pictures and 
could not be distinguished (Fig. 5). Five different Batroxobin preparations were compared 
(Fig. 5). The factor XIII activation and fibrin formation were produced by a mixture of Ba
troxobin marajoensis and Batroxobin moojeni . The y chain disappears totally to form the 
y-y dimer. a-polymers appear also in the diagramm. The Batroxobin mixture was used after 
treatment with 2-iodoacetamide. This treatment should inhibit the activation of factor XIII 
(Stocker, 1975) when tested in an urea solubility test (Duckert et al. 1960). The treatment 
does not modify the formation of y-y dimers and a -polymers (Fig. 5). 

To exclude the possibility of a contamination of Batroxobin marajoensis with Batroxobin 
moojeni , the former was treated with elastase which quantitatively destroy the clotting activity 
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Fig. 5 PAA-gel electrophoretic pattern obtained with: thrombin A, Ancrod F 1623 with EDTA B, An
crod F-1623 C and D, Ancrod A-38 414 E and F, D and Fare the 1: 2 dilutionsofC and Erespectively, B. 
marajoensis with EDTA G, untreated B. marajoensis H, B. marajoensis diluted 1: 2 I , elastase treated B. 
marajoensis J, same in the 1/2 dilution K, monoiodoacetate treated B. marajoensis K, same in the 1/2 dilu
tion M, untreated mixture of B. marajoensis and B. moojeni N, same in the '/2 dilution 0, the same mixture 
as N treated with monoiodoacetamide P and Q. 
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Table 2 Incorporation of dansylcadaverine into casein.* 100 % value by definition. 
The Ca +2 concentration is constant. The concentration of the enzyme is given in relation to the concentra
tion which gives a clotting time of 20 seconds with a normal citrated plasma. 

Enzyme 

Thrombin 
Thrombin 
Thrombin 
B. marajoensis 
Ancrod F 1623 
No enzyme 

Final concentration in 
1 m! of incubation mixture 

23 
2.3 
0.23 
0.335 
0.35 

Incorporation of 
dansylcadaverine 

100 %* 
131 % 
30 % 

4.8 % 
4.1 % 
5.0 % 

~of Batroxobin moojeni (Stocker 1975). Even after such a treatment, Batroxobin marajoensis 
can activate factor XIII as shown by the y-y dim er lines (Fig. 5) . A contamination of B. mara
joensis with B. moojeni seems to be excluded. Therefore B. marajoensis can as well as B. moo
jeni (McDonagh and McDonagh 1975) activate factor XIII. 

Assay of Activated Factor XIII by Incorporation of Dansylcadaverine into Casein 

In the test system (McDonagh et al. 1971) thrombin is replaced by either Ancrod or Ba
troxobin and the incubation time prolonged from 20 to 45 minutes . The relative enzyme con
centrations and the corresponding incorporation of dansylcadaverine into casein are shown in 
Table 2. At relatively higher concentrations than thrombin the incorporation is much less with 
both Ancrod and Batroxobin. 

Eventual Proteolysis of Factor XIII by Ancrod or Batroxobin 

It is conceivable that besides its activation by proteolysis factor XIII can be further degra
dated by the investigated enzymes. This possibility has been tested in the following manner: AI 
(OHh adsorbed plasma, defibrinated by heat treatment at 56° Cas source offactor XIII was 
incubated with the enzymes for 2 hours and aliquots were tested after different periods of in-

---, cubation. The test system was the dansylcadaverine incorporation. The adsorbed plasma is in
cubated with high concentrations of either Ancrod (concentration 2) or Batroxobin marajoen
sis (concentration 4.4) . The activity of factor XIII a measured during the incubation period 
without further addition of thrombin remained below 2%, independently of the activation 
time. At various intervals the incubation mixtures were fully activated with thrombin, the in
corporation of dansylcadaverine decreased slightly over the 2 hour incubation from 89 % to 
80 % of the norm for the blank without enzyme, from 87 % to 72.5 % with Batroxobin mara
joensis and from 93 % to 67 % with Ancrod. The snake venom enzyme impaired only slightly 
the later activation with thrombin. 

Discussion 

We have investigated the ability of the snake venom enzymes Ancrod, Batroxobin mara
joensis and of a mixture of Batroxobin marajoensis and moojeni to activate human factor 
XIII. Possible interferences due to traces of thrombin have been excluded by adsorption of 
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prothrombin and clotting factors and by addition of heparin and hirudin in excess. In the litera
ture divergent informations have been pubJjshed. Whereas Mattock and Esnouf (1971), Ed
gar and Prentice (1973) and Gaffney and Brasher (1974) demonstrated a slow formation of 
y-dimers after activation of factor XIII with Ancrod, Barlow et al. (1970) and Chen et al. 
(1972) reported an absence of factor XIII activation with strongly purified Ancrod prepara
tions. However, the latter authors have used less specific systems either the solubility tests or 
the incorporation of dansylcadaverine as measure of factor XIII activity. The low grade of y
di mcrization has been attributed to either a very slight activation of factor XIII or an inhibition 
due to the presence of fibrinopeptide B not split by Ancrod. 

According to Kopec et al. (1969) reptilase activates factor XIII. Mattock and Esnouf 
(1971) found an intermediary activation between Arvin and thrombin as measured by y-dimer 
formation . McDonagh (1975) using the incorporation of dansylcadaverine into casein was 
able to differentiate between the reptilase isolated from the venom of Bothrops marajoensis 
which did not activate factor XIII and the reptilase from Bothrops moojeni which activated 
factor XIII. However, more purified fractions were also unable to activate XIII. These authors 
also found that Batroxobin moojeni did not alterate the molecular weight of factor XIII 
whereas Batroxobin marajoensis produced considerable degradation. Because of these con
tradictory data we have tested two different sources of Ancrod and obtained the same results. 
All these enzymes are able to activate factor XIII as shown by the presence of y-y dimers in the 
polyacrylamjde-SDS gel electrophoresis. These results agree for Ancrod with those of Gaff
ney (1974). Batroxobin was also treated with either elastase or iodoacetamid in order to des
troy the clotting activity of the factor XIII activating activity of Batroxobin moojeni (Stocker 
197 5). Both properties remained unchanged and Batroxobin marajoensis was, after treat
ment, still able to activate factors XIII as demonstrated by the presence of y-y dimers and a
polymers. 

The high specific formation of y-y dim er and a-polymer can also be used for quantitative 
purpose when their concentration is measured and compared to the concentration of ~-chain, 
which is not involved in the process of fibrin stabilization. Tills method is, however, valid only 
under the following conditions. The a, ~and y-chains are in the same concentration in plasma 
and fibrin, the ~-chain is not modified by the tested enzymes and the disappearance of they
respectively a-chain corresponds to the appearance of the y-y dim er and a-polymer. This sys
tem is certainly valid for thrombin and for the snake enzymes when only the relative 
concentration of they-chain and y-y dim er are compared to the ~-chain. However, it does not 
apply to Ancrod and to a lesser extent to Batroxobin marajoensis which split a polypeptide 
(MW 30.000) from the C-termjnal end of the a-chain. This polypeptide contains the crosslink
ing sites which lead to the a-polymerisation. Thus, the disappearance of the a-chain is not re
lated primarily to factor XIII but to the degradation of the a-chain, especially with Ancrod. 

In conclusion Ancrod and Batroxobin marajoensis are able to activate factor XIII. This fac
tor XIII a is able to catalyze the formation ofy-y dimers and, to a slight extent, of a-polymers. 
At the same time we can confirm the findings of Schwartz et al. (1971) who reported that y-y 
dimerization alone is insufficient to make fibrin insoluble in 5 M urea. 

Factor XIII a can also be assayed by incorporation into casein of dansylcadaverine (Lorand 
et al. 1969, McDonagh et al. 1971). For these experiments we chose high enzyme concentra
tions as compared with their clotting activity. We found very little incorporation of dansyl
cadaverine into casein. It is difficult to decide whether factor XIII is only very slowly activated 
or if the activation with Ancrod and Batroxobin-marajoensis is different from that with 
thrombin. The prolonged incubation does not increase factor XIIIa activity, it is associated 
with a slight loss of activity when in a second stage factor XIII is fully activated with thrombin. 

Therefore, it appears possible that Ancrod and Batroxobin marajoensis convert factor XIII 
into an intermediate form which possesses a factor XIII a like activity as shown by the forma-
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tion of y-y dimer. This intermediate form is unable to catalyze less specific reactions but re
mains susceptible to thrombin activation. The absence of side effects upon defibrination in 
vivo with either Ancrod or Defibrase (Batroxobin) may be partly explained by the low grade 
activation of factor XTTT insufficient to render the fibrin less susceptible to plasmin and also by 
the degradation of the a-chain of fibrinogen . Both enzymes are also inadequate for the separa
tion offactor XIII from fibrinogen since factor XIII is certainly altered by both enzymes either 
slightly activated or also possibly degradated. 

Resume 

Les enzymes de venin de serpent Ancrod et Batroxobin marajoensis activent le facteur XIII 
plasmatique de telle sorte que la concentration des dimeres y augmente en fonction de la 

\ concentration de I' enzyme. Le facteur XIII active par I' Ancrod ou la Batroxobine marajoensis 
n'est par centre pas capable de catalyser !' incorporation de la dansylcadaverine a la caseine. 
Les enzymes Ancrod et Batroxobine marajoensis produisent une activation intermediaire du 
XIII qui ne peut etre mise en evidence avec les systemes artificiels. Le facteur XIII traite par 
les deux enzymes reste activable par la thrombine . 

Zusammenfassung 

Die Schlangengiftenzyme Ancrod and Batroxobin marajoensis aktivieren den Faktor XIII , 
so daB die Konzentration der y-y-Dimere in Funktion der Enzymkonzentration zunimmt. Der 
durch Ancrod oder Batroxobin marajoensis aktivierte Faktor XIII ist aber nicht in der Lage, 
den Einbau von Dansylcadaverine in Casein zu katalysieren. Ancrod und Batroxobin marajo
ensis provozieren eine intermediare Aktivierungsstufe des Faktors XIII, die in den ki.instli
chen Testsystemen nicht nachweisbar ist. Dieser Faktor XIII bleibt jedoch durch Thrombin 
aktivierbar. 
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