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Abstract

Aim: To purify and characterize the coagulant protein Fla from Daboia russelli
stamensis (Myanmar) venom. Methods: Fla was purified from Daboia russelli
stanensiy (Myanmar) venom by ion-exchange chromatography on CM-Sephadex
C-50, and gel filtration on Sephadex G-75 and a Superdex 75 column. The hemo-
static activity of FlIa was determined by the method of Williams and Esnouf, The
specific chromogenic substrates were used respectively to determine the activa-
tion of factor X and prothrombin. The fibrinogen-clotting activity of Fla was
determined by the method of Gao e al. Normal saline was used as a negative
control while factor Xa and thrombin were used as positive controls, respectively.
Results: Fla, o coagulant protein, was achieved by ion-exchange chromatogra-
phy and gel Alration with a molecular weight of 34 479 and an isoeleciric point of
7.2, Fla was shown to have strong hemostatic activity. The hemostatic activity of
0.5 mg Fla was equal to that of 1.5625 u thrombin. Fla primarily activated factor X,
however, had no influence on prothrombin, nor did it cleave or clot fibrinogen,
Conclusion: Fla is a factor X-activating enzyme, which could activate factor X 1o
factor Xa, but has no effect on prothrombin and fibrinogen,

Introduction

Snake venoms are complex mixtures containing many dif-
ferent biologically active proteins and peptides. A number
of these proteins affect the mammalian coagulation system
by cleaving limited bonds in the blood coagulation factors,
Factor ¥, factor X, prothrombin activators, and thrombin-
like enzymes have been separated from different snake ven-
oms'" . Among those, snake venoms of the Viperinae fam-
ily have been reported (o contain strong procoagulants. Be-
cause of their biological activities, some of these venom pro-
teing are useful for basic studies of hemostasis and throm-
bosis and for pharmacological and clinical applications'""
Deaboia russelli siamensis is widely found over southern
China, central and southern Myanmar, and central Thailand.
Although we have known that the venom of Daboia russelli
siamensis also contains some hemostatic fractions, studies
about the hemaostatic effect and procoagulant mechanism of
Daboia russelli siamensis (Myanmar) venom are minimal,
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In the present investigation, we purilied the hemostatic
fraction Fla from Daboia russelli sicmensis (Myanmar)
venom, determined the hemostatic activities of Fla and in-
vestigated the mechanism of hemostasia and the potential
application of Fla.

Materials and methods

Snake venom Daboia russelli siamensis (Myanmar)
venom was purchased from Guangzhou Medical College
{Guangzhou, China) and lyophilized and stored in a
desiceator,

Reagents CM-Sephadex C-50, Sephadex G-75, and
Superdex 75 were purchased from Pharmacia {Uppasala,
Sweden). Human fibrinogen and thrombin were purchased
from Sigma (51 Louis, MO, USA). Factor X, factor Xa,
prothrombin, and the reagent packs for the activity assays
of factor Xa, prothrombin, and thrombin were purchased from
Merck (Darmstadt, Germany). All other reagents were of
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analytical grade and obtained from commercial sources
(Guangzhou, China).

Purification of Fla from Daboia russelli siamensis
(Myanmar)venom

CM-Sephadex C-50 ion exchange chromatography
Daboia russelli siamensis (Myanmar) venom (1.0 g) was
dissolved in 0.5 mol/L ammonium acetate (pH 5.8), and the
supemnatant was applied to a column (2.0 cmex80 cm) of CM-
Sephadex C-50. The fractions were eluted with a linear gradi-
ent consisting of 0.5 mol/L. ammonium acetate (pH 5.8) as the
starting buffer and 1 mol/L ammonium acetate {pH 8.0) as the
limit buffer, The absorbance of the eluates was measured
and then the hemostatic fraction was dialyzed and
lyophilized,

Sephadex G-75 gel filtration  Gel filtration was per-
formed on a Sephadex G-75 column (2.0 cmx 100 cm) equili-
brated with 0.02 mol/L sodium phosphate buffer (pH 7.4).
The first fraction (FI, 100 mg) from CM-Sphadex C-50 chro-
matography was eluted with the same buffer,

Superdex 75 gel filtration Gel filration was performed
ona Superdex 75 column (1.0 cmx80 cm) equilibrated with (),
02 mol/L sodium phosphate buffer (pH 7.4). The fiest rac-
tion (Fla, 30 mg) from Sephadex G-75 gel filtration by gel
filtration was cluted with the same bufTer.

Muolecular weight and isoelectric point determination
SDE-PAGE was performed according to the method of
Lacmmli'". The molecular weight standards were MBP-G-
galactosidase (175000), MBP-paramyosin (83 000), glutamic
dehydrogenase (62 000), aldolase (47 500), triosephosphate
isomerase (32 500), G-lactoglobulin A (25 000), lysozyme
(16500)), and aprotinin (6500). Isoelectrofocusing-PAGE was
carried out by the Institute of Biochemistry and Cell Biology,
Shanghai Institmes for Biological Sciences, Chinese Acad-
emy ol Sciences (Shanghai, China), with a pH gradient of 3-
10 generated by amphaoline (pH 3—10; Amersham Biosciences,
Uppsala, Sweden),

Measurement of hemostatic activities Three different
groups were established at various concentration intervals.
The Fla groups were given 0.5, 0.25, 0,125, (1,625, and 0.3125
mg/ 100 L and each concentration was tested 6 limes.
Thrombin was used as a positive control and 25, 12.5,
6.25, 3,125, 1.5625,0.78125, and 0.390625 U/100 pL. thrombin
wis given, Each concentration was also tested 6 times.
Normal saline was used as a negative control.

The hemostatic activities of thrombin and Fla were mea-
sured according to the coagulation time determined by the
method of Williams and Esnouf™. The citrated plasma (100
L) was incubated with 100 L of (.01 mol/L Tris-HC1 buffer
(pH7.3) containing 0,15 mol/L NaCl at 37 *C{or 3 min, 100 L.
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of 0.05 mol/L. CaCl, plus thrombin (100 pL) or Fla ¢ 100 gL}
were added 1o the pre-incubation mixture respectively. The
clotting time of the plasma was then recorded,

Effect of FIa on human blood Factor X Using the method
of Gowda er @™, the activation of purified human factor X
was followed by using the FXa differential chromogenic
substance, Purified human blood factor X (100 1) was incu-
bated at 37 °C in 50 mmol/L Tris-HCI (pH 7.4) containing 0.1
mol/L NaCl, 0.01 mol/L CaCl,, and 12 pg of Fla in a total
reaction volume of 300 pl. Aliguots (30 pL) were removed al
various times. 50 pL of FXa differential chromogenic sub-
stance solution [dissolved in 50 mmol/L Tris-HC1 (pH 7.4}
containing 0.1 molfL. NaCl (final concentration of (0.2 {nmni.-'L}
was added into the aliquots. The light absorbance was re-
carded at 405 nm, FXa was used as a positive control and
normal saline was used as a negative control,

Effect of Fla on human prothrombin Using the method
of Hofmann and Bon', the activation of the purified pro-
thrombin was followed by using the thrombin differential
chromogenic substance. Purified human prothrombin (6.67
Hgful) was incubated at 37 *C in 50 mmol/L Tris-HC1 (pH 7.4)
containing 0.1 mmol/L NaCl and 10 mmol/L CaCl, with Fla,
Aliquots (30 pLy were removed at various times, <450 uL of
thrombin differential chromogenic substance solution
|dissolved in 50 mmol/L Tris-HCI (pH 7.4) containing 0.1 mol/L
NaCl| was added into the aliquots. The light absorbance
was recorded at 405 nm. Thrombin was used as a positive
control and normal saline was used as a negative contral,

Effect of FIa on fibrinogen Using the method of Gao ef
al™, fibrinogen-clotting activity was determined by
mixing 20 pL of Fla {concentrations were (1.5, (1,25, 0,125,
0.0625, and 0.02125 mg/100 pL, respectively) with 200 pL. of
human fibrinogen solution (3 mg/mL.) in 50 mmol/L Tris-HC|
buffer (pH 7.4) and (.1 mol/I. NaCl {containing 10 mmol/L
CaClyyand incubated at 37 °C. The clotting time was recorded.
Thrombin was used as a positive control and normal saline
was used as o negative control.

Results

The isolation of Fla was achieved by using 3 steps of
purification (Figure 1A—1C). lon exchange chromatography
of crude venom using a column of CM-Sephadex C-50 yielded
L1 fractions (Figure | A). The first fraction (FI) had the high-
est hemostatic activity. Its hemostatic activity, expressed
by the thrombin coagulation time, was 43025 5/31.25 pg (n=).
Further chromatography of FI using a column of Sephadex
G-75 resulted in 3 fractions: Fa, Fb, and Fe (Figure [B), The
hemostatic activity of Fa was 3505 /31.25 pg (n=6), which
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Figure 1. Isolation of F 1 a by a three-step purification. A, CM-
Sephadex C-30 jon exchange chromatography of Daboia russelli
siittensis Myammar venom, CM-Sephadex C-50 column {2.0x80
emp wis pre-equilibrated with 0.5 mol/L smmonium acecate buffer,
crude venom (1.0 g} was applied in the same buffer (8 mL) and chited
with o gradient of ammonium acetate concentration Trom 0.05 malfl.
(pH 5,80 to | mol/L (pH 8.0) a1 a flow rate of 4 wbe/h. The hemo-
statie aetivity was highest in fraction 1(F [, B, Sephadex G-75 pgel
filtration of F I F 1,100 my, was applicd on Sephadex G-75 column
2.0 100 em ) equilibrated with 0.02 mol/L sodium phosphate buffer
{pH 7.4k The flow rate was 12 mLM. The hemostalic activity was
concentrated in friction a (Fa). O, Superdex 75 gel Filtration of Fla,
Superdex 75 column { 1.0=80 cn) was pre-cquilibrated with 0.02 mal/L
sodinm phosphate buffer (pH 7.4) and eluted with the same solution
at a Mow rate of 3 mLdh.

was higher than that of Fb and Fe. The collection of the
sharp peak of Fa was then applied 1o a Superdex 75 column.
The single peak obtained was named Fla (Figure 1C). The
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hemostatic activity of Fla was 29025 s/31.25 pg (n=6). From
1 g of crude venom, 10.75 mg of Fla was obtained.

Fla was found to be electrophoretically homogeneous
by SDS-PAGE (Figure 2) and isoelectric focusing (Figure 3).
SDS-FAGE analysis gave a calculated molecular weight of
34 479, Isoeletric focusing studies indicated that Fla was a
neutral protein with a pl of 7.2,

The hemostatic effect of purified enzyme Fla and throm-
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Figure 2. SD5-PAGE of Fla. Lane |: molecular mass markers: Lane
2: Fla: Lane 3: crude venom. The protein bands were stained with
.23% coomassie brilliant hlue R-250 solwtion.

Figure 3. lsoelectric focusing analysis of Fla at different pH
ranges. Lane 1: Pharmacia isoclectric focusing calibration kit pH
3-110; Lane 2: Fla.
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bin was determined by coagulation time. The clotting time
of normal human plasma was 96025 s (n=6). Fla (100 uL) at
several different dosages. 0.5, 0.25, (L125, 0.0625, and 0031235
mg, was applied. The clotting times of Fla were 605 s,
005 5, 142£3 s, 180+ s, and 29042 5, respectively (n=6). It
was shown the clotting times increased with the decreased
dosages (Figure 44). The hemostatic effect of thrombin
(100 pL) at different dosages (5, 12.5, 6.25, 3,125, 1.5625,
0.78125, and 0.390625 u, was also determined. The clotting
times of thrombin were 6. 8801 5, 12,130,155, 16.52+0.08 5,
26.56£0.21 5, 64+1.2 5, B9+ 1.4 5, and 146£3 5, respectively
{n=6). It was shown that the clotting times also increased
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Fignre 4. Coagulant activity of Flo and thrombin in Jifferent concen-
tetions, A, Coagolaant activity of Fla ot different concentrations.
B, Coagulont sctivity of thrombin at different concentrations. The
activities were expressed by coagulation time (=),
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Figure 5. The cffect of Fla on human fector X, After adding Fla,
the absorbance of the reaction mixture showed statistically signifi-
cant difference, compared with negative contral (n=3). The resulis
were expressed by the light absorbance at 405 nm.
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with the decreased dosages of thrombin (Figure 4B).

Purified enzyme Fla from Daboia rasselli siamensis
{Myanmar) venom readily cleaves a number of commercially
available chromogenic substrates that have been designed
for human blood Factor X, The parameters for chromogenic
substrate conversion by the venom activator are higher than
by normal saline (Figure 5). Tt was shown that Fla can active
factor X to factor Xa. However, in the test of chromogenic
substrates to prothrombin, the parameters of Fla had no
change compared to the normal saline group (Figure 6). It
showed that Fla had no catalytic efficiency on protrombin,

[n the test of fibrinogen-clotting activity, we found that
Fla at dosages of up to (.5 mg/100 pL could not coagulate
human fibrinogen, which was the same with the normal sa-
line group. It showed that Fla had no effect on human
[ibrinogen.

4 .
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"5 L -
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i ﬁ . . .
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Figure 6. The effect of Fla on human prothrombin, Afler adding
Fla, the absorbance of the regction mixture did not show any statis-
lical difference, compared with negative group (e=3). The results
were expressed by the light absorbance at 405 nm,

Discussion

Studies on Russell’s viper venoms have been conducted
for a long time. Tt is known that fractions of Russell’s viper
venom exhibit a number of hemostatic activities such as the
proteases from Russell’s viper venom that activate factor X,
factor V, and prothrombin'™"?.,

In this paper, we have described the purification and
characterization of the factor X-activating fraction Fla from
Daboia russelli siamensis (Myanmar) venom,

With a 3-step procedure, we obtained a purified factor X-
activating fraction Fla, ls molecular weight was 34 479 and
its pl was 7.2, showing a difference when compared with
RVV-X obtained by Esnouf and Williams"™. [t is also differ-
ent from the factor X-activating fraction obtained by Yang er
af from Thailand Daboia russelli siamensis™, Judging from
the above facts, Fla is a new factor X-activating protein
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found from the venom of Dabeia russelli siamensis
(Myanmar) venom, or these difference is a different deriva-
tion of viper russellii. We found that Fla might shorten
clotling time, and the hemostatic activity of 0.5 mg Fla was
equal to that of 1.5625 u of thrombin.

We know that the activation of the extrinsic coagulation
pathway initiated by an expression of prothrombinase
{prothrombin, FXa) plays an important role in hemostasis,
Factor Xa, the physiological activator of prothrombin, con-
verts prothrombin to active thrombin. Thrombin directly
activates platelets and cleaves fibrinogen to fibrin mono-
mers'"™™"*. In order to understand the relationship between
Fla and this process, we determined the activating activities
af Fla on factor Xa prothrombin in vitro, In light of our data,
we found that Fla could increase the activity of factor X,
which has a concentration-time relationship. However, we
found that Fla could not affect the activity of prothrombin
directly,

Fibrinogen and fibrin play essential roles in blood elotting.
During coagulation, the soluble fibrinogen is converted 1o
insoluble fibrin, and this process is initiated by thrombin!®,
In this study, we found that Fla had no effect on human
fibrinogen in vitro. The results showed that Fla could not
cleave or clot fibrinogen directly.

In conclusion, Fla is a factor X-activating enzyme, which
could activate factor X to factor Xa, but has no effects on
prothrombin and fibrinogen,

These activities indicate the potential therapeutic appli-
cation of Fla for hemostasis. Therefore, the clinical applica-
tion of Fla remains to be cxplored and evaluated, Moreaver,
because habitat, climate, age, and environment influence the
venom ingredient and toxicity at different levels, the stabil-
ity of natural venom is not ideal. It is more interesting to
produce medical venom products by molecular cloning and
cxpression. The N-terminus amino acid sequences of Fla
have been determined, but the data are not shown in the
present paper, which would be very useful in following
studies.
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