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Abstrate

The aim of this study is to identify and characterize the pro-coagulant proteins in
the venom of a less studied Viperinae species, Vipera ursinii renardi. Using the
specific primers designed based on previously published cDNA sequences of the
pro-coagulant proteases from the other two Viperinae species, we have cloned the
cDNA encoding all the subunits or proteins of Factor X and Factor V activators from
the venom glands of V. u. renardi (Vur). Two distinct serine proteases have been
cloned from Vur cDNAs. One encodes a FV activator, and the other encodes a
chymotrypsin-like protease. The deduced amino acid sequence of the former enzyme
revealed 93% identity with Vipera lebetina FV activator and was designated as
Vur-FVA. Another was 90% identical to a chymotrypsin-like protease of V. lebetina.
Vur-FVA was purified from the crude venom by gel filtration and cation exchanger
columns; its FV activating activity was confirmed by SDS-PAGE analysis of the
produced FVa. FX activating activities of many Vipernae venoms were compared by
assay the FXa generated. Although the activity is 2 order of magnitude weaker than
Russell’s viper venom, V. u. renardi venom do contain the activity. The FX activator
(designated as Vur-FXA) was partially purified by gel filtration and shown the
molecular weight is about 95 kDa. We also could find Vur-FXA was a oligomer by
comparing the fractions containing Vur-FXA on reducing and non-reducing
SDS-PAGE gel. The CTLL light chains of Vur-FXA were cloned and the deduced
amino acid sequences are highly similar to those of V. lebetina and Daboia russelli.
The amino acid sequence of a PIlIl metalloprotease was also cloned. However, the
deduced protease sequence lacks the Cys residue which involved in disulfide linking
to the light chain in RVV-X. These results characterized Vur venom pro-coagulant

components. It has been reported anticoagulant components exist in Vur venom. The



anticoagulant components and procoagulant components may act synergistically,

leading to coagulopathy symptom or the death of prey.
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1. Introduction

In generally, snake venom composition is varied with different species. Closely
related species or species under the same genus usually have similar venom components.
Hemorrhagic and myonecrotic toxins are characteristic symptom elicited by the
Viperidae (Crotalinae and Viperinae) snake venoms [1,2]. Many of the viperid toxins
are enzymes, including: L-amino acid oxidase, acetylcholinesterase, metallo- and serine
proteases, phospholipases A, ADPase etc. Differences in composition or proportions of
venom proteins result in different symptom by the envenoming.

Vipera ursinii is a widespread species in Europe. It was found not only in regions
from France to west Turkey, but also distributes further east in southern Russia, central
Asia and west Xinjiang (China). Besides the well studied Russell’s viper and
Macrovipera lebitina systems, we aim to solve the full sequences of Vipera ursinii
renardi venom FX and FV activator.

Clotting cascade model of coagulation system comprises a series of steps where an
enzyme activates another proenzyme to produce next enzyme. Many viperid venom
components affect mammalian blood coagulation system, resulting in pro-coagulant or
anti-coagulant effects. The targets of these venom components not only include blood
coagulation factors, such as factor 1X, X, VII, and prothrombin, but also protein
cofactors, such as factor V and VIII [3]. Basically, these venom activators or inhibitors
affect coagulation factors in the middle and last stages of the clotting cascade [4].

Mammalian coagulation system is divided into three parts, namely intrinsic, extrinsic
and common pathway. The intrinsic pathway and extrinsic pathway converge into the
common pathway, which begins at the activation of FX. FXa will associate with, FVa
and Ca?* on phospholipid membrane to form prothrombinase complex which is

required for the efficient production of activated thrombin and leads to coagulation (Fig.
1



I). Additionally, a cell-based model suggests that coagulation occurs in vivo in distinct
overlapping phases, and requires the participation of tissues factor bearing cell, and
platelets [6]. The distinct phases are initiation, amplification and propagation (Fig. 11).

The coagulation FX and FV play an important role in the coagulation system. In
human and animal blood, the mature FX protein circulates as a two-chain protein. A
16.2kDa light chain linked with a 42kDa heavy chain are by disulfide bond [8].
Activation of FX is brought about by cleavage of a single peptide bond at
Argl194-11e195 (Fig. Ill); factor V circulates in blood as a 330kDa glycoprotein
zymogen (Fig. V). Its activation involves three specific cleavages by thrombin, and
result to the release of B- domain. FVa is composed of a 105 kDa heavy chain (A1-A2
domains) and a 71/74 kDa light chain (A3-C1-C2 domains) associated by non-covalent
interaction in the presence of divalent metal ions (Fig. 1V)[3,10].

The present study is focus on FX and FV activators from Viperinae venoms. FX
activators and FV activators were found in some Viperinae venoms (Table | and 111), but
none has been shown definitely from Crotalinae, Elapidae, and Colubridae venoms [8].
Snake venom FX activators can be either metalloproteases or serine proteases (Table. I1).
Efficient FX activation by snake venom requires the presence of Ca?*.

Among all the identified venom FX activators, RVV-X of Daboia russelii venom is
the best characterized. It consists of a heavy chain of 57,600 and two light chains of
19,400 and 16,400 M, , respectively. The molecule contains six N-linked
oligosaccharides, four of which are located in the heavy chain and one in each light
chain. The complete amino acid sequences of all the three subunits of RVV-X have been
determined [11]. RVV-X binds to the Gla domain of factor X via two C-type lectin like
light chains which bring the heavy chain to cleave the Arg-lle bond at position 194 (Fig.
V). The binding of two light chains to FX needs Ca?*to form salt bridge with the Gla

2



domain [11]. C-type lectin like proteins (CTLLS) are an important snake venom family.
It can be classified into C-type lectin with carbohydrate recognition domain (CRD) and
CTLL with non-carbohydrate binding domain, the former binds with sugars and
agglutinate erythrocytes but the latter does not [12]. CTLL are linked to PIII
metalloprotease by a disulfide bond during post-translational processing to form
heterotrimeric RVV-X [12]. Snake venom metalloproteases can be classified into four
groups (Fig. VI). Recently, there has been another method to classify SVMP [13].

Russell’s viper venom contains not only RVV-X, but also a powerful factor V
activator, which is a serine protease known as RVV-V. RVV-V activates FV by cleaving
the peptide bonds that after Arg1545 (Fig. IV). There are three isotype of RVV-V, a,
and vy [14]. The amino acid sequences of two of them (RVV-Va and RVV-Vy) were
determined. Their content weight ratio is approximately 2:1:6. And they have molecular
masses of 29, 27.5 and 29kD, respectively [14]. Like RVV-V, the FV activator of Vipera
lebetina venom is a 28.4kDa single-chain serine protease, and cleaves the FV molecule
at Arg1545 [15]. Factor V activators in the venom of Crotalidae, Elapidae and Viperidae
were also reported but not characterized (Table. I11).

In this study, | have investigated FV and FX activator based on the cDNA prepared
from venom-glands of two specimens of the V. ursinii renardi captured in southern
Russia (Krasnodar region), and partially purified both factor V and factor X activator

from the V. u. renardi venom.
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Fig. 1. The cascade model of coagulation [5]. Intrinsic pathway is initiated by the
factors that are present within the blood. It is start when FXII contact with negative
charged, such as membrane of activated platelet membrane, with the aid of high
molecular weight kininogen (HMWK). HMWK also is an anchor when FXlla convert
prekallikrein to kallikrein, which can accelerate the formation of FXlla. FXlla and
HMWK convert FXI to FXla. FXla, thrombin and FXa then convert FVIII to FVIlla.
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Finally, FIXa, FVIlla and negative cell membrane form tenase complex in the presence
of Ca2*. Tenase complex then converts FX to FXa. Extrinsic pathway is initiated by
injury. When injury occurs, the subendothelial cell expose to following blood.
Subendothelial cell is tissue factor bearing cell, the situation let FVII come into contact
with tissue factor (TF). Although some circulating cells (eg, monocytes or tumor cells)
and microparticals may also express TF on their membrane surface, but this TF under
normal conditions is thought to be inactive or encrypted [6]. Once contact with TF, FVII
autoactivates to FVlla, then following by the formation of TF and FVIla complex. TF
and FVlla complex have the ability to activate FX to FXa. The intrinsic pathway and
extrinsic pathway converge into the common pathway, which begin at the activation of
factor X. FXa will associate with FVa and Ca?* on phospholipid membrane to form
prothrombinase complex which activates prothrombin (FIl) to thrombin Flla. Finally
fibrinogen (F1) is converted into fibrin (Fla) by thrombin, and further forming insoluble

mesh by the mediation of FXIlla, which is activated by thrombin
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Fig. I1. The cell-based model of coagulation [6]. (a) initiation phase was occurs on the
surface of TF-bearing cell. Once injury occurs, TF-bearing cell exposes to flowing
blood, FVII binds to exposed TF and autoactivates to FVIla. TF-FVIla complex then
activates additional FVII, small amount of FIX and FX. FV then be activated slowly by
FXa. FXa and FVa form prothrombinase complex, which cleave prothrombin (FII) to
generate small amount of prothrombin (Flla). Once FXa dissociated from TF-bearing
cell, it will be incativated rapidly by TFPI or AT. (b) Thrombin diffuse away from
TF-bearing cell and activate platelets that at the site of injury. Further more, Thrombin
cleaves FXI to FXla and activates FV to FVa on the platelet surface. Thrombin also
cleaves von willebrand factor off of FVIII, then activae FVIII to FVIIla. The releasing
von willebrand factor then mediate platelet adhesion and aggregation. (c) The
propagation phase occurs on the surface of the platelets that activate in amplification
phase. FIXa (generated in initiation phase) bind to FVIIla (generated in amplification
phase) on the surface of activated platelet to form intrinsic tenase complex. It generate
rapidly FXa on the activated platelet surface,then FXa binds with FVa and cleaves

prothrombin to form thrombin.



Processed Factor X

EGFike 1
NH, r _ry d‘ e r. 1.
EGF-like 2
Light chain Heavy chain
Factor Xa NH,
x
§
NH, oL rVﬁz" Wip -y - X
’ OOH
Light chain Heavy chain
Key:
Y 4-carboxyglutamate residue |
p 3-hydroxyaspartate residue
Disulphide bridge
O-linked glycosylation
75 N-linked glycosylation
Fig. I11. The primary sequence and domain structure of blood coagulation factor X

mature protein and active form [9]. The 16.2kDa light chain contains 11y-carboxy
glutamic acid residues (Gla domain), which are essential for the Ca?*-dependent
binding of factor X(a) to negatively charged procoagulant membranes. The Gla domain
is followed by two epidermal growth factor-like domain (EGF-like domains), the Asp63
of the first EGF-like domains is B-hydroxylated. The 42kDa heavy chain of factor X
contains a catalytic triad ser195-His57-Asp102. These two chains linked by disulfide
bond. Activation of factor X is brought about by cleavage of a single peptide bond at
Argl194-11e195, which removes the first 52 amino-terminal residues of the heavy chain

and upon which the active site becomes fully exposed.
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Fig. I'V. Domain structire of factor V [3]. The doamins are indicated by letters A, B and
C inside boxes. The A doamins corredpond to residue numbers of 1 to 307, 317 to 656,
and 1546 to 1877. The C doamin correspond to residues numbers of 1878 to 2036 and
2037 to 2196. Thrombin cleavage sites are indicated by solid arrow. After activation by
thrombin, the heavy chain 105kDa (A1, A2 doamin) and light chain 71/74 kDa (A3, C1,
C2) are associated non-covalently in prepresece of divalent ion [14]. The snake venom
FV activators from Daboia russelii and Daboia lebetina cleave FV at Arg1545, giving
rise to a FVa molecule with a light chain of 71/74 kDa (A3, C1, C2) and a heavy chain

of around 290 kDa (A1, A2, B doamin) [54].
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Fig. V. The activation of factor X by RVV-X [8]. The heavy chain of RVV-X contains
the metalloprotease domain responsible for the proteolytic cleavage of the target bond in
factor X. The cleavage site Arg194 is indicated by allow. The two C-type lectin light
chains (LC1 and LC2) together form a secondary binding site specific for interaction
with the Gla domain of factor. The disulfide bonds linkage between each subunit of

RVV-X are indicated by dash line.
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Fig. VI. Schematic structures of snake venom metalloproteases [2]. Based on domain
structures, SVMPs are classified into four groups. P-l1 enzymes comprise only the
metalloprotease domain, P-Il enzymes contain a disintegrin domain after the
metalloprotease domain, and the disintegrin domain of P-Il enzyme containing RGD
sequence will release after proteolytic processing. P-1I1 enzymes are usually
glycoproteins that contain an additional Cys-rich C-terminal domain. And the RGD or
KGD sequence of disinterin domain is instated by XXGD sequence, so it will not
release. P-1V enzymes are P-1ll enzymes link with two C-type lectin-like proteins by
disulfide bond. The preprosequence contain 18 residues signal peptide, and the
prosequence (about 170 residues) with a cysteine-switch motif (PKMCGV), which
inhibits catalytic activity. These domains will be removed, after that SVMP is activated.
The metalloproteinase domain (about 200 residues) has the Zn2*-binding motif

(HEXXHXXGXXH).
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Table I. Snake species with factor X activator in the venom [8].

Species
Bothrops atrox, brazili,columbiensis, insularis, marajoensis
cotlara
ervthirontelas
alternatus, jararaca, jararacussu, moajeni
n. paranaensis, n. pauloensis, n. wrutu
. heuwiedi, n. diporus, n. malogrossensis
n. pubescens, pirajai, pradoi, venezuelensis, megaera
Bungarus Jasciarus
Cerastes cerastes, vipera
Calloselasma rhodaostoma
Daboia® russelli russelli, russelli siamensis
Echis carinatus, ocellatis
Naja Haja atra
Ophiophagus hannah
Vipera berus berus, aspis aspis, ammodyvtes ammodytes lebetina

Table I1. Structural and functional properties of purified factor X activator [8].

Species Enzyme class M, Subunits Cofactor(s) Inhibitors
D. russelli metalloprotease 92,880 heavy chain Ca?* chelating agents/PL
two light chains
C. cerastes metalloprotease 75,000 heavy chain® Ca?* chelating agents/PL
two light chains
serine protease 40.000 two subunits DFP
serine protease 14,000 single chain
C. vipera serine protease 12,500 single chain PMSF
B. atrox metalloprotease 75,000 heavy chain® Ca?* chelating agents
two light chains
V. berus berus metalloprotease 38.000 Ca? chelating agents
V. aspis aspis metalloprotease 75.000 multiple chains Ca®
V. lebetina 1020000 heavy chain
two light chains
0. hannah serine protease 64,500 Ca?* PMSF, TPCK, DFP
B. fasciatus serine protease 70,000 Cal+ PMSF. DFP

1 A heavy chain and two light chains were reported which makes it likely that these activators consist of three
subunits.
b Calculated from the M, reported for the heavy chain (67,000) and the two light chains (16,200 and 18,800).
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Table I11. Snake venom factor V activator that have been reported [14].

Venom source

Species

Venoms of Crotalidae
Venoms of Elapidae
Venoms of Viperidae

B. atrox (thrombocytin)
N. n. oxiana

V. russelli, V. lebetina,
V. ursini

12



2. Material and Method

2-1. VVenoms and other materials

Lyophilized venom of Vipera ursinii renardi was a gift from Professors Yuri N. Utkin,
Russia. Lyophilized venoms of Vipera ammodytes montandoni, Vipera latifi, Vipera
bornmuelleri were purchased from Latoxan. Bothrops atrox, Daboia russselli (Pakistan),
Daboia russselli pulchella, Daboia siamensis (Flores), Daboia siamensis (Java) were
purchased from LaToxan, and Daboia siamensis (Sumatra) venom was from Yayasan
bina karya kesatria herbal medical center. Daboia russselli (Kolkata) was a gift from
Prof. Antony Gomes (Univ. of Calcutta, India) and Daboia russselli (Haffkine
bio-pharmaceutical coporation, Bombay) was a gift from Prof. Anthony T. Tu (State

Univ. of Colorado, USA).

2-2. Cloning and sequencing

After obtaining the fresh venom gland of V. u. renardi preserved in RNAlater solution
(Sigma-Aldrich, U.S.A.), total RNA was extracted with RNA isolation kit (Invitrogen,
USA). The mRNA was purified with poly (A) QUIK™ mRNA purification kit
(Invitrogen, USA). Finally, cDNA was synthesized with cDNA synthesis system Kkit
(Stratagene, USA). Specific primers corresponding to conserved 5’ signal peptide and
3’-UTR were designed based on the cDNA sequences of related venom serine proteases,
C-type lectin like proteins and metalloprotease (MP), respectively. In addition to these
primers, another sense primer for metalloprotease was designed to anneal the region
encoding the pro-protein domain, and was used to amplify the Vur PI1I-MP cDNAs by
PCR.

For serine protease, the sense primer was: 5’-CAG, AGT, TGA, AGC, TAT, GGT,

(GIT) (CIT)T, G-3’; antisense primer was 5’-G(A/G)T, T(A/T)(A/G), G(AIG)A, TAT,
13



AG(A/G), AGA, (C/G)AT, (A/C/G)T(A/C), C-3’. The PCR condition was: 35 cycles of
denaturation (92°C, 1min), followed by annealing (52°C, 1min), extension (72°C, 1min).
For PIlI metalloprotease, the sense primer was: 5’-ATG, AT(A/T/C), CA(A/G), GTN,
CTN, TT(A/G), GT-3’; antisense primer was 5’-C(G/T)T, GAC, AGC, AAA, TAA,
GC-3’. The PCR condition was: 35 cycles of denaturation (94°C, 1min), followed by
annealing (52°C, 1min), extension (72°C, 3min). For PIIl metalloprotease, the sense
primer was: 5’-TCT, CAG, TTA, GTT, (T/G)CT, ACT, TCT-3’; antisense primer was
5’-TAG, TAG, GAT, G(A/T)A, GGC, AAA, TG-3’. The PCR condition was: 35 cycles
of denaturation (94°C, 1min), annealing (45°C, 1min), and extension (72°C, 2min). For
C-type lectin like proteins, two pairs of primer and PCR condition are performed, the
first: the sense primer was 5’-GGA, A(C/G)G, AAG, (A/G)CC, ATG, GGG, CG-3’;
antisense primer was 5’-CTT, C(C/T)T, TGC, TTC, TCC, A(A/G)A, CTT, C-3’. The
PCR condition was: 35 cycles of denaturation (94°C, 1min), annealing (50°C, 1min),
and extension (72°C, 1min). The second: the sense primer was 5°-GAA, CTA, GAG,
CTG, ATT, TTG, ATT-3"; antisense primer was 5-CTT, C(C/T)T, TGC, TTC, TCC,
A(A/G)A, CTT, C-3". The PCR condition was: 35 cycles of denaturation (94°C, 1min),
annealing (45°C, 1min), and extension (72°C, 1min).

After PCR, the product was purified by PCR Centrifugal Filter Devices (Milipore,
U.S.A.). The purified product was treated with polynucleotide kinase (Promega Biotech,
Wisconsin, U.S.A.) then separated DNA fragment with correct size as the procedure of
Gel Extration Kit (QIAGEN, Germany). The DNA fragment was inserted into
“pGEM-T easy vector” (Promega Biotech, Wisconsin, U.S.A.) and then transformed
into E.coli strain JM109 (Promega Biotech, Wisconsin, U.S.A.). After proliferation at
selected medium overnight, white colonies were selected and the plasmids were
extracted using Miniprep Kit (QIAGEN, Germany). Finally, DNA sequencing was
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conducted with DNA sequencing system (Model 3730) using the Tag-Dye-Deoxy

terminator cycle sequencing kit (PE Applied Biosystems, U.S.A.).

2-3. Protein quantification
BCA protein assay kit (Pierce, USA) was used to quantify proteins. The protein
concentrations were determined spectrophotometrically and calibration with standard

solution of bovine serum albumin (BSA).

2-4. SDS-polyacrylamide gel electrophoresis

Protein under reduced condition was mixed with reduced sample buffer (containing
2% (V/V) B-mercaptoethanol) and incubate at 95°C for five minutes. Protein under
non-reduced condition was mixed with sample buffer (not containing reducing agent).
The processed samples were loaded to a 4-12% gradient SDS-polyacrylamide gel
(Invitrogen, USA) and electrophoresed at a constant voltage of 160 V. Two running
buffers were used. MES buffer (Invitrogen, USA) was for separating low molecular
weight protein and MOPS buffer (Invitrogen, USA) was for separating high molecular
weight protein. After electrophoresis, the gels were stained with RAPIDstain reagent

(Bioman, Taiwan).

2-5. Purification of Vur-FVA

Approximately 15mg of the crude venoms of V. u. renardi was dissolved in 150ul of
0.1 M ammonium acetate (pH6.5) and centrifuged at 12,000g for 5min. The supernatant
was then loaded to Superdex 75 column (10/300 GL; GE healthcare, Germany) on an
FPLC apparatus (Pharmacia). The column was eluted with 0.1 M ammonium acetate
(pH6.5) at a flow rate of 1.0 ml/min, and fractions of 0.5ml were collected. After assay
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for the ability to cleave chromogenic substrate p-Tosyl-Gly-Pro-Arg p-nitroanilide
(Sigma-Aldrich, U.S.A.), the active fractions were pooled, and lyophilized. After
rehydration, the pooled fraction was further loaded into a Mono S column (5/50 GL; GE
healthcare, Germany) which had been pre-equilibrated with 20mM MES buffer (pH 6.0),
and eluted with the same buffer under a gradient of NaCl (0-1 M). After assay with the
chromogenic substrate, active fractions were pooled and desalted using a centrifugal

filter device (Amicon ultra, U.S.A.).

2-6. Peptide mass fingerprinting

For peptide mass fingerprinting (PMF), the gel bands of target proteins were excised
separately and cut into pieces after electrophoresis. The in-gel trypsin digestion kit of
Thermo Scientific Co. (USA) was used. Each sample was reduced with ~50mM Tris
[2-carboxyethyl]phosphine at 60°C for 10 minutes, and alkylated with ~100mM
iodoacetamide at room temperature for 1 hour in the dark. The sample was washed
twice with 50% acetonitrile at 37°C for 15 minutes each time, dehydrated with
acetonitrile for 25 minutes, and then air dried. Finally, it was hydrolyzed with ~25ng
modified trypsin. For further extract peptide, 1% formic acid was added to gel pieces
and incubate for 5 minutes. The resultant peptides were analyzed using
MALDI-TOF/TOF with a detection mass range of 800-4000 Da. The results and the

calculated masses of the predicted fragments were matched.

2-7. N-terminal sequencing

Purified Vur-V (10-20 ug/well) electrophoresed on a 1.0mm thick 4-12% SDS PAGE
under reducing condition. The protein bands were blotted to a PVDF membrane. After
the gel was stained with Amido Black (0.2% in 7% acetic acid), the protein bands were
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cut out, and the extracted protein was sequenced by a gas-phase sequencer (Procise 492;

Applied Biosystems).

2-8. Hydrolysis of human coagulation factor V by Vur-FVA

Human factor V and factor Va were purchased from Haematologic Technologies Inc.
0.3ug factor V and 0.3ug Vur-FVA were mixed and incubated at 37°C for 30 minutes.
The product was analyze by SDS-polyacrylamide gel electrophoresis along with 0.3ug
FV, 0.3ug FVa and 0.3ug Vur-FVA as controls, under reduced and non-reduced

conditions. The protein bands were stained by silver stain kit (Invitrogen, USA).

2-9. Phylogenetic analysis of CTLs and CTLLs

Amino acid sequences of a total of 27 snake venom CTLs and CTLLs were retrieved
using Blast search in addition to our newly determined sequence. Their sequences were
aligned using the Vector NTI program (Invitrogen Corp.). A phylogenetic tree was
generated using the neighbor-joining methodology of the PHYLIP program, while the
Bothrops jararacussu CTL (BjcuL) sequence was used as an out-group. The degree of

confidence was determined using bootstrap analysis of 1000 replicates [16].

2-10. Chromogenic assay of venom factor X activator activity

The assay was conducted in 96 well-plate filled with 80ul buffer containing 150 mM
NaCl, 20 mM Tris/HCI, 5 mg/ml BSA, 2.5 mM CacCl,(pH 7.4), 5ul appropriately
diluted snake venom was added, each well was then added 1.5ul of 0.06 ug/ul factor X.
After incubation at 37°C for 20 min, 20ul of 2 mM Spectrozyme FXa substrate
MeO-CO-D-CHG-GIly-Arg-pNA (American diagnostic inc.) was added. The path length
is about 3.5mm. The amount of factor Xa generated by the venom was quantified by
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measuring the initial velocity of p-nitroaniline liberation at 405nm with a kinetic plate
reader (Molecular Devices. SpectraMax 3). The unit was defined as liberation of 1mM

p-nitroaniline per min per mg venom, under the experimental condition.

2-11. Partial purification of Vur-FXA

Approximately 15mg of the crude venoms of V. u. renardi was dissolved in 150ul of
0.1 M ammonium acetate (pH6.5) and centrifuged at 12,000g for 5 min. The
supernatant was loaded to a Superdex 75 column (10/300 GL; GE healthcare, Germany)
on an FPLC apparatus (Pharmacia). The column was eluted with 0.1 M ammonium
acetate (pH6.5) at a flow rate of 1.0 mL/min, and fractions of 0.25mL were collected.
Each fraction was diluted up to thirty folds (V/V) during the FX activator assay as
described in Method section 2-10. The Unit was defied as liberation of 1mM
p-nitroaniline per min per mg protein under the experimental condition. Proteins in the
fractions were analysis by gradient SDS-PAGE under reduced and non-reduced

condition. Fractions that contain FX activator were collected, pooled and lyophilized.

18



3. Results

3-1. cDNA sequences and the predicted protein sequence of Vur-FVA

PCR amplification and cloning of Vur-FVA were carried out using the cDNA
prepared from the venom glands of V. u. renardi as the template. After PCR, a DNA of
about 0.9 kb was amplified. Totally twenty clones were selected for sequencing, 20
clones encoded Vur-FVA while two encoded another serine protease which is similar to
Chymotrypsin like V. lebetina protease. The amino sequences were deduced from the
nucleotide sequence (Fig. 1). The cDNA of Vur-FVA encodes an ORF of 260 amino
acids including 24 amino acids of signal peptide. Structurally, it is most similar to the
factor V activator of V. lebitina [17] and with 93% identity. Moreover, the mature 236
residue protease contains the catalytic triad (His*3, Asp®®, and Ser!®?) of the
trypsin-family, and 12 conserved Cys residues of venom serine proteases. The
isoelectric point calculated from Vur-FVA amino acid sequence was 8.46. There are two
potential N-glycosylation sites (Asn-X-Ser/Thr) at residues N100 and N229 in
Vur-FVA.

In order to confirm the protein sequence deduced from the cDNA is same with
purified Vur-FVA protein, we conducted the N-teminal sequencing and the “Peptide
Mass Fingerprinting” analysis. The N-terminal sequence was determined as VTGGD by
automatic sequencer (Fig. 1). It was same as the deduced amino acid sequence but some
of its N-terminal Val residue could be removed during the purification. The purified
Vur-FVA protein was digested in gel with trypsin, and the resulting peptides were
analyzed by MALDI-TOF/TOF. | found five peptide fragments matched those predicted.
The total coverage is more than 40% of the entire mature Vur-FVA sequence (Fig. 1 and

Table 1).
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3-2. Sequence comparison between related venom serine proteases

Protein sequences of mature Vur-FVA and related FV activating serine proteases were
aligned in Fig. 2. These sequences are highly similar (more than 83%), and the putative
catalytic site residues (His*3, Asp®® and Ser!82), disulfide bonds (Cys7, 141; Cys28, 44;
Cys76, 234; Cys120, 188; Cysl52, 167; Cysl78, 203) and N-glycosylation sites
(Asn?2%) are all conserved. Notably, they are basic proteins with isoelectric point from

eight to nine.

3-3. Purification and characterization of Vur-FVA

Vur-FVA was purified from the crude venom of V. u. renardi by two steps of
chromatography. The venom was separated into about ten peaks by using Superdex 75
column (Fig. 3A). The third peak (indicated by bar) exhibiting the ability to cleave
chromogenic substrate  N-(p-Tosyl)-Gly-Pro-Arg p-nitroanilide was collected.
N-(p-Tosyl)-Gly-Pro-Arg p-nitroanilide is a chromogenic substrate for thrombin and
other serine proteases. The amount of proteins in third peak is approximately 9.2% of
total proteins loaded. From the elution volume, the molecular weight of Vur-FVA was
estimated to be 58.8 kDa. The third peak was further purified by cation exchange
chromatography Mono S column (Fig. 3B). The putative Vur-FVA was eluted at 0.4M
NaCl, approximately, its yield was about 0.15% of the crude venom. SDS-PAGE
analysis of Vur-FVA revealed one major bane with an apparent mass of 30 kDa under

non-reducing and 37 kDa under reducing conditions (Fig. 3B).

3-4. Proteolytic activity of Vur-FVA toward human coagulation factor V
I have studied whether Vur-FVA can activate FV by analyzing its reaction product.
After 0.3 ug Vur-FVA and 0.3 ug human FV were mixed and incubated for 30 min at
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37°C, the product was studied by SDS-PAGE analysis under reduced condition. As
expected, almost all human FV (330kDa) was cleaved, and it may transform into FVa

containing 290 kDa and 74 kDa subunits (Fig. 4).

3-5. cDNA cloning and sequencing of CTL and CTLL of V. u. renardi

We identified totally six distinct nucleotide sequences for the CTL and CTLL clones
obtained by PCR amplification and DNA sequencing. Since they exist as disulfide bond
linked heterodimer, | speculate a total of three Vur-CTLLs exist. We attempted to
monitor their proteins functions by molecular phylogenetic analysis along with other
CTL and CTLL family members (Fig. 5). It was found that two of the CTLL were
closely related to o and B chain of dabocetin [18], so we designed them as vipercetin a
and B. Another pair of sequences closely related to Dr-FGbp o and B, so they were
named as Vur-FGbp o and B putatively. Remarkably, two of the CTLL amino acid
sequences were similar to the light chains of FX activator (designated as Vur-FXA) and
they were designated as Vur-FXA-LC1 and -LC2. Each of the subunits has one potential
N-glycosylation site.

The amino acid sequences of light chains of the FX-activators, Vur-FXA, RVV-X
[19] and VLFXA [20] were aligned in Fig. 6. They all shared conserved residues
Glu'®®and Arg%2, which are responsible for interacting with Gla domain of FX [21].
All of the Cys residues of CTLLs are conserved, including the Cys at the C-terminus of
LC2 is responsible for forming disulfide bond with the heavy chain [22]. The successful
cloning of Vur-FXA light chains from the cDNA of V. u. renardi venom glands supports

the presence of RVV-X like FX activator in this venom species.

3-6. cDNA cloning and the predicted sequence of Vur-FXA heavy chain
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After PCR amplifying using designed specific primers, a 1400 bp product was
obtained. The amino sequence of the venom metalloprotease was deduced from the
amplified DNA fragment. It was found that the Vur-PlIl protease are 74% and 73%
similar to the plll metalloproteses of Echis ocellatus [23], and 72% similar to PIII
metalloprotese of Echis carinatus sochureki [24] but less similar to factor X activator
heavy chain (Fig. 7). Additionally, I had used many other designs of the primers, trying
to amplify and clone other metalloproteses from this venom species. In the process, we
also solved two PII metalloprotease sequences and they were highly (>80% ) similar to
that of lebetase-2 [58] (Fig. 10). Lebetases are fibrinolytic metalloprotease from

Macrovipera lebetina venom [59].

3-7. Sequence alignment and comparison between FX-activator heavy chains

The tentative Vur-FXA PI1I sequence is 56% identical to the HC of Daboia siamensis
RVV-X, and a 67% identical to that of HC of V. lebetina FXA (Fig. 8). It has four
potential N-glycosylation site and 17 Cys residues. The putative disulfide bonds were
predicted based on those in RVV-X (D. siamensis). Like the FXA-HC of V. lebetina the
first disulfide bond was disappeared in Vur-FXA-HC. The isoelectric point (pl)
predicted for Vur-FXA is 6.8 or lower, which is slightly lower than the pl values of the
FXA-HC of D. siamensis and V. lebetina. Remarkably, a Cys- residue responsible for
the disulfide bonding with the light chain 2 of both HCs of RVV-X and V. lebetina FXA

[25] was missing in Vur-FXA-HC.

3-8. Chromogenic assay of FX activator activity in crude venoms
I have studied factor X activator activities in various venoms, including: V. u. renardi,
Vipera latifi, Vipera ammodytes montandoni, Vipera bornmuelleri, Vipera ursinii
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renardi, Vipera xanthina palestinae, Daboia russselii (Pakistan), Daboia russselii
(Bombay), Daboia russselii (Kolkata), Daboia russselli pulchella (Sri Lanka), Daboia
siamensis (Flores), Daboia siamensis (Java and Sumatra), Bothrops atrox, and Echis
ocellatus. From this assay, | found V. u. renardi venom has factor X activator activity
but which is 20-50 folds weaker than D. russselii or D. siamensis (Table. 3). Consistent
with previous reports, Daboia russelii and D.siamensis venoms contain the highest
levels of FX-activating activity [26]. Notably, Daboia shows geographic variations in

their venom FX-activator activities.

3-9. Purification and characterization of Vur-FXA

The Vur-FXA was partially purified by Superdex 75 column (Fig. 9A). Fractions of
0.25 mL were collected and assayed for the FX-activator activity. FX-activator activities
were detected in fractions eluted from 8.25 to 10 ml from the column. The calculated
molecular weight of Vur-FXA is about 95.9 kDa. After this purification, the specific
activity has increased from 256 to 6902 (Unit/mg). Parts of fractions were analyzed by a
gradient SDS-PAGE (Fig. 9B). A 94 kDa protein band showed increasing concentrations
which were associated with the increasing FX-activator activities, and this 94 kDa

protein band disappeared in the gel under reducing condition.
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Fig. 1. The cDNA nucleotide sequence and the deduced amino acid sequence of the
Vur-FVA. The signal peptide and the primers used in PCR were underlined. The
N-terminus sequence and tryptic peptides confirmed by PMF are boxed. The coding
region is shown in uppercase and untranslated regions in lowercase letters. Potential

N-glycosulated asparagines are high-lighted in bold.
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1 100% 8.5 26.0 kDa
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3 83% 8.9 26. 2 kDa

4 83% 9.0 26. 2 kDa

5 88% 8.6 25.8 kDa

Fig. 2. Alignment of the amino acid sequences of V. u. renardi FV activator and related
venom serine proteases. 1. Vur-FVA; 2. V. lebetina FV activator (AAF03233) [17]; 3.
D. siamensis RVV-V gamma (ADP88558); 4. D. siamensis RVV-V alpha (P18964)
[50]; 5. Echis coloratus protease (ADI47574) [24]. Residues identical to those of
Vur-FVA are denoted by dots, and gaps are marked with hyphens. Tentative catalytic

triad residues and N-glycosylation sites are showing in gray and box, respectively.
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Fig. 3. Purification of Vur-FVA. (A) Superdex 75 gel filtration of V. u. renardi venom
(about 15mg) dissolved in pure water. SP fraction (indicated by bar) capable of
hydrolyzing the chromogenic substrate N-(p-Tosyl)-Gly-Pro-Arg p-nitroanilide was
pooled and lyophilized. (B) Subsequent separation of the Superdex 75 gel filtration SP
fraction on a Mono S column. The elution was achieved by a gradient of NaCl (dashed
line) in 20mM MES, pH6.0. Active fractions were pooled (indicated by bar), desalted
and lyophilized. The inset shows the SDS-PAGE analysis of the purified Vur-FVA under

reducing (R) and non-reducing (NR) conditions.
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Fig. 4. SDS-PAGE analyses of the activation of human factor V (FV) by Vur-FVA.

4-12% of acrylamid gel and MES running buffer were used. Protein bands were
silver-stained. Lane 1, 0.3ug FV (330 kDa); lane 2, 0.3ug standard FVa (two subunits,
94 and 74 kDa); lane 3, 0.3ug FV plus 0.3ug Vur-FVA, incubated 30 min at 37°C; lane 4,

0.3ug Vur-FVA (35 kDa); lane M, molecular weight markers.
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Fig. 5A. Phylogenetic analysis of Aa subunits of snake venom CTLLs. The BjculL Aa
chain is the out-group. Bootstrap values are shown at each node. The CTLL (accession
number) and the venom origin are: Aggretin (AAF79952) [27] and Rhodocetin (P81397)
[28], Calloselasma rhodostom; Agkicetin (AAG42040) [29]and ACP (BAA99281) [30],
Agkistrodon actus; AHP-IX-BP (AAQ24215) [31], A. halys pallas; Alboaggregin A2
(P81112) [32] and B (ABS12076) [33], Trimeresurus albolabris; Bitiscetin (LUEX_A)
[34], Bitis arietans; BjcuL (p83519) [35], Bothrojaracin (AAX68503) [36] and
Botorocetin (P22029) [37], Bothrops jararaca; Convulxin (CAA76181) [38], Crotalus
durissus terifficus; Dabocetin (ABA86561) [4], Dr-FGBP (Chen H.S. Ph.D. thesis
result), Dr-P31 (Chen H.S. Ph.D. thesis result) and RVV-X-LC (Q4PRD2) [6], D.
siamensis; Echicetin (P81017) [39], Echis carinutus leucogaster; EMS16 (BAC77706)
[40], E. multisquamatus; Flavocetin-A (AAN72438) [41], Habu IX-BP (1BJ3A) [42]
and Habu IX/X-BP (P23806) [43], T. flavoviridis; Halyxin (AAG17178) [44], A. halys
brevicaudus; LmsL (Q9PSM4) [45], Lachesis muta stenophyrs; Mamushigin
(BAA34424) [46], A. halys blomohoffi; TMVA (AAM43808) [47], T. mucrosquamatus;
TSV-IX-BP (AAQ15153) [48], T. stejnegri; X-BP (110D_A) [49], Deinagkistrodon
acutus. VLFXA-LC (Q696W1) [7], Vipera lebetina. Newly determined sequences are

bolded.
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Fig. 5B. Phylogenetic analysis of B subunits of snake venom CTLLs. The BjcuL Bf
chain is the out-group. Bootstrap values are shown at each node. The CTLL (accession
number) and the venom origin are: Aggretin (AAF79953) [27] and Rhodocetin (P81398)
[28], Calloselasma rhodostom; Agkicetin (AAG42041) [29] and ACP (BAB20441) [30],
Agkistrodon actus; AHP-IX-BP (AAQ24216) [31], A. halys pallas; Alboaggregin A3
(P81113) [32] and B (ABS12077) [33], Trimeresurus albolabris; Bitiscetin (LUEX_B)
[34], Bitis arietans; BjcuL (p83519) [35], Bothrojaracin (AAX68504) [36] and
Botorocetin (P22030) [37], Bothrops jararaca; Convulxin (CAA76182) [38], Crotalus
durissus terifficus; Dabocetin (AAY63876) [4], Dr-FGBP (Chen H.S. Ph.D. thesis
result), Dr-P31 (Chen H.S. Ph.D. thesis result) and RVV-X-LC (Q4PRD1) [6], D.
siamensis; Echicetin (P81996) [39], Echis carinutus leucogaster; EMS16 (BAC77707)
[40], E. multisquamatus; Flavocetin-A (AAN72439) [41], Habu IX-BP (1BJ3B) [42]
and Habu IX/X-BP (P23807) [43], T. flavoviridis; Halyxin (AAG28522) [44], A. halys
brevicaudus; LmsL (Q9PSM4)[45], Lachesis muta stenophyrs; Mamushigin
(BAA34425) [46], A. halys blomohoffi; TMVA (AAM43809)[47], T. mucrosquamatus;
TSV-IX-BP (AAQ15154) [48], T. stejnegri; X-BP (110D_B) [49], Deinagkistrodon
acutus. VLFXA-LC (Q7T045) [7], Vipera lebetina. Newly determined sequences are

bolded.
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Light chain 2 (i.e. Subunit Aa)

x 20 * 40 x 60 *
1 GLDBPPDSSLYRYFBYRVFKEHKTWEAARRFEMEHPNNGHLVS TESMEEAERVAKLLSNTTGKF TTHFW
N O S QNAD. AR Q.. KL.........
3..Kh..... N SN Sevo Do VD Q. LrE
80 x 100 x 120 x
I GLMIKDKEQEBSSENSDGSSVSYDKLGKQEFRKEFVLEKESGYRMWFNRNEEERYLFVEKVPPEE 7%
2 RE.KQR...........NL.R...0G..GT...S. . LU P.P HL.. N 84%
3 .. RE.K.JRTD..........N.H.R.S.. s G...GID.. T..KL. [LGT.P. T}, ... V)| 100%

Light chain 1 (i.e. Subunit Bf3)

* 20 * 40 * 60
1 VLDEPSGWLSYEQHEYKGFNDLKNNTDAEKFETEQKKGSHLVSLHSREEEKFVVNL ISENLEYPAT
2DF L DV DR A L LS ) AQS. Q.. VA
3DF. L. DV DA LR Hoooo AT S A DA QT L VA
* 850 * 100 * 120
1 WIGLGNMWKDERMEWSDRGNVKYKALAEESYCL IMITHEKVWKSMTENF IAPVVEKF TT%
2 ... EC.S. ... G LIN. K. G R... 0. NM.H.IE. . H6%
3. BTG LSYRLGUR L NV 100%

Fig. 6. Sequence alignments of venom FX activator light chains: (1) RVV-X LC1.:
Q4PRD1 [11] and LC2: Q4PRD2 [19]; (2) VLFXA LC1: Q7T045 [20] and LC2:
Q696W1 [20]) (3) Vur-FXA LC1 and LC2. Residues identical to those of RVV-X light
chains are denoted by dots, and gaps are marked with hyphens. Potential
N-glycosylation sites are boxed and the percent identities to Vur-FXA light chain are

shown at the end. Cys residues are highlighted in gray.

33



&

F

Metalloprotease domain

20 #

10

#

60

* i) # 100 *

1 LVATSEQQRYNDRFRY VKLV IVVDHSMVERYNNDSTAIKTRIYQIVRTYNETYLPLNIRVPLYGVEIWDHGDL IKVTSAGSATLESFGKWRESNLLSRERHINAQLLTAL

2 e AHS. YL VIV CT e L MR VLB TV LR O N SAEY. NN A G LB T
3. LN FRL L TR B s G GO TREL LGN L KARDL LY DA LR F...
1 RSN L PR T L R B Y FUTNE N RABDL LY. DL AL MR F...
booovevsn Non o Lo A YR.FRR. . GNLRK.RRK. . ... . IL..M...W........L...NQR...N...SPKV. . NL..E....D..

120 * 140 * 160 * 180 * 200 * 220
1 DFDGSVIGRAYTSTMCNRSRSVGIVEDYKP TYHVVAS IMAHEMGHNLGMGHDENGENCSARSCMMAPY ISDPFATYFSNCSWDYYQKEFLTNDKPDCTL IRFSRTDIVSPP
2. TS.... K .S QAT V... HS..VRE..VT..[........ Yool TGS LSRFLT..PW....... NN Reveennnn Q
3L ISK T, LHV.S. .OAT. ... V. ... 5 . VRE. .VT.V]........ T.|l...0.G...I.V.F.....PM..... RL..N..DV......... |
4 . ISN.T..LHY.S..QAT....V....5..VRE..VI.¥}........ Y..|l...D.G...I.Y.F.....PM......RH...N..DV. P
B LT M HA.  HSKEL. ... a R.ERL..A..Jiciare IH.].....GN.I...Q.. | QN F |
Disintegrin domain Cys rich somain

= 240 * 260 » 280 * 300 * 320 *
1 YOGNELLEEGEECDOGSPSNCRNPCCDAASCKRHSWAQCESGECCDRCRFKSAGTECRPARGEC DLPEYCTGEY AACP T DRFHMNGEQCLONDAYCYNGKC PHMQHQCFY
2. .60 KL T L...VI Q. P ALS. L 5 QS.E . .TH.K..P..N.YG.......LEY..TN
¢ Koo ld Y L. VE ....... Q ..RI LGS L QS E LSRR NYG. L T YL LU YA
< I | S T L. VE ....... Q. .RI LGS STV LR P LSYG LT LY YA
i ( KR........ E..QDo..... L..L...VE..I..... Q...P..... GILLS.......... QSVE. ... W .R...P.QNNG. ... .T.. L .N..YA

340 * 360 * 380 ¥ 100 * 120 *

1 LFGSNAGVAQDSCFEENKKGTGDFYCRKENGVP I PCAPEDVKCGRLFC

2H....T.

3. PRYV.GLUY. L.

4 H..P. T.GE. V... W

5 ...MT.G. AL G...

Fig. 7. Alignment of the amino acid sequences of PIII metalloprotease from Viperinae
venom. 1. V. u. renardi PIII; 2. Echis carinatus sochureki PIlI (ADI47580) [24]; 3.
Echis ocellatus P1ll (ADW54352); 4. Echis ocellatus PIll (CAJ01687) [25]; 5. Echis
coloratus Pl (ADI47619) [24]. Residues identical to those of V. u. renardi PIII are

denoted by dots, and gaps are marked with hyphens. Zinc binding site and hypervariable

G..G...M..R.ER........ D
LRVESY. L.l

R 6. S I

ESY.......

¥

NP P |

L

DK ......

CIVPNTCRHIYGDN

TE. .M. R P...EG

Lo ] KL YD SEDPNY. .. DE. .

100%
2%
T4%
73%
2%

GMVEPGTICGDNEVOMNRECVDVNTAY
LE.LLGLT.. ...
-5 G T KSTSGFSRI
too e Boaa o To L  KSTSGFSQ

edRGH LT

regions are boxed. Percent identities to the first sequence are shown at the end.
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* 20 * 40 * 60 i 80 * 100
1 LV-—STSAQFNK--IFIELVIIVDHSMAKKCN-—STATNTKIYEIVNSANEIFNPLNIHVTLIGVEFWCDRDLINVTSSADETLNSFGEWRASDLMTRKSHDNALL
2 AT AKRK H. —T. ... Voo URVWLLYD— Aol TV....IL....RL......... Novooooooins D..D...... G.o..LN..R....Q.

3 .. AT.EQQRY.DRFRYVK...V.....V..Y.ND.. . IK.R..Q...TV...YL....R.P. V... I.DHG. . . K. . . AGSA. . K. . . K. .E.N. LS. .R....Q.

* 120 * 140 * 160

I FTDMRFDLNTLGITFLAGMCQAYRSVETVQEQGNRNFKTAV IMAHELSHNLGMYHI

2.0 K S Dol G Ho Koo [C A

3 L. AID..GSVI.RAYIST..NRS...G..EDYKPIYHVV.S.. .| . MG..... G..

220 * 2/1()| | * 260 * 280 * 300 *
1 RKDIVSPPVCGNEI WEI{(}I{ECDC(}SPANCLNPCCIJAATCKI,KP(}AHCGNG[,ICICYQCK [ K'I‘A(}'I‘VCRRARD]&CDVPEHEZ'[‘GQSAECPRI)Q] QONGKPCQNNRGYCYN
2....A,..§..........HA.H... KDY...BH....H.. T....8....B8 Exy........8......8.....8.-...8 A.GFHA. . Q... .. |\
B R LL.....oooes S.uR.... .S, RHSW.Q.ES.E..DK.RE.S. . .E..P..G...L..Y.. . KY. A, . I. RFHM. . . Q. LQ. DA. . ..

320 * 340 * 360 * 380 * 400 * | 42()|
[ 1

1 GDCPIMRNQCISLFGSRANVAKDSCFQENLKGSYYGYCRKENGRKIPCAPQDVKCGRLECLNNSPRNKNPCNMHY SCMDQHKGMVDPGTKCEDGKVCNNKRQCVDY

2. (VS ToEee... A Lo Yoh DG KRR S U B

3K LCHQHUFY. .. NG Q... E KL TGDE. L Ly s VP..... E...N....B EIVP—— T.KH. . G—— Ny—...E... LGN..M.— K...
* Identity(%) NO.of glycosylation site pl of naked protein

1 NTAYQSTTGFSQI 56% 4 7.4

R 67% 3 7.8

3. 100% 4 6.7

Fig. 8. Sequence alignments of FX activator heavy chains form D. russelii, V. lebitina
venom, and V. u. renardi PI1l metalloprotease. 1. RVV-X heavy chain (Q7LZ61) [52]; 2.
VLFXA heavy chain (Q7T046) [20]; 3. V. u. renardi PIIl. Residues identical to those of
RVV-X HC are denoted by dots, and gaps are marked with hyphens. Conserved
zinc-binding site, methionine-turn and hypervariable regions are boxed. Cys residues
are shown in gray, and known disulfide bond based on RVV-X are expressed as solid

line.
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1 23 45 6 M7 8 910 kDa
Elution volume Unit | conp ™o 116.0
8.25-8.5ml (lane 1,6) 0.5 - -y 66.2
8.5-8.75ml (lane 2,7) 16 b Y2R1
9.0-9.25ml (lane 3,8) 2.4 - - ::3
9.5-9.75ml (lane 4,9) 0.7 - 5.0
10.0-10.25ml (lane 5,10) | 0.2 184

14.4

Fig. 9. Partial purification of Vur-FXA. (A) Gel filtration of crude venom of V. u.
renardi (about 15mg) on a Superdex 75 column, which was equilibrated and eluted with
0.1 M ammonium acetate, pH6.5. (B) The factor X activator activities in the eluted
fractions were assayed and shown in the table; the unit was defined as liberation of
1mM p-nitroaniline per min per 0.17ul fractions under the experimental condition.
Selected fractions were also analyzed by SDS-PAGE (shown at right). Lane 1-5 were

under non-reduced condition and lane 6-10 were under reduced condition.
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¥ 20 * 40 * 60 * 80
1 EQQRFEPRYTELVIVADHAMVTEYNGDLAATTTWVHQLVNNINGFYRDLNVHITLSAVEVWTNGDL INVQPAASVTLNLF

2 KKKP.D...oooouint SCAL L NST R LUFEM. . TV E. LK M .ol s L...S5R...... S..D...D..

3. Dooeonnt SOALLUENNVGLULS. Ll L S.LL R Soo.....
# 100 * 120 * 140 * 160

1 GEWRERDLLNRRMHDHAQLLTGIDLDDNT IGLAYDDSMCDPRYSVGIVQDHSAT IRLVAVTMAHELGHNLGMNHDGDQUN

2 e TN AU G T PGF..N.KL.....E...NTNL......... I..5..IH...N...

5 SR K.ooNoo... NVo...Fo R LPRG . URR .o s DTNL. .o vvin I..... ID...N...
#* 180 * 200 # 220 * 240

1 CGANGCVMSYVLIEQRSYQFSDCSENKYQTYLTNRNPQCTLNQPLRTDTVSTPVSGNELLANSGNPCCDPYTCQPRRGEH

2 AGC K H RN OMGRLK F. o P K..L...

1 AT P N U MDE B R, e K..L...
# 260 * 280 [dentity

1 CVSGKCCRNCKFLRAGTVCKRAVGDDMDDYCTGISSDCPRNPYKD 100%

2., PLDELLE L LRH e G 83%

3....P.DoL UKL LPLKLWN WNG 84%

Fig. 10. Sequence alignments of PIl metalloproteases: (1) lebetase-2 (accession No.
Q98995) of V. lebetina, (2) Plla and (3) PIlb of V. u. renardi. Residues identical to those
of lebetase are denoted by dots, and gaps are marked with hyphens. The zinc-chelating

sequences and KGD/VGD domain are bolded.
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Table 1. Comparison between the peptides masses of calculated and experimental trypsin

hydrolyzed peptides of Vur-FVA.

Amino acid sequence position No. of MS, MS.
Cys-CAM
FHCAGTLINQEWVLTAVHCDR 50-70 2 2527.1969  2527.2048
ISATEETEPDVPHCANIFIVK 152-172 1 2370.1645  2370.1685
HAWCEAVYPWVPADSR 173-188 1 1943.8857  1943.8893
VFDYTDWIQSIIAGNTTATCPP 239-260 1 2470.1595  2470.1204
FPNGMDKDIMLIR 105-117 0 1549.7865  1549.749
HAWCEAVYPWVPADSR 173-188 0 1886.8642  1886.84

Cys-CAM : S-carbamidomethylated

MS..: calculated massed of Vur-FVA fragments

MS,.: experimental masses of Vur-FVA fragments

The MS. was based on the monoisotopic massed of amino acids, assuming the peptide

mass as [M+H*]
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Table 2. The CTLL cDNA cloned from venom glands of V.u.renardi.

CTLL number® of clones encoding Quterary
the CTLL structure
Vur-FXA-LC1 3 af/ metalloprotease
Vur-FXA-LC2 3 af/ metalloprotease
Vur-FGBP B 3 a2p22
Vipercetin o 2 afy
Vipercetin 3 2 aff

a\Vur-FGBP a sequence was obtained from another clone with different PCR primers.
bTotally fifteen selected clones were sequenced.
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Table 3. Factor X activating activities of various viperid venoms in the presence of

CaCl,.

VVenom species Unit
Daboia russelii (Bombay) 42.3
Daboia russelii (Pakistan) 11.3
Daboia russelii (Kolkata) 2.16
Daboia russelii (Srilanka) 1.99
Daboia siamensis (Flores) 9.62
Daboia siamensis (Sumatra, Java) 7.67,8.41
Vipera ursinii renardi 0.25
Vipera ammodytes montandoni 0.21
Vipera bornmuelleri 0.07
Vipera latifi 0.07
Vipera xanthina palestinae 0.00
Echis ocellatus 0.07
Bothrops atrox 0.20

Unit is defined as liberation of 1mM p-nitroaniline per min per mg venom in the
condition described in material and method.
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4. Discussion

In this study, I have identified and characterized the factor X and favtor V activators
of Vipera ursinii renardi venom. My study started from cDNA cloning of
procoagulating proteases. | cloned two serine proteases and deduced their amino acid
sequences. More than twenty clones encode the serine protease whose amino acid
sequence is highly similar to those of the FV-activators of V. lebetina and Daboia
venoms (Fig. 2). The sequence is most similar to that of factor V activator of V. lebetina,
and with 93% identity. Just two clones encode the protease with 90% identity to the
chymotrypsin-like serine protease of V. lebetina [60].

Using SDS-PAGE analysis, we found that the molecular weight of Vur-FVA was
close to 29kDa (Fig. 3B), which is higher than the value predicted from the protein
sequence (26kDa), possibly due to N-glycosylation. Glycosylation may reduce protein’s
isoelectric point (depending on the charged carbohydrate groups) and increase the
molecular weight. Two potential N-glycosylation sites (N124, N229) of Vur-FVA exist,
but possibly, only one (N229) of them is glycosylated, like the case of the V. lebetina
FVA[17]. The tertiary structure may hinder the glycosylation of N124.

I used Superdex 75 column to purify Vur-FVA (Fig. 9A), the column not only
partially purified the proteins but also can estimate its molecular weight by using
protein markers for calibration. By using a calibration curve based on four markers
(Appendix. 1), the molecular weight of Vur-FVA was estimate to be 58.8 kDa.
Therefore, it is likely that Vur-FVA is present as dimmers if the gel-filtration results are
reliable.

Based on its deduced protein sequence, | estimated the pl value of Vur-FVA to be
8.46 or lower. Thus at pH6.0, Vur-FVA should bear positive charges although

glycosylation possibly reduces its positive charges. Mono S column is a strong cation
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exchanger, which was used to purify Vur-FVA fraction obtained from Superdex 75 (Fig.
3B). The charged group (-CH,-SO3) will bind the positive charged protein. By
measuring absorbance of 280nm, the yield of Vur-FVA was estimated to be about 0.15%
of the crude venom.

The mechanism of the activation of factor V by Vur-FVA may be the same as VLFVA
and RVV-V. It has been reported that VLFVA will cleave the peptide bond between Arg
1545 and Ser 1546 of factor V [53, 54], and generate a heavy chain of about 290 kDa
and a light chain of 74kDa [54]. Coomassie Brilliant Blue R stains can usually detect a
0.5ug protein band, but silver staining increases the sensitivity up to 100 fold and more
bands were detected in silver staining than in Coomassie Brilliant Blue R stains. From
Fig. 4, we found the band of 330kDa greatly diminished, suggesting that FV was
cleaved and new bands of 290 kDa and 74 kDa appeared.

In the coagulation system, FVa work together with FXa to activate prothrombin. If
snake venom contains factor V activator, it is likely to contain factor X activator, too.
The venoms of V. lebitina and D. siamensis are the best examples. The structure of Vur
FX activator may similar with that of V. lebitina and D. siamensis. It was consisted by
one PIII heavy chain and two CTL light chain. Thus, | cloned the genes that encoded
C-type lectin like proteins of V. u. renardi and | got six amplified cDNA fragments. By
phylogenetic analyses of the CTLL sequences, we can identify three pairs of CTLL
proteins with possibly distinct functions. Their functions were predicted based on
previous finding from Russell’s viper research (HS Chen, Ph.D. thesis). They are named
as Vipercetin a./ B, Vur-FGbp a / B, and Vur-FXA-LC1 / LC2, respectively, according to
the names of homologous CTLLs from Russell’s viper venom. Vipercetin o / B are
similar to a and B subunits of dabocetin, which is a potent antiplatelet agent from D.
siamensis venom [54]. Vur-FGbp o and B are similar to those of Dr-FGbp (fibrinogen
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binding protein). Vur-FXA-LC1 / LC2 are similar to the light chains of RVV-X and
VLFXA. Vur-FXA-LC1 and Vur-FXA-LC2 show more than 84% similarity to the light
chains of VLFXA (Fig. 6). | speculate that not only the light chains but also the heavy
chain of Vur-FXA could be rather similar to that of VLFXA.

In addition, I cloned a PIII metalloprotease (designated as Vur-PlI1) from the cDNA
of V. u. renardi and deduced its amino acid sequence. Vur-PIII contain a metalloprotease
domain (residue 1-205), and a disintegrin domain (residue 206-298), and a Cys-rich
domain (residue 209-428) (Fig. 7). In order to evaluate whether Vur-PlIl is the heavy
chain of FX activator, its amino acid sequence was compared with those of the RVV-X
and VLFXA heavy chains (Fig. 8), the similarities were only 55.6% and 67.1%,
respectively. It have been reported that Cys38° of heavy chain of RVV-X and VLFXA
link with C- terminal Cys'35 residue of light chain 2 [51, 52]. The Cys3®° residue
presents in RVV-X and VLFXA heavy chains seem to be important for the quaternary
structure for RVV-X and VLFXA. Missing of this Cys residue in the deduced amino
acid sequence of Vur PIII casts doubt about its role. However, it has been reported that
carinactivase-1, a potent prothrombin activator from Echis carinatus, consists of a
metalloprotease subunit linking with two CTLL light chains non-covalently [61]. The
deduced P11l sequence may follow the mode as carinactivase-1, link with two CTLL
light chains by non-covalent bond. Thus, more purification and biochemical analyses
are underway to verify the heavy chain structure of Vur-FXA.

As shown in Table 6, factor X activating activity of V. u. renardi venom was proved.
It was much weaker than all of Daboia venoms. Interestingly, factor X activator
contents differ by more than twenty fold between D. r. russselli (Bombay) and D. r.
pulchella (Srilanka). Not only geographical variations [55], ontological variations of
venom have also been reported [56, 57].
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When crude venom was separated by Superdex 75 column (Fig. 9A), the second peak
has factor X activator activity. Vur-FXA is eluted out at elution volume of 9.0 ml. We
can estimate the molecular weight by using a calibration standard curve (Appendix. 1).
The measured value is about 96 kDa. It is close to the value of 94 kDa estimated from
SDS-PAGE of the fractions containing the FXA activities (Fig. 9B). This 94 kDa protein
band disappeared under reducing condition of SDS-PAGE. The results suggest
Vur-FXA, like RVV-X and VLFXA, probably is a heterotrimer composed of one heavy
chain and two light chains. However, Vur-FXA heavy chain and light chains on the
SDS-PAGE gel (under reducing condition), are difficult to confirmed before Vur-FXA is
purified, because the interference of other proteins with similar molecular weight.

| also cloned two PIl metalloprotease (named Vur-Plla and Pl1-b) and determined its
sequence. Their sequences are 83-84% similar to that of lebetase-2 (Fig. 10), and
composed a protease followed by a disintegrin domain. They are probably fibrinolytic
enzyme of V. u. renardi. Interestingly, the N-terminal three residues of the major one
(Vur-Plla) is KKK, quite different from that of lebetase-2, while the N-terminal
sequence of minor one (Mur-PlIb) is same as lebetase-2. We need to purify the small
metalloproteases from V. u. renardi venom and determine the N-terminal sequence of it.

Remarkably, it has been reported that there are anti-coagulant PLA, exist in the
venom of V. u. renardi [62]. In the present study, most of the found venom components
are pro-coagulant, although they are relatively weak. May be these proteins that have

sequential and synergistic effects, but the details should be further studied.
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Appendix. 1. Molecular weight determination by gel filtration. (A) Protein molecular
weight markers: alcohol dehydrogenase (150kDa); bovine serum albumin (66kDa);
chicken albumin (45kDa); trypsinogen (23.8kDa) were separated by Superdex 75
column (GE10/300) and their elution volumes were measured. (B) The value of Ve/Vy is

plotted against log molecular weight, where Ve is the elution volume of the protein with
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unknown molecular weight. Vy is the elution volume of blue dextran.
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