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ABSTRACT

Shakebites are the important global public health problem. Viper bites cause a low fibrinogen level and a systemic
hemorrhage in human victims. Thrombin-like enzymes (TLES) that degrade fibrinogen are the key molecules
contributing to this viper-induced coagulopathy. Furthermore, these venom proteins have potentials to be novel
anti-thrombotic agents. In this study, we expressed a TLE from green pit viper (Trimeresurus albolabris), GPV-TL1,
in Pichia pastoris system and characterized its activities on human fibrinogen and platelets. The recombinant
protein migrates as an approximately 31.6 kDa on SDSPAGE under reducing condition. It released both
fibrinopeptide A and fibrinopeptide B from human fibrinogen and showed plasma clotting activity of 233.3 thrombin
units/mg. However, there was no platel et-aggregating activity. The recombinant GPV-TL1 could directly digest Aa-
and Bg-chains of plasminogen-free human fibrinogen within 30 minutes and later degrade the fibrinogen y-chain.
Therefore, the GPV-TL1 displayed a strong Aa and Bg fibrinogenolytic activities while presenting a relatively
weaker coagulant effect. This information gives us a deeper insight into the pathogenesis of GPV bhites. The GPV-
TL1 should be further investigated for the role in the treatment of thrombosis.
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INTRODUCTION

Green pit vipers (GPVTJrimeresurus spp.) are the most frequent culprits of snakebiteJ iailand [1]. Clinical

manifestations range from mild local pain and imffaation to severe manifestations, such as localdisecrosis,
systemic hemorrhage, shock and death. A systeraéxdbig is the combined result of fibrinogen constiomg, low

platelet counts and direct vascular wall damagesniake venom metalloproteinases [2, 3].

Ninety percent of viper venoms are peptides thdbrigeto a few families of proteins. They includerise
proteinases, phospholipaseg &-type lectin-like proteins (Snaclecs) and snaieom metalloproteinases that are
the precursors of disintegrins [4, 5, 6]. To adaptvarious preys in different areas, these ven@meg underwent
duplications and numerous nucleic acid substitstiogsulting in a wide variety of proteins with vetyerse
sequences and effects on the hemostatic system [7].

Thrombin-like snake venom serine proteases (TL-SYSP thrombin-like enzymes (TLES) are serine asés
commonly found in pit viper venoms. TLE effects ldobod clotting system partially mimic those of adimbin [6,
8]. Whereas a TLE usually frees either fibrinope@tiA or fibrinopeptide B, a thrombin releases both
fibrinopeptides from fibrinogen and activates cdagian factor Xlll. As a result, the thrombin-prazkd fibrin
becomes firmly polymerized and stabilized by thévated factor XllI (factor Xllla), while the TLE+@duced
fibrin merely turns into soft clots, which will baéegraded rapidly by the patient fibrinolytic systemasulting in
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hypofibrinogenemia [9]. Furthermore, some TLEs ddirectly degrade fibrinogen [10, 11]. However, the
fibrinogenolytic activities of TLEs have been rare¢ported. In addition, the relative importanceha endogenous
fibrinolytic response to coagulation effects and #hxogenous fibrinolysis directly by the venoms fibrinogen
consumptiorin vivo remains unclear.

With their fibrinogen-lowering ability, the recormzint TLES have potentials as anti-thrombotic ag¢is In
contrast to using thrombin that releases both rfdpeptides, a study of an appropriate TLE will hedpealing
mechanisms and consequences of the releasing otiee dfbrinopeptides from fibrinogen. In additiodeeper
insights inthe structure-function relationship of these sepneteases can be gained by comparing the amiib aci
sequences and functions among TLEs from variousispeThis may be useful to engineer proteins wihired
properties in the future.

EXPERIMENTAL SECTION

The Sequence Alignment and Computational Searching Analysis

The nucleic sequence of the GPV-TL1 cDNA from Thiameresurus albolabris venom gland cDNA library in the
previous study [5] was conceptually translated. ldmgous proteins were searched in GENBANK database
using the BLAST tool. Their amino acid sequencesewaligned using the CLUSTALW multiple sequence
alignment program [12] and re-created with BOXSHABR1.

Plasmid Constructions of the GPV-TL1 gene

The maturéGPV-TL1 protein coding sequence was amplified using theafsthge 2 polymerase proof-reading PCR
(Clontech Laboratories, USA) and ligated to the pMSE vector (Promega, USA). The forward primer @néd
anEcoRlI site: 5’-cgg aat tcG TCA TTG GAG GTG ATG AAT GCAGR TAA A-3'. The reverse primer contained
an Xbal site: 5’-gct cta gag cTG GGG GGC ATG TCA CAG TTAT TT-3’ (Sigma-Aldrich, USA). The vector
was then digested ycoRl andXbal restriction enzymes. Subsequently, the insertpudisnto the pPICHA yeast
expression plasmid with a polyhistidine tag (Inmifen, USA) and subjected to sequencing verificatisimg the
BigDye® system (Applied Biosystems, UK).

The Expression of the GPV-TL1 gene in Pichia pastoris

The constructed plasmids were linearizedShgl restriction enzyme (Promega, USA) and integrattd the X-33
wild-type Pichia pastoris using a chemical method of tRechia EasyComp™ transformation kit (Invitrogen, USA).
The expression condition was optimized as followHEtk integrated yeast cells were cultured in BMG&dimm to
increase the cell mass at @0with shaking at 250 rpm for 12-16 hours. Ther, yhasts were transferred to BMMY
medium to reach angfy OD of 1.0 and the recombinant protein expressias imduced by 0.5% v/v methanol at
28'C with shaking at 250 rpm for 96 hours. The culuneedium was then centrifuged at 9000 x g to s¢pahe
medium from cells.

The supernatant from culture was concentrated b \I®aspin (GE Healthcare Life Sciences, UK) andified
using the MagneHis™ protein purification systemofRega, USA) that selectively bound polyhistidinggiad
proteins.

The Characterization of the Expressed Protein

The recombinant protein was quantified by Micro B&€Aprotein assay (Thermo Scientific, USA)he purified

recombinant protein was run on 10% sodium dodeaifate polyacrylamide gel electrophoresis (SDS-PAGEa

reduced condition, blotted into polyvinylidene ditide (PVDF) membrane (Bio-Rad, USA) under a semi-
condition and stained with 0.1% India ink in 3% ppbate buffered saline-twe&h20 (PBS-T) buffer.

In addition, Western blots were performed using theuse anti-histidine antibody (1:2000), the anbiuse
antibody tagged with horse radish peroxidase (010@&ko Cytomation, Denmark) and the Amersham E@mn@
Western blotting detection system (GE healthdafe Sciences, USAto detect and estimate the recombinant
protein size relative to the set of molecular wegfandards (Bio-Rad, USA).

Thrombin-like Activities

The coagulation activity was determined by the meétbf thrombin time (TT), which was performed iiplicate.
The procedure was done by combining the 0.2 mL pb@ed normal plasma-saline mixture (1:1) pre-bated at
37C in a glass tube with 0.1 ml of GPV-TL1 or vari@encentrations of the thrombin (Sigma-Aldrich, US¥% a
set of positive control. The clotting time was ribtehen the clot appeared. The equivalent thrombtivity was
determined on a semi-log plot of thrombin conceitires against the clotting times.
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The fibrinopeptides released from fibrinogen weretedted by reverse-phase high performance liquid
chromatography (RP-HPLC) (Varian Star, Varian, Jnthe experiment was modified from letial. (2000) [13].

In brief, the 0.5 ml of 0.2% human fibrinogen (SeMJSA) was incubated with 10 pf recombinant GPV-TL1
protein (10 pg/mL) at 3T for 6 hours. Then, the reaction was stopped lbijngdfor 5 minutes and centrifuged at
maximal speed for 10 minutes. The supernatant watygcollected and analyzed by a RP-HPLC ultratigUV)
detector at 214 nm. The 100 pL of samples contgisoiuble fibrinopeptides were analyzed using th& €olumn
with the linear gradient between 2 eluting solusiothe solvent A (0.025 M ammonium acetate, pH &r@j the
solvent B (50% acetronitrile in 0.05 M ammonium tate, pH 6.0), at the flow rate of 1 mL/minute. iRed
fibrinopeptides A and B (Sigma, USA) were used askers. Thrombin-treated fibrinogen and fibrinogdane
were used as positive and negative controls, réspgc

The Platel et Aggregation Assay

A platelet aggregation assay was performed usiegGhrono-Log model 700 CA aggregometer (Chrono-Log
Corp., USA). The citrated venous blood from a matan-free healthy donor was collected at the rafi®:1
blood to 3.2% sodium citrate. Then, the whole bloas centrifuged at 150 x g for 15 minutes to adlidne
platelet-rich plasma (PRP). After careful sepamatid PRP, the platelet-poor plasma (PPP) was pegpfiom
the remaining blood by centrifuging at 2000 x g &fr minutes. PRP was counted and diluted by PPF5@

x10° platelets/L. Then, 1QlL of GPV-TL1 protein was added to 0.5 mL of PRP amzlibated at 3T for 10
minutes. The platelet aggregation was initiated adding 10pL of 2 mg/mL collagen as a positive
control. Light transmittance was recorded and thgragation response was obtained.

The Fibrinogenolytic Activity

Human plasminogen-free fibrinogen (Sigma-AldrichSA) was dissolved in 50 mM tris-HCI buffer, pH 7.8
(containing 0.1 M NacCl). Thrombin was dissolvednimrmal saline to the final concentration of 50 simtL. The
activity assay was done in triplicate by combinargequal volume afhe GPV-TL1protein (10 pg/mL) to 0.2%
human fibrinogen and incubated at@7or 0, 30, 60 minutes, 2, 3, 4, 6, 12 and 24 &otihrombin was also used
for comparison. The proteolytic products were aradly by a reducing 10% SDS-PAGE with colloidal G-250
Coomassie staining.

RESULTS

The Computational Searching Analysis and Sequence Alignment

The GPV-TL1 coding cDNA sequence fromnimeresurus albolabris was conceptually translated. The GPV-
TL1 protein contained a 24-residue signal peptaleatalytic triad (His-Asp-Ser) and 12 conservedteines
to form intra-molecular disulfide bonds.

The BLAST search of the GPV-TL1 cDNA (accession bemEF690365.1) showed the highest homology
score (99% identity) with GPV-TL2 frormirimeresurus albolabris (accession number EF690366.1) and the
TLE from Trimeresurus stejnegeri, stejnobin (accession number AF545576.1) with 98emtity. Additionally,

the GPV-TL1 also shared more than 80% homology \hi#hCrotalus adamenteus serine proteinase 5 (88%
identity, accession number HQ414121.1), Thismeresurus mucrosquamatus serpentokallikrein-1 (88% identity,
accession number AF098263.1), tBoydius halys salmobin (88% identity, accession number AF056083.
and theCrotalus dirissus terrificus Gyroxin-like b1.4 serine protease precursor (87&ntiy, accession number
EU360952.1). The GPV-TL1 protein sequence alignmetit other snake venom TLEs and their homologies a
shown inFigure 1.
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Figure 1. The multiple sequence alignment of thrombin-like enzymes with high homology to GPV-TL 1

The sequences are GPV-TL1 (accession number A7LA(8)albofibrase (62.4% identity, accession number
P0CJ41.1) from Thalrimeresurus albolabris, ChineseTrimeresurus albolabris chitribrisin (69.6% identity,
accession number PODJF6.T)imeresurus stejnegeri stejnobin (93.5% identity, accession numisErAY81),
Crotalus adamenteus serine proteinase 5 (81.3% identity, accession bermAEJ31999.1),Trimeresurus
mucrosquamatus serpentokallikrein-1 (78.1% identity, accessionmiier AAG27254.1), Gloydius halys
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salmobin (80.4% identity, accession number AAC13280Crotalus dirissus terrificus Gyroxin-like bl.4
(80.2% identity, accession number ABY65930.1), angman alpha-thrombin (27.3% identity, accession
number 1PPB_H). The sequences contain 24-residumalspeptides. The big letters H, D and S repretent
Histidine, Aspartate and Serine of the catalytiads. The numbers signify the amino acid positioaoading to
the chymotrypsin system. Above the sequences, i@l detter b, h and e denote the basic, hydrophainid
extension residues of the putative exosite, respdygt The alignment was performed using CLUSTALW
program [12] and re-created with BOXSHADE 3.Zhe protein homologies were achieved by LALIGN
program in SIB EXPASYy Bioformatics Resources Pdtt4l.

The Characterization of protein expression products

The optimal condition for recombina@PV-TL1 expression ifPichia pastoris was the induction with the 0.5% v/v
final concentration of methanol at the temperatofe28'C with vigorous shaking for 96 hours. The vyield of
recombinant protein was 1.95 mg per liter of cudtaredium.

The predicted molecular mass from the amino addiesece of GPV-TL1 protein was 26.5 kDa as calcdlatethe

protein molecular weight tool [15]. The moleculaase of the protein was approximately 31.6 kDa aucig
SDS-PAGE as shown irigure 2. There was no other contaminant on the protein gel
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Figure 2. The affinity-purified recombinant GPV-TL 1 protein

The protein was detected after 10% SDS-PAGE induaed condition followed by polyvinylidene difluda
(PVDF) membrane transfer.

A. GPV-TL1 on membrane stained with1% India ink for total protein detection.

B. Western blot analysis probed with the anti-Hist antibody, Lane 1: The pre-stained moleculagkemarkers
and Lane 2: Th&PV-TLL1 protein.

Thrombin-like activities

The clotting activity of the recombinant GPV-TL1 anrmal human plasma was determined and compard wi
thrombin. The average plasma clotting time indubgdhe GPV-TL1 was 50.7 seconds. In contrast tona €lot
induced by thrombin, a wispy clot appeared afterititubation with GPV-TL1. The clotting activity tie GPV-
TL1 was equivalent to 233.3 thrombin units/mg aftpm.

The GPV-TL1-induced fibrinopeptide releases wertected by RP-HPLC as shown kigure 3. The GPV-TL1
cleaved both fibrinopeptide A and fibrinopeptidér8m human fibrinogen.
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Figure 3. Thefibrinopeptide-releasing activity of GPV-TL1 protein

The fibrinopeptide elution profiles were determirmdthe reverse-phase HPLC.

A. Human fibrinogen incubated with GPV-TL1

B. Purified fibrinopeptide A as a marker

C. Purified fibrinopeptide B as a marker

D. Fibrinogen incubated with thrombin as a positieatrol

E. Fibrinogen alone as a negative control.

On the other hand, the recombinant GPV-TL1 protiithnot induce any human platelet aggregation aspemed
with the collagen stimulation (data not shown).

The Fibrinogenolytic Activity

The direct fibrinogenolytic activity o6PV-TL1 was shown ifrigure 4. After incubations with plasminogen-free
fibrinogen at indicated times, the reactions wenme on10% SDS-PAGE under a reduced condition. Subsequentl
the fibrinogen degradation products on the gel veéaimed by colloidal G-250 Coomassie dye.
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Figure 4. Thefibrinogenolytic activity of GPV-TL1 on plasminogen-free human fibrinogen

The fibrinogen degradation products were analyzetid8 SDS-PAGE in a reduced condition with colldi@a250
staining. Lane 1 (F): Fibrinogen alone (negativetad), lane 2 (T): 0.2% Fibrinogen incubated wiitihombin (50
U/mL) for 24 hours. The rest were 0.ZMrinogen incubated with GPV-TLQ0 pg/mL) (1:1 ratio) at the indicated
durations.

As the intact fibrinogen decreased, the smalleratiggion products appeared over time. The GPV-diegraded
both Aua- and B3-chains of fibrinogen within the first 30 minutesie they-chain of fibrinogen was cleaved later
and more prominent only at 6 hours or after. Mdshe 3 chains of fibrinogen were completely clehat 24 hours.

DISCUSSION

In this study, the green pit viper thrombin-likezgme 1 GPV-TL1) from T. albolabris was successfully expressed
using the Pichia Pastoris system. In contrast to other reported snake verfddhs, it displayed a strong

fibrinogenolytic activity. The GPV-TL1 was closely homologous to snake vefidiEs with coagulant activities

that were stejnobifil 6], salmobin [17] and gyroxin-like b1.4 [18]. Howevénge direct fibrinogenolytic effects of

these proteins have not been determined.

As predicted from the sequences, we found that GBYpossessed the coagulant activity of 233.3 Niidmnbin
units/mg of protein, which was stronger than thiathe native stejnobin (122 units/mg) purified frahe snake
venom, but much weaker than the 3000 units/mg afntbin [16]. Furthermore, only fragile plasma cletsre
formed by GPV-TL1 compared with robust clots indiibg thrombin.

This study showed that the GPV-TL1 could releasth ibrinopeptides (A and B) from fibrinogen, siuil to
thrombin. The native stejnobin preferentially ralea fibrinopeptide B over A [16]. The Gyroxin bhdly cleaved
fibrinopeptide A and showed esterase and amidaseiti@&s [18]. The fibrinopeptide-releasing acties of the
serine proteinase 5 [19], salmobin [17] and th@eetokallikrein-1 [20] were still unclear. It hasdn proposed that
the basic and hydrophobic residues out of the addite of TLES, termed the exosite, may determinestsate
specificity of these proteins. The sequence aligrtined these homologous proteinBigure 1) showed some
disparities in the putative exosite consistent witls hypothesis. A study that directly mutatesstheesidues is
required to prove the importance of this site.

Interestingly, the GPV-TLXkhowed a prominent fibrinogenolytic activity byralitly cleaving both A- and B3-
chains of human fibrinogen within the first 30 miiesl of the incubation. In fact, it started to cleaw- and B3-
chains as early as 1 minute (data not shown)stt elearly digesteg-chain of fibrinogen at 6 hours. Furthermore,
all three chains were almost completely cleave2éatours. Therefore, this protein probably playsla in causing
severe hypofibrinogenemia in green pit viper bitetims. This is more likely mediated by the strodigect
fibrinogen degradation in addition to the previgdshown coagulant effects that trigger the endogerfirinolysis
[9]. The direct fibrinogenolytic activities of othdLEs have been rarely reported. It remains todbgermined
whether this effect is unique to GPV-TL1 or comniomther viper TLES.

The molecular mass of the recombinant protein wamaximately 31.6 kDa, which was larger than thzesi
predicted from the calculated amino acid sequef@®.& kDa. This may be due to post-translatiomgtgsylations
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thatmay be vital for enzymatic activitie was highly possible that the GPV-TL1 glycosydatisites were N-linked
at asparagine (Asn or N) residusimilar to other snake venom TLEs [21]sing the NetNGlyc 1.0 server, the
GPV-TL1 protein was predicted to have 4 possiblénMed asparagine glycosylation sites at the As8et/Thr
motif ( N105, N156, N172, and N253).

In general, a snake venom TLE (SVTLE) has 5-30%afaydrate molecules in its mass. Not only the ghytation
is significant for the stability of TLES, but itsad affects the enzymatic activities [22]. For exémthe high activity
of the ancrod is probably from its higher glycosigla than other SVTLEs. Conversely, Paes Leznal. (2008)
[23] demonstrated that Bothrops protease A (BPAJ hAa increased activity when limited deglycosylatimas
introduced.

The TLE, fromAgkistrodon rhodostoma venom, ancrod (accession number AAA03254.1), leas lused clinically
as an anticoagulant for ischemic stroke. Its mdé&cweight was predicted to be 26.6 kDa from 234nanacids

[15]. However, ancrod possessed a specific oligdsatde pattern, which brought about a higher maéowveight

of over 40 kDa [24]. In contrast to the GPV-TL1ethncrod cleaves only thenAhainof fibrinogen while leaves
the other chains intact. The plasma clotting astiaf the GPV-TL1 was weaker than that of the adc(420

units/mg) but the ancrod fibrinogenolytic activitsgs not been reported [25].

The albofibrase was another protein previously esped from Thalrimeresurus albolabris cDNA by our group
[11]. The recombinant protein had a molecular we{@hw) of 30 kDa including 2.2 kDa of glycosylatiott had
ana-fibrinogenolytic activity, a plasminogen activagiability and a clotting effect of 0.362 thrombinits/mg.

Lin et al. (2009) [26] expressed the TLE chitribrisin frorhiGeseT. albolabris using theEscherichia coli system.
The recombinant chitribrisin was 28 kDa on SDS—-PA@#h activities against both fibrinopeptides A addbut a
weak clotting ability of 0.372 thrombin units/mghd chitribrisin shared 69.6% homology with the GPPME. Both
proteins had the AB fibrinogenolytic activity, wieas the chitribrisin had a much lower clotting efffd his activity
difference might lie in the amino acids and/or plost-translational modifications.

Notably, the GPV-TL1 activity is promising as ardyeeutic anticoagulant because of the relativelgknmagulant
effects and the strong fibrinogenolytic activityhéfefore, it does not depend on patient fibrinolgystem for
thrombus lysis. Furthermoréhe GPV-TL1 did not induce any platelet aggregation should be beneficial for
patients with thrombotic disorders. Although a ramized controlled trial showed that the ancrodefhilo improve
the outcome in acute ischemic stroke [27], a TLEhvai lower coagulation to fibrinolysis ratio mayeld a more
favorable result.

CONCLUSION

The recombinant GPV-TL1 showed a strdifginogenolytic effect on all 3 chains of humahbrfnogen, suggesting
its roles in the GPV-induced coagulopathy. Furtteenthe GPV-TL1 should be investigated to be ditaagulant
in the future. The mutagenesis study on the nors@wed region between the H57 and D102 was undgtavaelp
clarifying the structure-function relationship d&tTLE proteins.
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