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Section-A : Project Details

Project Title; Search for novel reaiments for snake vencan poisoning: _ﬂap-lpue'rtiim_
analysis of Nafa nafa and Dabois russell venoms and complete characterzalion of their
mgtjor-toxinS

DBT Sanction Order No. & Date: No. BT/43INETBPI2010, 14/03/2011

Mame of Principal Investigator (NE): Dr. Rabin Doley, Assoe, Prof.
Affiliation: Tezpur University
Address: Department of Molecular
Biology and Biotechnology
Tezpur University, Texpur-784028
District Sonitpur, Assam, India

Mame of Co-PI/Co-Investigator: Dr. D. Valmurugan, Prof. & Head
Centre of Advanced Study in
Crystallography and Biophysics
University of Madras, Guindy Campus,
Chennal - 800 025, Tamil Madu, INDIA

Dr. B. 5. Vishwanath

Department of Studias in Biochemistry
University of Mysore, Manasagangolr,
Mbysone = 570 006,

Total Cost: Rs. 104.9 lakhs

Tezpur University: F=. G584 takhs

University of Mysore: Rs, 24,28 lakhs

University of Madras: Rs. 10.78 lakhs

Duration: Three years {14 March 2011 to 13 March 204, Extended lo Sept. 2014)

Approved Objectives of the Project:

Determination of venam composition ({ Tezpur University and Mysore Unfrarsity)
lsclation and purification of major toxing {Tezpur University and Mysors Universily)
Bicchemical and pharmacological characterzation of the loxin (Tezpur University and Mysore

Universily}

Detarmination of amine acld sequences of toxins [ Tezpur Universily and Mysore Universily)
Determination of three dimensional structures {Madras University)

A,

Specific Recommendations made by the Task Force (if any): None
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1. The training undertaken by the NER PI and the recruited manpowser at the
Collaborating Institution/s. Details of personnel trained

a. Visit of PI from Tezpur University to collaborating Institute

1. Dr. R, Doley, PL visited University of Mysore, Department of studias in Biochemistry
for discussion on project and to training on animal experimentation. During 12-13
June 2011,

2. Dr. R, Doley, PI visited University of Mysore, Department of studies in Biochemistry
for discussion on final project repart. During 27 Dec 2014 to 05 Jan, 2015

b. Visit of Research Person from Tezpur University

1. Mr. Diganta Das (JRF, DBT project) was sent to University of Mysore, Departrment of
studias in Biochemistry under Prof, B.S. Vishwanath for training in animal handling,
experimentation and haemostasis studles from 20™ January, 2013 to 28" of
February, 2013.

2. Mr. Diganta Das [JRF, DBT project) was sent te University of Mysore, Department of
studies in Biochemistry under Prof. B.S, Vishwanath for training in animal handling,
experimentation and haemostasis studies from 8% September, 2012 to 10% of
Movember, 2013

2. The details of visits of the Collaborating institutes PTI and personnel’s to NER
a. Visit of PI from Collaborating institute
1. Prof. B. 5. Vishwanath from University of Mysare, visited Tezpur Unlversity for the

planning and preper execution of the project work at its different stages, During 8-
g March 2012

2. Prof. Velumurugan from Madras University, Chennai visited Tezpur University for
the planning and proper execotion of the project work at its different stages. 9-10
April 2012

b. Visit of Research Person from Collaborating Institute

1. Dhanusa Yesudhas, Project assistant (DBT project) of Prof. Velumuregan from
Madras University had visited Tezpur University for protein purification work from
10" of November, 2012 to 16™ of February, 2013 for protein purification.

2. Mr, V. Vishwanath, Project assistant (DBT project) of Prof, Velumurugan from
Madras University had visited Tezpur University for purification and hasmostasis
studles from 17" of April, 2013 to 4™ of May, 2013.

3. Mr, Vilas Hiremath, PhD, Student of Prof. B.5. Vishwanath from University of
Mysore had wvisited Tezpur University for purification and biclogical studies from 4th
August 2013 to 9™ August 2013,

3. Details of Publications & Patents, if any:
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1.

4,

Diganta Das, Manjaraj Urs, Vilas Hiremath, Bannikuppe Sannanaik Vishwanath and
Robin Doley (2013). Biochemical and Biclogical Characterization of Naja karouthia
venorn from MNorth-East India and its neutralization by peolyvalent antivenom. J
Venorm Res, 4, 31-38.

Maitreyee Sharma, MNeeharika Gogol, B. L. Dhananjaya, Jaideep L. Menon, and
Robin Doley. (2013), Geographical veriation of Indian Russell’s viper venom and
neutralization of its coagulopathy by polyvalent antivenom. J. Toxicol Toxin. Rev.
Vol 33, No. 1-2; 7-15.

. Maitreyee Sharma, Diganta Das, Tyer Janaki Krishnamurthy, B Manjunatha Kini and

Robin Doley. Unveiling the complexities of Daboia russell venom, a medically
important snake of India, by tandem mass spectromeatry. Toxicon [(Accepted)

Maitrevee Sharma, Tyer Janaki Krishnamurthy, R. Manjunatha Kini and Robin Doley.
Ruvitoxin, a FX and FXa binding PLA; enzyme of Diaboia russelii venom. (Under
Praparation)

4. Poster presentations in National Seminar/Conference

i.

Sharma, M. and Doley, R. Indian Russell's viper venom analysis using
proteomics tool and neutralization of its coagulopathy by polyvalent
antivenom. The 4™ Annuat Conference & International Colloguium; Venoms, Toxins
and Hurman health- Revisiting the Translational Approach. Organized by Department
of Clinical and Experimental Phermacclogy, Calcutta School of Tropical Medicine,
Kolkata, India, November 20-22, 2014,

Sharma, M. and Doley, R. Unwveiling the venom composition of Indian Daboia
russelli by Tandem Mass spectrometry. National seminar on "Recent Advances in
Biotechnological Research in Morth East India: Challenges and Prospects”. Organized
by Cepartment of Molecular Biology and Bictechnology, Tezpur University, November
27-29, 2014,

Sharma, M, Menon, L.C and Doley, R. Compositional analysis of two Russell’s
viper venom of South India. 2* National Conference on Snakebite Managemant
and Annual conference of Toxinological Society of India. Organized by Department of
Studies in Biochemistry, University of Mysore and Kamataka Open Universily.
December 10-12 20132,

Das, D and Doley, R, Purification and partial characterization of an
anticoagulant protein from Indian monocled cobra (Naja kaouthia) of North
East origin. 2™ Mational Conference on Snekebite Management and Annual
conference of Toxinolegical Society of India. Crganized by Department of Studies in
Biochemistry, University of Mysore and Kamnataka Open University. December 10-12
2012,

Das, D, Saikia, D, Kalita, R.D., Mukherjee, A. K. and Doley, R. Green medicine for
snakebite in " IST NATIONAL CONFERENCE ON ANIMAL, MICROBIAL, PLANT TOXINS
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B SNAKEBITE MAMAGEMENT [AMPTOX 2010% "Blotoxins  in Health & Diseases”
Folkata, December 2010,

5. Oral presentations

i.

Das, O and Doley, R. Neurotoxic three finger toxin (3FTx) from WNaja
kaouthia with anticoagulant activity: its biochemical and biclogical
characterization. National seminar on “Recent advances in Biotechnological
Research in Morth East Indla: Challenges and Prospects”, Qrganized by Department
of Molecular Biology and Biotechnaiogy, Tezpur University, November 27-29, 2014,

6. Conference and Seminars attended by PI

1.

br 8

3.

The 4% aAnnual Conference & International Colleguivm; Venoms, Toxins and
Human health- Revisiting the Translational Approach. Organized by
Department of Clinical and Experimental Pharmacology, Calcutta School of Tropical
Medicine, Kolkata, India, Movember 20-22, 2014,

National seminar on “Hecent Advances in Biotechnological Research in North
East India: Challenges and Prospects”. Organized by Department of Molecular
Blclegy and Biotechnology, Tezpur University, November 27-29, 2014,

MNational Conference on Snakebite Management and Annual conference of
Toxinological Society of India. Organized by Department of Studies In
Biochemistry, University of Mysore and Karnataka Open University. December 10-12
2012,

Participatéd In workshop of “Thrombesis and Haemostasis: Discovery and
development of Tools and Therapeutics”™ jointly by International Society on
Thromboesis and Haemastasis, Dept, of Studies in Blochemistry, Mysore University
and KSOU (Karnataka State Open University, Mysore) December 2012,

Objectives of project to be fulfilled by Tezpur University

e o

Dietermination of venom composition of Daboia russelii

Isolation and purification of major toxins from the venom of Derboia russelit _ )
Dretermination of amino acid sequences of toxins isolated from the venom of Daboia russelii
Biochemical and pharmacological characterization of the toxin isolated from the venom of

Dabola russelii
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Objective 1: Determination of venom composition of Dabeoia russelii

1.1 Materials

a) Chemicals and reagents: All reagents used were of analvtical grade from Sigma-Aldrich, (LISA).

) Collection of snake venom, preparation and storage; Venom of “Big Four” (Naja naja, Daboia
rugselli, Bunmgarus coeruwleus and Echis carinatus) were procured from Irula Snake Catcher
Industrial Co-operative Society limited Ind 1969 Vadanemmeli Village, District Kancheepuram,
Tamil Madu, India. Lyophilized venoms are stored in =20 °C until further use.

1.2 Methods

a) Determination of protein conient: Total protein content of crude venomd/fractions was
determined according to Lowry's method using BSA as standard (LOWRY et al,, 1951). Protein
estimation was also done on Mano Drop 2000 spectrophotometer (Thermo Scientific, USA).

&) SDS-PAGE: Reducing and non-reducing SDS-PAGE was performed according to the method of
(Laemmli; 1970). The gel were stained with 0.25% cootassie brilliant blue in methanol:water:acetic

acid (40:50:10) and subsequently destained in the same solution to visualize the protein bands,

c) Gel filtration: 50 pg of crude Daboia russelii venom was subjected to superdex 75 column of
120m] volume (GE Healthcare, USA) gel filtration column. Fractionation was carried out in AKTA
purifier system (Amersham Biosciences, Uppsala, Sweden). The crude venom was dissolved in 20
mM TrisCl pH-7.4 and eluted with the same buffer at a flow rate of 1 mUmin. Elution of the venom
components were monitored at 215 and 280 nm and 0.8 ml fractions were coliected. The fractions
containing the peaks were pooled together and the protein content was determined by the method of
Lowry (Lowry et al., 1951).

d) ESI-LC M8 MS:

For ESI-LC-MS/MS analysis of gel filteation peaks, proteolysis of the fractions were carried out
using trvpsin with Protease Max surfactant (Promega, Madison, Wi, USA) according to the
manufactures’s instructions, Each gel filteation fraction (~50 pg) was dissolved in 50 pl of MilliQ

water, To this 41.5 ul of 50 mM of ammonium bicarbonate, 2 pl of 1% Protease Max and 1 pl of 0.5
Page &



M DTT were added. The reaction mixtires were incubated at 36'C for 20 min. Then 2.7 pl of 0.55
M IAA was added and incubated in dark for 15 min. Finally 1 pl of 1% Protease Max and 1.8 pl of
Trypsin {1 pgipl in 50 mM acetic acid) were added and the reaction mixtures were incubated at
37°C for 3h. To stop the reaction (0.3 pl of 10086 TFA was added and incubated at room temperature
for 5 min. The reaction mixtures were centrifisged at 12,000 rpm for 10 min.

The tryptic digests of individual samples were loaded onto Accela LCQ Fleet lon Trap. Mass
Spectrometer (Thermo Scientific, Waltham, MA, USA) for MS/MS analysis. Each sample (~80 pl)
was injected inte a Hypersil Gold Cig column (50 x 2.1 mm, 1.9 pm, Thermo Scientific, Waltham,
MA, LUSA) pr&aquilibra'tﬂd with 0.1% formic acid. Elution was carried out at a flow rate of 200 ulf
min with a linear gradient of 40%-80% acetonitrile in 0.1% formic acid, The eluent from liguid
chromatography (LT) eolumn was directly fed to the mass spectrometer. Ton polarity of the system
was set to positive ionization mode, Spectra were obtained in MS/MS mode and MS/MS scan range
was set from 500 to 2000 m/z. Oxidation: of methionine residues and S-carbamidomethylation of
cysteine residues were set as medification. The MS/MS spectra were analyzed by the software
Proteome Discoverer 3.1 using Sequest program. Based on sequence similanty, the pepqidé
fragments were assigned to the proteins in the MCBI database. Analysis and identification of the
proteins and peptides were validated by the parameters like protein score (~2-105), coverage (~8-86)
(calculated by the Sequest program) and the presence of at least one unigue peptides. Peptides with
lovier seore and coverage were manually validated by NCBI BLASTp search. The relative

abundance of the protein familiss were calculated considering all the protein families as 100%.

1.3 Results and Discussion

Snake venom is a cocktail of proteins and polypeptides responsible for the pathophysiological
manifestation in previvictims. Hence, elucidation of venom composition helps in deciphering its
pharmacological profile. Such an understanding clarifies the complexity of the venom protesme and
helps in the identification of proteins in the venom including the scarcely abundant proteins. This in

tirn may provide strategies to design specific and effective antivenoms to combat clinical challenges

of spake envenomation.

Further, comparative analysis of the proteome profiles along with the experimental evaluation will
help in correlating the probable mechanism of action of the venom proteins on various physiological
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systems of the prey or the victim. Such comprehensive information aboul the complete venom

composition will supplement the existing knowledge of characterization of some of the toxins

isohatad from Deaboia russelii venom of Indian origin.
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Figure 1: SDS-PAGE (12.5%) of crude Russell’s viper venom (30 pg). Lane L Molecular
weight marker; lane 2: Non-reduced Dabofa russelli venomy lane 3: Reduced Daboia russell]

YENOHTL

[n the present study, the complexity of Daboia russelii venom of Indian origin was analysed using
hiochemical and proteomic techniques. The abundance of low and high molecular weight proteins in
the crude venom was confirmed by SDS-PAGE (Figure 1). The prominent protein bands at 95, 55
and 14 kDa might be the presence of LAAD, SVMP and PLA; enzymes in the venom. To evaluate

the venom complexity, the crude vénom was resolved by gel filtration chromatography inte 9

distinet protein peaks {Figure Z).
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Figure 2: Elution profile of Dabsia russelfi on superdex 75 column. 9 peaks were eluted and are
named as Bv-GF| to 9. Inset: SDS-PAGE of Gel filiration fractions under reduced condition. Lane
i-10: Mol. Wt marker Rv-GF-1, Bv-GF-2: Bv-GF-3; Ry-GF-4; Rv-GF-5; Bv-GF-6; Rv-GF-7; Rv-
GF-8 and Rv-GF-9.

Individual peaks were subjected to tryptic digestion and ESI-LC-MS/MS. A thorough analysis of the
peptide fragments provided & comprehensive overview of different proteins present in the crude
venom {Table 1). Based on the sequence homology search, 66 different proteins were identified
which belong to 12 distinct snake venom protein families (Figure 3).

PLA, enzymes were found to be the most abundant enzymatic family of this venom (Figure 3). The
members of this protein family are reported to exert wide range of pharmacological effects including
myoloxicity, neuratoxicity, hypotension, hasmolysis, cardiotoxicity, antibacterial, coagulopathic,
haemarehage, edema, tissue damage and convalsion ( Kin, 2003). In viperid venom, PLA; enzymes
have been reported to exist either 43 monomers or as complex like vipoxin, and viperotoxin F {for a
review, see (Doley and Kini, 2009)). Vipoxin from the venom of Fipera ammodytes meridionalis is
a heterodimeric complex with a PLAz-like natueal inhibitor (Chain A} and a highly toxic basic
enzymatically-active PLA; (Chain B) (Mancheva et al., 1987). In this proteome, fve peptide
fragments including three unique peptides similar to chain A of vipoxin were observed (Accession
1408314, Table 1). One of the peptide fragments homologous to this acidi¢ subunit with the
substitution of His 48 to Gln 48 at the active site was also faund. However, no peptides homologous
to toxic basic PLAz (Chain B) was found in the proteome. Although this protein lacks enzymatic
Page 9



activity, but for pharmacological manifestation in victims/prey it might function through non-

enzymatic mechanism. Similarly, RV-4 (enzymatically active} and RY-T {non-toxic acidic subunit)
Jormasensis

143 from D

are the twi subunits of viperotoxin F, the major toxic component of Fipera russelii
{Wang et al,, 1992). Peptide sequence similar to BY-7 subunit (Accession. No, 4007

siamensis was abserved while the active form, RY-4 was absent. The shsence of Chain B of vipoxin

and RV-4 subupit of viperotoxin F indicates the absence of vipoxin and vipertoxin F in Daboia

russelli venom from South India, although the functionally active forms of both vipoxin and

vipertoxin F are teported in Dabota russelli siamensis from Myanmar (Risch et al., 2009), Simitarly,

daboiatoxin, a major PLA; toxin in Dabofa russelii sigmensis from Myanmar which shows
1995), was not identified in our venom
of Daboia

myotoxic, neurotoxic and cytotoxic activity (Maung et al,,
sample. These differences might be due 1o the difference in the gengraphical origin
russelii. 1t would be interesting to analyze and validate whether the inactive forms of PLAz might
interact with some ather PLA; components of the venom from South India and impose distinct
synergistic functional characteristics. VRV-PL-VIlla, a basic PLAz enzyme reported as the PR {OT
toxin in Daboia russelii venom were found in this venom (Gowda et al., 1994). VRV-FL-Vilia
exhibits diverse pharmacological effects like neurotoxicity, mycnecrosis, in-vitro lissue damaging
activity and anticoagilant effect (Kasturi and Gowda, 1989). In the present analysis we have
obiservied six peptide fragments of this toxin in gel filtration pedk 5, & and 8. Peptide fragments
homologous to ammadytin 11 (C) (Accession Mo, 50874332, Table 1) a presynaplic neurctoxic

PLA- from the venom of Pipera berus berus was observed (Jan et al., 2007).
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Table 1: List of various snake venom protein families as identified by ESI-LC MS/MS in the gel filtration fractions of crude Daboia
russelil venom, The numiber of similar peptides identified from different snake venom families are shown.

H., ME/MS dedived Sequence uH_.._%u Eihnf MHe[Dal [ 2 | rwﬁ Accassidn Mo, Pratein :..__MM”H.““: Pratein farmiy
Gel filtration Peak 1
ARHECVPEHC TG AEPR 7 TaT19 77357 | 3
ASDLMTRESHONALLETORAR 1 TI482 747 | 3
CILYPPLA 3 103253 sy | 1| .
KSHOMALLFTOMR 1 517.07 E4az | 3 Doboia russeli
L | KPGAECGNGLECYOER 1 100863 201526 | 2 Ewmu HOHEN Eﬂﬂﬂﬂﬁﬁ russeii ol
NECCAPEHCTEOSAZLOR 1 107432 14645 | 2 .
HPCHMHYSCrD O GMUDPGTECEDGE 1 105798 317003 | 3 ;
SUGIONOGEHA 1 57567 115735 2
ARDECDVPERETGOLALFR 1 78215 %7257 | 3
DECOVFEHCTGOSAEEPR 1 107458 214716 | 2
EYCYMGEIRR i 1505.45 150545 i 444 Chairt &, of Busaell's Debaic
2. | KEHONALFTOMA 1 517.07 jeae02 | 2 g 162300887 \iner Venaan Wi EMBL
KPGAECGNGLCYOK 1 008,63 201526 | 2 | o187 Metalloprotainase
LWSTSROF N 1 54358 105516 | 2
NP NHY SO OHKG VD PG TR EDGK 1 1057.98 ar70es | 3
- Caagulatian factor X
KGSHLYSLHER 1 s1146 19300t | 2 | soaEs et R
3, | SMTCNFIAFVVEK 1 6463 150737 | 2 & 151305 LIRS Debai pussalii TYMPE
VADCRSGWLSYEGHEYE 1 1072.16 nara | 2| 2z b7
ighit ekl
VEHOWRICHLECVESNR ¢ 65621 o564 | 3 810 EHHE&“HH
4. | ESIECVPHMBLSK . 78507 187444 | 2 & szrseeRn | s | CrotalS homidus TUMEs
KVFNODPOMR i 582,62 s | % | M20 fasnily) iy
DECNPOC DA TCRLT PG AECGNGLECERCK m wﬁpumm ww.w w
EAGRIPoAR 1 suaes | 10zses | @ | 25
GIYYEYCR 1 1244.35 g6 | 2 5 . Coagolationfactor & | 0 ouipars
% | KNelcNDSSCIMEAVLSSOPSK 1 157043 156943 | 1 | 151 TR i e i labeting MEe
LFSMCENHDYTAR i p—— J619.04 3 hesvy chaln
CelSLFGSRATVAEDSCFOENDEK ¥ 73707 185,90 3
TAVIMAHELGHNLGMYHDR :
ol ety ! e | 2= |G| 2 Group Il snake
. : & 83523645 venom Echils oot SYMPs -
MO FGER 1 us43 | L8143 | 1 i S
NELSCTY EY MY LAK 2 g75.07 | 1mamas | 2
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TR

BLATFeYASHAN 2 i 161324 w
ESWYANLGEMA 1 1140 50 1294.18 3
HIVIVGAGMEGLIAAYVLAGAGHK ] 135 94 2379.20 5 456 . .
g, [ EEMGEERMCEEEEER 2 87142 il & sg5e06796: | baintn-acid cxidase:| < DOTOrusEl LAAD
BDLSTFCYPSIEDN 174085 ruszai
| 1009.67 2 33.63
LMEFVOETENGWYFIK X i 24733 |
SAGOLYOESLGK i £85.54 1280.45 2
VTWTYOTTOK 116908
KFWEDDGINGEE 1 69110 1380,19 2 32.74 Eohis aeeietiss
8 | RFDENGGEMOOLPTSMVYR 1 1058.70 211541 z & 347802327 | L-amino-acid oxicase LAAD
VYFAGEYTANAHGWIDETIK 1 745.54 224263 | 3 | 4372
EYLIK 1 56637 BES,37 1 2331
9. | HDDIFAYEX L 113840 | 113740 | 3 & s38359837 | Lamino add oxidase ﬁ%ﬂ?ﬁ_; LAAD
SAGCLYEESLR 1 2103 125305 2 2884
HODIFAYES 1 1138.40 113740 1 2349 Coliprekrsemg
sg. | LMEFSOENDNAWYFIK 1 67378 0is3E | 3 8 1170762 Chaln H, of L-amina rhodastom LARD
* | SAGCILYEESLGY 1 641.56 128172 z P ; achd oidage (dmimpan pit
RFREINDGrMOK 1 671.09% 134015 2 g viper]
CTEROACCOOVEDTEVLPTOSWSESX 1 107202 2307 | 3
DFYTFDSEGIVA 1 72541 14867 | 2 | 3885 A=
11.. | FORYSGEIMALAMADR 1 91872 1835.44 2 & EEEATG5IT Phasphodiasterase S Fhosphodiesterase
GENEVTSFENMIEVTNLACDLLE i B73.30 51650 3 652
i KEFTNPSFAK: 1 568,78 113555 2
RLHNCYNLILLADHGMEESLOA z 903,52 272377 | 3 S
TELPIFUNPYN I 126153 126053 1 : ' Protabiothrops o
1| ynmvooawvays 1 785,90 158880 | 2 man_ it T e faoiniai | MBS
1 VROWELLTGLNFYSGLE 1 64264 192482 | 3 i
TETHIARLSLFSSRR SWGEVCH 1 112631 225052 2 1823 5
13 | WOKDIMLIK i 1er40 | 6140 | 1| & IMETSALY | ST :ﬂﬁﬁwn s
| DIMLIE 1 733.41 a1 | 1| 2 =
_ FrolahE 1 416,35 B15.34 1 20070 Sering beta- Disbofa
| 15 TSTYIAPLSLESSFPA 1 Ba4.55 1687.50 2 B 311223834 fibrimogenase-lika ESERNy EWEPS
| WOKDAMLIK 1 1162.40 1161400 | 1 | 2693 peotain pracursor
| TLcAGILOGGIDTER 1 1608.43 150743 | 1 10,12 ;
; : Macrovipend
16, | DipALIE 1 73341 73241 1 & AEQETSAIL Beta-fibrinogenase Aebiating SWEPS
MVLR i 53337 HI2.37 1 2205
FCFGLEK 1 BSZ.36 52136 i 2405 Coapulaton factor J- Mocrowiners
17, | GTGYRSWFNLNCEEFYPRVCKVEPNC 1 100777 302032 ] & Tigill4d activating enzymsa Iebeting VRS
¥FeYR 1 209.34 B0E.34 1 5.64 fight ehain 2 (Levanting viger)
AWNEGTNCFVFE i 73754 147308 | 2 57.43 Daboig
18 | GSMLLSIHMIAEADEVLE 1 £55.00 e 2 i ey siominsis SR
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NHWEHMDCEETHNE VR

1 716.73 214735 ] 1250
Qe SOWSFYEEYEYK 1 106143 21205 2
TWFNLEAGDOYPEVCY i GT0LTD 00911 E] .
MEFELEK 1 EEH.35 BG7.35 1 | ' 2628 Macrovipera
19 | AFDEPKR 1 F53.44 BL2.45 1 B 218526485 snacle Ald leheting Snacles
HVEER 1 531.40 BI040 1 13,33 (Cewanting wgerf
LGOAEK 1 &O7.20 G620 1
WSDEHLDYY 1 5o 444 1196.58 2 2067 ,
& Bobaip russeid
20 | ODeLSDNWERYEG YK i 106143 HI0ES Z & ADAD0LEA Dabacetin beta el tnaclec
WFMEK i E37.35 E36.45 1 11.74 gubunit
FEMEHPNNGHLYSVESmEEAEFVAK 1 QG387 29065 3
TWEAAER 1 5338 E62.30 i 33.54 e
2L | FemEHPMNGHLVEVESmEEAEFVAK 1 475,75 7934.27 3 & 300430458 Factor X sctivator A SVMPS
WWENA ;| TE4A 41 15343 i 10.54 light ehain 2 ST
FLFYCRYPPES 1 T06.6E 1413,37 z
- 1
nﬁ”mﬁnmn&mgﬁéﬁms w HHM me,mw w e Bibiols Fssal
I VP i & 30079554 Factor ¥ activator russel SWIGFs:
B35 R FHE i T28.11 145427 I 812 Hght chain 2 pritsn
mWERHECEEPYPEUCKVPPED 9 BHEE2 2656 R k| '
LR G ACCAEGLOCDORFmK 1 TR 2331.52 3 S0.55 cwdlus
23, | BAHMEAGEECDLOGAPGNPOCDAATCRLA 5 ELER 2E84.58 3 & LIRSS Adinbitor Foem Bslrtegrin
MHMEAGEECDCGSPGNPCCDAATCE : gr290 2615.71 3 481 - .
TGO DY GG AR p 673405 1344 11 2 741
FLGYLNWIFDGE i T30.89 145977 2 : ; Crotalus .
24 A ; 86171 seh 4 i ....___WL 3I8EESI00 Ecto-5' nucleotidase A MNucleptidase
EWVEFRMELA 1 612.72 122343 ) -
FHEeHEGHLICDAY YN MLRA 1 Bi279 103535 3 8,33 i ;
5. | CAPEDOVVE 1 52743 J04285 | 2 & 586879529 " Enﬂ.ﬂ__wmum tﬂ_ﬂuﬂu Muceotidase
SLVHE i SG1.29 56029 1 331 ;
ACYGERGEOATSONNSGDNER 1 Tdi. T4 121531 3 452 ical ; i
36, | QLPCHMHEFHFHCIDAWLSENSTCRICR 1 1126.14 37543 | 3 'y 7016758 __.__n_,n_wmﬁmﬂ_ua_fﬂ_: . Esan._zﬁ . :.E_mj”i
RHPSITLOLOVRR 1 FEEOE 15918 2 AR5 pcte
¥rmLYSLLDeGEEAED: i THT.56 3 r
CERFVHELCYGRYNGLRRKE x B7408 201523 3 7101 Anmiodytin 110C) Viper barus
27, | MBI AV CLGAEGHLSFGDMIME 1 100585 a0id.E7 3 & EOBT433Z berus PLA;
i variant :
VAAKFEINmMNTYDE 1 CEZOR 1745 54 ] 213 {comeman wiparl]
ETGIESImSTI Y oY CEWESE 1 24T ED 253950 3
Gel filtration Peak 2
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i LLOTFCYPSAICE 1 BOT.58 161317 i
FOENVGGMDOLPTSAMYA 1 La0, 7 195435 2
| HIVTVGAGMSGLSAATVLAGAGHE i fEQ.ET 217962 3
IFFAGEYTARAHGEWILETIK 1 74827 114153 3
KEWEDDGIGGK 1 FILIG 138031 ] 56,54 Diboio russelli
18, | LMEEVOETEMGWYFIE 1 100981 2017.61 2 & 386206796 | L-aming-acid oxidase R LD
NPLEECFREDDYEEFLEMK i 54556 2E46.59 3 TRAT
SAGOLYGESLGK 1 £41.69 178138 Z
YTYLEASERFGGR 1 BRAEAT 137094 2
YTVTYATTOK i SE306 115812 2
FENHPSEAGE 1 538,15 1076.73 2z
FOEINGEMOKLPTSMYR gl GE4.21 195593 3 piite | . 5
79, | HODIFAYER 1 57014 1138.27 2 B TEET0L45 [-amina-ackd cadase _"__m_ E:.EM pﬂ_ . LAAD
SR OLYEESLGY | B2 22 10244 2 4131 (Lt}
Vipera
EGWYANLGPMR 1 G790 1393,87 2 1521 ammadyies
30 | FOEWGGMGOLFTSMYR 2 G0, 10 1959.35 b & 347602330 L-amino-acid oxldage arnodyies LAsT
WTULEASER 1 50310 iod, | E 24,56 faestent sand
N viper)
B Y ANLG PR i 64734 12763.87 r I1.3% P
31, | HODIFAYEK 1 570,14 113837 i i 53550837 | L-arming acld oridase Bovouiridls Laad
SAGOLYEESLR i 61773 135347 z 30.57
FLFFWIGLR 1 GOLSE 130116 2
Wﬁﬁwﬁ“ﬁmﬁi 1 1061.73 2121.47 z Kk _— .
EEMDFVIR 1 BOT.1R 111237 7 . i Y @ russ
32, FTONCWLR 5 Ey0a 103407 3 hm_m,E SO4BIUEY memnﬁm”_mﬂ_ s Snacles
TWEDAER 1 130,35 579,36 i .
WEDGYNLEYE 1 599,40 1196.81 i
GFDCPEGWSSYEGYEVK : 708,79 033 |3 | gu Trimeresurus
gy | AWSEKSYCLVEK 3 65348 13sagl |2 % 023731 Alpoaggregin-A elbolabiis Sracles
mNWEDAESFCR i TILEE 146124 2 o 4 ; subunit beta {white-iipped
TTHNEWLSMDCSR 77825 155850 |2 : troe wper)
MPFICK 1 T79.53 77833 1 2792 }
34, | TWEDAEK 1 35035 g9 | 1| & 173899857 EHHHHL_E: Y Snackec
YHAWIGLR i 51534 101588 2 24.74
| FEEVWIGLNDPWHNCNWEWSONAR o GE7.E0 206070 3 46,00 -
GEHLASTHESEEEAFYEE i 95872 1591544 2 i
35 | FWENAGEERFVSEYEK i 4345 3974.39 3 u%num. 00450454 P31 beta sebunis s e Lnaclec
ERYETVIMVLEPDR i 517.05 163331 i '
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AWNEGTNCFVFE 1 T47.53 147307 & o
GEHLLSLHMAEADEVLE 1 BE5.S3 15041 3 o Baboir ;
% | apelsowsevEGTerK i w06e73 | zawar |z | & | 7A6AMAB onfFiena siaensis Seaclec
TWEDAEE 1 BiE035 BY5.35 X
DEIWIGLE 1 50637 119154 2 34,183 -
37. | FeTEQANSGHLVSK 1 B4E.B2 169125 2 & 2004504 78 P21 zlpha stunic it Snachec
WPV HCAEHTR 1 75751 151303 z 15.14
CEEFYPRVER 1 G5 X3 132865 F 37,38
ag | EEFRECFVLOK 1 VA5 148318 2 _# snanToame Fartas ¥ acfivator Durhgie rusdadi ki
" | FEMEHPHAGHLSI ESMEEAEEVAE. 1 558,75 908,26 3 1337 light chadn 2 el J
WPFEL 1 61228 B01.28 1 :
TWENLEcGDDYRFVCE 1 1005.84 205,58 2
AFDEPY. i Y38 TG 26 i 1705 Do
32, | TWENLSEGDDYPRYCKFPP i 1 850,02 I667.05 3 5 300450470 PER slpha subunit e Snadar
FPPR 1 SikA4s 515,45 i 27E
FIKNCFGLEKESDYR z BEG.A5 $565.34 3
KESHLWSEHSR 1 ol1i. 72 ﬂu“__.h_.m i 1486 Hebola
4k | WFTEEmPWADAEKFCTEQRE 1 #1779 5035 ] & 1ERMIELE Snaclec 4 i Snaclec
MEWSER ) 1 B24.36 82336 1 B.59 -
DIMALIK 1 FEER ¥ FERE 1
; J 3103 Serine bata- :
FFCLSME i 91641 91542 1 Dekaia
; i : P
A M GWEATTSFNETFFGVTHCARINILPTSVCR 1 1183.23 37668 | 3| o e ﬁﬂﬁwﬂh PRy Swshs
TETYIAFLSLPSSEPA i BE3ED 16ET.E 3
DIRLIR i TELa9 Fah.49 1 J2EL Thrrmibén-like
41 | NWMEIYLGWHSK 3 G35.35 178071 2 E: 01167598 enzymi elegaxodin- _u__.n_””n__n__u%_ SWEPs
WY LGYHSEE 1 7i0.13 141824 2 1151 i
TETHIAPLSLPSSPPSWESVER i FE4.35 125095 3 1744 Sdifie prokaine Adacroslmeng
43, | DML b 13347 Tai4d i & IR0EE4LT VisP-3 lebeting EWER:
SSELVIGEDECHINEHE 1 H37.04 1872.48 2 B.67 (Levanting viper)
TrirrErEE LS
SIAGNTAATCRP i E37.65 11739 |02 17.44 : ;
ke
44, | FGAHSORVINEDECIRNPK 1 737.10 o0 | 3 B ragseely | 0O Ewﬂﬁ%:i ﬂ,wwh_wmaﬁ; Svses
MMEVLOKDIMLUIE 1 52101 1560004 |3 751 i i
FHESGTLLNEEWVLTAAHCOMENMOYLEVHDK - 1 129861 3BIZ.E3 3
48 DML ’ 1 FELA4 6044 i mmw_wp s81141431 Safine protease _.__u_._w._nn__“nﬂ__.m.._ﬁ._n“ ¥ =)
Y| KAYGGELREK 1 35345 i AG 1 7.35 plc s {Levanilng wnpar]
TLCAGVLOGGIDTCLADSGEPLEN GOFOGIVAWGE 1 121593 354775 3 ;
WLLEPSGWILEYEQHCYY i 1072.35% 1142.70 2 2764
46, | KESHLVSLHSR I £11.73 127148 2 & 251205 AveX:light chain Darhoig russell 0 11
MEWEDR 1 E24.36 22338 1 ‘B.44
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DOLONGOPEONNR 1 551,18 0036 | 2| 5428
5 | DEcFOENLE i 571.74 114147 2 Factor X ackivator paboia rusiel
| NECOVPEHCTRUSAELFR 1 107416 anae3z | 2 & s heawy chakn russell AVMIF
45,24
SNOEISLFGSR 1 557,07 118234 | 2
EAVHSY A GV oG WEEOGER 1 754,95 Z29186 | 3| 4344 .
PR
45, | AVCECORAAAICLGENVNTYDK 1 8711 1830 | 3 & 1408314 “__“.ﬂ_.q_w%hra mﬂﬂ_ﬁw PLAg
CCFACDCEYER 1 B&4.10 137620 | 2 7.36 ;
1163 "
KODENDKDMLIE: 1 534,08 10523 | 3 ; Glopdius -
At Hypao! |
30| s S GDECHINERR i 537.24 157248 | 2 h.__f”m G ARErSEe) pobeln bfambaffi SV3Fs
Gel Filtration Peak 3
ABAICLGERVNTYDK 1 870,68 163936 | 2
CcFAQDCCYGR 2 691917 138183 | 2 8033
7. | EAVMSTANGOYCGWSGHGR 1 764,781 29134 | 3 B 1408314 _;uun__,“ﬁﬁ.ﬂﬁ wipsrg ospls LA,
—_._-.naﬁﬂ._._..___.._u_.ﬁ b 7355095 146510 > 31.58
MY EYYSESHETEESED: i 1100068 . 2199.37 2
: 3
ARRRLGANVNTYOK 1 547.12 168,36 B3.ST
51 | EVVHEYAIYGOYCGWGEOGR 1 77415 $319.46 “ & agorss | PEIE w.w_;a__.“uﬂmﬂwm _n._u_ﬁ___uﬁ LA
NYEY¥SISHCTEESEDE 1 1100.68 119937 2298 S
| EEFVHDCCTBRLWECSPK 1 770,266 30780 | 8 | 333
54, | GTWCENQRECDKAARIER 1 B1E 331 44510 | 3 & 123907685 mtpwﬂuﬁm_w___uﬂ:m ____u:aﬂaﬁﬁ PLA
HGAINCARGTWIEL 0% 2 127111 wanyd | 2 | 1118 it
cePVHDCCYGMLPDCNPE i 3472 220115 3 e85l
e | LAPSYSSYSCYGWEGHETRK 1 784.90 J3s17 | B 5 somangys | BME phospholipase Dl _—
Y| MMGAIVEERGTSCENR 1 B840 179481 2 cg7 A2 DEM-51 sigmensis
YmLYPDFLCKGELRE 1 23410 186620 | 2 .
COLVHDCEYTRVGDESPK 1 £87.15 JsEA7 | 3 | 4687
S6 | EAAKLGENVNTYDE 1 547.70 feanil | 2 & 4028750 __.Hn__ﬂm r&ﬂwﬁ yom ﬁa BLA;
WGDCSPRmTLYSYRFENGOICONK 1 863,35 2g8405 | 3 | 499 =
FOEFWIGLR 1 0152 120,04 | 2
QDL SDWSFYEGYCYE 1 106163 a12126 | 2 | 5133 : :
=7 | SSEEMDEVIR i 60756 - | 12133F | 2 A 00420464 anﬁ..__;_n E,.u iy Eﬁﬁﬁtﬂ% snathic
TTOHEEALA 1 51755 weazo | oz | 2892
WISDEVNLEYY 1 55675 w750 | 2
MEFIcK 3 77936 71836 |1 | 383l :
58 | YHAWIGLA 1 50844 w581 | 2 % 123890657 Eﬁnﬂwﬁs: aEwEE snaclas
VHEWITLPCGOKNPE Ik 1 76033 aamvan | 3| 18m0 i
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FOYK 1 573.400 | 57240247 | 1 -
FGAIGLNDE W H N MW EW S DM AR i aETa23 26507695 | 3 ST . fahnls
59| GSHLASIHSSEEEARVEK, 1 958684 | 191536894 | 3 ﬁwm FOAOAES. | | FBLhemaukant sicmensis Anagles
IFWFNRGEER 1 §79.656 135732120 | 2
EDDTEEFLERAKBGLE 1 63558 1932.56 3
EGWYANLGPmAVPEL 1 SER35 176205 2 26,19 ; g Crhoie resseli
5% | INEEVQETENGWYRIK 1 100883 WTET |2 24,15 395408796 | L'smino-acid kidese rursselll e
SAGOLYOESLGK I BAL 43 1280.87 3
CEcDW PEHCTGOSAECFR i TiE 74 24722 3
| &y | DOLOONGKFEGHNA 1 850,92 e8| 2 Eu_nf —— nﬂ_ﬁ.ﬁﬂa Dabois —
ke s P | R =] A Metsfloprotelnase | S
St RS Ll o L (= =M Epg L e R £
644 Fuli=Eeta- aapdius
B, .__E_E_Pﬁnmw.__umnm H MM..”M HWM.H w & 82117246 fibrincgenase tfambeyii EUERE
s j 406 brevinase frmarmsshil
SLLOODSCODAG MG K SASCECONY i 8E1.837 288251 3
: ; 41.87 Cysteinerich
SVDEDSESPR 1 S70.742 113948 | 2 . Delraghistroden
] - : ? . CRIS?
| ViEGIReEEMIYMSP PRI i 109058 17997 | 2 mﬂm AR i geutus
TR S LoD SO OnAGMOSKe SASCFCOMNE 1 1178.63 353285 3 '
ARG TDESME 1 GERATE 1334494 i 1
FMENTACECRPE 2 79E.092 1554.13 2 56.94 Snake wenom e i
B5. | HTADSCIME 1 £A3 555 1085.33 ? 2 327478537 vascular endothelial i Eﬂﬂm_ _ VEGE
MEVMKFMEHTACECRFR 1 7457 | TR 3| 3w growih factar toa
WEOGEPEGPK 1 9918 1i56.38 z
Vipera
COGEVISELTVYER i B35.685 166937 F 19.27 AmeptEs
56, | CENHCERCSERR 1 773384 154477 | 2 & 327488518 Eﬁiq_ﬂnﬂw_ﬁ_._ ammmodytes VEGH
CSCKFTDSRe i 133528 1334, 28 1 B8 [western sand
..__h._nﬁn“_
Gel filtration Peak 4
cGENIYMSPYEME 2 I T
CELHHEPYRSR 1 1351.59 136059 1 £ _w Cystema-rich _
| BT, | APEIOMENDHMMELE LB IE7.78 .—EE . E5d 15048531 secerebory protain Dk niiseli CRISP
RSVTPTASMMLE 1 £53.69 130538 2 ¥ Dr-CRPK
WTARHEWHK 1 E51.48 1320:62 3
KPEMINENDLHMELR 1 D51.ED 190559 Z 6109 cyshaine-rich
BE | SLVMOOAGCE LHCACS DA FCONER 1 106284 318553 3 & 250155300 seCceretony proteln nwﬂn_.:.m}ninﬁ CRISA
SV D OSESPREPEIONENDLHANELE 1 100940 302520 3 2854 Ch-CRPK2
KPEACMEINVILHNFLR h'; 65565 196408 3 54,30 ﬂ.__.h._.ni_m-_._nr Crodoius windis
6% | mEWYPEAAANAER ) ITLTE 155355 2 & 120195319 seooretory protein (Wl CRISF
SGFPCGOCPSACDNGLETNPCTE i 74793 724080 3o 2421 'Cw-CRP ratitesnakel
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DK VG AVESM AATEHY TN Y E 935,08 T2 | 28.96 _

1 3.
; ; Protobathrops |

MEWTPEASANAER ] 7738 1553.55 Z & . Prapro-cystainesrich ; cy
SYRGGEARAYCPESK 1 90,05 159810 | 2 | 1238 AR venamproteln | o ERIsP
BECAANTEPSSE i G15.52 172803 2
CILGHSFYHER 1 136345 136245 1 46.15 Cysteine-rich
rEWEEALAMAER 2 T8 155358 z & 180195323 secerstary protein Dobaio russeli CALP
SVOFDSESPR i 57071 113943 i 2181 [x-CRPE
Iy OLHNSLR 1 53461 1067.23 2 2708 Cystelng=rich Cerrophidion
MEWFPEAAANAER p TTI7E 1553.55 i & 150195323 seceretory protain : CRIEP
YT NSO S GO TSNP A F LN 1 171606 4518 | 3 | 2143 Pg-CRP i
ARAIUSEMVNTYDN 1 RR0ED 163871 il 45,07
EAVHEYAIYECYcGWEGGR 1 754,78 21133 3 ﬁ 1408314 Ie.n.mu_ﬂsuﬁmﬂ Vipeda 05515 BLA,
L FOF G 1 FI5.66 1469.31 2 23,82 acldic suunit (s e wipier)]
MFEYYSISHITEESECE 1 1100.55 718913 i
AAAICLGONVHTYDE i Epd 153829 2 BoET ; - .
MLFGFGEMALON 1 735,35 15871 | 2 & spogige | RSO RARYT mmﬂﬁaﬁ PLA;
MYEYYSISHCTEESE 1 1100.56 195,13 z 1533 S
WhGAINCEDGETSCENR 1 550,08 1794 16 2 P
ctFVHDCTYGRLPDENPK 1 T3495 Fi01.86 3 n._ REASLTE2 pasic phosphollpase | Dabolg risselld "
LAVPRYSSTGEYCGWEGK 1 £51 81 wrzas | 3| .5 2 el LA;
RUNGAVCEQGTSEENR 1 ESLIE 195054 3 '
NLFQFAEMIVE 1 670,98 133988 | 2 ﬁ.%q ssges | Beseshospolipsse | Dabola russeln di
GRPODATDRECFVHDCCYERVE i 63531 177233 3 5.27 A2 v russelif !
SPIELYGDY G Y eaWEGE i E0.45 207a.47 3 3780 E
VAAICFGENVNTYCHE 1 91512 187824 | 2 & 179506 A Ewmiu_ﬁtm W&E._a PLA
CEFVHDOCYGR 1 710,63 141917 i 2,39
g FPRT—— HuWHq 403399517 Acidic phosphollpasa Trirmeresurls o

: 1 TE0.04 A6.E1 3 238 A2 Tge-EE grocills %
ceFYHDCEYGHLAR 1 510,15 181830 : 5734 . ; i i
DATDRCCFWHDECYEK 1 531,73 w218 | 3| & Giuaskgey: | PEEERNCRRIRON | S FLA;
GTWEEECECDRVARECLA i Ta1.42 anle B 201
YHEWHTLPcGDYNFFICK 1 ThOEE 2278.98 3 A7.01 . r

[rbacet DOabgid
¢FGLNK 1 739,34 7838 | 1 & 123839657 ._wzﬂuﬁﬁ i saadler
TWEDAEK 1 BT9.34 B76.34 1 1716 .
10013 Crotatus dirissus

TWERAEWFCTE 1 708,56 MRS | 2 S 82179808 Crotocetin-d terrificusitropics Snaclee
cFGLK 1 £25.37 E24.37 1 i A




TTONOWLR 1 517.8% 1033.7% 2 4200 - .
3. | KTWEDAEE 1 50439 waE | 2 g 300450464 n-ﬁuﬂﬂ,._"x: EEE_HH____““J"E_ Seraclec
WFMNEK 1 63731 [ e 1 1153
GNVWTVRAND Y RLNMMNYYE i L7 IR 15492 .56 I
INTACVEVISR t B47.37 129374 | 2 4158 g sz
84, | HWNSYCTTTOTEVA i EG715 17ag4s | 2 & 135842647 . ﬁa_._._,qum Sae Cartioia rissely UNGE
ALY TLIAELIGIHAAPK 1 BO0AE 235837 | 3 10,75 growt
THEALKTSRNTOOHYPAPNK 1 770.36 230808 | 3
SAGOLYCESLGR 1 £41 .50 1280.10 i
LNERYOETEMGWYFIE 1 100373 0T AT ] 2341 Dabois r o
BE. | HIVIVGAGMSGLEAMVLAGAGHE 1 760,66 278498 | 3 & IEEA06TS6 | L-aming-acid nxidase FirerellF LAAD
EEWYANLGPMA a BAE, 10 139421 z 539
WTVLEASERPEGR p B GEEGE 137129 i
CSGLCTOESME F 66850 133500 | 2
43.75 Sngke venom . .
g7, | CTPVGKHTADICIMRNNPR i 111364 2225.29 2 o Ve T VEGE
HTADIIIMR k VI JORR A £ a.07 growth [actor Losin ripsseln
CGEFEGPEERR 1 613.25 172451 | 2 . .
ATVAEDACFOFMRLGSDYGYCRE ] £10,39 72817 | 3 s
DECCrnADACNECEDECRE g GAZ.B6 Was58 | 3 Echis corinelis
B8 | DENKGMVEPGTKCENGE i 855,70 190940 | 2 uw i 25T b s seehareki WHPs
FEHPCOMNNRSYEY G 1 249.52 185725 2 '
ARMNECDVPEHCTGOSAECPR 1 735.19 120256 3
EEDGKVENIME 1 61252 127305 2 22.54
89, | DOACONGOPEGMNR 1 85112 17002s | 2 & 300075500 | oL K eeear _“E_,n Eﬂﬁﬂ.i SVMPE
GMVDPGTE e 805 37 20437 | 1 5.53 i
LFSHCSHDYORYLTR 1 BaLal 07243 3 B
. Gel filtration Peak 5
LAIPSYSSYGOTIGINGGR 1 E75.48 643 | 3 76.86
MILEETEE, 1 G11.38 G038 1 & 2 Bazic phospholipase | Omboiw resselid
an. 28638047 PLA;
VNG ANCERGTSCEME 1 BaEpaE 1754.0% 2 4527 AT WEW-ILHI Fuseelli
TWLYFOFLCK 2 57590 134980 e
LAYPFY S S Go VoG WG G 1 e 1072.16 2 6. S . - S
i
1. | BVNGANVCECGTSEENR ] 47628 185087 | 2 & JgasiTer | Do _,_._MH_: Rlipae | GG ,_ﬂ.ﬁ_ PLA,
FORERIY
‘SLLEFGNMILEETGE ES0.14 1698.29 2 3651
AAALGONYNTYDE 1 LR 163E.27 i 5738 Aridic EERE_EH F
g3, | TATYSYSFENGIIVCGONDLILR i 1336.56 wHAZ |2 B 0Tia Ay AV-T {Viperotaxin z.nn.a;..una_ 5 BL,
2 ﬂwﬂrizhﬂﬁ._mcmmzrﬂﬂmmmimhﬂ 1 HTE.51 322653 3 5 74 nor-toxic
EVVHS Y ANGOY oW GG DGR GDATIR 1 kA | 307EZS x| acidie camponant]
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PLAFEDVE 1 514.81 Wi | 2| e s
| =18 HFE x i ,
g, rﬁuﬁqzﬁmmﬂw g ) Mw wm w.mww M w B 133886881 | metsllaproteinase- | Echis aceliatus SUMP
SAFECILKPSR . - 134355 2 10.04 diskntegrindike Eacl
EKFFCLSSK 1 114644 114544 | 1
FFCLSSE 1 BE3318 pRg.31 i 11.1% Wenamn serina i T
o5, | FYAGTLINCEWVLTAAR 1 1057.87 211378 | 2 & 13958655 protelnase-like n_m_r.nr..ﬂ SYSE
| NVENEDOCAVPE i TE2.85 1537.70 & 731 . proteln 2
TLCAGILOGGIDSCK 1 73584 1477.87 2
WOROIMLIE 1 582,11 g4l | 2 E%m e
06, | TLCAGVLEGGIDSGK 1 740,62 157824 | 2 A 757553764 serine protoase T Sy5e
| WPREKVFOVSSKTYTA 1 60529 181587 | 3 e eir
1172 Cystalnerich
| RPEIGNENBLHNSLR X 95773 101348 | 2 e .
84, & 150155371 seperatany protein Phin rasseli LRISP
cFALcFeHMEN 2 T4 5Y __ 1E0TIT | I 455 | De-CRPE
Gel filtration peak 6
KYMLYPOFLLK 3 JAB.16 | 14m32 | 2
LAIPSYSSY e oG WGEGK 3 676,18 00553 | 2| geea
100, CIMLMTYSE I SEEA3 5743 1 % AR BOAT ik iRl Dby russedli PLA;
WRGAMNCER 1 932139 990,34 1 gy A VRV-BL-Vilka fEsei
SLLEFGKMILEETGK 1 84E.59 160518 | 2 .
WNGAINCERGTSCENR 2 B98.15 179430 | 2
IcECORAABICFRR 1 529,30 165661 | 2
PmLYPOFLEK 3 740.44 147888 | 2 BLa2 . ;
101, | LANPFYSSYGEYEEWEGH 1 103708 | 07216 | 2| & 198351762 | Basic phospholipase RO R PLA:
SLLEFGMMILEETGE 1 B58.24 17428 | 2| 4598 o
VHGAIVCEQBTSCENR 2 §48.15 179430 |2
3279
CoFVHDCEY GEVHEEHPE 1 72111 216033 3 ; .
: EE li T |
108, | EVCECOKARAICFRDNE 1 38701 W20 | 2| on R e ke Hﬁﬂﬁw FLA;
KVAGR 1 51637 §15.37 1 )
FPNGLOKDIMLIR 1 76717 153234 | 2 | ‘4r03! i :
104, | RPYTHSTHIAEVSLPSA 1 sa1ge | sz 2| & 134179 EMH_WHH? o) S5
WEEPLYPWVPADSR 1 BES10 177618 | 2 | 2688
CREFTYGGCHGNAMNKFPSR 1 74864 el N
ERATCEASAKGRFT i 77529 154879 2 x - Dobsia
0 irhibater-5 T
105 | EENGGCHEMANK 1 734,58 1467.36 | 2 u-..”._.. 13REE Euﬂfi1 siamensls el
FCYLPADPGECLAHMR 1 45,89 15768 | 3
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e | FEHLPVDSGRR 1 73139 weors |z | TP L e e | D i o
o DOCRHTLEGK 1 [ ) 1217.54 s u-..._.._m S Tk " inchabibor 4 rassell L
HANFPISANIRPE 1 52715 157880 | 3 9.85 . .
108, | ASGNPILLHK 1 514.50 102639 | 2 & 538250847 A Eru.u_uin. nﬂainrn_ g Hucleotidase
ETPVLENPGFYLEF ADEVEELONHANE 1 1042.91 312574 [ 13 B.E5 _"_
Gel filtration Peak 7
¥mLYPDFLCE 2 740,28 H7ETE | Z —
LAVPFESSY Y e WEGEK 1 103713 mizaw | 2 : ; Dbl russelli
. hal . PLA
109 | RYNGAIVCEQGTSCENR 2 651.08 195026 | 3 m_”w.._m e L EEE;H i ruissell] 1
SLLEFGmMILEETGE 2 85755 171378 F
Gel Filtration Peak 8
SLLEFGrwrILEETGK 3 gse11 | amezr | 2 i
113 LAY PRY S Y G oD WGIEE 2 1037.36 207272 2 2 T Basic Phospholipase | Dabods risselil PLA,
I'¥mLYPOFLCK 2 740,28 WIS56 | 2 | o By russelii
FVMGANEEQGETSCENA 2 976225 195045 | 2
WHGAINCERG TACEMNE i 175525 1754 35 I Bl EE 34628087 Bacip phospholipase | Dobgda aissedi
113 | LAIPSYSSYGCYosWEEK 1 101434 02668 | 2 & A2 VAV-FLNIIG russ el PLA,
KFMLYPDFLCK 2 70,28 1478356 | 2 59.37
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Figure 3: Relative abundance of smake venom protein families in Dabela russelil venom.
Peptide sequences were obtained by ESI-LC MS/MS analysis. Protein families were sssigned based
on the sequence as identified by the Proteome discoverer 3.1 with the sequest progeam pre-loaded

into the system.
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Based on the M-erminal amino acid residugs, the PLA: enzymes of I russelil were classified into
MNetype (aspargging at MN-terminus) and S-type (serine at N-terminuz) {Tsai of al., 1996). The N-type
venom is reported to be present in [0 w2 sfamensiy, Dor russelii and D, v formosensis while the 5-
type 15 Tound in X r. puichella (Tsai et al,, !995}. However, in this venom, both the S-type and M-
type PLA: enzymes were observed along with peptide fragments homologous 10 PLA; with
(13936543, 50874332 and 223635543 H at the N-terminal, This sugeests the absence of any
specific taxonomic pattern for classification of Indian Daboia russelii venom based on the M-
terminal amino acid residue of PLA: enzymes. The observed anticoagulant, PLA: activity
{48 89+3.35 pmol/min/ml/mg) and edema could be attributed to the presence of large number of

PL A2 Is0ENZYMES.

SVSPs are the second most abundant proteins in this venem protecme. The abundance of these
proteins correlates with the proteolytic and fibrinogenolytic activities (data not shown) of the crude
venom. Homolog of elegaxobin {Accession Mo, $0116798) from Protobothrops elegans (Oyama
apnd Takahashi, 2000y, RVV-Va from D, sigmensis were observed. RVV-V converts coagulation
factor V to Va by cleaving at the Arg'>"-8er’™ bond of tactor V (Nakayama et al., 2011), which is
an important co-factor in the prothrombinase complex. Apart from these, three isoforms of p-
fibrinogenase similar to proteins reported from D. siamensis, Macrovipera lebeting and Gloyding
blamboffii were observed in the present study (Table 1)

SVMPs are the third most abundant protein family in this proteome. Based on the difference in the
domain structure, the SVMPs can be categorized into three broad classes, namely PL PIL (a, b, ¢, d)
PIIL (g, b, & and d) (Fox and Serrano, 2003; Fox and Serrano, 2008; Fox and Serrano, 2009). During
envenomation SVMPs cause both local snd systemic injuries which include symptoms like
myonecrosis, haemorrhage, edema formation and blistering (Fox and Serrano, 2010). Viperidie
venioms are rich source of these proteins; these venoms induce the most profound damaging effects
to the basement membrane of the blood vessel capillaries leading 1o excess bleeding and distortion
of the skeletal muscles (Fox and Serrano, 2010). Six isoforms of heavy chain and light chain of
RVV-X (coagulation factor X activating enzyme) were observed (T able 1) suggesting the presence
of this protein complex in the erude venom might be Respansible for the observed procoagulant
activity. RVY-X belongs to the Pilld family of metalloprotease with a heavy chain and two light
chains (Takeya et al., 1992) connected to each other via an inter-chain disulphide bond between
Cys79 of chain A and Cys77 of chain B while the light chain is connected to the heavy chain via
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another disulphide bond between Cys133 of chain A and Cys339 of heavy chain. It converts
congulation factor X to Xa by cleaving at the Arg"-lle™ of FX leading to severe coagulopathy in
victim/prey (Fujikawa et al, 1972).

Presence of large number of these SYMPs and SVSPs in the venom could be responsible for the
observed procoagulant and proteclytic activities. These enzymes together may be responsible for
consumptive coagulepathy in the wvictim. However, the thrombus fiormed by SV-TLE is readily
dissolved by the plasmin due to absence of proper cross-linked fibring leading to excess blood loss
at the site of injury (Phillips etal., 2010). :

LAAO (57-68 kDa, monomeric form) are homodimeric high melecular weight proteins {Tan and
Fung, 2010). These enzymes cause oxidation of hydrophobic L-amino acids releasing o~keto acid,
ammonia and Hz0s (Chen et al, 2002; Du and Clemetson, 2002) The liberated Ha0; is causes
various pathologies like edema formation, ADP or collagen induced platelet aggregation inhibition
or activation, apoptosis, antibacterial effect, antiparasitic, anticoagulant, haemolytic  and
haemorrhagic effect (Chen et al., 2012; Suhr and Kim, 1996: Du and Clemetson, 2002} Six
oforms of LAAQ identified were found to be similar with protein sequence previously reported
from Eckis ocellatus (Accession No. 347602327), Calloselasma rhodosioma (Accession Mo.
10120762), D # russelli (Accession Mo 195406796), Protobothrops flaveviridis {Accession Mo
538259837), Clovdins Momhaffii (Accession No. 75570145), and V. a. ammodyles (Accession Mo
347602330) (Table 1) Most of these proteins are reported to inhibit ADP and collagen induced
platelet aggregation (Chen et al., 2012; Samel et al., 2006). As such it could be sugpested that the
LAAQ together with SVSPs, SVMFPs and PLA; might exert severs coagulopathy in the prey or
vietim.

PDEs are high malecular weight (> 90 kDa) (Dhananjava et al., 2010) proteing reported to act as
sndonucieases on  both double and single stranded RNA and DNA releasing 5° mononucleotides
(Dhananjaya et al,, 2010). In this proteome, analogous sequence of PDEs reported previously from
Macrovipera lebeting {Accession Mo, SBE68Z952T) and Protobothrops flovoviridis {Accession Mo,
53259853} (Aird et al., 21]]3]] were identified (Table 1), Pharmacologically, PDEs inhibit platelet

aperegation, decrease the mean arterial pressure and hinder locomotion (Russell et al., 1963).

HMucleotidases belong to the metallophosphatase superfamily of proteins (Aird et al, 2013). Presence
of homologous peptides suggest their presence in the venom and they might be invelved in the
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release of adenosine (purines) which cause hypotension and paralysis leading o prey
immobilization and digestion { Aird, 2002; Aird, 2005).

CRISP are the largest group of non-enzymatic proteins (10.6%) identified in Dx russelii venor.
Several péptides similar to Da-CRPa Dr-CRPE, Ch-CRIPKa, Cv-CRP, Dr-CRPB, Pg-CRP and =
prepro CRISP from erotalinae and viperinae sublamily were identified (Table 1), They are reported
to inhibit cyclic nucleotide gated ion channels {Brown et al., 19%9), potassium activated smooth
musele contraction (Osipov et al., 2005} and vascular smooth musele contraction (Ito et al., 2007).
The presence of CRISP in the venom might cause visual, olfactory and locometory impairment of

the victim (hus playing a crucial role in prey immobilization and subjugation.

Snaclecs are the second most abundant non-enzymatic component of the crude venom. Peptide
sequence homologous to a and [ subunits of dabocetin documented earlier. from subspecics of 0,
russelit were identified (Table 1). o dabocetin is reported to bind to glycoprotein Ib of platelet to
induce inhibitory effect on ristocetin-induced platelet aggregation (Zhong et al., 2006), Similarly
peptide sequences analogous to o and [ subunits of P31 (Accession No. I00490484) and a subunit
of P68 (Accession No. 2004904700, crotocetin-1 {Accession MNo. 82129809) and snaclec Ald
(Accession No. 218526485) were also observed, Moreaver, P subunit of alboaggregin-A (Accession
No. 3023231) reported earlier from Trimeresurns albolabris is a strong activator of platelet, binding
via GPIb o and GP VI of platelets was also identified in this proteome (Asazuma et al., 2001;
Andrews et al,, 1996; Dormann et al., 2001). The abundance of snaclecs in this proteome might be
the cause of enhanced coagulopathic disorders along with SVMPS, SVSFs and PLA; enzymes in the

envenomed victims.

KSPI are the low molecular weight proteing having 50-60 amine acid residues with a conserved
Kunitz motif typical to bovine pancreatic trypsin inhibitor (BPTL) (Mourao and Schwarte, 2013;
Morjen et a1, 2014). Upon envenomation, KSPI may inhibit diverse pharmacological effects on the
victim like fibrinclysis (Qfu et al., 2013), trypsin and ch ymotrypsin (Guo etal,, 2013), haemorrthage
and anticoagulation (Earl et al., 2012) as well as potassium and calcium ion channel (Schweitz et al.,
1994: Stotz et al., 2000). We have identified three isoforms of KSP1 having sequence similarity with
trypsin inhibitor precarsor - 4 and 5 reported carlier from D. siamensis (Guo et al., 2013} and KPI-4

from £, r, russelii (Table 1)

Fage 25



Disintegrin are the pn]:.rpeﬁticits rich in cysteine residues liberated by the proteclytic cleavage of
multidomains of metalloproteases in the venom (Calvete et al., 2005). They are found in the
viperidae family and are known to cause inhibition of integrin receptors (Calvele ¢t al,; 2005).
Peptide sequence analogous to adinbitor (Acecession No. 50365991) from Glopdius Brevicaudus
which is reported to inhibit angiogenesis and platelet aggregation and piscivostatin & {Ammn No.
48428042) isolated from Agkistredon p. piscivorus (Okuda and Morita, 2001} were idE:m:l["md_ Both
these toxins have ROD as the integrin inhibitory motif. Sequences similar 1o disintegrin CV with
RTS integrin inhibitory motif studied previously from Cerastes vipera were also observed in the
crude venom (Sanz et al., 2006). Disintegrin TV is reported to inhibit cell adhesion and migration
via collagen 1 and II, anti angiogenic and interact with al and B1 of integrin (Sanz et al., 2006). The
inteprin receptor inhibitory loop with RGD rmotif is antagonist to fland B3 (oshr. b o 0.8
appfs) integrins while the inhibitory loop with RTS is specific to el Bl ( Calvete, 2005; Calvete ot
al., 2010).

Peptide sequence similar to VMGFE-2 reported earlier from Daboia russelii of Taiwan was observed.
VHGFs are reported to cause apoptosis, vascular permeability and wound healing (Li et al; 198(;
Otten et al., 1984). Peptide sequences identified in the proteome were similar to Vegfl toxin and
Vegl-A described earlier from snakes of viperinae family (Yamazaki et al., 2003; Yamazaki et al.,
200%: Yamazaki et al., 2009). These proteins are reported to cause nitrie oxide induced hypotension,
angiogenesis, capillary penﬂeabilit}-, cell proliferation, migration and anti-apoptosis {Yamazaki et
al,, 2009).

Apart from these well known protein families, peptide sequences similar to a hypothetical protein
was also observed in the venom proteome. This protein was reported earlier from the transcriptome
of Crotatus ademantens {Accession No. 387016758) (Rokyta et al,, 2012). Details of its smucture

and function of this protéin is under investigation.
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Objective 2: Isolation and purification of major toxins from the venom of Dabeia

russelii
2.1 Materials

a) Chemicals and reagents: All reagents used were of analvtical grade from Sigma-Aldrich, (LISA).
h) Columns: Gel filtration Superdex 75 column and ion exchange (Hiprep CM FF 16/10) columns
fromn GE Healthoare {LSA)Y and RP HPLC columns (Phenomenex, LISA ) were used,

2.1 Methods

a) Gel filtration: Fractionation of crude venom was done as deseribed in section 1.2 ¢,

b) Ton-exchange chromatography: lon-exchange chromatography was performed on a cation
exchanger column on Hiprep CM FF 16/10. Fractionation was carried out in AKTA purifier system
(Amersham Biosciénces, Uppsala, Sweden). The fractionation was carried at a flow rate of 2.5
mlfmin and eluted by a lincar gradient of S0mM Tris, pH 7.4 containing 0.8M NaCl. Elution of the

protein was monitored at 215 and 280 nm.

¢) Reversed Phase HPLC

RP-HPLC was performed using C18 column (5p, 4.6x250 mm, 3004) (Phenomenex, USA). The
column was pre-equilibrated with milli Q) in 0.1% TFA and fractionated using 80% ACN containing
0.1%TFA on a HPLC system (Waters, USA). Elution of the protein peaks were monitored at 215
and 280 nm. Peaks were manually collected and SDS-PAGE was done to check the purity of the

preparation.

d) Determination of molecular rass:
Molecular mass of the purified protein was determined by electrospray jonization mass speclrometry

(ESI-MS) using an LC Q fleet Ten Trap, Thermo Scientific (USA) mass spectrometry system. lon
spray voltage was set at 44KV, Nitrogen was used as a curtain gas at a flow rate of 0.6 Uhe and
compressed air was used as a nebulizer, The sample was infused by flow injection at flow rate of
S0ul/min. Solvent used was 50% acetonitrite in 0.1% formic acid at a flow rate of 200pUmin.

Peomas for Xcaliber was used to analyze and decipher the raw mass data,
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2) Secondary structure determing tiom

The sccondary structural conformation of the native purified protein was studied by cicular
dichroizm study on Jasco spectropolarimeter 1.810. About 200p] of 0dmg/ml of purified protein
dissolved in Milli © water was loaded on guartz cuvette {0.1cm path length). The far UV scan for
the spectra was done from 360-190nm at a speed of S0nm/min.

Temperature dependent scan: About 20001 of 0.dmg/ml of purified protein dissolved in Ml Q
water was scanned from 25°C to 100°C to determine its limit of thermal stability. Milli O water was
used as blank for the expeniment,

pH dependent scan: For the pH dependent stability about the same cancentration of the purified
protein was reconstituted in phosphate buffer saline (PBS) at pH 3.0, pH 74 and pH 12.0. PBS
bufter with the respective pH were used as the blank for each condition,

2.3 Results and Discussion

A major protein named as Ruvitoxin was purified by successive steps of chromatography. Peak Rv-
GF-7 {Figure 2) from gel filtration chromatography was found to be the major protein present as it
covers 31% of the total crude venom of Daboia russelii. Peak Bv-GF-7 was subjected to ion
exchange chromatography on Hiprep CM FF 16/10 on an AKTA purifier system { Amersham
Biosciences, Uppsala, Sweden), Fraction revealed one major peak (1I) and twe minor peaks (1)
(Figure 4A}. Under reduced condition Rv-GF-7 CM 11 which is the major peak migrated as single
band. Under non-reduced condition the band migrated as smear and the size of was twice as the
reduced condition which clearly indicates Rv-GF-7 CM II iz a covalent dimmer and constituted
24.5% of the total protein in the crude venom (Figure 4B). Rv-GF-7 CM 11 was further subjected to
RP-HPLC for desalting and to remove if it contains any contaminating protein (Figure 5). The RP-
HPLC profile showed single symmetrical peak and silver staining of the peak after SDE-PAGE
showed the protein was purified to homogeneity. This purified peotein is one of the major proteins
of the erude venom and was named as “Ruvitoxin”, Malecular weight of the protein was evalualed
using ESI-MS and it was found to be 13597.62 Da which is in the range of PLA; Secondary
structure analysis of Ruvitoxin by CD revesls the presence of n-helix; 42.72% and f-sheet: 12.36%
which is typical for secretary PLAg. The secandary structure found to be stable at pH 3 and 7.4
however at pH 12 it lost its sacondary structure (Figure 7). The protein was found to be heat stable
as structure did not distorted up to 70 °C {Figure 8). The bichemical, biophysical and biological
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characterization of this protein was carried oot to understand its structure. The

profein in veénom toxicity was also evaluated.
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Figure 4: A, Cation exchange profile of Rv-GF-7, B. 8D8 -PAGE profile of Rv-GF-T under
reduced (r) condition.
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Figure 5: RP-HPLC profile of Rv-GF-7 CM Il on C13 column. Inset: 3DS -PAGE profile of Rv-

GF-7 CM Il after silver staining.

Table 2: Summary of purification of Ruvitoxin.
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Objective 3: Determination of amino acid sequences of toxins isolated from the
venom of Daboia russelii

4.1 Materials and Methods

a) N-terminal sequencing of the purified protein

N-terminal sequencing was determined by automated Edman degradation process using PPSQ 31
{Shimadzu, USA) with phenlythichydantion (FTH) derivative analyzer, Briefly, Lyophilized protein
was resuspended in 100yl of denaturant solution (6.0 M guanidinium hvdrochloride, 0.13M Tris,
imM EDTA, pH-8.0) containing 0.07M p-mercaptoethanol and incubated at 37°C for Zhrs,
Subsequently blacking of sulfhydral groups was done by adding 4-vinylpyridine and incubated at
room teraperature, The protein was desalted by RP HPLC after 2hr and subjected to N-terminal
sequencing. About 89ug (654556 picomoles) of purified protein was dried on PVIF membrane and
loaded onto the sequencer. Sequencing was done for 50 cycles or til the signals were readable.

Bl ESTLC-MS/MS

The protein was reduced with dithiothreital (DTT) and reduced group was blocked h}r. alkylation
using lodoacetamide (IAA), Further, the protein was digested with trypsin and loaded on LCQ Fleet
Ton Trap, Thermo Scientific (LISA) and LC-MS/MS was performed as described in section 1.2d.

4.2 Results and Discossion

The first 30 amino acid residues of Ruvitoxin were obtained by N-terminal amino acid sequencing
(Figure 93, Serine is first amino seid residue in the protein and PLA; enzymes with 5, ™ and H are
well réparted in this family of protein (Tsai et al., 1996). To obtain the complete sequence of the
protein, it was subjected to proteolytic cleavage using BNPS and hydroxylamine, The cleaved
products were separated by RP-HPLC and larger fragments were subjected to edman degradation to
abtain the amino acid sequences (Figure 9). When the sequences were aligned we did not obtain any
averlapping sequences however when compared to viperid PLA; from the database we could
combine to obtained the full sequence. To confirm the complete sequence, we performed peptide
mass finger printing wsing FESI-LC-MS/MS. The protein was digested with trypsin and directly
loaded into the ESIELO-MS/MS. MS sequence of eleven peptides were obtained from the MS/MS
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analysis (Takle 3). The sequences were identified using the software Proteome Discoverer 3.1 using

Sequest program and was found to be homologous to PLA: enzyme family.

Table 3: MS/MS sequence of tryptic digested peptides. Ruvitoxin was subjected to tryptic
digestion and MS/MS sequences were obtained, The peptide sequence similar to known protein of

the database is shown.
Match to Protein Group Protein
MEMS Sequence PR Charge  MH+[Da] farily
YMLYPDFLeKGELEK 24538087 3 1776.14
YHGANCER 24538087 1 988.36
SLLEFGKMILEETGK 24538087 3 1695.85
GTSCENTRICECDE 24838087 2 T457.00
CRLNTY SK 24538087 1 BaEY.AT
MILEETGK 24838087 i 82047 PLA,
LAIPSYSSYGCYCGWGGK 24838087 3 1911.51
KYmLYPDFLcK 24638087 2 1494 36
icEcDK 208351762, 24638087 1 B24.27
AAAIGFR ) 3914268228351762;2638087 1 B08.40
IcEcDKAAAIFRONLNTYSK 24638087 3 250497
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fi H —ww —EddasLEE e e i e i b AR LB e e i
i TR -2 vt R A R 1 B P R L VB 0 SV
no: W g LVET ¥ S S e S L2 R A St o P T L R LY PO~
Favi full:  SLLEFURHILEETGHLALFSYRETGECYCWGCHET PRI, KRRV HILA TV R R T S CENRE A CORRRA T FROFLSTY SRy PO LCRCEL S

Figure 9; Amino acid sequence of Ruvitoxin. Sequence obtained by H—tﬂmﬂna? sequencing,
sequencing of peptide obtained by protease cleavage peptides and ME/M3 sequencing qf tryptic
digest fragments. X indicates Cys which were not identified by M-terminal sequencing. The

sequences were overlapped to obtain the complete sequence of Ruvitoxin.

On comparison of the peptide sequences with that of the sequence obtained from M-terminal and
proteolytically cleaved, we obtained the overlapping sequences (Figure 9). The complete séquence
of Ruvitoxin was found to be SLLEFGKMILEETGKLAIPS YSSYGCYCGWGGKGTPKDATDRE
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EF“-’HDCE‘:’GHLPDCHN}{SBZR‘ER‘!:’KI{WGMUGEKGTSCE*IH:ICEEDWI{:FI{QNLNTY
QKK YMLYPDFLCKGELVC, The molecular mass of this protein was calculated using online
software and found to be 13596.70 Da (from sequence). This mass was found to be in agreement

with the observed mass of 13597.62 &+ 1.28 Da when analyzed on ESI-MS (Figure 6b).
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Figure 10: Sequence alignment of Ruvitoxin with other viperid PLAz. BLASTp was performed
to obtain the homologous sequences. The conserved Cys residues are highlighted in grey and the
smino acid substitutions in Buvitoxin is in red letter. * indicates the active site His residue.

Homology search was done using BLASTp program to find its homology with other snake venom
PLA2 enzymes. It was found to be highly similar to viperid PLA; enzymes. Ruvitoxin showed
maximum similarity of 95.87% to the major Basic phospholipase A VRV-PL-Viila (24638087)
reported from the venom of Dabofa russellii russelfii (Gowda ot al., 1994), There were five amino
acid substitutions in this protein which are shown in red letter (Figure 10). The active site His
residue was found to be conserved and the 45" amino acid residue was Asp which is invelved in
catalysis. The conserved Cys residues were also obtained which are involved in forming the
disulphide bridges. To understand the phylogenetic relationship, between other PLA; enzymes of
viperid family, phylogenetic tree was constructed (Figure 11). Ruvitoxin was found to be more
closely related to PLA; from the venom of Dabota russellif limitis. Based on the primary sequence
analysis, Ruvitoxin is & novel PLA; enzyme isolated from the venom of India Dabota risselii,
Riochemical and pharmacological characterization was undertaken 1o undérstand its tole in

contributing towards the toxieity of the crude venom.
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Figure 11: Phyogenetic analysis of Ruvitoxin.
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Objective 4: Biochemical and pharmacological characterization of the toxin
isolated from the venom of Daboia russelii

4.1 Materials

a) Chemicals and reagenis: .
sPLAZ assay kit was procured from Cayman Chemical Company (M1, USA). Uniplastin for PT was

ohtained from Tulip Diagnostics (India), AGAPEE kit for CK/LDH analysis was purchased from
AGAPPE diagnostics (Switzerland), Polyvalent antivenom manufactured by Bharat Serums and
Vaccines Limited (India) was purchased locally. Bovine plasma fibrinogen was cbtained from
Sigma-Aldrich and all other reagents used were of analytical grade and were either from Merck
or Sigma-Aldrich, {LISA).

4.2 Methods
) Determination of protein content: Total proten content of RYY fractions obtained from crude

fractionation was determined according to Lowry's method using BSA as standard (LOWRY et al.;
1451), Protein cstimation of the GFC peak was redone on Mano Drop 2000 spectrophotometer
(Therme Scientific, USA) using BSA as a standard,

b) Phospholipase Az (PLAZ) activity: PLA; sctivity was performed using egp yolk phospholipid as
eubstrate according to method of Doley and Mukherjee {Doley and Mukhegee, 2003). 1 to 10ug of
GEC Peak [l was incubated with 170ul egg volk substrate for 10mins. Absorbance was checked in a
desipned programme from 0 min to 10 ming at T40nm in a MultiSkan GO, UWV-Vis
spectrophotometer (Thermo Scientific, USA). 1 unit of PLAS activity is defined as the 0.01decrease
0D at 740nm.

¢} Caselnolytic Assay: Caseinolytic assay of RVY GFC fraction [T was performed vsing casein as a
substrate (Ouyang and Teng, 1976). 1% (w/v) casein in 20 mM phosphate buffer, containing 130
mM MaCl, pH 8.0 was incubated with 1 to 100ug of GFC peak II protein for 1 h at 37 8C followed
by addition of 0.5 mi of 10% TCA. The digested protein in the supernatant was determined wsing
Folin-Ciocalteas’s reagent. Amount of tyrosine released was calculated by plotting a standard
[YTOSINE CUVE.

d) Revalcification time test: Fresh goat blood was collected from local butcher shop with 3.3% tri
sodium citrate in 1:9 ratios. The bldod was centrifuged at 3000rpm for 20mins at 4°C in a
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refrigerated centrifuge (Thermo Scientific, USA) The experiment was done in dose dependant
manner. (L.1-30pg of RVY-GFC peak [ was incubated with 1200} of PPP {platelet poor plasma} and

Time of clotfing was measured in a coagulation analyzer.

2) Prothrombin time fesi:

Prothrombin time was measured using Uniplastin (PT reagent) obtained from Tulip Diagnostics
{India), Various amount of venom {(.1-10pg) in 50pl of PBS was pre-incubated with 50pl of human
PPP at 37°C for Imin and 100l of PT reagent was added to initiate the clot formation. The clotting
time with buoffer was considered ag normal clotfing time. The results are mean £5D of thres

experiments.

M Fibrinogenolytic assay

Fibrinogenolytic activity was assaved sccording to the method of Ouyang and Teng, using bovine
fibrinogen (2mg! mD) dissolved in 50mM Tris HCI buffer; pH 7.5, 0.15M NaCl {Ouyang and Teng,
1976). To 300p! of dissolved fibrinogen, various amount of venom in 130pul of buffer was incubated
for different time intervals at 37°C. The incubated mixtures were then tun on a 12.5% (wiv) SD&-
PAGE according to the method of Laemmeli (Laemmli, 1970). Staining was done with 0.23% {w/iv)
Coomassie brilliant blue R250 and de-stained till the protein bands were visible.

g) Direct and Indirect hiemolytic assay

Preparation of RBC™s was done according to the method followed by Das et al,, 2013, Various
amaunt of venom were incubated for 60min at 37°C with 150ul of 10% RBC to a final volume of
2ml with 0.9% (viv) NaCl. However additional 20ul of egg yolk substrate solution was mixed to the
réaciion mixtures at thé time of incubation for indirect hemolytic assay. The tubes were
centrifigation at 5000tpm (Thermo Scientific, USA, Heraeus Multifuge X1R) for 10min and the
ahsorbance of “the supematant was measured at S40am in @ MulliSkanGO, UWV-Vis
spectrophotometer (Thermo Scientific, USA). The hemolysis caused by dH2Z0O was considered as

10416,

i) Bactericidal activity
The bactericidal activity of the crude venom and venom fractions were carried out using both gram

positive (Bacillus sp.) and pram negative bacteria (£ coli.) were spread on fresh LBA (luria bertani
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agar) plates and holes of 6 mm (d) were punched on each plate. S0ug/ml of ampicillin was wsed as
the positive control and 20mM TrisCl buffer as the negative control. The venom [kactions were pul

in the respective wells followed by the incubation of the plates at 37'C for 4 hrs.

i} Animal Studies

Niale Swiss albind mice of 40 % 3 grams used for animal studies were obtained from central animal
facility, University of Mysore and housed in well ventilated cages. Animal experiments wereg
performed as per the Ethical Guidelines of Animal Ethical Committee of University of Mysore,

Mysore, India

Edema inducing activity assay; Edema inducing activity of crude Daboia russelil venom was
determined according to Vishwanath and co-workers (Wishwanath et al,, 1987). 15pg of crude
venom in 20l of PBS were injected to right foot pad of male albino mice, control animals received
the =ame amount of PRS. After 1 hour the mice was sacrificed using ancsthesia (Barbitone 30mg/kg,
i.p.). The legs were removed at ankle joints and weight was taken, Minimum edema dose is defined

as the amount of protein required to cause an edema ration of 120%.

Haemorraghic activity: Haemorraghic activity assay was done as described by I{ﬂn:ia and co-
workers (KONDO et al., 1960); Three male albino mice were injected (intra dermal) with 13ug
crude venom in 30ul of PBS, control animals received same amount of PBS. 3pg of Saw scaled
viper venom in 30ul of PBS was used as positive control. The mice were sacrificed after 3 hours
post injection using anesthesia (Barbitone 30mgkg, ip.). The dorsal surfaces of the skin were
reroved and inner surface was checked for haemorraghic activity. The minimum hemorrhagic dose
(MHD) is defined as the concentration of venam required 1o induce a hemorrhagic spot of 1 cm

diameter from the spot of injection.
4.3 Results and Discussion

There is a tremendous molecular diversity of snake venom PLAs, with both active and catalytically
inactive forms, that results in & wide spectrum of toxin action, such as neurotoxicity, cardiotoxicity,
myotoxicity, necrotic, anticoagulant, hypotensive, hemolytic, hemorrhagie, and edema-inducing

activities (Doley et al., 2009: Kini, 1997). To understand the role of Ruyitoxin in the crude venom,
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its biological activities were assayed (Table 4). Abour 10 pg of Ruvitoxin did not show any direct
haemolytic activity on washed human REC, whereas the samea concentration it exhibited ndieect
haemolysis of 13% indirect haemalytic activity. This protein does not hydrolyse the RBC membrang
though it is enzymatically ‘active protein. The indirect hemolysis exhibited by purified PLA; in
presence of egg-volk phospholipids was due to formation of phospholipid hydrolysis products like
|ysophospholipids and frée fatty acids which are lytic by themselves {Condrea et al, 1964; Doley et
al., 2004). The absence of cytolytic activity is further observed from the bactericidal assay. 1t did not
show bactericidal activity on both gram positive and gram negative bacteria as observed on LB plate
by well diffusion and disc diffusion method (Data not shown}.

Table 4: Summary of some biochemical activities of Ruvitoxin

B T
'BLA, setivity (mol/minmlimg) 3753 £ 1.5
Direct hagmolysis Mil
Indirect haemolysis 1.3%
Proteolytic activity {imol/min/ml) Wil

Crude viper venom is pro-coagulant in nature because of large amount of serine proteases present in
this venom though PLA; is a major family. Ruvitoxin purified from this venom iz found to be a
strong anticoagulant protein as at 10 ng/ml the plasma did not clot (Figure 12A). PLA; are classified
into strong, wesk or non-anticoagulant enzymes. By systematic and direet comparison of the
proteins the region betwesn residues 54 and 77 is responsible for this. It is positively charged in
strongly anticoagulant PLAs enzymes, but negatively charged in weakly and non-anticoagulant
enzymes (Kini and Evans, 1987). Ruvitoxin is found to have positively charged residues in this
region which might be responsible for the strong anticoagulant activity. It has been observed that
Activated partial thromboplastin time was delayed rather than prothrombin or thrombin time (Figure
12 C and D). Hence the probable target of Ruvitoxin would be the coagulation factors either FV1a
ar FX. To dissect out the probable target of Ruvitoxin, inhibition of enzymatic activity of
coagulation factors were assayed using chromogenic substrates (Figure 13). It was observed that

svin at d conicentration of 1 micromole-of Ruvitoxin, the enzymatic activity of FIXa, FXa, FXla,
PFage 39




FX[la and FVHa was not lost. Henee this protein does not target the active site of thest senne
proteases. As the protein was inhibiting the intrinsic tenase complex, both extrinsic and intrinsic
tepase complex were reconstituled and inhibition was studied. Rovitoxin at | micromole
concentration inhibited both the complexes up 90% (Figure 14). As FX is the common facor in
these two eomplexes, Ruvitoxin might be inhibiting the activation of FX to FXa. Phospholipid is
one of the important comiponents for the complex formation. PLA= enzymatically cdleaves
phisspholipid and the functional complex may not form for activation of FX to FXa. However in
shsence of phospholipid it has been observed that FX is activated to FXa.
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Figure 12: Effect of Ruvitoxin on blood coagulation. (A): Recalcification time; (B): Prothrombin
time: (C): Activated partial thromboplastin time; {I2): Thrombin time. Goat plasma was used for the
assay and the clot formation was monitored using Tulip Coastat-1 coagulo analyser (Tulip, Alto
Santa Cruz, Goa, India). Clotting time of the plasma in scconds (sec) in presence of buffer (20 mM,
pH 7.4) was considered as normal clotting time (NCT). Resulis are +8 of three independent
experiments,

Page 40

“"17779777772777777"7"7117977T77197797771779171%



FdddddddddJJIJJIJIJIJIIJIIdTdddddddJudde]

% Resichual activity remaining

R

i

Fxla Fra

Serine protease

T
Fixa

Figure 13: Effect of Ruvitoxin on various coagulation factors. The perient inhibition by
Ruvitoxin was assayed using specific chromogenie substrates. Activity of the coagulation factors
without Ruvitoxin was considered as [100% activity, Results are +5D of three independent

experiments.
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Figure 15: Effect of Ruvitoxin on extrinsic tenase complex (A) and intrinsic tenase complex (B)
in absence of phospholipid. Percent inhibition by Ruvitoxin was calculated considering 100%
activity with only buffer, Results are £5D of three independent experiments. :

We alsa tested the role of Ruvitoxin in absence of phospholipid and found that it inhibits the
activation of FX to FXa (Figure 15). Hence enzymatic activity of Ruvitoxin does play any role in

inhibiting the activation of FX to FXa.

PLA; induces pharmacclogical activities cither through enzymatic and non-enzymatic mechanisms.

To explain the finctional specificity and echanism of induction of various pharmacological

effects, a target model has been proposed which hypothesize the presence of pharmacological sites
in thiz protein independent of the active site (Doley et al, 200%; Kini and Evans, 1983). These
pharmacological sites on the PLA: molecule recognized the specific “target sites’ and binds with the
target molecule forming a non-covalent complex. The affinity between PLAz and its target protein is
i the low nanomolar range, whereas the binding between PLA; and phospholipids is in the high
micromolar range (Doley et al,, 2009; Kini and Evans, 1989). Hence non-énzymatic mechanism of
pharmacological action is highly specific. From the present study we abserved that Ruwitoxin

exhibits anticoagulant activity by inhibiting the activation of EX to FXa by binding to FX.

Further 1o confirm the binding, interaction of Ruvitoxin with FX and FXa using Fluorescence
emission spectroscapy was studied. On incubation of Ruvitoxin with FX quenching of fluorescence
emission was observed (Figure 164), In presence or absence of Ca®* the guenching was not affected
but with increase in incubation time it increased. Interestingly the FXa was alse found to be

interacting with Ruvitoxin (Figure 168}, 1t can be concluded that Ruvitoxin binds to FX and blocks
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its activation. Moreover it does not hind to the active site of FXa. The probable mechanism of action

is showm in figure 16 and figure 17,
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Figure 16: Interaction study of Ruvitoxin with FX and FXa using Fluorescence emission
spectroscopy. The interaction was studies at different time interval either in presence or absence af
Cat’,

Figure 17: Probable mechanism of inhibition of FX activation by Ruvitoxin during activation
of FX to FXa by extrinsic tenase complex,

T g g g Tl g b g P T i g g

Figure 18: Probable mechanism of inhibition of FX activation by Ruvitoxin during activation
of FX to FXa by intrinsic tenase complex.
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This is the first analysis of complete proteome of Indian Daboia rasselil venom asd the
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for the first time.

a major protein of Dabeia russelii venom has been rewled

hie venom is a novel PLA; enzyme.

“his PLA; enzyme is named as Ruvitoxin
Tt is a thermostable protein as evident from fhe secondary structure analysis using@D

. Itisastrong an ticoagulant PLA; enzyme

Tt binds to both FX and FXa for its anticoagulant activity
bie for excess bleeding at the site of bite
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Study the effect of crude venom and Rovitoxin on cancer cell lines
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Abstrsct

tndian Fussell's wiper venoms of four different gengraphical Tocstions were fourd to vary in
compasition, coagulopathy and phospholipase Ay [FLAY scivity, Venom from Kerala showed
highest procoagutant activity followed by Tamil Nadu, West Bengal and Karnataka whedeas

Heywords

Antivenoirics, coagulopathy, geograghical
variation, indian Fussell’s viger, in wiro
rieulralizaten

PLA; activity was higheit in wenom From West Bengal. The sarnmercial pohrvalent antivanam

differentially neitraloed the aforesaid activities of the crude venoms. Antivenoemics study
showed the presence o non-Admmunodepleted ard partially immunodepleted proteins in the
crude veneims, This, bndian Russell's viges varom fram different region vasies in compoition
and scosntuates the need to design reglospecific antivenoms 10, confont the problem of

crpnenomation mong effecthely

Introduction
Snake venom is a complex mixtore of proteing and polypep-

tickes: which varies from species to species snd also within the-

same species. This variation has been mainly attributed to
difference in diet, pender, age, season and geographical
locations of the snakes {Alape-Ciron et al., 2008; Chippagx
et al., 1091 Dabtry et al,, 1996ab; Jayanthi & Gowds, 1988
hicnezes o1 al., 2006; Minton & Weinstein, T986; Wiltiams &
White, 1992} Clinical symploms of envénomation like
nenrotoxicity, myotodicity, hemotoxicity, anticoagaiant, proe-
coagulant, hacmorraghic, necrosis, renal damage and musca-
lar paralysis in prey/victims might also vary within the sama
species due to this variation in venom composition (Hung
et al.. 2002a; Markland, 1998; White, 3005). The hacmostatic
aystem of prey/victim is a comemon target of all the snakes for
capture of prey. The anticesgulant components of venom
cause defective coagulation of blood leading to excess blood
loss from the bite site-and lso frorm gums and internal organs:
This in tum ciuses hypovolemic shock o vilal organs like
bealn, kidney and pituitary glands leading to death (White,
2015} The procoagulant components of venom proteins e
exciss clot formation lending 1o thrombosis in the blood
vetgels. Thiz is ofien followed by consumplive coaguiopuiy
which leads to heavy blesding at later stages and thaa
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eompromising the fonetioning of vial organs Iike Eldney,
heart 2nd brain (White, 2005), Some of the venom prodein
Families act as both procoagulant and anticoagulant  For
example, snake venom phosphiolipase An (FLAz) enzymes
hydrolyze the membrane phospholipids of platelets teading to
the release of arachidomic acid and platelel aggregation
fsctors which cause platelet sggregation during the process of
primary hasmostasis (Braod et ab., 2000). Some of them act a5
inhibitors of secondary haemostasis by enzymatcally hydro-
lyzing the membrane phospholipids that ar required to form
complexes like the prothrombinase, exirinsic (enase and
ianringic tengse (Kini & Evans, 1989) Forther; some FLA;
enzymes intersct non-covakently with some clotting factors of
these complexes and exhibits anticongulant activity { K,
2006, 2011}, Snake venom proteases like metalloprofeases
and serine protease have been reported to inhibit or activale
the components of haemostasis, They cause severe vascular
darnage by imerscting with the extraceilulor matrix [ White,
2005, This in wrn interfere the regulation of the coagulanon
cascade, A schematic repeesentation of the various protein
families of snake venom acling as agonist and anfagonist
i the secondary haemostafic system is shown in Figure 1(a
and bl ;i
Dabain ruselii, commonly referred as Russell's viper, ¥
o of the medically important snakes of the world {Warrell.
1959), In India, subspecies Daboia russelii nuselil is fourd
across the country and responsible for majority of e
cmakebites cases (Warrell, 1989). It ig one of the membal®
of the *'Big Four'" snakes of India (Simpson & Norris, 2007)
Russell's viper envenomalion mainly causes exccss blzedins
due 1o consumplive coagulopathy by huemostatically aetive
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proteins which acts immediately (Cheng et al, 20025 Hung
ct-al, 2007b; Phillips el al., 1988; Than e al, 1988k
Thiz often leads to hypovolemic shock o the vilal oogang of
the  preyivictim * lending tosevere clinical manifesiations,
Therefore, immedigte medical agention is reguired  in
Eussell's. wviper envepomation. In India, Russell’s: vipes
vichings are freated with polywalent antivenom and in many
mstanees, adverse effect of anmtivenosn theropy @5 being
reported, This might be due 10 the vanation in the venom
composition  between the vemom used for raising the
antibodies and venom present in e vietin's body.

In India, Gowda and othees stodied the Russell’s viper
venom varmion and oxicity from different regions, mamely:
western, northern, southern and eastern region (Tayaethi &
Gowda, 1988: Prazad et -al., 1996; Shashidharamurthy ot al.,
20023 Althoogh vasiafion in venom composition has been
carricd out bt variation in venom composition with respect (o
coagulopathy his not been aiscssed. Henoe, we meinvestigabed
the venom vorstion from four different. geopraphical bocs-
tions of India using proteomic approaches, Meutralization of
coagulopathy of the crude veroms by pobyvabent antiveniom
was algo investigated wsing in vitre inhibition studies and
antivenomics approach. In the present study we have selected
geographically close regions as well as a far-off region 1o
pmderstand the variation ia Indian Russcll's vipes vepom
coanpositon.

Compositional analysis of Indian Russell's
viper venom

Snake venom collection

Crode venom was obtained from four different states of India
with typical ¢limatic and geographical variations. The three
peographically close states, namely Tamil Nadu, a land of
coastal aren; Kamataka, a land of hills and platzans; Beraln,
with typical humid equaiodal climate sarroamded by hills and
coaslal areas: and West Bengal, with completely distinet
conditns of mixed chimatic condittons comprising of halls,
plateaus and delia,

Thie crude venom obtained from Tamil Nadu is designated
az RvIM (Russell’s viper Tamil Madu), this wvenom wis
procured from ‘Trula Sooke catchers Sociely, Tamil Madw
venom from West Bengal is designated as RvWE (Russell’s
viper West Bengal), which was ohiained from holkala Snake
Park: venom from Kerals is designaied as RvKE (Tussell’s
viper Kerala), which was milked from thiz -snake kepl tn
Agadantanira snake  pask,  Ayurveds Medical —college,
Thiravananthapuram, and venom from Kurmataka is desig-
nated a3 RVEA (Russell's viper Karnataka), it was collected
from Hassan, Westeen Ghats (Milked Personally).

SD5-PAGE analysis of crude venom

Crude venoms (15 pE) after reduction with B-mercaptoethanol
were loaded on 12.5% SDS-PAGE along with standard
protein markers (Thermoscientific; Lafayetic, C0) and per-
formed acconding to the methed of Liempnli ¢19700, The gels
were stained with 0025% (wiv) coomasgie brilliant blue and
destained till the bands appeared. All the four crude venoms
have shown profein bands in the molecular mass range of

Compasifonal aealysis of Tndian Rassell’s viper venom 3

17010k a8 with varying intensity of protein hands (Figare
23, The SDE-PAGE profile of Ry TH has shown the prescnce
of 9 protein bands with two very high-intensity prosein bands
at T0and 15 kDo, BvioA hog shown the presence of 13 protein
bands with major bands al 15-and 10 kDa, while no prominent
band was oheerved w0 T0EDa, On the other hand, BvEER hos
revieabesd the presence of 11 protein bamnds with very intense
hands at 100, 25 and 15kDa. The BvWE has shown ihe
presence of 12 protein bands with major bands a1 0, 35, 25
amd 15 ke The analysis has reveaked that all the foor crode
vemoms consst of 3 major protein band ac 13kDa, but with
differeni intensities. Thus, 305-PAGE analysla of the four
venoms. revealed that they differ 1o composition and expres-
sion level of venom proteins i the glands.

Gel filtration chromatodgraphy analysis

Crude venoms were subjected to gel Nltrstion chroma-
tography on a Shodex column pre-equilibrated with 20mM
Tris-C1 pH 7.4. Elotion wis carried oul with the same
buffer 3 a flow rate of 0.5 mlimin~" using 0 Waters HPLC
systern (Milford, MA} and monitored at 215 and ZB0nm. All
the foar geopraphically isolated crude venoms had different
ehriion profiles. The crode venom of RvWB has 10 peaks of
which the 1st and the Sth peaks were foand 1o be prominent-
The crode venom of RvEE has only 6 protein peaks
with the lst and the fth peak as the mapor peaks. RvEA
has 13 peaks of which the 1st, 4th, Tth, ®thand the 10th peaks
were found to be prominent. RvTH has 10 peaks of which
peak 13t 3rd and Sth are the prominent peaks. The gel
filtration profile documents the variathon in venom compos-
ition with respect to. progein families as well as its expression
level (Figure 2

Reverse phasze high-performance liguid chromatogra-
phy analysis

To further undersiand the variation in the vendgm domposition,
Hpg of each crude venoen was Joaded on & Jupiter Ty
columns pre-equilibrated with 0.1% (wiv) irifloorsacetic acid
(TFa). The proteins were eluted by a linesr gradient of B
vy neetondieile (AcCN) containing @, 1% (viv) TEA ata flow
rate of 0.8 ml min~" over 180 min. The elution was monitored
at 280 and 215 nm. The Rp-HPLC profiles of the four venorms:
were different (Figure 3},

PLA; activity

Fhospholipase Ass are hydrolytic  enzymes ubiguitously
present in all snake venoms that induce multiple phanmisco-
bogical effects (Harris, 19E5; Kini, 19‘!3"-"",_&. This group of
enzymes cxhibil anticoagulant activily either through entym-
atic o nun-enzymatic mechamisms (Kini, 20068). PLAs
aciivity of the four crode venoms of Russell's viper was
measared using cgg yolk as substrate by the method of
Jeubert & Taljaard (1980). The anafysis reveaked that I pg of
BvWE has PLA; activity of ~358.18 = 0,02 U while the same
amount of EvES, RvKE and RvTN, has only 187105
41240011 and 5.0 £ 0181, respectively. Hence, venom
from the Bastern region has the mest hydrolytically active
PLA; enzymes followed by venom from Karnataka, Kerala
and Tamil Madi,
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Recalcification time test

The effect of crude Russell’s viper venoms on recalcificatbon
time was analyzed using goat plasma in a Coagstat-1 (Tulip
Diagnostics) coagulometer. All the crude venoms exhibited
procoagulant activity compared to the control clotting time of
015 The venomn frone Tamil Nadu and Kerala reduced the
chotting time 1o 21 and 16.23 5 at 001 pgml ™', With increase
in concentration there was no change in the cloting time of
Kerala venom however, there was 2 slight increase io clotting
time of Tamil Nade venom when tested up to 10 g, The
vepom from Karnataks apd West Bengal showed procoage-
lant activity in o dose dépendent manner and at 10 g the
clotting lime was 33.5 and 14.7 5, respectively. The increass in
clatting time of Tamil Mado venom might be due w the
prescnce of higher concentrations of anticoagulant compo-
gienis in its venom (Figure 41

Neuntralization by polyvalent antivenom

Inchian polyvilent astivenom (Bharal seroms and vaccines
limited, B. Mo, AS310028) raised against viz: Dabsia ruszelil
(Russell’s viper), Muje mafa (Spectached cobra), Hungarus
coerulews (Common krait), Echis carinatus (Sww-staled
viper} commanly refesred tooas “Big four'" was used For the
neutralization study.

Varieus concentrations of polyvalent antivenom wers. pre-
incubated with venom at 37°C for 1h The percemtage
neutralization of activity was calcolated  considering  the
activity of the crude venom in the bsence of pobyvalend
anfivenom as 100%. About 100 g of the pélyvalent anti-
venam could neatralize the PLA; activity of RvWE uplo
04%, RvKE upto 67%, RYTH uplo 555 and RvEA upto 24%
{Figure 5). For complete neutralization of the PLA, nstivity
of 1 pg of RVWB 250 pg of polyvalent antivenorn is mejuired
whereas for BvTH and BvKE, 500 pg is required and for

RvEA, 1000 pe of polyvalent antivenony i reguired.
Similarly, 10 neotralize the procoagulant effect of the crode
Frugselis viper venoms higher amounts of pobyvalent anti-
venom is required. About 100 pa of polyvalsnt antivenom
could peutralize the procoagulant affect on goat plasma by
6% (RVTN) and ~66% (RvKA), respectively, However, at
the samie concentration the antivenom could not neuiralize the
procoagulant effect of RyWB and RvKE (Figure 6). This
shows the absence of specific antibodies for the epitopes of
the BvWE and RvIEEE venom procoagulant proteins in the
polyvalent antivenom, This in tuen reflects the inefficacy of
the available antivenom 0 combat the envenomation effocts
of Russell's viper in West Bengal or Kerala due to difference
in gecgraphical variation,

Immunodepletion of venom proteins

Anfivénomics i3 a new generafion proleomics approach bo
analyze the immunoresciivity of antivenoms with venom
proleins both qualitatively and quantitatively {Calvete e al,
2009; Pla et al, 2012} To check the immuncreactivity of
commercially available polyvalent antiveroms, i was Lmim-
Bilized on CMBr-activated sopport (Sigma). The resin was
wazhed - several times o remove any unbound. anfibodies,
Crode venom was passéd through the column, the flow-
throtgh (non-refained fraction) was reloaded onto the column
several times before kading on to a Jupiter €y Rp-HFLC
column pre-equilibrated with 0.1% (v/v) TFA. The fractions
were eluted by a linear gradient of B (vivl AcCH and 0.1%
(ufv} TEA at & flow rate of 0.8 ml min ™", The separation was
menitored ot 215 and 280am (Figore 7). The elution profile
af the flow-through fraction was compared with the crude
venom profile to identify (he depleted, partially depleted and
non-depleted venom proteins. The flow-hbrough fraciion of
BvTN showed the presence of five peaks while one partially
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depleted peak was observed at S7.3min. This  protein
exhibited anticosoulant activity and reguired higher armoum
of polyvalent antivenom i compleicly neatralize its activily
when stedied under e vitro conditions (data ol shiow i)
On the other hand, the elution profile of fow-through
(raction of RvEA, RvWE and EvKE contained four different

non-depleted  protein  peaks  with no partially depleted
profeins.
Discussion

Variation in the snagke VENDM  COMPOSILEON based on
geographical lecation 5 well docuemented in e literatane.
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Ynaided o the column and eluwed with a lnear gridient of B0% (vwv) ACCN comtaiting 011% {4y TRA over 1 RDmis i3 Gow rate of 08 mlmin™'. The

elaltian wag moningrsd 45 215 nmm,

Tndian Ruszells wiper venom  [from poethemn, southern,
western and eastern region hast been found oo differ
significantly (Prasad et al., 1999). Basic FLA; activity was
found to be more prominent in venom of porhen and
southern regions whils acidic proteing are sbundant in edstom
and western origin venoms. Proteolytic activily and trypsin
inhibilory activity were more promounced in the venem of
wesiern and nothernt regions compared to other region
venoms, Moreover, castern Russell's viper waos the most
lethal compared 1o the venoms of the other three regicns
iTayanthi & Gowda, 1983; Prasad et al,, 1999). Comparison of
Rigsell's viper venom from Indian amd Myanmar origin
showed variation in the composition (Tsai’et al., 2007).
PLA> enzymes (bwo acidic and two basic) isolated From
Diaboia Hamensis and Dabola rueselii differs in toxicity and
lethality on model animals (Tsal et al, 2007). This suggests
ymristion in the biological dctivities of the similar proteins
in venom of same specics bul geographically different
origlt, Moreover, envenomation by Dabola russelii sigmensis
from Taiwan exhibits both newoloxic and hagmotaxic
effects on victims leading to systemic thrombosis and
pesromuscolar blocking (Hung et al, 2007a) whereas
Dabeio russelii envenomation in India shows sympioms of
bieeding, renal failere, mawsea, convulsions, hypotension,
mponecrosis and  edema with no  neurotoxic  effects
(Mukherjeset al., 2000

The SDS-PAGE, gel filtration and Bp-HPLC profile of the
crude venoms from four different. geographical locations of
India showed significant variation o the venom compesition.
The differences in inteosity of bands and peaks reveal that
expression of venom proteins is diffecent in all the venoms.
Venoms from Kersla and Kamataka showed the presence of
more low molecolar mass proteins compared to Tamil Madu
and West Bengal venoms, Gel filtration elution profile of the
venoms from Tamil Madu, Kerala and Karnataka were similar
whereas the yenom from West Bengal was different. The
former ofiging are geographically close and the saakes are
likehy o have gimilar diet which might be responsible for the
similarity in venom prolein composition 1o some extent,
However, the Rp-HPLC elution paiterns of the venoms
showed different retention me of venom proteins, Two
distingl prodeins peaks wese observed in venom of Tamil
Mady, which iz absent in all other venoms demonsiraang the
variation in venom composition though they belong w the
sarne species. This difference in the venom compasition
would contribute to differsnces in clinical symptoms during
envenomation which: would reguire different sirategies 1o
aeutralize. PLA, activity and recalcification time of the cruds
venoime further demsonstrates that these geographically close
anakes of the same species nre different in venom comgosition
and expression level. The recalcification time of all the wenom
analyzed in the present study showed procoagulant activity
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howiaver they differ in their mode of action, The venorms wf
Tarnil Nado and Kerala showed the presence of Tust acting
procoagulant proteins whereas. the cAbEr DD VENDHTS WETE
slow 1o exhibil their acnvity.

Antivenom therapy 15 the only available therapy. for the
treatment of snakebite patients. However on many nroasions,
it has been observed that polyvalent antivenom fuled o
ncotralize the toxke effect of verom (lsbigter et al, 2008;
Ehillips ct al,, 1S8R}, During sntivenom therapy, ahout 10-20
vials of polyvalent antivenom 35 sdeministered {Sarava el als
2042} which might lead to anaphylsctic pegcliong in patients
{Caron ot al., 200%; Swae et ol, 213} Thiz iz due 1o the
unwanted: antibodies present in the commercially availabie
Indian pobyvalent antivenom as it contains only ~25% of the
antibodics 1o & particular snake (Simpson & Nocris. 2007
1t has been observed that polyclonal antibodies raised agninst
southern Russell's viper showed significant difference in
diffusion and cross-reactivily pattern with other geographical
regions. Moreover, these antibodies were ingapable in
providing any sort of protection against the lethality by
venoims of other regions (Prasad e al, 1999). Further, it has
hein observed that antibodies raised against the same Bpegies
of Naja iz were also ineffective in neutralbizing the toxe
effect of wenom from other  geographical locations
(Shashicharamarthy & Kemparaje, 2007 This failure i3
most likely associated with venom variation dus 1o the
geapraphic location and also dee 1o the presence of unigue
tonins, Hence, regivspecific antivenom neesds to be raised for
rrentment of snakebite patients feom a partienlar geopraghjcal
tocation. In the present study the compirative gnalysis of
Rp-HPLC profile of crude venpm and pon-retained fraction
after immunodepietion demensteated  that the palyvalent
antivenom is ineffective in complese depietion of the venom
components, This is doe fo the variation it VENOmM COMPOE-
ition, 65 venom from a particular peographical locstion is
used for the production of antivenom, Expression of venom
proteins differs greatly among the species as well a5 within
the same species, which might also be responsible for non-
immupodspletion (Lomonte & Carmona, 1992 Eodripues
et ol., 1998; Sasd et al, 20012) Apar from this the non-
immunogenicity might be aleo responsible for the presence of
these proteing in the flow-through fraction. Tnterestingly,
highly hydrophobic proteins. i all the wvenoms wers not
depleted by the polyvalent antiverom. Thus, the visriation
and nen-imminogenseity of venom proteins need W be
considered while producing antivenoms.

Conclusion and future prospective

The availability of food differs with different gedgraphical
lociions for a snoke, In order to adapl itself for suevival,
it hus 1 induce varicus paibio-physiclogical symptoms in prey
for immediate immohilization and subjugation. Evolutionarily
venom protein famities have undergone sccelernted evalution
followed by peant mutation to ineorporate wide array of toxing
with diverse Biological fanctions to target their prey (Chifiwa
et ak, 2000: Nakoshima et @l 1995 Ogawa et al.. 1994
Fupunski et ab., 20031 This evolulidnary mechanisin
hos esubted in veriation a0 the venomy commposilion andng
the snake species and also within the same species.

1. Tombeol. Toxin. Fey, iy Onliee 12

The effective neniralization of these pharmacologial cffects
in victims would be successful only when e detailed
composition of venom proteins i understood aml specific
anlivenoms are raised, The present shdy docwments L
variation in venom composition within the same specics of
Bossell's viper which are from differcnt geographically
bocatinns,
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ABSTRACT

Thiz study describes biochemical and biological properties of Naja kaouthia (Indian monocled cobra) venom of
MNerth-East India. The LI}, of the crude venom was found to be 0.148mg'ke and neurotoxicitic symplems like
paralysis of lower limbs and heavy difficulty in breathing at sub-lethal dose in mice was observed. The venom
exhibited PLA,, indirect hemolytic and myotoxic activities but showed weak proteolytic and low direct hemo-
hytie activities. Tt did not exhibit any hemorthage when injected intradermally to mice. Anticoagulant activity
was praminent when recalcification, prothrombin and activated partial thrombinplastin time were tested on
platelel poor plasma. Fotem analysis of whele citrated blood in presence of venom showed delay in coagula-
ticn time and clot formation time. Fibrinogen of whole citrated blood was depleted by venom when znalyzed
in Sonoctot. Crude venom at 10ug and after 16hr of ineubation was found fo deprade o chain of fibrinogen.
Meutralization study showed that Indian pobyvalent antivenom could neutralize some of the biochemical and
hiological activities as well ag its fibrinogenalylic activity

KEYWORDS: Naja kacuthia, haemostasis, thromboelastometry, myotoxicity, polyvalent antivenom

INTRODUCTION

Snakebife envenoming s a negicoted twopical disease
{WHO), which requires immesbiate attention: It is estimated
that globally 2.5 million people are bitten by snakes each
year with ~85,000 deaths {Gatierrez et al, ZO10; in Inelia,
approximately 35,000 1o 40,000 people dwe of snakebites
annaally (Chippaux, 1998; Kasturiratne et al, 2008). Accerd-
ing te recent National Mortality Survey data, the incidence
of smakebite coses s likely o be more than 50,000 per year
in Inclia (Mohapatra ec al. 201 1) However, thess data mary be
far from the math a5 mest of the incidences happen in roral
areas and these deaths mostly remain unreported. Tn India
the “Big Four®, My nefe, Bungarus cosrulews, Dabois
ruszelil and Echiz carinafis pre considered to be medi-
cally importint snakes and are responsible for most of the
deaths, Recently, it has been reported that hump-nosed pit

viper (Hypnale hyprale) from Kerala, is capable of causing
bethal emveromation (Josaph et al, 2007). Heace, in addition
to the “Big Fowr”, there might be other medically important
snakes in specific geographical locations, which need atten-
tion. Thas is rmportant for clinkcal diagnosis for treatrent
and For production of effective antivenoms. In India, poly-
valent antivenoem is raised against the *Big Four™ venoms
bt these snakes may nol be present throughowt the country.,
moreover, administication of this pobovalent antivenom: bas
well documented limitations (Offerman et al, 2001; Lailos
and Theakston, 2003; Williams et al; 2007),

Naja kaouthia is recognized phenotypically with the pres-
ence of O-shaped or monocellate hood pattern, They are
widely distributed in Nepal, North East India, Bangladesh,
Myanmar, Thailand and Peninsylar Malaysia (Whitaker,
1978: Viravan et al, 1992; Mukherjee and Maity, 2002).
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Accarding to WH, it belongs to Category | af venomous
smukes, The symptoms of cobra bite are general peurolx-
icity leading to flaccid paralysis and doath by respiratory
failizre, and also severe hypertension {Agarval o al, 2004;
Halesha et al, 2013) Symptoms of coagulopathy have also
been reported in vietims of Naja Sacuthis of Asign ofigin
(Khandelwal et al, 2007}, The Nafa kroouthia venom of
sineth-East Tndia origin bas not been explored though venom
of West Bengal (India) arigin have been studed extensively
(Mukherjes and Maity, 2002; Lalloo and Theakston, 2003;
Mukherjee, 2007; Debnath et al, 2010; Sckhar and Chakra-
barty, 2011). Henee, some work on bicchemical and bio-
\ogical characterization of the Naja kacirhia wenomt and 13
in witrs neutralization by Indian polyvalent antivenom has
been undertaken previowsly.

MATERIALS AND METHODS

Heagents nnd kits

sPLA, assay kit was procured from Cayman Chemical Com-
pany (MI, USA). NEOPLASTINE® CL PLUS and APTT
reagent were abtined from STAGO {France). AGAPEE
kit for CE/LDH analysis was purchased from AGAFFE
diagnostica (Switzerland), Gilass beads gbACT+ kit wis
obizined from Sienco, Ine. (L/SA) Polyvalent antivenom
manufactured by Bharat Serams and Vascines Limmited
{Tiwdia) was purchased locally. Bovine plasma fitaritogen
wag obtained from Sigma-Addrich and all other reagents
ysed were of analvtical grade and were either from Merck
or Sigma-Aldrich, {USA)L

Animals

fMale Swiss alhing mice of 40+3gm were abmined from
central animal facility, University of Mysore. All anitral
were hoosed i well ventilated cages and experiments wers
carried ot according to the Animal Ethicsl Committes Pro-
wel (University of Mysore, Mysore, India, Proposal mo.
TOMIAEC2S2011),

Collection of snake venom, preparation and storage
Adult Mo facurhics were captured from Famugurina,
district Seaitpar, Assam, North-East India in the, month of
day from its natural habitat and venom was extracted by
allowing the snake to bite into a sterile beaker covered with
para-film. The crude venom was immediately desicealed
using dehydrated silica gel and stored in -20°C uritil fior-
ther use. The permission for milking of snakes was sbisined
from Principal Chief Conservator of Forest (Wild Life) and
Chief Wild Lifie Warden of Assam, India {WL/FG 27T /t5s0e
Coltection T dated 0T 10A201 1%

Determination of protein content

Total prosein content of Naja keouthia venom was deter-
mined sccording to Lowry'’s method using BSA a3 standard
{Lowwry etal, 1951},

Phospholipase & (FLA ) activity

PLA, activity was assayed using sI'LA, assay ks aceanding o
the marufachrer s protocal [Cayman Chemical Company, ML
USAY Briefly, in a 96-well microtitre plate, 10ul of venom
{0 tmgimly, 10pf DTNE {3, 30-dithio-bis{2-nitrobenzoic
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acidfyamd Spl assay buffer were added, The Fea o, was inili-
ated by adding 200p1 of substnite sohutyon (dilieptanogd Thio-
POy After gentle shaking, the optical density wis maezsured
svery niinute at A05um using MultiSkan GO multi plae reader
(Therma Scieatific, LS A) for [min. Assay buffier wasused as
hlank and bee venomm PLA{{ﬂ.ﬂ]mg.-“m!} was used a8 a posi-
tive contiol, Tests were carmed out in triplicate and men val-
i were taken. The activity was cxpressed as micromaies of
dibeptaney] Thiol-PC hydsolyzed permin per mg of exzyme.

Cascinolytic assay

Digestion of casein was evahsated according o thie method
of Cuyang and Teng (Crepang ard Teng, 1974), Brefly, 1%
fwiv) casein in 20mM Tris-C1, pH 7.4, was incubated with
varinis amonts of verom protein (1, 3, 10, 50 and 100pg)
for Lhe at 3770, Reaction wis stopped by addition of ice
eold 10% (v/v) TCA and centrifuged for 10min at S000rpm
{Thermo Scientific, T5A, Heracus Multifuge XI1R), The
digested protein in the supernatant vwas determited accord-
ing to Lowry's method (Lowry et al, 1451}, Torcsine curve
was used to detesmine the proteaze activity and one unit of
protease activity is defined a5 n mole equivalent of tyrosing
formed per min per mi.

Lo, determination

Toxicity of the venom was asalyzed according to the
miethed of Meier and Theakston (Meier and Theakston,
1986), Briefly, varions amount of freshly dizsolbved venam
(0,05 to 1mgkg) in saline was injected intraperitoneally o
eight male Swiss albino mice in a final volume of 150p and
the controls were injected with saline alone, The animals
were carcfully menitored for 24he and their survival fime
was recorded and LD, was determined,

Edema inducing activity :

The procedure of Yamakawa ef al, (Yamakawa et al, 1976)
as modified by Vishwanath et -al, (Vishwonath et al, TORE)
waz follewed, Mice weighing 20-30gm were injected with
varying amount of venom (2-15pg) in & total wohime of
20ul saline into intra plantar surface of right hind foot pad.
Respective left foet pad received 20ul of saline and served
as vehicle, Control mice wese injected with 20p] saline into
intra plantar surface of both hind foot pads. After 45min the
mice were anesthetized (harbitone, 30mgkg, ip) before
sacrifice and hind limbs were removed at the ankle joint and
weighed indmvideatly. The increase in watpht die (o edenta
iz expressed as the ratio of the weight of edematous fim
t the weight of vehicle (saline injected) lunb xL00. The
ameant of venom required to cause an edemi ratio of 120%
(20% above the basal level) i= defined as minimuom edema
dose (MED ]

Hemorrhagic activity

Hemorrhagic activity was assiyed as descrbed by Komdo
et al, {Knodo et al, 1960). Various amount of vencm
(2-15ug) in 30pl saline were injectsd intradermally mio
mice and contral mice eecsived saline instead of venom
sample. After She, mice were sacrificed wsing anesthedia
{harbitone, 3mpke, ip.) The doesal surface of the skan
was removed-and the inner surface was observed for hem-
orrhagic lesions, E. carindfuf venom was used as postbive
comtrel, The minimurm hemorrhagic dose (MHD) is defined
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“ s caused by dH,O

ay the comeentration Hf venom that induce a hemorrhagic
gpot of lem diameter from the spot of injecton,

Tri-vive myotoxicity

For myatoxicity; release of secum creating kinase (CE ) and
laciaie defipdrogenozs (LDH) in the blood were determined
using AGAPPE kit {AGAPPE chapnostis, Switzerland),
Group of six male albine mice were injecied {hm) with 15ug
criede venom {40pl) and conwol seceivad Hal of saline, After
3hir, mice waere anesthetized and 0.5m] of blood samples was
drawn uging cardiac puncture. The f2rum obiained by cen-
trifugation was dilated with saline st 1220 ratie, The CR and
LDH scoivity were measured 0 [0l of plasma according
to the manufaciurer’s protocol nnd were expressed in Undts!
Fiter (LUT) The resulis are mean £500 of three experimants.

Collcction of Bload and Platehedt Poor Plasma

{FPF) preparation

Frash goat Bloosd was collected in cirated tube (L11M
sodium chivats) at 120 ratios {citrate: Blood) from local butchers
shop. Human blood was collected from healthy dogors (2777)
whio had not taken amy msdication for lnst 48k Smi of blood
was dream wath 30 gauge 3497 needic and immediarcly trans-
ferred to & plastic fube containing 1mil of 0.11M tr sodium
citmase (Suntravad ef al, 20100, The tubes were centrifuged at
00K {Therrmo Scientific, USA, Heraeus Multifuge X1R)
for 13mins to separate the red blood cells (RBC) and platelet
poor plasma (PPF) and used within 4l of collection.

Birect and indirect hemolytic nctivity

The RBC pellet obtained from the Blood (as described above)
wits washed 4-3 times and re-suspended in 0,9% {wv) saline
to @ final doncentration of 10% (wiv). Vansws smount of venom
were inorhated for G0min ot 37°C wath 150pkaf 10%0 EBEC
a fimal voluree of 2eal wath 00924 (viv) MaCL The ubes wers
centrifagation = 5000rpm ( Thermo Saientific, USA, Heratus
Multifige X1R) for 10min and the absorbance of the super-
ratant was measured at 540nm in s MultiSkanG0, UV-Vis
spectrophotometer (Thermo Scientific, USA) The hemoly-
was considered as 100%. For Indirect
hemabytic, 20ul of cgg yolk substrate solution was added to
the reaction mixtures at the time of incubation and kemalysiz
Wikt iveasured ax described for direct hemaolytic aetivity, The
resulis are mean 2300 of thres experiments.

Fibrinogenolytic activily

Fibrinagenolytic actvity wis assayed according to the
method of Ouyang and Teng, vsing bovine fibrinogen (2mg!
mi) dissolved in $0mM Tris HCl buffer, pH 7.5, 0.15M aCl
{Cyang and Teng, 1976) To 300wl of dissolved fbrinogen,
various amount of venom in 15000 of buffer was incubated
for different time intervals at 37°C. The incubated mixtares
were then run on a 12.5% {wiv) SDS-PAGE according to the
method of Laemueli {Lacmmli, 1970). Staining was done
with 0,25% {w/v) Coomassie brilliant biee R250 and de-
stained till the protait bands were visibie.

Tn-vitrp coapgulant assays

Recalelfication fime

Recaleification time of human PPF was measured using
coagulation analyzer (STAGO, Frincg). Various amount
of venom in S0ul of PBS was pre-incubated wdth S0pt of
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human PPF a1 37°C for 3min and S0ul of 25mh CaClL was
aidded toonikate the clol feemation. The clotting time with
PBS was considered as nonmitl clotting tinve. The results ane
s mesn L350 of three experiments,

FProthrombin time (P71 feye

Prothrombin time was mengnred wsing PT reagent (WEQ-
PLASTINE® CL PLUS) obtained frome STAGD (France)
according to the manufactrers protocel on a coagulation
analyzer (STAGEO, Francs), Wartous amount of vemom in
Ml of PBS was pre=-imcubated with 30ul of human FPP at
3740 for Imin and 100 of PT reagent was added to initiate
the chot Formation. The clotting tme with PBS was consid-
cred a3 normal clotting fimé. The results are mesn 250 of
three experimients,

Avtiverted pertial thrombin time (APTT) 1est

Aciivated partial thrombin tims was  determined wsing
APTT reagent obtained from STAGD (France) according
te the manufacturer’s protocel on 4 coagulition analyeer
(&TAGO, France), Various amount of venom in 50l PRS
wig incubated with 30ul of human PPP and 50u] of APTT
reagent for 3min at 3770, The ¢lot formation was initiated
by adding 50l of 25mb CaClL. The clot formation time
with PBS was considered as nosmal clotting time. The
results are menn 250 of thres experiments.

Whole cifrated blood nnalyais

Thromboelasfomery analyiz

Tov quantify the CT (clotting time, in seconds), CFT {clot
formation tme, in seconds) and MCT {maximum clot fiem-
ness, in mm) of the whole citrated blood, Roteny® Anabyzer
(ROTEM™Pentapharm GmbH Diagnostic ENvision; Munich,
Ciermany) was used, For the analysis, biood samples fram
healihy volenteers were collectad in 001 EBL tri sodium ot
rate at 9:1 (blood: citrate) ratio. Various amount of venom in
2001 of PBS was mixed with 205 of 200mM CaCl,, to this
reaction mixture, 3200 of whole citrated blood was added
and el formation was observed over 30min, Clot forma-
tion function with enly PBE was considered as coamwol. The
results are miesn +5D of three experimenis.

Somtoclor analysis

A plass bead activared test tube (ghACT+ Kit obtained from
Sienco, Inc, USA) was used to monitor chot detection, clot
rate and platelet function (clot refraction) n a Somcbot
Coagulation and Platelet Funetion Analyzer (Sienco, Inc,
USA). Varous amount of venom in 20u] of PBS was added
to 320p) af citrated human bleod followed by 20p] Z00mbd
CaCl,. The head assembly of the analyzer was closed 10s
after the start button wis pressed. Data were acquired and
aralyzed with Signatare Viewer software {Sienco, ). The
results are mean £50 of three experiments.

Meutralization studies

For neutralization smdies; various amount of polyvalent
antivenom was pre-incubated with lpg of Naja kaeurhia
wendm in a fisal volume of 20u! for Thr at 37°C and AsSAYS
were performed as described above, The percentage nhibi-
tion was caleulated by considering the activity in absence af
polyvalent antivenom as 100%, The results are mean £50 of
three expariments.
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RESULTS

Binlogical charagterization

The biochemical and biclogical activities of the crude
venomare listed in Table 1. The median lethal doge (LI,
was found to be 0. 148mp/kg when injected intraperito-
neally to experimental mice, When sub-lethal dose of
venom was injected to Mice, neurotoxic. symptoms like
difficulty in movement; breathing and requant deinking
of water were observed followed by death after Hmin.
The amount of CH and LDH released after injection of
t4pg of venom was found to be 65050171 and 26.38L1
respectively in the plasma. The CK was 10 times. more
than ohserved for the control mice {0.563 [}, however,
the LDH was found to be only 3L more. The mini-
mum edema dose (METX) of the venom wis found to be
11.25p3g, Mo direct hemolytic activity was ohserved up
to 1Mwg of venom but when ihe amount was incressed
up to 100pg, it exhibited 1.4% RBC hemolysis, For indi-
rect hemolytic activity, 23% hemolysis was ahgerved for
1 of venom. The venom showed weak proteclytic activ-
ity whan tested on casein, The amount of tyrosine liber-
atied wos 0.1440.02 moles by 100pg of venom in Lmin.
PLA, activity of the venom was 7.58dpmolmin‘mg when
assayed wsing sPLA, ussay Kit. However no haemorraghic
spot was observed when Ipg of venom was infected intra-
dermally (Figure 1),

Jar-viire coapulation sctivities )
The venom showed anticoagulant activity in dose depend-
st manner. When recalcification time of human plasma
g tested with lug venom, the plasma did not form chot
up to 5005 whereas the normil clotting tithe was 126.58cc
(Figure 2), Prothrombin tinse increased dose dependently
and at 0,1 g, clot formation was not observed up 1o S00sez.
The APTT test on plasma did not increase significantly ugp
to 0, g but when the amount was increased to. 145 venom
the plasma did niot form clot (Figure 2).

In Rotsor® Analyser, coagulation time (CT) for L8 1T
venom was fid41 Ssec and for the control it was observed

Tabbe 1. Same biochemical and biofogical activities of Maja
Erauthia venom

EL

o be 503+10sec. When the amount of the venom was
iereased to 1 and 190pg, clot forination wis not obmervid
wihich is depicted by a straight line {Diata not showal) The:
chot formation time (CET) in presence of 0.1pg of wenom
was recorded o be 266410500, whereas the CFT fiow conirol
plasia was only 87435 (Table 2). Maximurn clot fiomness
(MCF) value at [1pg of venom was fi41 dmen, whersad
for the control the valie was 6533mm. However, at ighcr
comeentration of venom the blood clot did not forn. Hepce,
the values were not measurabie in the Fotem® amalyzer

(Table:2}

The activated cloting time (ACT) increases dose depend-
antly and at 10ug of venom it was recopded to be 5% 1E1 3560
in Sonociot Coagulation and Platelet Tunction Analyscr. At
0.1pig venom the clot mte was similar o normal clet rate
(iormal range 9-35sec) bul with increase in concentration,
the et rate decreased which might be due 1o deplesion of
Fheinogen. However, up o 1.0pg the plateiet function was
found o be mormal but at 10y the platelet fupction was not
observed (Table 2), Lower amount of venom dic nolshow
any digestion of fibrinogen (data not shown). However,
when the amount of venom was ingreased o 10pg, clear
digestion of o chain of fibrncgen wis ohserved after §6hr

of incubation (Figure 2A).

Meuntralization studies

Effect of polyvalent antivenom on some of the biochemical
andl hiological properties of Naja kaoutiia venem are shown
in Table 3, At 1:1 ratio, the polyvalent antivenom could

Figare 1. Hagmormghae acfivity of Nafe Foantliin venom. A
Contrel (304l of aaking), B. Mara otk venam §15pg), T 50w
sealed viper venom (3pug) (Positive cootral), the prrow rdicates
sitg of injeetion.

B s

Paramelers Activity
LD, 0145 makg i
PL.A, activiby assay F0E0 24T <
[Hrect hemolytic asssy (100pg venom) 1A 51 %
Tredizect Isemobviic assay | g wenom} 23,0 £3% § =
Crseinolytic activity (100U vemom] 0, [ 90.02% |
Creating Kitase (CK) (154 L m. injection) | 665021 i
E::Eﬁ;j;hydmgenam (LEH) (150 1o 25145 U Py
hinitnam edema dase (MED) 11.240.18 pg
Haemorraghic activity fup o 15ug) M Figure 2. [ose dependent anticoagulant eoliviry of Majm kmaurhiz
venom on kiman plasma. Effect of crude venom on F ecalzifi-

*hagenmal CK snd LOH vales am 0,63 U/ and 23,79 U eipectively,

il of dikeplansd Thiol-PC tphnterediminmp; *n maokes of Do

[ dimin: MA= Mo Activity, Resulis ore moan =57 =3}

cation lime, Pratheombin Tiome test (FT) arl Actiated Partial
Thrombin Tise test {APTT), The resaits are mean 51 of thres
grperimenls.
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Table 2, Anticoagulant activity of Mafa feawdfila venam-on
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whole citmeed bood, Resulls are expresssd as mcan £50

of three experiments,
Crude venam (ng/mi)
Puramelers PES T
Thromboslastvmelry analyais
Coagulaticn fime (CT)(s) 5031 =5 =1 200 =120
Chat Forenation tigme (CETY (s TR 25210 RECF HCF
Maximem clod firmness (MCF) (man) A7 ald1.3 MNLF MNCF
Sonocle analysis
Actwveted clodting tene (ACT) (s) (range: 128-213) 1762 T15+T A 24303 S81£10
Clol mibe (CREzanpe: 2.0-35% 23415 340,32 L. 2] |
Tistclet fumeticon {rampe: 3-5) 280,01 J B0 a0l L]
MICF: Mo chot formarion, the resalis are expressed 55 mean = 50
DISCUSSION

Flgure 3, A Frhrinogenolytic activity of Maja kacuthiz venoom.
SDS-PAGE of boving fibrinogen [redwoed) alter mookation
widly 10ug crude Najs koouthia VEROm 3t VRS 1ime inger:
vals, B. Inhibitson of fibrinogerolytic actovity of Maje feourkia
by pobrvalent antivenoen. The vencincpelyvalent antivenom
{1:1, wha) mixbare was pre-ineubated for The at 37, This
riatane was incabated with 300ul of fibeinogen (2mgiml} far
24hr and aliquols were withdrawn at different e mberval and
fracoonated in 12.5% (wiv) SDE-PAGE. Lane 1. Undigested
fibrinogen (cantrol). Lane 2. Fibrinogen incubated with only
venom: Laae 3, Aftes 0,50 Lane 4. 1hr;, Lane 5. Afber Zhe;
Lane & After dbr; Lape 7. After Bhe; Lane 8, Aler 16he; and
Lane 9. Afber 2he

not newtralize the PLA_ activity of the verom but at 1:100
ralios, 97.3% + 4.8% inhibition was observed, Inhibition of
the indirect hemolytic activity of venom was also observed
sitnilar to the PLA, sctivity. When the concentration of the
pobyvalent antivenom was increased by 100 times, indirect
hemolytic activity was completely neutralized, Recaleifica-
fion time of the venom was neutralized up to 49.34% at 111
ratic and with 10 times incresse in polyvalent antivenom,
02 03% neviralization was oheerved. Similarly, the AFTT
and PT was also brought to the normal clotting time when
the polyvalent antivenom was 10 times excess of the venom
concentration. Moreover, degradation of @ chain of fbring:
gent by venom was inhibited by polyvalent antivenum at 1:1
ratio{Figure 315).
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The patho-physiclogical effect post-gmakebite envenomation
varies grestly smong the various species and sven within
speties due to variation in the venom proteins and bislogical
activities (Glenn et al, 1983; Minton and Weinstein, 1986
Daliry et af, 1996; Saravia et al, 2002; Menezes et al, 2006),
Thess variations affect the clinical manifestation of enveno-
mation and require specific consideration for treatment
Hence understanding the. biochemical and biological prop-
erties of snake venom from a particutar gecgraphic location
15 imporiant,

The LD, of the Mufa kaswhia venom was found to be
0148mg e, whereas thost for cobra venoms of Thailand
and Kolkata origin were reported o be 0.23mgkg and
0. 7k, respectively (Mukherjee and Maity, 2002, Leong
et al, 2012}, Though the route. of injecticn was diffenent
{Kolkata origin venom given via tail vein injestion} in these
experiments, the lethal dose of North East origin venom was
less than that of the other geographical locations sug@est-
ing it might be more lethal. However, the comparative shady
with indistinpuishable experimental conditions would be
pecessary to differentiate these venoms. In mice the venom
did not: indice hasmorrighic activity and venom of Kol-
keata origin is reported to be devoid of such activities. The
huemarraghic is mainly caused by metalloproteases, which
are abundantly found in viper venom (Kamiguti et al, 1996
Chakrabarty et al, 2000; Mukhegjee, 2008). Moreover, the
ederma nducing activity was not found to b significant.
Hence this venom might not induce inflammation and tissae
damage at the site of bite. Interestingly, the venom at 10Deg
showed only 1.4% hemelysia of RBC, whereas at the same
amount Kolkata venom activiey is reported to be 39.0%
{Mukherjee and Maity, 2002). The membrane damaging
sctivity is mainty contributed by the low molecular weight
proteins which might be absent in this venom., The indirec
hemolytic activity of the venom in presence of the egg yolk
is due to PLA, enzymes. The bysephospholipids and free
farty acids formed during the catalysis of phospholipids by
PLA, enzyme exhibits this activity as they are byties i natume
{Condrea et al, 1964). The presence of various PLA, isoen-
zymes and neusotening in My kaouihia venden have e

38 | GPEN ACCESS




Tabie 3. fn vira meatralization of whabs venom activity by pehralent nnlivenom

4 inhilition by polyvalent antivenom
Activity 1:1 1:10 1:100
PLA, ackivity 13 40,0650 9738 = 4.8
Indicect hemealylic i 96212 68,1 540,15 | Ol
#ecabcification fme 40346501 20330 Gh 51l At
il 3644550 T8, 1943 B4 L
APTT 32354644 o 14583 1aa
Fihringﬁemh.-m £ ¢hain present ¢t chwin pacsenl it chain present

#The resalts are cxpressed as mean 50 {n=3)
Valoes Indicabe % mhibiton at each venom:antivenom (Eg-ug) ratio

reported by various workers (Joubert and Taljaard, 1980;  of blood might be dae to the addition of cxtra phospholpids
Meng ot al, 2002; Qiuinin £ al, 2002; Doley e al, 2004). during these fesls; however, this needs o be verified The
When the cride venom wis analyzed for the PLA, active venom protgins, especially the P enzymes, hydmlyze
ity using dikieptancyl Thiol-IC ag substrate, the ameunt of the phospholipids which are vequited for the prothrombingss
cubstrate tydrolyzed product was 7 Gkl 24pmolminmg complex formation. The Snnu:botur_thmmanalg.ra'u ulao
suggesting the presende of enzymaticatly active PLA, in the demonstrated that the Najo kaoutkla venom is anticoagu-
veriom, PLA, is one of the major constituent in the elapid lant in nature, The whole citrated biood analysis by somocled
e, which confers multiple toxicity o the prey oF vie- cleary indicated the depletion of fibrinogen in the resction
tien such as membrane damaging, neurotaxicity, edema and  when pre-incubated with venosm- The lower value of MCF
predongation of coagulation time (Kinl and Evans, 1989; by Rotem analysia indicates decreased platelet number or
Dioley et al, 2004). Hence the myegxicily, Teurotoricity ﬁmd.im_d-pmmul:ﬂbﬁmgmlwﬂmﬁhﬁn polymeriztion
and ederna induced by this venom are due o the prescnce of  disorders, or low activity of factor X111, Recently, Mk ainet-
large amount of PLA, enzyme in the venom, The observed taloproteass, which cleaves the - chain, 25 wiell asa fow
differences it the hiocheinical and hinfopical acivities in molecular protein with fibrinl ogenjolytis activity have beon
the venoms of Indian origin might be due o vabation in reported {Wijeyewickrensa ot al, 7007; Debnath et al, LR
the venom composition and. conlent due to difference in The weak protenlytic activity towards casein and higher
geographical Jocations, Both VEROMmS Wers collecied dur- ameant of venom and tims required for compliete degrada-
ingy urnmers; however, in the present study, the ages of the tion of & chain of bovine serum filbeinogen might be due to
spakes were unknoam as they were captured from the wild, preseoce of these proteins in jower amounl. Henes antico-
Deataifed analysis of Maje kaouthia Venoms from different agulant actrvity of Naja kaotrhia might not be onky due to
lacations of India need to by carmed out to decipher the dif- degradation of phespholipids or on.chin of flsrincgen but
ferences in the venom composition as well as the presence  action of different venom proteins which might be acting
of unigue toxina. enzyrmatically or non-eneymatically on coagulation fuctors

and complaxgs,
Srake venom proteing affect the haernostasis process of vie- ' :
timyprey either by proloaging of shortening the clotting time. - Polyvalent anitivenom is currently used by the medical prac-
Elapid venoms are anticoagilant in nature due to the pres-  titioners for the treatment of snakebite paticats i TInfiia
ence of Targe amount of sirong and weik anticeagulant PLA,  The Indian polyvalent antivenodm is prepared using the ven-

enzyines. Moreover, non-enzymatic protein from clapid oms of four major poisonous snake apecies viz: Nofa maid,

venom like Cardiotoxing from Nafe nigricollis crawshawii Dabola russelii, Echis carinmus amil Bunparus coerulas,

and Hemextin A and hemextin AB complex from Hema- In most of the sases, it has heen cheerved that the efficacy
chaing haemackaiuy venom are also reported to be antico- 1 highly reduced when anbiversomms taigesd apainst venomos
agulant in natere (Kini et al, 1988 Bancrjee et al, 2005} from a particular peographic region is uged to meat vic-

The venoem significantly delayed the vecileificaion time, PT - tims from another region {Shashidharamusthy el al, 2002;
and AFTT of plasma under in viire condition, which is due Shashidharamurthy and Kemparaju, 200T), The polyvalent
b strong anticoagulant proteing present in the venom. The antiverom could réutralize some of the biochemical amd
plasma did not form clot at 061, 0.1 and L conceniration biofoical sctivity partially at 1:10 ratio {venom: polyvalent
of venm when tested for recaleificaion time, PT and APTT, antiveniom) and complets neutralization was shserved whes
respectively. This suggests that the anticoagulant activity of the dose aof the polyvalent ARTVeTom wes increased o 10
the venoir is most likely te affect all the patlways. Yenomnt fiold, The partial inhibition might be due o the antibodies
PLA, enzymses inhibit activation of FX to FXa which leads of Naja mdfe profeing present in the polyvalent GuTvemLHm,
b digruption in the formation of prothrombinase complex, which recognizes the Mafs Eaouthia venom proteis. e
which % required for blood coagulation (Stefansson et al, sonl sty documments that the polyvalent antivenoen. Gt

1990 Kerns et al, 1999; Kini, H005), The higher amoant of  neutralize some of tested biochemical and biclogical activi-

venom required in case of PT and APTT for pon-coagulation  tes of Maja Eouthia venom under in siine ondition.
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Iredian RusselTs viper
Coaguinpathy

Siake venem peosein Lamilies
ESI-LE-AEM S

AESTRALCT

Compasition of bidian Bassell’s viper { Dabois russeli misseii) venom, 3 medically Important snake asd
peenber of “Big” Faoe snakes of [ndia was done by gel floatien chromatography fallidsed By candsm meass
spectrametry. The MSMS amahyses of erypiic digested gel fltration peaks divilged the presence of 63
different prodeing beloeging 1o 13 fBmibics, Phospholipase A; [PLAGL serine proteases, melalloprofeases,
cysteine-rich Secrerory proteing, vamivo acid coidase, C-pe lectin-like profeins, kuriE-rnpe serine
progease inhibitor, disintegrin, nsdeotidase, phesphodiesterase, vescalar endothelial growth faclor and
vasnular merve growth factor Faenilies were identified. PLA; engymes with isoformes of K-, 5 and H-fype
hased g Cheir feest H-termminal amiro acd residue were ohssrved. Thi venom i sl fourd (o Be rich
RV, RN and thromim-lie enzymes, Homolngues of disintegring with RGO and BTE matils wene
alsn oEserved, Thie high percentage of PLA; and prabeases i the venom prolecarse oould be respansitie
lar aive observed coxpulopatly, haemorrhage and edema which can be correlated with the clindcal
maniestations of Russell's viper envenomation. This-is the first profesmic analysis of tndian D neeei
wersoir which might assist in waderstanding the pathoplysicological effects of viper envenamation, Such

study willl alsp e impoitant far devebaping more effective antivenom for Vipes btz management.

@ 2015 Publisked by Efsevier Lid,

1. Introduction

The incidences of snake cnvenomation in tropical countries,
gurh as lndia, are among the most nepglected health isswes leading
1o thousands ‘of morality and morbidily cases every year, The
management of the snakebites and awareness prograns indaned
by the gavernment and the public health sector in India and else-
where are insufficient and’ Ineffective [Gutierre: et al, 207100
Warrell, 2001 Warrell et al, 2003 Bawaskar, 2014). 1t has been
sutirnared that ceepy yeor around 25,000 to S0000 0F peaple
die in India due 1o snakebites, maerity of which are inflicted by
rohras kraits, saw scaled viper and Russell's wiper [Wiomdl, 19951

Russell's viper (Deboio russelii nusselit) is widespread in South-
past Asia including India, Pakistan, Bangladesh, Sri Lanka, Myanmar,
Thailapd. Taiwan and Indonesia (Warrell, 19890 € s one of iemost

_- Coagresponding aulie,
E-manl afebeemsy dodepdetedo ernelin (R Tiolayk

r.ru-_.;d;;_l;h;llulz.".ﬂ.ll]llﬁfr.l.d!l’i."ﬁ"- 2005 07
A =080 Jn 20015 Pabdiyhed by Elsevier Lok

impartant wenomaous smakes of India which causes significant
number of mortality and morkadity [Warrell, 1555 Pathophysio-
[ogical manifestations of Russell's viper envenomation include
coagulopathy, pain, swelling, myonecrosis, repal failure il
neuratoxicity {Simpsnn and Morris, 207) I India, pobyvaleat an-
tiveram i3 raised against the “Big fow”™ Snake Yenams (aamely I
pusselii, Moja najo, Echis covinens and Aungores coerubeus) whidh 15
the anly available treanment for viper envenomation. However, at
fmes, administration of antivenom 1% sccompanied by some
snaphylacic Teacions Lk nauses, vomiting, hypotension, respi-
ratary discoenfort and low body temperature (Singh et al. itk
Deshpande ot al, 2013) This could be due o the prescnce of
large repestoire of non-specific antibadies (small portion of poly-
valenr antibadies are against specific snake Menom] Alternatively.
Sue [0 non-immonogenicity of venom toxing, some toxing might
ot be neutralized by antvenom (Pl et al. 200%; Gutiervez et al,
aiE Cabvote ool 20940 This s farther complicated by intra-
specics variations in the venom composition that are sty
attribuned to diffecences in age; gender, seasonal changes. and
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gengraphical location { mostly due 1o prey suailabitioy) {ingo gmd
Tpinetedi. TORG: Williats e al, T9HE; Jayanthiand Gowda, 1985
Chippaws:et a1, 1891 Daliey ot al. 1980, 1900k Meneies ot al,
$0DG; Alape-Girodt ot 2l 2008, Sharma e al., 2074} Such vana-
tions atrribute 1o inefficacy of antivenom produced from a partic-
plar grographical rogion againil the vemsm toxitis ol arher
lacations. Our recent antivendamics studies have shown that lindian
gyssells viper venom from different geographical locathons ¢on-
sisrd of distinet norammunndepleted and partially imimunode=
pleted proteins {Sharma el a1, 2014}, These factors mgether make
the post-administration task tedigus for the clinicians {Theaksinn
ot Ak, 1990 Singh et al, 200 s Deshpande ob al, 20E3L Hemoe,
comprehensive undesstanding of Hhe variagians in Venpn Sempee
sitipn and identification of the nanjpartially fmmunedepeiemd
proteins present in the venaim becomes important, Although vari-
Stigns In the wenom composition of Bussell's viper from different
geograplical regrons of India has been reported (Jagantiu ana
Cowda, 1988; Prasad et al, 159 tharma ot al, 2004), detailed
PrOTeomECS OF transcriptomics analyses have mat been carried gut,
% far, the research ks mainly facused on ksolation and characler-
sxation of individaal Loxins, such as phospholipase Ay [PLAZ} ( Bhat
o al. 1990 Gowda. et 2l 1o Prasad et &), 1% Chandra et al.,
2y Chaleraborny ot al, 200021 Saikin ©F ab., 2013), 1-aming acid
awidase (LARDT (Kandsl and Bharachacyya, 2008, Chen et al.,
1047}, snake wenom metallnproleases (5VMP) (Kole e al., 2000
Chakraborty &t al, 2002 Wlukberjed, 2008 Chen ot al, A008L
onake wvenom  serifg  protease (SVEP) (Bhattacharjee and
Rhattacharyya, 2013) and phosphodiesterass [PDEY (Mitra ard
Bhattacharyd, 2014, As a result data regarding venem compasi-
thon ane details of toxid profile are still plssing.

Tindem mass spectrometry is ong of the most powerful tech-
wiques of the present era, widely wsed for analysing protoares.
yienomt composiion revealed by such techniques unveils the
complexities of the venom pratealise and assist in understanding
the symplonis/signs of ervenommation triggescd by fhese Going
{Risch et al A Rerfardes e al, 2013 Walil et al, 2014). Here
woa repart the profeorms profile of D 7. russelii venom from South
india using biochermical and protendmic techniguees. This srudy
provitis an overview ol watious tosins present inthis crde vena.

2. Materlals
21 Wemom proqrement and cheemicals

Thie byophilized crade venom of DL T ruesselii was procured from
(rula Snake Catehiers Society, Tamil Macs, India, Although the exacl
pengraphical ocation of individual snakes is nat available, the smakes
were fram within 2 small region of Tamil Nadu Srate and Vensms
were pooled From 3 few individuals., Dithipthreitol (DTT) was ob-
pained Team Gold biotechmalogy (Qlivetts, B, UISAY Protease Max
from Promega | Madison, Wi, USAL trypsin, indoscetamide [LAA) and
ammioium bicarbonate feom Signa (5t, Lois; WO, USAL acetic acud
fooem WVWER {Radnor, PR, LISA), PageRuler™ prestained protein marker
frean Therma Schentific (Waltham, BiA, UISAYL All other chemicals
used wers of apalytical grade and obtained from either Merck Mal-
Tipore {Billerica, MA, {541 or Sigma {51 Lois, B0, LI5A).

22, Anfmais

Gugins aibdno mece-of balh sexek Wers ahrained fromm centeal ani
mal facllity, University of Mysore The animaly were Roused 2l
5% & 1°C on a 12 hlight/dark cycle with access to fead and water and
swere usad forinvivo studies. Experiment swere performed as per the
approved guidelines from Animal Ethical Commpvittee Protocot (Oal-
wersity of Mysore, Mysore, India, Propasal no UOMIAEC2S 2011,

T Methods

1.1 Sedinm dodecy sulphabs pafyacrylomide gel electapharesis
{SEE-PAGE)

e[S PAGE was performed according to the method of Liemimli
{1370, 20 g of Crude venom of I £ rusgelii was treated with B-
e rcaptnethanol and toaded into the gel. The plectropharelic mamn
was st at 15 mA unsl sample enters the stacking gel and 25 ma fof
the resolving gel. Gel was stained with n25% of Coomassie Brilhant
Blue B-250 in mEhanElowateraceti ackd [40:50:10) for 3 h fol=
loweed by destaining for 4 h using miethanalwater-acetic acid

A050: 10

12, () fiaripn clhtmmmiography of crude D russelii veram

The cride verieas of Daboga r. russelit (100 mg) was dizsatved in
a5 il af 50 m Tris—HO (pH 74) and filtered through a 0.2 pm
mylon syringe filter, The clear Venom flitrate {500 pl) was loaded
anite 4 Hikoad 16/600 Superdex 75 pg gl fltraton coluimn pre-
puilibrated with 50 mibd Tris—HCl [pH 74% Progeing were elubed
ab 3 Flow gate of 1 mbfmin ander inseratic condition with the same
bufer using Alta Purifipr HPC system (GE Healtheare, Uppsala.
Sweden ) Elution was omitored at 215 nm and 280 nm and 0.8 mil
fractions were collected:

33 ESELO-MSTAE of gel filirolion peaks

Ear ESI-LC-MS/MS anatysis of gel fitration peaks, proteclysis of
the fractions were carried out using trypsin with Protease Max
sugfactant [Framega) according 1o the manu.‘!'a.::tum’sinmm—:lnns.
Each gel fltration fraction (=50 | Was dissaheed fn 50l of MilkCH
wester. To this 41,5 i of 50 mb of ammaoniuny bicarhonate, 2 plof 1%
Proteace Maotand 1 pl of 05 M OET were added, The Teaction
rmixtures were incubated at 56 *C for 20 mim Theen 2.7 ul of 055 M
184 was added and incubazed in dark Fos 15 min. Finaily T plof 15
Profease Max and 1.8 b of Trypsin (1 weiul in 50 mM acetic acd}
were added and the reaclion MEDITCS Were ineubated at 37 “C for
% b, Ta stop the reaction 0.5 ul of 100% triffuoroacetic scid [TREA] was
added and mcubated st ro0m EMPLrATETT fa¢ 5 min. The reaction
rmitiros were centrifuped at 12000 rpm far 10 i,
The tryptic digests of individual samples were loaded oot
Accela LCT) Fleet fon Trap MMass Spectrometer (Therma Selentifie,
ialtharm, A, LISA] for MS/MS anatyzis, Fach sample [~ED |t1) was
injected into a Hypersil Gold Cig colamin (50 = 21 mem, 15 pm,
Therma Scentific, Waltham, MA. USA) pre-equilibrated with 0.1%
formic acid, Elution was caried pul at 3 figowr rate of 200 pifmic
it a linear gradient of 1005 acetonitiile [AcCM) in 0.1% formic
acid, The gradient starts fram (0% te- A% {in 38 min} and then from
A0 o 0% (in 18 min) of AcCH. The sluent from liguid chroma-
popraphy (L) cohemn was dirertly fed to the mass spectrometes
lon polarity of the systen was sot o pogitive ionization mode
Spectra wene abtained in MS/MS mode and M5M3 scan rangs Wi
et from SO0 1o 2000 iz, rreidation of methionine residues and 5
carhamidomethylation of cysieing residucs were set as modifica
Hon, The BES/RMS spotira Was analysed by the sofbware Profram:
Discoverer 3.1 Using Sequest pIOErAMm. Bated on sequencd Simi
Tarity, the peptide Fagments were assigied o the proteins in th
HCR database. Analysis and dentification of the proteins an
peptides were validaced by the parameters like Soquest protel
seofe {-2—105) coVETage {~H—BEE) (calculated by the LU
program}-and the presence ¢ at least one snique pepides, Pry
tidies wilhh lowsr score and covefage wele manually valldated
MCRE BLASTR search.
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14, Phospholipare Az [FLAL) oetivicy

PLA: activicy of the crode venom was assayed uskng the sPEA:
assaly il (Cayman, M1, USAT scccrding 1o the manafaciuress pra-
wocod. Thio-cster bond ak fn-d position of the substrate, diheptanog
thie-plosphatidylchioling. i cleaved by PLA; enzymes releasing
free thiols that are measored by 5 S'-dithio-bis-[ Z-nitrobenzoic
acid] [DTHE) Different concentrations of crode: venom. ROZIRE
from 07 te 10 pgiml were added te assay basfler contadning DTHE
The reaction was imtlabéd by adding 200 pl of 165 mM substrame
solution, The optical denséby was mieasuped after svery minute at
414 rum far 10-min a7 poom temperatire (=25 °C) using a Uv-\Vis
Mkt San GOl plate reader [Therma Scientific, Waltham, MA,
LBAL The specific activicy of the venam wae expressed (0 miono-
males af phosphatidyicholine hydrolysed per min per mg aof
enzyme. Beg wenem PLAz entyme was taken as the posifive oonire
fior the assay,

2.5, Prodeniytic aotivity

The proteohytic sctivity of crude wenom was determined ac-
cording to-the method of Cuwang and Teng { 1976) using cascin as
suhastrate, In briel, different concentrations of crsds venoom rangisg
from D01 oo T8 g/ mil were incubated with 1% casein (substrage] for
af min at 37 “C i oa reaction volurme of 1.02 mb The reaction was
stopped by the addition of 500 jl of 102 ice cold trichloroacetic ackd
[TCA) The mixbure was centrifuged at 5000 rpm for 10 min fo
remave the undigested protein, The amount of digested proteins in
thie supernatant was quandtified by Lewny's method.

3.6, Fibrimogerofytc aolivity

The Rhrinogenalytic activity of the crude venom was asessed
using bovine plasma Abrincgen {2 mg/mi) dissolved in 50 md Tris-
CLpH 25, (15 M MaO {Ouyang ant Teng, 1976} 300 el of 2 mghml
fibrinogen (Sigma, USA) and 1 plof 2.2 ngfpl of orude venom wene
incubated for 24 h ar 37 *C and analyssd on SDS-PAGE Thromiin
{3 of 10 units) mi) was used a5 the pasitive control,

3.7 Preporation of plafeler pror plasme

Fresh goat blood was collected in a sterilized tube containing
49% of mri-sodiem otrate 3t a rago of 1:9 (citrate;bload). The
platelet poor plasma (PPP) was obtained after centrifugation of the
whiole blood at 3000 rpon for 20 min {Condrea efal, 1981). PPP was
pged Tor the Following (described below) ciotting assays. The ot
formation was monitored using Tulip Coastat-1 coaguie analyser
[Tulip, Allo Sanca Cruz, Goa, India), Clotting Gme of plasma with
Trig buffer (20 mM, pH 747 was considered as the control dotting
Lime,

371 Recoleiffearion hime

Recalcification time of crude venom on FPP was measured as
follows. Briefy, wvarious  concentrations of onsde vemsm
{01 —GEET pgfml] were pre-icebated with 50l of PPPat 37 °C
for 2 min The clotting was initiated by the addition of 50 gl of
50 mbd CaClz,

172 Prothrombia ime {FT) :
Prothrombin time of crude venom wis evaluated using Und-

plastin (FT reagent) {Tulip Diagnostics Pt Lrd,, Alto Ganta Cruz,
Coa, India) according to the manufacturer's specifications, Bricfly,
varous concentrations of crude venom (01667 pg/ml} were
pre-inpubated with 5041 of PPP at 37 *C for 2 i and 50 gl o FT
reagent was added to initiare the clob formation.

303 Acrivared partial thromboplastin (e (AFTT)

AFTT of crude venam was detemmined using Liquecetin [(AFTT
reagent] (Tulip Dlagrostees, India) according o the manufaciurer’s
insfewctions, In bl warteus concentrations of code vesiom
(001 =667 pgtmllwene incubared with 50 il of PP and 50 @l of
APTT reagent for 3 min at 37 “C, The clot fermation was initlabed by
adding 50 pi of 25 mbd Cally

36 Edema indiscing acriviny

The adema inducing actlvity of onade venom was measured
according ta the profocs] déeveloped by Vishiwarath et g, (15488]
Briefly, 20wl of 0.75 peial of onede venom disselvesl in phosphate
buffer saline (PES) was injecred [nbo the right foos pad of male al-
bina mrice weighing 2030 g Controd leg of the mice received equsal
volume of PES, After 1 h of injection, the mice wene cuthanszed by
injecting barbitede {30 mgfke, Lp.) The fect of the sacrficed mice
wene removed from the ankle juints and swelghed.

1.9 Hermermghic ociivily

The hasmaorraghic activity of the crode venam wis determined
accordiog to the methad of Kendo and co-workers {KONDD et sl
10500 Briefly, three male albino mice were injected intradermally
ist the back with 30 i1 of 0.5 peiul of crode venom dissalved in PBS.
Controd mice wers infected with equal valume of PES. As a1 positive
controd 30l of B3 pelel of saw scaled viper venom in PES wac
frjected intn the mice After 3 b mice wére euthanized by injecting
barhitane (30 mg/kg ip) The dorsal skin was removed and the
bmer surface was analysed for hacmarrhagic damage.

4. Results and discussion

The cocktail of proteins and polypeptides in snake venom is
responsible for the pathophysiological manifestation in preyivic-
Gms. Hence, elecidatied of venom compogition belps in decipher-
ing its pharmacological profile, Such an understanding clarifies the
complexity of the venom proteome and helps in the identification
of majar peoteins as well as the trace protein fompoasenls present
i thie venarn, This in [winn may provide sirategies to design specific
and effecrive antivenoms o combat dlinical challenges of snake
envenamation, Further, comparative analysls of the proleaims
profiles dlong with the experimental evalustion will help in
correlating the probable mechanism of actlon of the venaim pro-
trins on varjous physiolegical systems of the prey or the vicin,
Sich comprehensive Information aboat the complele Menom
composition will supplement the existing knowledge of charac-
perization of sorme of the toxing iBolated from B musseli venom af
Inddian origin .

In the present shudy, the complextity of D nusselit vencon of In-
dian origin was analysed using biochemical and proteomic tech-
miques, The abundance of high amt bow molecutar weight profeins
in the crode vemom was confiomed by SDS-PAGE (Fig. 1). The
prominent probein bands ac 9%, 55 amd 14 kDa indicate the presence
of LAAD, SUMP and PLA; enzymes in the venom: To cvaluate th:
venom compieaity, the crude wenom was subjected o pel ﬁJtratmn
chromatography which resclved it into & :J:is:lm:_: protein peaks
{Fiz. 2} Individus] peaks were subjected w0 trymeic d-;es:uu-n fol=
fowed by ES1-LC-MS{MS, A thorousgh analysis of the peplide frag-
ments provided a comprehensive overview of differsnl proteins
presentin the crude venom {Fie 2, Tahle 1], Based on the sequence
homology search, 63 different pooleing were identified wrt!-:h
belang to 1% distinet snake venom protein families. The relative
dlstribution of Bsofoemes in each protein family, which describes the
relative diversity of protein tocins, was determined considering the

e e S Py N vl O
pandem mas spectrometry, Toskon (0153, hevp: jn.doi el lglm
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Fig. L Gel edecirophoresis ol crude Dabafa russefif venem. Uriele Dabale missedl
venom (20 ) frduced wit femercapivethanal ard SES-SALE e nenon @ 1158 gel
Lane T: Pagefuler™ proitamed proree marker W of standard pevbeins 5 madked in
Kl Lane 2 Croale wimam

total nusnber of proteins identified in the prateeme by MSME a5
100 {Fig, 31

PLA: enzymes were found to e one of the major engymatis
families of this venom (Fiz. 3. The members of this protein family
are pepocted fo induce wide range of pharmacological cifects
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including - myeboxicity, newrotoxioby,  hypatension, haemolysts,
cardintoxicity, antibacterial, coagulopathic, haemorrhege, edema,
tissue darnage and convalgion [King 2003}, In viperid venom, FLA
enzymes hate been reported fo exist either as monomers of as
compdeses, such as vipoxin and viperoloxin F {far a review, e
{Daley and Kini, 2009}, Vigaxin vem the venom of Vipera @ammo-
dytes meridionalis is a heterodimeric complex with a FLAz-like
natural inhibitor {Chain &) and a highly toxic basic enzymaticalty-
active PLA; (Chain B) (Manchewa et al, 1987). In this proteome.
five peptide fragments inchuding three unique peptides similar (o
chain A af vipaxin were observed { Accession 1408314, Table 1) One
of the peptide Fagments homolegous to this acidic subunit with
the substizution of His 45 te Gl 43 at the active site wak aiso found.
However, no peptides ivmologons te toxic basic PLAz (Chain B) wis
ohserved 0 the proteome. Similarly, BV-4 [enzymatically active)
and BV-7 {hon-tosic acldic subuskit} are thie bwa subumits sfaper-
atoin F, the major toxdc component of Vipan russelii formosenzis
CWanp er b, 1992) Six peptide secuences similar to BV subidnit
{Accession. Mo 400714) fram D, russelii samensis were found in the
venom, while the active form, BV-4 was absent. The absence af
Chain B of vipaxin and RV-4 subunit of viperotexin F indicares the
alsence of functional vipoxin and wiperfoxin F in Dobofo nessefli
yenam o South 1ndia. Howsver, bath the subunits of these toxin
complexes are reported in thie venom of [ russeli sfaremsis from
Meyammar (Risch et al, 2009} Similarly, dabolatoxin, a major Pl
foacin in I russel stamensis oo Myanmar which showes mypolonic,
nesrotoxic and cytotoxic activity (Maung et al. 1995} was not
identified in our venom rample, These differences might be due 1o
the differences in the geographical origin of O russelif and validate
their classification as distinet subspecies. b wonld be imteresting to
analyse and validate whether the inactive forms of PLA; might
interact with some other PLAy components of the venam from
South  India  and  impose  distined  synergistkc  functional

Als. at 215-nm

A

v 1 T L g I ' !

B

T I r
100 420 160 180

Bhetion volumie [mil)

Fig. 2. Gel Maration profile of rrude Doboln ruseli venom: on 3 Seperdex 75 cotumn i i 300 g iU ) swias Dot e the Superdes 73 ook pre-cguil eansd
-.:.-nh.'.dm:l’m-ﬂfl CRH AL Fravein were otunid with the sarme Bulfir o a Noew e of |omiimen and moadtored at 215 nme Prrdes praks were pookd and named a5 Teakl 1o
ek U0, TRgets: Seaie vesam protein Rmiles Mdentifed by pandem mass speceromeirg. i the el Glimalan prsi o dhowe,

‘Pleasé cite thiarrlcle inpress g5 Sharma, M. et al, Dvelling the o
‘Eaficens Mass specermety, Towdcon CH0TSY ferpeide dolorer 000G/ e SR e

S oA B

= 5] s

=r.rrmin

T I YTT1 I T YT T 111 11 Y11 TS 1Y 11T kR

[ o




Table 1

FdJdddddddddddddddJdddddddddddddddddid

~ .
m m._% List of whriotd snabks yennm peotein Gmilies as sdentified by ESI-LC ME[MS in the gel iration fractions of crude Deboly resalif veanm. The samber of smralaf g prlidied A [he unigite pepeides Idemified Bom diffecent snake
o venom Famittes are deseribad in the Sepplimestary Fg 1. z
- Mm. Sl WIRNS diegived sequence Hoof Pepiide MH- ] = Covetage (K] & Aocasshon.  Protein Homalogy with Pragein family
e He, pepridis  dom My sequest sooTe i, protein from
H Ll filteation Peak 1
.m ) 1. ARNECOWFER(TGISAECHE 2 MLla 237357 5 AN00E 1037 TO0TSS00 Fachor K acriwator hieavy chaim Drabals russellii mssell SUMPL
nmw. ASOILMETRES DM LLFTINE 1 sz 4T 3
= CILYBRLE 1 03253 IEESE- 1
o KSHONALLFTDME 1 s107 15483 3
o LK CAESGHGLec Y [k 1 10AES 201526 32
Ty NECOVFEHCTCIGAECFR 1 0743 J1eAs 3
m_. 5 M eSO HE G MVDRC T EDGE i 11 r R 1
m.,,...u SVGTVON N E EPAT (115735 2
ol 1. ARDEDVFEHITCOSAECRR i HEFS  OTAY a4l E9TAT IG2ITYBET Chiin A, Crystal Structure of Rassel's Vipes Mitioda siomensis EEL
ﬁm DECVPEHCTGOSAECPE i 07458 ZNIE 3 Vezgm Metalicprolsinise
iz CYCYHCOEPIME i 150645 150545 1
— RADHALLFTOME 1 s1707 154827 3
w..r LKPGAECCRGLecY ek 1 1CR6F W56 2
3 m. LYSTEAOFHE i CEZGE  MMERIE D
= HPC Y Som DR G PG TROE LG 1 T e -
.m“ = 3, EGSHLVSLHER 1 AIL4E 132081 T 5835 &304 RS Coapulanion Lectar K ectivaliog eniyend fight  Dabnla rissedl MRS
=R SMITTHRAPYY 1 TedEY CTRITIT R chadn, RVWL-Hht ehain =
i VLD EGWLEY RO HEYE 1 107246 214732 2. e
by & DODNFCIDARTCSLTRCAECGMIGLITELCK 2 0Ed5e I1SLEE. 3 IROE A 1RIE FRIEST  Coagulation facmr K-activitiog cicyse hravy  Maravigend isbefisa SVMPS E
2o ENCREIPCAPODK i 51350 16585 2 cnain :
: mumm CEVICHCR i 51399 02588 3 3
E = EhCHDESCIMEAVLERISE 1 R LE TR R =
T LFAHeSHHIYRR 1 EEMI4F  15BR43 1 —
JMMW QIS RATYAE DECRENOE 1 gram I 3 i
| 5= TAVTMANELGHNLGMYHDR 1 f2237 250 3 z
I LT 5. ECMEHMMMCHLYEVESmEESEFVAK 1 SEnEY  rEOhAr § 335 A0SR FEMEEAE Fastor Xoacdvatar light chain 2 Dt samensis SVMPS B
et TWEARER i b U A o
2 FOmEHPNNGHLVEVESMEEAZIVAK 1 o575 292427 3 =
. m_,_.w, WOAFENR, i o441 FEBAL 4 =
B YLPVEVPPE: 1 MWEAE 13T 2 i
—E B EDEERCESES DGR T NLLY 1 SE0ET  Z348.00 14197 e G2 300075885 Tackos W sTovator Hght daain 2 Dobils FussHlE nisely SRS il
e o cEERYRRVCE 1 EESIE 11a4AF ¥
.,W ESGYRMWENHE 1 781 4RI 2
Ve A FRHRCEER TR EVIRED. 1 ka6  DESERG 3 : : =2
Tt 7. EEFGLEK 1 BEELIG 851,36 | BE05 & 564 T3] Coaguaton Tactor B-actuating enzyme Eght Marrevizen ebrcisa  S¥NIRS -
m CTLY REWFNLNCEEMFFUCKVFRRC I WOTET A3 3 chatn =
gy | YFCYE, 1 WON34  EEIA 1
; £ DECONTEHeTGOSARCPR L] 10TEQE 21504 T 2243 &£ 958 #5235 Groop HE snake venom matalkgdobtindse Ectds poaliahie EVMBs o
: M IPAPGIVE 1 fmads R 1 [ a0
xS HELISLFGER 1 1243 NER4E T
._whh, VESSC YOI RMYLAK X grsgf  fRsklg 2 _W
g 5 DAOTRCYPSIIE 1 BOTEE  IB13Z4 . 2 B4 5E e RS IEADG P -asine-achd addase Dabobs russeltl mgely LAAD 5y
== W ANLGPMR 1 B4R0D 129478 2 w
.M._ HIVGAG MG S ARV LAGA L HE i 1E40ET UM 2 ...,”
gy IFFAGEYTARMECWIDETIE i 154 2M40E & &
e KOLaIFCY PSR p? 7143 1T4DES D e
m_w LHEPVETENGWYFTE 1 100EaT TSR 2 F=il
b SACTLYQESICE i 2ETAS . 12ED4S 1 ﬁ;."
i VEVTYOTTON 1 SES5E  MIGHDE T ;
TR 16, KPWEDOGIECK 1 GALWC 738033 2 RMEHT BTEO0EIT -aminn-acid ooxldae Eckis ocelotur Laag ..m.“
W RFLEINGGMEQLE TSR L 05670, minAn 2 3
e WY PAGENTANA HGWITGTE | Tad .54 rMisl 3
s ..u.Mu {orinmued on mef paget

3



ﬂ Tabse 1 {romtiaued | -]
..@w 5l BEGS derived sequence Mool Peptide  MHe(D2] oz Qoverage (X Aooeiiinn | Frocein Homizogy with Protein famity
By o, peplides  lon miz SECUER BOCTT i, proles ol
= 11, EWi i BEEZT  BE5AT 1 2831 .e 2E04 51258537 -aminn acid sxidade Frotabathraps LAl
e HEAHFAYTE el HER 13T Suvawirics
| s AL EEESLE 1 GITOF  FRREOE X :
B3 12, HODIFAYER 1 1WA HITAD 1 IS KITAD.  IDI207ED  Chaind, of amivo acid taidate Coffseiomma LAAD
E R LMEFSTENINWYRE 1 9378 MBS 3 rhadganan
m m, SRGLYEEFIGH i (LS T - e r S |
Ao  RAENDGmDE i gFEoR imDas.
_M.m 11, eTERQACCODYEDTLPTORWS LS i 10 RERAAT 3 3BER & GLAE 586E2H%1T Phasghodisterase Macrowipera feditita  Prosphodiesterass
g CEVTFDSEG IV 1 TEI Ie4E5E 2
m." & PEMSCEIRALOMADE 1 HMETZ CIHIRM 3
wc% CENENTEFEREV LA DLLE 1 giian CGRteDd. 3
S5 HEFYHFSPAHK 1 SGETA B13EsS
.W..... 14 NLHMCWNLILLADHGMEESCOR i (VT e I o I B & e 538250853 Fhosphodestiorase Pricsaotbrops Fhasphodieslerase
E.m.. TP PR i 13153 TI60SE Nl
= WAV MANE 1 TeAE0  1599E0. 2
Zn WETAELLTGLNFrSGLE 1 BATEA, Tigdez 3
I m o 15, STHAAFLSLESSFRRVAVER 1 e e T = 1 v SO O | o e 2 JROETSAIT Serine prodeass VISE-2 Moacrawipera febebing  SVSFE
|z WIKTMILIE i 124D TIELE 1
=L LA 1 7334 ErE ] 1
m... 16 FROLEMEK 1 G636 -k [ A W vy S 341273324 Serne byla-Rerinogerase-like prosein preiurser Dabsd fowensts SR 3
2= THTIAM SLPESPRR i 4455 GETHED 2 W
.wmn.m W DKDAMLIK : 1824 MEL4D 1 m
g b7 TLeAGILEGIITeR 1 PREAT  TERTAY 1 BLIRR 22N IROE75421 Beta-Abrmogenass Mucrawipers eheting - 3VEPE
= ML 1 R TR %
2 14, AWNECTRFYIK 1 P5754  W4TIO0E R AV4REI2ED IR, Snadec § Dabaia sizmensic Snaciec B
T CEHLLSTHBIATADFVLE 1 (1 g
S0 NHEHM DT HNPY R 1 FI6TE 14735 3
i mw.— LS ITWAFYECYEYE 1 IsE43 - ZiZ0s3 2 m
T T8, TWRNLESSODYFVCE i EH0 . I0AST 3 BR8E1R33 2MEI2RGRT Sractec A4 BearavipiTs feDeing - Snactes i
.Wﬁ_ BeFGLER 1 BEA3s EIS 3 =
LE AFTIEFE, 1 BEI4D  BEZAD 1 =
. HVIER 1 B340 G 1 =
i mw__ SGEALE 1 (= e S - I L
1y 10, WEDCWMRDEE = 1 Faa4de 11969 2 T06T & 1574 P04a0ED Dubooetn Bl Sxtunit Opbaiy ruselld ruseedil Snactec -
W,ML QRS OWIFECTEYE 1 143 Tx208s 2
i VIR 1 @35 E3635
inrenE 21, [ROCAQCABSICCDOGRF=E. ¥ T4 13335 3O0S6&4E0 FoFA691 . Adinbie (opdius brevicmdin | Disindegrm
¥y ".v_mm M EAGEBC DG SFLNFCCDAATCRER 1 BEXGG ZBE4GE 3
i MHMEAGEECOCSFC RS AATCK 1 gTza0 61571 3 ; =)
i 1 CTGICYGEVAR 1 67305 13841 2 TAl & 65 A3E55300 Echo-F eyciotidass Crosolus edomastis  Mockeoiiduie .
I VLCWLMVIFODK 1 73088 48T 2 ;
SRy AEWHE 1 - e ST R :
X EVWEFMHALER i FlaTy  1ri34r @ er
i 33, FHECNLOMUCDAVITNELE 1 BILP 343535 Y ASTEAN ERTEREEY S-nuiletidase, partial Macrswipern iedeting . Bhcletnidase Tty
Ere THPERGYVE 1 Sizas  10AZSE 2 ”M
ACVHE 1 s6139  SRAZT 1 pEs
4. AcSOENCEOATSONNSCDHER 1 74274 HEN JUETEIIS ARPIETSE Wypathetical probein LOC1 20558707 Cregalus ndamancees Hypsthecical i u
Gl HEFHPCE WL EHETERICR 1 113654 W|TE4a 3 pratein i
RHPSITLOLOVER T TEELE  18sRAg I ”,m.
25 ' 1] LSS 20131 2 TEOL & LTI CrETAEI)  Avanddytingi[C) variant ! Vipem bevus bonus FLig b
b YSLLDOGEES B 2 402 201223 3 =
CCEVHDCy GRYRGCDRE 1 ipo%gs  ADiLET 5 i
WARKEGEMmNTY D 1 5A%08 ITeESE 3 e
KRG e T Gy ORWEGE 1 =475 3538500 ] .M.Me
el fgraton Prak 2 ’ “.
26 DLITRYTSIGE 1 Ei7EE  TRIFAT 2 S04 aTREY ISA0ETEG 1-sonimo-acid axldase iAAd p_._

7797777 T7T7T1TTTTTTTITTYITYIIO90971T 191717 T 7 %



fdJddddddddJdddJdJddJdddddddddddddddddJdJl

0 TL0z 0 sy oL pLol e opxpi A L4 10 om0 A SEUL LIIPUEY
e o va{ o031 SUSAU o 5 2UERS 5 50y Py o a0 6

e 0 e eSOl A PaU & DL 85T

28.

A,

L3

34

35

3.

FOEEE MOAPTEMYR
HINTYGAGMEGLEARYVEAGAGHE
IFFAGETTANAHGWIDSTIK
KFWEBDCIgEGK

LR P TEN WY PR
NFIEEFREDDYEEFLEIAY
SAGILYQESLGY
VTVLEASERFOGR
VTVTHQETOR
YIKPSEAGK
FOENVGEMINEFTEMYT
HODEFRYER
RAGTLEVESSLGH
EGWYANLGPRIR
FOENCGMOOLPTSMYR
YTYLEASEE

B AMLGTME
HODIFAYER
SACOLYEESLR
FOFPAIGLR
LS IR R RGY e
SSEEMTEVIR,
TTOHOWLER
TWEDAEE

WG LD

GFD W ERYELYYE
AOA GRS VK
MNWEDAESFCR
TTHEWLEMDICSR
HFFICL

TWEDAEK

YHAWIGLE

FES WIS LD W NN EASDRAR
CEHLASIHSSEEER PSR
[P TR R PSP i
EFC TP
AWNECTHCPYFE
TEHLLSLHMIAEATEVLE
QEcLEDWERYEGYCYE
TWEDAER
DGIWIGLE

P B aMECHLYSIE
WIVHEATHYR
TWTHLESCIONVPRYCK

il e e ik e e e it il el e ek i i nh w e TR

-t e ped e ek e

b et et i b et b R el el

SEITO
TEOET
TEEIT
A6
PO R
HAQRE
ed1.655
aG.4T
“EE5.05
53515
BEAZ
5714
Bz
4754
saE.m
36800
ESTAE
ST0.14
BT
GU1SE
it frks
E07:23
FIRM
o HE Y
E99.40
T
R
T3lE2
VA5
Traa3
HEQ3E

53750
954,72
4l
B17.85
FETAE]
5553

166173
HAD 35

BLAT
TERSY
100584
073G
w50
BB

B11.72
LAl
B3R
73342
SHEAY
115323
$EIAD
Tala2
L]
b LR B
751.25%

155415
FTREL
o Y E -
1380531
ZT61
268550
1IE] 38
137094
1168
10769
1955091
1138.27
1 ZEE.44
128187
TSR0
B0 20
129337
173027
125347
1EIL 15
21247
oy o )
HEad?

B7e30
TinfA1
2E2538
138451
1451 74
155550

TR
ETRES
101568
29607
1544
33243%
163351
147307
ThE4 T2
2H4ET

ETS36
117,94
1691.35
15303
el

O3
2RETOE

51545
266534
132145
245035
218
Ve
91541
3GTEA3
1GET.ED

Te0A9
129071
14T8.34
FI50.75

M e a3

1El & 3456

2 130 & FLT

5400 & 4210

59020 4 248

2793 & 24TE

Ll e et Pl B RS

AR & TH2E

SHOE A 1642

3418 & 1514

1455 & BS54

TR I = TR TTREE R R T S R il e R
g —
g -
o z
L
[

3 1547

] 2351 & 11.51
z

a

11784 & HE?

TEEPO14S  L-gemera-acid cxidase

IR0 -amind-acH culdane

SIEEFSAST p-aming acid pxidase

JO0ADIEED Datwoce o beta by

3033331 ARgigpregie-A wobamil bela

T2RREERT Dabocetn subunit slpha

300450434 P31 bt subndc

I Graches §

JHP047E 731 alpha Fotumik

IO PEE wlpha subumE

TIGX 62 -Inaciecd

FTH223ED Serime Dapy-fibrinogenade-like SOOTEn precurar

BTIETRE" Thrombin-fioe eniyme elegannian-1

IB0ETEA17 Sedine prorease WLEF3

Debonn rasteir
el

Hopdisy bomboll  LAAD

Liperg ommadyes LAaAD

ormsinies

Frafoturireps LAs0
Jfirecotridls

Dbty ool Snacier
FuEF

Trimereseus Snaclac
cibalahrs

Dabals siamensh Laacler

Dateeiy rosinsts Eraclec

57§ TEINE] W neaiady | 4 @ auatgl

Aot B 2 L L Snacles

Doboby raaseli limssts Snacle:

Dabals slamé sy Shaclac

Dighiod Hamemsic Craclec

Dol wlesdts SWLFs

Frovabotfiraps slegem SWERS

B A ST SR

Rsrreiizers febetng - SvSP
seancieoed o nexd page]

=]



-

L ppososiaziesner aunrnlSioopiplng fiz) s H1awa ioads sSe Lapuer

£ oD,

4l L 930 ST A1k 2SEA LY

o San oo 11 S0 EAN TER T EULRIS 5T S

A e 140

e

Table 1 {cani=med |

. MBS denived sequecn Mo, el Fepoide BiH#[D2] 2 Coverage (5] & Accessian - Profein Homalogy with Probesn.famiiy
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DIMLIE 1 73342 . Ta3AT 1
CAELVIGEDECHIMERR ¥ aivld  1ETI4 2
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FoAHSSEVENEDE RN i bl i [ R .5 1 1 T Tl
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CERAODCCYGR 1 Egd, 10  13B20. R
Gl filration Peak 3
4R, AANLCENVNTYDK 1 EMGE  TE3SAG  PR0II&ILEE 0 Phospleoiipase fg acdic jubueit Wipesa afps BLAg
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EAVHEY ARG YoWIGOIG R i TEATA MM 3
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MY ESISHCTEESEG: | 110068 2983 2 :
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BRI AIGE S OWGG DGR i 77415 I9te4E 3
WYEVSSISHCTEESEO: i VIDEE 318537 2
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characteristics. VRV-FL-VIlla, a basic PLA; enzyme reported az the
majar toxin i DL Arsselil venom was found in this venom {Gowda
ot gl 1904% VRV-PL-Villa exhibits diverss pharmacelogical effects
fikee neroboxicity, myonecrosis, m-vive organ damaging Activiry
and anticoagakant effect (Kastur and fioweda, TRESY, In the present
analysis we have ohserved six peptide Fragenemnts of this woxin in gl
filiration peak 5 6 and B Pepaide fragments: Tomologous. o
armmedytin 1 (CHiAccession Mo, 50874332, Table 1) presymaplic
meuTotexic LA fromn the venarm.of Vipers berus benis wias abzered
(i pgal. 2007)

PLA; enzymes of Durusselii were classified into N-Iype and 3~
type based on the M-terminal respdues asparaging or serine [Tsa
pt.al, 1906). The N-type PLAz i reported to be present in 0. -
mensts, [ russelfl and D, . formosensds venoms while the S-oypris
found in Do pulchelia venom (Taai et al, 15956 However, in the
South Indian B resselii wenom, both the S-type and N-type PlAz
enzymes were ohserved along with peptde fragmenis homologaus
b PLay with (13936543, ME74352 and FX1535543] histidine (H1at
chie M-rerminus (Supplementary Fiz 1], This suggests the lack of
correlation betwsen different ‘types of PLAz enxymes [ctasalied
paced gn M-terminal amino add residoe) and subspecies of Bus-
sell'e  viper. The ohserved antlcoagulant, PLAZ  actility
(48,88 + 385 pmoljminfmifmg] and edema in experimental ani-
mals {15 pp of crude venom induced 208.3% edema in thie injected
leg of expesimental mice} {(data not shown) could be aitribated to
the presence of large nwnber of PLA; isoEnTymEL

SWSPs are the second moess abundant probeins in this wenom
profeorse. The abundance of these enzymes crrrelates with the
proteakytic and fbrinogenclytic activitses ol thiz crude venem (data
nol hown), Homologue of elegasabin [Accrssion Mo, BU116738]
from Prombothrops elegans {Dvama and Takahashi, 2000), BN@
froim Drehoin siamersts were obsarved. RV corderts coagidatlon
facter W to Wa (eo-factor in the proteembinase complex] by
cleaving at the Arg % -5er'™* band (Makayamaetal, 2011). Apart
from these, thres isoforms of ffbrinogenase similar [0 profeing
reported from D sfamensis, Mocravigena Leberird and Gloydius
Bambafi were observed in the present study (Table £).

VMBS are dlassified into three broad classes. These are, namely
PL PN Gy b e d) and PIN {a b, cand d)based on thie differemncs in the
dognain sorechrs (Fox and Serrana, 2005; Foxand Servano, 2008,
P amd Seerana, 20091 Daring envenomatbon SVMFPs cause baoth
toral and svstemic injuries which include pathological effects like
myonecrosis, haemorritage. edema formation and blistering [Fux

and Serranc: 0L Viperidae wenoms are rich souroe of these

proteins: which indwece the most profound damaging effects to the

hasement membrane of the blood vessel capillaries keading o

exicavasation of endothelial celis including  exoess Heeding

{Gutierrez. and Oy, 2003; Fox and Serrano, 0L Hence,

insufficlent blood supply and loss of bxsement mermbrane integrity
might hamper skelstal muscle regeneration (Lram 0 al, 1988

Cutierres and Bucavado, 2000 The formation of the haemor-

rhagic spot of 1.5 om jn the dorsal skin of the experimental animals

suggests the effect of these SVMPs al the site of injection (data nol
shenam ), Sint isolorms of heavy chain and three light chain (both «
and [ chain) of RVV-X (coagulation factar X activating enzyms)
were ohserved [Talile 1) suggesting that thie presence of this prodEin
comyplex in the crude venom. BV-X belongs o the I family of
metallogrotease with a heavy chain asd rwa Tight chains (Talkeys
#t-al_ 1992} The two light chains are connected to each other via
an intec-chain disulphide bond between CysTd of chain A and
CysTT of chain B. While the light chain 15 connected bo the hery
chain via another disulphide bond between Cys133 of chain A and
Cys330 of heavy chain (Takeda et al., 20073 1F comeerts coagidation
factor X fo Xa by deaving at the Arg™'-lle”* of FXCleading to severe
coagulopathy in victim/prey [Fujikawa ol dl, T9T2L

Prosence of Large number of these SYMP and SV5Fs in the
venom could be responsibie for the ebaerved procosgulant and
protealytic ectivities, The erude venemm has exhibited procoagulant
effect o goat plasma in & dose dependent mannes (Fig. 4) and it
proteckytic activity was sbierved to be 137 = 1077 wefmin miljmg
when caseln was ueed a5 the substrate. These enzymss together
may be respansible for consumptive coagulopathy in the victim.
Hinwever: the thrombus formed by SU-TLE i3 readily dissodved by
the plasmin due to absence of proper cross-linked fibrins leading Lo
picess blood Tass af the site of Injury [Fhillips et al. 200)

LAAD (57—68 kDa, monomesic form) are homodimesic high
molecular weight proteing (Tan and Fung, 2010), These enzymes
canse oxidation of hydrophobic t-aming arids releasing R
acid, ammorda and HyOz (Du and Clemersen, 200 Chen et al,
2012) The liberated Haly cawses safious . patholagies, such. as
edetnd formation, ADP or collagen induced platefes apgregation
snhibétion or sctivation, apoptosis, antibacterial effect, AnGparasio,
anticragulant, haemolytic and haemorrhagic effects (Subhr and Kim.
1996 Ths and Clotnetsom, 2002; Chen st al 50020 LAAD from A.
Blomhofi delays the activated partial theomnbioplasting  time
[intrinsic pathway of blaad coagulalicn) especially by targeting
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Fig 4 Effect of crude Dbt ruseel] vesce on bloed coagularion. a: Recalcilcackn time; ke Prothrombis lime: o Adtfvated panial chrambeplastia time. The ciot formatinn was
monitered wiing Tulip Coasion-1 coagui ssalyser. Clotting tme 'of the prasma in the presnos of Tris bulfe (20 ma pH T4) veas considersd 48 reemal deating time (NCT) Each

poini repersems the average + S0 of theee indeperuliml exgenments,

factor IX [Sakwemi ef al, 20031, Five soforms of LAAD identified in
the prodeom: were found: to be similar with protein sequences
previcushy reporfed [Tabie 11 Most of these proteins are reported 1o
inhihit AP and cotlagen induced platelet aggregation (Samelel al,
20405: Chen e al., 2012) Thus, LARD tegether with SV3Ps, SYMPs
and FLAg might act synergistically on the hacmuostatic system of the
prisy o vctim

PDEs ane high mplecular welght (=90 kDa) (Dhanaigaya o0 al,
2000 proteins reported to act a5 endohudeases on both double
and single sranded RMA and DMA releasing 5-minonucleotides
[Dhananjayaet al, 2003 In this proteeme, analogous sequende of
POEs reported  proviousty from ML leberine  {Accession Mo
SEGE20527) and  Prombethrops flavoviridis  {Acesssion Mo
SIE250H53Y [Aird et al, 23] weee identified {Tablé 5} Pharma-
cologically, PREs inhibdt plareler ageregation, decrease the mean
arterial pressure and hinder booornotion (Russell ot al,, 1963),

Mucleotidases Bélong to the metallophosphatase supeclamily of
prabeins (Aird e al. 2073) Presencs of homaologous pepides sug-
gost their presence in the venam.and they might be invmlved inthe
release of ademrosing {purines] which cape hypotendion and pa-
ralysks Jeading to prey immobilization and digestion [Aied, 2002,
2005)

(RIS are the larpest grogp of non-epzymetc proteing (115
ideatified in 0, ruyseli venom, Several peptides similar o Da-CRPa
Cr-LRPE Ch-CRPEL Ov-CRE, Dr-CRPR, Pp-CRP and a prepro CRISP
fraam crotalinae and vipsrinae subfamily wers identified | Tabie 11
They are teported to inhibit opclic nudeatide gated fon channels in
phetoreceptor and olfactory cells (Browen et al. 1895), parassiom
activated waneath muscle comtracton (Osipoy of all. 2005} amd
vaseular sinoath muscle controction (boed al. 2007%

Spaclecs are the non-enzymatic proteins abusdantly found in
viperid venarn. Peptide sequence homologous e and fi subumnits
of dabocetin documented earlzer from subspecies of B rasselii were
identified {Tabbe 1) ¢ dabooetin is repomed tobind o glycogaodin
M of plaieler to induce inhibitory cffect on nstocetin-induced
platelet aggregation (Zhang et al. 2006} Simbarly peptide se-
quences analogous oz oand B subonits of PH {Accession Mo
I00400434) and ¢ subunlt of PGS [Accession o, 300490470,
cratoreline] (Accession Mo, 82129809) and snacles Al (Aroezsion
Mo, 218526485) swere 3lzo observed. Moreover, [osubunid of
albuagpregin-A [Accession Noo 3023231) reported carlier from
Trimeresurus atbelabs is a streng activator of platelet, bindlng via
CPIba-and GF VI of plarelers was also identified in this protecme
[ Andrews et L. 1996; Asaruma et al, 2001; Donmann @ al., 20013
Thé abundance of snacecs in this protecme might be the cause of
prihanced coagulopathic disorders along with SVMPS, SV5Fs and

PLA; enxymes in the envenomcd victims,

KSPE are the low molecilar weight preteins having 5080
amine 26 regiduel with a conserved Ewiicz matf typical oo hovine
pamcreatic trypsin inhibiter (BPTT) (Mourza and Schwiartz, 2013,
Marjen et ab, 2014). Upon envenomation, KSPI may inhibit
teypstn and chymaotrypsing Guo et al, 2013} potassium and calcum
jon channel [Schawveitz ef al, 1994; Stofz of ai, 2000 a5 well a5
exhibic diverse pharmacalagica] effects on the victim like Glrino-
bysis (00 et al. 2013) and anticosgulation (Earl et al. 2092). We
have identificd three jsoforms of KSPE having sequence similarity
with trypsin inhibitor precursor-4 and -5 reported eardier from
0. siomensis (Guoer al, 2013) and KEPI-4 from D, v resselii [Table 11

Disintegrin are the palypeptides rich in cysteine residuss Hber-
ated by the proteshytic cleavage of multidomains of metal-
loproteases in the venom (Calvete et al, 2005) They are found fn
the viperldae family and are known to cause inhibition of integrin
Teceptors (Calvete, J005]L Twe peptide fragments homalogous Bo
adinbitor [Accession Mo, 0365991 a disintegrin with RGD matif

froam Glaydius brevicaudus were observed in the versem. Dislntegrin

wilth BGD modf ane reported fo inhdbit angicgenesis angd plateiet
aggregation. Sequences similar to disintegrin CV with BT integrin
inhibitoery modf stodied previousty from Cerestes wipera were @lso
ohserved in the erude venom [(Sanz ot af, 20061 These observed
peptices are fourid to have sequence similarity with Russellistatin
reported from DU russedll (Sang-Soler & al, 2012}, Disintegrin CV 15
repacted o inhibit cell adhesion and migration via collagen | and B,
anti-angiogenie and Interact with 1 and @1 of integrin (San: of al.
2006) The integrin receptor Inhibitory loop with RGD motil ks
antagonist to Pland B3 (aefly, zaf, o, B, wpds) integring while
the inhibitory loop with KTS is specific to alfl (Calvete, 2005
Catvete el al, 20101

Peptide sequence simbar to VMGF-2 reported eardier from £
rsselii of Taiwan was ohserved. VHGFs are reported to canse
apoprosis, vascular permeability and wound healing {13 et ., 1880k
Ctten =t ab. 15843 A few peptide sequences identified in the jro-
benime were similar to Vegs tin and Vegf-A described earlier from
snakes of viperinae Femily [Yarmazaki et al, H#I, W8k These
proteins are reported to cadse nitrc oxide induced hypHerson,
angiogenisis, capillany permeability, cell proliferation; migration
and anti=apoptosis (Yamazaki cf al, 20097

Apare from these well-known - protein families, peptde. G-
quences simifar 1o-a hypathetical profein feponed in the tran-
seriptome of Cremiis odamaonrieus [ACCESS 0D b, SATOTETSE) was
Hiea phservest by the venom proteome {fokyta ebal, 20120 Iweill be
interesting to understand the role of this protein in the whale
vemam during emvenomation,

Tleaire e ThIS rtiCIE in Dress a5; Shdima M. ee sl Uil the pomplesities ol Cabola nisseli veram, e T
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5, Conclusivn

Analysis of the proteome of Indian DL neseli by wsing tandem
mass specirametny has enablisd an in-depth understanding of Ch
potential todc compeRents in this venom, This correlanes with the
clinical manifestations of Russells viper envenomation, The protein
profite shows clear distingtion with T ¢ siamensis from Myanmar
although they belang ta the same species. The absence of daboda-
tein (thve major bethal componient of Myanmar wiper] in D0 n russelii
and the absence of CRIESPs, VHGE K5PL nudedtidase and phios-
phediesterase in D v stamensis clearly indicate the variation af
venam coempesition in these subspecies. This study reports i
presence. of nucleotidase, CRISPS, disintegrins, VMGF and VEGF in
Indian 0. r, rugseldi venom for the first time. Such protegmics studies
an the venoms of Indian . v russelii from other regions need o be
carrbed gut for better understanding of the venom variztion, This
will help in designing berter quality, regio-specific anlivenoms
swhich might cedweoe the pecurrence of anaphylactic reackions in the
Ve
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Administrative
MNo. BT4INETER/2010
GOVERNMENT OF INDIA
MiMISTRY OF SCIENCE & TECHMOLOGY
DEPARTMENT OF BIGTECHNOLOGY
[NER DIVISION)

Cr T

Block-2 77 Flaor
CG0 Complex, Ladhi Read
Pl Dielhi- 1 10003

[ratad ,.-"z;. FSraegy
BRER

Sanchon of the President is hereby accorded under Rule 8 of e Dyrlagaton of Finanna
FPowers Fules. 1878 far 1he inmplementation of he-project Undler 0BT Twinmmn progranens
for the NE' Lited “Search for novel freatments for anaks venom poisoning @ Compasiting
aralysis of Maia naja end Dahoiz russelli venoms. and compiets charpcterizaton of Lo
major toxins" by D Roten Dedey, Uepadment of Mclecutsr Miolagy sad Bictechrdony. Terpor
Liriversity - and Prof, [ Velmironan . Wnvesite of Madrias, Chenha ang Pral 11 5 Wiarwe 1zt
Deparmant of Sluthes in Biozhomeslry, Univarsty of Riysore Mysore, 219 1ol cost of £408.008
lakhs (Hupees One Crow Foor Lakhs z2od Naocty Thousand oy for o sead ol H
voErE, on the termE and Conmibons detfied e g

=0 The Projech

2% Project Title:. Search for novel freatmicnis for snake venom pic s Aring:
Composition analysis of Naja asia and Daboia rosse!lf venums anc
compiete characterization of their major oxins

22  Project Investigators
2.2.1 Principal Investigator: Dr. Robin Doley,
Azaistant Professar
Depanment of Molecular Biology and Bistesanalagy,
Tezpur Wnversity
Tezpil-T84028,. Matrizt Somitpor
Assam, Inchia

2,22 Principal Investigator: Prof. D, Velmurugan
[Collaborator 1) Professer & Head
Centrd ol Advancer Stidy in Crystaliography and
Hoplysics, Uneeesity of Masdras,
Guindy Campus, Chennal-500025

2.2.3 Principal Investigator: Prot. B. 5. Vishwanath
iCollabaratar 1) Professor
Ceparment of Studies in Biochemistry
Unvarstty of Mysare. Manasagangolr
Myzare- 57CI0G

—f

P EiES




2.3 Objectives:

] Delermination of venom: composition

v Isaiation and purification of major taking

= Blochemical and pharmacdiogical characterization of the toxin
= Determination of aming acid sequances of toxing:

= Determmation of threa dimensioral etfuctures

24 Time Schedule:
The duration of the project i3 threée years from the dale af issue of sancton treas

25 Fellowship Conditions:
IRF emolumentt shall be 216,000~ + HRA for the: 1% two vesrs and T 180097 + HEA for
tha 37 vear for SRF and apeiicable. on W IF JRFISRE is NET/GA TI':-'E_"-L’IHIMC geralded

eiersise of ghafl bo T 12,0005 4 HEA far the 19 fag years for JREand T 14 Q006 + 4
for the 37 year for 8RF

L6 Eguipmont sne Manpower Details:
6.1 Tezpur University, Terpur, Assam

(o) Eguprmonts; () Manoodrog vl 1 2 printen . (i) Sridient FEE {il] Statas bl

], Shaker ifculdior (v) Ligsue hartzgeniser (v Micropipetie (vl HELO f'._-'_l'umr“-u farii]

afrgeratod Guritrifiege () Bengh top cenk |“|r'-' WMo refraigemartedd (2 UV VIS
SpTtorn tohvelar -:r'rl S o ey .'L"-a HEr-fan -!"J'l.‘:['-‘*ln A L':-N voolesl pnahinrirsis
B L AT S s e BT s ety D | i, Shrer Mo ol

{b) Manpower:
e =R __ {Rupees in lakhs)

Pn‘sitlnﬂ | IstYear | llm:l year  lird year | Total
CIRF (1Y@ 16060 Torthe 77 | 211 | 347 |1 238 | 'é6n
| twis years & for the 37 year
! SRF @ T 18 000/ respectively | , |
[ *10%HRA :
1 Project assistant @ ¥ 8500 0 oA 046 096 288 |
fmuarth o : A [
TOTAL [ G 77 A I . - S e 573

2.6.2 University of Madras
ta) Equipmionts: Nil

[9) Manpower:
- D ey : ARupees in lakhs)

P_n_sl_;mn - | 1=t Year ! lind l-,raar | lird year | Total |
|1 Project assstant @ T BOOGL | 085 | D56 088 l'“ﬁa 1
P |

Ahd s
>

Lol i
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—1
..L‘ R S
-1

2 d University of Mysore

(o} Equipments; (i) HPLC spstes () LY VIS Spedtrophoimelar

(b} Manpower:
Hmwn;a ir I-1r-:I"-,,

Position | Ist Year Iln{! year  llied year  Total

g [ F‘fr:lj-“ut Assistant f_.} T E000- 098 0 Be Das R :
L pm . |
2.7  Budget Estimate:
Thiz fotal cost of the prussl 90490 lakhs (Bupees One Srare Four izhbsoand SNinely
thousand only) as per badast girmrary awen befows
271 Tezpur University, Terpur, fssam
CHLi e B o
st ; i
E"IE‘F!H'{ | ?114_ e vimar Hire ':||'\'.' il Tosbul
Mon Becuarning sEouipiiemis 11 B 5 1 0 (i 14 4
and BRCEAROries) )
HEII:LH’"I-H'J
L Manpower Sl L 1 ' 3.3 a4k
| 2. Consumabies f 1-,:r i TR 5
| 3 Frfh'l:'- L R - E75 (B . £h
4. Gnntie gty AR b {1 il 1Al
, Crverbead -:'ha"g.;s | 180 050 0. 550 200
['-i!n:-n Hecurﬂﬂg ¥ He-::ul {af 49,53 10.82 9.00 g8, 84

2.7.2 University of Madras, Chennal,
(A upees [ lakhs)

Heads st ¥ear  limd vanr lnr-:f '_:.rE|E|r Total

i M-m'l Recurring (Equipments [
| and actessones) 908 | ooe 0.o0 0.00

Rm‘:u rrlr:lg 1)

=

1 *ﬂanpcwaf B | 0 0.8 RS f

L& Consumables 1 L&D |80 T-50 4.50 .

3. Travel Y - 0 50 .50 |

-4 Conlingency | a0 o030 030 0.90
'ﬁ LOverhead charges o .40 03 1.00

 Mon Recurring + Recuring | 366_' 366 358 10.78

)




7.2 University of Mysore, Myzaore

Heads

Non R;_--::unrinﬁ_ )
(Eguigments and

Ist Year Hrvel yerar

| Scoegsanss) D |, (1 fit)

| Recurring

|1 Manpower L.&6 .50
v heDsuables bt )
A Travel { E (et
AL Age iy { it a | (T
ﬁ ._._ur-||l.i'\|1a-!-] :-h.‘-].'gl?":g | i1 ik | e
Feirs Rocurinag | '
r-'::'.:l.-l.-:lll'lg FEG L |

Carars Folal Teq 5 S ong F o S R L N A

g

tab Fotal far el ear relenss (280 0540 8Rae 'y Ty

28 The exponditute o dobit able ta:
Chenpiang S B
S O

i
el

aoHE =TT

B B G e Lizaiils

2.8 Qe Tarms & Condilidns:

{Rupeas in lakhs

lird year

{1 11k

008G

(.o
LES0

Al

|IJ_.!:-'

151

Tatal

10y

2,88

.00

1 54
s

|

X1 15

-

SR80 | ks

R ol b L B T

Bepartmend of Biotechnology
agenliie Rescach ivuor Heay
[Sdsemarn i Clfvednpinent
sernghagy
EAdTT=T 1=

291 The othér terms and conditions goverming this sanction aro attached atAnnexurs 1.

282 A M&mufar-.;'-.rm of Agreement (MoA) wil be signed between the depariment and the
gravtee iratitule an a ¥ 1000 stamp paper in the farmat aivien ot Annexure Il and the
subseguent releases will be made only after signing of Moh by the grantes institute and

s acceptance by DBT. All pages need o be =

gned by the Pl and the farwarding

Authoeily and the Med returnad to DB within 30 days of issue-af this letler

210, Thiz issues under the powers dalag

ated o this Departiment and with the concurrence of

IFD. DBET vida ther Dy No 1020 F QUSANTTE2Z010.2011 Dated £4-03-11

2408 This sanclian order bas bean roted a senal Ma, 584 800, 56 . the Regster of

Grante.

2.10.2 The accounts of grantes institutian shall be apen to nspechion By sanctioning audsary |

audl

)
L acrr"

o

{Or T Madhan Mchan)
Adviger
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Ta

TneFay & Accounis Officer,
Dzpartment of Scierca & Techialogy
New Dethi - 110018

Copy ta

1. The Principal Director of Audit [Scienitic Department), AGCR Building New Delhi - 110002

2 Cash Section, DBT {2 Coples!

4 - Banclion Folder.

4 |F3, DBT =

= The Registrar, Tezpur University, Terpur- 84028 Dristrict- Sonitpur, Assam

©  The Registrar, University of Madras, Chepaut, Chennai- 800005

I g Registar, Universily al Wy soid Vishwandyaiaya barvasouig
Crawfard Hall, Mysore- 570008

& [ Robin Doley, Agsistant Profassor Diepaitment of Molecular Biology and Biotechinnlogy
Tezpir LUnwersity, Tézpur-784028. Disticl Somigdr, Assam lroia

 Prf D Yelmunigan. Professnr & Head Cerins ef Bvanned Study iy Crrpsialisgrsphiy frin
Biophysecs, Linivarsily of Madeas, Crandly Caanpos, Chimndi-GOa00

R Prof. B-S; Michvanath, Deparsent of Studes i Bigsieg izt Limivgrsiy: of Mveors
WMarasagangolr, Mysore: 570008

Concern Ml
LLE PO to recapiropriate the budoet fiam the NER Leithprt

(. T, Madhan Mohang
Aguiser

o3



No BTANNE TR 2010
_ GEVERNAMENTOF N1
MINISFRY OF SUIENCE & TECHNO OGY
DEPARTME ST OF BIOTECHNGE OGY
(NER DIVISION,

R T

Blesk-2 75 Flan:
Gl Dompied, Ladhr Bsad
ffaw et 118003
Dated A 520

DROER

Irreentinuation of this departmrerz sanchon ordar af euen Ausyses dated At '-.',- 5 F A mAnelian
of the President of Indig 8 nereby acesrod under Role 18 of the Datigation of Fine s
Famers fttin 1978 for fie release of st year grond af € 4933 lakhy (Rupees Forty Mine
takths wad Ninety Three Thovussod only 0 The Fraistiar Terpur Gniverssy Tessie ol Y
smplernsntation of the project under 8T Twinning programene for o 8 e |'|.'.f:_:;.' et TS
fl'.l'r e |E'l:"-l'51.|'|'“!'"==i for Ef:ﬁh'& o T aEsla .Iﬁf:]s,nn”]:.f 1 C.“::“purﬁiiﬂ,r! HFTEI'F"""E-I-":C v i -':'-:Ell.-c'-' el
Daboia russell venoms ano camplets clarecivrzation of  thei n{ajq_.; :.;,;.;n;-,-, [0 4 g
Fobin Doley, Depantment of Malesufar Bicloay and Fictechnoiany, Teemr Universi: afd Dol
D, Velnmrugan, University of Msdias, Guindy Gampas Shansil zndd 100 505 Vishwanat

2 = o 17 e i F : -
Breparmait af Sudios | Bicchemistry. Manassgangetn Mysore:, 25 poc the gelas grees T

v ansas i Bakne
T seAmt e fee 3
| en Recurrinig ; e p
|iEquipent's and bccasances!
Recurring

|1 Manpower

I 4. Consumalies | 12040

3 Travel | (]

4 Lontingeacy £.50

| 5.Qverhead charges _ ! 100

{ Man Recurmng + Recurniing | s,
{Rupees Farty Nine lakhs and Ninety Three thousand only)
1. The other tarms and conditions governing the finangial sanction wilf remain unalteres

Lj saran IEHIILRE SEl e apag to am ehion by tha i aliat
autkaritylaudi :

Paae 1 of 2

\ J v =l b bl d Y



4 The ameunt T 49,93 lakhs (Rupees Forty Nine lakhs and Mingty Three 1"“3“5-3"{-' ':'-;:;r'}.
witl be deawn by the Drawng and Tisbarsing Crhcer, Department of Biclachaoiogy, _e*
Delhi gnd mstibued to “The Registrar, Tezpur Universily, Terpur- 784023, Dhsincl-
Sonitpur, Assam” by.2n arcaunt payes Demand Ot Chegue SO

4 The expenddareis débtanis to

Demand Mo 88 Drepartrient of Biolechinolagy

Ae2sT : Oitner Seientific Researce [Major Heac)
24 Research and Develdpmneit

29 04 Madical Biotechnology

28 04.31 Granis-in-aid 2010-1 t[Pian)

e =
This issues under the powers delegated to this Department and with thesorcuréenca ol IFD

DET wde their Dy Mo 102F DUEA NTTHEE2010-2011 Dated 04-03-11

& This sanction order bas been nated 2t genal Mo ?i-'ﬁf; in the Reqister of Crants

i l e B B 1| e B G Eifiente ig Ant apalicable
7 Ppirag fe fest rélrase of the project, Liblizalen Coerfificate 18 not a2 |
I v
#l 'll
L o e
|'._- A ..__.-'

o ¥ Wladhan Mahang

Silbiser

T

iy |

The Pay & hocpunts Oficar,

Pepar i nl el Soeniad Techrmany
Mner Ll - 1TELDTS

o

Thie Principal Directer
Cash Sechon, DEBT (2 Copees)

Sanction Folder

iF CET

The Registear, Tezpur Usiversity. Tezpur- TEANES Mhsitiel- Ennlt_r_ml-'. F-siarf'- E—
O Koln Didey, Asclstant Protessor, Depsiimen of Melecular Bislogy and Biotechnology
Tezpur Linivarsity, [arar-TRADSE, Distrcl Semipur Assam, Ind:a

Concern fike

B S{IFD) la re-appropriate the budgel from the NER budges

it it (Sciemifc Departmient;, AGGR Building, My Clalhi - 110 007

oz % o B L P MR o

| ]
o e

i T Wadhan MoHan]
BOVITET

-
Pame 3l 2

lﬂ_I_'LT'I_T?'I_T_T_?_?_?_‘LT?‘I?1???????‘1????7?‘1?1‘_'1
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BIOTECH CONSORTIUM INDIA LIMITED

N\

B Foar Anuvral Bhawan, 2100 Dean Daval Upadnpdya Marg . Mew Delhe 110007
Tel - 2337 4064 BY Fax - D11-2321 0063
Email @ nfiy br@na: v, brigsihaiivent com: Website : hep S bed g

RO INE R RPRC 201 Fliag

BCI

r-

MR 2 4 5

FPhes ioigistrar
T AR T sy
Mapaam, Sondtpur
| 2pur- FRANPR:
LS

| Wkt

Sub.: Release of grant to the implementing agency of the project entiticd 'Search (o
treatments for snake venom peisoning: Composition analysis of Maja. mafa and

russelll venoms and complete characterization of their major toxinsg” under DET s Twoio e
Program for the NE

A o may be kindly aware, the Deparmeit of Bratechnology (DT ), Gowiirmmonl ol drid i
it i Morth Bastern Region-Biolechnolegy Programme Managomant Cel EME R EIPRACT tesf rrvears
Bitechnology m the North Eastom Region of India thrpgh Ristoes  Cansartiim i | il
Loy pramalicd By the Department of Biotechnoloogy

W are pleascd 1o mbkorm you that DT has Sanchoniad 2 HEIT S rA N Tolirrs el
it aben oot sl your arganeaton. Plodgse
HTAESNETTBR2010 dated Movambor 12 2035

1#41 'y

ined enclosed herowith i copy OF The ol 0ed g

_ Hizsn aisd Mg enclosed. Berswin 2 ehegue . - FADEEE dated 2417 2070 bar
Ha 880 khs a5 second yoar reloase lowsris Il e e tation of The abiotes Proee S ow oy R

Ky acknoalednea thoroosin
Framkin iy i,

Yonars: faitkluhy

o] Kumers

[hespacids Bt o
CC for kind information to:

M Raobin Doty

Assislant Pralessor - Departmeant of Moicoular Hiology and Biotechninfony
Tz pue Uiniveraily

Mapaar, Sonitpr

'.I.-.-"::I-.I!' FRADH AEsam
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Appl. Mo, C1-51
Fila No. BTI43/NETBR/2010
GOVERMMENT OF INDIA
MINISTRY OF SCIENCE & TECHNOLODGY
NEPARTMENT OF BIOTECHNOLOGY
(NER DIVISION)
Block-2. 77 Floor,

CEO-Complex, Lodhi Road
Mew Delhi-110003
Dated f2 ¢ FF fanmz

ORDBER

In continuation of this department's sanction arder of aven number dated 14 / 03 /2011,
ganction of the President of India is hereby accorded under Rule 18 of the Delegation of
Financial Pawers Rules, 1978 for the relesse of the second year grant of ¥ 8.98 lakhs
{Rupees Eight lakhs and Minety MNine thousand only) to The Registrar, Tezpur
University, Tezpur for the implementation of the project under 'DET'a Twinning Frogram
for the NE' tited “Ssarch for novel treatments for snake venom paisoning |
Composition analysis of Naja naja and Dabola russelli venoms and completq
characterization of thelr major toxins" by Dr Robin Owofey, Depariment of Molecutas
Biclogy and Biolechnology. Tezpur Uniwersty and Prof 0 Velmurugan University of
Madras, Guindy Campus, Cheninai, and Prof. B 5. Vishwanath, Deparment of Studies in
Biochemisiry, Manasagangotn, Mysore, as per the details givan below

(Rupaes in lakhs)

Hesds 2 Yoear
Recurring ' : :
1. Manpower i 27a
| 2 Consumables I 4 54
I 3 Travel 073
| 4. Continganty ! 0.50 .
[ & Owerhead charges {39
TGTAL| B.89

{Rupces Eight lakhks and Ninety Nine thousand anly)

. The other terms and conditions governing the financial sanctien will remain unataned

. Both NER & Rest of India (Rol), Institutions scientists should work together for the
objectives stated in the sanction of the preject and any deviation fram this weisili attract
closure of the project al any point of time.

In the project review meefings, both e Pr's from NER & Rel Institutipns should
paricipate & make presentation

The culcomes of the project such as research papers, patents. capy rights et shouk
bey rade jointly.

The NER Sclentists are to be Wained at the colfaborating insttute approprately 1o
empowar the NER Scientists :

E“.‘l

Mape Lof2




7. Tha project pargonal such ag Rescarch Asscciate, JRFISREF . Research Assistant ard
also to ba trained al least once in the collaborating national instidute

8. The collaborating instiule scentist should visit NER instifutions mone frequeantly to guide
HER scientists in design and conduct of experiments,
9. The account of the guaraniee institution shall be open to inspection by the sanclioning

authority'adit

10 Mi's Biotech Consortium India Lid., Anuvral Bhawan, 210, Deen CDayal Upadhyay Marg,
Mew Defhi-110 002, whio is administrating the: Northy Eastern Region Bwtechnology
Program Management Cell (MER-BPMC) of the departmant, . heraby authorized (o
disburge the amount of ¥ 8.89 lakhs (Rupees Eight lakhs and Ninety Nine thousand
only), as referred in para 1 above. i faveur of “The Registrar, Tazpur University,
Tezpur- TB4028, District- Sonitpur, Assam”, by an account payes chague/demand
drafi ikt sehamia North Eastein Region Biotechnaology Program

11. This issues under the powers delegated to the department and with the cancurrence of
IFD, DBT vide. Dy Mo. 102/1.F DMSAN/3I086-3098/2012-2013 Dated 26/09/2012.

12, This sanchion order has been noted at Serial Nu:--.%g in the Registar of Grants.
13 A copy of the UC-5E for the year 2011-2072 15 enclosed

14 The Compeatent Authority has allowed & sum of € 28,45 B96/- to be carnied forward fo 1he
curen iinanciai year 20122013
\ i3 .'(I I
"_l'-.'ll_. g i i "I :

(P Waishal Panabi)
Scierntist T
To,
Tha Pay & Accounts Officar,
Department of Biotechnology,
Mew Dalhi- 110 016

TRy w
1. The Principal Director of Audd (Scientifie Cepartment), AGCR Buitding, Mew Delhi - 110
002

2. Cash action, DBT (For information onby)

3. -Sancton Folder

4. IFD. DBT .

5. The Registrar. Tezpur University, Tezpur- 784028, District- Sonitpur, Assam

fi. Dr. Robin Dokey, Assistant Professor,  Department  of Molecular  Biology  and
Biotechnology, Tezpur University, Tezpur-TEA02E . District Sonitpur. Assam

1. . Concarm file.

B. The Managing Direclor. Biotech Consottium India Lumded, (NER-BPMC), 5" Floor

Anuvart Bhawan 210 Daen Dayal Upadhyay Marg, New Pelhi- 1100482
i i
1'-,:'..-. - -j'u- ]‘I.u ﬁ__..,. j A

(I Waishah Panjab)
Scigntsl

I.EJL?_'L’L

7727777717211 9177991919799 111912222
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3\“{ BIOTECH CONSORTIUM INDIA LIMITED

BCIL

Sth Flocr, Anuvrat Bhawan, 210, Deen Dayal Upadhyaya Marg, New Delhi- 110002
Tel : 2321 9064 - 67 Fax - 011- 2321 G063

Email : info.beil@nic in, beildehif@venl com Website - hittp-feaww bell nic in
BCIL/INER-BPFMC/ 2014 Soeptember & 2014
The Registrar
Fezpur Linivarsity,

Napaam. Tezpur-784028,

ALSEM
Near Sirkfadam.

Sub.: DBT's Sanction Order No. BT/43/NETBPI2010 dated September 3, 2014 for implementation
of the project “Search for novel treatments for snake venom poisoning: Composition
anlysis of Nafa naja and Daboia russelli venoms and complete characterization of their
major toxins"at your organization: Release of 3 year grant

A5 you may be kindly aware, the Depariment of Biotechnology (DBET), Government af India, has
setupa Noni Eastern Regon-Biotechnology Programme Managemen: Call (NER BEMC) for promotion of
Biotechnology i the Nanth Eastern Region of India through Biotech Comsartium India Limited (BCIL), a
company prometed by the Department of Biotechnology

W afe pleased to inform you that DBET has sanctioned 3™ year dgrant towards impiemientatian of
the aboye project at your organization, Please find enclosed herswith' a copy al (he Release Ordar Mo
BTMINETBR2010 dated Soplember 5 2014

Oirr Accounts Dwision has transferred an amount of Rs 4 60 lakhs as 17" vear release lowards
Implementation of the above projact at YOUN DRJEMZEION 35 pel the 1allawing bank gétadis

Atcouni Holder Mama Regitrar, Tazpud Universiby
Mame of the Bank. Sfate Bank of India. Tespur Branch
Hank Accaunt Mumber A0L4582 1505

IFSC CogeMICR Code SHINODOD TGS

Kindly acknowladge the recaipt

Thanking you,
Yoiirs fathiully

{(Vinod Kumar)

Doputy Manager
CC for kind information to:

T The Vice Chancellor, Tezpur Univarsity, Mapaam, Tezpur- 784028, Assam

2 Dr: Robin Doley. Asssiant Protessor Dapt of Malocular Biolagy & Bintechnatogy Tedpur Unversity
Napaam, Terpur-T84028, Assam

JddJddddddddddddddddddddddddddddddidid
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Appk Mo D1-51
File Mo BTAIMNEST BRE201 0
GUENERMNRAEMT AR (Wi
RUNISTRY OF SCIENGE & TECHNDL OGY
DEFARTMEMN]T QI BT TEHMNOLOGY
R DA SR

Block-2, 7" Figar,
LRl oy o Mg

POV T i RIS
Patog 5 "'j" (R
RDER
In-cantinuation of this deparimeont's: sanchan order of even aumber. datod 14032075
sunction of the President of india s heraby Scoded under Rule 18 of tho Delegatian of
Financial Powers Heles, 1878 for tho rafoase of the Third year grant of £ 4.50 Iakhs
[Rupges Four lakhs and Fifty thousand only) 10 The Registrar, Tezpur University,
Tezpur, Atsam for the implementation of tho progect wnder 'DETS Twinning Crogram o
the: NE' titled “Search for novel treatments for snake venom  poisoning
Composition analysis of Naja naja and Daboia russelli venoms and complote
characterization of their major toxing” by D Robin Dolay, Depermnn of Moieauisr
Bitlogy and Riotechnology. Tazpur Wnversty and Prol 1 Velmurugan, Univers Ly af
Mil_ﬂrél*.%-. Chennal, and Prof. B, 5 Vishwanath Peparmant of Siodies in Bioghosisl,
Univarsily of Mysore, Mysore 25 per the details given below:

(Hupees in lakhs)

Heads | 3™ yagy
L Mon Recursing '
jEgquipmant s & Sceassnnng)
Sub Total -1, 0.00
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Continonnay 020
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GRAND TOTAL (1+11)| 450
"Thee balance undar MIE e (2 0013 lakbs) hos besn o
Approfrad i ovorhead
{Rupees Four lakiis and Fifty Thowsand onfy)
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f. Tha SNER Scienlists arg foobe fainan a3l theeoliahariliog, nsttute frgeapnatshy 1o
crmpownr e NER Stentisls;

T Thepraject porsonal suen as RBoseamh Associzte JRFIGRE. Boscareh Ass:siaml e
alsa to be trained a1 ieast aies in e -colaboratiog nations mstis
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autharityfaudil.

0. MY's Bictech Consortium India Lid., Anuvrat Bhawan, 210, Decn Dayal Upadhyay Mg
Now  Delhi-110 002, who is administrating the North Eastern Repion Bidechnakoy
Fragram ‘-.ﬂ-graannnm Coll (NER-BPMC) of the depariment, 18 heroby aothorioed 1o
dishurse the amaunt of ¥ 4,50 lakhs [Rupees Four lakhs and Fifty thousand only)
as referred in para 1 above, wlavour of “The Registrar, Tezpur University, Tezpur-
7E4028, District- Sonitpur, Assam®, by an account payoe chequoeddeémane draf
undor scheme Nonh Eastern Region Ristachnolagy Frogram

.-1

11 This issue under the powers defagated to e depanimont and with the cancurrance £
IFD, [T wide. Dy No. 102/ F.DISANMTEER-1E89/2014-2015 Datod 310712014

) )
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i oA copy of thit UG-BE forthe year 2013-2014 15 enciosad
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Utilisation Certificate

{far the financial year ending 31¥ March 2012)
{Rs. in Lakhs)

1. Title of the Project/Scheme: "Search for novel treatments for snake venom polsoning:
Composition analysis of Naja naja and Daboia russelli venom and complete characterization of
their major toxins.”

2. Wame of the Crganisation: Department of Melecular Biology and Biotechnolegy, Tezpur
University
8 Principal Investigator: Dr. Robin Doley, Associate Professor

Depariment of Molecular Biology and Biotechnology
Tezpur University, Tezpur, Assam, India

Off: +91 3712 267008 Ext 5412

Email: doleyi@tezu.ermet.in

i, Ceptt, of Bictechnelogy sanction order
Mo, & date of sanctioning the project: No. BT/43/NE/TEP/ 2010, 14/03/2011

T, Amaunt brought fForward from the
previous financlal year quoting DBET
letter Mo, B date in which the authority
to carry forward the said amount was
given: NA

5, Amount received from DBET during tha
fimancial year (Glegse give No. and
dates of sanction orders showing the

amaunts paid): 49.93
7, Other receiptsfinterest earned, IFany,
on the DET grants: MNA
&, Total amount that was available for
expenditure during the financial year
(Sl Nos. 5.6 and 7): 49.93
g, Actual expenditure (excluding commitments)
incurred during the financial year (statement
of expenditure i& enclosad): 26.12B16

10.  Unspent balance refunded, if any
(Please give details of chegue No. etc.): NA

11. Balance amount availabla at the end
af the financial year: 23.80184

12. Amount allowed to be carded forward to the
next financial year vide letter No. & date: MA

dddJdddddddddddddJddddddddddddddddddd




Certified that the amount of R5._ 26.12816 Lakhs_mentioned against col. 9 has beéen utilised
on the projectfscheme for the purpose for which It was sancticned and that the balance of Rs.
_.23.80184 Lakhs_____ remaining unutilized st the end of the year has besn surrendered to
Govt. (vide Mo, dated __ )/fwill be adjusted towards the grants-in-aid
payable during the next year.

Certifled that I have satisfied myself that the conditions on which the grants-in-zid was

sanctioned have beer duly fulfilledfare being fulfilled and that I have exercised the following
checks to see that the money was actually utilised for the purpose for which it was sancticned.

Kinds of checks exercised:

1. (Cash Book)
Z. (Ledgers)
3. Wouchers)
4, {Bank Statements)
R 8 ey
KB/ 39 .00-1C
(PROJECT INVESTIGATOR) (FINANCE OFFICER)

- - e TR

(HEAD OF THE INSTITUTE)

(To be countersigned by the DBT Officer-in-charge)}

JoddddddddddddddddddddddddJddddddddsdd
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10.

11.

12,

Utilisation Certificate

{for the financial véar ending 31% March 2013)

{Rs. in Lakhs)

Title of the Project/Scheme: "Search for novel treatments for snake venom poisoning:
Composition analysis of Naja naja and Dabofa russellf venom and complete characterization of

their major toxing.”

Mame of the Organisation: Department of Molecular Biology and Biotechnology, Tezpur

Liniversity

Principal Investigator:

Daptt. of Biotechnology sanction order
Mo. & date of sanctioning the project;

Aamount brought forward from the
previous financial year quoting DBT
letter Mo, & date in which the authority
to carry forward the said amount was
P

Amount received from DBT during the
financial year (please give No, and
dates of sanction orders showing the
amounts pald);

Other receipts/interest earned, if any,
on the DBET grants:

. Total amount that was available for

expenditure during the financial year
(Sl Nos, 5,6 and 7):

Dr. Robin Doley, Assocliate Professor
Department of Molecular Biology and Biotechnology
Tezpur University, Tezpur, Asgam, India

Off: +31 3712 267008 Ext 6412

Email: doley@ieru.ernet.in

No. BT/43/NE/TEP/2010, 14,/03/2011

23.80184 (No. BT/43/NE/TBP/2010, 14/03/2011)

B.98 (No. BT/43/NE/TEP/ 2010, Dt: 12/11/2012)

NA

32.79184

Actual expenditure (excluding commitments)
incurred during thie financlal vear {staberment

of expenditure is enclosed):

Unspent balance refunded, if any

(Pleasa give details of chegue No. etc.):

Balance amount available at the end
of the financial year:

24.63762

MNA

B.15422

amount allowed to be carried forward to the
next financial year vide letter No. & date: NA




Certifiad that the amount of R5.__24.63762 Lakhs___mentioned against col. 9 has been uklilsed
on the projectschene Tor the purpose for which it was sanctioned and that the balance of Rs:
__B.15322 Lakhs_______ remaining-unuoblized at the end of the year has been surrendered to

Gowt, [vide No. dated Al beadiusted towards the grants-in-ald
pavable.during the next vear.

Certified that I hawve satisfied myself that the conditions on which the grants-in-aid was
sanckioned have been duly fulfilledfare being fulfilled and that 1 have exercised the following
checks to sea that the money was actually utilised for the purpese for which it was sanctioned,
Kinds of checks exercised:

1. (Cash Book)

2 {Ledgers)

3 (Vouchers)
3. { Bank Statements)

[

J
B 9 ]
Ty ) .ﬂfjl- o
{(PROJECT INVESTIGATOR) (FINANCE OFFICER)
-1-'::!' [ 'I!-.r.r'dl:“__r % #! : i 2

i Tpmmpe E AT

SRradds

(HEAD OF THE INSTITUTE)

(To be countersigned by the DBT Officer-in-charge)
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10

11

12.

Utilisation Certificate

{for the financial year ending 31™ March 2014)

[(Rs=. in Lakhs)

- Title of the Project/Scherg: “Search for novel treatments for smake venom poisoning:

Composition analysis of Naja naja and Daboia russelli venom and complete characterization of

their major toxins."

Mame of the Organisation: Department of Molecular Biology and Biotechnology, Tezpur

University

Princigal Investigator;

Deptt. of Biotechnology sanction order
Mo. & date of sanctioning the project:

Amount brought forward from the
previous financial year quoting DBT
letter Mo, & date in which the authoriby
ko-carry forward the said amount was
aQiven:

Amount received from DBT during the
financial year (please give No. and
dates of sanction orders showing the
amaunts paidl;

Other receipts/finterest earned, if any,
on the DBET grants:

Total ameunt that was available for
expenditure during the financial year
(Sl. Nos. 5,6 and 7):

Dr. Robin Daoley, Associate Professar

Department of Molecular Biology and Bictechnology
Texpur Univergity, Tezpur, Assam, India

Off: #91 3712 267008 Ext 5412

Email: doleyi@tezu.ernetin

Na. BT/ 43/NESTBP/2010, 14703 /2011

B,15422 (No.BT/43/NE/TBP/2010,Dt: 12/11/2012)

MNA

B.15922

Actual expenditure (excluding commitments)
incurred during the financial year (statement

of expenditure is enclosed):

Unspent balance refunded, if any
{Flegse give details of cheque No. elc. )

Balance armount available at the end
of the financial year:

B.10299

NA

0.05123

amaunt alicwed to be carrled forward to the
next financial year vide letter No. & date: NA




o dddddddddddddSJSASIIIIIIIIL ST I TN

Certified that the amount of Bs.__ 8.10299 Lakhs__ mentioned against col. 9 has been utilisad
an the project/=cheme for the purpase for which it was sanctioned and that the balance of Rs.
_D.05123 Lakhs remaining unutilized at the end of the year has been surréndered to
Gowt., (vide No. dated Wwill be adjusted towards the grants-in-aid
payable during the next year.

Certified that 1 hawve satisfied rmyself that the conditions on which the grants-in-aid wos
sanctioned have been duly fulfilled/are being fulfilled and that T have exercised the following
checks to see that the money was actualiy utllised for the purpose for which It was sanctioned.

Kinds of checks exercised:

1 [Cash Book)
2, (Ledgers)
3. {(\fouchers)

4, rBank Statements)

_ll‘_'\.

s,

—

25 b1

{PRﬂ]ECT IHFE!‘:TIGAT’ER} (FINANCE OFFICER)

g FEs

t.:.s,.ﬁ, imhe Frofeox
Dipl, ol Wesetysa
Ernlppy @l BRisenamod
-T'-‘T'.'l'l'.lu Tl e

Tosrim=Taadm, =

(HEAD OF THE INSTITUTE)

(To be countersigned by the DBET Oficer-in-charge)
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12,

Utilisation Certificate
{for the financial year ending 31® March 2015)

{Rs. in Lakhs)

. Title of the Project/Scheme: “Search for novel treatments for snake venom poisoning;

Composition analysls of Najz naja and Daboia russeili venom and complete characterization of
their major toxins.”

Marme of the Organisation: Department of Molecular Biology and Biotechnology, Tezpur

Univarsity

Principat Investigator: Dr. Robin Doley, Associate Professor
Department of Molecular Blology and Biotechnology
Tezpur University, Tézpur, Assam, India
Off-+87 3712 267008 Ext 5412
Email: doleyi@tezu.emat.in

Dept. of Biokechnology sanction order

Mo. & date of sanctioning the project: Mo, BT/43/ME/TBP/2010, 14/03/2011

Amount brought forward from the

previous financial year quoting DBT

letter No. & date in which the authority

to carry forward the said amount was

given: 0.05123 [No.BT/43/NE/TBP/2010,Dt: 12/11/2012)

Amount recelved from DBT during the

financial year (please give No. and

dates of sanclion orders showing the

amaunis paiah 4.50 (Mo. BT/43/NE/TBP/2010, 03/09/2014)

Cther receipts/interest eamed, if any,

on the DBT grants: 1.17550

Total amount that was available for

expenditure during the financial year

(S1.Nos, 5.6 and 7); 5.72673

Actual expenditure (excduding commitments)

incurred during the financial year {(statement

of expenditure is enclosed): 3.65773

Unspent batance refunded, iF any

(Flease give details of cheque No. etc,):  2.069

. Balance amount available at tha end
of the financial vear: 2069
Amount allowed to be carried forward to the

next financial vear vide letter Mo, & date; NA
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Certified that the amount of Rs,__ 3.65773 Lakhs__mentioned against col. 9 has been utilised
on the project/scheme for the purpose for which it was sanctioned and that the balance of Rs.
__2.069 Lakhs (including the interest earned) rermaining unutilized at the end of the
year has besn surrendered to Gowt. (vide Mo, dated Wwill be

Certified that I have satisfied myself that the conditions en which the grants-in-ald was
sanctioned bave been duly fulfilledfare belng fulfilled and that 1 have exercised the following
checks to see that the money was actually utilisad for the purpose for which it was sanctioned.
Kinds: of checks exerciged;

(Cash Book)

[Ledgers)

{Vouchers)

{Bank Statements)

"-\\Iﬁd.- ..-""f g m=_

ot -_—:._
{PROJECT IHH"ESTéﬁTﬂE] (FINANCE OFFICER)

Dr. Robin Doloy S
Honsneighe Professs ]

D af Masacilar Siakxgy and Biubesnoigy _ ;. i

Toagpur Univarsiy
{a Cardral Unirarsiy)
Mapaam, Tazpus- 764 (28
Honitpur, Assam (India)

(HEAD OF THE INSTITUTE)

{(To be countersigned by the DBT Offficer-in-charge)
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Annexura A

Manpower Staffing Details (In the financial year wise manner)

[THAME OF THE HAME | DATE OF DATE QF TOTAL T TOTAL SALARY | TOTAL SALARY
FERSOR OF THE JDINING LEAVING MIOMTHLY PAID DURING FAID DURING
mOST SALARY THE FINAMCIAL PROJECT PERICD
| {im BE) YEAR [im s [T s
Mr. Diganta Das | JAF Q1/0F1L e, L 2,000,00 1,08, 000,00 1,08, 000.00
Mr. D= 1 ==
jhimeig PA | 2B/0S/11 §,000.00 72,800.00 72,500.00 |
Tuokal 1,80,800.00 1,80,800.00 |
1% april 2012- 31" March 2013
MAME OF THE HAME DATE OF DATE OF TOTAL TOTAL SALARYT TOTAL SALARY r
PERSON GFTHE | JorMInG | LEAVING | MONTHLY | PAID DURING THE | PAID DURING
POST SALARY FEHAMCIAL YEAR PROJECT PERIOD
(in Ais.) {in K. {In Rz}
Mr Diganta Das | ygp | 93/07711 HA 12,000.00 1,32,000.00 1,32,000.00
B sl pA | zE/OS/11 | 30/0s/12 | 8,000.00 48,000.00 48,000.00
s, Miharika iw12N32
Goaol PA P 8,000.00 ::',335.1}4:1 27.355.00 |
= Total 2,07,355.00 2,07,355.00 |
1" April 2013~ 31* March 2014
HAME OF THE MAME | DATE GF DATE GF | TOTAL TOTAL SALARY TOTAL SALARY
FERSON OF THE | JOIMING LEAVING MONTHLY PATD DURTHNG THE | PALD DURING
POST SALARY FINAMCIAL YEAR | PROJECT PERIOD
fim Ra.) (im R} (In Ks.}
W Diganta Das | goe | OWOTAL | gin03 | 12,000.00 48,000.00 48,000,00
Mr, Diganta Das SRF Oi/oEiL3 R 14,000,00 96, 000.00 26, 00000
G’“ﬂ;};“lih’““ P | 17/12/1z | Fu0&13 | 8.000,00 #1,067.00 21,067.00
He o, pa | 0771013 MA B, 000.00 38,452.00 38,452.00
= Total 7,03,519.00 2,03,515.00 |
1% April 2014- 31 March 2015
NAME OF THE HAME DATE OF DATE QOF TOTAL TOTAL SALARY TOTAL SALARY
PERSON OF THE JOIHNING LEAVINRG MOMTHLY PAID DURING THE PAID DURTNG
POST SALARY FENANCIAL YEAR | PROJECT PERIOD
{in Re.} {in Ra.) {n Rs.)
Wr. Dinanta Das | SRF O/08713 | 3U0TLE | y4600.00 | 48,000.00 44,000.00
Mr. Diganta Das | SRF DLjoa/i3 | 3/07/14 | @2,000.00 24, 000,00 24,000.00
{ Brrear) Jroonih —
Ms. Palakshl PA OFF10/13 | 33/03/14 4 000.00 8,000.00 800000
Dag L - Y
— Tatal £0,000.08 |/ £0,000.00

e

(Signature of Principal Investigator)

{Signature of Accounts Dﬂ'ncerj

(2

18

(SIGNATURE OF HEAD OF THE INSTITUTE)

12(

PPN
gL

"'_l””

Flamprarm A




@ S & g Iz
£ 2 | % m
@ i 7 i s JINVTVE
= PoNvIvE |2 (2 DNVIVE (2
= L]
s A
- 2
= =
s 3 2 2| i g2 | &
E IHALTONIAXD | @ = JunLraNggaxa | o| 7 JWALTONGEX3 | F | W
& oYY |8 | E ALY [0 B ™how| 25 |28
] =i
w __ Fa) L=}
e u W,. = m W = H . = 2
5 2 gmaaa | S0 o8 o iggsa .| 8 o 190 A8
R £| SV TWNLOV Berdel | sasvay venoy |2 AR F| SISVIAY ALY
_m L| AVLLNG 1531044 .m AVILNO LDAC0HU | T AVILAO LD3C0Hd =
E - aasiamd |2 |3 - aastaay (2 |2 o a3asIAIY -
= AVLLNO __..h AUNG | “H AYILAO
_.n._ Ml TYNNNY 03SIARN (2 (3 | vnuny agsiaad |32 u THANNY GISTATH ] -1
| AT i._.1
= - ANY 41 : ANY 4L 2 ANY 41 =
W = yyyns gIsIage |E (3 ™ 'gwosalsiagn (O Ml '3NSS aIsIATY = =
= 0 G — = & -
m o =l & =
~ L
L [ = =] &= i =]
a ¢ gl 8§ = gl Bl = g | g
g 7| oo B ol o o Jd FJULLMA ]
QOIHAd IWILNG | 2| = QOTdAS FULLNGD [ | aoTH g |.=
= = i LT+ r =
B .mﬂ IHL HOd KWLM _mu,uu M_ FHL HOd AWTLNO |2 .28 .Mn AHL HO4 AVLLOG 2 & _l.lm b
= it 1
o s v o
g " 8l g S g =
o : ] =
iy AWILAO TnMMY |4 " LR - m | m
% ik i AVILNO TWNNNY | B ol s AVILNOIYNNNY | 25 |28
g ] i
-
= ]
=] a8 =] o
2 23 5| 8 2| 8l 8
W_.u"_ A S0 FIVDE [ 205 oy AVd dOETVDS (S 8= Ardd0aTas (AT IRE IS
- N ERTN
HARWON [ | waawns | |- ) PTRN (ST
518504 | w | o SLZ0D | w | o SIsod | & | & | =
QENOILONYS | 5 | & OINGLLINYS | B | & QINOLLONYS | = | &

PP PP PPPPYYLPPPPOPPPPLPPPPPPPPP T



1* April 2014- 31 March 2015
|

=
L |5 e [8 ] 3| ‘
(B (=8 |3 1% | § |3 £
a [ % =4 o7 |
2-5 §3 |2 3¢ |8z 83 gE s (48 |[E
E| = z EE £ E by g o EE 4
=
ha z g = 5] By | Ed | ¥ E -3 o | 5
SRE Rig. 46,000
i 1| FRs R Rz, Re. :
SRE 14,000 | 344000 | 660,000 | N& | MA e 1,494,800 Rs. 72,000
(Asrear) _| Feeanae
i Rz, ks, R, MA L) ik .
PA 8,000 | 96,000 | 2,26,000 | 35-,-:mr Fs B.000 | Rs-28,000
1
! i._.% -
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* Details of manpower salary/ fellowship revision along with due- drawn statement and
arrears requested should be given separately, if applicable.
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Due- Drawn Statement

14™ March 2011 to 31* March 2012
Name of the Month and Due (Rs) Drawn{Rs) Difference (Ks)
Froject Staff Year T
| July 2011 12, 000,00 12,000.00
August 2011 12,000,050 12,000.00
September 201 1 1200000 12,004.00
October 2011 12,000,060 12,000.00
Mr. Diganta Das Movember 2011 12,000.00 12,000.00
Junior Research December 2011 12,000,000 12,000 00
Fellow January 2012 12,000.00 12,0000
February 2012 12,000.00 12,000.00
March 2012 12.000.00 12.000.00
Taotal 1,08,000.00 1,08, (000 00
MName of the Month and Year | Due (Es) Dirawn(Rs) Difference (Rs)
Project Staff 1
June 2011 200.00 200.00
July 2011 804000 2000.00
Mr. Debojit Kalita | August 2011 800000 200000
Project Assistant September 2011 800000 8000.00
{Resigned on October 2011 S000.00 BO00.00
3102 Movember 2011 S000.00 F000.00
December 2011 8000.00 2000.00
January 2012 B000.00 g000.00
February 2012 8000.00 200000
March 2012 . S000.00 BO00.00 N
Tatal 72,500.00 T2,800.00

Total (JRF+PA) =1, (:8,000.00+ 72,800.00= 1, 80, 800.00
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Dhue- Drawn Statement

1 April 2012 to 31% March 2013
MName of the Maonth and Due (Hs) ]]rawu{_Rs_] Difference (Rs)
Project Staffl Year ’
April 2012 12,000,00 12,000.00
May 2012 12,000.00 1 2,000.00
June 2012 12,000.00 12,000.00
July 2012 12,000.00 | 2,004,000
Mr. Diganta Das Aupgust 2012 12,000.00 12,000.00
Junior Research September 2012 12,000.00 12,000.00
Fellow Cetober 2012 1200000 [ 2,000,000
MNovember 2012 12,000.00 12,000.00
Drecamber 2012 12.000.00 [ 200000
January 2013 12,000.00 12,000.00
February 2013 12,000.00 1 2,000.00
Total 1,32, 000,00 1,32,000.00
Name of the Month and Year | Due (Rs) Drawn(Rs) Difference (Rs)
FProject Stafl
April 2012 8000.00 B00D.00
May 2012 8000.00 8000.00
Mr. Debaojit June 2012 8000.00 BO0D.00
Kalita*® July 2012 B000.00 800000
August 2012 200000 B000.00
September 2012 BOG0.00 EOO0, 00
Total 48,000.00 48,000.00
“*Project Assistant (Resigned on 31/09/12)
Mame of the Project | Month and Year | Due (Hs) Drawn{RRs) Difference
Staff . (Rs)
December 2012 B000.00 3355.00 § 4645.00
Ms, Neeharika Janugary 2013 B000.00 2000.00
Gogoi, Project February 2013 £000.00 200000
Aszistant March 2013 S000.00 200000
Total | 27,335.00 25,355.00 4645.00
Total [JRF+PA)= 1, 32, 000,00+ 48,000.00 + 27,355.00= Rs. 207,355.00




100 dJddddddddddddddddddddddddbddddddé

Due- Drawn Statement

1% April 2013~ 317 March 2014
Mame of the Month and Due {Rs) Dirawn{Rs)  Difference (Rs)
Project Staff Year j
harch 2013 12,000.00 12,000.00 |
April 2013 12, 000000 T2,000.00 |
May 2013 12,000.00 12,000.00 |
June 2013 12,000 010 12,000.00
Mr. Diganta Das July 2013 14,000.00 12,000.00 2,000, 00
(Fumior Research August 2013 14,000.00 12,000.00 2,000,00
FellowSenior September 2013 14,000.00 12,000.00 2,000.00
Research Fellow) October 2013 14, 000,00 12,000.00 2,000.00
Movember 2013 14,000.00 12,000.00 2,000.00
December 2013 14.000.00 12.000.00 2,000:00
January 2014 14,000.00 12,000.00 2,000.00
February 2014 | 14000.00 |  12,000.00 2,000.00
Total 1,58,000.00 1,44,000.00 16,000.00
Name of the Month and Year | Due (Rs) Drawn(Rs) Difference (Rs)
Project Staff
Ms. Miharika April 2013 B00:0.00 B000.00
Gogoi®, Project May 2013 S000.00 BOG0.00
Assistant June 2013 E000.00 5,067.00 2,933.00
: Total 24,000.00 21,067.00 2,933.00
*Project Assistant (Resigned on 30/06/13)
Name of the Project | Month and Year | Due (Rs) Drawn(Rs) Difference
Staff (Rs)
COretober 2013 BO00.00 6452.00 1,548.00
Ms. Palakshi Das, | November 2013 8000.00 2000.00
Project Assistant December 2013 SO00.00 BO00.00
January 2014 - 8000.00 2000.00
February 2014 8000.00 S000.00
Tatal 40,000.00 38,452.00 1,548.00

Total (JRF+PA) = 1,44,000.00+ 21,067.00 + 38,452,00= Rs. 203,519.00




Due- Drawn Statement

g il 2013- r 20
[ Name of the ;
_Prc]:j]ln;:t::=I Sla';':rl_‘ Month and Year | Due (Rs) Drawn{Rs) | Difference (Rs)
March 2014 14,000,00 12.000.00 200000
Mr. Diganta Das April 2014 I 4.000.00 12,000.00 2,004.00
Senior Research May 2014 14,000.00 12,000,00 2,000.00
Feliow June 2014 14,000.00 12 000,00 2.000.00
Total S6,000.00 48,000.00 8,000.00
g:;;.‘:;;gigt Month and Year | Due(Rs) | Drawn(Rs) | Difference (Rs)
Mr. Diganta Das
S ennatih é:;]lg.rfﬂlﬂ ta Juns 24,000.00 24 000,00
fellow (Arrear)
Total 24,000.00 24,000.00
?;T;f;::;f Month and Year Diue (Rs) Drawn{Rs) ] Difference (Hs)
Ms. Palakshi Das
Project Assistant hiarch 2014 £.000.00 8,000.00
Taotal 8,000.00 B,000.00
Total (SRF+Arrear+PA) = 48,000.00+ 24,000.00+ 8,000.00= Rs. 80,000.00
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List of equipment purchased

= List of equipment purchased Indicating the ltem wise costs may please be provided.
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<1, Ttems Cost in Forelgn| Amount in Rupses Status
M. Currency /IR
1 Shaker incubator with Fs. 2,19,656.00 2,19,656.00 Installed
Static plake form
2 Accessaorias  of  shaker RBs. 14,321.00 14,321.00 [nstalled
incubators
3 Tissus homogenizer Rs. 1,09074.00 1,09,074.00 Installed
4 Micropipette set RBs. 1,33,192.25 1,33,192.00 Installed
5 Banch top centrifuge Rs. 52311.50 62311.50 [nstalied
[} Waortex R, 17252.00 17,252.00 Installed
7 Magnetic Stirrer Rs.34,617.50 34,617.50 Instalied
8 HPLC Columns USD 5,724.00 3,20,430.00 Installed
o Protein and DA Usp 2,872.00 1,45,282.00 Installad
glectrophoresis
10 |2 KM UPS and printer for Rs. 89 665.00 89,665.00 Installed
Spectrephotometer
1] Refrigerated Centrifuge Euro §,337.00 4,39,799,00 Installed
12 | Spectrophotormeter Eura 9,556.00 6,83,728.00 Installed
13 | Gradient PCR Eurp 4,817.00 3,50,842.00 Installed
14 | Nana Drop2000 with PC UsD 8,500.00 5,27,B87.00 Installed
Total 31,48,057.00
x 8 |
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(PROJECT IﬂvES'r:GA'Fon} (FINANCE OFFICER)
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Appendix-A

Details of Assets acquired wholly or substantially out of Govt. grants
Register to be maintained by Grantee Institution

Mame of the Sanctioning Authoriy:

2, Sl Mo,

1, Mame of the Grantes Institution

4. Pla. & Date of sanchion ordar

5. Armount of the sanctoned grant

£, Briefl purpose of the grant

i Whether any condition regarding the
right of ownership of Govt, in the
Property or other assets acquired
out of the grant was incorporatad
in the grant-in-aid sanction order.

*7, Particulars of assets actually creditad
o acguired.

8. Value of the assets &5 on

G, Purpose for which utilised at present

10. Encumbered or not

i1, Reasons, if encumbered

12,  Disposed of or not

13.  Reasons and authority, if any, for
Disposal

14. Amount realised on disposal

15, Remarks

|
|
et

(PROJECT 1&@5115&7&&}
7, Pebin Doley
fsspciaie ProfessoT

o iAok Dlinlogy @il Blotschiodedy
Terpuit Unipeerady

plapaarn, Tespor- 784 025

{a Central Unnersiy]

Bonibpur, Asssm (irdia)

Department of Biotechnology, Govt. of India

J0E

Tezpur University

No. BT/A3METBRI2010, 1410372011

69.84 Lakhs

To work for DBT Twinning Programme for NE
entitled:"Search for novel treatments for snake
venom poisoning: composition analysis of Naja
naja and Daboia russelll venoms and complete
characterization of their major toxins”

NIL

Enclosed Below

sk

To work for DBT Twinning Programme for NE

NOT

MNA

NOT

MHA

MNA

MNIL
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