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Appendix I:

Alignment of peptide fragments obtained from tandem mass spectrometry of crude venom of Daboia russelii with the snake venom
protein families in the database (A-M). The peptide fragments obtained are highlighted with different colours (except black)

while the identical peptide fragments are highlighted with the same colour. The amino acid substitutions in unique peptides fragments

are underlined.

(A): Phosphodiesterase Family (02)

586829527 LKESVEPQVSCRYRCNETEFSKMASGCSCDDKCTERQACCQDYEDTCVLPTQSWSCSKLRCSEKRMANVLCSCSEDCLEKKDCCTDYKSICKGETSWLKDQCASSSA
538259853 LKKSVQPQVSCRYRCNETEFNKMTSGCSCDDKCTERQACCSDYEDTCVLPTQSWSCSKLRCGEKRIANVLCSCSEDCLEKKDCCTDYKSICKGETSWLKDKCASPSA

586829527 AQCPSGFEQSPLILFSMDGFRAGYLETWDSLMPNINKLKTCGTHAKYMRAVYPTKTFVNHYTIVTGLYPESHGIIDNNIYDVTLNLNFSLSAPTMTNPAWWGGQPI
538259853 TQCPAGFEQSPLILFSMDGFRAGYLETWDSLMPNINKLKTCGTHAKYMRAVYPTKTEFVNHYTIATGLYPESHGIIDNNIYDVNLNLNFSLSASTAKNPAWWGGQPI

586829527 WHTVTYQGLKAATYFWPGSEVKINGSYPTIYKVYNKSIPFEARVTEVLKWLDLPKAERPDFVTLYIEEPDTTGHKFGPVSGEI IMALOMADRT LGMLMEGLKQRNL
538259853 WHTATYQGLKAATYFWPGSEVKINGSYPTIFKNYNKSVPFEARVTELLKWLDLPKAERPDFYTLYIEEPDTTGHKYGPVSGEI IKALEMADRTLGMLMEGLKQRNL

586829527 LHNCVNLILLADHGMEQISCNRLEYMTDYFDKVDFFMYEGPAPRIRSKNVPKDEYTFDSEGIVRNLTCQKPKQYFKAYLAKDLPKRLHYVNNIRIDKVNLMVDQQW
538259853 LHNCVNLILLADHGMEEISCDRLEYMANYFNNVDEFYMYEGPAPRIRSKNVPKDFYTFDSEGIVKNLTCRKPKQYFKAYMSKDLPKRLHYANNIRIDKVNLMVDOQW

586829527 MAVRNKNYNRCNGGTHGYDNEFKSMQAIFLAHGPGFKGKNEVTSFENIEVYNLMCDLLKLKPAPNNGTHGSLNHLLKNPFYNPSPAKEQTSPLSCPFGPVPSPDVS
538259853 MAVRDKKEFTRCKGGTHGYDNEFKSMQAIFLAHGPGEFNEKNEVTSFENIEVYNLMCDLLKLKPAPNNGTHGSLNHLLKNPFYTPSPAKEQSSPLSCPFGPVPSPDVS

586829527 GCKCSSITDLGKVNERLNLNNQAKTESEAHNLPYGRPQVLONHSKYCLLHQAKYISAYSQDVLMPLWSSYTINKSPPTSVPPSASDCLRLDVRIPAAQSQTCSNYQ
538259853 GCRCSSITELEKVNQRLNLNNQAKTESEAHNLPYGRPQVLONHSKYCLLHQAKYISAYSQDILMPLWSSYTIYRSTPTSVPPSASDCLRLDVRIPEAQSQTCSNYQ

586829527 PDLTITPGFLYPPNFGSSNFEQYDALITSNLVPMFKGFTRLWNYFHGTLLPKYARERNGLNVISGPIFDYNYDGHFDSYDTIKEYVNDTKIPIPTHFFVVLTSCEN
538259853 LDLTITPSFLYPPNENSSNFEQYDALITSNIVPMFKGFTRLWNYFHTTLIPKYARERNGLNVISGPIFDYNSDGHEFDSYDTIKQYVKNTKIPIPTHYFVVLTSCEN

586829527 QINTPLNCPGSLKVLSFILPHRPDNSESCADTSPDNLWVEERIQTHTARVRDVELLTGLNEYSGLKQPLPETLQLKTFLPIFVNPVN
538259853 QINTPLNCLGPLKVLSFILPHRPDNSESCADTSPENLWVEERIQIHTARVRDVELLTGLNEYSGLKQPLPETLQLKTFLPIFVNPVN



(B): PLA; enzyme Family (15)

13936543
50874332
223635543
1408314
37927199
400714
3914259
40889259
129506
3914268
408407675
24638087
298351762
403399517
123907686

13936543
50874332
223635543
1408314
37927199
400714
3914259
40889259
129506
3914268
408407675
24638087
298351762
403399517
123907686

HLYQFENMIYQKTGKFAIIAYSNYGCYCGWGGKGKPQDATDRCCEVHDCCYGRVNGCDPKMGTYSYSFQNGDIVCGGDDPCLRAVCECDRVAANCFAENLKTYNKKY
HLSQFGDMINKKTGIFGIMSYIYYGCYCGWGGKGKPLDATDRCCEVHDCCYGRVNGCDPKLSTYSYSFENGDIVCGGDDPCLRAVCECDRVAAICEGENMNTY DKKY
HLLOQFNKMIKFETRKNAIPFYAFYGCYCGWGGRGRPKDATDRCCEVHDCCYGKLAKCNTKWDIYPYSLKSGYITCGKGTWCEEQICECDRVAAECLRRSLSTYKYGY
NLFQFGDMILOKTGKEAVHSYATIYGCYCGWGGOGRAQDATDRCCFAQDCCYGRVNDCNPKMATYTYSFENGDIVCGDNDLCLRAVCECDRAAATICLGENVNTYDKNY
NLFQFGEMILOKTGKEVVHSYAIYGCYCGWGGQGRAQDATDRCCFVHDCCYGTVNDCNPKTATYSYSFENGDIVCGDNDLCLRTVCECDRAAATICLGONVNTYDKNY
NLFQFGEMILEKTGKEVVHSYAIYGCYCGWGGQGRAQDATDRCCEVHDCCYGTVNDCNPKTATYSYSFENGDIVCGDNDLCLRTVCECDRAAATICLGONVNTYDKNY

MTGKNPLSSYSDYGCYCGWGGK SCKPKLSLYSYSFQNGGIVCGDNHSCKRAVCECDRVAATCFRDNLNTYDKKY
NLYQFGRMIWNRTGKLPILSYGSYGCYCGWGGQGPPKDATDRCCLVHDCCYTRVGDCSPKMTLY SYRFENGDI ICDNKDPCKRAVCECDREAAICLGENVNTYDKKY
NLYQFGKMIFKMTGKSPIFSYGDYGCYCGWGGKGTPVDATDRCCEVHDCCYGRVNSCNPKRSTYSYSFONGGIVCDDONLCKRAVCECDRVAAICEGENVNTYDKKY
NLLQFENMIRNVAGRSGIWWYSDYGCYCGKGGHGRPQDASDRCCEVHDCCYGKVNGCNPKKAVYTIYSLENGDIVCGGDDPCRKEVCECDKAAATCFRDNKDTYDNKY

SLLEFGKMILEETGK GTPKDATDR SDRYKYKR ICECDKAAAICEFRONLNTYSKK
SLLEFGKMILEETGK GTPKDATDR SDRYKYKR ICECDKAAAICFRONLNTYSKK
SLLEFGMMILEETGKLAVPEFYSSYGCYCGWGGKATPKDATDR SDRYKYKRVNGATVCEQGTSCENRICECDKAAATICFRRNLNTYSKIY

SLMQFEMLIMKLAKSSGMFWYSAYGCYCGWGGQGRPQDATDRCCFVHDCCYGKATGCDPKKDVYTYSEENGDIVCGGDDPCRKEVCECDKAAATCFRDNMDTYNSKT
SLLEFGRMIKEETGKNPLEFSYISYGCYCGWGGQGQPKDATDRCCEFVHDCCYGKLWSCSPKTDIYFYYRKNGATVCARGTWCEKQICECDKAAATCEFRENLGTYKAEY

WLSSIID-CKEESEKC
MLYSLLD-CGEESEQC
MFYPDSR-CRGPSETC
EYYSISH-CTEESEQC
EYYSISH-CTEESEQC
EYYSTSH-CTEESEQC
HNYPPSQ-CTGT-EQC
KSYED---CTEEVQEC
KDYPTSQ-CTETEQ--
WNIPSEN-CQEESEPC

GELRC

GELKC
MLYPDFL-C-KGELKC
YWMFPAKNCQEESEPC
ESYGKSR-CTEKSLKC



(C): SvSPs Family (11)

380875417
406609998
13959617
13959655
381141431
311223824
297593764
380875421
90116798
134129
82117246

380875417
406609998
13959617
13959655
381141431
311223824
297593764
380875421
90116798
134129
82117246

380875417
406609998
13959617
13959655
381141431
311223824
297593764
380875421
90116798
134129
82117246

QKSSELVIGGDECNINEHRSLVYLYNDSNFQ--CGGTLINQEWVLSAAHCDMENME IYLGVHNLSLPNKDOQKRRDPKEKFFCLSSKNY TKWDKDIMLIKLNRPV
QKSSELVIGGDECNINEHRSLVVLENSSSFL--CGGTLINQEWVLTAAHCDSKNFOMLFGVHSKKILNEDEQTRDPKEKFICPNKKKDDENDKDIMLIRLDSPV
QKSSELVVGGDECNINEHRSLVAIFNSTGFF--CSGTLINQEWVVTAAHCDSNNEFKMKEGAHSOKVLNEDEQTRNPKEKFICPNKKNNEVLDKDIMLIKLDSSV
QKSSELVIGGDECNINEHPFPVALHTARSKREYCAGTLINQEWVLTAARCDRKNIRIILGVHSKNVPNEDOQOTIRVPKEKFFCLSSKTYTRWDKDIMLIRLKKPV
QKSSELVIGGDECNINEHPFLALMYNSTSMKFHCSGTLLNEEWVLTAAHCDMENMOIYLGVHDKKNPNKDQQTRVPKEMFFCLSNKSYTPWDKDIMLIRLNSPV
QKSSELVVGGDECNINEHRSLVFLYNNS---FGCSGTLINQQWVLSAVHCDMENVRIYLGVHNLTLRNNAEIRLPEER-FFCLSNKNYTKWDKDIMLIKLDRPV
QKSSELVTGGDECNINEHPFLVALHTARSKRFHCTGTLINEQWVLTAARCNRKNIRIKLGVHNKNVRNENEEMRVPAEKVECVSSKTYTRWDKDIMLIKMKRPV
QKSSELVVGGDECNINEHRSLVFLYNSSFG---CGGTLINQEWVLSAAHCDMENMRIY LGWHNEFSLPNMNQKRRVAKEKFFCLSSKNYTEWDKDIMLIKMNRPV
—————— VIGGDECNINEHPFLVLVYYDDYQ---CGGTLINEEWVLTAAHCNGK VPNKDVQRRVPKEKFFCDSSKTYTKWNK LDRPV
—————— VVGGDECNINEHPFLVALYTSTSSTIHCGGALINREWVLTAAHCDRRNIRIKLGMHSKNIRNEDEQIRVPRGKYFCLNTK LR

—————— VIGGDECNINEHRFLALLYSERFQ---CGGTLINEEWVLTAAHCDMGNMY IYLGVHNVSVQYDDEQRRYPKKKYFCLSSRNYNQWDNDIMLIRLNRPV

K-STHIAPLSLPSSPPSVGSVCRIMGWGTVTSPNETLLDVPHCANINILNYTVCRAASPRLPTQSRTLCAGILQGGIDACKGDSGGPLICNGQIQGIVSWGNHP
SNSEHIAPLSLPSSSPTVDSVCRIMGWGTIKPTEETYPDVPHCANINILDHTVCRAAYPVLLAESSTLCAGILEGGKDTCVGDSGGPLICNGQIQGIVSWGGHP
SNSEHIAPLSLPSSPPSVGSVCRIMGWGSITPTKVTYPDVPYCANINLLDDAECKPGYPELLPEYRTLCAGIVQGGKDTCGGDSGGPLICNGQFHGIVSYGAHP
NDSTHIVPLSLPSSPPSVGSVCRIMGWGTITTTKVTYPDVPHCANINMEDYSVCRKVYRKLPEKSRTLCAGILOGGIDSCKVDNGGPLICNGQIQGIVSWGGCG
TYSTHIAPFSLPSSPPTVGSVCRIMGWGAITSPNETYPDVPHCANIEIYDYSVCRKAYGGLPEKSRTLCAGVLOGGIDTCLADSGGPLICNGQFQGIVAWGRHP
KTSTYTAPLSLPSSPPRVGSVCRIMGWGAITSPNETFPGVTHCANINILPYSVCRAAYKGLPAQSRTLCGGILEGGIGSCMGDSGGPLICNGEMHGIVAWGDDT
NNSTHIAPLSLPSNPASVGSVCRIMGWGTITTTKVTYPDVPHCANIKIFDYSVCRGAYRKLPEKSRTLCAGVLEGGIDSCKADTGGPLICNGQFQGIASWGGQP
TYSTHVAPLSLPSSPPSVGSVCRIMGWGAITSPNETYPDVPHCANINILNYTVCRAAHPWLPAQSRTLCAGILOGGIDTCKGDSGGPLICNGQIQGIVSWGDNP
RKSAHIAPLSLPSSPPSVGSVCRVMGWGTITSPQETYPDVPHCAKINLLDYSECRAAYPGLPPKSRTLCAGVLEGGKDTCGGDSGGPLICNGQFQGIVSWGGDP

SRGVGSRCRIMGWGKISTTEDTYPDVPHCTNIFIVKHK TLCAGILKGGRDTCHGDSGGPLICNGQIQGIVAGGSEP
RNSAHIAPLSLPSGPPSVGSVCRVMGWGTITSPNETYPDVPHCANINILDYEVCRAAYAGLPATSRTLCAGILEGCGKDSCRGDSGGPLICNGEIQGIVSWGGN I

CAQPLKPGHYTHVEDYTDWIQSIIAGNTTATCPP
CGQGSKPGVYTKVEDHLDWIKSIIAGNTAVTCPP
CGQSLKPGIYTTVFDYNDWIKSI IAGNTAATCPP
QAQPHKPALYTNVFDYTDWIQSIIAGNITATCPP
CAQPQLPAFYTKVFDYSDWIQSIIAGNTAATCPS
CAQPHKPVHYTKVYDYTDWIQSIIAGNTAATCPP
CAQPLKPALYT-——————————————————————
CAQPLKPGHYTNVFDYTDWIQSIIAGNTTATCPP
CAQPHEPGSYTNVFDHLDWIKGIIAGNTDATCPL
CGQHLKPAVYTKVFDYNNWIQNITIAGNRTVTCPP
CAQPREPGLYTKVFDYIDWIQSIIAGNTTVNCPP



(D): SYMP

RVYV X light chain (a subunit) (03)

73621141
300490458
300079896

73621141
300490458
300079896

GLDCPPDSSPYRYFCYRVFKEQKNWADAERFCAERPNNGHLVSIESMEEAEFVAQLLSKITGKFITHFWIGLRIEDKKQQCRSEWSDGSSVSYDNLLKREFRKCF
GLDCPPDSSLYRYFCYRVFKEHKTWEAAERFCMEHPNNGHLVSVESMEEAEFVAKLLSNITEKFITHFWIGLMIKDKEQECSSEWSDGS SVSYDNLDKREFRKCE
GLDCPPDSSPYRYFCYRVFKLRKSWEAAER LLSNTTGKFITHEFWIGLR

GLEKGTGYRSWEFNLNCEEPYPFVCKVPPNC
VLEKESGYRMWENRNCEERYLEVCKVPPEC
ESGYRMWFE

RVYV X light chain ( subunit) (03)

73620113
251205
73620112

73620113
251205
73620112

KODCLSDWSEFYEGYCYKVENEKKTWEDAEKFCTEQHKGSHLLSLHNTIAEADFVLKKTLAMLKDGVIWMGLNDVWNECNWGWTDGAKLDYKAWNEGTNCEVEKIAK

VLDCPSGWLSYEQHCYKGENDLKNWTDAEKFCTEQKKGSHLVSLHSREEEEFVVNLISENLEY PATWIGLGNMWKDCRMEWSDRGNVKYKALAEESYCLIMITHE

AFCCESEngYDQNCYKVEJh;M, \DAEKFCTEOKKGSHLVSLHSREEEKFVVNLISENLEY PATWIGLGNMWKDCRMEWS DRGNVKYKALAEESYCLIMITHE

NHWSHMDCSSTHNEVCKERV
KEWKSMTCNETAPVVCKE
KVWKSMTCNEIAPVVCKE

RVYV X heavy chain (06)

300079900
162329887
73621852
123896981
297593790
83523646

300079900
162329887
73621852

KYENIEKEDETPKMCGVTQTNWESDKPIKKASQLVSTSAQFNKA--FIELITIIVDHSMAKKC--NSTATNT--KIYEIVNSANEIFNPLNIHVTLIGVEFWCDRDLINV
————————————————————————————————— LVSTSAQFNKI--FIELVITIVDHSMAKKC--NSTATNT--KIYEIVNSANEIFNPLNIHVTLIGVEFWCDRDLINV
KYENIEKEDEAPKMCGVTQTNWESDEPIKKASQLVATSAKRKFHKTFIELVIVVDHRVVKKY--DSAATNT--KIYEIVNTVNEIFIPLNIRLTLIGVEFWCNRDLINV
KYENIEEEDEAPKMCGVKHTNRESDKSIKKASQLNLTPEQQRYLNTPKHIKVAIVADYLIFRKYGRNLFTIRAKIYEILNILNEIYKAFNIHVALVFLEIWSNGDKINL
KYENIEKEDEAPKICGVKKTNWESDKSIQEASQLNLTPEQQRYLNSEKHIKVAITADYLIYRKYGRNLFTIRTRIYEIINILNAIYRAFHMHVALVFLEIWSNGDKINV
KYENIEEEDEAPKMCGVKQSNRESDEPIKKASGLIVPSQKRRLDOQKFIELVMVVDHSMVTKY--NNDSTAVRTWIYEMVNTVNEIYLPLNIRVPLVGIVEWSNRDLINV

TSSADETLDSFGEWRASDLMTRKSHDNALLETDMREDLNTLGITFLAGMCQAYRSVGIVOVOGNRNFKTAVIMAHELSHNLGMYHDGKNCICNDSSCVMSPVLSDQPSK
TSSA-DTLNSEFGEWRASDLMTRKSHDNALLETDMREDLNTLGITFLAGMCQAYRSVGIVQEQGNRNFKTAVIMAHELSHNLGMYHDGKNCICNDSSCVMSPVLSDQPSK
TSSADDTLDSEFGEWRGSDLLNRKRHDNAQLEFTDMKEDLSTLGITFLDGMCQAYRSVGIVQEHGNKNEFKTAVIMAHELGHNLGMYHDRKNCICNDSSCIMSAVLSSQPSK



123896981
297593790
83523646

300079900
162329887
73621852
123896981
297593790
83523646

300079900
162329887
73621852
123896981
297593790
83523646

300079900
162329887
73621852
123896981
297593790
83523646

FPAANVTLDLFGKWRERDLMNRKNHDNTQLLTGMNEFDGPTAGLGYVGTMCHPQFSAAVVQDHNKINEFLVALAMAHELGHNLGMTHDEQFCTCGAKSCIMSATLSCEGSY
LPAANVTLDLEFGKWRLSDLLNRREHDNAQLLTGINFDGPTAGLGYVGSMCEPQYSAAIVQDHNKINILVAMAMAHELGHNLGMNHDEKFCTCGAKSCIMSGTLSCEGSF
TEFTADDTMDSFGEWRASYLLNRKRHDYAQLLTNITLDFDSLGMAFIDGMCKSDRSVGLIRDDSSTTFRTAVIMAHEMGHSLGMEHDSRSCKCAASPCIMSKALGKQPTK

LESNCSTIHDYORYLTRYKPKCILYPPLRKDIVSPPVCGNEIWEEGEECDCGSPADCONPCCDAATCKLKPGAECGNGLCCYQCKIKTAGTVCRRARNECDVPEHCTGOS
LESNCSIHDYQRYLTRYKPKCIENPPLRKDIVSPPVCGNEIWEEGEECDCGSPANCONPCCDAATCKLKPGAECGNGLCCYQCKIKTAGTVCRRARDECDVPEHCTGOS
LFSNCSNHDYRRYLTTYKPKCILNPPLRKDIASPPICGNEIWEEGEECDCGSPKDCONPCCDAATCKLTPGAECGNGLCCEKCKIKTAGTVCRRARDECDVPEHCTGQS
RESNCSREENRRYLINKMPOCILIKPSRTDIVSPPVCGNSLVEVGEDCDCGSPGYCRNPCCNAATCKLTPGSQCADGECCDQCRFTRAGTECRPARDECDKADLCTGQS
REFSNCSQEENRKYLIRKMPQCILKKPLKTDIVSPPVCGNYLVELGEDCDCGTPTFCONPCCNAATCKLTPGSQCADGECCDQCRFRRAGTECRPAKDECDMADLCNGOS

YKPKCILDPPLRKDIASPAVCGNKIWEEGEECDCGSPEDCRNPCCDAETCELFPAAECADGPCCHKCKIRTAGTICRPAR
AECPRDQLOONGQPCONNRGYCYNGDCPIMR ATVAKDSCFQENLKGSYYGYCRKENGRKIPCAPQDVKCGRLFCLNNSPRNKNPCNMHY SCMDOHKGMV
AECPRDQLQONGKPCQONNRGYCYNGDCPIMR ANVAKDSCFQENLKGSYYGYCRKENGRKIPCAPQODVKCGRLFCLNNSPRNKNPCNMHY SCMDQHKGMV
AECPADGFHANGQPCQONNNGYCYNGDCPIMTKQCISLEGSRATVAEDSCEFQENQKGSYYGYCRKENGRKIPCAPQDIKCGRLYCLDNSPGNKNPCKMHYRCRDQHKGMV
AECPADQFQRNGQPCONNSGYCYNGICPVMR AIVAEDACFQFNSLGIDYGYCRKENGRKIPCAPEDVKCGRLYCEFDNLPEHKNPCQIFYTPRDEDKGMV
DECPKDQFQRNGHPCONNNGYCYNGKCPVMGNQCISLEGSRATVAEDACFOFNRLGSDYGYCRKENGIKIPCAPEDVKCGRLYCFDNLPEHKNPCQIYYTLRDENKGMV

NELQRNGEPCLDKLGYCYNGDCPIMR ATVAEDSCFQONLNGSEHGYCAKENGRKIPCAPQODVKCGRLYCLDNSSRKKNPCKMHY LNADQHKGMV
DPGTKCEDGKVCNNKRQCVDVNTAYQSTTGESQTI

DPGTKCEDGKVCNNKRQCVDVNTAYQSTT G-~~~
EPGTKCEDGKVCNNKRQCVDVNTAY —=—————-~
DPGTKCENGKVCINGK-CVDVNTAY-—=--—-—=—
EPGTKCENGKVCINGK-CVDVNTAY -——==----~
EPGTKCEDGKVCINRK-CVDVKTAYYSTTGFSQI

(E): KSPI Family (03)

159883524
159883540
123913154

HDRPKFCYLPADPGECMAY IRSEYYDSESKKCKEFIYGGCHGNANNFPTRDKCROTCRAPRKGRHT
HDRPKFCYLPADPGECLAHMRSFYYDSESKKCKEFIYGGCHGNANKFPSRDKCROTCGASAKGRPT
ODRPKFCHLPVDSGICRAHIPREYYNPASNQCQGEFIYGGCGGNANNFETRDOCRHTCGGK-—————



(F): Disintegrin (02)

123916448
50365991

—————————————————————————————————————————————— CTTGPCCRQCKLKPAGTTCWRTSVSSH-YCTGRSCECPSYPGNG
——————————————— MHMEAGEECDCGSPGNPCCDAATCKLRQGAQCAEGLCCDQCRFMKKGTVCRIARGDDMDDYCNGISAGCPRNPFHAKLAAALEH

(G): LAAO Family (05)

347602327
395406796
10120762
75570145
538259837

347602327
395406796
10120762
75570145
538259837

347602327
395406796
10120762
75570145
538259837

347602327
395406796
10120762
75570145
538259837

347602327
395406796
10120762
75570145
538259837

ADDKNPLEECFREADYEEFLETAKNGLKKTSNPKDIVVVGAGMSGLSAAYVLAGAGHKVTVLEASQLVGGRVRTHRNAKEGWYANLGPMRIPEKHRIVREY IRKFE
ADDKNPLEECFREDDYEEFLETAKNGLKKTSNPKHIVIVGAGMSGLSAAYVLAGAGHKVTVLEASERPGGRVRTHRNVKEGWYANLGPMRVPEKHRIIREYIRKF
ADDRNPLAECFQENDYEEFLEIARNGLKATSNPKHVVIVGAGMAGLSAAYVLAGAGHQVTVLEASERPGGRVRTYRNEEAGWYANLGPMRLPEKHRIVREY IRKF
ADDRNPLEECFRETDYEEFLEIARNGLKATSNPKHVVIVGAGMSGLSAAYVLSGAGHQVTVLEASERAGGRVRTYRNDKEGWYANLGPMRLPEKHRIVREY IRKF
ADDRNPLEECFRETDYEEFLEIARNGLKKTSNPKHVVIVGAGMSGLSAAYVLAGAGHQVTVLEASERAGGRVRTYRNDKEGWYANLGPMRLPEKHRIVREY IRKF

GLELNEFVQETDNGWYFVKNIRKRVGEVKKDPGLLKYPVKPSEAGKSAGQLYQEALGKAVEELKRTNCSYMLNKYDTYSTKEYLIKEGNLSTGAVDMIGDLMNED
GLKLNEFVQETENGWYFIKNIRKRVGEVKKDPGLLKYPVKPSEAGKSAGQLYQESLGKAVEELKRTNCSYILNKYDTYSTKEYLIKEGNLSPGAVDMIGDLLNED
DLRLNEFSQENDNAWY FIKNIRKKVGEVKKDPGLLKYPVKPSEAGKSAGOLYEESLGKVVEELKRTNCSYILNKYDTYSTKEYLIKEGDLSPGAVDMIGDLLNED
GLQLNEFSQENDNAWYFIKNIRKRVGEVKKDPGVLKYPVKPSEEGKSAGOLYEESLGKVVEELKRTNCSY ILNKYDTYSTKEYLLKEGNLSPGAVDMIGDLMNED
GLQLNEFSQENDNAWHFIKNIRKRVGEVKKDPGVLKYPVKPSEEGKSAGQLYEESLRKVEKELKRTNCSYILNKYDTYSTKEYLIKEGNLSPGAVDMIGDLLNED

SGYYVSFVESMKHDDIFAYEKRFDE IVGGMDOLPTSMYRATIEKSVLFKARVTKIQONAEKVRVTYQTAAKTLSDVTADYVIVCTTSRAARRINFKPPLPPKKAHA
SGYYVSFIESLKHDDIFAYEKRFDEIVGGMDOLPTSMYRATEESVHFKARVIKIQONAEKVTVTYQTTOKNLLLETADYVIVCTTSRAARRITFKPPLPPKKAHA
SGYYVSFIESLKHDDIFAYEKRFDEIVDGMDKLPTAMYRDIQDKVHFNAQVIKIQONDQKVTVVYETLSKETPSVTADYVIVCTTSRAVRLIKFNPPLLPKKAHA
SGYYVSFPESLRHDDIFAYEKRFDEIVGGMDKLPTSMYRATEEKVHLNAQVIKIQKNAEKVTVVYQTPAKEMASVTADYVIVCTTSRATRRIKFEPPLPPKKAHA
SGYYVSFIESMKHDDIFAYEKRFDEIVGGMDQLPTSMYQATIEEKVRENTRVIKIQQONAKKVTVTYQTPAKDTSLVTADYVIVCTTSRAARRINFRPPLPPKKAHA

LRSVHYRSATKIFLTCTKKEWEDDGIQGGKSTTDLPSREFIYYPNHNFTSGVGVITAYGIGDDSNFFLSLTLNECADIVESDLSSIHQLPKNDIQKFCNPSVIQKW
LRSVHYRSGTKIFLTCTKKEWEDDGIQGGKSTTDLPSREFIYYPNHNFTTGVGVITAYGIGDDANFFQALNLNECADIVENDLSSIHQLPKKDLOTEFCYPSITIQKW
LRSVHYRSGTKIFLTCTTKFWEDDGIHGGKSTTDLPSREFIYYPNHNEFTNGVGVIIAYGIGDDANFFQALDFKDCADIVFNDLSLIHQLPKKDIQSFCYPSVIQKW
LRSVHYRSGTKIFLTCTKKFWEDEGIHGGKSTTDLPSREFIYYPNHNEFTSGVGVIIAYGIGDDANFFQALDFKDCADIVINDLSLIHQLPREEIQTFCYPSMIQKW
LRSVHYRSGTKIFLTCTKKFWEDDGIHGGKSTTDLPSREFIYYPNHNEFTSGVGVIIAYGIGDDANFFQALDFKSCADIVMNDLSLIHQLPKKDIQAFCYPSMIQKW

SLDRYAMGAITTFTPYQFQDYSKALTAPAGRVYFAGEYTANAHGWIDSTIKSGLTAARDVNQASEL————————————
SLDKYAMGAITTFTPYQFQHFSEALTAPVGRIFFAGEYTANAHGWIDSTIKSGLTAARDVNRASEL————————————
SLDKYAMGGITTFTPYQFQHFSDPLTASQGRIYFAGEYTAQAHGWIDSTIKSGLRAARDVNLASENPSGIHLSNDNEL
SLDKYAMGGITTFTPYQFQHFSEPLTASVDRIYFAGEHTAEAHGWIDSTIKSGLRAARDVNRASEQ-———-———————
SLDKYAMGGITTFTPYQFQHFSEALTAPVGRIFFAGEYTAHAHGWIDSTIKSGLTAARDVNRASENP-——————————



(H): Nucleotidase Family (03)

338855300 SGKCTGQODCYGGVARRATKIRELRAKHRHVLLLDAGDQYQGTVWENFFKGREVVKFMNS LRYDAMALGNHEFDNGLAGLLDPLLKHANEPILSANIRPKGSIASN
538259847 -———---—- VHGVARRATKIRELRAKHRHVLLLDAGDQYQGTIWFSFFKGREVVKEMNSLRYDAMALGNHEFDNGLAGLLDPLLKHANEFPILSANIRPKGSIASN
586820520 =

338855300 ISGYILPYKIINVGSEKVGIIGYTTKETPVLSNPGPYLEFRDEVEELONHANKLTTLGVNKIIALGHSGFSEDQRIARKVKGVDVVVGGHTNTFLYTGSPPSTEV
538259847 ISGYILPYKIINVGSEKVGIIGYTTKETPVLSNPGPYLEFRDEVEELONHANKLTTLGVNKIIALGHSGFLEDQRIARKVKGVDVVVGGHTNTFLYTGSPPSTEV
586829529 -——--—--——-——- AREKVGIIGYTTKETPVLSNPGPYLEFRDEVEELQIHANKLTTLGVNKIIALGHSGFFEDQRIARKVKGVDVVVGGHTNTFLYTGSPPSTEV

338855300 AAGNYPFMVQSDDGRQVPVVQAYAFGKYLGYLNVIFDDKGNVIKSSGNPILLNKDISEDQDIKAEVNKMKIQLHNYSSQEIGKTIVYLNGTTQACRFHECNLGNL
538259847 AAGNYPFMVQSDDGRQVPVVQAYAFGKYLGYLNVIEFDDKGNVIKASGNPILLNKDISEDQDVKAEVNKMKIQLRNYSSQEIGKTIVYLNGTTQACRFHECNLGNL
586829529 PAGNYPFMVQSDDGRQVPVVQAYAFGKYLGYLNVVENDKGNVIKASGNPILLNKDIPEDQVVKAQVNKMKIQLONYYSQEIGKTIVYLNGTTQACRFHECNLGNL

338855300 ICDAVIYNNVRHPDDNEWNHVSMCIVNGGGIRSPIDERTNNGTITLEELTAVLPFGGTFDLLQIKGSALKQAFEHSVHRHGEGMGELLQVSGIKVVYDLSRKPGS
538259847 ICDAVIYNNVRHPDDNEWNHVSMCIVNGGGIRSPIDERTNNGTITLEELTAVLPFGGTFDLLQIKGCALKEAFEHSVHRHGQGMGELLQVSGIKVVYDLSRKPGN
586829529 ICDAVIYNNLRHPDDNEWNHVSMCIVNGGGIRSPIDERANNGIITLEELTSVLPFGGTFDLLQIKGSALKQAFEHSVHRHGQGTGELLQVSGIKVVYDLSQKPGS

338855300 RVLSLNVLCTECRVPTYVPLEKEKTYKLLLPSFLAAGGDGYHMLKGDSSNHSSGNLDISIVGDYIKRMGKVEFPAVEGRMIFSAGTLFQAQLFLTWGLCVSLLYFIL
538259847 RVVSLNVLCTECRVPTYVPLEKEKTYKLLLPSFLAAGGDGYHMLKGDSSNHSSGNLDISIVGDYIKRMGKVYPAVEGRVIFSPGTLFQAQLFLTWGLCISLLYFIL
586829529 RVVSLNVLCTKCRVPTYVPLEMEKTYKVLLPSFLATGGDGYHMLKGDSSNHNSGDLDISIVGDYIKRMEKVEFPAVEGRVTFLDGTLFQAQLFLTWGLCISLLEFFIL



(I): CRISPs (Helveprins) Family (07)

190195337
190195307
190195323
190195319
190195321
190195329
1778013

190195337
190195307
190195323
190195319
190195321
190195329
1778013

190195337
190195307
190195323
190195319
190195321
190195329
1778013

SVDFDSESPRKPEIQONEIVDLHNSLRRSVNPTASNMLK
SVDEFDSESPRKPEIQNEIVDLHNSLRRSVNPTASNMLK
SVDEFDSESPRKPEIQNEIVEFHNSLRRSVNPTASNMLK
SVDEFDSESPRKPEIQNKIVDLHNFLRRSVNPTASNMLK
SVDFDSESPRRPEIQNEIVDLHNSLRRSVTPTASNMLK
-VDFDSESPRKPEIQNKIVDLHNSLRRSVNPTASNMLK

WAYRCIEEHSSRDSRVLEGIKCGENIYMSPNPMKWTEITHAWHGEYKDFKYGVGA
WAYRCIESHSPRDSRVLEGIKCGENIYMSPVPIKWTEI ITHGWHGENKNFKYGIGA
WAFRCILDHSPYNSRVIGGIKCGENIYMSSNPIKWIEIIRKWHDEKKNFIYGKGA
WAYRCIESHSPRDSRVLEGIKCGENIYMSPVPMKWTEI IHAWHGENKDFKYGIGA
WAFRCILNHSPYNSRVIGGIKCGENIYMSPYPMKWTAT THEWHKEKKDEVYGQGA
WAYRCIESHSPRNSRVLGGIKCGENIYMSSIPITWNEI IHAWHGEYKDFIFGVGA
WAYRCIESHSSRDSRVIGGIKCGENIYMSPYPAKWTDIIHAWHGEYKDEFKYGVGA

DPPNAVTGHYTQIVWYKSHHLVCC-CLCPLSKYSYFYVCQYCPAGNIIGKIATPYTSGPPCGDCPSACDNGLCTNPCTQEDKY TNCKSLLOODSCQODAGMOSKCSA
EPSNAVTGHFTQIVWYKSYRVGCAAAYCPSSKYSYFYVCQYCPAGNIRGKTATPYKSGPPCGDCPSACDNGLCTNPCTKEDKYTNCKSLVQOAGCEDKQIQSDCSA
NPSNAVVGHYTQVVWYKSYRIGCAAAYCPSSAYKYFYVCQYCPAGNIVGRTATPYKSGQPCGDCPSACDNGLCTNPCRREDVEFTNCIDMAKGRSCQDNYMKLNCPA
DPPNAVIGHYTQVVWYKSYRIGCAAAYCPSSEYSYFYVCQYCPAGNIIGKTATPYKSGPPCGDCPSACDNGLCTNPCTKEDKY TNCKSLVQQAGCQONERMQSDCSA
SPANAVVGHYTQIVWYKSYRSGCAAAYCPSSEYNYFYVCQYCPAGNIIGKIATPYTSGPPCGDCPSACDNGLCTNPCSHHDEFTNCKDLV-KQGCHSNYLKTKCPA
NPPNAVTGHYTQIVWYKSYRIGCAAAYCPSSEYSYFYVCQYCPAGNIRGKTATPYKSGPPCGDCPSACDDGLCTNPCTREDKY TNCNSLVQKSGCODTWMOSNCPA

VPSNAATGHYTOIVWYKSYRGGCAAAYCPSSKYRYFYVCQYCPAGNMIGKTATPYTSGPPCGDCPSDCDNGLCTNPCTQENTYSNCNSLVQQSSCQDNNMKTKCPA

SCFCQNKIT
ICFCQONKIT
ACFCRNEIK
ICFCONKII
SCFCHNETT
ICFCQNKII
SCFCQNKII



(J): Snaclec Family (06)

Debocetin a subunit
123899657 DCPSEWSSHEGHCYKVFKLLKTWEDAEKFCTQQANGWHLASIESVEEANFVAQLASETLTKSKYHAWIGLRDQSKRQQCSSHWTDGSAVSYETVTKYTKCEGL
123899657 NKETKYHEWITLPCGDKNPFICKSWVLH

Debocetin B subunit
300490464 KODCLSDWSEFYEGYCYKVENEKKTWEDAEKFCNEQVNGGYLVSFRSSEEMDEVIRMTFPIFREDEFFWIGLRDFWRDCYWRWSDGVNLDYKAWSREPNCFVSKTT
300490464 DNQWLRWNCNDPRYFVCKSRVSC

P31 o subunit
300490478 DLDCPSGWSAYDQHCYQAVDEPKSWADAEK SVGEANEFVAQLASGFEFMQK DRRKEQQCRSEWTDGSKIIYVNWKEGESKMC
300490478 QGLAKWTYFHK FVCKFPPQY

P31 B subunit
300490484 GFSCPNGWSSFGQHCYKVIEPLKNWTDAEKFCREQHKGSHLASIHSSEEEAFVSKVASKVLKFGSVWIGLNDPWHNCNWEWSDNARFDYKAMTRRPYCTVMVLK
300490484 PDRIFWFNRGCEKFVSEVCKFLA

P68 a subunit
300490470 DFDCPSGWSAHDQHCYKAFDEPKRSGDAETFCTEQANSGHLVSIESVEEAEFVAQLISENIKTPADYVWIGLRNQRKAQYCISKWTDGSSVIYKNVIERFTIKNC
300490470 FGLEKESDYRTWFNLSCGDDYPEVCKEPPRC

Alboaggregin A
3023231 GFDCPFGWSSYEGYCYKVYNKKMNWEDAESFCREQHKRSHLVSFHSSGEVDEVVSKTFPILRYDEFVWMGLSDIWKECTKEWSDGARLDYKAWSGKSYCLVSKTT
3023231 NNEWLSMDCSRTRYPVCKEFCG

Crotocetin
82129809 DFDCPSGWSAYDQYCYRVIKQLKTWEDAEWFCTKQAKGAHLVSVESAGEADFVAQLVAENIKQNKYYVWIGLRIQNKGQQCSTKWSDGSSVNYENLLKSYSKKCE
82129809 GLKKETEFLQWYNTDCEEKNLFVCKFPPQR

Snaclec Al4
218526485 DFDCPPDWSAYDQHCYKAFDEPKRSGDAEKFCTQQANGGHLVSIESVEEAEFVAQLISENIKTSADYVWIGLWNQRKAPYCVSKWTDGSSVIYKNVIERFIKNCEG
218526485 LEKETNYRTWENLSCGDDYPEVCKSPA



(K): VNGF (01)

335892642 SEDNVSLRSPATPDLSDTSCAKTHEALKTSRNTDOHYPAPNKAEDQEFGSAANIIVDPKLFQKRRFQSPRVLFSTQPPPLSRDEQSVEFLDNADSLNRNIRAKR
335892642 ATHPVHNQGEFSVCDSVSVWVANKTTATDMRGNVVTVMVDVNLNNNVYKQYFFETKCKNPNPVPSGCRGIDAKHWNSYCTTTDTEFVRALTMERNQASWREIRIN
335892642 TACVCVISRKNDNFEF

(L): VEGF (02)

327478537 —-—=————————- QVRPFLDVYERSACQTRETLVSILQEHPDEISDIFRPSCVAVLRCSGCCTDESMKCTPVGKHTADIQIMRMNPRTHS SKMEVMKEMEHTA

327488518 APAQGDGDROOCEVISFLTVYERSACRPVETMVDIFQEYPDEVEYIFKPSCVALMRCGGCCNDEALECVPTEVYNVTMEIMKLKPFQSQHIHP-MSFQQHSK

327478537 CECRPRWKQGEPEGPKEPRRGGVRAKFPFD
327488518 CECRPKKEVRIROENHCEPCSERRKHLYKQDPLTCKCSCKFTDSRCKSKQLELNERTCRCEKPRR

(M): Hypothetical like protein (01)

387016758 MACSRACSGENGEQATSQONNSGDNERQWQQERLNREEAYYQFINALSDEDYRLMRDRNLLGTPGEITADELQQRLQSAKENQASQSEPENREWEDSETLGENI
387016758 TSNSLLEWLNTFHHTENSTHSGQSGNQTWRAVSQANPSSGEFRFSLEININHEQNNDNTPGEQLNEFLYGHSSRMHMENRPVIANSPVASRTRSRTLANSVGP

387016758 GFVSSGIGNVGGLLTQNAEENSRFFSGRLGARNRSSASSTPNSLLDDNEHNIIRQRRTQRVTPVRYYRGRARTRRNSRQRTDILRLRSTFRGQFQSLLENGQP
387016758 VNMQQIHAGTNRAHTTQPSPEQTEEQASSLGITLEEEESVRAASASRRHPSITLDLOQVRRIRPRENRDRDSIASRTRSRVGMADNLVTPESDNEGFIQNVSRS
387016758 EYAGIRTYVNTIRIPLHRGSDTGLGESSSVAVRSILRQIMTGFGELSSLMDTETSSETESNSQHLPDIPPSMPSFRTLNSEFLTTSPRDRLTDQDSTEGQGET
387016758 NSIQHHQONNNTPNSRASFVENGTLPILRLVPYLLLEEDSSDNLRGLTKDQIDNLSTRNYENPHSEDDEISKTCSVCINEYVVGNKLRQLPCMHEFHFHCIDRW
387016758 LSENSTCPICRQPVVT
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Geographical variation of Indian Russell’s viper venom and
neutralization of its coagulopathy by polyvalent antivenom

Maitreyee Sharma', Neeharika Gogoi', B. L. Dhananjaya? Jaideep C. Menon?, and Robin Doley’
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Abstract

Indian Russell's viper venoms of four different geographical locations were found to vary in
composition, coagulopathy and phospholipase A, (PLA,) activity. Venom from Kerala showed
highest procoagulant activity followed by Tamil Nadu, West Bengal and Karnataka whereas

Keywords

Antivenomics, coagulopathy, geographical
variation, Indian Russell's viper, in vitro
neutralization

PLA, activity was highest in venom from West Bengal. The commercial polyvalent antivenom

differentially neutralized the aforesaid activities of the crude venoms. Antivenomics study

History

showed the presence of non-immunodepleted and partially immunodepleted proteins in the

crude venoms. Thus, Indian Russell's viper venom from different region varies in composition
and accentuates the need to design regiospecific antivenoms to confront the problem of

envenomation more effectively.

Introduction

Snake venom is a complex mixture of proteins and polypep-
tides which varies from species to species and also within the
same species. This variation has been mainly attributed to
difference in diet, gender, age, season and geographical
locations of the snakes (Alape-Giron et al., 2008; Chippaux
et al., 1991; Daltry et al., 1996a,b; Jayanthi & Gowda, 1988;
Menezes et al., 2006; Minton & Weinstein, 1986; Williams &
White, 1992). Clinical symptoms of envenomation like
neurotoxicity, myotoxicity, hemotoxicity, anticoagulant, pro-
coagulant, haemorraghic, necrosis, renal damage and muscu-
lar paralysis in prey/victims might also vary within the same
species due to this variation in venom composition (Hung
et al., 2002a; Markland, 1998; White, 2005). The haemostatic
system of prey/victim is a common target of all the snakes for
capture of prey. The anticoagulant components of venom
cause defective coagulation of blood leading to excess blood
loss from the bite site and also from gums and internal organs.
This in turn causes hypovolemic shock to vital organs like
brain, kidney and pituitary glands leading to death (White,
2005). The procoagulant components of venom proteins cause
excess clot formation leading to thrombosis in the blood
vessels. This is often followed by consumptive coagulopathy
which leads to heavy bleeding at later stages and thus
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compromising the functioning of vital organs like kidney,
heart and brain (White, 2005). Some of the venom protein
families act as both procoagulant and anticoagulant. For
example, snake venom phospholipase A, (PLA;) enzymes
hydrolyze the membrane phospholipids of platelets leading to
the release of arachidonic acid and platelet aggregation
factors which cause platelet aggregation during the process of
primary haemostasis (Braud et al., 2000). Some of them act as
inhibitors of secondary haemostasis by enzymatically hydro-
lyzing the membrane phospholipids that are required to form
complexes like the prothrombinase, extrinsic tenase and
intrinsic tenase (Kini & Evans, 1989). Further, some PLA,
enzymes interact non-covalently with some clotting factors of
these complexes and exhibits anticoagulant activity (Kini,
2006, 2011). Snake venom proteases like metalloproteases
and serine protease have been reported to inhibit or activate
the components of haemostasis. They cause severe vascular
damage by interacting with the extracellular matrix (White,
2005). This in turn interfere the regulation of the coagulation
cascade. A schematic representation of the various protein
families of snake venom acting as agonist and antagonist
to the secondary haemostatic system is shown in Figure 1(a
and b).

Daboia russelii, commonly referred as Russell’s viper, is
one of the medically important snakes of the world (Warrell,
1989). In India, subspecies Daboia russelii russelii is found
across the country and responsible for majority of the
snakebites cases (Warrell, 1989). It is one of the members
of the “*Big Four”’ snakes of India (Simpson & Norris, 2007).
Russell’s viper envenomation mainly causes excess bleeding
due to consumptive coagulopathy by haemostatically active
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Composition of Indian Russell's viper (Daboia russelii russelii) venom, a medically important snake and
member of “Big Four” snakes of India was done by gel filtration chromatography followed by tandem
mass spectrometry. The MS/MS analyses of tryptic digested gel filtration peaks divulged the presence of
63 different proteins belonging to 12 families. Phospholipase A; (PLA;), serine proteases, metal-
loproteases, cysteine-rich secretory proteins, 1-amino acid oxidase, C-type lectin-like proteins, kunitz-
type serine protease inhibitor, disintegrin, nucleotidase, phosphodiesterase, vascular endothelial
growth factor and vascular nerve growth factor families were identified. PLA; enzymes with isoforms of
N-, S- and H-type based on their first N-terminal amino acid residue were observed. The venom is also
found to be rich in RVV-X, RVV-V and thrombin-like enzymes. Homologues of disintegrins with RGD and
RTS motifs were also observed. The high percentage of PLA; and proteases in the venom proteome could
be responsible for the observed coagulopathy, haemorrhage and edema which can be correlated with the
clinical manifestations of Russell's viper envenomation. This is the first proteomic analysis of Indian D.
russelii venom which might assist in understanding the pathophysiological effects of viper envenom-
ation. Such study will also be important for developing more effective antivenom for .viper bite
management.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Thailand, Taiwan and Indonesia (Warrelf, 1989). It is one of the most
important venomous snakes of India which causes significant

The incidences of snake envenomation in tropical countries,
such as India, are among the most neglected health issues leading
to thousands of mortality and morbidity cases every year. The
management of the snakebites and awareness programs initiated
by the government and the public health sector in India and else-
where are insufficient and ineffective (Gutierrez et al, 2010;
Warrell, 2011; Warrell et al,, 2013; Bawaskar, 2014). It has been
estimated that every year around 35,000 to 50,000 or more people
die in India due to snakebites, majority of which are inflicted by
cobras, kraits, saw scaled viper and Russell's viper (Warrell, 1999).

Russell's viper (Daboia russelii russelii) is widespread in South-
east Asia including India, Pakistan, Bangladesh, Sri Lanka, Myanmar,

* Corresponding author.
E-mail address: doley@tezuernetin (R Doley).

hitp:/fdx.doborg/ 101016/ toxicon 2015.06.027
0041-0101/© 2015 Elsevier Ltd. All rights reserved.

number of mortality and morbidity (Warrell, 1989). Pathophysio-
logical manifestations of Russell's viper envenomation include
coagulopathy, pain, swelling, myonecrosis, renal failure and
neurotoxicity (Sirmpson and Norris, 2007). In India, polyvalent an-
tivenom is raised against the “Big Four” snake venoms (namely D.
russelii, Naja naja, Echis carinatus and Bungarus caeruleus) which is
the only available treatment for viper envenomation. However, at
times, administration of antivenom is accompanied by some
anaphylactic reactions like nausea, vomiting, hypotension, respi-
ratory discomfort and low body temperature (Singh et al., 2001;
Deshpande et al, 2013). This could be due to the presence of
large repertoire of non-specific antibodies (small portion of poly-
valent antibodies are against specific snake venom). Alternatively,
due to non-immunogenicity of venom toxins, some toxins might
not be neutralized by antivenom (la et al, 2012; Gutierrez et al.,
2013%; Calvete et al, 2074). This is further complicated by intra-
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Abstract

In the present study a major protein has been purified from the venom of Indian Daboia rus-
selii russelii using gel filtration, ion exchange and Rp-HPLC techniques. The purified protein,
named daboxin P accounts for ~24% of the total protein of the crude venom and has a
molecular mass of 13.597 kDa. It exhibits strong anticoagulant and phospholipase A, activ-
ity but is devoid of any cytotoxic effect on the tested normal or cancerous cell lines. Its pri-
mary structure was deduced by N-terminal sequencing and chemical cleavage using
Edman degradation and tandem mass spectrometry. It is composed of 121 amino acids
with 14 cysteine residues and catalytically active His48 -Asp49 pair. The secondary struc-
ture of daboxin P constitutes 42.73% of a-helix and 12.36% of B-sheet. It is found to be sta-
ble at acidic (pH 3.0) and neutral pH (pH 7.0) and has a Tm value of 71.59 £ 0.46°C.
Daboxin P exhibits anticoagulant effect under in-vitro and in-vivo conditions. It does not
inhibit the catalytic activity of the serine proteases but inhibits the activation of factor X to
factor Xa by the tenase complexes both in the presence and absence of phospholipids. It
also inhibits the tenase complexes when active site residue (His48) was alkylated suggest-
ing its non-enzymatic mode of anticoagulant activity. Moreover, it also inhibits prothrombi-
nase complex when pre-incubated with factor Xa prior to factor Va addition. Fluorescence
emission spectroscopy and affinity chromatography suggest the probable interaction of
daboxin P with factor X and factor Xa. Molecular docking analysis reveals the interaction of
the Ca*? binding loop; helix C; anticoagulant region and C-terminal region of daboxin P with
the heavy chain of factor Xa. This is the first report of a phospholipase A, enzyme from
Indian viper venom which targets both factor X and factor Xa for its anticoagulant activity.
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ABSTRACT: Snake venom three finger toxins (3FTxs)
are a non-enzymatic family of venom proteins abun-
dantly found in elapids. We have purified a 7579.5
% 0.591 Da 3FTx named as NK-3FTx from the venom
of Naja kaouthia of North East India origin. The
primary structure was determined by a combination
of N-terminal sequencing and electrospray ionization
liquid chromatography-mass spectrometry/mass spec-
trometry. Biochemical and biological characterization
reveal that it is nontoxic to human cell lines and exhibit
mild anticoagulant activity when tested on citrated hu-
man plasma. Nk-3FTx was found to affect the com-
pound action potential (CAP) and nerve conduction
velocity of isolated toad sciatic nerve, This is the first
report of a non-conventional 3FTx from Naja kaouthia
venom that reduces CAP for its neurotoxjc effect. Fur-
ther studies can be carried out to understand the mech-
anism of action and to explore its potential therapeutic
application. © 2015 Wiley Periodicals, Inc. J. Biochem.
Mol. Toxicol. 30:59-70, 2016; View this article online at
wileyonlinelibrary.com. DOI 10.1002/jbt.21734

KEYWORDS: Naja kaouthia; Three finger toxin; Neu-
rotoxicity; Compound action potential; Potassium
channel

INTRODUCTION

Snake venom is a complex mixture of proteins and
polypeptides which are classified into various toxin
families based on their structure and function. Three
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finger toxins (3FTxs) are one of the well character-
ized non-enzymatic families of snake venom proteins,
They are abundantly found in elapids and hydrophi-
idae venom [1-3] and recently, transcripts are also re-
ported in Viperidae family [4]. The amino acid sequence
of 3FTx family ranges from 60 to 74 residues with eight
or ten cysteine residues [5]. They are called “Three
finger toxins” (3FTx) as the three loops (8 stranded)
project from the hydrophobic core which js connected
by 4-5 disulfide bridges resembling three stretched fin-
gers of our hand [5-7]. In non-conventional 3FTx, the
fifth disulfide linkage is found in the first loop whereas
in long chain a-neurotoxins and k-neurotoxins it is
present in the second loop [1, 8]. Functionally they ex-
hibit various pharmacological effects on prey/victims.
They are reported to be neurotoxic, cardiotoxic, cy-
totoxic, anticoagulant, myotoxic, platelet aggregation
inhibition, etc. [6,9—13]. This family of protein con-
stitutes the best example of a unique structural scaf-
fold to support multiple biological functions as they
are structurally conserved but functionally diverse.
Mostly, 3FTxs exist as monomers, e.g. fulgimotoxin
from green vine snake Oxybelis fulgidus [14], candoxin
from Malayan krait Bungarus candidys [15], denmo-
toxin, from Boiga dendrophila (mangrove catsnake) [16],
p-cardiotoxin from Ophiophagus hannah [17], hemacha-
toxin (P-type cardiotoxin) from Hemachatus hemacha-
tus venom [18]. However, dimeric 3FTxs are also re-
ported, e.g. k-neurotoxins from Bungarus sp., Hemextin
AB from hemachatus hemachatus venom [12], haditoxin,
from Ophiophagus hannah [19], irditoxin from Boiga
irregularis (Brown tree snake) [20], etc.

Monocled cobra (Naja kaouthia) is the most com-
mon species of Asiatic cobra found in North East India
[21, 22]. Phenotypically it can be distinguished by its

59



Appendix 111

List of Conferences/Seminars and Workshops attended

. Recent developments in Medical Biotechnology and Structure based drug
designing (RDMBSBDD). Organized by Department of Biosciences and
Bioengineering, Indian Institute of Technology, Guwahati (IITG), December
6" & 7", 2015.

. “International Conference on Disease Biology and Therapeutics 2014.”
Organized by Institute of Advanced Study in Science & Technology,
Guwabhati, Assam. December 3rd-5th, 2014.

. “National Seminar on Recent advances in Biotechnology Research in
North East India: Challenges and Prospects.” Organized by Department of
Molecular Biology and Biotechnology, Tezpur University, Assam. November
27" 29" 2014.

. “IV Annual Conference of Toxinological Society of India & International
Colloquium.” Organized by Calcutta School of Tropical Medicine,
Department of Clinical & Experimental Pharmacology. November 19 22"
2014.

. 2" National 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, 2012.

. Workshop on “Thrombosis and haemostasis Discovery and Development
of tools and therapeutics.” Organized by Department of Studies in
Biochemistry, University of Mysore and Karnataka Open University.
December 8" & 9™, 2012.
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Appendix IV

List of papers/posters presented in National and International
seminar/conferences

1. Sharma M. & Doley, R. “Proteome Mining for Anticoagulant Protein from
Snake Venom with Therapeutic potential”’. Recent developments in Medical
Biotechnology and Structure based drug designing (RDMBSBDD). Organized by
Department of Biosciences and Bioengineering, Indian Institute of Technology,
Guwabhati (IITG), December 6" & 7™, 2015. (Poster)

2. Sharma M & Doley R. “Profiling of India Daboia russelii venom proteome: A step
towards design and development of better antivenom”. TSICON 2015, Organized
by LF Hospital Angamaly and SNIMS Chalakka. November 21% & 22", 2015.
(Invited lecture)

3. Sharma, M. & Doley, R. “Proteomics and Antivenomics in Combating Snakebite:
A Neglected Tropical Disease.” International Conference on Disease Biology and
Therapeutics 2014. Organized by Institute of Advanced Study in Science &
Technology, Guwahati, Assam. December 3rd-5th, 2014. (Oral)

4. Sharma, M., & Doley, R. “Unveiling the venom composition of Indian Daboia
russelii by tandem mass spectrometry.” National Seminar on “Recent advances in
Biotechnology Research in North East India: Challenges and Prospects”. Organized
by Department of Molecular Biology and Biotechnology, Tezpur University, Assam.
November 27" -29™, 2014. (Poster)

5. Sharma, M., & Dr. Robin Doley. “Indian Russell’s viper venom analysis using
proteomics tool and neutralization of its coagulopathy by polyvalent antivenom.”
“IV  Annual Conference of Toxinological Society of India & International
Colloquium.” Organized by Calcutta School of Tropical Medicine, Department of
Clinical & Experimental Pharmacology. November 19" -22" 2014. (Poster/Oral
presentation)

6. Sharma, M., Gogoi, N., Dhananjaya, B.L. & Doley, R. “Geographic variation of
Russell’s viper venom and its relation to coagulopathy.” “5" International
Conference on exogenous factors affecting Thrombosis and Haemostasis,”
Amsterdam, July 5™-6" 2013. (Invited lecture)

7. Sharma, M., Menon, J.C. and Doley, R. “Compositional analysis of two Russell’s
viper venom of South India.” 2™ National 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, 2012. (Poster).
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TEZPUR UNIVERSITY ANIMAL ETHICAL COMMITTEE
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(CPCSEA Regd. No 754/CPCSEA)

Approval No: DoRD-Pro/TUAEC/10-56/15/Res-02 Dated: 06/06/2013
Certificate

This is to certify that the project title “Isolation. purification and characierization of novel
three finger toxin from cobra venom’ has been approved by the IAEC.
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" MEMBERS PRESENT

PROCEEDINGS OF THE INSTITUTIONAL ANIMAL ETHICS COMMITTEE
MEETING HELD ON 29" OCTOBER 2011 AT 11.30 AM IN THE CHAMBERS OF
THE CHAIRMAN, DEPARTMENT OF STUDIES IN ZOOLOGY,
MANASAGANGOTRI, MYSORE — 06

1. Prof. Mewa Singh Chairman, [AEC

2. Dr. H. Krishnappa Member & CPCSEA Nominee
3. Mr. D. R. Prahallada Member

4. Prof. B. S. Vishwanath Member

S. Prof. Shivabasavaizh Member

6.

Prof. H. N. Yajurvedi

MEMBERS ABSENT :
1. Dr. Hari Krishna
2. Dr. Suresh Kumar

Member & C;mvener [AEC

The Chairman welcomed the members. The committee noted that though some of the
suggestions made in the carlier [AEC meeting regarding the preparation of the proposals
were complied with, the Investigators have to prepare the proposals in still better manner,
cspecially the protocols of experiments, requirement of animals in each experiment and
restricting the number of animals per group only to requirement of the investigation. In
addition names of all he individuals of the research group involved in proposed work have to
be mentioned.

The committee unanimously agreed with the above suggestions and resolved to
implement them.

The committee discussed at length about the proposals submitted by different
Investigators and sought clarifications from Principal Investigators / Ph.D., guides / Ph.D.,
scholars about their animal requirements. In some of the proposals the animal number was
reduced by suggesting modified protocols / alternatives. Following approvals were given.

a. The proposals submitted for class work by Chairpersons of different science Departments
were aceepted and animal requirement as shown in the table was approved (Nos.

UOM/IAEC/11-16/2011).

J,:(l) v Name Department No. of animals indented | No. of auimals approved
1 Prof. Bharathi P. Biotechnology, | Mice — 180 Nos. Mice — 180 Nos.
Salimath MGM Balb/c mice — 120Nos. Balb/c mice — 120Nos.
CF Rabbit — 04 Nos. Rabbit — 04 Nos.
\ 2 | The Chairman Biochemistry, | Mice — 250 Nos. Mice - 250 Nos.
- MGM Rat — 150 Nos. . -Rat — 150 Nos.
3 | The Chairman Psychology, Rat — 20 Nos. Rat — 20 Nos.
MGM .
4 Dr.N. S. Devaki Yuvaraja’s Rat - 51 Nos. Rat — 51 Nos.
. College
5 | The Chairman Zoology, Rat — 118 Nos. Rat — 118 Nos.
MGM, for
B Genetcs
6 The Chainnan Zoology, Rat — 493 Nos. Rat — 493 Nos.
MGM Mice — 60 Nos. Mice — 60 Nos.

" b. Dr. Shubha Gopal and Satisha K R (UOM/IAEC/17/2011) to utilize 128 mice for entire

Ph.D. progrramme.

per group from 8§ to 6 and total number from 440 to 330.

Prof. K. S. Rangappa and Rakesh K S (UOM/IAEC/18/2011) to reduce number of rats
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rof. V. A. Vijayan and Raghavendra B § (UOM/IAEC/19/2011): Requirement of
12 mice approved. ‘

~ Prof. H. S. Prakash and Chandra Nayaka (UOM/IAEC/20/2011)*: Requirement of

4 rabbits approved and rabbits have to be procured from CPCSEA recognized breeders.
Dr. Kemparaju and Prathima R (UOM/IAEC/21/2011) : Requirement of 285 rats for
entire Ph.D. programme approved.

Dr. Shailasree Sekhar and Ruma Karmakar (UOM/IAEC/22/201 1) : Requirement of
96 rats approved.

Prof. H. S. Prakash and Ghtfari (UOM/IAEC/23/20i1) to reduce number of rats from
96 to 72 and to submit detailed plan of the work.

Prof. H. S. Prakash and Chethan J (UOM/IAEC/23-24/2011): To provide detailed plan of
work showing experiment groups, treatments and animals in each group and requirement
of 250 rats approved.

Prof. B. S. Vishwanath and Nanjaraj Urs A N (UOM/IAEC/25/2011): The proposal for
480 accepted in principle and individual experimental designs to be given in D-form.

Prof. B. S. Vishwanath and Yariswamy M (UOM/IAEC/26/2011) : Requirements of 200
mice approved.

Dr. M. Bhagya and Samson-S (UOM/IAEC/27/2011) : Requirement of 22 lizards
approved.

. Dr. Asna Urooj and P. Vanitha Reddy (UOM/IAEC/28/2011) : Requ1rement of 124 rats

approved.

. Dr. Asna Urooj and Sudh Sairam (UOM/IAEC/29/2011) : Requiremenl of 150 rats

approved.

Dr. M. Bhagya (UOM/TAEC/30/2011) :Utilization of unused different tissues of lizards
approved carlier in other proposals permitted.

Prof. V. A. Vijayan and Prathibha K P (UOM/IAEC/31/2011) : Requirement of 12 mice
approved.

Prof. Cletus J. M. D>Souza and Mamatha A M and Shubha M C (UOM/IAEC/32/2011) :
Requirement of 02 rabbits approved. Rabbits to be procured from CPCSEA recognized
breeders.

Dr. T. Shivanandappa and Mahsa Zarei (UOM/IAEC/33/2011) : Requirement of
270 mice approved.

Dr. T. Shivanandappa and Dileepkumar H V (UOM/IAEC/34/2011) : Requirement of
160 rats approved.

Dr. T. Shivanandappa and Niveditha (UOM/IAEC/35/2001) : Requirement of 120 rats
approved.

Prof. B. S. Vishwanath and Zahra A (UOM/IAEC/36/2011) : Requirement of 46 rats

approved.

. Prof. B. S. Vlshwanath and Vilas Hiremath (UOM/IAEC/37/2011) Requirement of

75 rats approved

Prof. B. S. Vishwanath and Vikarm Joshi (UOM/IAEC/38/2011): Requirement of
456 Mice and 228 rats approved.

Prof. Cletus D. Souza (UOM/IAEC/39/2011) : Requirement of 02 hens approved.

Prof. Cletus D. Souza (UOM/IAEC/40/2011) : Requirement of 02 hens approved.

Prof. Cletus D. Souza (UOM/IAEC/41/2011) : Requirement of 02 Rabbits approved

aa. Prof. Cletus D. Souza (UOM/IAEC/42/2011) : Requirement of 48 rats approved.
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UNIVERSITY OF MYSORE

Communication of decision of the Institutional Human Ethical Committee (IHEC)

IHEC -UOM No. 62 /Ph.D/2011-12

Protocol title: Search for novel treatments for snake venom poisoning

Name of the Student: Mr Nanjaraj Urs AN

Research Guide: Dr. B.S.Vishwanath

Department: DOS in Biochemistry, Manasagangotri, Mysore, India

New review D revised review

Date of review (D/M/Y): 15/12/2011

Decision of the IHEC:

Recommended

[j Recommended with suggestions
D Revision/Resubmission

Suggestions:

To give a declaration stating that the subject’s blood sample will be used only for the
specified purpose

Revise and submit the consent form

Recommended for a period of:
Effective from the date of PhD enrolment / registration

Please note*
- Inform IEC in case of any change of study procedure and investigator.
- This permission is only for period mentioned above.

- Brief report to be submitted to IHEC.

Jec pA( s
snha Urooj Dr N.M.Srinivas

Member Secretary

: Chairman
al Committee _ .
HU'S;QE:SE of Mysore Human Ethical Committee
MYSORE-570 006 University of Mysore
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