The Homologous Relationship of Ophidian Amino Agids
as it Would Apply to a DNA-Based Vaccine in Humans

Tim Friede

Part of my responsibility with this vaccine wadrack down the complete DNA
sequences of snake venom fractions that | wasad@usnyself, or humans in the field.
This was a large task due to the plethora of detete fractions that venomous snake
have. There are about 500 species of venomous Sraake the biggest killers are
Elapidae/Viperidae(3).0Of those, only a handful@aagerous to humans due to human
populations that encounter these snakes, venormitygpxaggression, etc. Certain
venomous snakes can have over 40-50 deleterioetofra that can be harmful to
humans. How do you pick from this selection tosghthe ones that we will use for a
DNA-based vaccine protocol? Two more very imporguodls | aimed at achieving
where finding what other snake venom fractions ¢iadlar amino acid sequences, and
what amino acids were involved in the epitope &8 binding and possible cross-
reactivity, that might be important with developitigg DNA-based vaccine for humans. |
felt a thorough epitope mapping mission was in ptdeeveal these critical IgG binding
sites to maybe make a better vaccine.

This is where | turned to a super article by J.Rpfaux on The Global Evaluation of
Snakebites(1). His in depth article helped me fanus the major culprits of snakebite
death throughout the world. This gave me a gredtms for the overall crisis of
snakebite death. | couldn't start to build my tletioal case for a DNA-based vaccine
without the appropriate fractions that would sawernost amount of lives, fingers,
hands, legs, etc. His study showed these resusakebite death throughout the world.
Europe(30 deaths), Middle East(100 deaths), USAdGafi5 deaths), Central/South
America(5,000 deaths), Africa(20,000 deaths), A€18(000 deaths), and
Oceania(200)(1).

At this point | studied the major killers in thgsarts of the world and made a detailed list
of them to further break down the schematic of lle&buth American deaths a year are
due to Bothrops mainly(atrox, asper, jararaca,eBrgtalus durissus also comes into
play, but Bothrops is the major Killer.

Africa is next with many genera that can kill. Echas 9 spp. that cause human
deaths(coloratus, hughesi, jogeri, leucogasteratoegphalus, ocellatus, omanensis, and
pyramidum]3]). Bitis has 16 species that cause mudeaths(albanica, arietans, armata,
atropos, caudalis, cornuta, gabonica, heraldicanata,nasicornis, parviocula,



peringueyi, rubida, schneideri, worthington, xemgga&]). Naja has 10 spp that cause
human deaths( haje, melanoleuca, mossambica, &astigallida, nigricollis, nivea,
anchietae, annulifera, and nubiae[3]). The Denghisagenus has four species that cause
human deaths (angusticeps, jamesoni, polylepisyaialis|[3]).

Asia has the biggest ratio of snakebite death dileet big four(plus others). Indian
cobra, common krait, russell’s viper, and the saalesl viper. The cobras consist of
Naja(atra, kaouthia, mandalayensis, naja, oxiamiéippinensis, sagittifera, samaras,
siamensis, sputatrix, and sumatrana[3]). Bungaasgéndamanensis, bungaroides,
caeruleus, candidus, ceylonicus, fasciatus, flpgckvidus, magnimaculatus, niger,
sindanus, Lewinski[3]).

Daboia russelii, and Echis carinatus also have lkgge roles in snakebite death in Asia.

At this time | focused on the major killers, withetmajor fractions that cause death or
disability. I've chosen these genera, with thesgairefractions that cause the most harm.

| broke it down into these major families that ¢estihe most trouble: SVMP(causes
haemorrhage), PLA2(pro/anti coagulant), CTL(plateteagulation problems) alpha
three-finger postsynaptic neurotoxins(inhibits nA&Céind produces peripheral paralysis
at the NMJ),PLA2 presynaptic beta neurotoxins(bsoa&etylcholine release at the nerve
terminal[2,4]). There are many more, but this &rang representation of deleterious
fractions from multiple genera as a comparisone Harrisson paper also uses SVMP,
PLA2 and CTL as a amino acid comparison(2).

SVMP Amino Acid Comparisons

Kenyan Echis carinatus(ecarin, Q90495)616aa, matatein 426aa(90% identity with
Echis ocellatus fraction EOMPO6[4]).

(ref. 5, 6)
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Peptide

GNVND

vV 2
VTALPKGAVQQPEQKYEDA 19

EVK 3
LFSEDYSETHYSSDDREITT o5
NPSVE

IQNDAESTASI 11

KIPDSEAH 8
NIENEDEAPKMCGVTQDN 26
WESDEPIK

HERK 4

KYNNDSTA 8

STADDTLH 8

W 1

H 1

ESIPPPKEFSSC 12

YD 2

I 1

PLRKDIASPAVC 12
IWEEGEECDCGSPADCRNP

21

CC

KLKPGAECGNGEC 13

AGTECRPARDDCDVA 15

HCTGQSAECPRNEFQRNGQ g
PCLN

Peptide
Length



2 501 504
2 522 525
2 548 548
2 553 560
2 581 600

YCYN

ATVA

Y

FPCAPQDV

DYSYADENKGIVEPGTKCE
D
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Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Mortetsiin. Improved

method for predicting linear B-cell epitopes. Immore Res. 2006; 2: 2.




MIQILLVIICLAVFPYQGCSIILGSGNVNDYEVVYPQKVTALPK
GAVQQPEQKYEDAMQYEFEVKGEPVVLHLEKNKELFSEDYSETHYSSDDRET
Ega\éYYHGRIQNDAESTASISACNGLKGHFKLRG ETYFIEPLKIPDSEAHAXYKY
EH:EDEAPKMCGVTQDNWESDEPIKKTLG LIVPPHERKFEKKFIELVVVVDHSMV
-I\rlléYS"\lFAIRTWIYEMLNTVNEIYLPFNIRVALVG LEFWCNGDLINVTSTADDT LHSF
g/EgVDLLNRKRHDHAQLLTNVTLDHSTLGITFVYG MCKSDRSVELILDYSNITFNM
,IAA\I(-IIEMGHSLGMLH DTKFCTCGAKPCIMFGKESIPPPKEFSSCSYDQYNKYLKYN
::I)_PE)CF:’PLRKDIASPAVCGNEIWEEGEECDCGSPADCRNPCCDAATCKLKP(H—CGN
g[E)CK:CKIRKAGTECRPARDDCDVAEHCTGQSAECPRNEFQRNGQPCLNNSGY
:\II\/I(?_RICC:)PCIALFSPSATVAQDSC FOQRNLQGSYYGYCTKEIGYYGKRFPCAPQDKC
glljll)_ESFKKN MRCKNDYSYADENKGIVEPGTKCEDGKVCINRKCVDVNTAY

Daboia russellii(RVV-X, Q7LZ61),429aa(4)

(ref. 5, 6)
N gart End Peptide
° Position Position Peptide Length
1 26 34 KCNSTATNT 9
2 72 79 SSADETLN 8
3 83 84 EW 2
4 94 94 S 1
5 130 136 QEQGNRN 7
6 173 179 LSDQPSK 7
7 207 240 RKDIVSPPVCGNEIWEEGEECDCGSP 34

ANCQNPCC



8 246 254 KLKPGAECG 9
RARDECDVPEHCTGQSAECPRDOLQ
9 275 314 QNGKPCONNRGYCYN 40
é 333 335 NVA 3
1
T 33 339 c 1
; 345 346 KG 2
é 353 367 RKENGRKIPCAPQDV 15
411 378 385 SPRNKNPC 8
é 396 411 KGMVDPGTKCEDGKVC 16
Bepipred Linear Epitope Prediction
B Threshold = 0.350
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LVSTSAQFNKIFIELVIIVDHSMAKKCNST ATNTKIYEIVN
SANEIFNPLNIHVTLIGVE FWCDRDRINVTSSADETLNSFG



EWRASDLMTRKSHDNALLFTDMRFDNTLGITFLAGMCOQ
AYRSVEIVQEQGNRNFKTAVIMAHEISHN LGMYHDGKN

CICNDSSCVMSPVLSDQPSKL FSNSGHDYQRYLTRYKPK
CIFNPPLRKDIVSPPVCGNEIWEEEBECDCGSPANCQNPC
CDAATCKLKPGAECGNGLCCYQCKIRAGTV CRTRRARD
ECDVPEHCTGQSAECPRDQLQQNGIRNNRGYCYNGD

CPIMRNQCISLFGS RANVAKDSCFENLKGSYYGYCRKE

NGRKIPCAPQDVKCGRLFCLNNSPRKNPCNMHYSCMD

QHKGMVDPGTKCEDGKVCNNKRQCVD NTAYQSTTG

Trimeresurus gramineus(trigram in, P15503),480aa(4)

(ref. 5, 6)
N
o Start Position End Position Peptide Peptide L ength
1 28 29 LN 2
2 33 34 . 2
3 39 54 VTALPKGAVQQKYEDA 16
4 60 62 KVN 3
5 76 77 LF 2
6 82 100 SEIHYSPDGREITAYPSVE 19
7 109 120 IENDADSTASIS 12
8 143 147 LSDSE 5
9 156 168 NVEKEDEPPKMCG 13
1 ONWESYESTKKASQLNVT
. 17 194 SEOORF 24
1 210 220 YTKYSGNSERI 11
; 260 264 ASAPT 5
1
5 283 284 HD 2



411 299 311 IGRAPVGGMCDPK 13

1

L osa 342 H 1

é 344 348 DEDKC 5

% 360 369 SROPSKYFSE 10
1

L o3n2 373 KD 2

é 303 408 RTDTVSTPVSGNELLE 16

S 410 424 GEDCDCGSPANPCCD 15
2

2 434 437 AQCG 4

Bepipred Linear Epitope Prediction
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MIQVLLITICLAVFPYQGSSIILESGNLNDYEVVYPEKVTALPK
GAVQQKYEDAMQYEFKVNGEPVVLHLEKNKGLFSEDYSEIHYSPDGREITA'PS



\C/E[Y)EGRIEN DADSTASISACDGLKGHFKLQGEMYLIEPLELSDSEAHAVFRYENV
EIEIEPKI\/ICGVTQNWESYESTKKASQLNVTPEQQRFPQRYI KLGIFVDHGMYKYS
SI’}II'SKERVHQMINNINMMCRALN IVTTLSVLEIWSEKDLITVQASAPTTLTLF GAWR
EEI:I/RTSH DHAQLLTATIFNGNVIGRAPVGGMCDPKRSVAIVRDHNAIVFVVAVT
m-lc;:EN LGMHHDEDKCNCNTCIMSKVLSRQPSKYFSECSKDYYQTFLTNHNPQIL
g"lo'\g'll_'VSTPVSGNELLEAG EDCDCGSPANPCCDAATCKLIPGAQCGEGLC@ICSF
IEE GTVCRIARGDDLDDYCNGRSAGCPRNPFHA

Bothrops jararaca(jararhagin, P30431), 571aa(9@%itiky with Bothrops jararaca
Bothropasin, Bothrops insularis, and Crotalus 8\dMP P-111[4]).

(ref. 5, 6)
N End Peptide
o Start Position Position Peptide Length
1 1 15 ATRPKGAVQPKYEDA 15
2 21 23 KVN
3 37 37 L 1
4 43 62 SEIHYSPDGREITTYPPVED 20
5 70 80 IENDADSTASI 11
6 103 110 KLPDSEAH 8
7 117 129 NVEKEDEAPKMCG 13
8 133 142 NWKSYEPIKK 10
9 151 158 EQQRYDPY 8
é 170 180 GTVTKNNGDLD 11
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Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Mortistsiin. Improved
method for predicting linear B-cell epitopes. Immore Res. 2006; 2: 2.

ATRPKGAVQPKYEDAMQYEFKVNGEPVVLHLEKNKGLFSKDYSE
IHYSPDGREITTYPPVEDHCYYHGRIENDADSTASISACNGLKGYFKLQREYFIE
EIEPDSEAHAVFKYENVEKEDEAPKMCGVTQNWKSYEPIKKASQLAFTAEQQ?Y
::I)EFI)ZIY:I\</T/VDQGTVTKNNGDLDKIKARMYELANIVNEIFRYLYMHVALVGLEI WSN
'(?\E)IL(FI’DVDYTLNSFAEWRKTDLLTRKKHDNAQLLTAIDFNGPTIGYAYIGSM CHP
CKSTVS(S/DYSPINLVVAVIMAHEMGHNLGIHHDTGSCSCGDYPCIMGPTISNEBKFFS
ggIQCWDFIMNHNPECIINEPLGTDIISPPVCGNELLEVGEECDCGTPENINECC
2¢CKLKSGSQCGHGDCCEQCKFSKSGTECRASMSECDPAEHCTGQSSEWE
CHQI;IEIS(L;DNYGYCYNGNCPIMYHQCYALFGADVYEAEDSCFKDNQKGNYYGYCFK
IEEZEPKI}E(I!)VKCGRLYCKDNSPGQNNPCKMFYSNDDEHKGMVLPGTKCADGKVS
NGHCVD VATAY



Bitis arietans(BA-MP-2, Q4QT06), 513aa(4)
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(ref. 5, 6)
End
Position

21
51
71
83
96
166
187
204
215

267
278
299
325
348
403
423

436

Peptide

IQNDADSTASI
LSDSEAH
NIEKEDEAPKMCGV
QTTWESDLPIK
ATSEQQK
QINVQSAPS

HD

GSTVGI
GMCDPKR

ANAGPQ
WN

KCIDNEPLRT
EECDCGPSKI

LTPGSQRSHGE

RSECDLPEHCTGQSAECPSDVFKRN

GQPCQNNNGYCYN
TV

KGT

Peptide
Length

10
10
11

38



; 454 456 QDM 3
é 467 471 SIGNT 5
2 a7 487 YSSQDDPDYGM 11
¢ 492 501 TKCEDGKVCN 10

Bepipred Linear Epitope Prediction
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Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Mortetsiin. Improved
method for predicting linear B-cell epitopes. Immore Res. 2006; 2: 2.

VEDHCYYHGRIQNDADSTASISACNGLKGHFKLRGEMYLIEPLK
LSDSEAHAVYKYENIEKEDEAPKMCGVTQTTWESDLPIKKASQLVATSEQXKVF
NKFI

EIYMIADNVTFNKYSRSLTAVRTRMYEILNDLNLIFIQFRIYIALIGLEIW STNNQIN
VQSAPSVTLRLFEDWRQNVLLKRKRHDNAQLLTVVDLDGSTVGIAPLGGMCDP
KRSVG
LVQDYCKSHILVAATMAHELGHSLGIKHDNVNCTCNGRPCIMSANAGPQRVFSF
SDCS
WNQYQKFLVDHKPKCIDNEPLRTDIVSPAVCGNHFLEKEEECDCGPSKICRPCC
NAV



TCKLTPGSQRSHGECCDQCRIKTAGTVCRRERSECDLPEHCTGQSAECRSBR
NGQ
PCONNNGYCYNGDCPILTNQCISLFGSRVTVAPDVCFTLNKKGTNKFHCRENG
RYIK
CAPQDMKCGRLFCVEPSIGNTVGCKFYSSQDDPDYGMVDLGTKCEDGKVCSN
RECVD VNTAY

PLA2(Pro/Anticoagulant)Amino Acid Comparisons

Bitis arietans(BA-PLA2-32, Q4QT03), 138aa(100% itakgrwith Echis ocellatus PLA2-
5, and 90% identity with Bitis arietans PLA2-19[4])
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(ref. 5, 6)
N
o] Start Position End Position Peptide Peptide Length
1 28 36 ETGRSPFPF 9
GGKGKPKDD
2 47 57 D 11
3 69 78 [S)MPDCSPKT 10
4 84 84 R 1

5 94 97 GTSC



Bepipred Linear Epitope Prediction

B Threshold = 0.350

A A V——.
AR A

-3.5 T T T T T T
] 20 40 G0 ao 100 120 140

position

score
=
1

Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Morteisiin. Improved
method for predicting linear B-cell epitopes. Immore Res. 2006; 2: 2.

MRTLWIVAVWLIGVEGSVIEFGTMIIEETGRSPFPFYTSYGCYC
GLGGKGKPKDDTDRCCFVHDCCYGSMPDCSPKTDIYRYHRENGEIICESGLCEK
RIC ECDKAAAVCFRENLKTYKNKYMVYPDSLCKEESEKC

Echis pyramidum leakyi(EpIPLA2-5, P59172), 139a@0dentity with Bitis arietans
PLA2-20, 90% identity with Echis coloratus sochuriekA2-4, and Bitis arietans PLA2-
18[4]).

(ref. 5, 6)



o} Start Position End Position Peptide Peptide Length
1 26 34 KNKTGKPAM 9
WGGQGKPQD
2 46 57 PSD 12
3 72 74 NCS 3
4 89 98 IICGDNDPCR 10
5 116 121 VNTYDE 6
Bepipred Linear Epitope Prediction
s B Threshold = 0.350
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Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Mortistsiin. Improved
method for predicting linear B-cell epitopes. Immore Res. 2006; 2: 2.

MRTLWIVAVWLMGVEGNLYQFGKMIKNKTGKPAMFSYSAYGCYC
GWGGQGKPQDPSDRCCFMHDCCYTRVNNCSPKMTLYSYRFENGDIICGDNT

RKAVC ECDREAAICLGENVNTYDEKYRFYSSSYCTEEESEKC

Echis coloratus(EC, Q910A0), 138aa(50% identityhnvaiver 50 different fractions[4])



o] Start Position End Position Peptide Peptide Length
WGGKGKP

1 46 56 VISGKGKPQ 1

2 71 79 NGCDPKMGT 9

3 82 84 YSF 3

4 89 97 IVCGGDDPC 9

5 118 118 T 1

Bepipred Linear Epitope Prediction

B Threshold = 0.350
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Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Mortiisiin. Improved
method for predicting linear B-cell epitopes. Immore Res. 2006; 2: 2.

MRTLWIVAVWLMGVEGHLYQFENMIYQKTGKFAIIAYSNYGCYC
GWGGKGKPQDATDRCCFVHDCCYGRVNGCDPKMGTYSYSFQNGDIVCGGOD
CLRAVC ECDRVAANCFAENLKTYNKKYWLSSIIDCKEESEKC



Vipera palaestinae(VP, Q98996), 138aa(synergistitethal with VP 7&8[4]).

N
o] Start Position End Position Peptide Peptide Length
1 26 27 NK 2
GGKGKPQD
2 47 56 AT 10
3 70 78 \S/NGCDPKL 9
4 83 84 SF 2
5 89 97 IVCGDDDPC 9
6 116 119 MNTY 4
Bepipred Linear Epitope Prediction
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Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Mortitsiin. Improved
method for predicting linear B-cell epitopes. Immore Res. 2006; 2: 2.

MRTLWIVAVCLMGVEGHLTQFGDMINKKTGTFGLLSYVYYGCYC
GLGGKGKPQDATDRCCFVHDCCYGTVNGCDPKLSTYSYSFQNGDIVCGDDRC
LRAVC ECDRVAAICFGENMNTYDTKYMLHSLFDCMEESEKC



CTL Amino Acid Comparisons

Bitis arietans(CTL-1, Q6X5T5), 146aa(90% identityhwEchis carinatus[Carinactivase-
1], Echis carinatus sochureki[CTL-9], Echis pyrammdleaky[CTL-5][4]).

(ref. 5, 6)
N
o] Start Position End Position Peptide Peptide Length
1 21 25 TEADC 5
5 a1 49 REPKTWAD 9

KFCSEQAN

3 51 60 GG 10
4 68 68 R 1
5 100 103 WGWT 4
6 105 105 G 1
7 107 108 KL 2
8 111 115 EARAE 5
9 126 130 KKEWK 5



Bepipred Linear Epitope Prediction
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Reference: Jens Erik Pontoppidan Larsen, Ole Lund and

MGRFIFISFGLLVVFLSLSGTEADCLPDWFHYEGHCYRVFDEPK
TWADAEKFCSEQANGGHLVSVHSRKEAGLVGVLAYQTLESPIVWMGLSKVWN
QCDWGW TNGAKLKYEARAEESYCIHITSKKKEWKSLPCRNYGHFVCKSPA
Echis pyramidum leakeyi(CTL-1, Q6X5S3), 148aa(10@e&mtity with Echis carinatus

sochureki[CTL-1], Bitis arietans[CTL-8], Echis otals[CTL-2], and 90% identity with
Echis c.s.[CTL-1], Bitis arietans[CTL-6&8], and Hslocellatus[CTL-1&2][4]).

A

R

(ref. 5, 6)

o] Start Position End Position Peptide Peptide Length

1 21 23 TEA 3



2 31 37 WSGYDON 7

3 54 54 F

4 58 60 OHK 3

5 102 110 WGWTDGA 4
oL

6 129 138 ggWSRTDC 10

Bepipred Linear Epitope Prediction
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Reference: Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Mortifsiin.
Improved method for predicting linear B-cell epiésp Immunome Res. 2006; 2: 2.

MGRFIFVSFGLLVVFLSLSGTEAGVCCPLGWSGYDQNCYKAFEE
LMNWADAEKFCTQQHKGSHLVSLHNIAEADFVVKKIVSVLKDGVIWMGLND V
WNECNW GWTDGAQLDYKAWNVESNCFIFKTAENHWSRTDCSGTHSFVCKRBA

Daboia russelli siamensis(C-Type L-3, Q4PRDO0), 8488% identity with over 20
different fractions[4]).
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(ref. 5, 6)

Start Position

2
3

End Position Peptide
34 GWSAY 5
36 Q 1
49 NWA 3
54 KF 2
56 T 1
60 QHK 3
WGWTDG
110 AKL 9
117 KAWNE 5

Bepipred Linear Epitope Prediction

B Threshold = 0.350
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Reference: Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Mortifsikin.
Improved method for predicting linear B-cell epigsp Immunome Res. 2006; 2: 2.




MGRFISVSFGLLVVFLSLSGTEAAFCCPSGWSAYDQNCYKVFTE
EMNWADAEKFCTEQHKGSHLLSLHNIAEADFVLKKTLAMLKDGVIWMGLND V
WNECNW
GWTDGAKLDYKAWNEGTNCFVFKIAKNHWSHMDCSSTHNFVCKFRV

Three-Finger Alpha Neurotoxin Amino Acid Comparison

Naja naja(alpha neurotoxin, Q9PTTO0), 83aa(90% itdewith Naja atra Cobratoxin,
Naja sputatrix alpha neuro 1,2,3,4, Naja kaouth@tsneuro 1, Cobratoxin 2 precursor,
Naja mossambica short neuro 1[4]).

(ref. 5, 6)
rt Position End Position Peptide Peptide Length _I
1 26 45 NQQSSQTPTTTGCSGGETNC S
2 51 68 RDHRGYRTERGCGCPSVK é



Bepipred Linear Epitope Prediction

B Threshold = 0.350

05 M Ve

score
o
1

'35 T T T T T T T T
1] 10 20 30 40 a0 G0 7o gd a0

position

Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Mortmeisiin. Improved
method for predicting linear B-cell epitopes. Immuore Res. 2006; 2: 2.

METLLLTLLVVTIVCLDLGYTLECHNQQSSQTPTTTGCSGGETN
CYKKRWRDHRGYRTERGCGCPSVKNGIEINCCTTDRCNN

Naja atra(alpha neurotoxin, P60770), 83aa(100%iyemith Naja kaouthia and
siamensis Cobratoxin, and 90% with 10 other Najatfons[4]).

(ref. 5, 6)

o] Start Position End Position Peptide Peptide Length



NQQSSQTPTTTGCSGG

1 26 45 ETNG 20
5 51 68 RDHRGYRTERGCGCPS 18
VK
Bepipred Linear Epitope Prediction
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Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Mortitsiin. Improved
method for predicting linear B-cell epitopes. Immore Res. 2006; 2: 2.

MKTLLLTLLVVTIVCLDLGYTLECHNQQSSQTPTTTGCSGGETN
CYKKRWRDHRGYRTERGCGCPSVKNGIEINCCTTDRCNN

Naja kaouthia(alpha neurotoxin, P60771), 83aa(1l@%¥itity with Naja atra, and 90%
with 10 other Naja neuro fractions, above[4]).

(ref. 5, 6)



o] Start Position End Position Peptide Peptide Length
NQQSSQTPTTTGCSGG

1 26 45 ETNG 20

5 51 68 SEHRGYRTERGCGCPS 18

Bepipred Linear Epitope Prediction

B Threshold = 0.350
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Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Mortiisiin. Improved
method for predicting linear B-cell epitopes. Immore Res. 2006; 2: 2.

MKTLLLTLLVVTIVCLDLGYTLECHNQQSSQTPTTTGCSGGETN
CYKKRWRDHRGYRTERGCGCPSVKNGIEINCCTTDRCNN

Naja nivea(alpha long neurotoxin 1, P01390), 71@#(entity with over 24 other
fractions[4]).



(ref 5, 6)
’(;I Start Position End Position Peptide Peptide Length
DVTSQAC
1 8 16 PD 9
o aa 51 TCPKVKP 3
G
Bepipred Linear Epitope Prediction
B Threshold = 0.350
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Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Mortitsiin. Improved
method for predicting linear B-cell epitopes. Immore Res. 2006; 2: 2.

IRCFITPDVTSQACPDGHVCYTKMWCDNFCGMRGKRVDLGCAATCPKVKPGEN
IKCCSRD
NCNPFPTRKRS



Naja nivea(alpha short neurotoxin Il, P01423), §2@% identity with short neurotoxin
Il from Naja haje haje and Naja haje annulifera[4])

N

N

(ref. 5, 6)
N
o] Start Position End Position Peptide Peptide L ength
RPTIKTCPGET
1 6 24 ESESQ CPG 19
2 29 30 RD 2
3 41 46 GCPSVK

Bepipred Linear Epitope Prediction
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Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Mortitsiin. Improved
method for predicting linear B-cell epitopes. Immore Res. 2006; 2: 2.

MICHNQQSSQPPTIKTCPGETNCYKKRWRDHRGTIERGCGCPSVKKGVBLCK
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Presynaptic Beta Neurotoxin Amino Acid Comparisons

Bungarus multicinctus(beta PLA2 bungarotoxin A1inthR00617), 147aa

Ny, ¥
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Start Position
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(ref. 5, 6)
End Position
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Peptide
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Peptide L ength
M
NIPPH
EKTWGEYAD

GAGGSGRPID

CYGDAEKKHKCNPKTQS
YS

G
YIE
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Bepipred Linear Epitope Prediction
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Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Mortistsiin. Improved
method for predicting linear B-cell epitopes. Immore Res. 2006; 2: 2.

AVCVSLLGAANIPPHPLNLINFMEMIRYTIPCEKTWGEYADYGCY FT
CGAGGSGRPIDALDRCCYVHDNCYGDAEKKHKCNPKTQSYSYKLTKRTHIGX GA
AGTCG FT RIVCDCDRTAALCFGNSEYIEGHKNIDTARFCQ

Crotalus durissus terrific us(beta PLA2 CrotoxiG8B78 ), 138aa.(90% identity with
Mojave rattlesnake Mtx-a[4]).

N

. End : Peptide
o Start Position Position Peptide Length
1 34 35 IS 2
2 45 57 GAGGQGWPQDASD 13
GCDPTTDVYTYRQEDGEIVC
3 72 9 GEDDPCGT 28
4 117 119 DTY 3



Bepipred Linear Epitope Prediction
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Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Mortmeisiin. Improved
method for predicting linear B-cell epitopes. Immuore Res. 2006; 2: 2.

MRALWIVAVLLVGVEGSLVEFETLMMKIAGRSGISYYSSYGCYCG FT
AGGQGWPQDASDRCCFEHDCCYAKLTGCDPTTDVYTYRQEDGEIVCGEDIFG
TQICEC FT DKAAAICFRNSMDTYDYKYLQFSPENCQGESQPC

Vipera ammodytes(Ammodytoxin, P00626), 138aa(4)

o
7 |
& . v
oL,
Qﬁ"’ y
(ref. 5, 6)
N
o] Start Position End Position Peptide Peptide Length

1 29 35 TGKNPLT 7



2 46 56 VGGKGTPKDAT 11

LPDCSPKTDRYK
3 70 84 YHR 15
4 94 97 GTSC 4

Bepipred Linear Epitope Prediction

B Threshold = 0.350
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Reference: Jens Erik Pontoppidan Larsen, Ole Lund and Morteisiin. Improved
method for predicting linear B-cell epitopes. Immuore Res. 2006; 2: 2.

MRTLWIVAVCLIGVEGSLLEFGMMILGETGKNPLTSYSFYGCYC
GVGGKGTPKDATDRCCFVHDCCYGNLPDCSPKTDRYKYHRENGAIVCGKGSC
ENRIC ECDRAAAICFRKNLKTYNYIYRNYPDFLCKKESEKC

Conclusion



There are many very positive features that carréemdfrom these amino acid
comparisons. The complete DNA sequences are ald@uy for all these venom
fractions, which makes it easier to develop a DNa&dal vaccine for human use.

The structural similarity with these fractions medhat IgG raised antibodies will cross
with not just different species, but different gemen different continents. There are
many 50% amino acid similarities, but the 100% @@% fractions show that cross-
reactivity will happen. The alpha neurotoxins ariL@oxins are a very good example of
how similar that group is. Truly, a partial multsttinental ophidian DNA -based
vaccine.

My personal opinion would be having three contiaéBNA vaccines for humans(partial
of course at this point). South America would htheeDNA-jararhagin vaccine, Africa

would have the DNA-ecarin/neuro-alpha(Naja), anthAgould have the DNA-
ecarin/neuro-alpha(Naja)/RVV-X(Daboia)/bungarotqBuangarus).

Obviously more fractions could be added, but | feat's a good initial mix for partial
coverage. At first though, | think just zeroingdn one fraction would be the key to see if
IgG acceptable titers can be achieved.
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