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Different poisonous animals

since 1960 1980 2000



Different species of cone snails

C. flavidus

C. marmoreus C. generalis C. vitulinus °



Conus purpurascens rapidly capturing a clown fish.

(from Nature 1996, 381:148-151) 4
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Clinical potential of conotoxins

Mode of Action

Name

Clinical Potential
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(from Pharmacol Rev 2012, 64:259-298)



Venom duct of Conus marmoreus




HPLC profile of crude venom of Conus marmoreus
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Conotoxins are highly variable.

M-superfamily conotoxin precursors:

VXII MMSKLGVLVTICLLLFPLTALPLDGDOPADHPAKRTODHNLASPTSAWIDPSHYCCCGGGCTDDCVNC
u-SHIA MMSKLGVLLTVCPLLFPLTALPPDGDOPADRPAERMODDISSDEHPLFDKRONCCNGGCSSKWCRDHARCCGR
Conomarphin MMSKLGVLLCIFLVLEFPMATLOLDGDOTADRHADORGODLTEQORNSKRVLKKRDWEYHAHPKPNSFWT LV
Vi3.1 MLKMGVVLFIFLVLFPLATLELNADOPVERNAENTIQODLNPDKRVIKTI PVPRRRGPYRRYGNCYCPIG
signal peptide pro-peptide mature peptide

A-superfamily conotoxin precursors:

Pul4.1l MGMRMMEAVELLVVLATTVVSENSDRASDGRNAAANVKASDLMARVLEKDCPPHPVPGMHKCVCLKTCR

kA-SIVA  MGMRMMETVELLVVLATTVVSTPSDRASDGRNAAVHERQKSLVPSVITTCCGYDPGTMCPPCRCTNSCG

kKA-MIVA MGMRMMETVELLVVLATTVVSTPSDRASDGRNAVVHERAPELVVTATTNCCGYNPMTICPPCMCTYSCPPKRKPGRRND
o-Mrl.l MGMRMMETVELLVVLATTVVSETSDRASDGRKAAAKDKASDLVALTVKGCCSHPACSVNNPDICG

o-AulB  -————- METVELLVVLATTVVSETSDRASDGRKDAA---=SGLIALTMKGCCSYPPCFATNPDCGRRR

How comes this striking diversification?
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Venomic study of Conus flavidus
(Lu, et al.,, MCP. 2014)

cDNA library & LC-MS/MS of crude venom

No protease digestion of
crude venom,;

Non-specific precursor
digestion during database

searching;
Mass deviation < 10 ppm.

v v
69 cDNA sequences 31 conotoxin sequences
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Overall superfamily distribution of C. flavidus conotoxins
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Conotoxin diversifications at mRNA level.

|«

signal peptide
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|«

(Lu, et al.,, MCP. 2014)
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Conotoxin diversifications at mRNA level.

(Lu, et al.,, MCP. 2014)
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Conotoxin diversifications at protein level.

cDNA Flal16.2: MHTLEMLLLLLLLLPLAPGEGDGQAVAGDRNPSEARSTHE
HFLQRLIRLIHGSDCQPCGQYVCCPPWKYAEYRRFT

conotoxin flal6a: LIHGSDCQPCGQYVCCPPWKY
flal6b: LIHGSDCQPCGQYVCCPPWKYA
flal6c: LIHGSDCQPCGQYVCCPPWKYAE
flal6d: LIHGSDCQPCGQYVCCPPWKYAEY

\YWCCPPWKYAE, Carb(CT) Carb (C10) Carb(C15) Carb (C16), Charge:3, MH+: 2825.1830, Score: 2.47e-017
SEQ: LIHGSDCQPCGQYVCCPPWKY, Carb(C7) Carb (C10) Carb({C15) Carb (C16), Charge:3, MH-+: 2625.1047, Score: 1.02e-032 .
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Conotoxin diversifications at protein level.

cDNA Flal16.2: MHTLEMLLLLLLLLPLAPGEGDGQAVAGDRNPSEARSTHE
HFLQRLIRLIHGSDCQPCGQYVCCPPWKYAEYRRFT

conotoxin flal6a: LIHGSDCQPCGQYVCCPPWKY
flal6b: LIHGSDCQPCGQYVCCPPWKYA
flal6c: LIHGSDCQPCGQYVCCPPWKYAE
flal6d: LIHGSDCQPCGQYVCCPPWKYAEY

cDNA Flal4.3: MKLSVTFIVVLMLTTSLTFGFSLSSNNGERAYGSHHSYVADQ
LVRRERASRACNPPCSDILTCLHGTCKHLGIG

conotoxin flal4a: ACNPPCSDILTCLHGTCKHLGI*
flal4b: ACNPOCSDILTCLHGTCKHLGI*
flaldc: ACNOOCSDILTCLHGTCKHLGI*

(Lu, et al., MCP. 2014) 16



Conotoxin diversifications at protein level.

cDNA Flal5.7: MSTPKMTPFILLLLFSLTIRCGDGKAIQEDRDPSTRLLTGDKN
RDLSVNRRCSSCNGEICCGSCFCFPHGKNCFCRQLGK

conotoxin flalba: SCFCFPHGKNCFCRQL*

SEQ:SCFCFPHGKNCFCRAL, Carb(C2) Carb (C4) Carb(C11) Carb (C13) Amidation(C-term), Charge:4, MH+: 2116.9010, Score: 8.21e-025
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(Lu, et al.,, MCP. 2014) 17



What we expect next:

Deeper proteomics characterization;

S-S linkage identification......

Target/binding site identification......
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1200 <

Dimeric aD-GeXXA from Conus generalis

DTT
v 11249 Da > 5635 Da

o — 2]

10 S-S per homodimer!
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aD-GeXXA inhibits nicotinic acetylcholine receptor (hAChR)

(b)
nAChR subtype ICso (95% CI)
ha9al0 28 nM (22-35)
ha7 210 nM (174-253)
- ra3f32 498 nM (407-609)
ra3p4 614 nM (491-768)
ra4f32 >3 mM
radp4 >3 mM
| ralPloy 743 nM (606-911)
(from JMB 2005, 346:967-989) (In collaboration with Dr. D. Adams)
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Crystal structure of aD-GeXXA

(In collaboration with Dr. Jianping Ding) 21



Refolding the aD-GeXXA-monomer.

21 30 40 50
TRL ?STMS?ARADFT l"I.IWHTWHGHGfI.'S('l.'VM

Acm SH SH Acm SH SH
21 Ian 40 I | 50 21 |3n I 40 | | 50
TRLfl.'STMSCARADCT fl.'WHTWRGHGCSCUM TRL?STMSCARADCT t'l.'WHTWRGHGCSCVM
Acm Acm Acm Acm

2 | izm | 40 I | 50
TRLCSTMSCARADCTCVYHTWRGHGCSCVM
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Refolding the aD-GeXXA-monomer.

21 30 40 50
TRL li.'STMS(i.’ARADll'.'T (‘I."ﬁ HTWHGHG(I.‘S(".'V M
Acm SH SH Acm

SH SH

21 I a0

40
TR Lfl.' STMSCAR ADCT'I'ISWHTW RGHGCSCVM

Acm Acm
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Pealcl: 3479 Da

Peak?2: 3479 Da
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Refolding the aD-GeXXA-monomer.

| I |
TRL?STMSCARADCTCVYHTWRGHGCSCV M

Acm cm

|

NEM NEM

I | |
TRL(|:STMSCARADCT(|'IVYHTWRGHGCSCVM

Acm Acm

Ilfi\ff\ ll\IEM IA;?\ Il\IEM
TRL(|:STMSCARA DCTCl"VY HTWRGHGCSCVM

Acm Acm

SEQ: TRLCSTMSCAR, ACM(C4) Carbamidomethyl(C9), Charge: 2, MH-+: 1356.6217, Appm=2 68, NL=1 798

100G

i

SEQ: ADCTCVYHTWR, NEM(C3) ACM(C3), Charge: 2, MH-+1530.6557 , Appm=2.73, NL:1.23e8
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SEQ: GHGCSCVM, Carbamidomethyl(C4) NEM(CB), Charge: 2, MH+: 975.3497, Appm=1.65, NL:9.25¢8
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aD-GeXXA-monomer does inhibit nAChR.

nAChR subtype dimer 1Csg monomer ICsg
ha9al10 28 nM 2.02 yM
ha7 210 nM /
ra332 498 nM /
ra3p34 614 nM /
ro4f32 >3 mM /
ro4p4 >3 mM /
ralB1oy 743 nM /

ha9010

ra9al10
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aD-GeXXA-monomer does inhibit nAChR.

nAChR subtype dimer 1Csg monomer ICsg

ha9al10 28 nM 2.02 yM
ha7 210 nM /
ra332 498 nM /
ra3p34 614 nM /
ro4f32 >3 mM /
ro4p4 >3 mM /
ralB1oy 743 nM /

ha9010

haO9ro10

ra9al10
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aD-GeXXA-monomer does inhibit nAChR.

nAChR subtype dimer 1Csg monomer ICsg

ha9al10 28 nM 2.02 yM
ha7 210 nM /
ra332 498 nM /
ra3p34 614 nM /
ro4f32 >3 mM /
ro4p4 >3 mM /
ralB1oy 743 nM /

ha901l0 ho90l10 ha9ral0 ro9al0
L7H
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Working model for the dimeric aD-GeXXA
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Thank you for your attention!
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http://shell.sinica.edu.tw/shellpic3.asp?gen=Conus&spe=virgo&subspe=

