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Different poisonous animals 

since 1960 1980 2000 



	

Different species of cone snails 

C. caracteristicus C. imperialis C. flavidus 

C. marmoreus C. generalis C. vitulinus 
3 



 

(from Nature 1996, 381:148-151)  

Conus purpurascens rapidly capturing a clown fish. 
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5 (from Nat. Prod. Rep. 2009, 526-536) 
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Clinical potential of conotoxins  

(from Pharmacol Rev 2012, 64:259–298)  



Venom duct of Conus marmoreus  
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HPLC profile of crude venom of Conus marmoreus  
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Pu14.1      MGMRMMFAVFLLVVLATTVVSFNSDRASDGRNAAANVKASDLMARVLEKDCPPHPVPGMHKCVCLKTCR 

kA-SIVA    MGMRMMFTVFLLVVLATTVVSTPSDRASDGRNAAVHERQKSLVPSVITTCCGYDPGTMCPPCRCTNSCG 

kA-MIVA   MGMRMMFTVFLLVVLATTVVSIPSDRASDGRNAVVHERAPELVVTATTNCCGYNPMTICPPCMCTYSCPPKRKPGRRND 

a-Mr1.1    MGMRMMFTVFLLVVLATTVVSFTSDRASDGRKAAAKDKASDLVALTVKGCCSHPACSVNNPDICG 

a-AuIB     -----MFTVFLLVVLATTVVSFTSDRASDGRKDAA----SGLIALTMKGCCSYPPCFATNPDCGRRR 

A-superfamily conotoxin precursors: 

VxII        MMSKLGVLVTICLLLFPLTALPLDGDQPADHPAKRTQDHNLASPISAWIDPSHYCCCGGGCTDDCVNC  

m-SIIIA       MMSKLGVLLTVCPLLFPLTALPPDGDQPADRPAERMQDDISSDEHPLFDKRQNCCNGGCSSKWCRDHARCCGR 
Conomarphin MMSKLGVLLCIFLVLFPMATLQLDGDQTADRHADQRGQDLTEQQRNSKRVLKKRDWEYHAHPKPNSFWTLV 

Vt3.1        MLKMGVVLFIFLVLFPLATLELNADQPVERNAENIQDLNPDKRVIKIPVPRRRGPYRRYGNCYCPIG  

 

M-superfamily conotoxin precursors: 

Conotoxins are highly variable. 

…… 

signal peptide pro-peptide mature peptide 

How comes this striking diversification? 
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Venomic study of Conus flavidus 

cDNA library LC-MS/MS of crude venom 

31 conotoxin sequences 69 cDNA sequences 

& 

No protease digestion of 

crude venom; 

Non-specific precursor 

digestion during database 

searching; 

Mass deviation < 10 ppm. 

(Lu, et al., MCP. 2014) 

	

28/14  
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Fla1.4 MGMRMMFTMLLLVVLATTVVSFTLDHAFDGRNTAANNKATDLMALPVRG--------------------CCSDPPCRHKHQDLC--G-

Fla6.1 MGKRMVLTMFLLVVLATTVVSFTLDHASDSRGTAANDKATDQMALAVRLDWCDDADFLVDHPELCGWDVCCAYPPCRHKHQD-CNQGR

       ** **::**:***************** *.*.****:**** ***.**---------------------**: ********* *--*    

signal peptide pro-peptide mature peptide

WC LC CC

CS

CA

CR

CR

LC

CN

C

>Fla15.1 ---------TGCTTCACTTGCAATGGAGAAAAATGCTGTGGCGATTG CCTTTGCTCTTGGGATAAAGACGACTGTTTTTGTGTACTGAATGGGAAG

>Fla15.1 ----------C--F--T--C--N--G--E--K--C--C--G--D--C--L--C--S--W--D--K--D--D--C--F--C--V--L--N--G--K
>Fla15.2 ---------TGCTTCACTTGCAATGGAGAAAAATGCTGTGGCGATTG CCTTTGCTCTTGGGATAAAGACGACTGTTTTTGTGTACTGAATGGGAAG

>Fla15.1 ----------C--F--T--C--N--G--E--K--C--C--G--D--C--L--C--S--W--D--K--D--D--C--F--C--V--L--N--G--K
>Fla15.3 ---------TGCTTCAATTGCAATGGAGAAATATGCTGTGGCGATTG CTTTTGCACTTCGGATAAACAGTACTGTTTTTGTAGACAGTTTAGGAAA
>Fla15.1 ----------C--F--N--C--N--G--E--I--C--C--G--D--C--F--C--T--S--D--K--Q--Y--C--F--C--R--Q--F--R--K

>Fla15.4 ---------TGCTTCAATTGCAATGGAGAAATATGCTGTGGCGATTG CTTTTGCACTTCGGATAAACAGTACTGTTTTTGTAGACAGTTTAGGAAA
>Fla15.1 ----------C--F--N--C--N--G--E--I--C--C--G--D--C--F--C--T--S--D--K--Q--Y--C--F--C--R--Q--F--R--K-
>Fla15.5 ---------TGCTTCAATTGCAATGGAGAAATATGCTGTGGCGATTG CTTTTGCACTTCGGATAGACAGTACTGTTTTTGTAGACAGTTTAGGAAA

>Fla15.1 ----------C--F--N--C--N--G--E--I--C--C--G--D--C--F--C--T--S--D--R--Q--Y--C--F--C--R--Q--F--R--K
>Fla15.6 ---------TGCTTCACTTGCAATGGAGAAAAATGCTGTGGCGATTG CCTTTGCTCTTGGTATAAAGACGACTGTTTTTGTGTACTGAATGGGAAG
>Fla15.1 ----------C--F--T--C--N--G--E--K--C--C--G--D--C--L--C--S--W--Y--K--D--D--C--F--C--V--L--N--G--K

>Fla15.7 ---------TGCTCCAGTTGCAATGGAGAAATATGCTGTGGATCTTG CTTTTGCTTTCCGCATGGAAAGAACTGTTTTTGTAGACAGCTTGGGAAG
>Fla15.1 ----------C--S--S--C--N--G--E--I--C--C--G--S--C--F--C--F--P--H--G--K--N--C--F--C--R--Q--L--G--K
>Fla15.8 ---GATGATTGCAACATTTGCGGTGGAGAAGAATGCTGTGGCAGGTG CACGTGCGCTTTTGGC------AACTGTTCTTGTATAGCGTGGGGGAAA

>Fla15.1 ----D--D--C--N--I--C--G--G--E--E--C--C--G--R--C--T--C--A--F--G--------N--C--S--C--I--A--W--G--K
>Fla15.9 ------GATTGCGGCACTTGCGATGGAGAAGAATGCTGTGGCGTCTG CATATGCTCTTTTGGC------AACTGTTCTTGTACACCGTGGGGGAAA
>Fla15.1 -------D--C--G--T--C--D--G--E--E--C--C--G--V--C--I--C--S--F--G--------N--C--S--C--T--P--W--G--K

>Fla15.10 ------CCTTGCCGCCCTTGCGCTGGAATACAATGCTGTGGCAGGTG CATTTGCTTTTTTTAT------GAGTGTGGTTGTGAACCGTGGGGAAAA
>Fla15.1 -------P--C--R--P--C--A--G--I--Q--C--C--G--R--C--I--C--F--F--Y--------E--C--G--C--E--P--W--G--K
>Fla15.11 ------CCTTGCCGCCCTTGCGATGGAATACAATGCTGTGGCAGGTG CATTTGCTTTTTTTAT------GAGTGTGGTTGTGAACCGTGGGGGAAA

>Fla15.1 -------P--C--R--P--C--D--G--I--Q--C--C--G--R--C--I--C--F--F--Y--------E--C--G--C--E--P--W--G--K
>Fla6.9 ------GGTTGCTCCATTTGCAATGGAGGACAATGCTGTGGCTTGTG CCTGTACTCTCGGATTATATCGAGATATATGTGTTTACCGGTTGCGAAA
>Fla15.1 -------G--C--S--I--C--N--G--G--Q--C--C--G--L--C--L--Y--S--R--I--I--S--R--Y--M--C--L--P--V--A--K

>Fla6.11 ------GGTTGCTCCATTTGCAATGGAGGACAATGCTGTGGCTTGTG CCTGTTCTCTCGGATTATATCGAGATATATGTGTTTACCGGTTGCGAAA
>Fla15.1 -------G--C--S--I--C--N--G--G--Q--C--C--G--L--C--L--F--S--R--I--I--S--R--Y--M--C--L--P--V--A--K
>Fla6.10 ------GGTTGCTCCATTTGCAATGGAGGACAATGCTGTGGCTTGTG CCTGTACTCTCGGATTATATCGAGATATATGTGTTTACCGGTTGCGAAA

>Fla15.1 -------G--C--S--I--C--N--G--G--Q--C--C--G--L--C--L--Y--S--R--I--I--S--R--Y--M--C--L--P--V--A--K--
>Fla6.12 AAGACGGATTGCTACAATTGCGATGGAGAAGAATGCTGTGGCAGGTG CCTGTACTCTTGGCCTCTACAGATGTTTACTTGTGTAACAGTTGAGAAA
>Fla15.1 -K--T--D--C--Y--N--C--D--G--E--E--C--C--G--R--C--L--Y--S--W--P--L--Q--M--F--T--C--V--T--V--E--K

>Fla6.13 AAGACGGATTGCTTCTATTGCAATGGAGTATATTGCTGTCACTGGTG CATATACTCTGCGGCTGAAGAGAGGCTCAATTGTGTAAATCCTTGGAAA
>Fla15.1 -K--T--D--C--F--Y--C--N--G--V--Y--C--C--H--W--C--I--Y--S--A--A--E--E--R--L--N--C--V--N--P--W--K
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Figure 1

Overall superfamily distribution of C. flavidus conotoxins 
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point mutation fragment insertion 

(Lu, et al., MCP. 2014) 

Conotoxin diversifications at mRNA level. 



pretermination 
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Conotoxin diversifications at mRNA level. 

(Lu, et al., MCP. 2014) 



(Lu, et al., MCP. 2014) 

MHTLEMLLLLLLLLPLAPGEGDGQAVAGDRNPSEARSTHE

HFLQRLIRLIHGSDCQPCGQYVCCPPWKYAEYRRFT  

Fla16.2: 

LIHGSDCQPCGQYVCCPPWKY  fla16a： 
LIHGSDCQPCGQYVCCPPWKYA  fla16b： 
LIHGSDCQPCGQYVCCPPWKYAE  fla16c： 
LIHGSDCQPCGQYVCCPPWKYAEY  fla16d： 

cDNA 

conotoxin 
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Conotoxin diversifications at protein level. 



MHTLEMLLLLLLLLPLAPGEGDGQAVAGDRNPSEARSTHE

HFLQRLIRLIHGSDCQPCGQYVCCPPWKYAEYRRFT  

Fla16.2: 

LIHGSDCQPCGQYVCCPPWKY  fla16a： 
LIHGSDCQPCGQYVCCPPWKYA  fla16b： 
LIHGSDCQPCGQYVCCPPWKYAE  fla16c： 
LIHGSDCQPCGQYVCCPPWKYAEY  fla16d： 

cDNA 

conotoxin 

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

MKLSVTFIVVLMLTTSLTFGFSLSSNNGERAYGSHHSYVADQ

LVRRERASRACNPPCSDILTCLHGTCKHLGIG  

Fla14.3: cDNA 

fla14a： 

fla14b： 

fla14c： 

conotoxin ACNPPCSDILTCLHGTCKHLGI*  

ACNPOCSDILTCLHGTCKHLGI*  

ACNOOCSDILTCLHGTCKHLGI*  

Conotoxin diversifications at protein level. 
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MSTPKMTPFILLLLFSLTIRCGDGKAIQEDRDPSTRLLTGDKN

RDLSVNRRCSSCNGEICCGSCFCFPHGKNCFCRQLGK  

Fla15.7: 

SCFCFPHGKNCFCRQL*   fla15a： 

cDNA 

conotoxin 

(Lu, et al., MCP. 2014) 

Conotoxin diversifications at protein level. 
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What we expect next:  

Deeper proteomics characterization; 

S-S linkage identification…… 

Target/binding site identification…… 
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Dimeric αD-GeXXA from Conus generalis 

11249 Da 5635 Da 
DTT 

10 S-S per homodimer! 

+20 ÷2 
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(In collaboration with Dr. D. Adams) 

αD-GeXXA inhibits nicotinic acetylcholine receptor (nAChR) 

(from JMB 2005, 346:967-989)  
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Crystal structure of αD-GeXXA 

C 

(In collaboration with Dr. Jianping Ding) 

C 
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Refolding the αD-GeXXA-monomer. 
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Refolding the αD-GeXXA-monomer. 
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Refolding the αD-GeXXA-monomer. 
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αD-GeXXA-monomer does inhibit nAChR. 

hα9α10 rα9α10 
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hα9α10 rα9α10 hα9rα10 

αD-GeXXA-monomer does inhibit nAChR. 
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hα9α10 rα9α10 hα9rα10 hα9α10 

-L7H 

αD-GeXXA-monomer does inhibit nAChR. 
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Working model for the dimeric αD-GeXXA  
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Thank you for your attention! 

http://shell.sinica.edu.tw/shellpic3.asp?gen=Conus&spe=virgo&subspe=

