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Review on Posttranslational Modification of Conotoxin
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Abstract Conotoxins are neuropharmacologically active peptides secreted by the venom ducts of cone
snails  which can potently and specifically inhibit different types of ion channels and neurotransmitter
receptors. One of the striking features of conotoxins is the high density of posttranslational modification
PTM  including carboxylation of glutamic acid epimerization of an L- to D-amino acid hydroxylation of
proline  bromination of tryptophan and so on. Those various types of PTMs can greatly increase the
molecular diversity and improve physiological functions of conotoxins. The discovery distribution and
function of PTMs as well as the involved enzyme systems are reviewed.
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571% Pl Cys
Arg 40% P2 Lys
Val, Leu lle P4 40%  Leu.
prepropeptide pre —
Cys —IXKR | X - CRISP Tex31 [4]
LXXR | X ---XXKR | X  --XXXR | X Tex31
Arg B
1
Table 1 Posttranslational modifications of conotoxins
Modification Peptide Sequence Enzyme References
Proteolytic processing o-TxVIA DDSKNGLENHFWKARDEMKNREASKLDKK Proprotein convertase [4]
EACYAPGTFCGIKPGLCCSEFCLPGVCFGG
Disulfide bridge formation Tx3a CCSWDVCDHPSCTCCG Disulfide isomerase [5]
Amidation of C-terminus MI GRCCHPACGKNYSC” Protein amidating [6]
Monooxygense
Hydroxylation GIITA RDCCTOOKKCKDRQCKOQRCCA" Proline hydroxylase [7]
Carboxylation of glutamic acid ~ Conantokin-G GEyyLQVNQyLIRyKSN" vy-Glutamate carboxylase [8]
Bromination of tryptophan Bromocontryphan ~ GCOwEPWC" Bromo peroxidase [1]
Isomerization of tryptophan Contryphan GCOwEPWC” Tryptophan epimerase [9]
Cyclization of N-terminal Glu SmllIA ZRCCNGRRGCSSRWCRDHSRCC® Glutaminyl cyclase [10]
Sulfation of tyrosine Epl GCCSDPRCNMNNPY C”* Tyrosyl sulfotransferase [11]
O-glycosylation SIVA ZKSLVPS§VITTCCGYDOGTMCOOCRCTNSC® Polypeptide HexNAC [12]
transferase
:*:C HE'H ;0: ; W: ;W:D ;Yi: ;S§:

Notes: *: C-terminal amidation; v: carboxylated glutamic acid; O: hydroxylated proline; w: brominated tryptophan; W: D-tryptophan; Yi:
sulfated tyrosine; S§: glycosylated serine; the shadowed sequences are pre and pro regions that would be removed by proteases during the
maturation of conotoxins.
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[14]
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Table 2 Conotoxins containing Gla from different superfamilies

Superfamily Peptide Sequence References
Conatokin Conatokin-R GEyyLQVNQyLIRyKSN" [21]
(0] Bromosleeper peptide wATIDyCyyTCNVTFKTCCGOOGDWQCVyACPV [23]
T &-Tx yCCyRGwCCTSAAO [25]
p Spasmodic peptide RDCCTOOKKCKDRQCKOQRCCA” [24]
A GID IRDyCCSNPACRVNNOHVC [33]
I Gla-TxX CIPyGSSCSSSGSCCHKSCCRWTCNQPCLIP [30]
Contryphan Glacontryphan-M NySyCPWHPWC [26]
;5 C R ; O ;@ ; W D ; TS
Notes * C-terminal amidation 7y carboxylated glutamic acid O hy(]r()xvldt(—‘(l proline @ brominated tryptophan W D-tryptophan  T§

glycosylated threonine.

Glu vy 0%
. Stanley
microsomal fraction b%

K S

Czerwiec y

cDNA
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D conomap-Vt' ¥, pmol N N
conomap-Vt 2 D N L
Phe L. Phe 100 pmol. rlla  rllb
D
rllb  rlle -3 D L 38
Phe D Leu. rllb  rlle 20
3 D
Table 3 Conotoxins containing D type amino acids and the position rule
Superfamily Peptide Sequence Epimseirti:ation References
Contryphan  Contryphan-Sm GCOWQPWC” -5 [45]
Contryphan-P GCOWDPWC” -5 [45]
Contryphan-R GCOWEPWC” -5 [9]
Contryphan-Vn GDCPWKPWC” -5 [46]
Bromocontryphan GCOWEPwC” -5 [1]
Contryphan-Tx GCOWQPYC” -5 [47]
Leu-Contryphan-P GCVLLPWC -5 [48]
Leu-Contryphan-Tx CVLYPWC -5 [47]
Glacontryphan-M NySyCPWHPWC -5 [26]
I rlla GOSFCKADEKOCEYHADCCNCCLSGICAOSTNWILPGCSTSSFFKI -3 [38]
rl1b GOSFCKANGKOCSYHADCCNCCLSGICKOSTNVILPGCSTSSFFRI -3 [38]
rlle GOSFCKADEKOCKYHADCCNCCLGGICKOSTSWGCSTNVFLT -2 [38]
Conophan gld-V” AOANSYWS -3 [39]
gld-V AOANSVWS -3 [39]
mus-V” SOANSYWS -3 [39]
mus-V SOANSVWS -3 [39]
Conomap Conomap-Vt AFVKGSAQRVAHGY +2 [40]
Conomarphin  Conomarphin DWEYHAHPKONSFWT -3 [41]
G ;Y ; O: ;W ;v: D ; D
Notes. C-terminal amidation 7y carboxylated glutamic acid O hydroxylated proline @ brominated tryptophan v  D-hydroxylated

valine the underlined amino acids are D type amino acids.
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