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Abstract

The considerable diversity of Conus peptides in the I1-superfamily provides a rare opportunity to define parameters

important for the post-translational L- to D-isomerization of amino acids. This subtlest of post-translational modifications

is not readily detectable by most techniques, and it would be a considerable advance if one could predict its potential

occurrence purely from gene sequences. We previously described three I1-conotoxins, i-RXIA (formerly designated r11a),

r11b and r11c, each containing a D-amino acid at the third position from the C-terminus. In this work, we investigated two

novel I1-superfamily members, r11d and ar11a, which we show have only L-amino acids. Based on these observations

and an analysis of cDNA sequences of other group members, we suggest that there is a rule to predict D-amino acids in

I1-superfamily peptides. Two factors are important: the residue to be modified should be three amino acids from the

C-terminus of the precursor sequence, and it should be in a suitable sequence context. We apply the rule to other members

of the I1-superfamily, to determine a priori which are probably modified.

r 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Venom peptides from cone snails (conotoxins)
comprise a complex library of �100,000 peptides
containing the most highly post-translationally
modified gene products known (for review see
Buczek et al., 2005a). These modifications, in
conjunction with hypermutation of amino acids
between conserved cysteine residues, are responsible
for the great molecular diversity of Conus se-
quences. The variety of modified conotoxins and
an easy access to genomic information provide a
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rare opportunity to identify general ‘rules’ for a
number of post-translational modifications that
allow an accurate prediction of their occurrences
from the gene sequence. This is particularly
important for modifications such as the conversion
of an L- to a D-amino acid, which is a most subtle
post-translational modification, very often not
detectable by most modern bioanalytical techni-
ques. Even if very advanced analyses are employed,
such as the recently developed tandem mass
spectrometry (MS/MS) utilizing both electron
capture and collisionally activated dissociations
(Adams and Zubarev, 2005), there are drawbacks
such as limitations on the size of the polypeptide
tested, the amount of material needed, requirement
for internal standards, not to mention the involve-
ment of costly instrumentation. Thus, we examined
whether the occurrence of epimerization might be
predicted purely from gene sequence information.

Although not many D-amino-acid-containing
secreted polypeptides have been identified to date
(very likely because of the above mentioned limita-
tions), their potential significance for the biological
function of the gene products in which they occur
and the fact that the potency of these gene products
depends on the chirality of specific amino acids
cannot be neglected. Although epimerization is
rather rare, it is surprisingly widespread in different
phyla, including chordates (from amphibia to
mammals), arthropods and mollusks (Monteccuchi
et al., 1981; Kreil et al., 1989; Mor et al., 1989;

Kreil, 1997; de Plater et al., 1998; Torres et al.,
2002). In the last group, modified gene products are
very well represented in the venom peptides of
marine cone snails.

We previously described three related Conus

peptides belonging to the I1-superfamily, i-RXIA,
r11b and r11c, isolated from venom of fish-hunting
snail Conus radiatus (Jimenez et al., 2003). Each
peptide contained a single D-amino acid at the
homologous position, which was always the third
amino acid from the C-terminus of the precursor
sequence. These were D-Phe44 in i-RXIA, D-Phe44

in r11b and D-Leu42 in r11c. This modification of a
single residue to the D configuration was found to be
critical for the biological activity of these peptides
(Buczek et al., 2005b, c, 2007).

The key insight from our previous study of
epimerization was that neither the nature of the
side chain of the modified residue nor the vicinal
sequence around it seemed to be important. How-
ever, there may be favored loci for isomerization of
an amino acid to its D configuration (Buczek et al.,
2005b, c). In this report we test our hypothesis and
expand the database for predicting whether an
amino acid is likely to be isomerized from the L to D

configuration by examining two novel I1-conotox-
ins: r11d from C. radiatus and ar11a from the
worm-hunting Conus arenatus (for sequence com-
parison see Table 1). We have determined experi-
mentally whether these peptides are I1-superfamily
members containing D-amino acid. Our new results,
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Table 1

Comparison of I1-conotoxin sequences determined from cDNA clones and from the sequencing of peptides purified from venom

cDNA/peptide sequence Reference

R11.6 GPSFCKADEKPCEYHADCCNCCLSGICAPSTNWILPGCSTSSFFKI Jimenez et al. (2003)

i-RXIA GOSFCKADEKOCEYHADCCNCCLSGICAOSTNWILPGCSTSSFFKI Buczek et al. (2005b)

R11.14 GPSFCKANGKPCSYHADCCNCCLSGICKPSTNVILPGCSTSSFFRI Jimenez et al. (2003)

r11b GOSFCKANGKOCSYHADCCNCCLSGICKOSTNVILPGCSTSSFFRI Buczek et al. (2005c)

R11.4 GPSFCKADEKPCKYHADCCNCCLGGICKPSTSWI—GCSTNVFLTR Jimenez et al. (2003)

r11c GOSFCKADEKOCKYHADCCNCCLGGICKOSTSWI—GCSTNVFLT Buczek et al. (2005c)

R11.8 G—CKKDRKPCSYHADCCNCCLSGICAPSTNWILPGCSTSTFT Jimenez et al. (2003)

r11d G—CKKDRKOCSYHADCCNCCLSGICAOSTNWILPGCSTSTFT This work

Ar11.1 RTCSRRGHRCIRDSQCCGGMCCQGNRCFVAIRRCFHLPF This work

ar11a RTCSRRGHRCIRDSQCCGGMCCQGNRCFVAIRRCFHLPF

Peptides i-RXIA (formerly designated r11a), r11b and r11c (encoded by R11.6, R11.14 and R11.4, respectively) contain a D-amino acid

(underlined) at the third position from the C-terminus of precursor sequences. Peptide r11c is naturally synthesized with a C-terminal Arg

as determined from cDNA clone, but the Arg is possibly cleaved off by carboxypeptidase during maturation. The italic residues show the

sequence homology to i-RXIA; ar11a has no extended sequence homology to the other peptides. Bold underline indicates possible

epimerization. O, 4-trans-hydroxyproline.
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