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Abstract

In the venoms of cone snails, a conotoxins are competitive antagonists of nicotinic acetylcholine receptors. Eleven novel

cDNA and eight partial gene sequences (including two pseudogenes) of a conotoxins were identified from five species of

cone snail. As expected, every cDNA encodes a precursor of prepropeptide. In all the partial genes of a conotoxins

identified, there is a long intron inserted at a fixed position in the pro-region, dividing the encoding region into two exons.

The mutation rate in exon I (encoding the signal peptide and a part of pro-region) is much lower than that in exon II

(encoding the other part of pro-region, the mature peptide and 30 untranslational region). Interestingly, the sequences at

the 50 and 30 end of introns are highly conserved. In addition, in the identified introns exist long dinucleotide (e.g. ‘‘GT’’,

‘‘CA’’) or trinucleotide (‘‘CAT’’) repeats. In the special case of Pu1.1, there are five almost identical repeats of a 150 bp

sequence in the long intron. Taking advantage of the conserved 30 end sequence of intron, 16 a conotoxins, as well as a

pseudogene and three kA conotoxins, were identified from their genomic DNAs. Based on the comparison of these cDNA

and gene sequences, a hypothesis of the a conotoxin evolution was proposed.

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

The small cysteine-rich conotoxins are used by cone
snails to capture prey or defend predators. These toxins
can selectively target receptors or ion channels in

neuromuscular system (Terlau and Olivera, 2004).
Based on the highly conserved signal peptide, conotox-
ins are classified into seven major superfamilies (O-, M-,
A-, S-, T-, P- and I-superfamily). Furthermore, accor-
ding to the Cys framework and their different targets,
conotoxins in the same superfamily can be further
divided into different families. For example, O-super-
family currently consists of four families, namely d, mO,
o and k conotoxins. Although they share the same Cys
pattern —C-C-CC-C-C-, toxins in the first two families
specifically affect the inactivation and activation of
Na+ channels, while the latter two family toxins target
Ca2+ and K+ channels, respectively.

ARTICLE IN PRESS

www.elsevier.com/locate/toxicon

0041-0101/$ - see front matter r 2007 Elsevier Ltd. All rights reserved.

doi:10.1016/j.toxicon.2007.02.011

�Corresponding author. Tel.: +8621 65984347;

fax: +8621 65988403.
��Corresponding author. Institute of Protein Research, TongJi

University, 1239 Siping Road, Shanghai 200092, China.

Tel.: +8621 54921165; fax: +86 21 54921011.

E-mail addresses: chunguangwang@mail.tongji.edu.cn

(C.-G. Wang), chi@sunm.shcnc.ac.cn (C.-W. Chi).
1These authors contribute equally to this paper.



a conotoxins, belonging to A-superfamily, are
competitive antagonists of muscular and neuronal
nicotinic acetylcholine receptors (nAChRs). They
have a conserved -CC-C-C- cysteine framework
(Santos et al., 2004) and can be further divided into
several subfamilies based on the number of residues
between the discontinuous cysteines. a3/5 conotox-
ins are unexceptionally characterized from piscivor-
ous cone snails and bind the muscular nAChRs with
high affinity (Gray et al., 1981; Favreau et al., 1999).
a4/7 conotoxins distribute in cone snails of all three
major feeding types (fish-hunting, mollusk-hunting
and worm-hunting), potently block certain subtypes
of neuronal and muscular nAChRs (Cartier et al.,
1996; Loughnan et al., 1998). Several minor groups
of a conotoxins have also been reported, such as
a4/3 and a4/6 subfamily (McIntosh et al., 1994; Luo
et al., 1998). Recently, a novel a4/4 conotoxin BuIA
has been identified from a fish-hunting cone snail
Conus bullatus by gene cloning. (Azam et al., 2005).

Most conotoxins, including a conotoxins, are
initially translated as large precursors (70–120
amino acids) which have a characteristic prepropep-
tide organization. In general, members from the
same superfamily share a highly conserved signal
peptide (pre-region) and a rather conserved pro-
region, however the C-terminal toxin-encoding
region is highly variable. It was mentioned that
there was a large intron in the pro-region of a
conotoxin (Olivera et al., 1997). However, till now
the detailed information about the gene sequence of
a conotoxin has not been reported yet.

Here we report the identification of eleven novel
cDNA sequences (five of them with full length 30

untranslated region) and six partial gene sequences
of a conotoxins plus two pseudogenes from five
species of cone snails of all three major feeding
types. All these partial gene sequences share the
same organization: two exons and one intron in
between. Though varying in length, these introns
have the same inserting position in the pro-regions.
Moreover, 16 a conotoxins and one pseudogene
were also characterized from genomic DNAs of five
species of cone snails based on the conserved 30 end
sequence of introns.

2. Materials and methods

2.1. Materials

Specimens of C. marmoreus, C. leopardus, C.

achatinus, C. pulicarius and C. quecrinus were

collected from South China Sea near Sanya, Hainan
Province. The genomic DNAs were extracted from
tissues using Genomic-tip 20/G (QIAGEN, Hilden,
Germany). Taq DNA polymerase was purchased
from MBI and pGEM-T Easy vector system from
Promega. IPTG (isopropyl-thio-b-D-galactoside),
X-gal (5-bromo-4-chloro-3-indolyl-b-D-galactoside)
and other reagents were of analytical grade.

2.2. Preparation of total RNAs

Venom ducts frozen in liquid nitrogen were ground
into fine powder and homogenized. By using TRI-
ZOL Reagent kit, the total RNA extraction was
carried out according to the instruction manual.

2.3. Preparation of genomic DNA

The genomic DNA was extracted following the
manufacture’s protocol for animal tissue. About
20mg of muscle tissue frozen in liquid nitrogen was
ground into fine powder and homogenized.

2.4. cDNA cloning

About 5 mg total RNA from the venom duct
was taken to convert total mRNA into cDNA
using Superscript II reverse transcriptase with a
universal oligo(dT)-containing adapter primer
50-GGCCACGCGTCGACTAGTAC(dT)17-3

0. With
the total cDNA as the template, the 50 forward
primer P1 (50-ATGGGCATGCGGATGATGTT-30)
and 30 reverse primer P2 (50-GTCGTGGTTCA-
GAGGGTC-30) or P3 (50-GGCCACGCGTCGAC-
TAGTAC-30) were used to amplify a conotoxin
cDNAs (Fig. 1). P1 and P2 are designed based on
the known conserved sequences in the signal peptide
and 30 untranslational region (UTR) of a conotoxin,
respectively (Olivera et al., 1996). While P3 is an
abridged universal amplification primer devoid of
the Poly dT tail. PCR amplification was performed
with a cycling protocol of an initial denaturation of
94 1C for 2min, 10 cycles of 94 1C for 45 s, 55 1C for
45 s, 72 1C for 1min with the annealing temperature
decreasing 1 1C per cycle, then 25 cycles of 94 1C for
45 s, 45 1C for 45 s, 72 1C for 1min and terminated
with a final extension at 72 1C for 7min.

2.5. Gene cloning

For PCR amplification of the genes of a
conotoxins, primers P1 and P2 were used again.
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Another primer pair used to get more novel
sequences of a conotoxins from genomic DNA
was P4 (50-GTGGTTCTGGGTCCAGCA-30), cor-
responding to the conserved 30 end sequence
of intron, and P2. The design of primer P5
(50-TGGACGATGTAATAACAGCAAG-30) toge-
ther with 50 forward primer P1 for Lp1.6a was based
on the sequence from 30UTR of Lp1.1 (Fig. 1). PCR
amplification was performed with a cycling protocol
of an initial denaturation of 94 1C for 10min, 30
cycles of 94 1C for 90 s, 50 1C for 60 s, 72 1C for
2min and terminated with a final extension at 72 1C
for 10min.

2.6. cDNA and genomic DNA sequencing

The PCR products were analyzed by electrophor-
esis on agarose gel. Then the target band was
excised from the gel and purified with Gel Extrac-
tion Mini Kit (Beyotime, Haimen, China). The
purified PCR products were inserted into the
pGEM-T Easy vector via TA cloning for DNA
sequencing.

3. Results and discussion

3.1. cDNA cloning of a conotoxins

The conservation of the signal peptide and the
UTR of each conotoxin superfamily has been often
used to clone novel conotoxins without knowing the
sequence of the mature toxins (Lu et al., 1999;
Sandall et al., 2003; Wang et al., 2003; Han et al.,
2005). With the same strategy, nine cDNAs of novel
a conotoxins were identified from C. marmoreus,
C. leopardus, C. quercinus and C. achatinus with
primers P1 and P2 (Fig. 1, Table 1). Six of them
(Mr1.1, Mr1.2, Lp1.1, Lp1.4, Qc1.1a and Qc1.1b)
belong to a4/7 subfamily. Ac1.1a and Ac1.1b from a
piscivorous cone snail C. achatinus are the members
of a3/5 subfamily. Unexpectedly, we also got a a4/4
conotoxin Qc1.2, from a vermivorous cone snail
C. quercinus. It is noteworthy that Qc1.2 shares no
sequence homology with the other reported a4/4
conotoxin BuIA except the conserved cysteine
framework.

All the above cDNAs encode a precursor of
prepropeptide, including a highly conserved signal
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Fig. 1. Cone species studied in this work (a) and diagram of strategy used to clone the sequences of a conotoxin from (b) cDNA,

(c) genomic DNA. In panel (a), from left to right are Conus leopardus, Conus marmoreus, Conus pulicarius, Conus achatinus and

Conus quercinus.
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peptide of 21 residues, a pro-region of about 27
residues and a hypervariable mature peptide. This
precursor structure is also shared by the conotoxins
of other superfamilies, such as M-, T-, O-super-
family (Olivera, 1997; Terlau and Olivera, 2004).
This implies that all these conotoxins experience the
similar processing procedure after being translated,
the cleavage of the signal peptide followed by the

cleavage of the pro-peptide. Another processing
step is the post-translational modification which is
quite common in conotoxins (Craig et al., 1999;
Buczek et al., 2005), but it is not clear yet this step is
before or after the cleavage of pro-peptide. An
exception is the precursor of k-BtX which contains
no pro-peptide but a 13 amino acid post-peptide
instead (Fan et al., 2003). Recently, this kind of
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Table 1

All the predicted sequences of a conotoxins cloned in this study

Conotoxin Conus species cDNA cloning Gene cloning Predicted mature toxin Branch Genebank number

Primers 30UTR (bp) Primers Introns (bp)

Ac1.1a C. achatinus P1,P2 NGRCCHPACGKHFNCa a3/5 DQ359138

Ac1.1b C. achatinus P1,P2 NGRCCHPACGKHFSCa a3/5 DQ359139

P1,P2 1299 DQ311055

P4,P2 DQ311072

Ac4.2 C. achatinus P4,P2 APWMVVTATTNCCGYTGPACHPCLCTQSCa kA DQ311073

Ac4.3a C. achatinus P4,P2 QKELVVTATTTCCGYNPMTSCPRCMCDSSC kA DQ311074

NKKKKPa

Ac4.3b C. achatinus P4,P2 QKELVPSKITTCCGYSPGTACPSCMCTNTC kA DQ311075

KKKNKKPa

Mr1.1 C. marmoreu P1,P2 P4,P2 GCCSHPACSVNNPDICa a4/7 AY580325

DQ311077

Mr1.2 C. marmoreus P1,P2 P1,P2 796 GCCSNPPCYANNQAYCNa a4/7 DQ359140

Mr1.3 C. marmoreus GCCSHPACRVHYPHVCYa a4/7 DQ309774

Lp1.1 C. leopardus P1,P2 225 P1,P2 791 GCCARAACAGIHQELCa a4/7 DQ359141

P1,P3 DQ309776

Lp1.4 C. leopardus P1,P2 P1,P2 937 GCCSHPACSGNHQELCDa a4/7 AY580324

DQ311056

Lp1.6a C. leopardus P1,P5 824 QFCCGHYDCDFIPNVCa a4/6 DQ311057

P4,P2 DQ359145

Lp1.6b C. leopardus P4,P2 QICCGYGDCGFVPNVCV a4/6 DQ359143

Lp1.7 C. leopardus P1,P3 658 GMWDECCDDPPCRQNNMEHCPAS a4/7 DQ311062

Lp1.8 C. leopardus P1,P3 689 GVWDECCKDPQCRQNHMQHCPAR a4/7 DQ311063

Lp1.9 C. leopardus P4,P2 CCSDSDCNANHPDMCS a4/7 DQ311076

Lp1.10 C. leopardus P4,P2 NDCCHNAPCRNNHPGICa a4/7 DQ359144

Qc1.1a C. quercinus P1,P2 820 DECCPDPPCKASNPDLCDWRS a4/7 DQ311060

P1,P3

Qc1.1b C. quercinus P1,P2 820 P4,P2 NECCDNPPCKSSNPDLCDWRS a4/7 DQ311061

P1,P3 DQ311064

Qc aL-1 C. quercinus P1,P2 1375 FCSDPPCRISNPESCGWEP a4/7 DQ311058

P4,P2 DQ311065

Qc aL-2 C. quercinus P1,P2 1441 GFCSDPSCRFGNPELCDWRR a4/7 DQ311059

Qc1.1c C. quercinus P4,P2 DDCCPNPPCKASNPDLCDWRS a4/7 DQ311066

Qc1.2 C. quercinus P1,P2 P4,P2 QCCANPPCKHVNCa a4/4 AY580320

DQ311067

Qc1.4a C. quercinus P4,P2 DGCCSNPSCSVNNPDICa a4/7 DQ311068

Qc1.4b C. quercinus P4,P2 DGCCPNPSCSVNNPDICa a4/7 DQ311069

Qc1.5 C. quercinus P4,P2 GCCSNPACSVNHPELCa a4/7 DQ311070

Qc1.6 C. quercinus P4,P2 GCCSNPTCAGNNGNICa a4/7 DQ311071

Pu1.1 C. pulicarius P1,P2 1167 QNCCNVPGCWAKYKHLCa a4/7 DQ309775

P4,P2 DQ359142

Pu1.2 C. pulicarius P4,P2 GGCCSYPPCIANNPLC a4/6 DQ311078

Pu1.3 C. pulicarius P4,P2 LSCCADPACKHTPGC a4/5 DQ311079

aC-terminal amidation (Buczek et al., 2005).
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post-peptide has been found to be the recognition
site for the gamma-carboxylation of glutamyl
residue (Brown et al., 2005).

In order to get cDNAs of a conotoxins with full
length 30UTR, forward primer P1 was paired with
an abridged universal amplification primer P3 for
PCR amplification. Five a conotoxin cDNAs were
identified by this way (Table 1). Among them,
Qc1.1a, Qc1.1b and Lp1.1 have already been
characterized with primers P1 and P2. Four of
them (Qc1.1a, Qc1.1b, Lp1.7, Lp1.8) possess a
relatively long 30 UTR of 658–820 bp; however, the
30UTR of Lp1.1 is only 225 bp. Sequence compar-
ison (Fig. 2) suggests that the significant difference
of 30UTR length resulted from a large 30 end
deletion in Lp1.1 cDNA, although the major part of
its 30UTR is quite well aligned with the 30UTR
sequences of other a conotoxins. No hint could be
found yet to explain or predict this large 30 end
deletion of Lp1.1. The only striking point of Lp1.1
is that the third residue in the first Cys loop of
mature toxin is not the conserved Pro, but an Ala.

It is not clear whether this is related with its notably
short 30UTR.

The sequence comparison also clearly indicates
that the 30 UTR of Lp1.7 and Lp1.8 are very
different from the sequences of other a conotoxins
(Fig. 2). This might be the reason why the cDNAs
of these two toxins were not obtained when
conserved a conotoxin 30 UTR specific primer P2
was used for cloning. Their toxin sequences with a
rather long N-terminal part prior to the two
adjacent Cys residues are also quite different from
those of other a4/7 conotoxins, and their pro-region
is obviously shorter. The second half sequences of
their precursors, encoded by exon II (see below,
Table 2), are very different from the sequences
of other a conotoxins, too. The sequence of Lp1.7 is
completely the same as that of Lt1c, a library
clone from C. litteratus (Genbank no. DQ345366),
a conus species looking very much like and
probably close related with C. leopardus. These
conotoxins might define a new subfamily within the
a conotoxins.
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GI  1) ---------------------------------TGCTCCAGGACCCTCTGAA-CCACGGACGTGCCGCCCTCTGCCTGACCTGCTTCACTGTCCGTCTCTTTG-TGCCACTAGAACTGAA

SII 1) ---------------------------------------------------A-CCAC-GACATGCCGCCCTCTGCCTGACCTGCTTCACTTTCCGTCTCTTTG-TGCCACTAGAACTCTA

SIVA 1) CCAAAACCCAAAACAGGCCGCAGAAACGACTGATGCTCCAGGACCCTCTGAA-CCAC-GACATGCCGCCCTCTGCCTGACCTGCTTCACTTTCCGTCTCTTTG-TGCCACTAGAACTGTA

Qc1.1a   1)  ---------------------------------TGCTCCAGGACCCTCTGAA-CCAC-GACATGCTGCCCTCTGCCTGACCTGCTTCACTTTCCGTCTCTTTG-TGCCACTAGAACTGAA

Qc1.1b   1)  ---------------------------------TGCTCCAGGATCCTCTGAA-ACAC-GACATGTTGCCCTCT-ACTGA-CTGCTTCACTTTCCGTCTCTTTG-TGCCACTAGAACTGAA

Lp1.1  1)  ---------------------------------TGCTCCAGGACCCTCTGAA-CCAC-GACATGCAGCCCTCTGCCTGACCTGCTTCACTTTCCGTCTCTTTG-TGCCACTAGAACTGAA

Lp1.8  1)  GGATGTTGCAGCCGCCCTCG--------------ACTTCAGATGGTTGCGATGCCAC---CAT----CCCTCTGAGTGACC---ATCAC-CTCTGTCTCTTTTATCCTACTGCAACTAAA

Lp1.7  1)  GGATGTTGCAGCCGCCCTCG--------------ACTTCAGACGGTTGCGATGCCGC---CAT----CTCTCTGAGTGACC---ATCAC-CTCTGTCTCTTTTATCCTACTGCAACTAAA

GI 86) CAGCTCGATCCACTAGACTACCACGTTACCTCCGTGTTCTAAAACTACTTGGTTTAGATTGCCTTTAATTTCTAGTCATACTTCCTGTTATTACGTCGTCCAAAATTGAA----ACAAGA

SII   67) CAACTCGACCCACTAGACTCCCACGTTACCTCCGTATTCTGAAACTACTTGGATTTGATTGTCTTTAATATCTGCTCATACTTGCTGTTATTACATCGTACAAAATTTAA----ACAAGA

SIVA 118) CAACTCGATCCACTAGACTCCCACGTTACCTCCGTATTCTGAAACTACTTGGATTTGATTGTCCTTAATATCTGCTCATACTTGCTGTTATTACATCGTCCAAAATTTAA----ACAAGA

Qc1.1a  85)  CAACTTGATCCACTAGACTCCCACGTTACCTCCGTATTCTGAAACTACTTGGATTTGATGGTCTTTAATTTCTAGTCACACCTGCTGTCATTACATCATCTAAA-TTTAA----ACAAGA

Qc1.1b  83)  CAACGCGATCCACTAGACTCCCACGTTACCTCCGTATTCTGAAACTACTTGGATTTGATTGTCTTTAATTTCTAGTCACACCTGCTGTCATTACATCATCTAAA-TTTAA----ACAAGA

Lp1.1   85) CAACCCGATCTACTAGACTCCCGCGTTACCTCCGTATTCTGAAACTACATCGACTTGATTGTCTCTAATTTCTAGTCACACTTGCTGTTATTACATCGTCCAAAATTTAACCTGACAATA

Lp1.8   96) GAACTC--TTTAGCGAACTCCGTCCTCAGCTGTGTG-TC--CAATTCCTT--TTTTTTTTTTCTTCTTCTTCT--TC-TTCTTCTTCTTCTT-CTTGTTCC----TTTAA-----CAAGC

Lp1.7   96) GAACTC--TTTAGCGAAGTCCGTCCTCAGCTGTGTG-TC-----------GGATTCTTTTTT-TTTTTTTTCT---------------TGTT-----------CCTTTAA-----CAAGC

GI 202) ACATGAGGGGTGTCAGCT-CAAACAAAATCAGGCAATGACAAGG--AAAATGTCTCCGATCGATCCGAAAACTGTCACCCGTCACTCTCTTAACCAGTTTTAGAACTGATTACCACTAGA

SII   183) ACATGAGGGGTGTCTGCT-CAAACAAAATCAGGCAATGACCAGGAAAAAA-GTCTCTGATCTATCCGAAAACTGTCACCTGTCACTCTCTTAACCAGTTTTAGAACTGATTACCACTGGA

SIVA 234) AC---ATGGGTGTCTTTT-GAAACAAAACCAGGCAATGATAAGGGAAAAA-GTCTCCAATCTATCCGAAAACTGTCACCCGTCATTCTCTTAACCAGTTTTAGAACTGATTACCACTAGA

Qc1.1a 200) ACATGAGGGGTTTCTGTTAAAAAAAAAATCAGGCAATGACAAGGGAAAAAAGTCTCAGATCTATCCGAAAACTGTCACCCGTCATTCTCTTAACCAGTTTTAGAACTGATTACCAATAGA

Qc1.1b 198) ACATGAGGGGTGTCTGTT-AAAAAAAAATCAGGCAATGACAAGGGAAAAAAGTCTCAGATCTATCCGAAAACTGTCACCCGTCATTCTCTTAACCAGTTTTAGAACTGATTACCAATAGA

Lp1.1  205) AAAT----------TTTT---AAGGGCACCAAGT--------------------------------------------------------------------------------------

Lp1.8  196) GC-------------GTT-------CCAGGAGG-AATGTCGTGGT-----GTGCTTAAATGTTTCAGACATTTATAACCC------------TCCTTTTTTCTCCCTG-TGGCTGGTGGA

Lp1.7  170)  GC-------------GTT-------CCACGAGG-AATGTCGTGGT-----CTGCTTAAATGTTTCAGAAATTTATAAGCC------------TCCTTTTT-CTCCCTG-TGGCTGGTGGA

Fig. 2. Sequence comparison of 30 UTR of a conotoxins. The conserved nucleotides are shadowed and gaps (–) have been inserted to

maximize similarity. 30 UTR sequences of Qc1.1a, Qc1.1b, Lp1.1, Lp1.7 and Lp1.8 are from this work, and sequences of GI, SII and SIVA

are from references (Wang et al., 2003; Santos et al., 2004).
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3.2. Gene cloning of a conotoxins

From the genomic DNAs of five species of cone
snails, partial gene sequences of six a conotoxins
(Mr1.3, Pu1.1, Lp1.1, Lp1.4, Lp1.6a and Ac1.1b)
plus two pseudogenes (Qc aL-1 and Qc aL-2) were
obtained (Fig. 1, Table 1). In these pseudogenes the
first cysteine residue in mature peptides are mutated

into phenylalanine due to a point mutation (TGC to
TTC). Further PCR experiment with a different
primer set has proven this mutation is not an error
of PCR.

As the cDNAs of Lp1.1, Lp1.4, and Ac1.1b have
already been characterized, the comparison of the
cDNA sequences and the corresponding genomic
sequences allowed us to assign unambiguously the
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GI 319) GCTTTTGTACCACATCAAATCAGGTCTATGTGTGATGTTTC-TTTTGCAAA-----ATTTAATTTTTGAGAAAAAAA-GCTCAAAATGTGGGAAGTGCTTTTGATTTTCTGACAACTTGT

SII   301) GCTTTTGTACCACATC-AACCAGGTCTATGTGTAATGTTTCGTTTTGCAAACTTTGCTGTAATTCTTGACAAAAAA--GCTCAAAATGTGGGAAGCGCTTTTGATTGTCTGACAACTTGT

SIVA  349) GCTTTTGTACCTCATCAAATCCGGTCTATGTGTAATGTCT--CTTTGCAAACTTCGCTGAAATTCTTGAGAAAAAAA-GCTCAAAATGTGGGAAGTGCTTTTGGTTATCTGACAACTCGT

Qc1.1a  320) GCTTTTGTACCACATAAAATCAGGTCTTTGTGTAATGTTTC-TTTCACAAACGTCGCTGAAATTCTTGGGAAAAAAT-GCTCAAAATGTGGGAAGCACTTTTGGTTGTCTGACAACTTGT

Qc1.1b  317) GCTTTTGTACCACATAAAATCAGGTCTTCGTGTAATGTTTC-TTTTACAAACGTCGCTGAAATTCTTGGGAAAAAAT-GCTCAAAATGTGGGAAGCACTTTTGGTTGTCTGACAACTTGT

Lp1.1   226)------------------------------------------------------------------------------------------------------------------------

Lp1.8   277)-TTGTGATGTCGCTTA---------ATTCGTCTCAACATTG-----TTAAATTCTGCTTCGATTTGAGATTCCAATTATAGCAATACTTGGATATGACATATCATCCTCGGAAAAGGCCA

Lp1.7   250)-TTGTAATGTCGCTTA---------ATTCGTCTCAACATTG-----TTAAATTCTGCTTCGATTTGAGTTTCGAATTATAGCAATACTTGGAAATGACATATCATCCTCGGAAAAGGCCA

GI 432) GATCATGTCCGTTTTCAGTGAGTCTAATTGCAACCTCTGTGTGATTTTCTTCACCTGTTAAGCAACGCAAAGAGGTTGTCCATAACCAGGAAAGCAACAGACAAAGAAATGCTTGAGAAT

SII   418) GATCATGTCTCTTTTCAGTGAGTCTAAGTGCAACCTCTGTGTGTTTTCCTTCACCTGTTAAGCAACGAAAAGAGGTTGTCCATAATCAGAAAAGCAAAAGACAAAGAACTGCTTGAGAAT

SIVA  466) CATCATGTTCTTTTTCAGTGAGTCTAACTGCAACTTTTGTGTCTTTTTCTTCACTTGGTAAGCAACACAAA---GTTGTCCATAATCAGGAAAGCAAAAGATAAAGAACTGTTTGAGA-T

Qc1.1a  438) GATCATGTCTCTTTTCAGTGAGTCTAACTGCAACCTCTGTGTGTTTTCCTTCACCTGTTAAACAATGCAAAGTGGTTTTCCATAATCAGAAAAGCCAAAGACAAAGAACCGCTCGATAAT

Qc1.1b  435) GATCATGTCCCTTTTCAGCGAGTCTAACTGCAACCTCTGTGTGTTTTCCTTCACCTGTTAAACAATGCAAAGTGGTTTTCCATAATCAGAAAAGCCAAAGACAAAGAACCGCTCGATAAT

Lp1.1   226)------------------------------------------------------------------------------------------------------------------------

Lp1.8   382)ATTGATGTCAATTTT----------AGCGGGAAAGAGAGAGATAGAAAAAAAAAAAG-GAAGTTACGGAACCTTGAAAAACAGACAAAGACAA--AACAGGAAAACAA-------ACTTT

Lp1.7   355)ATTGATGTCCATTTT----------AGCGGGAAAGACAGAG----ATAGAAAAAAAG-GAAGTTCCGGAACCTTGGAAAACAGACAAAGACAA--AACAGGAAAACAA-------ACTGT

GI 552) TTCAGGTTATAGATAAGGTAAGGAA---AAAAAGGAGAGCTATGGGAAATGATGAAAACAACAGATAAAATAAATTGAACAGTACCTACTTGTTTCATGGTTGATTT-TTTTTT-CTCTG

SII   538) TTCAGGTTATATATAGGGTAAGCGATAAAAAAAGCACAGCTGTGAGAAATGATGAAAACAACAGATAAAAGAAATTGAACAATACCTACTTGTTTCATGGTTGATGA-TTCTTT-TTT--

SIVA  582) TTCAGGCTATAGATAGGGTAAGG------AAAAACAGAGCTATGGGAAATGGTGAAAACAACAGATAAAAGAAATTTAACAATAACTACTTGTTTCATGGTTGATGA-TTTTTTGTTCTG

Qc1.1a  558) TTCAGGAAATAGATAGGGTAAGGAA----AAAAAGAGACCTATGGGAAATGATAAGAACAACAGATAAAAGAAATTGAACATTACCTACTTGTTTCATGGTTGATGACTTTTTTTTTCTG

Qc1.1b  555) TTCAGGAAATAGATAGGGTAAGGGA----AAAAAGAGACCTATGGGAAATGATAAGAACAACAGATAAAAGAAATTGAACATTACCTACTTGTTTCATGGTTGATGACTTTTTT-TTTT-

Lp1.1   226)------------------------------------------------------------------------------------------------------------------------

Lp1.8   482)TCTCGGTCGTAGTT---GTTTGCTT---------------TCTTGTACCCCTTAAAAA-------GAAAAGAAA--GAAAATTATCAGTCTGGATCA--GCT-ATCT-TAATCTGTTCT-

Lp1.7   451)TCTTGGTAGTAGTT---TTTTGCTT---------------TCTTATTCCCGTTAAAAA---AAAAAAAAAGAAA--GAAAATTAACAGTCTGGATTA--GCT-ATCT-TAGTCTGTT---

GI 667) AATAATCTCTGTGGACACTAATGGCAGTCTCTCCTCACCCC-ACGCCATTAG------TAAGCTTATTTTTTCTTTCTTT----ATCCAAGATTTGCTGAACATATTTAGCCTAGATATA

SII   654) AATAATCTTTGTAGACAGTAATGGCAGTCTCTC-TCCCCCC-ATGCCATT----------------TTTTTTCTTTCTTT----ATTCAAGACTTGCTGAATA---TTA-----------

SIVA  695) AATAATGTTTGTGGATATGAATGGCAGTGTCTCTTCCCCCCAATGCCATTAGTTTTTTTTTTTTTTTTTTGTCTTTCTTTCTTTATCCAAGATTTGCTGAATA---TTA-----------

Qc1.1a  674) AATAATCTCTGTGGACATTAATTGCAGTCTCTCCTCATCCC-ATGCCATTAG-------------TTTTTTTCTTTCTTT----ATCCAAGATTTGCTGAATATTTTTAGCCTAGATATA

Qc1.1b  669) AATAATCTCTGTGGACATTAATTGCAGTCTCTCCTCATCCC-ATGCCATTAG------------TTATTTTTCTTTCTTT----ATCCAAGATTTGCTGAATATTTTTAGCCTAGATATA

Lp1.1   226)------------------------------------------------------------------------------------------------------------------------

Lp1.8   570)CATCCACTTTAT--ATAGGGAT---AATATTTC-------------TATTTG------------ATTGCATTTATTCATT-TTAATCTGACCATTGCTGAAGATTCTTTGCC------TA

Lp1.7   541)-ATCTACTTTAT--ATAGGGAT---ATTATTTC-------------TATTTG------------ATTGCATTTATTCATT-TTAATCTGACCATTGCTGAAAATTCTTTGCC------TA

GI  776) GACATTGCTACATATATAATCTGACAATAAAC-----TTTCATGGGCACCAATT-poly(A)

SII 738) ----------------TGAACTGAC-ATAAAC-----TTTCATGGGCACCAATTCpoly(A)

SIVA 801) ----------------TGAACTGACAATAAAC-----TGTCATAGGCACC-----poly(A)

Qc1.1a   776) GACATTGCTACATGTATAACCTGACAATAAAC-----TTTCATGGGCACC-----poly(A)

Qc1.1b   772) GACATTGCTACATGTATAACCTGACAATAAAC-----TTTCATGGGCACCAATT-poly(A)

Lp1.1  226) -------------------------------------------------------poly(A)

Lp1.8  653) TAC------ACA----TGACCTGACAATAAACATTTTTTGGAGGTGCA-------poly(A)

Lp1.7  623) TAC------ACA----TGACCTGACAATAAACATTTTTTGGATGTG---------poly(A)

Fig. 2. (Continued)

D.-D. Yuan et al. / Toxicon 49 (2007) 1135–11491140



ARTICLE IN PRESS
T
a
b
le

2

C
o
m
p
a
ri
so
n
o
f
th
e
p
re
p
ro
p
ep
ti
d
e
se
q
u
en
ce
s
o
f
a
co
n
o
to
x
in

C
on

ot
ox

in

A
. c

on
ot

ox
in

s 
cl

on
ed

 fr
om

 c
D

N
A

B
. c

on
ot

ox
in

s 
cl

on
ed

 fr
om

 g
en

om
ic

 D
N

A

C
. c

on
ot

ox
in

s 
cl

on
ed

 fr
om

 b
ot

h 
cD

N
A

 a
nd

 g
en

om
ic

 D
N

A

Id
en

tit
y 

in
ex

on
 I

 (
%

)
Id

en
tit

y 
in

ex
on

 I
I 

(%
)

Pr
ep

ro
pe

pt
id

e 
se

qu
en

ce

T
h
e
si
g
n
a
l
se
q
u
en
ce

is
u
n
d
er
li
n
ed

a
n
d
th
e
to
x
in

re
g
io
n
is
sh
a
d
o
w
ed
.
T
h
e
in
tr
o
n
in
se
rt
in
g
re
si
d
u
es

a
re

b
o
x
ed
.

D.-D. Yuan et al. / Toxicon 49 (2007) 1135–1149 1141



exon/intron boundary and structural organization
of these genes. The cDNA and gene sequences of
Lp1.1 from C. leopardus are shown as an example in
Fig. 3. It appears that all these three a conotoxins
share the same gene organization, namely, two
exons interrupted by a rather long intron of more
than 700 bp. Exon I encodes the signal peptide and
the first several amino acids of the propeptide, while
exon II encodes the other part of propeptide, the
whole mature peptide and 30 UTR. Additionally all
these introns are inserted at the same position,
namely in the codon of the 6th residue of the pro-
region, which is Ala in most cases (Fig. 3, Table 2).
Sequence analysis of the other five partial gene
sequences (Mr1.3, Pu1.1, Lp1.6a, Qc aL-1 and Qc
aL-2) strongly suggest that they may possess the
same gene structure, which is also very similar with
that of conventional short-chain and long-chain
scorpion toxins although the introns of a conotoxin
genes are significantly longer. This gene structure,
namely the interruption of an intron, is probably
required for the gene recombination and evolution
of conotoxins.

Although these introns vary from 791 bp (Lp1.1)
to 1441 bp (Qc aL-2) in length, they have some
common features. They are all flanked by a gt/ag
donor–acceptor pair, which is consistent with all the
introns in eukaryotic genes. However, the AT
content in the introns of a conotoxins is around
60%, significantly lower than that of scorpion
toxins (Xu et al., 2004; Wang et al., 2005). And
the sequences near the splice donor/acceptor sites in
all these introns are conserved except the 50 end
sequence in the intron of Lp1.1 (Fig. 4). The most
remarkable feature of these introns is their highly
conserved 30 end sequence, the last 14 nucleotides of
introns being completely identical (-ggttctgggtccag-)
and preceded by a stretch of GT dinucleotide
repeats of different length. The high conservation
of the 50 and 30 end of these introns may suggest a
specific, but unknown yet, intron splicing mechan-
ism during transcription.

Another notable feature of these introns is the
existence of two kinds of repetitive sequences. The
first one is stretches of dinucleotide or trinucleotide
repeats ‘‘GT’’, ‘‘GA’’, ‘‘CA’’, ‘‘CAT’’ in the middle
parts of introns (Fig. 4). The number of this
oligonucleotide repeats ranges from 13 to over 40.
And there is unexceptionally a tract of GT repeats
preceding the last 14 conserved nucleotides in 30 end
of all the introns (Fig. 4). As known, in contrast to
prokaryotic genomes, eukaryotic genomes possess a

large amount of different kinds of simple tandem
repeats which is regarded as ‘‘micro-satellite DNA’’
(Debrauwere et al., 1997) and may carry out some
regulatory functions. For example, a stretch of
‘‘GT’’ repeat in the 50 sequence of intron 2 of human
Na+/Ca2+ exchanger 1 gene (NCX1) is an intronic
splicing enhancer involved in regulation of NCX1

expression (Gabellini, 2001). And the (TG)12 repeat
in the promoter region of venom group I phospho-
lipase A2 genes from cobra Naja sputatrix was
found to act as a silencer in gene regulation
(Jeyaseelan et al., 2000). For conotoxins, further
study is needed to elucidate the actual functions of
these repeats.

Another kind of repeat was found only in the
intron of a conotoxin Pu1.1. In contrast to the
above short sequence repeat of DNA, the unit of
DNA repeat in Pu1.1 is about 140–150 bp in length.
There are five such repeats, and the level of
conservation in these repeats is decreasing from 50

to 30 end (Fig. 5). This makes the intron of Pu1.1
not well aligned with other intron sequences except
the 50 end (Fig. 4). Such DNA repeats of
comparatively long sequence have also been char-
acterized in the intron of snake venom group IA
phospholipase A2 (Fujimi et al., 2002). But the
function of this long repeat is elusive.

The comparison of all the eight intron sequences
of a conotoxins (Fig. 4) showed that intron is more
conserved within species, for example, between
Lp1.1, Lp1.4 and Lp1.6a, or between QcaL-1 and
QcaL-2. But between species, large gap could be
found. A gap of about 500 bp could be found after
the 50 end 70 bp in the introns of toxins from
C. leopardus, and for intron of Mr1.3, a gap of about
600 bp is found at 30 end, just before the conserved
GT repeats and identical 30 end 14 bp. These gaps
result in the intron length difference. Apart from
these, the introns of two pseudogenes, QcaL-1 and
QcaL-2, are quite similar with the intron of Ac1.1b,
showing no special feature for pseudogene.

3.3. Exon II cloning of a conotoxins

The extraordinarily high conservation in 30end of
introns in a conotoxin genes enables us to clone
novel a conotoxins genes from genomic DNA
directly. A forward primer P4 which matches the
conserved 30 end sequence of introns, together with
reverse primer P2, was used for PCR amplification.
By this way, exon II of 16 a conotoxin and a
pseudogene Qc aL-1 were identified from genomic

ARTICLE IN PRESS
D.-D. Yuan et al. / Toxicon 49 (2007) 1135–11491142



ARTICLE IN PRESS

ATG GGC ATG CGG ATG ATG TTC ATC ATG TTT ATG TTG GTT GTC TTG GCA ACC ACT GTC

1 M  G   M  R  M M   F  I  M  F M   L V  V  L  A  T T  V

GTT ACC TTC ACT TCA GAT CGT GCA CTT GAT GCC ATG AAT GCT GCA GCC AGC AAC AAA

V  T   F T   S  D  R  A L   D  A  M N  A   A  A  S N  K

GCG TCT CGC CTG ATC GCC CTG GCC GTC AGG GGA TGC TGT GCC CGT GCT GCC TGT GCC

39  A S R L  I   A  L  A V  R   G C C  A  R   A  A C   A

GGG ATT CAT CAA GAA CTT TGT GGA GGA GGA CGC TGA tgctccagga ccctctgaac 

58 G   I   H Q  E  L   C   G  G  G  R  End

cacgacatgc agccctctgc ctgacctgct tcactttccg tctctttgtg ccactagaac tgaacaaccc

atctactaga ctcccgcgtt acctccgtat tctgaaacta catcgacttg attgtctcta atttctagta

cacttgctgt tattacatcg tccaaaattt aacctgacaa taaaattttt aagggcacca agt poly(A)

ATG GGC ATG CGG ATG ATG TTC ATC ATG TTT ATG TTG GTT GTC TTG GCA ACC ACT GTC

1 M   G  M  R  M M F I   M  F M   L V  V   L   A  T T   V

GAT ACC TTC ACT TCA GAT CAT G/gtcagtctgc atttgttaag tcaaaatccg aattctcatg

20 D   T   F T   S  D H 

ttttgtaacc tggttagctt tgagacgtag tgtactatca ccatcatcat catcatcatc atcatcatca

tcatcatcat catcatcaac atcatcatca ttaccactag tattataagt aattatagtt gaagtaatag

gagtagtagt ggtagtagta cttatatatt gcttgtcttc agttaaagac caggttcaga gtatttcaca

atcaacgcta gcatttcaac ataaggctgc ctgcttgggt agagcagcca aagggtcgct tactggcgct

tcattaagtt gttttcagtg tcgttcagtt actattaaac attctgttct tttattaaca tttttagatt

ttttttcacg tagtgcgcgt actcatcatc atcatcatca tcatcatcat catcatcatc atcatcatta

ttactaatag tagtagaagt agttgtagtt gtagtaatag aaatagtggt ggtagcagta cttatgtttc

acaaggtgcc catttagatt cttgtcatcc agtgcgcgta ctatccatac caacgaccaa actagccttc

tcttctttac gttgatgatg gggtttgaca tctatctaag ctgttttgtc tgtctgtctg tctgtctgtc

tatctttcca tctgtctgtt cgtgagagag agagagaggg agagtacatg tgggtgtacg cgcgcgcgtg

tgtgtgtgtgtgtgtgtgtg tgtgtgtgtg tgtgtgtggt tctgggtccag /CA CTT GAT GCC ATG AAT

A   L  D A   M  N

GCT GCA GCC AGC AAC AAA GCG TCT CGC CTG ATC GCC CTG GCC GTC AGG GGA TGC TGT

33 A  A   A  S  N K A S   R  L I  A L   A  V  R  G C   C

GCC CGT GCT GCC TGT GCC GGG ATT CAT CAA GAA CTT TGT GGA GGA CGA CGC TGA

52 A  R A A  C   A  G  I  H  Q E  L C  G  G  R  R  End

tgctccagga ccctctgaac cacgac

20

Fig. 3. cDNA (a) and partial gene (b) sequences of Lp1.1 with the predicted translation product. The signal sequences are shaded, and the

toxin region is underlined. Nucleotides in the untranslated region are in small letters. The dinucleotide repeats in intron are indicated by

shadow. The poly(A) addition signal (aataaa) and the intron boundary gt/ag are also indicated. There are three single nucleotide

polymorphism between the cDNA and gene sequences, but out of the mature peptide encoding region.
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Mr1.3  1) GT--------------AAAGTTCAATGTCCGAATGTTCATGTTTTGTAAGCTGGAGACTGTCTGCACTTGTTGCTTTGAACCCCTAGTGTACTGTACTGCATTTCATTGTATTGCTTTGC

Ac1.1b   1) GT---------------ATG-TCAATATCCGAATTCTCATGTTTTGTAACCTGGAGACAGTCTGCATTTGTTGCTTTGAA-CCGTAGTGCACTGCACTGTATTTCGTTGCATTGCTTTGC

Qc L-1   1) GT---------------AAG-TCAATAT-CAAATCCTCATGTTTTGTAACCTGGAGACAGTCTGTATTTGTTGCTTTGGA-CCGTAGAGTACTGTACTGTATTTCGTTGTACTGCTTTGC

Qc L-2   1) GT---------------AAG-TCAATGTCCAAATCCTCATGTTTTGTAACCTGGAGACAGTCTGTATTTGTTGCTTTGGA-CCGTAGA-TACTGTACTGTATTTCGTTGTACTGCTTTGC

Pu1.1  1) GT---------------AAG-TCAATATCCGAATTCTCATGTTTGGTAACCTGGAGACATTCTGCTTTTGTTGCTTTGAA-CCATAGTGTACTGTACTGCATTTGGTTGTATAGCTTTGC

Lp1.1  1) GTCAGTCTGCATTTGTTAAG-TCAAAATCCGAATTCTCATGTTTTGTAACCTGG---------------TTAGCTTTGAG-ACGTAG---------------------------------

Lp1.4  1) GT---------------AAG-TCAAAATCCGAATTCTCATGTTCTGTAACCTGGAGACAGTCTGCATTTGTTGCTTTAAG-ACGTAG---------------------------------

Lp1.6a   1) GT---------------AAG-TCAAAATCCGAATCCTCATGTTTTGTAACCTGGAGACACTCTGCATTTGTTGCTTTGAG----------------------------------------

Mr1.3  107) AGTAAAGTGGTGTGCTGTGTACTGGTCTATGCTATGTTCATCTGTATTGTAGTGAGTGGTGTGCTGTGTACTGGTCTATGCTATGTTCATCTGTATTGTAGTGAATCATGCTGTTCTGTA

Ac1.1b   104) AGTAAGG-------------------------------------------------TGTTGTGCTGTGAACTGGTCTTTGCTATGTTCTTCTGTATTGTAGTGAATTATGATGTTCTGTA

Qc L-1   103) AGTAAAG-------------------------------------------------TGTTGTGCTGTGTACTGGTCTATGCTCTGTTCTTCTGCATTGTAGTGAATCATGCTGTTCTGTA

Qc L-2   103) AATAGAG-------------------------------------------------TGTTGTGCTGTGTACTGGTCTATGCTCTGTTCTTCTGCATTGTAGTGAATCATGCTGTTCTGTA

Pu1.1  104) AATAAGG-------------------------------------------------TGTTGTGCTGTGTACTGGTCTATGCTCTGTTCCCCTGTATT---GTG--TCATGCTGTTCTGTA

Lp1.1 71) ------------------------------------------------------------------------------------------------------------------------

Lp1.4 71) ------------------------------------------------------------------------------------------------------------------------

Lp1.6a  65) ------------------------------------------------------------------------------------------------------------------------

Mr1.3  227) ATCTTTTAACTGCACTGCACTGCATTTTACTGCGTTATAGAGAAT--CATGTTGCCGTGTGCTG-TATTTGGGGTTTATTGCACTAACATGCATTGTCTTGCTGTAAATCATGATGCTTA

Ac1.1b   175) AACTTTTAACTGCATTGCATTGTAGTTTACTGCGTTGTAGAGAAT--CATGTTGCCGTGTGCTG-TATTTGGAGTGTATTGCACTAACATCTATTGTCTTGCTGTAAAGCATGATGCTTA

Qc L-1   174) ATCTTTTAACTGTATTGCATTGTATTTTACTGTGTTGTAGAGAAT--CACGTTGCCCTGTGCTG-TATTTGGGGGGTATTCCACCAACATGTATTGTCTTGCTGTGAATCATGATGCTCA

Qc L-2   174) ATCTTTTAACTGTAATGCATTGTATTTTACTGTGTTGTAGAGAAT--CACGTTGCCCTGTGCTG-TATTTGGGGGGTATTCCACCAACATGTATTGTCTTGCTGTGAATCATGATGCTCA

Pu1.1  170) ATCTTTTAA---TAACGC------TTTTTCTTCTTTATGGAATATCTCAGAAAGTACTTGGCCGATCTTTGTGAAAATTTGCAGGTATGTTCATT----ATAGGTCAAGGATGATGC--C

Lp1.1 71) ------------------------------------------------------------------------------------------------------------------------

Lp1.4 71) ------------------------------------------------------------------------------------------------------------------------

Lp1.6a  65) ------------------------------------------------------------------------------------------------------------------------

α

α

α

α

α

Mr1.3  344) CCATTGTCTTGTACGGAATTTACTGCATATTTGTGGACAATGCTAATCTGTATACATATGGCATAATACTCTGTTTACATTGTATCGTGTTAGTATATCTTCATGCATTACCTTGTA---

Ac1.1b   292) CCATTGTATTGTACTTAATTAAATGTACACTTGTGGATAATGCTAATTTGTATGCATATGGTATAATACTCTGTTTATACTGTATCGTGCTAGTATTTCTTCATGCATTGCTTTGTATCA

Qc L-1   291) CCATTGTATTGTATTGAATTTAATGTATAGTTGTGGATTATGCTAAT-TGTATGCATATGACATAGTACTCTGTTTACATTGAATCATGTTAGTATTTATTCATGCATTGCCTTGTATTA

Qc L-2   291) CCATTGTATTGTATTGAATTTAATGTATAGTTGTGAATTATGCTAAT-TGTATGCATATGACATAGTACTCTGTTTACATTGAATCATGTTAGTATTTATTCATGCATTGCCTTGTATTA

Pu1.1  275) CGATGGTTTAGT------TTACCGGTACAACCGT------TACTAAC--GGCTGTAAAAG-CCT-GTA-ACGGTTT---TTCT-GCTTTATAGAATATC-TCA-GAAAGCACTTG----G

Lp1.1 71) -----------------------------------------------------------------------------------------------------------------TG-----

Lp1.4 71) ------------------------------------------------------------------------------------------------------------------------

Lp1.6a  65) -------------------------------------------------------------------ACACAGTCTAC-----------------TATCATCA-----------------

Mr1.3 461) -------TTACAA---------------TTTATT----ATTCCCTGGCACA----------------------------CACACACACAC-----ACACACACAC---------------

Ac1.1b  412) CAGTTTATTACAATAGATTATATTGTGTTGTATTGATGATAATGTTTCATATTGTATCATA-----CTGTTTTGTTGTTCACATACAATCTGAGGACAGTCACACCAAAATATGATTGTT

Qc L-1  410) CAGTATATTACAATAGTATATATTTTGTTGTATTGGTGATGATGTTTCATATTATATTATATTATGCTGTTTTGTTGTTCAGAGACAATTTGAGGACAGTCACACTAAAATATGATTGTT

Qc L-2  410) CAGTATGTTACAATAGAATATATTTTGTTGTATTGGTGATGATGTTTCATA-----TCATATTATGCTGTTTTGTTGTTCAGAGACAATTTGAGGACAGTCACACTAAAATATGATTGTT

Pu1.1 368) CCG-ATCTTTC------TGAAAATTTGTAGTA-TGTTCGTTATGGGTCACG------AATAATGCCCGATGTTTTAGTT---------------TACTGTTATAC---------------

Lp1.1  73) --------TAC------------------------------------------------TA----------------------------------------TCAC---------------

Lp1.4  71) ------CTTAC-------------------------------------------------------------------------------------------------------------

Lp1.6a   84) ------------------------------------------------------------------------------------------------------------------------

Mr1.3 507) ACAT------------------------------------------ATACACACA------CCCCTA----------TGTTAAACGCAG-TCAAGC-GCGATGTCC------------CG

Ac1.1b  527) TCATCCAGATAGCTGAATGAGACATAAAATCAAAAACTATCCTAAAGTACAATTATCGTGTGCCCTATTGTTATTCTTACTGATAGTAGTTGTAGCATCATCATCA--TCATCATTATCA

Qc L-1  530) TCAT-CAGCTAGATGAATGAGACATAAAGTTATAAACCATTCTAAAGTACAATTATCGTGATCCCTATTGTTATTGCTATTGATAGTAGTTGTACCAGCAATATCATATCATCATCATCA

Qc L-2  525) TCAT-CAGCTAGATGAATGAGACATAAAGTTATAAACCATTCTAAAGTACAATTATCGTGATCCCTATTGTTATTCTTATTGATAGTAGTTATACCAGCAATATCA---------TATCA

Pu1.1 444) ---T------------------------ATTACTAGC--GGCT---GT--AACTG-CCTG-----TAACGGTTTTCTTCTT-----------TA-C-GGAATATCT-CAGAAAGTAAT--

Lp1.1  82) -CAT----------------------------------------------------------------------------------------------CATCATCA--------TCATCA

Lp1.4  76) ---T--------------------------------------------------------------------------------------------------ATCA--------CCATCA

Lp1.6a   84) TCAT-------------------------------------------------------------------------------------------CATCATCATCA--------TCATCA

α

α

α

α

α

α

Fig. 4. Sequence alignment of eight introns of a conotoxins. The conserved nucleotides are shadowed and gaps (–) have been inserted to

maximize similarity. The completely identical 30 end sequences are underlined. The dinucleotide or trinucleotide repeats are in bold.
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Mr1.3 555) TGAAC---GTTAATGGACATCGTCT-TAGTGGATATTACTTTC---ACAGATAACGCCA---TAAGAGAAGA--TA--------ACCTAGAC--AGACGT-GGCCTTAAATAACATATTT

Ac1.1b  645) TCATC-ATCATCATTATCATCATCA-TCATCATCATCATCATCATCATTAATAGTAATATGCGAA--GTAGTTGTAGTTGTAGTACTAGGAG-TAGTAGTCGGTGGT-AGTAACTTATAT

Qc L-1  649) TTATC-ATCATCATCATCATCATCA-TCATCATCATCATCATCATCACTACTAGTAGTA---GAA--ATAGTTGTA-CTGTAGCAAAGGGTT-TAGTAGT-GGTGGT-AGC-ACTTATAT

Qc L-2  635) TCATC-ATCATTATCATCATCATCA-TCATCATCATCATCATCATCACTACTAGTAGTA---GAA---TAGT-GTA--CGTAGCA--AGGGCTTAGTAGT-GGTGGT-AGC-ACTTATAT

Pu1.1 508) TGGCCGATCTTTGTGAACATTAGCAGGTATGTTCATTACGGGC--CACGAATAATGCCC---GATGTTTAGTT-TA----CTGTTATAGCCGTTACTAAG-GGCTGT-ACG-GCCTGTA-

Lp1.1  99) TCATC-ATCATCATCATCATCATCA-TCATCAACATCATCATCATTACCACTAGTATTA---TAA--GTAATTATAGTTGAAGTAATAGGAG-TAGTAGT-GGTAGT-AGT-ACTTATAT

Lp1.4  87) TCATC-ATCATCATCATCATCATCA-TCATCATCATCATCATCATTACCACTAGTAGTA---TAA--GTAGTTGTAGTTGAAGTAATAGGAG-TAGTAGA-GGAAGT-AGT-ACTTATAT

Lp1.6a  105) TCATC-ATCATCATCGTCATCATCA-TCATCATCATTATTATCAGTACCACTAGTAGCA---GAA--GTAGTTGTAGTTGTAGTAATAGGAG-TAGTAGT-GGTAGT-AGT-ACTTATAT

Mr1.3 652) AATACATCCCTCC------AAAACAA--TCAT---------TACC-TGCATTTTTGCATTTCAACCTTATTCTTTCTG--TGCGT--------------GCGTGCGTGCGTGC-------

Ac1.1b  759) ACCGCCTGTTTCCAGTTAAAGACCAAGTTCAG--AGTAAATCACAATCCATACTCGCATT-CAATATCAAGACTGTTG--TTGGTAGAGCAACCAAAAGGGCTGTCTAATGGC-CGTCAA

Qc L-1  757) ATTGCCTGTCTTCAGTTAAAGACCACGTTCAG--AGTGTTTCACGATCCACGCTCACATTTCAACATCAGGCTTCCTGCCTAGGTAGAGCAGCT-GAAGGGCTGCCTGCTGGCGCTTCGT

Qc L-2  739) ATTGCCTGTCTTCAGT-AAAGAACACG-TCAG--AGTG-TTCACGAT-CACGCTCACATT--CACATCAGGCT-CCTGCCTAGGTAGAGCAGCT-GAAGGGCTGGCTGCTGGCGCTTCGT

Pu1.1 614) AAGGTTTTTCTTCTTTATAAGAATATC-TCAGAAAGTACGTGGCCGATAGTTCTGTAATTTGTAGCT-ATG-TTCATT-ATGGGT----CAAGG----ATGATGCCCGATGTC-------

Lp1.1 208) ATTGCTTGTCTTCAGTTAAAGACCAGGTTCAG--AGTATTTCACAATCAACGCTAGCATTTCAACATAAGGCTGCCTGCTTGGGTAGAGCAGCC-AAAGGGTCGCTTACTGGCGCTTCAT

Lp1.4 196) ATTGCTTGTCTTCAGTTAAAGACTAAGTTCAG--AGTGCTTCACAATCCACGCTAGCATTTCAACATCAGACT--------GGGTAGAGCAACC-AAAGGGCTGCCTACTGGCGCTTCAA

Lp1.6a  214) ATCGCCTGCCTTCAGTTAAAGACCAGGTTCAG--AGTGTTTCACAATCCACGCTAGCATTTCAACATCAGGCTGCCTGCTTGGGTAGAGCAGAC-AAAGGGCTGCCTACTGGCACTTCAT

Mr1.3 732) T-----------------------------------------------------------------------------------------------------------------------

Ac1.1b  873) TAAAGT-TGT-TTTCAGTGTTGTTCAGTT-GCTATCAGACATTCTGTTTCT-GTTATTTATTTTTTTCAGATTTTGTTT-----------------------------------------

Qc L-1  874) T-AAGT-TGT-TTTCAGTGCCGTTCATTTAACTATAAGACACTTTGTTCTT--TTATT-A-TTTTTTCAGATTTTTTTTCAGGTCAAGTGCGCATACTCATCATCATCATCATCATCATC

Qc L-2  849) T-AAGT-TGT-TTTCAGTGCCGCTCATTTAACTATAAGACATTTTGTTCTT--TTATTAT--TTTTTCAGATTTTTTTTCAGGTCAAGTGCGCGTACTCATCATC---ATCATCATCATC

Pu1.1 715) T-AAGT-TTACCGTTATAGCCGTT-AATA-ACGGACAATAATGGTTTTCTTCTGTATGGA-AAATCTCAGA-----AAGCACTTGGTG-GATCTTTCTGAAAATT---TTAAGTATGTTC

Lp1.1 325) T-AAGT-TGT-TTTCAGTGTCGTTCAGTT-ACTATTAAACATTCTGTTCTT--TTATTAA-CATTTTTAGATTTTTTTTCACGTAGTGCGCG--TACTCATCATC------ATCATCATC

Lp1.4 305) T-AAGT-TGT-TTTCAGTGTCGTTCAGTT-ACTATCAAACATTCTGTTCTT--TTATTAA-CATTTTCAGATTTTTTTTCACGCAGTGCGCG--TACTCATCATC------ATCATGATC

Lp1.6a  331) T-AAGT-TGT-CTTCAGTGTCGTTCAATT-ACTATCAGACATTCTGTTCTT--TTATTAA-TATTTTCAGATTTTTTTTCACGTAGTGCGCG--TACTCATCATC------ATCATCATC

α

α

α

α

α

α

Mr1.3 732) ------------------------------------------------------------------------------------------------------------------------

Ac1.1b  948) -TCAT-------------------------------------------------------------------------------------------------------------------

Qc L-1  987) ATCATCAGCAGCATCATCTTCTTCTTCTTCTTCTTCTTCGTCGTCGTCGTCGTCGTCGTCGTCGTCGTCGTCGTTACTACTAGTAGTAGACGCATTTGTAA-TTATAGTAATAGGATTAC

Qc L-2  959) ATCAT---------------------CTTCTTCTTCTTCTTCTTCTTCGTCGTCGTCGTCGTCGTCGTCGTCGTTACTACTAGTAGTAGACGCATTCGTAA-TTGTAGTAATAGGAGTAC

Pu1.1 821) ATTAT----AG-GTCA-----------CAGACGATGGACG--ATGTTTACCAGAATAGCCAT--TACTAACGGTTAC-ACCGGACCAAGACG-----GTTT-TTCTGCTTATGGAAAATC

Lp1.1 430) ATCAT------------------------------------------CATCATCATCATCATCATCATCATTATTACTAATAGTAGTAGAAGTAGTTGTAG-TTGTAGTAATAGAAATAG

Lp1.4 410) ATCAT------------------------CATCATCATCATCATCATCATCATCACAATCATCATTATCATTATTACTACTAGTAGTGGAAATAGTTGTAG-TTGTAGTAATAGAAGGAG

Lp1.6a  436) ATCAT------------------------------------CATCATCATCATCATCATCATCATC-TTATTATTACTACTAGTAGTATATGTAGTTGTAGTTTGTAGTAATAGAACTAG

Mr1.3 732) ------------------------------------------------------------------------------------------------------------------------

Ac1.1b  952) ------------------------------------------------------------ACTATGT------ATCATCCATGCCAACGGCCAAACTGGCCTTCTCTTCTCCAAGTTGAT

Qc L-1   1106) TAGTAGTAGTAGTA---AGAGTACTTATATTTCATGCAGTGGGCGTGCACATTTTTTTTCACGCTGTTCGCGTAATATCCATACCAACGGTCAAACGGGCCTTCTCTTCTCTAAGTTGAT

Qc L-2   1057) TAGTAGTAGTAGTAGTAGGCGTACTTATATTTCATGCAGTGGGCGTGCACATTTTTTTTCACGCTGTTCGCGTAATATCCGTACCAACGGTCAAACTGGCCTTCTCTTCCCTAAGTTGAT

Pu1.1 914) T-----CACGCGTA-------TTC--ACGAT--AAACTGGGA-----------------------GTACG-TTTTTATGCTTTGC--------ATCTTGTTTCTTGTTGTTATTGTTGTT

Lp1.1 507) TGGTGGTAGCAGTACTTATGTTTCACAAGGTGCCCATTTAGA----------TTCTTGTCATCCAGTGCGCGTACTATCCATACCAACGACCAAACTAGCCTTCTCTTCTTTACGTTGAT

Lp1.4 505) TAGTGGTAGCAGTACTTATGTTTCACACGGTGCCCATTTAGA-------TTTTTTTTCCCACCCAGTGCGCGTACTATCCACACCAACGGCCAAACAGGCCTTCTATTCTCTAAGTTGAT

Lp1.6a  519) TAATGGTATCAGTACT-----TTCACACGGTGCCCGTTTAGA--------TTTTTTTTTCACACGGTGCGCATACTATCCATACCAACGGCCAAACTTGCCTTCTCTTCTATAAGTTGAT

Mr1.3 732) ------------------------------------------------------------------------------------------------------------------------

Ac1.1b   1006) GATGGGGTTTTTACAT-CTGTCAAAGCTGTTCTGTCTGTCTGTCTGTCTGCCTGTCTGTCTGTCTGTCTGT----------------CTGTCCATCTGTCCGTTCGTGAGAGACAAAGGG

Qc L-1   1223) GAT-GGCTTTTTACAT-CTGTCTAAGCTATTCTGCCTGTCTGTCCGTCT--------------------GT----------------CTGTTCATCTGTTTGTTCATGATACAGAAAGAG

Qc L-2   1177) GAT-GGCTTTTTACAT-CTGTCTAAGCTCTTCTGCCTGTCTGTCCATCT--------------------GT----------------CTGTTCATCTGTTTGTTCATGATAGAGAAAGAG

Pu1.1 986) GTT-GTGATTGTAGTTGTTGTTCTTGTTGTTCTTGTTGT-TGT-TCTCC-TTTTTCCCGAAATCATGCTGA-------ACTTATA-CATGCAGAATTAACT-TTCTTGAATTTCAACCTT

Lp1.1 617) GAT-GGGGTTTGACAT-CTATCTAAGCTGTTTTGTCTGTCTGTCTGTCT------------GTCTGTCTAT----------------CTTTCCATCTGTCTGTTCGTGAGAGAGAGAGAG

Lp1.4 618) GAT--GGGTTTTACAT-CTATCTAAGCTGTTCTGTCTGTCTGTCTGTCTGTCTTTCCATCTGTCTGTTCGTAAGGGAGAGAGAGG GTACATGTGGGTGTATGTGTGTGTGTGTGTG

Lp1.6a  626) GAG-GGGGTTTTACAT-CTATCTAAACTGTTCTGTCTGTCTGTGTATCCATCTGTCTGTTCGTGTGTGAGA--GAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAG

α

α

α

α

α

α

Fig. 4. (Continued)
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DNAs of C. marmoreus, C. quercinus, C. leopardus,
C. pulicarius and C. achatinus (Fig. 1, Table 1).
Some of them, such as Mr1.1, Lp1.6a, Pu 1.1,
Ac1.1b and Qc aL-1, have already been cloned from
genomic DNA or cDNA. Among these 16 a
conotoxins, there are one a3/5, one a4/4, three
a4/5, one a4/6 and 10 a4/7 a conotoxins. This
strategy has been used to clone a conotoxin GIC
and PIA (McIntosh et al., 2002; Dowell et al., 2003).
Since it is impossible for cone snails to express all
the conotoxins in arsenals at the same time, such
cloning from genomic DNA is a better alternative to
acquiring more conotoxins than cDNA cloning.

Unexpectedly, with primers P4 and P2 we also got
three novel kA conotoxins genes with a totally
different Cys pattern (-CC-C-C-C-C-) from the
piscivorous cone snail C. achatinus (Table 1). They
apparently share the same conserved intron 30end
and 30UTR sequence of a conotoxins, which
strongly supports the point that kA conotoxins

and a conotoxin belong to the same A superfamily
(Santos et al., 2004).

3.4. A hypothesis of a conotoxin gene evolution

Low mobility and extreme variety of prey (five
different phyla) force cone snails to produce
hypervariable toxins bearing the ability to target
different subtypes of the same membrane receptor
or ion channel with high affinity. Numerous cDNA
cloning studies, including this work, have shown
that each individual conotoxin has its own gene and
that these genes encode the similar prepropeptide
precursor. This indicates that whole gene duplica-
tion in the same gene family, followed by hypermu-
tation in mature peptides, is the major way at the
gene level to get more variable toxins (Kordis
and Gubensek, 2000; Sollod et al., 2005). The
DNA sequences we got from five conus species of all
three feeding types (fish-hunting: C. achatinus;
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Repeat 1 176 taacgctttttcttctttatg–gaatatctcagaaagtacttggccgatctttgtgaaaatttgcaggtatgttcattataggtcaa

Repeat 2 323 taacggtttttctgctttata–gaatatctcagaaagcacttggccgatctttctgaaaatttgtag–tatgttcgttatgggtcac

Repeat 3 467 taacggtttt–cttctttacg–gaatatctcagaaagtaattggccgatctttgtgaacattagcaggtatgttcattacgggccac

Repeat 4 610 taaaggtttttcttctttataagaatatctcagaaagtacgtggccgatagttctgtaa–tttgtagctatgttcattatgggtcaa

Repeat 5 747 taatggtttt–cttctgtatg–gaaaatctcagaaagcacttggtggatctttctgaaaattttaag–tatgttcattataggtcac

Repeat 1  ggatgatgcccgatggtttagtttaccggtacaaccgttactaacggctgtaaaa––––––––––gcctg 322

Repeat 2 gaataatgcccgatgttttagtttact–––––––––gtta–ta–ctattactagcggctgtaactgcctg 466

Repeat 3 gaataatgcccgatgttt–agtttactgttatagccgttactaagggctgtacg–––––––––––gcctg 609

Repeat 4  ggatgatgcccgatgtctaagtttaccgttatagccgttaataacggacaa 746

Repeat 5 agacgatggacgat––––––gtttaccagaatagccattactaacggttacaccggacca 884

Fig. 5. Sequence alignment of five DNA repeats found in the intron of Pu1.1. The numbers indicate the location of the repeats in the

intron. The conserved nucleotides are shadowed and gaps (–) have been inserted to maximize similarity.

Mr1.3  732) ------------------------------------------------------------------------------------------------------------------------

Ac1.1b  1109) AGAGTATGTGTGTGTGTGTGT--------GTGTGTGTGTGTGTGTGTGCGTGTGTGTGTGTGCGCGCGCGCGTGCGTGCGTG-CATGCGCATGTGTATC---TGTGTGTGCGTGTGTGTG

Qc L-1  1305) AGTACAAG----TGTGC-------------------------------------------------------------------------------------------------------

Qc L-2  1259) AGTACAAGTGTGCGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGCGTGCGTGCGTGCGTGCGTG--TG------------------TGTGTGTGTGTGTGTG

Pu1.1 1093) ATTCGTTCTCT-------------------------------------------------------------------------------------------------------------

Lp1.1  707) AGGGAGAGTACATGTGGGTGTACGCGCGCGC-----------------------------------------------------------------------------------------

Lp1.4  735) TGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGCGCGTGTGTATCTCTCTCTCTCTGTCTCTCTCTCTCTGTATGTGTGTGTATGTGTGTG

Lp1.6a   742) AGAGAGAGAGAGAGTACATGT--GGGCGTATGTTT-------------------------------------------------------------------------------------

Mr1.3  732) ------------------GTGTGTGGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGGTTCTGGGTCCAG

Ac1.1b  1217) TGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGGTTCTGGGTCCAG

Qc L-1  1317) -------------------------GTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGGTTCTGGGTCCAG

Qc L-2  1359) TGTGTGTGTGCGCGCGCGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGGTTCTGGGTCCAG

Pu1.1 1103) -------------------GTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGGTTCTGGGTCCAG

Lp1.1  738) -----------------------------GTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGGTTCTGGGTCCAG

Lp1.4  855) TGTGTGTGTGTGTGTGTGTGTGTGTGCGTGTTTGTGTTTGTGTATATGTGTGTGTGCGTGTGTGTGTGTGGTTCTGGGTCCAG

Lp1.6a   775) ---------------------------------GTGTGCGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGGTTCTGGGTCCAG
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α

α
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mollusk-hunting: C. marmoreus; worming-hunting:
C. quercinus, C. leopardus, C. pulicarius) give some
hints about how this hypermutation is achieved.

Sequence analysis clearly showed that the varia-
tion in exon II is significantly higher than that in
exon I (Table 2). This may be related with the gene
structure of a conotoxins, which was firstly clarified
in this study. As suggested previously (Olivera et al.,
1997), interruption by the long intron makes it
possible that the two exons undergo different
control in DNA replication, exon II being ‘‘encour-
aged’’ to mutate by looser surveillance. However,
the N-terminal part of exon II encoded region, i.e.
the middle part of the pro-peptide, is relatively
conserved, which might be the result of the natural
selection pressure caused by the requirement of the
essential function of pro-peptide. The pro-peptide
of an a conotoxin has been found to play a role in
the PDI (protein disulfide isomerase)-catalyzed
oxidative folding of conotoxin precursors (Buczek
et al., 2004).

In exon II, the point mutation is probably the
basic mechanism to have different toxins, such as
Ac1.1a vs. Ac1.1b, Qc1.4a vs. Qc1.4b. Then the
accumulation of point mutations can give more
varied conotoxins with the same length and frame-
work, like Qc1.5 and Qc1.6. In these cases, it is hard
to tell which toxin appears earlier and which one
follows after mutation. But for different spacing a
conotoxins, it is proposed that a4/7 subfamily is the
ancestor since this group distribute in all the conus
species; other subfamilies evolved from a4/7 toxins
(Santos et al., 2004). The gene sequences indicate
that one or more codons are deleted to have
conotoxins with different loop spacing, for instance,
deletion of the Asp codon from the second loop of
a4/7 Qc1.4a, together with some point mutations,
could give an a4/6 conotoxin Pu1.2. Similar is the

case from a4/5 Pu1.3 to a4/4 Qc1.2. The mechanism
of the codon deletion still remains to be clarified.

The sequences of two pseudogenes Qc aL-1 and
Qc aL-2 also suggest another possible evolution
pathway to have a conotoxins of different Cys
framework (Fig. 6). With the first Cys (TGC)
mutated into Phe (TTC), the pseudogenes with
odd Cys numbers must be the intermediate product
of evolution process. Most likely, the next step is the
mutation of the first codon (TCC) in the first loop
into another Cys (TGC). Thus, the framework
CCX4CX7C would be shifted into FCCX3CX7C,
then deletion of two codons in the second loop
would give an a3/5 conotoxin. The unusually high
mutation rate of conotoxin genes (Kordis and
Gubensek, 2000; Sollod et al., 2005), as well as the
various gene block deletion or substitution (Santos
et al., 2004), makes these steps highly possible.

An alternative a4/7 to a3/5 evolution pathway
(CCX-CCC-XCC) has been proposed recently,
the supporting evidence of which is the nonregular
six-Cys-containing a conotoxin SII (Santos et al.,
2004). But each step of this pathway needs to be
accompanied with the addition or the deletion of the
C-terminal fragment including the 6th Cys, which is
not easier than the hypothesis supported by these
pseudogenes (CCX-FCX-XCC). More evidence
is certainly needed to distinguish which one is more
possible.

It would be intriguing to clarify whether the
corresponding three-Cys-containing conotoxins of
these pseudogenes are produced or not and how
these toxins, if produced, fold and act. The in vivo
maturation process is believed to deliver the
conotoxins into an oxidative environment, where
the thiol group of Cys residue is unlikely free. The
unpaired Cys would possibly be linked with a small
oxidizing/reducing molecule, such as glutathione.
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Qc1.5 (α4/7): … TGC TGT TCC AAT CCT GCC TGT --- --- --- --- --- --- --- TGT …

C  C S   N    P A C  X  X   X X X   X  X    C

Qc αL-1: … TTC TGT TCC GAT CCT CCC TGT --- --- --- --- --- --- --- TGT …

F   C S D    P  P C X  X X   X  X X    X  C

Ac1.1b (α3/5): …CGC TGT TGC CAT CCT GCC TGT --- --- --- --- --- TGT …

R   C   C H  P A   C X  X  X   X   X C

mutation 

mutation deletion

Fig. 6. Hypothesis of the gene evolution from a4/7 to a3/5 toxin. The mutation of the first Cys codon might be followed by the mutation

of the first codon in the first loop into a new Cys, by which the CCX4CX7C framework could be shifted into XCCX3CX7C framework.

Then deletion of two codons in the second would give a a3/5 framework.
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Another possibility which cannot be ruled out is
that the unpaired Cys of one toxin might form a
disulfide bond with the counterpart Cys of another
toxin to get stabilized.

In summary, based on the conserved signal
peptide and 30UTR sequence, 16 novel a contoxins
were identified from cDNA and genomic DNA. The
gene structure and sequence further enable us to get
other 12 novel a conotoxin sequences by using exon
II cloning. These sequences will certainly enrich our
knowledge about the a conotoxin diversity as well as
the evolution process.
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