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Abstract

Crotamine is a 42 amino acid-long basic polypeptide, one of the major components of the South American rattlesnake,

Crotalus durissus terrificus, venom. The mRNA has about 340 nucleotides and codifies a pre-crotamine, including the signal

peptide, the mature crotamine, and a final lysine. In this report, we describe the crotamine gene with 1.8 kb organized into three

exons separated by a long phase-1 (900 bp) and a short phase-2 (140 bp) introns. Exon 1 includes the 50-untranslated region and

codifies the first 19 amino acids of the signal peptide. Exon 2 codifies 42 amino acids, three belonging to the signal peptide and

39 to the mature crotamine. Exon 3 codifies the last three amino acids of the mature toxin and the terminal lysine. The crotamine

gene was mapped by in situ hybridization to the end of the long arm of chromosome 2, the intensity of signals differing between

the two homologues. This may reflect a difference in gene copy numbers between chromosomes, a possible explanation for the

variable amounts of crotamine found in the venom.

q 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Crotalus durissus is a rattlesnake found from Southern

Mexico to the pampas of Argentina (Campbell and Lamar,

1989). Vellard (1939) reported the dependence of the

physiopathological effect of C. durissus venom on its

geographical origin, reflecting the variability of the venom

composition.

Crotamine was first isolated from the venom of the South

American rattlesnake C. durissus terrificus (Gonçalves,

1956). It belongs to a group of closely related small basic

polypeptide myotoxins (SBPM), commonly found in

Crotalus venoms, and its contents vary according to the

subspecies or the geographical location (Schenberg, 1959;

Bober et al., 1988; Ownby, 1998), reaching an average of

17% (w/w) of the dry crude venom (Gonçalves and Arantes,

1956; Oguiura et al., 2000). The amino acid sequences of
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SBPMs from various Crotalus species have been deter-

mined and they showed a high degree of similarity ranging

from 83 to 98% (Samejima et al., 1991).

The crotamine cDNAs from venom glands of C. durissus

terrificus was found to be 340–360 bp in length, encom-

passing an open reading frame of 198 nucleotides (nt), with

50 and 30 untranslated regions (UTR) of variable sizes

(Rádis-Baptista et al., 1999), and showing a high degree of

sequence similarity with the myotoxin a mRNA from

Crotalus viridis viridis (Norris et al., 1997).

According to their structure, snake venom toxin genes

can be grouped into: (a) genes with five exons and four

introns, as in batroxobin, a thrombin-like venom enzyme

from Bothrops atrox (Itoh et al., 1988); (b) genes with four

exons and three introns as in phospholipases A2 (PLA2)

from Crotalus scutulatus scutulatus (John et al., 1994),

Trimeresurus gramineus, Trimeresurus flavoridis (Naka-

shima et al., 1995), Trimeresurus okinavensis (Nobuhisa

et al., 1996) and Naja sputatrix (Jeyaseelam et al., 2000); (c)

genes with three exons and two introns, as in erabutoxin c

from Laticauda semifasciata (Fuse et al., 1990), cardiotoxin,

cobrotoxin, cobrotoxin b from Naja naja atra (Chang et al.,

1997a,b), cardiotoxin, a-neurotoxin from N. n. sputatrix

(Lauchumanan et al., 1998; Afifiyan et al., 1999) and a-

neurotoxin short-chain from Pseudonaja textilis (Gong et al.,

2000). An unusual characteristic of these genes is the high

conservation of intron sequences, in contrast to a high

frequency of nucleotide substitutions observed in coding

regions (accelerated evolution), as it has been clearly shown

for PLA2 genes (Nakashima et al., 1995).

In Viperidae, the family to which the Crotalus genus

belongs, the karyotype includes 36 chromosomes: eight

macrochromosome pairs and 10 microchromosome pairs.

The fourth pair of macrochromosomes is the sex pair, which

is heteromorphic in females, characterizing a ZZ/ZW sex

determining system (Beçak, 1964). Chromosomal studies of

snakes are relatively scarce and gene assignment has never

been described.

Herein, we report the genomic sequence of the crotamine

gene of C. d. terrificus, and its chromosomal localization.

2. Material and methods

2.1. Snake specimens

Three specimens of crotamine-positive C. d. terrificus

(Cdt 9705, Cdt 9706 and Cdt 6724), captured in different

locations in the State of São Paulo, Brazil, were obtained

from Instituto Butantan.

2.2. Isolation and sequencing of the crotamine gene (Crt-p1)

DNA was isolated from liver according to Ausubel

et al. (1995). Isolation of the crotamine gene from

the specimen Cdt 9706 was performed by genome

walking using the Universal Genome Walker Kit

(Clontech, Palo Alto, CA). The five libraries obtained

were amplified using ExLONGase enzyme Mix (Life

Technologies, Grand Island, NY), with AP1 sense primer

supplied with the kit, and the specific antisense primer GSP2

(50-ACTGTCGATGGAGATGGAAAATGCTGTA-30). The

PCR products were re-amplified with nested primers,

forward AP2 and reverse specific 30crot163 (50-

CATCTCCATCGACAGTCCAT-30). The specific primers

GSP2 and 30crot163 were designed based on the 30end

sequence of crotamine cDNA precursors (Rádis-Baptista

et al., 1999). The PCR products were cloned into pCR2.1-

TOPO vector (InVitroGen Life Technologies, San Diego).

The gene was sequenced with ABI Prism Big Dye

Terminator (Perkin Elmer, Foster City, CA) in an automated

sequencer (ABI Prism 373 or 377, Perkin Elmer) using

synthetic oligonucleotides designed from the crotamine

cDNA precursor sequences.

The Crt-p1 gene from the specimen Cdt 9705 was

isolated from its genomic library constructed with

Lambda-FIXII/Xho I partial Fill-in Kit (Stratagene,

LaJolla, CA). Screening was performed by the PCR-

based protocol of Israel (1995), with some modifications.

The library was subdivided into 32 aliquots of 1000

plaque-forming units (pfus) per well in a microplate. After

propagation, 1 ml of phage suspension from each well was

used in an arbitrary PCR (AR-PCR) with the forward

primer H010 (5’-AAGCAGTCTCAGCATGAAGATC-3’),

which corresponds to the signal peptide sequence of the

crotamine cDNA, and the reverse primer 30crot163

yielding a PCR product of , 1.1 kbp. Phages from

positive wells were diluted to 25 pfus per well, re-

amplified and re-screened. Phages from positive wells

were plated, and the isolated clone MR-20, containing a

15 kb genomic insert harboring the crotamine gene, was

prepared as described by Ausubel et al. (1995). The

excised Crt-p1 was subcloned into pGEM 3 Zf (Promega,

Madison, WI) and transprimers were randomly inserted

into the clone pKT206 with the Genome Priming System

GPS-1 (New England Biolabs, Beverly, MA). Sequencing

was performed as described above, using the primers

supplied in the GPS-1 kit.

2.3. Sequence analysis

The contigs were assembled using the Biocomputing

Software Lasergene (DNAStar, Inc., Madison, Wiscosin).

The intron/exon junctions of the C. d. terrificus crotamine

gene were identified by comparing genomic DNA sequences

with crotamine cDNA sequences in the GenBank, using the

BLAST program. To find the theoretical binding sites of

proteins that regulate transcription, the Crt-p1 sequence of

Cdt 9705 was analyzed using TFSEARCH 1.3, 1995 from

Yutaka Akiyama (Kyoto University).
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Fig. 1. Complete nucleotide sequence of the crotamine gene aligned to its cDNA (underlined sequence) and amino acid sequence (in bold).

Promoter consensus sequences are shown inside boxes and the third line represents amino acid sequences.
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2.4. Crotamine gene mapping

Chromosome preparations were obtained from rib bone

marrow of the specimen Cdt 6724. The probe, MR20 phage

DNA containing the Crt-p1 from Cdt 9705 was labeled with

biotin by nick translation (BioNick, InVitroGen Life

Technologies, San Diego). In situ hybridization was

performed as previously described by Viegas-Pequinot

(1992) with minor modifications, using avidin conjugated

to FITC (Vector, Burlingame, CA) for probe detection.

Analyses and documentation were performed in a Carl Zeiss

Axiophot epifluorescent microscope equipped with a CCD

camera and the ISIS software (Metasystems, Altlussheim,

Germany).

3. Results

The Crt-p1 gene sequences from Cdt 9705 and Cdt

9706 differed just for some base changes in intron 1 and

in the 30-UTR (GenBank AF223946 and AF223947,

respectively). The crotamine gene consists of 1785 nt

and, by comparing it with the published crotamine cDNA

nucleotide sequences (Rádis-Baptista et al., 1999), the

exon/intron boundaries could be identified. It contains

three exons, with coding regions of 58, 124 and 13 nt,

totaling 195 nt, intervened by two introns of 898 and

145 nt. The 50-splice donor and 30-splice acceptor

sequences conform to the GT-AG rule, gAGGT/AGGa

(Senapathy et al., 1990). This gene structure is similar to

that of cardiotoxin (Lauchumanan et al., 1998), a

myotoxin presenting a different pharmacological activity

and similar molecular properties, being both highly basic

proteins (Ownby, 1998).

The first exon encompasses 58 nt coding for 19 amino

acid residues out of 22 that characterize the signal

peptide of the crotamine precursor; the second exon

(124 nt) codes for the last three amino acids of the

signal peptide and for the most part of the mature

toxin (39 out of 42 amino acids); the third exon encodes

for the remaining four amino acids residues of crotamine

and includes the downstream flanking region containing

the 30-UTR of the crotamine cDNA. The upstream

flanking region contains the 50-UTR, two TATA

boxes and theoretical binding sites for NF-kB, NF-1,

SP1 (Fig. 1).

In situ hybridization allowed the mapping of the

crotamine gene to the end of the long arm of chromosome

2 in metaphases of the specimen Cdt 6724. The intensity of

the signal differed between the two homologues in all cells

analyzed (Fig. 2).

4. Discussion

The structural organization of the crotamine gene

herein described is very similar to that of the majority of

toxin genes: the first exon contains most of the leader

sequence followed by a relatively long intron; the second

exon codes for most part of the mature toxin and is

followed by the relatively short second intron; and the

third exon encompasses the toxin C-terminal region and

the 30-UTR. One peculiarity of the Crt-p1 gene is the

phase of introns which differs from other toxins: the 30-

ends of exons 1 and 3 are interrupted after the first

nucleotide of the last codon (phase 1-intron), and the 30-

end of exon 2 has its 30-end codon interrupted after the

second nucleotide (phase 2-intron). The exons of other

toxins, like post-synaptic a-neurotoxin and cardiotoxin

genes, are interrupted by introns of the same phase

(phase 1). Although several amino acid sequences of

SBPM have been described, their variability proved to be

quite small, the two most diverging SBPM having 86%

similarity suggesting that these toxins evolved rather

recently and have not accumulated mutations related to

the accelerated evolution observed in other snake toxins.

When the crotamine and the myotoxin a cDNAs were

compared, the coding sequences showed a higher

similarity (100 and 98% for the signal peptide and mature

myotoxin, respectively) than the UTR (60 and 80% for 50

and 30 regions). This characteristic differentiates these

members of SBPM family from other toxins whose genes

Fig. 2. Chromosomal localization of Crt-p1 gene by fluorescence in

situ hybridization: hybridization signal visible as green spots on

the tip of the long arm of chromosome 2. Note the difference in

signal intensities. Chromosomes were counterstained with propi-

dium iodide.
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have higher similarity in non-coding sequences (Norris et al.,

1997; Rádis-Baptista et al., 1999).

Our previous study (Rádis-Baptista et al., 1999) had

shown six different crotamine cDNAs, four coding for the

crotamine-ile 19 (Santos et al., 1993) and two for

crotamine (Laure, 1975), obtained from the venom gland

of the specimen Cdt 9706 herein used. Therefore, it was

quite surprising when we found only one gene coding for

crotamine, although a search for others was made. The

possibility remains that the gene although present in the

gland was not detected. Alternatively, the C ! A change

leading to the leucine for isoleucine substitution at

position 19 may occur as a post-transcriptional event

(Maas and Rich, 2000).

The crotamine gene is the first gene to be mapped on

snake chromosomes. The consistent difference in the

intensity of the hybridization signals between homologues

may well result from a variable number of copies of the gene

on each chromosome. This in turn would be a possible

explanation for the variable amounts of crotamine found in

the venom of crotamine-positive C. d. terrificus.

Acknowledgements

We thank K.F. Grego and Nathália Fernandes Azevedo
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