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Abstract

While structural studies of reptile venom toxins can be achieved using lyophilized venom samples, until now the cloning of
precursor cDNAs required sacrifice of the specimen for dissection of the venom glands. Here we describe a simple and rapid
technique that unmasks venom protein mRNAs present in lyophilized venom samples. To illustrate the technique we have RT-PCR-
amplified a range of venom protein transcripts from cDNA libraries derived from the venoms of a hemotoxic snake, the Chinese
copperhead (Deinagkistrodon acutus), a neurotoxic snake, the black mamba (Dendroaspis polylepis), and a venomous lizard, the Gila
monster (Heloderma suspectum). These include a metalloproteinase and phospholipase A2 from D. acutus, a potassium channel
blocker, dendrotoxin K, from D. polylepis, and exendin-4 from H. suspectum. These findings imply that the apparent absence and/or
lability of mRNA in complex biological matrices is not always real and paves the way for accelerated acquisition of molecular
genetic data on venom toxins for scientific and potential therapeutic purposes without sacrifice of endangered herpetofauna.

© 2002 Elsevier Science (USA). All rights reserved.

Snake bite is an ever present threat for many com-
munities in both developed and underdeveloped nations
[1-4]. Although antivenins have gone a long way to re-
duce mortality, their production remains a hit-or-miss
affair with many not achieving optimal protective effects
[5]. For this reason, the understanding of venom com-
ponent toxicology resulting from biochemical, pharma-
cological, and molecular biological studies remains
paramount in the quest for optimized therapeutic re-
agents. Acquisition of venom samples from snakes for
biochemical and pharmacological studies, while haz-
ardous to the human handler, does not unduly harm the
specimen and many snakes are farmed for such purposes
with no observable long-term deleterious effects [6,7].
However, acquiring molecular genetic information on
precursor structures derived from cloned cDNAs re-
quires sacrifice of the specimens with subsequent venom
gland dissection [8-11].

In addition to the production of antivenins, snake
venom research has a high potential for novel thera-
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peutic drug discovery, reflecting perhaps a reawakening
of forgotten wisdom from ancient cultures [12]. Many
venom proteins do indeed possess powerful therapeutic
properties including fibrinolysis [13], inhibition of
platelet aggregation [14], induction of apoptosis of en-
dothelial cells [15], and conversely, induction of vascular
endothelial cell growth [9]. In fact, one of the top-selling
drug classes in Western medicine for the treatment of
hypertension, the ACE-inhibitors, evolved from struc-
ture/activity studies on the bradykinin-potentiating
peptides from Brazilian lance-headed viper (Bothrops
Jjararaca) venom [16].

Many species of reptile are endangered or threatened
for a variety of reasons, such as habitat destruction or
human practices involving either traditional mass culls
or culinary purposes. The emerging science of func-
tional genomics integrates data derived from proteo-
mics, genomics, and physiomics to provide a holistic
view of the life process—a necessary prerequisite for a
global understanding. In the case of snake venom
proteomics, where many toxic proteins are of relatively
high molecular mass, direct sequencing to obtain full
primary structure is not the method of choice. Most
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researchers rather resort to molecular cloning to this
end using either degenerate primers designed for small
sequence tags derived from the protein of interest or
those designed for conserved nucleic acid domains of
related molecules from other species. Here we describe
a simple and rapid technique for the cloning of venom
gland protein cDNAs from lyophilized venom samples
that does not require sacrifice and dissection of the
specimen.

Materials and methods
Biological materials

The venoms from three species of venomous reptile
were chosen for illustration purposes and each was
secured via very different routes and sampling condi-
tions, perceived as being suboptimal in the extreme for
recovery of labile mRNA. The Chinese copperhead
(Deinagkistrodon acutus), a crotalid snake, has a he-
motoxic venom and is responsible for many snake bite
mortalities in southern China. Venom was obtained
from snakes farmed in the Wuyishan region of Fujian
Province and underwent a 300-mile rail journey at
ambient temperature before lyophilization. Lyophilized
venom (10mg) from the black mamba (Dendroaspis
polylepis), an African elapid snake with a potent neu-
rotoxic venom, was obtained from the Sigma Chemical
Company. This lot of venom (118F0275) was prepared
for Sigma in 1988 and had been stored below 0 °C prior
to dispatch to our laboratory in 2002. Venom from the
Gila monster (Heloderma suspectum), one of only two
species of venomous lizards from south western United
States and Mexico, was obtained from the Arizona-
Sonora Desert Museum in Tucson, Arizona. Gila
monster envenomation produces a rapid and profound
lowering of blood pressure. As this species is a Con-
vention in International Trade in Endangered Species
(CITES) Appendix II designate, all necessary permits
for export and import of venom were obtained from
both the United States Department of Agriculture and
the British Customs and Excise, in accordance with the
international treaty.

Sample preparation

Lyophilized reptile venoms (10 mg) were reconsti-
tuted in 1 ml of lysis buffer consisting of 500 mM LiCl,
10mM EDTA, 1% (w/v) SDS, and 5mM dithiothreitol
in 100mM Tris—HCI, pH 8.0. Polyadenylated (poly(A))
mRNA was isolated from reconstituted venoms by in-
cubation with 250pul of prewashed, magnetized ol-
igo(dT) beads for 10 min, followed by several sequential
washes of the beads as described by the manufacturer
(Dynal, UK). mRNA was eluted from the beads using

20 ul of 10 mM Tris—HCI, pH 8.0, at 75 °C for 2 min and
reverse-transcribed using oligo (dT)-CDS primer and
Powerscript reverse transcriptase (Clontech, UK) at
42°C for 90 min. For each venom, a duplicate control
reaction, in which reverse transcriptase was omitted, was
also performed to exclude the possibility of results being
obtained from contaminating DNA. Reaction mixtures
were diluted to 60l with sterile, deionized water and
6ul of each dilution was PCR-amplified for 35 cycles
(each 94 °C for 30s; 66 °C for 30s; 72 °C for 3 min) using
thermostable polymerase (Invitrogen) and appropriate
sense and antisense primers for each venom protein
cDNA. The primers used were designed using the
VECTOR NTI package, and the primer sequences, re-
gions amplified, and expected product sizes are as shown
in Table 1. Ten-microliter samples from each reaction
were subjected to gel electrophoresis and photographed
using standard procedures. PCR products were se-
quenced directly using a dye terminator cycle sequencing
kit and an ABI 3100 automated DNA sequencer (Ap-
plied Biosystem:s).

Results and discussion

To effect isolation of mRNA from snake venom
gland tissues, the most commonly employed technique
involves total RNA precipitation using organic solvent-
based extraction media [8-11,13-15,17-19]. The sub-
populations of mRNAs of interest are coprecipitated
with other RNA types that are predominant. The origin
of this mRNA is assumed to be the cytosolic compart-
ment. Using this isolation approach on lyophilized
venom samples fails to recover appropriate RT-PCR-
compatible mRNA and hence its absence was assumed.
However, the employment of magnetized oligo-dT
DynaBeads for polyadenylated mRNA capture and
circumvention of precipitation recovers venom protein
poly(A) mRNA which is RT-PCR-compatible and rep-
resentative of all the studied classes of protein from
reptile venoms presented here. Metalloproteinase [17]
and phospholipase A2 [18] were targeted from D. acutus
venom, dendrotoxin K [19], a potassium channel
blocker, was targeted from D. polylepis venom; exendin-
4 [20], a glucagon-like peptide 1 receptor-agonist, was
targeted from H. suspectum venom. All nucleotide se-
quences of cloned ¢cDNAs were obtained from the
EMBL database and both sense and antisense primers
for RT-PCR were designed from appropriate regions
(Table 1). Following first-strand and second-strand
cDNA synthesis from the captured poly(A) mRNA,
RT-PCR was performed with each set of primers and
the results are shown in Fig. 1. All of the single PCR
products generated were of the expected size, and direct
nucleotide sequencing, followed by trawling of unedited
data on the EMBL database, confirmed unequivocally
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the relevant identity of each product (Table 2). PCR of

% libraries generated in the absence of reverse transcrip-
5 tase failed to generate products precluding somatic
2 DNA in the venom as a source of template (Fig. 1).
e 5oz Polyadenylated mRNAs, constituting representative
il products of the venom gland transcriptome of hemotoxic
a and neurotoxic venomous snakes and a venomous lizard,
% are present in secreted venom despite procurement or
& storage of original samples under conditions that would
S favor rapid degradation. Conventional RNA isolation
S8 o o2 o2 protocols used prior to this discovery have failed to re-
% 2T T3 cover mRNA in a RT-PCR-compatible form, leading to
o | oo the assumptions that either transcriptome message is not
present or it has been degraded. Venoms from many
. 8 < invertebrates and vertebrates are rich in amphipathic/
& % ::t cationic peptides that have been shown to possess nucleic
5 5 S 8 acid binding properties and indeed to afford protection
8 5 8 F against degradation in gene transfection experiments
= E é fﬂ [21,22]. While the nature of the molecule(s) affecting
8 S £ 3 protection of labile mRNAs in reptile venom remain to
> 8 & S be elucidated, unpublished experiments in our labora-
8 S 3 tory have shown that cDNAs incubated with synthetic
ig % 8 f: 8 amphipathic/cationic peptides are coprecipitated as
£ E E ZE 5 complexes using standard nucleic acid precipitation
3 9 > g 5 protocols with organic solvent. However, solid-phase
215 2 g 5 partitioning of such complexes, followed by an elevation
8 g © 8 5 8 in pH with several buffer washes, effectively reverses this
= interaction. Incubation of D. acutus metalloproteinase
% = o B 9 RT-PCR product with 100pg of D. acutus venom for
g 5 E ::C = 30min at 25°C resulted in a significant retardation fol-
® 5 o S o lowing gel electrophoresis, indicating interaction with an
E 5 8 o 8 endogenous nucleic acid binding component in the ve-
~ 3 8 3 8 nom [23,24] (Fig. 2). In our laboratory, we have found
& 8 E 8 = that incubation of RT-PCR products with synthetic
-] 2 g o £ amphipathic peptides produces the same gel retardation
| < EQ k& ffect as demonstrated here with crude venom. The time
) 2 890 effec
5 - jg 8 S 5 course of the interaction of nucleic acid with both crude
é Qg’ o £ < 5 venom and amphipathic peptides is of the order of 3—
) § 5 5E 3865 15 min, dependent upon source of material (unpublished
2| g S 5 S 8 results). For this reason, 30-min incubations were em-
ARG © 0 < F ployed as routine to ensure that the interactions had
?ﬁ 2 gone to completion. We conclude that nucleic acid
s gle g (mRNA) protection in reptile venom is afforded by such
<% oo as yet unidentified components and that the procedure
% g % 3 % employed in this study effectively unmasks the tran-
; =] IR scriptome of the venom gland.
2l = g ::) v = The simple protocol described here should circum-
g ig g g g - vent the necessity of sacrifice of many snakes hitherto
=l &8 g %5 2 p killed for their venom glands in the pursuit of what are
‘g g & R g essentially molecular biological approaches to the
2‘ E s é g 5 structural characterization of toxic venom proteins. In
S g addition, the way has been paved to facilitate an ac-
z . » & % celerated acquisition of this information for modern
~°lgz]s £ £ & biotechnological applications. Urgent advances are
s § .é § é g.‘ s required in recombinant venom protein production and
g’ 8 8 = the development of DNA vaccines for antivenin gen-
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Fig. 1. RT-PCR amplification of mRNA encoding protein transcripts from lyophilized reptile venoms. RT-PCR products from cDNA libraries of
D. acutus (Chinese copperhead) lyophilized venom using metalloproteinase (aculysin-2) primers (lane 1) and phospholipase A2 primers (lane 3),
H. suspectum (Gila monster) venom using primers to exendin-4 precursor (lane 5), and D. polylepis (black mamba) venom using dendrotoxin K1
primers (lane 7). Lanes 2, 4, 6, and 8 represent control reactions where reverse transcriptase was omitted from each reaction. Lane 9 contains a

standard DNA ladder, each band representing 100 bp increments.

Table 2
Identity of unedited direct nucleotide sequences from reptile venom RT-PCR products using WU-BLAST 2

No. Result

1 AJ223283 Agkistrodon acutus mRNA for aculysin-2 Length = 1476 Plus Strand HSPs: Score =4210 (637.7 bits), Expect =9.7e-184,

P =9.7¢-184 Identities = 842/842 (100%), Positives = 842/842 (100%), Strand = Plus/Plus

2 AJ223188 Agkistrodon acutus Mrna for phospholipase A2 Length =429 Plus Strand HSPs: Score = 1635 (251.4 bits), Expect = 6.7e-67,
P =06.7¢-67 Identities = 327/327 (100%), Positives = 327/327 (100%), Strand = Plus/Plus

3 U77613 Heloderma suspectum exendin 4 mRNA, complete cds. Length =465 Plus Strand HSPs: Score = 1805 (276.9 bits),
Expect = 1.3e-74, P = 1.3e-74 Identities =361/361 (100%), Positives =361/361 (100%), Strand = Plus/Plus

4 S61886 dendrotoxin K = K+ channel blocker [Dendroaspis polylepis = black mamba, mRNA Partial, 378 nt]. Length = 378Plus Strand
HSPs: Score = 1509 (232.5 bits), Expect =3.7e-61, P =3.7e-61 Identities = 309/315 (98%), Positives = 309/315 (98%), Strand = Plus/Plus

|
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Fig. 2. Gel retardation experiment electropherogram. A 916-bp RT-
PCR product (lane 1) from the D. acutus aculysin-2 precursor mRNA
was incubated for 30 min at 25 °C with 100 ug of D. acutus lyophilized
venom reconstituted in 5pul of distilled—deionized water (lane 2). The
presence of venom clearly retarded the DNA fragment, indicating a
molecular interaction with endogenous venom component(s).

eration to meet what is becoming a critical need for
snake bite therapeutics, especially in the developing
world [25-27]. While the snake has from ancient times
symbolized both healing and death [12], perhaps this
timely report can in some part aid in tipping the con-
temporary scales toward the fuller realization of the
former, while positively addressing aspects of global
biodiversity conservation and ethical use of animals in
research.
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