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Abstract

“Snails can kill” is a statement that receives much disbelief. Yet the venom from Conus
geographus, as delivered by a disposable hypodermic-like needle, has indeed killed many
unsuspecting human victims. Our understanding of their milked venom the essence of these
fatalities, is in itself non-existent. Here, we present the molecular mass analysis of the milked
venom of C. geographus, providing the first insight into the composition of its deadly cocktail.
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Twenty-five peptide sequences have been derived from the secretory venom duct of Conus
geographus (Table 1; Fig. 1 — insert). This represents a culmination over some ~80 years of
biochemical, genetic and pharmacological research.1 Some of these bioactive peptides,
commonly called conotoxins or conopeptides, have led to the pharmacological re-
classification of ion channels, based on work exploiting isoform selectivity and phyla
differentiation characteristics (see Terlau and Olivera, 2004; Table 1). Yet, toxinologically
what we know about the composition of these injected venoms remains mostly a mystery,
particularly in this species which is known to be lethal to humans.

Potent biological activity has been correlated to the individually isolated secretory duct
venom (DV) conopeptides; these have offered some insight into their deadly nature. But
there remain a number of compelling issues: Do the complex crude dissected DV extracts
represent what the snail uses in prey capture? Are all known DV conopeptides observed
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within a single milked venom (MV) collection? What makes a “killer’ cone snail lethal to
humans? Here we address some of these questions using the MV of a known lethal cone
snail, C. geographus — this species being responsible for at least 18 human fatalities (see
Yoshiba, 1984).

Using a similar method as described by Hopkins et al. (1995), we obtained MV by allowing
C. geographus specimens to impale a condom-covered receptacle. The stimulated snails
inject venom, under pressure and with velocity, directly into the vial at ~5-20 pL per
milking (n= 20). Interestingly, not all C. geographus specimens demonstrated this proboscis
extension-envenomation behavior. We collected specimens (7= 4) repeatedly from one
specific site, Boult Reef (23°45°32”S 152°16°22”E) in the Capricorn and Bunker Group of
Australia’s Great Barrier Reef, which solely demonstrated this unusual predatory behavior.
As we have observed, most C. geographus prey envenomations occur within the safety of
the rostrum/mouth upon full prey engulfment (n7= 22 specimens; 5 locations). The physical
environment at Boult Reef may influence C. geographus’ predatory behavior. Specimens are
only found in a narrow corridor of fused cavernous coral substrate under large dead plate
coral, this provides a Labyrinth forsmall fish. Full expansion of the rostrumto ‘net’ fish
would be spatially difficult, making proboscis extension more feasible for predatory success.
Observations in captivity show partially opened rostrums during hunting, with a brilliant red
proboscis cautiously deployed mid-air a few centimeters ahead, and not as an extended
probing appendage as seen in other species. The snail actively pursues the fish; contact
between prey and predator is ‘calculated’ targeting the lateral side away from the head and
gills; the proboscis is immediately withdrawn upon envenomation leaving the imbedded
radula without tethering. The subdued fish, displays a dulled response to physical stimulus
and shows labored gill movement, within a few minutes the fish looses the ability to
maintain an upright posture. Once on its side, the cone snail moves in with rostrum fully
expanded engulfing the fish headfirst, without issue. Milking of C. geographus then
becomes a simple intervention once proboscis is visibly extended. Use of whole fish as a
milking stimulus increases rate of success.

A representative Reverse Phase-High Performance Liquid Chromatography/Ultra-violet
detection (RP-HPLC/UV) profile of non-captive MV (milked within <24 h after field
collection) is shown in Fig. 1A. This multi-peak profile, which contains ~12 distinguishable
peaks, far contrasts the complexity observed in the crude DV extract (see Olivera et al.,
1990; Bingham et al., 1996). A number of C. geographus peptides were isolated and Edman
sequenced (not shown), confirming their sequence identity, posttranslational amino acid
content and expression — these include, in order of RP-HPLC elution: p.-conotoxin GIHA
(26.4 min), a-conotoxin Gl (32.3 min), and w-conotoxin GVIA (32.8 min). Matrix Assisted
Laser Desorption/ionization-Time of Flight Mass Spectrometry (MALDI-TOF MS) analysis
(positive mode) of the representative single MV sample of C. geographus provided the
assignment of 18 molecular masses, of which 12 correlated to known conopeptide sequences
(Table 1; Fig. 1B). This was the highest number of known C. geographus conopeptides seen
in a single MV from this population. In this example the observed MV mass range
encompasses 990-3400, Fig. 1B. The peptide with the highest relative intensity was /2
1090.21 — an uncharacterized MV constituent. In a number of instances we observed +1 m/z
with some of the known conopeptides, as illustrated in Table 1. This potentially represents
C-terminal processing, the difference being between the amidated and carboxylated form.
This has been a somewhat unexpected observation in this and other Conus MVs (Bingham
unpublished results).

Examining the MV molecular mass profile, the dominance of the a-conotoxin family
becomes apparent, with 4 individuals identified (a.-conotoxins Gl, Gll, GIA/G1.1; see Table
1). This parallels the common observation of a-neurotoxins in the MV of snakes (Phui Yee

Toxicon. Author manuscript; available in PMC 2013 November 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bingham et al.

Page 3

et al., 2004). Pharmacologically in C. geographus this is compounded by the co-expression
of n-conotoxins GIA, GIIC (obs. m/z2610.08, and 2595.02 respectively) and cw-
conotoxins GVIA and GVIB (obs. m/z3038.09, 3096.02 respectively), which completes a
predictable peptide toxin ‘motor cabal’ as proposed by Olivera and Cruz (2001). This C.
geographus MV ‘cabal’ targets the functionality of pre- and post-synaptic ion channel
targets which include: (i) the acetylcholine receptor (a-conotoxins); (ii) the voltage gated
sodium channel (muscle type; p-conotoxins), and; (iii) voltage gated calcium channels (N-
type; w-conotoxins). Here their synergistic pharmacological actions would lead to a rapid
and persistent flaccid paralysis —a common observation in both native prey capture
(Olivera, 1997) and human envenomations (see Flecker, 1936; Rice and Halstead, 1968).

The expression of Lys-conopression G (calc. /m/z1033.49; obs. m/z1034.48 — indication of
differential C-terminal processing, see above) in the MV raises additional speculation to its
biological/pharmacological intention in prey. Suggestions of minimizing prey escape
response have been proposed (Dutertre et al., 2008). This has merit as typically C.
geographus specimens take to a net-casting-like prey capture response using their rostrum,
with the seemingly oblivious fish unaware of the danger it faces while being engulfed alive
— a possible indication of prey sedation from material ‘leaking” from the venom apparatus
(see Johnson and Stablum, 1971).

But what of the other conopeptides derived from C. geographus? Or the unidentified m/z
observed, as indicated in Fig. 1B? This brings a new level of intrigue and possible
explanation of why different outcomes in human envenomation, lethal vs. non-lethal, are
reported for this specific species (Cruz and White, 1995). Furthermore, the illustrated MV
RP-HPLC (Fig. 1A) may not represent a lethal human dose, as materials recovered are
induced by predatory response, are small in relative concentration, and derived from smaller
then normal C. geographus specimens — which are typical of Boult Reef. Further
investigation is required to see if a ‘defensive milked venom profile’ can be achieved. Our
previous observations indicate Conus’ ability to produce ‘dry-milking’s’ and undergo MV
differentiation (Chun et al., 2012), which indicates an ability to differentiate and/or control
venom secretion.

The presence of additional highly abundant peptides that illustrate unknown or unassigned
compounds, i.e. ~40% of the observed MV m/z, provides an indication that even within this
well-studied cone snail, C. geographus contains many uncharacterized venom constituents,
specifically those observed with a m/2<1100, similar observations are seen in MV from
Conus purpurascens (Chun et al., 2012). The primary m/z data provided here may assist in
future genomic endeavors using this species and aid in peptide sequence characterization.
While with the advancement of low-level peptide detection methods, as too the use of their
MVs, as seen here with mass spectrometric incorporation, brings further validation to
decades of previous works and now provides direct toxinological insight regarding these
lethal predators.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

Acetonitrile CH3CN

DHB 2, 5-Dihydroxybenzoic acid

DV Duct venom

MALDI-TOF MS Matrix Assisted Laser Desorption/lonization-Time of Flight Mass
Spectrometry

m/z Mass to charge ratio

MV Milked venom

Obs. m/z Observed Mass to charge ratio

RP-HPLC Reverse Phase-High Performance Liquid Chromatography

TFA aq. Tri-fluoroacetic acid/agueous

uv Ultra-violet detection
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Fig. 1.

(A) RP-HPLC/UV profile of the milked venom from C. geographus (Insert: C. geographus
specimen from Boult Reef, GBR, Australia). (B) The MALDI-TOF-MS analysis of the
milked venom from C. geographus. llustrated is the unexpected molecular mass simplicity
of milked venom. Labeled peaks (*) correspond to known conopeptides listed in Table 1.
Method: MV was RP-HPLC/UV profiled using a C1g Phenomenex capillary column (5 pm,
300 A, 1.0 x 250 mm, flow 100 pL min~1) eluted with a linear 1% min~1 gradient of
organic [90/10% v/v Acetonitrile (CH3CN)/0.08% v/v TFA ag.] against 0.1% v/v TFA aq.
for 80 min, as delivered by a Waters 2695 Alliance HPLC system. Elutant was monitored by
photodiode array UV detection from 200 to 300 nm and extracted at 214 nm (A). For
MALDI-TOF MS MV analysis, ZipTip® desalted MV was mixed 1:1 with matrix solution
(2, 5-dihydroxybenzoic acid [DHB] in 1:1 0.1% v/v TFA ag.: CH3CN) and spotted onto
dried matrix saturated in methanol on the MTP 384 polished target plate, and dried under
N,. Parent ions were identified on the Ultraflex I1l MALDITOF-MS (Bruker Daltonics),
controlled by the Compass 1.2 SR1 software package in positive reflector mode (B). Peptide
Il Calibration Mix (Bruker Daltonics) was used for external calibration, with a <5-ppm mass
accuracy. Spectra analysis was undertaken using FlexAnalysis v3.0 (Bruker Daltonics).
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