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Atomic force microscopy was used to study the morphology of crude venom from the South
American rattlesnakerotalus durissus terrificusThe results indicate that the crystallized crude
venom has a high surface roughness with pores of diameters around 100 nm. Coiled filamentary
structures of diameters of about 200 nm and lengths greater than 1000 nm, and large concave
structures of diameter around 1000 nm, have also been observed dispersed over the main solid
surface of the venom. Such structures may be related to aggregates of toxic enzymes or to bacteria
or both. The coiled filamentary structures appear to be entangled on the pores of the venom surface
in contrast to the large concave structures, which appear not to be bonded to the principal
crystallized surface. €002 American Vacuum SocietyDOI: 10.1116/1.1486007

[. INTRODUCTION which is the major venom component responsible for the
Ad in the ch o £ th | high toxicity of the venom. The CDT venom has been inves-
vances In the characterization of the complex Compo}igated, both by biochemical and pharmacological methods,

S't't(.)g ?f snarI:_e r:/enomhare mpo;tantf:‘n _the de_ve;lr(])pment %hnd their biological effects examined with the separation and
antidotes, which may have greater etiiciency in the Prevegburification of their enzymes and toxins, as well as charac-
tion of harmful traumatic effects when humans are poisoned.

. ) ) terization of their action mechanishi.Such techniques are
Most of the lethal accidents provoked by snake bites in Bra- q

. . 2 mainly based on phenomenological assays of the venom
zil are related to therotalus durissus terrificusCDT) rattle- y P 9 Y

snake, which is generally found in open fields, cleared fc)r_fractlons and hence vyield primarily a description of their

ests, and dry lands. The primary activities of the crotalicovera" or specific activities. However, for the development

. . . : of a truly molecular model of the action of the venom on
venom in humans are systemic actions triggered by neura-

toxic, myotoxic, and coagulative components of the venom!mp.Ortant mechanisms such as t_he hemorrhggic and fibrin-

The neurotoxic symptoms are mainly produced by the croplytlc phenomena, several .que_st|ons concerning to_the lack

toxin, which is a beta neurotoxin of pre-synaptic action thatof structural and morphological information of the toxins and
nzymes must be answered.

inhibits the release of acethylcoline at nerve terminals. Thé ) . .
Particular attention has been given to the enzymes phos-

main result of this inhibition is neuromuscular immobility, hol hich bdivisi ¢ .
which leads to the symptoms of neuro-motor paralysis an®NCliPases A(PLA), which are subdivisions of crotoxin, to

respiratory distress. The myotoxic action produces damage {3Pt@in @ complete sequence of their amino acids for the fu-
the skeletal muscle fibers with the release of enzymes ani"® identification of a possible _sm;ple neutralization process
myoglobin into the blood, and the coagulation process i€f the toxic properties of crqto_xm‘. In addition to the bio-
affected by the direct conversion of the fibrinogen into fibrin. Chemical identification, preliminary fluoresceRand crys-
Fibrinogen consumption may lead to impaired blood Coagu:tallograpmc studi€s’ have been made with the purification
lation, and death results by suffocation or acute renafnd crystallization of these enzymes. They are characterized
insufficiency! by a structure with an N-terminated 12-residaehelix, a
The main toxins present in the CDT venom are crotamind€latively long-loop segment containing the calcium binding
(together with crotoxin responsible for muscle effectyro-  Site, a pair of large nearly parallel hellces,_ a short antipar-
toxin, convulxin, and crotoxin, a phospholipasg(RLA,),  allel double-strandeg sheet, and a C-terminal lo8P.How-
ever, morphological studies of the venom compounds them-

aAuthor to whom correspondence should be addressed; electronic maiﬁelves_ u_sing scanning electron microscop8EM) or _
vitor@dsif.fee.unicamp.br transmission electron microscopy are scarce, because of dif-
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Fic. 1. CascavelSouth American rattlesnakerotassus durissus terrificus
collected from Pantanal region, Mato Grosso do Sul, Brazil, for use in the
present work.
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ficulties in the analysis of these components in the vacuum
environment required for electron microscopy. (a)

In this work, a preliminary analysis of the morphology of
crude CDT venom using atomic force microscdgyM) is
discussed. AFM provides a direct measurement of the forces
between the surface of the venom crystals and a sharp prob:e
tip, which is passed over the sample to produce a three-
dimensional(3D) computer image of the sample topology.
AFM is a relatively new imaging technique that has the ad-
vantage of manipulating samples outside a vacuum
environment® and also without the need for the dehydration
and metal coating procedures usually required for SEM
analysist''?

IIl. EXPERIMENTAL DETAILS

Figure 1 shows a picture of a wild adult animal collected
from the Pantanal region, Mato Grosso do Sul, Brazil, which
was one of the specimens used in our experiments. To stimu-u
late the production of the natural toxic effects of the CDT =4

10
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(b)

Fic. 3. AFM images of the main solid surface of the crude CDT venom.
Image (b) corresponds to a greater magnification of iméae

venom, the animals remained with watad libitum and
without food for 30 days before the venom was extracted.
The crude venom was collected by a specialist, who pressed
the animal’'s fangs directly on a clean glass beaker. Speci-
mens for AFM analysis were prepared by transferring of

E
g% small amounts of the solidified venofdried at room tem-
= peraturg onto the surface of soda-lime glass slides, follow-
| : i ; ; ing safety guidelines for handling toxic powders.
¢ SO Tnne st 2000 AFM measurements were made using a Nanoscope ||
HORIZONTAL DISTANCE (nm) (Digital Instruments operating at ambient pressure and em-

Fis. 2. Typical low-magnification AFM image of the 3D surface of the PIOYiNg cantilevers with a nominal force constant kf
crude CDT venom. =0.022 NmT 1.
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Fic. 4. Three-dimensional AFM images of the conc&aeb) and coiled(c, d) structures observed over the main solid surface of the crude CDT venom.

[Il. RESULTS AND DISCUSSION venom surface are depicted in Figsia4-4(d). Concave
Figure 2 shows a typical three-dimensional AFM over- Structures of diameter around 1000 nm appear frequently on

view image of the surface of the crude CDT venom. One caifn® CDT venom surfacgsee, for instance, Figs. 2 anda.
see a nonhomogeneous distribution of round structures ové'eY are not well fixed on the venom crystal surface, blur-

a rough and porous surface. Most of the large structures apind the AFM imaging as the tip scans its surface, especially
pear as short coiled filaments or as concave shells. when a high magnification is usddee Fig. 4b)]. Coiled
Further amplification of the surface of the CDT venom filamentary structures are also common on the samples but
[see Figs. @) and 3b)] revealed round pores and aggregateshey seem to be entangled in the porous surfasee Fig.
of diameters around 100 nm. Such features may be related #§C)]. The diameters of these coiled filaments are about 200
complex biochemical structures. However, in these rougim and their lengths are greater than 1000 nm, as shown in
and soft surfaces it was not possible to increase the AFMhe typical 3D image presented in Figd# Such structures
resolution beyond the scale shown in Figb)3without the ~ may be related to aggregates of toxic enzymes and/or to bac-
introduction of artifacts from the tip geometry, or from de- teria which in the accidents are co-responsible for the local
formations due to the force used on the cantilever. effects of the injured tissue.
Some of the typical large structures present on the solid Inspection of the crude CDT venom by the AFM tech-
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