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2.3. Enzyme assays

Venoms from each of the four C. lepidus subspecies and four
C. willardi subspecies were assayed for activity of enzymes
commonly found in rattlesnake venoms ( Mackessy, 2008, 2010a).
Metalloproteinase activity was assessed using azocasein as a sub-



Fig. 1. Comparison of SDS-PAGE patterns of four subspecies of Crotalus lepidus(A) and Crotalus willardi (B) on NuPage gels (20 mg/lane). Typical protein families of bands of speci � c
masses are indicated on the right; mass standards (MW Stds) are given in kilodaltons. Abbreviations: CTL e C-type lectin; LAAO e L-amino acid oxidase; PDE e phosphodiesterase;
PLA2 e phospholipase A 2; SVMP e snake venom metalloproteinase (PI and PIII classes); SVSP e snake venom serine proteinase. Note that PI-SVMPs are extremely faint to
completely absent in C. l. klauberi and C. l. lepidussamples.
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latter assay, the only comparison that was signi � cantly different
was between C. w. amabilisand C. l. klauberi (p < 0.05), whereas all
other subspecies comparisons were not signi � cant. Results of the



venom was also the most toxic toward lizards (0.17 mg/g) and the
least toxic toward crickets (4.70 mg/g). Venoms from C. l. morulus
showed the opposite pattern, being the least toxic toward lizards
(6.68 mg/g) and the most toxic towards crickets (2.25 mg/g). Among
the four C. willardi subspecies, venoms from C. w. obscuruswere
more toxic toward mice, with an LD 50 value of 1.58 mg/g. Of the four
subspecies,C. w. willardi venom was the most toxic toward lizards
(1.13 mg/g) while the venom from C. w. silus was the most toxic
toward crickets (1.94 mg/g).

Venoms from C. w. amabilis showed lower toxicity toward
crickets (10.48 mg/g) and lizards (6.65 mg/g). The numerical results
of toxicity assays are summarized in Table 2.

3.4. Fibrinogenolytic activity

Venoms from C. l morulus and C. l. maculosusshowed potent
� brinogenolytic activity and completely degraded the alpha and
beta � brinogen subunits within 1 min of incubation ( Fig. 4A).
Venoms from C. l. klauberi and C. l. lepidusalso degraded the alpha
and beta subunits of � brinogen, after 5 min incubation ( Fig. 4A).
Similarly, venoms from C. w. willardi completely digested the alpha
and beta subunits within the � rst 5 min of incubation, whereas
venoms from C. w. silusdigested the alpha subunit within the 5 min
of incubation, but the beta subunit, although appearing to show a
noticeably lower concentration after 30 min incubation, was not
completely degraded even after 60 min ( Fig. 4B). The degradation
pattern of C. w. amabiliswas similar to that observed for C. w. silus,
with the alpha subunit being completely degraded after 1 min of
incubation, while the beta subunit was not completely degraded
until 30 min. The � brinogenolytic pattern produced by venom of
C. w. obscuruswas clearly different than those of the other three
subspecies, and the alpha subunit of � brinogen was not completely
degraded until after 10 min of incubation. The beta subunit was
stable for 30 min and began to show signs of degradation only after
60 min of incubation. None of the venoms of either subspecies
degraded the gamma chain.

3.5. Coagulation assay

The serine protease thrombin plays an important role in the
blood coagulation cascade by converting native � brinogen into
� brin ( Tanaka et al., 2009), a critical step in the polymerization
reaction for clot formation. Results of the clot prolongation assay
indicate that there was no difference between C. lepidus and
C. willardi species (F1,20 ¼ 0.147, p > 0.05); however, there was a
signi � cant difference at the subspecies level (F 8,20 ¼ 34.373,
p < 0.01). For C. lepidussubspecies,C. l. maculosushad the highest
average prolonged clotting time (46 s), followed by C. l. morulus
(34 s) and C. l. klauberi (30 s), while C. l. lepidushad the lowest
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clotting time (25 s) ( Fig. 5



evaluated in their study. Interestingly, although all C. willardi



Rattlesnake venoms have been classi� ed into type I venoms that
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