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venom. In addition, understanding the extent of this variation has very
practical applications, as e� cacy of antivenoms could be compromised
if high levels of antigenic novelty exist in di � erent populations of the
same species.

Ontogenetic and/or size-related changes in venom composition, in
some cases paralleling a shift in the type/size of preferred prey, occurs
in many species and is often most pronounced in viperids (Alape-Giron
et al., 2008; Calvete et al., 2010; Daltry et al., 1996a ; Gibbs et al., 2011;
Mackessy, 1988, 1993; 2008; Mackessy et al., 2003, 2006; 2018;
Zelanis et al., 2010). There has been speculation that these changes in
gene expression levels have evolved in response to utilizing di� erent
prey types and sizes that snakes will encounter as they grow larger.
Understanding whether venom composition is strictly genetically con-
trolled or can be shaped by diet, environment or season will aid in
comprehending how/why venom can sometimes be quite variable



150 × 4.6 mm, 5 μm; Grace Davison Discovery Sciences); total run time
was 124 min (5% solvent B for 6 min, 5–15% solvent B over 3 min,
15–80% solvent B over 98 min, 80–100% solvent B over 2 min, 100%
solvent B for 5 min, 100-5% solvent B for 2 min, and then 5% solvent B
for 8 min). To conserve time and sample, two hundred μg of venom



and results from Calvete et al. (2009a; Fig. 5).



presence/absence of venom proteins or peptides (in the range of
4000–84000 m/z) between � rst and last extractions, but again, minor
di� erences between individual snakes were observed (Fig. 7).

3.6. Summary of qualitative analyses

Minimal di � erences between venom extractions within individual
snakes and minor variation between individuals were observed
(Table 1). There were no detectable di� erences in qualitative venom
pro� les between males and females or in relation to the time of the year





signi� cantly (Table 1) between venom extractions one (311.1 ± 59.4),
two (315.5 ± 50.9), three (312.3 ± 53.5), and four (323.6 ± 56.4;
p = 0.917). There was no correlation between total length and KLSP
activity at the �



composition that was further supported by shifts in enzyme activities
and gel pro� les (Jimenez-Porras, 1964a). However, no such changes in
venom color occurred in C. atrox, despite the fact that LAAO, which
contains FAD as a cofactor and gives venom its yellow color, increased
in activity. Gibbs et al. (2011) observed that di� erences in venom
composition occurred to a greater degree in wild-caught adult S. m.
barbouri fed di� erent diets than in juveniles, with the greatest di � er-
ences occurring in adults belonging to the mouse-fed group, suggesting
that mice were more dissimilar to their native prey than frogs or lizards.
Individual venom protein concentrations did not change signi � cantly
overall across the four extractions, but their correlation with size
changed from none to a moderately strong positive correlation. Thus,
the signi� cant increases observed inC. atrox PDE and LAAO enzyme
activity, along with the size-related shifts in protein concentration,
LAAO, and KLSP activity, may be related to a diet consisting solely of
inbred mice.

Body size in wild C. atrox has been reported to be male biased
(Beaupre and Duvall, 1998; Taylor and Denardo, 2005), so there is a

possibility that venom composition could also be in � uenced by sex.
Females produced venoms with∼8% higher AZO MPr activities than
males, suggesting a sex-based di� erence in this prominent venom
protein family, but no other analyses revealed any signi � cant di� er-
ences between sexes. Hypothetically, slightly lower AZO MPr activity
could be related to heightened testosterone levels (and/or the resulting
higher metabolic rates) that male C. atrox experience in comparison to
females (Taylor and Denardo, 2005). Venom from all but one female
(snake J) showed a decrease in AZO MPr activity from � rst to last ex-
traction (though these changes were not statistically signi � cant). Sex-
based di� erences in venom composition, if they occur in C. atrox, ap-
pear to be minimal.

The results found here, consistent with the � ndings of several other
studies (Freitas-de-Sousa et al., 2015;Gibbs et al., 2011; Galizio et al.,
2018; Lourenço et al., 2013; McCleary et al., 2016), suggest that cap-
tivity and/or a controlled diet impact venom composition in C. atrox to
a minimal extent. Assuming that captive animals receive proper care, it
is unlikely that venom of snakes raised in captivity for the purposes of

Fig. 8. Boxplots showing overall trends (percent increase/decrease between venom extractions one and four) in enzyme activity and protein concentration for all 16
C. atrox. While AZO MPr, KLSP, TLSP, and protein concentrations (Conc) show little change, LAAO and PDE show large positive increases in activity.



antivenom production or toxinological research will show signi � cant
di� erences from their wild-caught counterparts. However, possible
changes in venom composition that occur due to captivity and/or diet
have been evaluated for only a small number of species, so it is possible
that di � erent taxa could show di� erential e� ects of captivity.
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