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chemicals (analytical grade or better) were obtained from 
Sigma Chemical Co. (St. Louis, Missouri, USA).

Venoms.—Snakes were collected from a variety of 
locations in the western United States under permits from 
state and federal authorities (see acknowledgements), and 
several were received as donations or from law enforcement 
confiscations. Venoms were obtained via manual extraction 
as described previously (Mackessy, 1988), and were cen-
trifuged (to remove solids), frozen, lyophilized, and stored 
frozen until used (this material is referred to as crude ven-
om). All venoms were initially reconstituted in nanopure 
water (Millipore Ultrafiltration system; Millipore Corpora-
tion, Billerica, Massachusetts, USA). Venoms from several 
species were gifts from C. Ownby (C. h. horridus, C. d. 
terrificus) and the late S. Minton (C. polystictus, C. pusil-
lus, C. ravus). All venoms analyzed in this study were from 
individual adult snakes.

Electrophoresis.—NuPage 12% polyacrylamide gels 
(17 lane, 1.0 mm thick) were run as suggested by the man-
ufacturer (Invitrogen). Briefly, venom samples at a final 
concentration of 2.0 mg/ml were prepared in sample buf-
fer containing 15 mM DTT (final concentration). Samples 
were heated at 70ºC for 10 min, and 12 μ















506

Bober, M. A., J. L. Glenn, R. C. Straight, and C. L. 
Ownby. 1988. Detection of myotoxin a-like proteins in 
various snake venoms. Toxicon 26:665-673.

Braud, S., C. Bon, and A. Wisner. 2000. Snake venom 
proteins acting on hemostasis. Biochemie 82:851-859.

Calvete, J. J., C. Marcinkiewicz, D. Monleon, V. Es-
teve, B. Celda, P. Juarez, and L. Sanz. 2005. 
Snake venom disintegrins: evolution of structure and 
function. Toxicon 45:1063-74.

Carlsson, M., and H. Tegelström. 2002. Phylogeogra-
phy of adders (Vipera berus) from Fennoscandia. Pp. 
1-9 in G. W. Schuett, M. Höggren, M. E. Douglas, 
and H. W. Greene (eds.), Biology of the Vipers. Eagle 
Mountain Publishing, Eagle Mountain, Utah.

Castoe, T. A., and C. L. Parkinson. 2006. Bayesian 
mixed models and the phylogeny of pitvipers (Viperi-
dae: Serpentes). Mol. Phyl. Evol. 39:91-110.

Chiszar, D., A. Walters, J. Urbaniak, H. M. Smith, and 
S. P. Mackessy. 1999. Discrimination between enven-
omated and nonenvenomated prey by Western Dia-
mondback Rattlesnakes (Crotalus atrox): chemosen-
sory consequences of venom. Copeia 1999:640-648.

DeVault, T. L., and A. R. Krochmal. 2002. Scavenging 
by snakes: an examination of the literature. Herpeto-
logica 58:429-436.

Dorcas, M. E., W. A. Hopkins, and J. H. Roe. 2004. Ef-
fects of body mass and temperature on standard meta-
bolic rate in the Eastern Diamondback Rattlesnake 
(Crotalus adamanteus). Copeia 2004:145-151.

———, C. R. Peterson, and M. E. T. Flint. 1997. The 
thermal biology of digestion in Rubber Boas (Charina 
bottae): physiology, behavior and environmental con-
straints. Physiol. Zool. 70:292–300.

Ducancel, F., G. Guignery Frelat, A. Menez, J.-C. 
Boulain, C. Bouchier, and C. Bon. 1988. Cloning 
and sequencing of cDNAs encoding the two subunits 
of crotoxin. Nucleic Acids Res. 16:9050-9050.

Faure G., V. Choumet, C. Bouchier, L. Camoin, J.-L. 
Guillaume., B. Monegier, M. Vuilhorgne, and C. 
Bon. 1994. The origin of the diversity of crotoxin iso-
forms in the venom of Crotalus durissus terrificus. Eur. 
J. Biochem. 223:161-164.

Fiero, M. K., M. W. Siefert, T. J. Weaver, and C. A. Bo-
nilla. 1972. Comparative study of juvenile and adult 
Prairie Rattlesnake (Crotalus viridis viridis) venoms. 
Toxicon 10:81-82.

Fox, J. W., M. Elzinga, and A. T. Tu. 1979. Amino acid 
sequence and disulfide bond assignment of myotoxin a 
isolated from the venom of Prairie Rattlesnake (Crota-
lus viridis viridis). Biochemistry 18:678-684.

———, and S. M. Serrano. 2005. Structural consider-
ations of the snake venom metalloproteinases, key 
members of the M12 reprolysin family of metallopro-
teinases. Toxicon 45:969-85.

Francis, B., and I. I. Kaiser. 1993. Inhibition of metal-
loproteinases in Bothrops asper venom by endogenous 
peptides. Toxicon 31:889-899.

———, C. Seebart, and I. I. Kaiser. 1992. Citrate is an 
endogenous inhibitor of snake venom enzymes by met-
al-ion chelation. Toxicon 30:1239-1246.

Freitas, M. A., P. W. Geno, L. W. Sumner, M. E. Cooke, 
S. A. Hudiburg, C. L. Ownby, I. I. Kaiser, and G. V. 
Odell. 1992. Citrate is a major component of snake 
venoms. Toxicon 30:461-464.

French, W. J., W. K. Hayes, S. P. Bush, M. D. Cardwell, 
J. O. Bader, and E. D. Rael. 2004. Mojave toxin in 
venom of Crotalus helleri (Southern Pacific Rattle-
snake): molecular and geographic characterization. 
Toxicon 44:781-791.

Glenn, J. L., and R. C. Straight. 1978. Mojave Rattle-
snake Crotalus scutulatus scutulatus venom: varia-
tion in toxicity with geographical origin. Toxicon 
16:81-84.

———, and ———. 1982. The rattlesnakes and their ven-
om yield and lethal toxicity. Pp. 3-119 in A. T. Tu (ed.), 
Rattlesnake Venoms: Their Actions and Treatment. 
Marcel Dekker, Inc., New York, New York.

———, and ———. 1985. Venom properties of the rattle-
snakes (Crotalus) inhabiting the Baja California region 
of Mexico. Toxicon 23:769-775.

———, and ———. 1989. Intergradation of two differ-
ent venom populations of the Mojave Rattlesnake 
(Crotalus scutulatus scutulatus) in Arizona. Toxicon 
27:411-418.

———, ———, M.C. Wolfe, and D.L. Hardy. 1983. 
Geographical variation in Crotalus scutulatus scutu-
latus (Mojave Rattlesnake) venom properties. Toxicon 
21:119-130.

Greene, H. W. 1997. Snakes: The Evolution of Mystery in 
Nature. University of California Press, Berkeley, Cali-
fornia.

Greenbaum, E., N. Galeva, and M. Jorgensen. 2003. 
Venom variation and chemoreception of the viperid 
Agkistrodon contortrix: evidence for adaptation? J. 
Chem. Ecol. 28:1741-1755.

Guércio, R. A. P., A. Shevchenko, A. Shevchencko, J. 
L. López-Lozano, J. Paba, M. V. Sousa, and C. A. 
O. Ricart. 2006. Ontogenetic variations in the venom 
proteome of the Amazonian snake Bothrops atrox. Pro-
teome Sci. 4:11-25.

Gutiérrez, J. M., M. C. dos Santos, M. de Fatima Fur-
tado, and G. Rojas. 1991. Biochemical and pharma-
cological similarities between the venoms of newborn 
Crotalus durissus durissus and adult Crotalus durissus 
terrificus rattlesnakes. Toxicon 29:1273-1277.

———, and A. Rucavado. 2000. Snake venom metallo-
proteinases: their role in the pathogenesis of local tis-
sue damage. Biochimie 82:841-850.

S. P. Mackessy



507

Holycross, A. T., C. W. Painter, D. G. Barker, and M. 
E. Douglas. 2002. Foraging ecology of the threat-
ened New Mexico Ridge-nosed Rattlesnake (Crotalus 
willardi obscurus). Pp. 243-251 in G. W. Schuett, M. 
Höggren, M. E. Douglas, and H. W. Greene (eds.), Bi-
ology of the Vipers, Eagle Mountain Publishing, Eagle 
Mountain, Utah.

———, and S. P. Mackessy. 2002. Variation in the diet 
of Sistrurus catenatus (Massasauga), with emphasis on 
Sistrurus catenatus edwardsii (Desert Massasauga). J. 
Herpetol. 36:454-464.

Jorge da Silva, N., Jr., and S. D. Aird. 2001. Prey speci-
ficity, comparative lethality and compositional differ-
ences of coral snake venoms. Comp. Biochem. Physi-
ol. 128C: 425-456.

Junqueira-de-Azevedo, I. L., A. T. Ching, E. Carvalho, 
F. Faria, M. Y. Nishiyama, Jr., P. L. Ho, and M. R. 
Diniz. 2006. Lachesis muta (Viperidae) cDNAs reveal 
diverging pit viper molecules and scaffolds typical of 
cobra (Elapidae) venoms: implications for snake toxin 
repertoire evolution. Genetics 173:877-889.

Kaiser, I. I., and S. D. Aird. 1987. A crotoxin homolog 
from the venom of the Uracoan Rattlesnake (Crotalus 
vegrandis). Toxicon 25:1113-1120.

Khole, V. 1991. Toxicities of snake venoms and their com-
ponents. Pp. 405-470 in A. T. Tu (ed.), Reptile Venoms 
and Toxins, Handbook of Natural Toxins, Vol. 5. Mar-
cel Dekker, Inc., New York, New York. 

Kini, R. M. 1997. Venom Phospholipase A2 Enzymes: 
Structure, Function and Mechanism. Wiley, New York, 
New York.

———. 2003. Excitement ahead: structure, function and 
mechanism of snake venom phospholipase A2 en-
zymes. Toxicon 42:827-840. 

Klauber, L. M





509

Wüster, W., J. E. Ferguson, J. A. Quijada-Mascareñas, 
C. E. Pook, M. Da Graça Salomão, and R. S. Thor-
pe. 2005. Tracing an invasion: landbridges, refugia, 
and the phylogeography of the Neotropical Rattlesnake 
(Serpentes: Viperidae: Crotalus durissus). Mol. Ecol. 
14:1095–1108.

Yamazaki, Y., and T. Morita. 2004. Structure and func-
tion of snake venom cysteine-rich secretory proteins. 
Toxicon 44:227-231.

Venom composition in rattlesnakes



510 S. P. Mackessy


