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proteins (Escalante et al., 2006)), and their pro- or anticoagulant activities will not be
considered further here. However, it is likely that functionally important interactions
occur among these venom components, and hypofibrinogenemia (TLE-catalyzed)
accompanied by structural degradation catalyzed by metalloproteinases may pro-
duced uncontrollable hemorrhage. For the snake, these actions are important for
prey incapacitation and facilitation of digestion; in human envenomations by vipers,
these proteinases produce some of the more debilitating and difficult to manage
effects (Gutiérrez et al., 2009).

Defining which of the myriad serine proteases often found in a single venom
is a TLE-SVSP can be challenging, as many have similar activities toward model
substrates such as paranitroaniline-derived peptides as well as toward native protein
substrates such as fibrinogen. Further, the term “thrombin-like” is also problematic,
because unlike most TLEs, thrombin is a multifunctional enzyme with rather differ-
ent roles depending on physiological environment (Kini, 2005; Phillips et al., 2009).
Additionally, most TLEs have not been assayed with a wide series of substrates
(some are defined by sequence homology only), so the true specificity of activity,
or lack thereof, is not well defined. Some of the SVSPs labeled as thrombin-like
enzymes in the databases are incorrectly assigned to this activity, and some (par-
ticularly sequences derived from cDNA libraries) are labeled as TLEs because of
sequence homologies but without any activity data. A more limiting definition of
venom TLEs is needed, but for the present review, SVSPs which have specific cat-
alytic activity toward fibrinogen Aα or/and Bβ chains will be considered as TLEs. A
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A B

C D

Fig. 30.2 Space-filling models of serine proteases. (a) Bovine trypsin (PDB ID: 1AQ7); (b)
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high rate of substitution has contributed in part to the diversification of functionality.
The ratios of non-synonymous to synonymous substitutions within coding regions
were generally greater than 1 (0.67–1.64), whereas these ratios in typical isozyme
genes were typically less than 0.2 (Deshimaru et al., 1996), again highlighting the
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of the creative ways in which venom TLEs are being utilized in both applied clinical
and basic research.

Future Potential for SV-TLEs

There is a continuing need for safe and effective drugs to treat coagulation disor-
ders such as venous thromboembolic disease and stroke (Spyropoulos, 2008), and
research into thrombin-like enzymes from snake venoms could provide novel lead
compounds or enzymes which could be directly useful. There is an obvious diver-
sity of SVSPs from front-fanged snakes which could provide a source of novel
compounds. However, though variation in component number can exceed 100 pro-
tein/peptide compounds in a single venom, there is a relatively small diversity of
protein families so far described from venoms (Juárez et al., 2004), and TLEs
described thus far appear to possess conserved functional variation along a common
theme. This scenario may change as newer methods allow a deeper probe of the
venom proteome and reveal diversity of structure (and likely function) among the
much less abundant minor venom components (Bandow, 2010; Calvete et al., 2009;
Polaskova et al., 2010), but other sources, such as among venoms from rear-fanged
snakes, may prove to contain novel TLEs.

Snake venom serine proteases have proven to be useful in various applications
in biotechnology and basic research (Wisner et al., 2001), and their specificities
could perhaps be exploited for use in mass spectrometry applications currently dom-
inated by trypsin use, such as peptide fingerprinting, MS/MS sequencing, etc. It may
be that the most useful applications of SVSPs like the TLEs may lie in research
purposes rather than drug development.

Summary and Conclusion

Snake venom thrombin-like enzymes are important components of most viperid
snake venoms and are less broadly occurring among other squamate reptile ven-
oms. As part of the biological weaponry of venomous species, their actions in vivo
can cause cataclysmic coagulopathies which may become life-threatening. Purified
and characterized, TLEs have many applications in biomedicine as well as basic
and applied research. Rapid advances in genomics and proteomics have provided
sequences for many venom serine proteinases, including TLEs, and detailed struc-
ture/activity data is available for a smaller subset of these. There is a need for
rigorous substrate specificity studies to be conducted with the naturally expressed
venom serine proteinases, particularly for those species with extensive transcrip-
tome and proteome datasets. Such functional data will help to answer the remaining
questions related to the observed diversity of actions of these structurally conser-
vative venom components. Further, there are many species of front-fanged and
rear-fanged snakes whose venoms are poorly known, and it is likely that additional
interesting variants of this family of proteinases remain to be described.
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