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Snake envenomation

�

Serious health hazards in tropical areas



Snake envenomation

Symptoms snake envenomation
•Flaccid Paralysis
•Systemic myolosis
•Coagulophacy
•Cardiotoxycity
•Local tissue injury



Biomedical interest of 
snake venom toxins

Anti-venoms development:

Venoms are protein cocktails

Biomedical research:

Molecular studies on 
venom targets

Pharmaceutical:

Treatment of diseases caused 
by target alterations



Clementino de Lima, D. et al. (2005)
eCAM 2(1) 39-47



Captopril
Sergio Henrique Ferreira

CAPTOPRIL (Bothrops jararaca):
Angiotensin-converting enzyme inhibitor



Biomedical applications



Costa Rica Crotaline snakes

Atropoides picadoi
Atropoides mexicanus
“mano de piedra”, vivipar

Bothrops asper (Pac)
Bothrops asper (Atl)
1.5-2 m, “terciopelo”

Bothriechis lateralis
Bothriechis schlegelii
70-100 cm, tree snakes Crotalus simus

rattlesnake

Cerrophidion godmani
viviper



• Extensive Proteome studies

• No genome available

• Presence in GenBank: 37000 sequences, 13000 of which are mitochondrial

Available information



Complexity venom gland composition

Casewell et al. , BMC  Genomics 2009



Transcriptomics analysis snake venom

454 Pyrosequencing

8 snake venom 
transcriptomes

Multiplexed libraries



454 sequencing stats

About 70% of the snake affiliated transcripts are toxins



High abundance of repetitive elements

Many retrotransposons
within toxin protein genes

5% Repetitive Elements



Functional annotation non-toxin 
proteins

Molecular FunctionBlast2GO analysis of the
Non toxin fraction

5% of non-toxin reads are PDI



Biological
Process

Functional annotation non-toxin 
proteins



PLA2

Serine proteinase

L-amino acid
oxidasePIII-SVMP

Low expression proteins, never indentified
In the venom of these snakes.

Most reads are at 3’ UTR regions

Pseudogenes? Residual genes of venome
speciation?? 

Analysis Toxin fraction



Estimation number of toxin genes

Assembly

Reference  GeneBank entry
Reference-guided alignment of contigs
+
quantification of topologically equivalent fragments



Transcriptome vs. proteome comparison 
suggests differential translational rates

a) Proteome
b) Transcriptome
c) Restricted transcriptome
d) Proportional transcriptome



PCA snake venom
transcriptome vs. proteome



Phylogenetic analysis based on 
transcriptomics* data

*Based on BPP, LAO, PLA2, SVMP, and SP consensus translated protein sequences

Atropoides

Cerrophidion

Porthidium

Atropoides

Cerrophidion

Porthidium

Angulo et al., 2008:

15% divergence between
A.picadoi and A.mexicanus

Castoe et al., 2005 Castoe et al., 2006



•Characterization of the Costa Rican snake venoms transcriptomes
reveal the diversity of the venom composition. Dissection of venom 
complexity is a requirement for efficient exploitation of this chemical 
pool towards biomedical applications.

•Comparison of transcriptome and proteome profiles suggests 
additional mechanisms of translational control of snake venoms

•Venom transcriptomics data reveal interesting features on snake 
speciation and divergence

Conclusions
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