
Additional File 1. Additional information on GO annotation of 454 data and putative 

platypus venom genes, location and read support for putative platypus venom genes, 

phylogenetic trees, and supplementary discussion. 

 

GO annotation of 454 data 

 

 
 



 

 
Figure S 1. GO annotation of 454 read data by terms A. Biological processes B. Cellular component and 

C. Molecular function. Data can be classified under more than one GO term. See Supplementary 



Material for methods; full results including GO category IDs can be found at 

http://www.nematode.net/cgi-bin/amigo/go_platypus_venom/go.cgi. 

 

 

Results for putative platypus venom genes 

 
Table S 1. Classification of the 33 platypus venom peptides not expressed in any non-venom tissues. 

# Platypus venom 

genes Toxin family 

9 Serine protease (kallikrein plus other) 

8 Stonustoxin-like/B30.2 (PRY-SPRY) domains 

6 Kunitz type protease inhibitor 

3 Zinc metalloproteinase 

3 Latrotoxin-like (ankyrin repeat domains) 

0 CRiSP (Cysteine rich secretory protein) 

1 Sea anemone cytolytic toxin-like 

1 Unknown; IG domains 

0 Mamba intestinal toxin-like 

0 C-type lectin domain-containing 

1 Sarafotoxin-like 

1 VEGF 

0 DNAse II 

33 TOTAL 

 

 
Table S 2. Classification of the 19 platypus venom peptides with signal peptide as predicted by SignalP. 

# Platypus venom genes Toxin family 

7 Serine protease (kallikrein plus other) 

3 

Stonustoxin-like/B30.2 (PRY-SPRY) 

domains 

3 Kunitz type protease inhibitor 

1 Zinc metalloproteinase 

0 Latrotoxin-like (ankyrin repeat domains) 

0 CRiSP (Cysteine rich secretory protein) 

0 Sea anemone cytolytic toxin-like 

1 Unknown; IG domains 

1 Mamba intestinal toxin-like 

1 C-type lectin domain-containing 

1 Sarafotoxin-like 

0 VEGF 

1 DNAse II 

19 TOTAL 

 

 
Table S 3. GO term IDs for GO annotation of the putative platypus venom peptides. 

Cellular Component GO ID Total gene count 

 ribosome GO:0005840 3 

 pore complex GO:0046930 1 



 integral to membrane GO:0016021 2 

 membrane GO:0016020 5 

 extracellular region GO:0005576 18 

 intracellular GO:0005622 5 

      

Molecular function GO ID Total gene count 

 protein kinase activity GO:0004672 1 

 ATP binding GO:0005524 2 

 metallopeptidase activity GO:0008237 2 

 zinc ion binding GO:0008270 9 

 oxidoreductase activity GO:0016491 1 

 binding GO:0005488 2 

 protein serine/threonine kinase activity GO:0004674 1 

 hormone activity GO:0005179 1 

 serine-type endopeptidase activity GO:0004252 24 

 serine-type endopeptidase inhibitor activity GO:0004867 9 

 mismatched DNA binding GO:0030983 1 

 channel activity GO:0015267 1 

 calcium ion binding GO:0005509 7 

 growth factor activity GO:0008083 1 

 metalloendopeptidase activity GO:0004222 7 

 hyaluronic acid binding GO:0005540 1 

 GTP binding GO:0005525 1 

 GTPase activity GO:0003924 1 

 peptidase inhibitor activity GO:0030414 5 

 deoxyribonuclease II activity GO:0004531 1 

 protein tyrosine kinase activity GO:0004713 1 

 catalytic activity GO:0003824 24 

 receptor binding GO:0005102 1 

 structural constituent of ribosome GO:0003735 3 

 RNA binding GO:0003723 1 

 protein binding GO:0005515 5 

 scavenger receptor activity GO:0005044 3 

      

Biological process GO ID Total gene count 

 proteolysis GO:0006508 31 

 multicellular organismal development GO:0007275 2 

 regulation of developmental process GO:0050793 1 

 Notch signaling pathway GO:0007219 1 

 pore complex biogenesis GO:0046931 1 

 cell differentiation GO:0030154 1 

 cell adhesion GO:0007155 1 

 metabolic process GO:0008152 1 

 blood coagulation GO:0007596 5 



 hemolysis by organism of erythrocytes in other 
organism during symbiotic interaction GO:0052331 1 

 DNA metabolic process GO:0006259 1 

 protein insertion into membrane GO:0051205 1 

 regulation of vasoconstriction GO:0019229 1 

 cation transport GO:0006812 1 

 translation GO:0006412 3 

 negative regulation of Wnt receptor signaling pathway GO:0030178 1 

 protein amino acid phosphorylation GO:0006468 1 

 mismatch repair GO:0006298 1 

    205 
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Supplementary Results: Phylogenetic trees 
 

Venom serine proteases 

 

The snake venom serine proteases, as well as the homologue blarinatoxin, appear to contain 

an TrypSPC domain. On the basis that domain conservation is important for venom function, 

one peptide was removed, and any obviously truncated sequences were removed from the 

alignment to provide common sites for tree building. 

 

 
Figure S 2. Rooted phylogenetic tree of the putative platypus venom serine proteases (boxed). Bootstrap 

values less than 50 have been omitted. E;SOA;T represent platypus homologues not expressed in venom 

gland. 

 

CRiSPs 

 

It became apparent during alignment analysis that the sequences for the putative platypus 

venom CRiSPs were in many cases incomplete, due to the short genomic contigs that these 

sequences were predicted from. In this case, we opted for a domain-based analysis, as it is 

apparent that domains are important for protein activity, but it is difficult to perform 

phylogenetic analysis with any certainty because of the incomplete gene predictions. 

 



 
Figure S 3. Diagrammatic representation of conserved domains in the five CRiSPs expressed in platypus 

venom gland, as determined by BLASTing against the ;CBI Conserved Domain Database 

(http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi).  M indicates the starting methionine in the 

peptide sequence. Slashes represent obviously incomplete peptide predictions (amino acid residues 

denoted as X in the peptide prediction), and v-shaped domain ends indicate incomplete domains. It can be 

seen that the putative platypus venom CRiSPs are likely incomplete sequences, although they display 

domain conservation with the reptile peptides of the CRiSP family as well as platypus homologues, one of 

which likely gave rise to the putative venom peptides. 

 

Stonustoxin-like peptides 

 

On the basis that specific peptide domains are necessary for venom function, two putative 

platypus venom stonustoxin-like peptides missing both of the SPRY/PRY domains that are 

present in snake and stonefish venom homologues were removed from the putative platypus 

venom gene list.  

 

 
Figure S 4. Unrooted phylogenetic tree of the stonustoxin-like putative platypus venom peptides (boxed). 

Bootstrap values less than 50 have been omitted. E;SOA;G represents platypus homologues not 

expressed in venom gland. 

 



Kallikrein-like peptides 

 



Figure S 5. MUSCLE alignment of platypus venom kallikrein sequences. Gilatoxin (P43685), blarina 

toxin (BAD18893), blarinasin (Q5FBW2), two snake sequences and two human tissue kallikreins are also 

shown (SWISS-PROT accession numbers shown). The catalytic triad is highlighted in pink, and 

conserved cysteines highlighted in blue. ;ot all platypus venom peptides contain the triad and cysteines. 

 

 

Kunitz-type protease inhibitors 

 

It was evident upon looking at the domains of the putative platypus kunitz-type protease 

inhibitors that they followed a slightly different structure to their snake venom homologues 

whilst still conserving one of the same domains. Snake venom peptides appeared to have 

kunitz domains, whilst the platypus predictions contained kunitz domains, plus WAP and 

other varying domains. This demonstrates the preferential selection of particular protein 

motifs for evolution to venom peptides. The tree below contains the includes WAP-

containing (122 and 120, which group together) and kunitz only domain-containing peptides, 

but not those with the extra mixed domains; including these made tree construction 

impossible as they lacked common sites. No non-platypus venom sequences were included, 

as the phylogenetic distance appeared to be too great to allow meaningful alignment. 

 

 

 
Figure S 6. Unrooted phylogenetic tree of the kunitz-domain containing putative platypus venom peptides 

(boxed). Bootstrap values less than 50 have been omitted. E;SOA;T represent platypus homologues not 

expressed in venom gland. 

 

Zinc Metalloproteinases 

 

Although all obviously truncated sequences were removed prior to alignment, we were 

unable to obtain a monophyletic venom clade in this tree. However, it is apparent that one of 

the two venom clades contains sequences from genes located on chromosome 5. Basal to this 

clade is a peptide not found expressed in venom gland, and the gene encoding this is also 

located on chromosome 5. The four genes in this clade (see Figure S8) lie within a ~150kb 

stretch of chromosome 5, with regular ~ 20kb gaps in between each gene. We suggest that the 

zinc metalloproteinase sequences evolved as follows: duplications giving rise to the basal 

non-venom genes, followed by a translocation of ENSOANT00000012756 to chromosome 5, 



followed by a duplication and neofunctionalization (to form ‘10’) and then subsequent rounds 

of gene duplication (to give ‘14’ and ‘15’), with the same process occurring for genes in the 

original location. Thus, all putative zinc metalloproteinases are derived from a common 

ancestor, with duplications occurring in separate areas of the genome giving rise to the 

putative platypus venom zinc metalloproteases. 

 

 

 
Figure S 7. Rooted phylogenetic tree of the zinc metalloproteinase putative platypus venom peptides 

(boxed). E;SOA;T represent platypus homologues not expressed in venom gland. 

 

C-type lectin 

 

 
Figure S 8. Unrooted phylogenetic tree showing gene duplication leading to the platypus c-type lectin 

putative venom peptide (boxed). E;SOA;T represent platypus homologues not expressed in venom 

gland. Snake venom peptides cluster separately. 

 

 

Supplementary Discussion 
 

Serine Proteases 

 

Proteases are generally divided into two classes based on their structures: serine proteases 

and metalloproteinases [reviewed in 28]. 26 peptides were predicted from platypus venom 

gland cDNA sequence as having homology to serine proteases, which are themselves divided 

into several families; 24 of these were categorised by searching against the MEROPS 

peptidase database [71] as S1A serine proteases. Serine proteases are found in most snake 

venoms, and some have fibrinolytic and fibrinogenolytic activity and thus disrupt 

coagulation, whilst others, such as the kallikreins, cause bradykinin release, or target 

molecules such as proteins involved in the coagulation cascade [reviewed in 28]. The serine 



protease genes expressed in platypus venom gland were determined via BLAST searches to 

show homology to serine protease families including the kallikreins, coagulation factors, and 

group D prothrombin inhibitors. 

 

The kallikrein family is a large multigene family of varying biological functions that is 

present in a wide range of tissues, including salivary gland and skin [reviewed in 33]. Many 

kallikreins may play a role as activation enzymes [33], and although it is not a diagnostic 

feature, some convert kininogen to the vasoactive peptide Lys-bradykinin, which has a 

variety of effects including vasodilation, smooth muscle contraction, inflammation and 

nociperception [reviewed in 29]. All of these effects are features of platypus envenomation or 

have been observed in pharmacological studies. Shrew Blarina toxin, a kallkrein-like peptide, 

is toxic and causes vasodilation and inflammation by converting kininogens to kinin [30], 

whereas the related kallikrein-like peptide blarinasin is not toxic to mice and probably acts 

like an endogenous kallikrein [31]. It is anticipated that future functional studies will show 

that some of the identified platypus venom kallikrein-like proteases may also act as normal 

tissue kallikreins whilst others will have toxic effects. 

 

Metalloproteinases 

 

All snake venom metalloproteinases are zinc metalloproteinases; this also appears to be the 

case with the platypus venom metalloproteinases, which contain the zinc binding motif 

HEXXHXXGXXH (bar one, which is missing the final H) [28]. BLAST searches of the 

MEROPS database [71] revealed all seven platypus venom metalloproteinases to be members 

of the high molecular mass PIII family. Due to the fragmented nature of the platypus genome, 

many of our venom gene predictions appear to be truncated. However, the platypus venom 

metalloproteinases for which we appear to have full-length sequences follow the same 

structure as snake venom PIII metalloproteinases, containing preprosequence, 

metalloproteinase, disintegrin, and cysteine-rich domains [28] (Figure 5). 

 

Protease inhibitors 

 

Ten putative platypus venom genes encode proteins with homology to kunitz-type protease 

inhibitors, many of which are involved in modulating coagulation pathways by binding to and 

inactivating Factor X and Tissue Factor VII/VIIa complexes in the blood coagulation cascade 

[in 38, 39]. The kunitz-type protease inhibitors in platypus venom all contain varying 

numbers of kunitz domains in combination with other domains. However, two peptides 

containing only two kunitz-type protease inhibitor domains each are notable for this 

similarity with bikunin, another two kunitz-type protease inhibitor domain protein. Bikunin is 

mostly produced in the liver, and inhibits proteolysis and inflammation, possibly by 

interacting with immune cells such as neutrophils to prevent chemokine production [44]. The 

platypus bikunin-like molecules may be expressed in the venom gland in a protective 

capacity to prevent inflammation in the host tissue and thus allow storage of the venom. 

 


