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MAEGVFQGAIGIDLGTTYSCVATYESSVEIIANEQGNR
VTPSFVAFTPEERLIGDAAKNQAALNPRNTVFDAKRLI
GRRFDDESVQKDMKTWPFKVIDVDGNPVIEVQYLEETK
TFSPQEISAMVLTKMKEIAEAKIGKKVEKAVITVPAYF
NDAQRQATKDAGAISGLNVLRIINEPTAAAIAYGLGAG
KSEKERHVLIFDLGGGTFDVSLLHIAGGVYTVKSTSGN
THLGGQDFDTNLLEHFKAEFKKKTGLDISDDARALRRL
RTAAERAKRTLSSVTQTTVEVDSLFDGEDFESSLTRAR
FEDLNAALFKSTLEPVEQVLKDAKISKSQIDEVVLVGG
STRIPKVQKLLSDFFDGKQLEKSINPDEAVAYGAAVQG
AILTGQSTSDETKDLLLLDVAPLSLGVGMQGDMFGIVV
PRNTTVPTIKRRTFTTCADNQTTVQFPVYQGERVNCKE
NTLLGEFDLKNIPMMPAGEPVLEAIFEVDANGILKVTA
VEKSTGKSSNITISNAVGRLSSEEIEKMVNQAEEFKAA
DEAFAKKHEARQRLESYVASIEQTVTDPVLSSKLKRGS
KSKIEAALSDALAALQIEDPSADELRKAEVGLKRVVTK
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Mass (m/z)
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mass (m/z)
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Lectina del alga roja 
Hypnea musciformis
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A, DTT refolded

B, A + VP

C, GSH/GSSG refolded + VP

D, C35S (or C61S) + VP

A, DTT refolded

B, A + VP

C, GSH/GSSG refolded + VP

D, C35S (or C61S) + VP
(44549-43518)/105.3= 9.8 Cys

(44331-43518)/105.3=

7.8 Cys

(44455-43518)/105.3=

8.7 Cys
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5 µg

5 µg

IC50 = 0.8 nM

60 ± 9 79 ± 11

179 ± 23

178 ± 5

84% Inhibition

Effect on the adhesion of α1-K562 to
coll IV ( ) and α2-K562 to coll I (o).

Effect on the adhesion of α1-K562 to
coll IV ( ) and α2-K562 to coll I (o).

AI, Angiogenesis index = 
nº vessel branch points

AI, Angiogenesis index = 
nº vessel branch points



Effect of obtustatin (6) and PBS ( ) on Lewis lung 
carcinoma growth in C57BL/ 6 mice

Effect of obtustatin (6) and PBS ( ) on Lewis lung 
carcinoma growth in C57BL/ 6 mice

n = 4
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Characterization of the protein components of the venom of 
Sistrurus barbouri
Characterization of the protein components of the venom of 
Sistrurus barbouri

The protein composition  of the venom of Sistrurus barbouri 
was analyzed by 2D-SDS-PAGE electrophoresis.
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In-gel digestionIn-gel digestion

MALDI-TOF mass 
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QUANTITATION OF FREE CYSTEINE RESIDUES AND DISULPHIDE 
BONDS

Mass of the native protein

NSH = (MVP-MNAT) /105.3
Number of free cysteines

Mass of nonreduced protein incubated
with 4-vinylpyridine

Mass of alkylating group

NCYS = [ (MPE - MVP ) /106.3] + NSH

Total number of cysteines

Mass of reduced and pyridylethylated protein

NS-S = ( NCYS - NSH ) / 2

Number of disulphide bonds

MNAT and MVP
MNAT and MVP

MPE
MPE

No free cysteine residueNo free cysteine residue

(15483-13980)/106= 14.1 Cys

14/2 = 7 Disulphide bonds

(15483-13980)/106= 14.1 Cys

14/2 = 7 Disulphide bonds



This suggested that protein 15 might be a
metalloproteinase of the ADAM family

This suggested that protein 15 might be a
metalloproteinase of the ADAM family

Protein 15 contained a blocked N-terminus.Protein 15 contained a blocked N-terminus.

The protein contained 1 free cysteine and
17 disulphide bonds 

The protein contained 1 free cysteine and
17 disulphide bonds 

The proteins in the major peaks were identified by combination 
of N-terminal sequencing and mass spectrometric determination 
of molecular masses and cysteine content

The proteins in the major peaks were identified by combination 
of N-terminal sequencing and mass spectrometric determination 
of molecular masses and cysteine content



A The doubly-
charged ion of
1742.9 was 
analyzed by 
MS/MS

The doubly-
charged ion of
1742.9 was 
analyzed by 
MS/MS

MALDI-TOF tryptic mass fingerprint of the
carboxyamidomethylated-protein 15 in solution. 
MALDI-TOF tryptic mass fingerprint of the
carboxyamidomethylated-protein 15 in solution. 
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MS/MS spectra of the doubly-charged
monoisotopic ion at m/z 871.0 showing 
major b and y ions from which the 
corresponding amino acid sequence (B) 
was deduced.

MS/MS spectra of the doubly-charged
monoisotopic ion at m/z 871.0 showing 
major b and y ions from which the 
corresponding amino acid sequence (B) 
was deduced.



The sequence of peptide at m/z 871.0:The sequence of peptide at m/z 871.0:

K K H D N A Q I/L I/L T A I/L D F K

shows strong homology to peptide 43-58 of jararhagin:shows strong homology to peptide 43-58 of jararhagin:

K K H D N A Q L L T A I D F N

Further indicating that protein 15 of Sistrurus barbouri
venom is a jarrarhagin-like metalloproteinase

Further indicating that protein 15 of Sistrurus barbouri
venom is a jarrarhagin-like metalloproteinase



CONCLUSIONS

Although the lack of genome sequences of snake species is a handicap 
for the identificacion of venom proteins by MALDI-TOF mass 
fingerprinting, MS/MS fragmentation of selected ions yielded sufficient 
sequence information to identify an homologue protein from a related 
snake venom metalloprotease.
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The venom proteome of the pigmy  rattlesnake  Sistrurus barbouri
is composed of proteins belonging to only a few known proteins 
families, including:

- Phospholipases A2
- PI Zn2+ metalloproteinases
- Disintegrins
- CRISP
- Serine proteinases
- ADAM
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