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As more data are generated from proteome and transcriptome analysis revealing that metalloproteinases represent most of the Viperid
and Colubrid venom components authors decided to describe in a short review a classification and some of the multiple activities of snake
venom metalloproteinases. SVMPs are classified in three major classes (P-I, P-Il and P-Ill classes) based on the presence of various domain
structures and according to their domain organization. Furthermore, P-Il and P-IlI classes were separated in subclasses based on distinctive
post-translational modifications. SVMPs are synthesized in a latent form, being activated through a Cys-switch mechanism similar to matrix
metalloproteinases. Most of the metalloproteinases of the snake venom are responsible for the hemorrhagic events but also have fibrinogeno-
lytic activity, poses apoptotic activity, activate blood coagulation factor Il and X, inhibit platelet aggregation, demonstrating that SVMPs have

multiple functions in addition to well-known hemorrhagic function.
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Introduction

Snakes have fascinated humankind for millennia, being
worshiped in antiquity by almost all the civilizations. In
Ancient Egypt a Cobra adorned the pharaoh’s crown, in
Greece snakes could be found in many medical symbols,
while in India snakes even had their own festival (Nag
Panchami) [1,2].The destructive effect of snake venom on
living organism was well known, but their healing poten-
tial has only been considered in the last 2 centuries. Snake
venoms are typically a complex cocktail of mostly peptides,
proteins, enzymes and other small substances with toxic
and lethal properties that facilitate the immobilization and
digestion of the prey, as well as providing a defense against
predators. The life or death of these prey/predator encoun-
ters forced the toxins to be fast-acting and potent mole-
cules. The most common snake venom enzymes include;
cysteine-rich secretory proteins (CRiSPs), three-finger tox-
ins (3FTXs) especially in Elapidae family, phospholipase
A,, metalloproteinases, L-amino acid oxidase, serine pro-
teinases, acetylcholinesterase, and phosphodiesterase [3].

History

Early studies by Reichert and Mitchell noticed that fi-
brinogen in animal blood loses its ability to coagulate after
exposure to snake venom. They observed that when animal
blood was mixed with Crotalus family venom, the blood
clot that was formed was dissolved within 24 hours while
sitting at room temperature [4,5]. Probably the first report
of SVMPs was by Ohsaka, Okonogi and Maeno when they
observed that isolated proteinases toxin from viperid were
inactivated by exposure to EDTA, presumably because of
the presence of a metal inside the protein, most likely be-
ing a metalloproteinase [6-9].
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Since the discovery of zinc-dependent proteinase in
the viperid venom [10], researchers have tried to isolate,
characterize and understand the structure and biological
function in order to find their role in the envenomation
of the prey [11]. Proteinase represents one of the enzymes
found in the venom of many snakes, and are structurally
classified as serine proteinases and metalloproteinases [12].
The most intriguing enzyme is metalloproteinase and it is
estimated that it is at least 30% of the total protein content
of most viperid venoms [13]. Soon after the discovery of
the snake venom metalloproteinases and the first sequence
determination of them, it was thought that they are part of
the matrix metalloproteinases family [14]. However, Bjar-
nason and Fox discovered that snake venom metallopro-
teinases were part of a new family of metalloproteinases,
distinct from matrix metalloproteinase [15,16].

Classification

As major classes, proteinase can be classified in exopepti-
dase (e.g. aminopeptidase, cathepsin A) and endopeptidase
(ADAMs and matrix metalloproteianse). ADAMs stands
for A Disintegrin And Metalloproteinase, while ADAMTs
are A Disintegrin And Metalloproteinase with Thrombos-
pondin motifs.

SVMPs were originally classified into structural class-
es based on the presence of various domain structures
and according to their domain organization [15]. All
SVMPs share a metalloproteinase domain where the me-
tallic ion is either zinc (most of the metalloproteinases
from the snake venom) or cobalt, characterized by the
HEXXHXXGXXH metal (zinc)-binding motif. Being an
extracellular protein, it is expected to have structurally
stabilizing disulfide bonds. cDNA sequence analysis indi-
cate that SVMPs are synthesized in a latent form, being
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activated through a Cysteine-switch mechanism similar to
matrix metalloproteinases [17,18].

Schematically, snake venom metalloproteinases can be
classified in three major classes (figure 1), originally devel-
oped by Fox and Serrano in 2005 [19]. Usually ADAMs
are multi-domain proteins that are minimally comprised
of metalloproteinase and disintegrin-like domains. In ad-
dition, a peptide signaling sequence can be found in the
beginning of the protein chain. Some ADAMs also display
additional domains, such as transmembrane and cytoplas-
mic, as well as thrombospondin domains [20].

The first class, named P-I is the simplest SVMPs, com-
prised of only a metalloproteinase domain. In their nascent
form, they have a peptide signal sequence, a pre-pro-do-
main, which undergoproteolytically in the mature SVMPs,
followed by a “spacer” domain towards with carboxy group
to metalloproteinase domain. The molecular weight of
these classes of metalloproteinaseslies around 25 kDa, with
2 sub-domains, a major one (4 a—helix and B-folding) and
a minor (with only one a—helix). Usually P-I class has 4 to
6 cysteine residues in the protein.

The second class of SVMPs is P-11, which is somewhat
similar to P-I class, being characterized by the presence of
a disintegrin domain in the nascent form, which in most
cases hosts the canonical RGD (arginine-glycine-aspartic
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acid) motif. The P-II class was subdivided in 5 different
subclasses (P-IIa, P-IIb, P-IIc, P-IId and P-Ile) of metal-
loproteinases. The difference between all subclasses arise
on the disintegrin domain based on their distinctive post-
translational modifications.

The disintegrin domain is found carboxy to the spacer
domain, which can be modified proteolytically to a “free”
disintegrin. The molecular weight of P-1II classes is between
25 and 50 kDa.

In P-IIb disintegrin domain is not processed, remaining
part of the proteinase, while P-Ilc is in fact a dimeric form
of P-IIb. P-IId is a precursor from which a homodimeric
disintegrin found in venoms is formed, while P-Ile repre-
sents the actual P-II class of snake venom metalloprotein-
ases, which give rise to a heterodimeric RGD-containing
disintegrin [21].

The P-IIT SVMPs family has much more domains than
P-II class, bearing signaling peptide sequence, pro-domain,
metalloproteinase, spacer, disintegrin-like and cysteine-
rich domains (figure 2) in the nascent forms, carboxy to
the spacer domain. P-III family is divided in 4 subclasses
having differences along the disintegrin-like and cysteine-
rich domains.

It is one of the heaviest family of metalloproteinases of-
ten having molecular weight of more than 50 kDa. Even
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Fig. 1. Schematic of snake venom metalloproteinases classes (reprinted from Fox and Serrano, 2008 [13], with permission from Wiley).
Question marks (?) from the figure indicate the lack of processed product identification in the venom. In the figure, P means signaling
peptide sequence, Pro means a pro-domain, S stands for “spacer”, Dis is disintegrin or Dis-Like a disintegrin-like domain, Cys-Rich repre-

sents a cysteine-rich domain and Lec is lectin domain.
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Fig. 2. Structural analysis of the P-1ll SVMP jararhagin model
(reprinted from Pinto and Fox, 2007 [22], from Elsevier)

if disintegrin-like domain shares some sequence homology
with the disintegrin domain of the P-II family, they are
distinct, having different disulfide bond structure.

P-IIIa is somewhat similar to P-IIb, where disintegrin-
like and cysteine-rich domains do not undergo any post-
translational modifications. In contrast, in the P-IIIb
subclass, the spacer, the disintegrin-like and cysteine-rich
domains are proteolytically modified from the metallo-
proteinase domain [21]. Up to date, there is uncertainty
about the processing mechanism for the metalloproteinase
domain of the spacer, disintegrin-like and cysteine-rich do-
mains. Moura and coworkers, however, suggested that the
processing of the domains from the proteinase is linked
with the disulfide bond arrangement and/or folding of the
protein [23].

P-Illc is practically the dimeric form of P-IIla, while
P-I1Id subclass is a modified P-Illa structure with the ad-
dition of two disulfide-bonded lectin-like domains post-
translationally coupled to the P-IIla structure.

Proteomic analysis of snake venom for
metalloproteinases and SVMPs structure
Recent proteomic analyses of snake venom have shown
that SVMPs are the major components of venom of Vi-
peridae family, varying from roughly 11% up to almost
65% [24]. But SVMPs are ubiquitously distributed in al-
most all venomous snake species being present in Colu-
bridae family [25,26] as well as in the Elapidae (in some
members) family [27,28] although in much lower quantity
than in Viperidae family.

Practically almost all of the SVMPs are zinc-dependent
but cobalt can be also involved. The metal inside the met-
alloproteinase is tetra coordinated, three ligands being co-
ordinated from protein (usually histidine, lysine, arginine
etc.) and one with a labile water molecule.

Inactivation of snake venom metalloproteinases can be
done using chelating agent such as ethylenediaminetet-
raacetic acid (EDTA) or o-phenanthroline [21].

SVMPs are synthetized in cytoplasm of specialized se-
cretory glands cells and transferred to the rough endoplas-
mic reticulum, then to the Golgi apparatus, and finally
transported to the lumen of the venom gland viasecretory
granules.

Studying cDNA Fox and Serrano observed that every
metalloproteinases from the snake venom have a signaling
sequence that probably targets a nascent protein to a signal
recognition site or protein on the endoplasmic reticulum.
The peptide signal sequence removing occur during trans-
port into to endoplasmic reticulum (ER). It has also been
presumed that folding of the protein takes place in the
rough ER and undergo disulfide bond oxidation/forma-
tion, glycosylation or dimerization/polymerization of the
nascent proteins [13].

Incorrectly, folded proteins, which takes place in the ven-
om gland secretory, will not be transferred to the Golgi net-
work. Fox suggested that in the trans-Golgi network nascent
preform of the proteins would be proteolytically processed
[13], as it happens with most of the latent proteins. The pro-
cess is most probably completed at the time that the vesicles
are released into the gland lumen (figure 3).

Shimokawa and collaborators have analyzed a recombi-
nant pro-atrolysin E (a P-Ila SVMP from Crotalus atrox)
and they have noticed, “in vitro” an autolytic processing
which occur via an initial proteolytic cleavage to release
the pro-domain followed by a second cleavage to the dis-
integrin domain [18]. They also noticed that SVMPs have
a functional Cysteine-switch mechanism for maintaining
the protein in a latent form. Analyzing a P-I1Ib class SVMP
jararhagin from Bothrops jararaca Shimokawa [28] and
Moura-da-Silva [23] observed that this class undergoes to a
post-translation process where a disintegrin-like/cysteine-
rich domain are released giving rise to a jararhagin-C, but
not on entire population of the proteins. There are still
part of the proteins population that do not undergo on
this post-processing, one possible explanations could be
that there are different folding isomers and they can be
differentially processed in order to release disintegrin-like/
cysteine-rich domain, explaining the snake venom com-
plexity and function.

Another important characteristic of SVMPs structure
are disulfide bonds. Usually a P-I subclass has two to three
disulfide bonds in the metalloproteinase domain. In the
P-II and P-III subclasses that have often an odd number
of cysteinyl residues there are slightly more disulfide-bonds
inside the metalloproteinase domain. In the P-II and P-III
subclasses cysteinyl residue can be found as free cysteine or
form disulfide bonds not only inside a specific domain but
also with cysteinyl residues from other domains, or form-
ing dimeric or polymeric structures.

P-II subclass usually exhibit about 5 to 7 disulfide bonds
inside the disintegrin domains, while P-III subclass has
around 8 disulfide bonds in the disintegrin-like domain,
6 in the cysteine-rich domain and 3 disulfide bonds in the
lectin-like domain of P-II1d.
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Fig. 3. Schematic representing a hypothetical biosynthesis pathway from transcription on the ER surface, through endoplasmic reticulum
to the Golgi network and release of the secretory vesicles into the venom lumen for the production of the three SVMPs venom classes. In
the figure, P means a pro-domain, M is metalloproteinase domain, S stands for “spacer”, D is disintegrin or DL a disintegrin-like domain,
Cys represents a cysteine-rich domain and L is lectin-like domain (reprinted from Fox and Serrano, 2008 [13], with permission from Wiley).

Function of SVMPs
Wide varieties of biochemical and biological activities have
been described to the SVMP, showing therefore their criti-
cal role in the overall toxicity of the venom. SVMPs are
responsible for the local and systemic hemorrhagic activity,
myonecrosis [17], disruption of hemostasis mediated by
procoagulant or anticoagulant effects, platelet aggregation,
necrosis or pro-inflamatory activities. Therefore, the most
important role of metalloproteinases seems to be in the
prey predigestion. Table I summarize some of the activities
of some metalloproteinases isolated from snake venom.
Table I exhibits a brief summary of some of the bio-
logical activities associated with some SVMPs. As it can be
seen most of the functional activities of SVMPs are associ-
ated with hemorrhagic or the disruption of the hemostatic
system. All these activities are mediated by the proteolytic
activity of metalloproteinase domain of SNVMs. Blood
coagulation proteins (e.g. fibrinogen, factor X and factor
11, prothrombin) are also targets of their proteolytic activi-
ties showing fibrinogenolytic activity, inhibition of platelet
aggregation and activation of factor II and X.

Conclusions

Since SVMPs represent an important and major class of
snake venom proteins as revealed by proteomic analysis
and many of these proteinase have biological activity we
have collected new data, especially after 2000, in a mini-

review. In this mini-review, we intended to present, based
on literature data, the current understanding of the struc-
tural features that contribute to complexity of snake ven-
om metalloproteinases. There is described classification of
SVMPs as well as biological function of them. Most of the
metalloproteinases of the snake venom are responsible for
the hemorrhagic events that occur in the case of enveno-
mation therefore represents a significant health hazard for
the victims. We believed the venoms of snake could rep-
resent a huge and important source for potent pharmaco-
logical active molecules or for lead molecules that should
be explores as much as possible.
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