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Snake venom metalloproteinases (SVMPs) induces local and systemic effects on patients suffering from snakebite,
degrading extracellular matrix (ECM) proteins such as collagen, gelatin, elastin, laminin, fibronectin, nidogen (entactin), and
thrombospondin that cause local hemorrhage and tissue damage. They cleave or activate coagulation factors such as
fibrinogen, fibrin, prothrombin, factor V, factor 1X, factor X and protein C that bring about systemic coagulopathy. SVMPs and
their truncated forms cleave or interfere with platelet adhesive proteins such as VWF, fibrinogen and collagen, and cleave or
interfere with platelet receptors such as GPVI, alpha2betal, GPIb, GPIX, and GPlIbllla that result in platelet aggregation
defect. SVMPs induce cancer cell line to form morphological changes and apoptosis in vitro concordant with skin necrosis
after snakebite in some cases. These local effects caused by SVMPs have no certain treatments, even with commercial anti-
venom. SVMPs researches are focusing on their inhibitors, measurement and replacement of blood coagulation factor
defects, or anti-cancer drug.
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Snake venom metalloproteinases (SVMPs)

Snake venoms contain many toxic enzymes.
Snake venom metalloproteinases (SVMPs), known as
extracellular matrix (ECM) degradation enzyme,
constitutes a large proportion of snake venom and
cause local tissue damage followed by skin necrosis in
some envenomed cases. In addition, they interfere
with blood coagulation system and hemostatic plug
formation. SVMPs are classified into 3 groups by
their domain structures. A group P-1 SVMP, la, is
composed of a single metalloproteinase domain. A
group P-11 SVMP; lla, lIb, llc, I1d and lle, consists of
metalloproteinase domain and disintegrin domain. A
group P-111 SVMP; Illa, b, Illc and 111d, consists of
metalloproteinase domain and disintegrin-like cysteine-
rich domain. VLFXA, RVV X and VAFXA are P-I11
SVMPs that contain two additional disulfide-linked C-
type lectin-like domains. The active form and post-
translational modification of different types of SVMPs
was well described®.
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The P-1 SVMPs activity

The biological function of P-1 SVMPs, as
shown in Table 1, have degradation of ECM proteins
such as collagen, gelatin, elastin, laminin, fibronectin,
nidogen (entactin), and thrombospondin that cause
local hemorrhages and tissue damage. The proteolytic
activity to ECM proteins of some P-1 SVMPs such as
fibrolase, atroxase and ACLF, do not show the
hemorrhagic activity but they have proteolytic activities
against fibrinogen, fibrin, fibronectin, laminin and
thrombospondin, implying that in vitro activities may
not refer to in vivo effects, or P-I SVMPs may be
responsible for systemic effects but not local effects.
They also have fibrinogenolytic and fibrinolytic activity
especially to alpha-chain. Some P-1 SVMPs degrade
beta-chain, but almost all cannot degrade gamma-chain
of human fibrinogen. In generally, the fibrinogenolytic
and fibrinolytic activity of P-1 SVMPs does not cause
pro-coagulant activity. The researcher tried to apply
the fibrolase as a commercial thrombolytic drug, but
alfimeprase®, recombinant fibrolase from yeast, did not
successful in phase I11 clinical trials®. Interestingly, a
P-1 SVMP rACLF induces Hela cells to form shape
changes, detachment and reduction on cell viability,
which the mechanism is unclear. It could be possible
that rACLF cleave cancer cell adhesion proteins®. It is
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noteworthy that P-1 SVMPs cannot inhibit platelet
aggregation. This may due to P-I SVMPs lack other
additional domains to bind platelet receptors and related
proteins.

Platelet aggregation contributes to hemostasis
using complex mechanisms. Binding of subendothelial
collagen with platelet receptor glycoprotein (GP) VI
(non-integrin) stimulates the signaling pathways and
up-regulates platelet integrin expression (inside-out
signaling), such as alphallbbeta3and alpha2betal. In
addition, stimulated platelets secrete the granule
contents, particularly ADP which promotes platelet
activations. Like GPVI, the alpha2betal intergrin
also binds collagen fibers activating platelet adhesion
and spreading, as well as thrombus formation. The
integrin alphallbbeta3 plays an exclusive role in
linking platelets to one another through the adhesive
action of fibrinogen. Engagements of this receptor
further activate platelet spreading and enhance platelet
aggregation®,

The P-11 SVMPs activity

As shown in Table 2, a group P-11 SVMP; Ila,
11b, llc, Ild and Ile, consists of metalloproteinase domain
and disintegrin domain, not only has proteolytic
activity to ECM proteins, fibronogen and fibrin, but
also has hemorrhagic activity. In generally, the
fibrinogenolytic and fibrinolytic activity of P-11 SVMPs
does not cause pro-coagulant activity. They can inhibit
platelet aggregation using conserve tri-peptide
sequences located in disintegrin domain. The conserve
tri-peptide sequences are either the Arg-Gly-Asp (RGD)
or Lys-Gly-Asp (KGD), both of them are a potent
inhibitor of integrins. The intergrin-constituent
proteins found in human are fibrinogen, vVWF, collagen,
vitronectin, thrombospondin and also fibronectin.
Thus, the venom disintegrins may appear to inhibit
platelet aggregation using competitive binding between
platelet GPIIbllla and fibrinogen as well as between
VWEF and GPIblX, collagen and GPV1, and vitronectin/
fibronectin and GPlIbllla. However, the tri-peptide
sequences of bilitoxin-1 contain Met-Gly-Asp (MGD)
which it cannot inhibit platelet aggregation. In addition,
snake venom disintegrins may have a therapeutic
potential for the treatment of tumor metastasis, a process
requiring cell-ECM interaction via integrins. Many
reports showed that snake venom disintegrins can block
RGD-dependent integrins such as the vitronectin
receptors (alphaVbeta3 and alphaVbeta5) and
fibronectin receptor (alphaVbeta3) involved in cell
migration and invasion of tumor cells®. This confirms
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that the conserve tri-peptide sequences are vital for
platelet aggregation inhibition. There are some P-II
SVMPs have no hemorrhagic activity, jerdonitin and
insularinase-A. Interestingly, insularinase-A can
activate prothrombin similar to group A prothrombin
activator. It also activate factor X which cause pro-
coagulant activity.

The P-111 SVMPs activity

As shown in Table 3, a group P-111 SVMP;
I1a, 11b, Illc and 1l1d, consists of metalloproteinase
domain and disintegrin-like cysteine-rich domain. The
disintegrin-like cysteine-rich domain of P-111 SVMPs
contains the hyper-variable-region (HVR). The ECM
proteins proteolysis of P-111 SVMPs contributes to the
hemorrhagic activity. Non-hemorrhagic P-111 SVMPs
were reported such as berythractivase, ecarin and
HV1. The fibrinolysis and fibrinogenolysis of P-I11
SVMPs mostly degrade alpha-chain of human
fibrinogen and fibrin, and some of them degrade beta-
chain subsequently. Nevertheless, that activity cannot
be a pro-coagulant activity in human blood coagulation
system. Ecarin, the RDD P-111 SVMP is not only a non-
hemorrhagic venom, but also non-platelet aggregation
inhibitor. It can activate prothrombin that cause blood
clot, and was developed to the Ecarin chromogenic
assay. The usefulness of this assay is for quantitative
determination of direct thrombin inhibitors such as
hirudin, argatroban and melagatran®.

Interestingly, there are some high molecular
weight P-111 SVMPs that can activate factor IX, X or
protein C such as VAFXA-I, VAFXA-II, RvVV X and
VLFXA. The active form of VLFXA is heterotrimer
(disulfide-linked) which consists of one heavy chain
(metalloproteinase and disintegrin-like cysteine-rich
domain) and two light chains of lectin-like domain (LC1
and LC2). The additional two lectin-like domains found
in P-111d SVMP may responsible for factor V, factor 1X,
factor X and protein C binding and/or activating. The
usefulness of RVV X, P-111d which can inhibit platelet
aggregation, was developed to be Lupus Anticoagulant
test. The indications for this test are detection of
antiphospholipid antibody or detection of some
inhibitors that cause APTT prolong®. The example of
prothrombin activator from P-Ilic is HV1. The active
form of HV1 is homodimer suggesting that high
molecular weight P-111 SVMP can activate prothrombin.
However, VaH3 P-lllc SVMP cleaves prothrombin
and factor X without activating them. P-11la SVMP,
berythractivase can activate prothrombin, but
jerdohagin can only cleave without activating.
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Notably, the P-111 SVMPs, which can cleave
VWEF such as acurhagin, kaouthiagin and jararhagin,
was developing to anti-cancer drug, but it is not always
the case. Acurhagin, P-11la SVMP 51 kDa, can induce
cell lines to form morphological changes, caspase 8/9,
and finally to apoptosis similar to the reduction of cells’
viability, proliferation, adhesion, and migration in vitro.
The well-known P-111b SVMP, jararhagin 52 kDa, can
induce cell lines to increase caspase-3 pathway, to
reduce GO/G1 period, to form necrosis, and finally to
reduce nodules tumor in vivo. The mechanisms of
these are not clear and are believed to come from
metalloproteinase, disintegrins, or disintegrin-like
cysteine rich domain. They may cleave ECM proteins
that are vital for cell adhesion similar to previous results
that showed that vascular endothelial damages can
induce endothelial cell anoikis, a specialized form of
apoptosis® or they may directly induce cell lines to
apoptosis such asgraminelysin, a SVMP from
Trimeresurus (Protobothrops) gramineus, that causes
endothelial apoptosis prior to cell detachment®.

It was shown that P-11l SVMPs were more
active in inducing hemorrhage than enzymes
comprising only the metalloproteinase domain. In
addition to the protease domain, the strong proteolytic
activity of the P-111 SVMPs may result from a specific
interaction between disintegrin-like cysteine-rich
domain and basement membrane components. Several
studies suggested that the cysteine-rich domain bind
collagen receptor on platelet, alpha2betal, and cleave
von willebrand factor (vVWF) contributing to the
hemorrhagic activity. The recent crystal structure of
catrocollastatin revealed the hyper-variable-region
(HVR) located at the C terminal part of the cysteine-
rich domain, which may be a substrate recognition site
for binding of disintegrin-like cysteine-rich domain with
ECM proteins. Jararhagin binds collagen using
disintegrin-like cysteine rich domain. This data may
imply that the mechanism of P-111 SVMPs, to induce
the local effects of snakebite patients uses disintegrin-
like cysteine rich domain attached to ECM proteins at
the wound site. The attachment causes the P-111 SVMPs
degrade ECM proteins and induce inflammation,
apoptosis and necrosis using metalloproteinase and
disintegrin-like cysteine rich domain in envenomed
patients. Therefore, cysteine-rich domain may function
as substrate targeting to enhance metalloproteinase
domain activities. Furthermore, HVR may also play a
role in triggering pro-inflammatory effects by promoting
leukocyte rolling®®,

The disintegrin-like cysteine-rich domain of
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SVMPs is the main part interacting with platelets. The
disintegrin-like cysteine-rich domain of jararhagin,
jaracetin, was compared with jararhagin for platelet
aggregation inhibition test. Both of them inhibit
collagen-induced platelet aggregation with 1C_ of 140
and 40 nM, respectively. As well as halydin was
compared with halysase, both of them inhibited platelet
aggregation with 1C_ of 178 and 87 nM, respectively.
Furthermore, the disintegrin-like cysteine-rich domain
of P-111 HF3, DC-HF3, inhibits collagen-induced platelet
aggregation with IC_, of 768 nM. Therefore, the
disintegrin-like cysteine-rich domain of SVMPs was
hypothesized to inhibit collagen-induced platelet
aggregation. The studies in P-111 SVMPs revealed the
specific sequences that seem likely to react with
platelets. The disintegrin-like cysteine-rich domain was
found to block alpha2betal integrin binding to collagen
and apparently enhanced the hemorrhagic activity of
SVMPs®, The sequence SECDPA is involved in the
inhibition of alpha2betal integrin binding to collagen®®.

P-111 SVMPs can inhibit platelet aggregation
through several proposed mechanisms. First, they can
degrade or interact with different platelet receptors.
For example, jararhagin degraded the beta subunit of
integrin alpha2betal. Atrolysin Abound to and blocked
alpha2betal. Acurhagin interacted with GPVI. Second,
they can degrade or interact with adhesive proteins
involved in hemostasis. For example, AAV1 and
halysase degraded fibrinogen. Kaouthiagin and
jararhagin destroyed vVWF. Jararhagin, atrolysin A
and catrocollastatin interacted with vVWF domain.
Jararhagin, acurhagin and catrocollastatin bound
collagen fibers. Albocollagenase, albolamin, and
catrocollastatin inhibited only collagen (not ADP)-
induced platelet aggregation suggesting that the venom
protein specifically prevented collagen and collagen
receptor (GPVI and/or alpha2betal integrin)
interactions. Whether this is mediated by enzymatic
degradation or non-enzymatic binding mechanisms
remains to be determined. It was reported that jararhagin
was bound to collagen and alpha2betal integrin by
two independent motifs located on disintegrin-like and
cysteine-rich domain respectively. The collagen binding
with jararahgin only appeared to inhibit collagen-
induced platelet aggregation®?,

Conclusion

SVMPs are ECM proteins degradation that
contributes to hemorrhage in envenomed patients using
metalloproteinase domain. The disintegrin domain of
SVMPs consists of conserve RGD sequences
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responsible to inhibit platelet aggregation and to inhibit
cancer progression. The disintegrin-like cysteine rich
domain of SVMPs consists of conserve ECD sequences
and HVR responsible to inhibit platelet aggregation, to
bind specifically with local substrates at snakebite site
and to inhibit cancer progression. The additional two
lectin-like domains found in P-1l1ld SVMP may be
responsible for factor V, factor 1X, factor X and protein
C binding and/or activating.
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What is already known on this topic?

We have examined the activity of recombinant
albocollagenase, P-111 SVMP of Thai green pit viper,
and found that albocollagenase digests collagen type
IV and inhibits collagen-induced platelet aggregation
in vitro. These results imply that P-111 SVMP of Thai
green pit viper can induce local hemorrhage and
systemic bleeding in envenomed patients.

What this study adds?

This review paper clearly described the
activities of P-1, P-11 and P-I11l SVMPs using table
presentation. In addition, this review contains the tri-
peptide conserve sequences of many SVMPs related
to their activities. Thus, we can use these data to
characterize the usefulness of recombinant
albocollagenase to be the treatment target or drug
discovery.
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