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Proteinase families in snake venom from Vipers
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Abstract

Snakebite envenoming has been categorized as “a neglected tropical disease” by the World Health
Organization (WHO) , which is a serious human health issue in many countries. Recently, WHO has released a
strategy for prevention and control of snakebite due to target 50 % reduction in deaths and disabilities. As of now,
there is a limited clinical evidence for their use in the effective snakebite treatment for human. Because, the only
effective treatment against snakebites is intravenous administration of antivenom, the antibodies that are isolated
from animals immunized with snake venom toxins. However, such use of heterologous antibodies has numerous
inherent problems, notwithstanding unaffordable high-cost. Additionally, local tissue damage is not neutralized by
antivenom, and results in permanent morbidity and disability in patients

Crude venom of venomous snake is a complex mixture of bioactive proteins and peptides, especially
Viperidae includes enzymatic toxin mainly. A high-throughput technologies are rapid developing and have been to
play an important role in “venomics” projects which is combined genome, transcriptome, and proteome analyses of
various venomous species to have been conducted to characterize divergent venom toxins and the venom-related
genes. Venomics analysis can also inform about mechanisms of toxin production, storage, and delivery to guide
antivenom and therapeutic strategies against envenomations and identify new toxin-derived drugs.

Here, we review recently published information on venomous snake research and we focus on main
enzymatic toxins; snake venom metalloproteinase and phospholipase A,. These toxins in main component induce
hemorrhage disrupts capillary networks and necrosis responsible for local tissue damage and results in facilitating
toxin dispersion. The review looks at structural and functions aspects of these enzymatic toxin and identifies hurdles
in the development of inhibitors for snakebite therapeutics.
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AR R CEZANEBME SR D mWV & S LD Category

T &kboi | OEHRE, IEELT, B0 50T <0

Snakebite Envenoming (#~ EWAS) O#E R, ANERGBHELISEIL, SOV VORER, [HE
R 180 ~ 270 HTAIZ LD, ZoHT, #H 8.1 EOFLEIWCRELRLTIEEICEHFELALE” L
T~ 138N, & 51240 FAITH U TR 2 sk Sh, Fica 7 7% (Blapidae) BX FZ7H V) ~LE
(MUt &) %51 &2 3. 2018 4RI FORfEEK (Viperidae) TH 5 (F 1) [1]. BB X Z ¥ 3700
B4 (World Health Organization ; WHO) 1%, 2030 4E % FEDOHT 600 L HA L LFHS N, ZDOW 200 D
TITANCIBGHE T 50% A S ¢ 5 HHEFH T FHR Viperidae, Elapidae, Atractaspidida, Colubridae (—
L, ZOPHEIME 1376 HUS KV ThH 3 [WI]. ZhR<) 2%, R THEA L ACRGHELFISEI L
WHO 1%, AMIZK T 2~ CWA D522 o B R IR TW3 [W2] [1]. ~NEHRIX, SRS ABEEY

X0, BANE%E 2O0 Category 1205 L 72, R BEOEETH), $HHEEOEFREFELIHES 2.
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Geographical regions

Species

Total

Africa and the Middle East

Atractaspididae

Atractaspis andersonii

Elapidae

Dendroaspis viridis, Dendroaspis angusticeps, Dendroaspis jamesoni,
Dendroaspis polylepis;
Naja anchietaea, Naja annulifera, Naja asheia, Naja arabica, Naja haje, Naja

katiensis, Naja melanoleuca, Naja mossambica, Naja nigricollis, Naja nigricincta,

Naja nivea, Naja oxiana, Naja senegalensis

Viperidae

Bitis arietans, Bitis gabonicaa, Bitis nasicornis, Bitis rhinocerosa;
Cerastes cerastes, Cerastes gasperettii;

Daboia mauritanicaa, Daboia palaestinaea;

[Echis borkini, Echis carinatus, Echis coloratus, Echis jogeri,
Echis I r, Echis ocell Echis Echis I
\pyramidum;

\Macrovipera lebetina, Montivipera xanthinal;

Pseudocerastes persicus,

, Echis

20

Asia and Australasia

Elapidae

Acanthophis laevisa;

Bungarus caeruleus, Bungarus candidus, Bungarus niger, Bungarus
magnimaculatus, Bungarus multicinctus, Bungarus sindanus, Bungarus walll
Naja atra, Naja kaouthia, Naja naja, Naja is, Naja
Naja samarensis, Naja siamensis, Naja sumatrana, Naja sputatrix, Naja oxiana;
Notechis scutatus,;

Oxyuranus scutellatus;
Pseudonaja affinis, Pseudechi.
nuchalis, Pseudonaja textilis.

1], it

australisb, Pseudonaj. deni, Pseud

25

Viperidae

Cryptelytrops albolabrisa, Cryptelytrops erythrurusa, Cryptelytrops insularisa,
Calloselasma rhodostoma;

Deinagkistrodon acutus, Daboia russeliia, Daboia siamensisa; Deinagkistrodon
acutu,;

Echis carinatus;

Gloydius blomhoffii, Gloydius brevicaudus, Gloydius halys;

Hypnale hypnale; Macrovipera lebetina,

Protobothrops flavoviridis, Protobothrops mucrosquamatus,

Viridovipera steji ia,

Europe

Viperidae

Vipera ammodytes, Vipera berus, Vipera aspis,

the Americas

Viperidae

Agkistrodon bilineatus, Agkistrodon contortrix, Agkistrodon piscivorus,
Agkistrodon tayloria;
Bothrops asper, Bothrops atrox, Bothrops cf. atrox (Trinidad), Bothrops
bilineatus, Bothrops alternatus, Bothrops brazili, Bothrops caribbaeus (St Lucia),
Bothrops lanceolatus (Martinique), Bothrops diporusa, Bothrops jararaca,
Bothrops jararacussu, Bothrops leucurus, Bothrops mattogrossensisa, Bothrops
moojeni, Bothrops pictus, Bothrops venezuelensis;
Crotalus adamanteus, Crotalus atrox, Crotalus durissus, Crotalus durissus
(Aruba), Crotalus horridus, Crotalus oreganusa, Crotalus simus, Crotalus

I Crotalus to , Crotalus viridis,

Lachesis muta

31

Table 1 List of venomous snake species in Category 1.

Category 1 was characterized a subset of species of higher medical importance in the four geographical areas of the world by WHO.

The highest medical importance to human public health (category 1) is “highly venomous snakes which are common or widespread

and cause numerous snakebites, resulting in high levels of morbidity, disability or mortality.” This table summarized of report provided

by WHO [1].
books, IntechOpen, from ref.[10]

% 72, BIEADMEN TS| S8 2 5 EIR M 20K 12
B D 2 BETEH %
BANCBEHRENL WEEIE, ~CofEHIZd LB A,

BANCOMIZE DRSS CEL D,

F7z, ZOPHEIMIFIZ,
M»6 8 HHEEficdy, HEH
TIRIBELTE L VWEEIL .,

This table is reused with permission in accordance with the permission guide line of the publisher of Open Access

WEAEIDLETIARE6 T
Hulsk o Fe iR - [E]
L7:235 T,

HAED

HATHERIBIZ L D BESPZ0EEIRECETL
27:9, IEEBESHELS UL VONFERTH 5.
BE, ME— DRI L~ CBREREREIL, ~CHK
THREINEY (Fi2y <) ITHET HHERIME
(antivenom) 2MERH I TWS, LarLL2s, 8
DFBD D HAERKS Wi BfETUEREMH T 2 f‘%ﬁ, L
WMEBPTTF 74 7%¥—vay Z7RMEREED
TV —REOWRMELEL Kb, 207, fiE
RIMTE T V73688, —RNIZT VAV X — & Z2 1T
W, BRI REICE E M2 2R BT 5. S HITH
BRMIEIE, HRNERHOFIIRNES SHELE Sh
5., 20X LHBHERNBERSHIEICL 2HBHOE
RV, SRR OBGEIEANTE LW LD 5 [2].

AN EHER IZHB I N CERD SR L 2 2 L izh
Z, MBOELEIZEAB 2D, S 5 ITHh IR
BTHDLEVIMBRIERSIND 2. Thd DR
LT 27: 012, MiEEMEORZTHELT, &
EOBIHERITNT L HER BB ICEKS N, in
vitro EBRIZBWTACHEOFME 2R L, s n
Tl LrLUsh, ARELTINLDRFEAE
FziE, BRITLTCOARTRRNTRL L, ©
b«%%ﬁ%ﬁ%é%éﬁ%ﬁit%@&&( AR
Do TW3 [3-5]. ZNX THUMEETIE, FAY
@Eﬁ%oaawﬁtﬁ?émﬁ%ﬁﬁiv FEELIY
~NCHPIHEST HELR VN7 EITE S 2 Y TTIFE
FiToTET (6], Tk, AMIZEETHLOLEEY
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BAll e ~ CERER R ORI Z Hfg L, 1273
ANERDE S 23, NCREGORERE (RFTHIFREE:
e ML) BN TS 2 HIEeHERT 2. 2ok
T, ZZI10EMO XY oY —5BoEt
FLwpLEbvi, RMNEFOFERERL VWbILD
#5563 (Phospholipase A,; PLA,) & Hi 1l #3% (Snake
venom metalloproteinase; SVMP) D AE S 12 oW T
DFVRVTERLSHEES 2.

2. X/ 22 Z (venomics) HAEZIZDWVWT

AWEE L E LTIRD b¥ ¥/ 1P — (Toxinology)
ST, TuTAIIR, FIVARAIZVTSRITA
XUF 737 2D 3 DD “-omics” fEHT & fLA AT
N/ 327 A (venomics) & WX 2 WHEN LF5E 29
% CME SN TV (7], LEOZELEIE DS
I2&oT, NAANV=Ty P LEiz2 o THE~LD
FEHSENOHFONY =—v 3 YOFRR L 7 5 K505
PrH3mlge & 7% o 72 [8]. il 21X, Next-Gen Sequencing
(NGS) % Oxford Nanopore (minION) 77 / 0 ¥ —1g,
ZEN—a—F 7477V 2 EHLTWL S20#HE
FIVARZ YT bl T Y AT LN
ARETH D, NGS (ZHEEE W R 1Y 2085 715 W &
£, U5 2L 2HBEET 5. —7F, minlON X
FBWEEFEIOFAID ZWE L T 52HME b 5,
FIVRIZ )R =LT YT -2 T —FBIETS
ZHEIMRy -z —L TN B 9. ThED
F20Y—F, W OrDALEHBRDONT VR
Th—LY—F VAEBULTCRHELT %Ly b
ZHEET 21O ICHHCEAMERM TE 5. L,
NGS 77 7 1 ¥ —(Illumina B &£ FRoche) % EI12 & D,
BUE, Category 1 ITHBHEINDZHEALOHIRE 7 v R

() (b)

Fig.1 Images of crude venom collection (milking) from Vipers.

VT bh—25, DNAZu—v53475)—, BXUN
7 LAOEHmEPEAEL, £ &OH72[10]. Category | O
FERFIVRAZ ) P —bi%, TAE, AMT LY —
YV TF=2OEMIb b5, $20%IT
TEY, BRLIZAES ) LRI ORI 10% K5 T
B otz (BFEICHR [10] D table 2 ZS).

PRI )TN I AL EWIGRBTFHRRT
U7 7ANETOTFITANEDHRE VST BEF
BSa 7 7 4 VOWE % AE b TRIT I, FEER,
AN CWRAGIEHR T 3 TREPRAYREIR O RS I 12 I3 B
RURTH 5. Hill%, FBROME (FIz—REER
) o:»OBEED T -2 =R (FRLT7 R
Y7 bh=2) ZRIAL, 707437 RITXBESH
W&y, SRITEFEET DEBEOHERE X @YX
TEHEPBHITHEEL T35,

3. \EERDPDOTOTF I BT

ANEFRIE, SRy —YF 25 X ITHMIDR
LHRERELL, I x> (milking) &5 5k
THRELE N5, Categoryl DEEAYE (a7 78 L7
F VAR 1%, E¥HOLEFITERDOF (Front-fang)
ERoTHY, 2 pb21OOHL WS D1 4H
0K EEo N Z, B2z ) ~EROF IR
SBL, BYOERBESRESHS D, HHEIZKED
HBEFEATBMHMAII L >TWE, 20728, 50 ml
TIARF v I Fa—TEMMERXD X DITLELETH
Z RS, milking 12 & 2 HIRERIUL RV HE CH
% (K1). —7, Colubridae, Homalopsidae, ¥ & OF
Lamprophiidae IZJ8 3 2 ~ I, LZHOZG ITHLE S
NTEN & ZFT3EBO L WERTEIROF (Rear-fang)
ZF5> (Atractaspidinae FiftD—F~ IR <) (K 2)

(a)The picture is Habu (Protobothrops flavoviridis) , (b) the right picture is Malayan pit viper (Calloselasma rhodostoma) which

provided by Dr. Mrinalini.
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Front-frag

Trimeresurus hageni

Naja siamensis

Rear-frag

Spilotes sulphureus
—

Fig.2 The features of frags in venomous snakes.
Front-fanged venomous snakes are shown in the left;
Trimeresurus hageni (Hagen’s pit viper) and Naja siamensis
(Indochinese spitting cobra) . A rear-fanged venomous snake;
Spilotes sulphureus (Amazon puffing snake), is shown in
the right. Viperidae and Elapidae have fangs anterior in the
upper jaw, thus they are often called front-fanged venomous
snakes. On the other hand, Colubridae, Homalopsidae, and
Lamprophiidae are called rear-fanged venomous snakes, and

have fangs posterior in the upper jaw. This figure is modified of figure 1 in the ref. [52]. These original images of frags are cited from ref.[11,
53] with permissions according to Permissions Guidelines of Nature Research publisher and The ROYAL SOCIETY publishing.

[11,12]. Rear-fang ~ ¥ 1%, TR A3 % < FRERASHE L W,
7, IRCOMPIAHZTH S LIRS T, HERHM%
PHRFIC AN U TIRE L S D 2 E25% W [13, 14].

FRUZIR AT N T R ) T — NRNTEAR I,
e @A v< b 2777 4 — (RP-HPLC), BE&Sr
o (MS) LlafbEn, MEERNITH->THHL L
~NEEOWELFELZWREIC L., ZO#ERITL T
BIE 100 %2 2HO~NCHD 70 74 — LA S
TV [15,16]. 2017 4E, T. Tasoulis & G.K. Isbister 1%,
10 EMITRB S N2 12 FEOANEHR 70 7 4 3
7 ARNTZ AT LT3 [17). E51%, 2778
(Elapidae) @ 4218, 7%V ~EH (Viperidae) @7 ¥
Y~ Hik} (Viperinae) 20 fii & < 4 ¥ Hif} (Crotalinae)
65 18, 5 1 O rear-fang & ~~ & (Coastal House Snake;
Thamnodynastes strigat, Brown tree snake; Boiga
irregularis, Bockadamsnake or Dog-faced water snake;
Cerberus rynchops, Boomslang; Dispholidus typus, Hooded
nightsnake;Hypsiglena sp Arizona) OHWEK D% F £ O
72, Z ORI 5 63 DDA Y RIET 7 3 ) —
WS X D REE L 7z, 127 O Front-frag N €
(a7 7RBLTZ7HV~ER) OFHITE, 59200
RYNRIET7 7Y =G EN, ZONOAT IR
(Elapidae) 1% 8 ©, 7 %V ~ v ik} (Viperinae) %
112, < & ¥ HiF} (Crotalinae) 1 100D X VX7 E 7 7
IV =DEEYNRZEAEED 0% Zhd TV (K
3). HIERDBHREAVASIET773I) —D 4013,

A AR Y X—+F A, (Phospholipase A,; PLA,), ~E#
X4&ua /a7 4F—% (snake venom metalloproteinase;
SVMP), £V ¥ 7u 7 A F—<X (snake venom serine
proteinase; SVSP) & three-finger toxins (3FTx) T &
5. 7% ) ~ERO 2 BEOHRTIE, HROMEHLP
EFNENDOEHERIZHE DEVHRLT WD, ZhbE
A7 IROBEAE LRV ELSsTWSE, a7 TF
1%, PLA, & Three-finger toxin (3FTx) 321K @ 83%
Zi5®, 79 ) ~ERHL PLA, SVSP, SVMP »i4:fk
D67% T HEHTWD, oL bHEHFLENE, 7V
VAR a 77RO ERLHRETH 5 3FTx HHE
KYNRZET 7Y —HBRAIL, 7H ) A~ECROE
FT77 IV IRFERAENR YR ENREERETD
5. —T, BL2OERDHRX Y IHET7 73)—6
21X, cysteine-rich secretory protein (CRISP) , L-amino
acid oxidase (LAAO) , Kunitz peptide (KUN) , C-type
lectin/snaclecs (CTL) disintegrin (DIS) , natriuretic
peptidle (NP) T»H %. % @ H d CRISP, LAAO, KUN
RNPEFEHRIZSBFERSETEOHL LN TITEW,

ZOMELTIE, Category 1 D 60% ML E % 5 3
Viperidae (7 % ) ~EHRL) ITEH L, ~UCBEHE
D%ENE O EFE K FHFE L HOIZE D 5. Viperidae
(ZFV~EER) 1, JvyenvZH3 )Y (Daboia
russeliit) 7% £ @ Viperinae (7 %V ~CHE) &, &
THITNE (e XY XA XYY T 5T~ Crotalus
adamanteus) 7% £ ® Crotalinae (= A ¥ HE) 0¥ 7
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Viperidae Elapidae (42 species )
== PLAZ
mm 3\SP
mm SVMP
IFTx
= LAAD
== SVSP m CRIiSP
m SVMP = CTL
m LAAD == NP
mm KUN . NGF
A Viperinae (20 species ) mm CRIiSP = MVC
= CTL
mm DIS
= NP PLAZ2, phospholipase A2; SVSP, snake venom serine;
= CYST SVMP, snake venom metalloprotease;
VEGF LAAO, L-amino acid oxidase; 3FTx, three-finger toxin;
- MVC KUN, kunitz peptide; CRiSP, cysteine-rich secretory protein;

A Crotalinae (65 species )

Fig.3 Proteomic analysis of venom components in Viperidae and Elapidae.

CTL, C-type lectin; DIS, disintegrin; NP, natriuretic peptide;
NGF, nerve growth factor, CYS, cystatin;

VEGF, vascular endothelial growth factor;

MVC, minor venom component

Toxin protein families existed in venom glands are compared between in representative subspecies of Viperidae (Viperinae and Crotalinae)

in left side and Elapidae in right graph. Abbreviation of each toxin protein families are as follows; PLA2, phospholipase A2; SVSP,

snake venom serine; SVMP, snake venom metalloprotease; LAAO, L-amino acid oxidase; 3FTx, three-finger toxin; KUN, kunitz peptide;

CRISP, cysteine-rich secretory protein; CTL, C-type lectin; DIS, disintegrin; NP, natriuretic peptide; NGF, nerve growth factor; CYS,

cystatin; VEGF, vascular endothelial growth factor; MVC, minor venom component. This figure is reproduced with permission from ref.

[17] (see STM (International Association of Scientific, Technical and Medical Publishers) Permissions Guidelines: https://www.stm-assoc.

org/).

7Y =G rhTws, HRIZART 2H LD
< & ¥ (Gloydius blomhoffii) 3 X U°N 7" (Protobothrops
flavoviridis) 1%, < &Y HEHZE L, HA TR 300
HREOANCKRGHELS SR Z T, 20184, N7
D70 T I AENT (18] L& 7 LEHT [19] 235
Rant, NTEMEE, EERTHEALIMEOZ Y
ANEROBAL E R E TEWIF L L, HO—HKWT
LUBE & E 2 513, SVMPs, PLA,s, SVSPs, B X
FLAAO TH % [20]. il L Wb s 7 %) A
BomEERIE, HBEORMMMELGEIISKI L,
INLOEFRERIZ LI U ITERERES X OB WiRE
ROWTRITHET 2,

4. Viperidae(ZHINER) D ERHBERICOVT

4.1 Phospholipase A,(PLA,) D458 & flIEHEREIC DLW T

Phospholipase A, (PLA,) [EC 3.1.14] {ZV YJEE ®
2L DREIR = A 7 VS A KRS 2 BEETH
%, PLA, 1%, EYFITIES D LTED, PLA, A —
N—=7 73V =&, KR&ELHTTORBIZHEHS I,

Group I~XIV D 16 2D 7 Vv— T2 6% % (£2) [21]
[22]. ZN5I1%, W PLA, (1, 11,10, V, IX, X, XI,
XI, XII, XIV), #if@EZ PLA, (IV), Ca™ IEKTF
¥ PLA, (VD, MUMRIEMLRT72Fve RT—%
PLA, (VI, VID, VY Y —uBPLA, (XV), Bk
EHFLWIT =T LTSN T T4 Ry 4 b
PLA, (XVD »56% 2% [21]. bo &b XM EINT
W5 IEL PLA, 1, Ca™ RIFIETH D, Ca™ /v —
7 (XCGXGG) & fiEEHAr (DXCCXXHD) 255 < £
Fa3h, LAFYVVERE (His; H) L7 ATV
H (Asp; D) ZAMEIE E 32, MIEZ PLA, IZx
) VBRI (Ser; S) HAMEIL L, Ca fEAMDEEE 2
LB C2 RAALVERME L, Ca™ IZMPIEICEE
FeBTT 2L EICH5T 5. Ca” IEREM PLA, 1T,
FIIL PR U ADLLBRENTA~FOO6H T
N— T DIFIEDHEZR S T 5 25, 7 OMEE AR,
VI-AV 77 Vv—=70MEIZRE A TWD, f/IMIE
MALRF7 2 F Ve B9 —+ PLA, 1%, Ser % fili it
12 5, MMIEHCERF O sn-2 L2 5 7 & F vk
FEHES 2. Y Y Y —ALPLA I, VY Y —AITREL,
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Groups | sub-groups Source and expression tissues Ms” (kDa) | Cat. site” | S-8?
I A Cobras and Kraits 13-15 7
B pancreas of human and porcine 13-15 7
A Rattlesnakes, and human synovial 13-15 7
B Gaboon viper 13-15 6
I C testis of rat and murine 15 8
D pancreas and spleen of human or murine 14-15 7
E brain, heart, and uterus of human or murine 14-15 7
F testis and embryo of human or murine 16-17 6
Secreted PLA, 111 Human, murine, lizard, and bee 15-18 His/Asp | 8
\ heart, lung, and macrophage of human or murine |14 6
IX Snail venom 14 6
X spleen, thymus, and leukocyte of human 14 8
X1 A Green rice shoots 12.4 6
B Green rice shoots 12.9 6
XII Human and murine 19 7
XIII Parvovirus <10 0
XIV Symbiotic fungus and bacteria 13-19 2
Groups sub-groups Source animal Ms” (kDa) Cat. site”
A Human and murine 85
B Human 114
. C Human 61
Cytosolic PLA, v ) Human and muring 0293 Ser/Asp
E Murine 100
F Murine 96
A-1 Human and murine 84-85
A-2 Human and murine 88-90
B Human and murine 88-91
Calcium-Independent PLA, VI C Human and murine 146 Ser/Asp
D Human 53
E Human 57
F Human 28
platelet VII A Human. mur?ne porcine, bovine |45 Ser/His/Asp
activating factor acetyl B Human, bovine 40
hydrolasesPLA, VIII g EE::Z: ;2
Lysosomal PLA, XV Human, murine, bovine 45 (deglycosylated) Ser/His/Asp
Adipose-Specific PLA, XVI Human 18 His/Cys

» Molecular mass, 5 Catalytic site, ) number of disulfide bonds

Table 2 Classification of Phospholipase A2 superfamily

This list of each group of PLA2 is modified and reproduction from ref.[21, 22].

Ca™ 121743, Ser, His, Asp Zfllft& 3 2,

Snake venom PLA, (svPLA,) I, W% PLA, 2%
M, BEEEIIZCT BBETH L. £, 4
FHIZDANVT 4 RiEETD (—H62) boHT=
14 kDa O/NBL &R v RV BT, WINEE L X V8
JBETH D23 svPLA, 1L, TH (2758 &1
B (7Y ~ER) i2bhrh, Fo@Ewi, TEZC
KBTHIEREL, —2FIYANT 4 FRIEG OOLE R
%% (12 Cysl1-77, T2 ; Cys50-133), * 7z, filgl
VEFICBEfR S 258 50%, T8I TIE, His48, Tyr52, ¥
X ONEKEMDO a7 3 7%, THTIE His48, Tyr52
Lans 21,23

42 7% UA~E PLA, DAIREEEE
Snake venom PLA, (svPL PLA,) 1%, Z %V A~k
LaTIROMAIZEEINEFRDHETDH .

- -
[N,

T, PLALOIE (a7 7F8) LU# (79 ) ~v
BT, DX IABNERDRVWDYD 2 0 ERENT
5., 7 IVANEROINEPLA, IZTOoWTI, HARIZAE
B39 27 (Protobothrops flavoviridis) 75X { WFZE &
NTW3, BRENC LIz, FCHERN, F 7R
HHIZFIET % svPLA, THE K DY 7 7 v — 70377
L, ZROLHEEIG S TERAOEEITA S
H70 2. P flavoviridis DA D T2 PLA, (PfPLA) I3,
[Asp49] PLA, & [Lys49] PLA, ® 2 DD ¥ 727 v — 72
DEEESND [24]. S 51T, [Aspd9] PLA, I3 & v 87 E
OB (BEA) I3 >0 TR HEEES LT
B, P [Asp49IPLA, I35\ RE M & S IAmRE,
AN [Asp49] PLA, \ZIFEFHEE M, iEsE M [Asp49]
PLA, \ZMi#EHEZ R 9. —75, [Lys49]PLA, 13595
B RN & R IRENE 2D 2. PPLA2 BET 13 4
2OV vE3oDA4 v ruryTHKEINTED,
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167 I BREILLLDY 7 FNVEIEET 138 7

S BBEDOX NI E R a— K3 5. P flavoviridis
DM PLA2 SR TR L EBELET 7 7 3V — %L
THBY, PPLA2 B{=F1%, BPI & MEh 2 )0k
[Lys49] PLA,, PfPLA4#{5T 1% PLA-N & I 2
FEFME [Asp49] PLA,, PfPLAS JE{5F 1% PLA-B & IEIE
NBEHNE [Asp49] PLA, # 2— R LTHE D, PPLAI
& PPLA3 ERIEHAL S NIDEETTH B [24]. Th
LOBEFIE, XV VB a— REETT I BBEY
BEZ 5 & D WA ES GEFFSELY I
BHENTEY, IEMIELL LTV EEFLE VD
NTW3 25, 2%, PLA2BIRFOEBES L OJE
[ EHT, FEENIT, PPLA, BEOR T 2 HER
ZOHREELTELC TV S,

a7 sRFEHED I BPLA, X, WEEM M
fadE s, OFM, B X CMmiEEE 7 & A EEE
WES AL TWS, [ BPLA, 1, i, 2-oF7:
F4o0F Ta=y + THERS R, MEEAIZE
TNy AFEAHEBIGEICRES ATV
2% (Y*CGXXGXGXXXDDLDRCCQXHXXC) [26].
Naja TEDOHIRHITIE, svPLA, YEEITEHE TN, Aspd9
B X O Cysdd BINFE RSN T W35, Naja sagittifera H*
LHEES N7 PLA, 1, MRERB LY F 7Y — 4
JEDART7 7 Fova ) VIZBAEE DO BHEHRL,
WRAEAES o= F TR F v a ) vREMKIC
WAT2aBmENDH2. B2, a7 7H»LHEE
SNT:PLA, I, KM BEFCa™ F v A NVDHE, Na/
K'/ ATPase EE DIHEX RT b OFKER I N TEH D,
IS DHEENOENZEEAORESIE, EHEL L
THERAT2HD% W,

—7%, fkEE & UCIER % PLA, AAhT, DLk
F#HR £ 72T REER AR, MEEEL RS b0
H 5. FiFEE, PLA, DEEEIE T Xa ~OfEAIZ L 5
LORLEZLATWS, T, HBFOMIEHEEZ,
PLA, DSBS EMBEVER 12 Xk o TR E —H)8 & REEL
L, TR SBBERMLEI SR I L, ZORE,
DB O ZACITRE L 72 DA S LRI E 5] S 2
FTEEZLNTWVWS,

2D & 51T svPLA, I3l E A % 72 I JEABEVE T 12
Lo THBEMERIEL, T2V ) ~CRIH R,
FHEFR, WREOWEMEY, 3 7 7R ik E,
DEpth, SRREENE, MVERRRETE, HEE, PRt oFEM: A3
H B, svPLA, 7> F I3 MM 7 SLARREE & AlEEAT 1%
REFESNTVDEY, HHETHEREELRT. 20,
WG &AM OME P EE L, Zho0R T 2HHE
EEZ AR Z 2 2 LTS LAY DR »EE
LanTuwa27].

5. "tE£E 707 7 —+ (snake venom
metalloproteinase; SVMP)

&8 7077 —+% (Metalloproteinases; MP) 1%, X7
F X — ¥ HH MEROP 7 — & _X— (&3 & 50 DLz
Hant:, mdLHEEHLTuTr7—¥THD (https://
www.ebi.ac.uk/merops/). MP I%, A%H, HIfCRE,
faszrs, BCbifis & oA O EMEMER T BB LR
E|% 79, MP IE, Enzyme commission number (ECN)
DTxYRTFHX—+ (BCN 34.17) BLFTY FRTF
X —+ (ECN3424) THILENATWS 2009 T/ Vv—"
I sNnD, 2FEBED I V—T71, serralysins, astacins,
adamalysins (a disintegrin and metalloproteinase domain;
ADAMs), matrix metalloproteinases (MMP) 7% & @ X
FY Yy (metzincin) 77 IV —BEETH 5. @il
fizswT, WREMP OBIETFEL TRV 7 H
FKBEONT VAN T VD LW HENS L S
nTHH (28], —EHOMAINY ADAM IZZ DN T v
ADENZES SR ITEERFLLTHLENATWVS,
ADAM X ¥ %27E L SVMPIZMI2 7 7 I Y —IZEL
[29], BEBRZEW 2 & BRSO HFLIH ADAM & P-III
2 7 A SVMP (i) D% F XA >~ OREEIZHHML T
W3, SVMPs D\ D MIESIEIEEATRE S 1, 72,
ZOEBBBIRENT A TwE, 207, Pl
SVMP D& 35 X OHRBERY TR,  RAEI 28R
D%\ e ADAM DOHERE DR ICHHE I s 1 b,

5.1. SVMP D#Ei& &L 4

SVMP ix Zn™ R M 70 7 4 > — ¥ T, BIROBH
FHRD K 2 A VK & mRNA B EY IZE S W,
3o0WE 7 72 (P11, PII, &P 1255
ENB[30]. TRTDSVMPBIEFIL, HRES T
VI FNRTF FEEEE Fu (FV) RAA %k
D, ZD2o0NRKEHIZE, 7 I BEH L F
TFEINTEY, 2RIHL F A v OFEECHEIC X
D, SVMP I, PI~P-MID3ODFEEL T 7 AI1ThH
JHE N3, #HEHEO P 2 7 A SVMP 1%, Zn™ &K
DT EMUEERALICERM T2 A 2 u a T4 F—E KR
4~ (Metalloproteinase Domain; MPD), 7 4 A A ¥ 7
7Y vk K X A4 >~ (disintegrin-like domain ; DID),
YUY AFA4 ) vF FAA ¥ (cysteine-rich domain;
CRD)D 32D F A4 Y THRENS, PIIZ 7AW,
MPD & DID @ 2 DT & 21, P-1 27 7 R1%, MPD
DLHTHD. 10FERTHETIE, CBv I FUER
XA VIS 5TV SVMP 25, 4 BHD 7
N—=7"(PIV) L LTI FABF STV, LoL,
WD NFZ A7) 7 — LT LD, P-IVSVMP
Za—F3T2mRNABFELLZVW I EDBbDro>TS
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72, 2%D, ZTDOZ 7 ADSVMP IZ—FKERY =7
FRELTERSNT, FERREMICE VAT S FX
A UGS NI, LTzdoT, I Fox b, PIV %
PIId¥% 727 7 AELTHAHLIZ[B0L. 2OXDI
K2 72121, 7275 X (P-la, P-lla-e, P-Illa-d)
DD DY, HBIWT 2O HEES NI RABERE L v
I E LUTHFEIERSNTE D, FITHREBBARC
o TERSNEZZBEZ 3 NI v — T ED
TAVI7x—rTHB (M4)[30].

BT O SVMPs 13, 2N FNEL 3 LEREMEY
RETZEPHLENTWS, SVMPERT 7 7 3V =13,
T LEBTFORME b b, ZOBET LoEHER
GBI, FEROIEROBEE T RoBEL v/ H
7733V —%4T 5, SVMPIELETIX, HIED ADAM
BARF OEMBTFEMICHNE T 2. ADAM 28 HiEKER
T, EEACIZHFET 25D SVMP F €0 7

THY, WABITHOHEET 231, ~ 25 (Anolis
carolinensis) ADAM 28 38{nF & 7 %V ~ 8 (Echis
ocellatus) SVMP FEARF DO ECFN BT & D, SVMP &
1%, ADAM BIZFOEM,, CRDE*ZL 7 Y
V12 OFfRICKEIEa K> (STOP codon) %A T, i
RELT, ADAMIZFET 5 CRIEY v b —B &
CHIFVE S 2 RN T2 R VoS 2 B R AR LT [32]. I
T, kD% DT LARHIENTSEREIC T D,
JESVMP IZ, P-IIl 7 9 A SVMP % 2 — F{L L T W
2 LESNT WS, P-IIl SVMP & FDEMBIT X
D, P-Il & O P-I SVMP BARFRIBE D ER S 1, &
LIZENBIE, TNENATIAT VY ITH A bOER
I2& D, RAALVHEERDEL, PIXPISVMP X v
NI7BEPERSNTWS, BRFENZ LIZPI L P
SVMP 1, 7%V ~EE (Viperidae) TODATFFE L,
a7 7% (Blapidae) TRFERINTVLWV, Tab

Pla (@ EECLTHE Atrolysin B, C, D
/ ) Atrolysin E
CRILY P BRSO Proteinase( S (Dis Jerdonitin
P-lic krdProteinasel 5 1Dis Bilitoxin
. Homodimeric RGD-Dis
S LN P PR Proteinase| S ('Dis ? +
Contortrostatin
Dl P Pro| Dis |
+ ? = Heterodimeric RGD-Dis
RN P BRSO Proteinase| 5 (Dis Acostatin
- ; Dis+ Cys+ . Diss Cys- .
LRIIEY P RO Proteinasel S | Ljkel Rich Proteinasel| S | Ljke|Rich Atrolysin A
e Diss Cys- : Dis+ Cys~
R1I1:] P SRR Proteinasel S | kel Rith FEENEEE + RN Catrocollastatin
[ f Dis+ Cys= . i5+ -
Y P B Proteinase( s ((TSTRR P Proteinase( S ((STRi2E VAP
i " Dis+ Cys= . Diss Cys-
SR P RO Proteinasel S | LikelRich Proteinasel S | ikelRich Lec| Lec| JJEZ¥)

Fig.4 Classification of snake venom metalloproteinase (SVMP).

The class of the SVMP family, and their gene structure and native protein isolated from venom gland are described in the column
respectively. Schematic diagrams of domain structures are shown as follows; P, signal peptide; Pro, Pre-, or pro-domain; Proteinase,
metalloproteinase domain (including the catalytic site); S, spacer region; Dis-Like, disintegrin-like domain; Cys-Rich; Cysteine-rich
domain, Lec, lectin-like subunit structure; ?, Undetermined region by post-translation modification. This figure is reused with permission
from ref. [30].
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DSVMP 7 7 3 ) —OHIzIE, WEERMOBEHENS
CFEL, AEAREEOREISRTOVR WV, 72,
PBHWHEBREEZRETWVWSYMP b EEEINE. ~
CHHFTLEZD LI IO 5 SVMP 3%
ENDDH, 51D SVMP O 1z 70 EBEHEEE D ¥ FL
IZBR SRR T2 B,

52 SVMP Q4BFEMEHMA D =X A

7% ) ~EHR (Viperidae) OBAGIZ, WFTH & 0%
S OEE O M IMMER/NIERG S X CREL R E T
% [33]. B & D HEES M7z SVMP @ in vivo B & O
invitro DIFZEH 5, SVMP 234G 0 I D JFEA & % 5
HBETHDL I EIFIHENTE T, ~NECREIRFETIX
WM ZEER L 2% o iz, Himz#EkT 2
SVMP 3 F A = X L& T 2 2 LIFEETDH 3.
~NCIRGOHIMIE, SVMP 12X 2fifEs< Y v 7 R
B4y, HEGBSZAWNR, BX OBUNIERO 7 4 7Y
= v EREN LU (X2 X7 BEA ) 1Tk
DEISHZ SN [34], FBZENZ L17, EuERIE
% b D MPD & B LA T D oIlcb b6 T,
TRTOSVMP BERNTHLZEH T 2 b1 Tk
v, HIMET EMEN S SVMP & Bz, JEHIM
P SVMP 121, Mk BEE S, m/hiokesds, Mgz
H, 7R b=y AFERMEE), kX OMmEEREL &
OHEBERLHEE s HE STV S (Wi SVMP 123
INLDVERERSDDHH B) [35]. TD SVMP D
LREEENE X, M2 2 CHIERMRENE 25 E W N R
DR X 4> (MPD) &£ Db, ZHMARECKRHA R
AA Y HERL p BERBIGER T 5 LIS hTnD
[18]. ~YRA{GORIEEZF| &# 2 3 SVMP O H
MENSR % 13 2 HER % %53 5121%, SVMP OF
W, FWHREEDO SVMP ORI 3 & UREZ M
RS 2D 5.

P-IIl SVMP & P-1 SVMP @ &% 5 b HIfiEME»35 2
23, P-III SVMP (% P-I SVMP & D & LLEgRysR W i %
AT [36] [37]. ARARSPB K % W T EDG SRRSO

AR TEIER, RN E T u T I 7 AT LD,
P-1 3 & OF P-IIl SVMP 43 75 1 AL (R AR N TR %0 2 %
R —VERT I EBHELITHK 572, Alexa Fluor 647
TI7_VENT: SVMP OBIEIZ X Y, P-IIT SVMP 25,
FricuhigoBMiE D3 7 -7 v 1v L HFPEL T
W3 ZEMEEHE T, —F, P-ISVMP O JFTEIZ4Ae
REAE D [ FEPH CHERE & 4072 [38]. In vitro EFRIZ B W
T, Wit P13 & FP-III SVMP i3, IRIEE & L
TRIZIVEa S - Y2 FO Z EPHLATW S,
JM.Gutiérrez 5 1%, SVMP I & % 2 B thifi X o =
XL DRFEFRME LTV, HEMED 1 FHH O X
7 v 7& LT, SVMP DSEBAMIMAE < P 2l fE & o 3

OWT (At - 3R - WS T - NE - B - )

—123—

B D CTHEIVEII T =7 v & ~NT VHiE 7 o
FEAIT)V D IFETH BR— Vb v EIKDEL,
FEEIE & U IAE BE O BRI (ZEME) 2599 5.
MWT2HFEDOAT v 713, MBOWIMERTELT 2
EYHEEN T 2B DR RS S Z L, B
M4 2 e s, FERAICIEO ME/NRH 28] S
29 [37].

5.3 EAEmH® SYMP R OREH > X 7 A
—fRIIT, BN O X v 87 RIS OTENE,
pH, W, £ &>, MKRT, &L CAHEZENFHEHA
12 & DY TEMEAL E REE L sHIE S A Tw B
FIR O FIZ B W T SVMP X > % 7 B fRis i i

vitro EER L D, XD 3 ODHEHIZL > TIHES NS
EFEZLbNTWS () BMpH 2R3 227 = VR

BoiEE, (i) v (Fv) FAALviTk s MPDfil
WEERAT DL, Gi) BIWITEHEIND M) RTF R
ZIHEHOFETDH 2.

~UEERIL, HOCOBRH TIEARTEERRE ChE
Sh, BEYHOERNNEAS T & SITHELT 205
b5, HBRPICIEBEED 7 o VvBRESE I TW
%729, pH HMEW Z & 251998 4E1Z Odell 5 D in vitro
BT L DL H»TH 5 [39].

sp., Bothrops sp., Dendroaspis sp., Sistrurus miliarius

Crotalus sp., Agkistrodon
barbouri, Bitis gabonica gabonica, Vipera russellii
¥ & U Lachesis muta D#HWH D 7 = V@S
AR, WHELTHEED 25% (30-150 mM) & 5L
b LNTWD, MRS 72 18-27 mM
DY = VBEIEREL, inviro T7u T 7 —¥iEHE
HET 2 2 LRI NATVWDE Z L2, BRI
WEEEIHECE 27 vBROTHLEIEEIND
[39]. & 51T Crotalus sp. D & FREL S 172 0 W a1 3 1%
P (pH525-575) TH2ZEDBESTED, o
D, pH72-74 MM T ik e F OFEWITEAS 1
%L, "CHEREILpH OZMMIZ L > THEHEILs S
Z L% 5 [40].

420D FYRFFE (pPEKW, pENW, pEQW, B &
OF pERW) 1%, Protobothrops mucrosquamatus [41, 42],

russellii,

Bothrops asper [43], Echis ocellatus, Cerastes cerastes
cerastes [44], BL TPV DO0LD T v VAR —7 [45]
OFHFIIFEL, SVMP 1T T 2 WIEMERREH] & L
THESIhTWE, 2o M) RTF RIE, BRF
12 % < FEW 2 25 (B 5 P. mucrosquamatus 73
WHIE50mM L), ZoHEREE, S84
SVMP 12/ L CZ 4113 &3 < %\ (The half maximal
inhibitory concentration; ICs,, ICs, fE 23 0.15-0.95 mM 2
FE) [45]. pExW PHEHI & SVMP DA X #ifs i i
EREAT L D, SVMP @ Zn™ fSTLO—FH D & A
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FOVEREDA I XY — L pExW BHEAIDO + Y 7
77 (Trp, W) DA ¥ F—=VERIMHEEH LTV
ZEDHL TR o TS [42]. 2007 4E1Z, Philippe
L, BEHSMR—RELTER XD, Atheris
squamigera O WP I1Z 2 ~ 3 kDa D polyHis-polyGly
RTFFREFHRL, eRXAFIVBLUTTY ¥ (Gly,
G) BEDI FIARX—ZFHOHLVRTF FEFEEL
72 [46]. FEDORTF RBCHBF VY v AFRRT
F K (CNP) BX U7 7 V%=V~ 7F F (BPP)
—CNP BEEEMRIBRRIZ 2 — FlbahTwd Z & 2%
RU, ZEBRIZ E. ocellatus 3 X U Atheris sp. 7 & D BLHfE
U7z, BHBREW Z L1012, T 45 polyHis-polyGly B3
RTPF R, invivoEFRTH Y RTF FIHEF LD D
WA % SVMP BHERIIR 2R LT\ 5 [44].
BRBET ORGSR E X CHERBR OB, HiE
BITE M EREAH L, BELAE oMl L #S I
HLTEFEZLATWS, SVMPIBREZETIX, 20
7 BERIEDY T FNRTF FEa—FL, F0%
1289200 7 3 VBBE D 7u (V) R A v hifil.
i, MoEMITR oS ADAM 7 7 3 Y —[T
HEFESRTWS, FIRITH T 2 SVMPIEMEIZIES
T, ANy 773V —07u (Fv) RAAV
DFFTENEX, MPD OfEIGYE % P E 4 2 L CEBE LK
2RI FHREINRBRES A TWS, Fu (Fv) R
A4 YD CRHRITIE, MMP & SVMP 7 7 3 ) — (23t
BLTC [YRATA VAL vF] (averd AT,
PKMCGVT) $EBBMEFE SR TWE, 7u (Fv) F
AL YU DBEES B L, MBSO IC Zn® DA T
%% [47. NEREZvE I vEE (Glu,E) oo s
NEIVEEADOBLIZ, T KX 4 ORIz B3
BT 2. B ORBRS 1 RFE SVMP O N
Ko rsrvix I vfbdnTnwdizd, = KR~ o
HilksTarA vy —sz vy —2Hwk7 IR
AT IZ TS LW, Fa AL Vi, $i7a FAA
VR U 7 SRR L 3 & M T BE
FEL D, WSS IR S 7z [31,48]. 2
No OBELTIE, SVMP DA IR ICTINEIZRIE S
N, 70 R VIIDWHRITHELE S S 0, FT2
THEBERICENET 2 LTI END T L ERE
LTW3, SVMP 7u KX A vk, HE»LRHPH
BEs T, EE, Rk OMET 2 gL L7z
BIED 70 54— AEFTIZEWTDH SVMP 71 K X
AYDORTF FEFFAES TV W [31,32]. SVMP
DO7a KA YORRB & OCEMEILA I =X 513,
MMP & ADAMS THE 7 3 [49,50]. FHARZMBA I &
% SVMP {EMAL A & = X L DEM % FHN 2 1201213,
DTEVFERTFEIDE»D LA,

6. BROEYEHEE

7F YV ANEROFEFFETDH 2 PLA, IS HIL IR
%, SVMP IZEBMIMEA v bV —27 OIEEF| &k 2
L, I i3RrEELELS Y, SRR s¢
5. 2016 4F I HAR & A7z Sanhajariya & O #RFL T I,
~CHOEREY (v b, UFX, F) e MK
T 2RO IEE £ £ O, ELISA ZHWTHE
SNTHROBEEZND R A 53— RITONWTEES
NTW3 [51]. EBREYIcB T2 ~vERHB I, A
BELTHES N ERTHIRNERE, 200K
FE23d 5. 5 1HE, S0ESTIT & 20 5 ~ 48
4y, B2 WZOB WHEI R I & 2 0 0.8 ~ 28 K}
MTh 2. BIRNEFRS iz FEH (Bothrops
alternatus, Vipera aspis, ¥ X Of Naja sp.) D5 2 I
WL, BEEP TSRV, HRENESIIEWT
X, 3 7 7 & Naja sp. 13, 27 %V ~NEF Vipera aspis
DOPHH 32 BEH] & 0 2 f5EWEZ R L TWS, FTz,
v b oMEFOEDEREIZOVTIE, EERIZAER
BOEE 4 MEDO T — & L, B L AR
D ELISAVEZFMEL LT T =402 LDLNT VS,
ZFOHEHERIZ, 2EIIZZ ) ~eRHITEE W&
FHOBWEEX, a7 7BOBREE XD bEdr oz,
& 512, Sanhajariya 5%, 7%V AR ET T ITHD
AT ENT: 145 NOBEHEDREZLD T — X &ffi
FEEHICH L (NONMEM 12 & 3 IEMEIR &% R E
TV 7Vv—nv—7), ZORRE, BURED}
X 9.71 = 120 R & HEE L 72 [51]. BHBRZR W Z
LIZ, ZNHDTF—RF a7 I7RBITZ ) AR
DO THEZFLEWSTWI EHRLTWS, a7 7k
LI IVANECROBEERA I =X D 32 B, £
NS B A~ R ER IR G 23 (BREHAD) o
M 27012, ~ECHOEERNITHIT 23y BNRE 23
B35 2 LIFIEHICEETD 2.

7. £&0

INFEFTANERGIT MRS N TSGR L &
En, BETHOANHOMEEL LTS, BERLE
R ZEFR I, NBRNEERRETDH 225, %0
EIBEINTWS, Hlz1E, PIHEBMEREER, ~
CWAGIZ X 2 HOEFNWHES X UBEE AT 2
25, R OEGIX, BRI L > THAls T,
BEOKGN L RERLEELSI SR Z 9 2. BT
KAERIEMS L, BEEEE (FITPLA, R SVMP) 12X -
ThH &8 Z &2 729, Viperidae 7 2% Category 1 O
0% % 5D 2HHD1>TH2 (1), ZnEThH
RIS DABEAN D 72 PLA, 2 SVMP D FHZEH] & L T,
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& FIEMHPERCENFIE TR SN TET, L
»L, TNHD%IE, A72—=7y MR RO L
L7z bAOEEWD LERIGAIIEZ I AL T
WL,

—F, BETRTOIZF VAL, LoBES iz AA
PERRERNE, 2o BEOEIR L CREN LIHE S
ROT ZERRLZ DRI L LFEIEIN TS, A
HPHEOIBIETHEE L CEHHEMMEY AT 208t L
BEHFAL=XNEMBHL, WRMERE O R 2
LRI HRST 2 2 L 1%, ~EWBGDOIEED 2D D
I DENTREEOERFITE 2. ~NEHEOFELBGE
BELZOHFBREMEFM (BE) 20w T oHEE,
PHERMBORE 2 & 4 2 N ECREIREIEOF T I
L5,

B F23

ARIFZE D —EB 1%, JSPS BHF & 17KK0179 @ Bl A&,
B, WRAKEWIHAEBOMEREIZL DT
H2 GRHEES : No.177104, No.181042).
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