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Structural biology of some snake venom protein families
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(School of Life Science, University of Science and Technology of China , Hefei 230027, China)

Abstract: Following the clues from our group’s characteristic investigations of five snake venom protein
families, a short review was provided on some research conclusions, current opinions and latest advances
from structural biology of snake venom protein families of serine proteases, metalloproteinase, CRISP,
phospholipase A2 and neurotoxin as well. This review emphasized the importance of structural biology of
snake venom glycoproteins, crystal structures at an ultrahigh resolution and the complex structure related
to snake venom proteins in the field of snake venom proteins.
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NATAR A SRR SR B 5 R IS5 5 T A 45 1)
YER. MERERE R & A 5 8 BT (L, SR Wi g
TR TP A B SR ~T020) , e 2L R
IR I, R NATTR SN IRl 2 D) g AR 4
AR AR 5 T E A R X e R Y BE PR AR
FH B v U S 80 250 it & B .
TREME R AR FAE T AT T 5 15 R 1 F
FEAMRAA T L, — A T e /3 Fh R (9 2
PR G 0a ). T — S 0 7 B AR AR Y 1 TR R
G, 1M g — e (A 28 R G T RE  EEEL s R
X BEUE S 3 A0 I AOUL SR A 15 A1) g 4 S 30 (s A1 T
g 5 PR O3 LA PR B g N b 22 B BEAE BARAE
WAk Koy ¥ A F BRI & & . AATAR PR X
SEFG AN FH T e 3 A 5Y L 180 R 1Y) B 1 BT A
UALER K o35 HE ) HOR AT TREAS 3] ey 2 g
BEAE B — U0 M — A5 R A5 . X S5 1A
ATARBNE R A B R A I Q8 T & B i, 22
RIRE AN L =B A AL WS TE A2,CRISP &
F & C BUBERE R R A S R IR R, T2 R
IEREH A I3 B A R KR 2 A b 2 5 R SF R .
IR 27 vh )7 24K Y £ il 2H %7 (x-omices) 1Y HE
A X EITERE REAE ST b, AT IE I fRr DA 4 i 3
10 I EE 2 H T 4 (snake venom proteomes) M B
MRFESEA (venom gland transcriptome) 4524 FFHp
AT RE S BE AR B TR A B AR

¥ Jre e 35 2R I B4 AR ) A A AR AN ORI
RWETEAS B R EE R R e TAE B AR T 2R,
WL AEY R T B AR N AR 2L 45 R
BRI, AGSH-THREOC & W WF o8 E Ry 4544 £ W)
SX) i BE AR H TS RE N AR E D Be 2 ARy i
BEAE ARAEAS A 25 R Bl W] NP0 B T R AR e 5
TEELRIIE ST S 25 et 55 0 T 4 1o FH. AR SC#s LA
W A ST R ) R e 2 A RN R R,
TR B 7R X S i 7 2 [ KR (W 2510 LE )2 B IR 435
R BUR Kt .

1 SERERAR

FeREAE XS5 LY LR
WA E R, SR AT E R B R AR
AR RS UMK, SR EANE THER
AR G M A e e AR AR 1 B PR 4
FEEZ A B RE SR AR A W I B R 58, W 51k
B R GENE . BeAh R Pl B 5 R A

PR AR S SETE PR X 67 Sk i e i A o
W < s £ 1 ol A M 7 2 ) R  se e b i
AL 50 %60,

1994 4F Bjarnason & Fox H 45 45 ¥4 188 1 2H K
e B E AN PT ~PIVIUFREAN P T
AN EH 142K &AL W 6
(metalloproteinase domain) ; P [T 2Bk 4> & £ FH B4
AN — > RS R LB SR
(disintegrin or disintegrin-like domain) ; P &4
GIRE AL, G R LS R
& 72 M &R 45 48 (cysteine-rich domain) ; PIV
BIER T DL B = a5 s A — it ik S
IR A GE B RE S C BUBEAR R AT B (C-
type lectin-like domains). AR 4 H I35 P4 19 58 55 , P
T AU WA A . P T A A, HAR B0 s
P3P T B MEAY, JGH M PR el 30 55 H 3% 4. 2005
4F Fox & Serrano X 4328 1k ik — 20 8 #5714
T USRS, 4G P I a A, 32030 AN 2 B ik 25
BAREMEGP I b WAL Z WA ST R R D-
1B S e mE E A Pl a B, SR 25
BEEME T EMERE B PITD A, 2TE =
R,

R0 1) 0 7 453 i 2 1 ol A 6 A R Y I T
A LA H 3 P AR 55 S P, N EAT
IFF B EERT s AATTHRAS 55 S I 358 X0 o7 f) e S
FREE, — B I P 0 e 7 4 R R S IR
TGP 0 e 45 R 1 B2 TR T AR MBI 2 2 s
() RE A AL 1 ) o B 4 JR A 11 A 114 1 970 AR BL .
Bt B T A 200 2405 48 5 H g 7 5115
S0 , (5 F1) bS50 0L PEATS S — ML A
ITHRE 0 A DX S 8 1 1Y = 4R 25 40 15 B b 3k 15

g3 ok AT R AR ZE T W R I (Crotalus
adamanteus )" F V4 & 22 1 ) B 4 ( Crotalus
atrox )" ) Adamalysin I Fll atrolysin C & fx 53K
15 A RS RG e A 1Y) e 75 43 R 2R U, A4 R Y
N 24 kD, &A 202 DRAIEMIRIEFPIXT " Hi, #
EFH MR P 1 B WA 4R & AN, s
XA H2-proteinase'® | acutolysin CM, TM-3M1%
BaP1M FIIM2 4% 5 4~ P | B WA g 8 4 & 2 (1l
AR AR AR S5 R B A

JAA CAIA P T AL RE 4 8 2R 1 1Y 25 () 25 4
HRARAEAL , A 731 SEHERCIR L 15 P O 19 L B %
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53 R R/INTEAS G5 R S8 N-siig 1 R 45 A i 5
R BEEA 4 Bt o MRBELL B — TN o/B 4
¥, C Ui/ RS P S — B K Y o BRI A
ST Horp — AN B — X AR — AN RS
1) PR B SR A 4. A 235 R 3 ) 245 6 50 1 L3 i vp
OB, TS T T A 20 ) B S T T BRI ER , 5 —
AN RRECS CNE D, SR EAET S AW
BUFRE %) HEXXHXXXXXH A1 CIM, H:rf CIM
FA R TGP H 0 BT 6 55 1 B S R G T, R B
O A

1 PIESEEOBMNTEEN
Fig. 1 Structure of P | type metalloproteinase

from agkistrodon acutus

1998 AEA SIS 2 e e 1 R U T 56 B S W) i s
(Deinagkistrodon acutus) i) acutolysin A ) fhiAkgs
FRE 3 H R E— AR AR A5 A i AT ) B i LT
W P T AME)ESEAB. X acutolysin A 7F
pH5. OIS HO Al pH7. 5 GEG ) 25 4F R 1 S A2
PRI B, P b 45 48 Ak 2> 7 5 Glul43 Il 5E
SRR RS A T ARk, TESS ISR T L B E
T5 Glul43 FRHEr e 4 5t Z 1] (1 ~F- 25 1 25 L
SR SR /0N, DN A A 3 M 2l 78 AT RE 5
FHK.

P[] #8075 43 Ja8 28 11 g A o 0 v ki w5 T P
T AL NATHED 58 5 3R 25 M A o 2 2 D 2 R 25
P S8l P BEAE 32 AR 351 45 7 T & 452 L BEAE . 2006
i, Takeda ff BT T K R F V4 & 22 5 m 2 g
(Crotalus atrox) ) Pl # 4 J& & 1B VAPL 1Y fm

IRGERGE) RS EIR R CP IR it A AT LA
HEBEEFEMEAEM 28GR EM Y loop #
e e R A H A 2L, TS T e 5 2R 1 BT 4
A M & 2 R 45 A B0 A9 B A8 X Chyper-
variable region, HVR) WAl )& &A= 8 FH-&E FHAHE
VBB X 8, % X IR A7 T C TR 114 32 i o 11X A Ak
B R G AT AT T i P I 2 e 5 4
J& % H M J5 £ ADAM (A Disintegrin And
Metalloproteinase) K % 5 & A& AE H 09 43 F MLl 42
HTLRER.

VAP #3373 ] 6 ST e 95— S A4
IJETF PN b WAL 2007 4F Igarashi S5 AT T 6] #E
KUVRTPEERZE T i BB WE (Crotalus atrox) B Pllla E
AUk 4 )8 & i VAP2B 1) 5 74 45 /05 Can
2) i HS VAPL FFIAMUNE 56 20, 2 AR
i L VAP2B RS VAPL B2 K B
FAUEE M 5B Mk 0 B 1 4 R 4549 (modular
architecture), X f & 1 45 ¥ XF F ADAM/
adamalysin /reprolysin & 5 i #7 i 15 51 7T BE J&
A5 EE .

2007 4F, — A P IV B Mg 5 & 8 & H il—
RVV-X 45975 27, 1% 8 By ET =451
SRR R C IR B2, TS VAPL, VAP2B
A2, T4 s & E RS A 5 &R = iR
iR A AERE R A BEAE . RVV-X 13X =4~
SEREIE B — AR CFIE. PIARBEEE R St
ERBHEENIE N — BB, 5180 =45 i L [m) e
AT

ASHIE ST 2H A BT T — R R T e R AR W) U
(Deinagkistrodon acutus) W Pl Bl 5 4 )8 & 1
AaH WAL (MR LK) . 5 VAPL  VAP2B A
FANAR 2 B A RS . e Ah At
SR R B, AT I T i (Viridovipera stejnegeri) H
aifb 153 PR P I AR e & R A E T
PR Tl IE 5 R i A T LR EF 5K /Y A B T 1
CGZAIR M AR L.

LELS NI SCIRIERE T 7P IR 2P
[IALA 1A~ PIV 290 5 42 25 11 A A AR 45 4, i
s S Vrieatalioh i N LN PORP P ¥ - ST IUECIUN
SRR BT T A A T BT B Ok TR e e AR
FI il 5 - H 2 AR 2 S W a5 b i i, RIIZ R
TR RN IT 25 G HSZ AR 2 T HLTHTI R AR A
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2 VAP1 B{f 7k E 3¢

Fig. 2 Stereo view of VAP1 protein from Crotalus atrox

2 WBLIAMRESHE

YR 22 A MR A H R T 2R R B K
RN T A TR R e B . AR T AR L
R T B 0 22 = WL B 1 OOV T A = 45 3
Wi 22 2 IR H 1 Il CAn R AR R4S L 7E Com 2 th T
— B T E BRI AL PR C R i S 81 (C-
terminal extension)™", It C Z 3ty ZE 1 /37 51) i 1 —
TS A 91 (A e 2 B AR 1% , DTNl g g 22 R
A il LU S TR A B S A N 51 22 1 — X%
. YR R R 22 2 R B 1 R RS B A RS B
WG, S A B BOE L o3, RS S g R W], i 7 22
AR AR R R 2 A 108 R 53 A K PR S L HE
PIASIN 4 IS ) 6 5 £ A 25 11 L, sk £ 1 CL BEIfL V
R, X 7, VIDER -, 25 3 i Dt S 3 IR i 522 | g
BE 22 F R AR 00 00 Se R, (45 i 3 22 2R 2 1
Bl ARAS T — € MG PRI 1 HAE 25 2% Ay i — 20
(FF R B B 22 24 18 25 11 1 fe & N IS8R 1 A=
YRR R LG K T — 2 R AR A B (exosite)
25 1Y A AR 5R), 0 O 52 B AR 1 A ) R (soybean
trypsin inhibitor, SBTD), 7K 18 % & JH % 55 19 sk
PR H R AS A A8 B 2 BT 4 2R S o - LR W 5
AT — R A T —& AR,

SR I ARAT A () S5 R ik A ) s 2 22 S R 2 1 il

il E A KRBT F Trimeresurus
stejnegeri ) WEEERY TSV-PAPY & ELA /K i 80006 £F
VB IS L, I H BRI X — 26 K AR R A 1 g
il Cn SBTD A AN BUSAE. 25 (8] 2544 1) ff Ay 2
PR T 22 G TR B 1 B I S AR ZE AL SR P iR
SHRARPHES 5 R RSl CAn ] 3) L (H R — gk
loop X3, a1l 37-loop, 174-loop,60-loop.99-loop M
S2 A5 F A A DXL v ) R L BOR A 78
XL Joop X8 A2 A [m] 1) g 25 22 24 12 48 [ B 7E 17
G 7 S B R DX 3R, TG 5 M 5 e 1 22 R 2R 1 il
HITREZREVER G, 78 TSV-PA i, S4 JEPI4E A3
fiEH T Arg™ 5 Asp” BHE U B2 7 H 5K
YIMEE A AEE A TSV-PA 54715 B RE 2
G285 K Asp” A G AR Ak s S2' 38 43 45 8] Bk
Phe' BJ5 & i 4l , Wit T80 5 — 204
F B0 Can SBTD MR Ss & a2 Rl m 2L
(A S5 T UE SR T AR A S (A 5 SR o2,
ABIFE LR A 5T e e S ) e 14 T A R 4K
T2 E R E 1 AaV-SP- T Fl AaV-SP-1] 4= %)
SRR R T TS OTIE T X R
I 23 [A) 254 127280 3 2 50— R R AR i R AR SR A
1) 0 B 22 24 TR AR, 1 I8t 17 25 (R 25440 D3k A4~ 2 A
gERa R FRATT R UL B i 7 22 2 R B 1 A A& 1
J3RT Be o 1800 D e SRRV AR . SE it AR AR S5 R 1Y
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B3 TSV-PA KISLKEIRT 4514
Fig. 3 Stereo view of TSV-PA protein

LA AT, 2 B0 Asn35 AR 843 BT o 48 9 4 ) 432
B T eSS — SRR 2SS CiniE 1),
DR T 1445 0] B A2 i N — S 0t B 22 R R B
it %ot — S DR AR R 11 AT 1) 75 AS SR ) D AL 3 A
MTLAFIAS RS J038 () —Fh 7 =X, eah , AR P AP 2R
TERIEIRIT I AL 2E— BRI R TEME o 5 =
AR S BRI AaV-SP- T RS A
- X AL BRI 1 B HES IR A — R BOAE T, AT
fifi AaV-SP- | R & HERAR Y AaV-SP-1] B
A N TR K T

(a) (b)
For showing the collision between the side-chains
of some residues of SBTI and carbohydrates of AaV-SPs.
B 4 Aav-SP-T (a) & AaV-SP-1 (b5
FEEBH-SBTI E5YNZ=HEHES
Fig. 4 Superimposition of AaV-SP-][ (a)
and AaV-SP- | (b) with trypsin-SBTI complex

B o— A kR T Agkistrodon  contortrix
contortriz B R IR KR H kS 1 R 285 09 e 75 22 2 1R
HH ACC-C M AR S5 #0 RAT T I e, X AP I

PRAG 56 vh © R4S Y e BE BT BE SR 11 C BUE W) (RY
il 44 8 Protac®) g LAAS RS T 5E 1L B¢ 1l 78 5 25
Il ( thrombin-thrombomodulin) A% 75 2 3 7% T &¢ 2
H C, R mige (Al o i i i C LEH
SIS RS SARSE R I o BT R W AL T AR AL AR
F14) T FEL AT DX A ORI 1] %) =~ B0 3 FT e 6 Kot
UL C MR 456 RO, WEE A4 T 10 1
RS LIRS IR R ik 1) 285 5 AR B AN g 52 el 4 16
SHRARAHES R 5 S5 50 U0 21 3% 8 X /Ny
P P KA TR 3% P AN 52 2 Pk 174 400 7 S e A —
. E5H AT AR BT, ACC-C X R 4R 410 il 19 N gk
REH K Trp” WM &% (5 TSV-PA KDty & 37-
loop HEIHERL SN (15 AaV-SPs ZE1L0).

EASHE R, AR IR B 2 R SR B
SRR R AN o B HE AR 22 (U B RTA 58St
Genbank IS5 T2 50 Fpix #h 2 FHAGF 51D L H 2 H
T B RS T T ok 19 Ak K 45 e L 7€ PDB
HRSC SR ) B B 22 28 IR AR Y =5 [R) 254, BT A
BRI EE. XIIRE R S X SR R 2 R
S (R 45 04 1 22 90 D 2 4 B A — b Pk i, 2
AR WA SR A B SO TAE.

3 HeEHHSE A2

WiAE M A2 (phospholipase A2, PLA2) i1k
M2 H M =R Y Sn-2 {5 BREH/K A , A= BONE 7 2 A i
BERG. BENRE A2 | ZAFTE T 3h W TH AL L de e
A Tz A R PLA2 ] LA A 7E 41
AT LA AR T8 A AN, 43 SRR R i 3% Y (eytosolic)
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A3 (secreted) PLA2PY | SEBR | Bl 25 44 Fh 45 4F
) PLA2 By &I, % PLA2 19 R 5050 L Z 7E AW
(R BEET 22 rh. TSR 0 3 284 & ORI LA 1k
2P RANE Y PLA2 2058 15 4 (group) ™%, Hirrig
# PLA2 43)@ T AGK A IR Bete Rl g g Rl ) |
T ACH A m e RHE ) K 11 BOK A g e R ig 5
o) =AML SR FEREEE L R DUA TS A RS
T (EH N T KA 4 PLA2,—FhFR N Asp® BLfY
PLAZ, X 55 —Fh R A Lys'" B PLAZ; 1 # HAT
§i B TR AT (TEFRIE 49 T4 L HE 49 7 A sk KL
K Asp B0# Ser, W ZE G HE Tl E N E T, AR
o B G 5 S B 49 DI RFRIE A Lys di# Arg,
Lys &% -/ N¢ R F (5# Arg MIEE I (19 AR
Fh BT Asp® B R &8 B R, R iX
K PLA2 AREGS A H B . Mg &M s 2E N
it P I 1 DR I 3K 2 PLA2 AXAT B AR 1 i 0
PR A B . H At &I PLA2 ¥01K
ST EA(13~15 kD), KR EZHEA 7 X% ik,
JUE RS RE PLA2 JECRHEYE (H e 23
PP EEH S 2 FRAE . X 26 2 | AR A AR U
V5T S PR R A I LR EE AR
P2 TR ROK RS, PR, i 7 PLA2 t % 8Ak L
WEHER METERS. A 02, 5 PLA2 Y
PR N R HVE A S nT B PLA2 B &M 56,
PLA2 S5G8E G RRE 2 G4 b R BERE I 7K fiff i L8
WG 40 ) 2 A W) (B E-Va-Xa-Ca® ") (1% pEBY
A S TR % M 1 PLA2 (B Lys' 80 BT 50 75 4
YER, BRI T8 T, — S A T RE R 5
M7 PLA2 AR By 20 25 DU S 45 4 i 135 A 0 L T e

P-wing

K HEAA TRt A C R4y 13 4S5%
Fe 5 — BV A IS P (Lys™ 8D 1) PLA2 BPEMIE
A G,

ZRERE R IR PLA2 () S R 25 4 2845 17 0
. PEARSER ST, PDB il 5 g PLA2 AH
KIAARA 2235 40 DL X SEEERIF 5T o T I
1 PLA2 55— PLA2 AYBEARGE 5 20750 4
75 =Bt o 1808 H1, H2 Al H3, — AR XUR ST
17 B (XK B3, B-wings) , — M5 B 1455 35,
AR EHEEATTH 2 BE loop FI-EXF —fi s (CANIEl 5) 5
FEEET A5 5 PSR $2 T A HLISY
JUAEA CIERE PLA2 (45 H LR )22 oE 200 ) L)
T =TT N

(1) XFTIHEEARFEA PLA2 BY45 I 2EF7 W0 , 3
P B ELAT A () 24 2 2 T 55 T BB 119 45 A S il A HIL
BN, X 2R F Bothrops pirajai W) PLA2
piratoxin [[[ AYZ5E )WL 42 H 8525 4 loop FI fE 5
Wyak A U AE T L0 X SRR T Agkistrodon
blomho f fii brevicaudus B PLA2 BIZ5FRFET , W
BN B M AR AR S, U TR A & 5
B I AL 2 ]y o8 R X ok IR T N IR i
(Micropechis ikaheka) W =~ PLA2 1Y [F] D
9T, R C R ZH AT RE S A 5 M B2 RS,
A BREARN S XRIET AL contortrix laticinctus
] ACL myotoxin (Lys" ) /A [F] ¥4 5 19 & 142 25 44 XL
D, e IRAE st 7K M T8 A7 7R B AR Cn A B R) 1 2544
o T C AR i 1Y FR AL 75 17 F — S i /K P AR
(f34% Phe'® ¢ Phe'* 45 ) H M A% H [6) T2 10T 36 i K
F17 Chydrophobic knuckle) , X Fh 45 7T g 5 H 3%

The locations of seven disulfide bonds connecting the polypeptide chain backbone as well

as the catalytic triad consisting of His*®, Tyr°?, and Asp” are shown.
5 #E PLA2 HEaEEH
Fig. 5 Ribbon representation of the overall structure of PLA2
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AT TP A FL A DA o 0 1 L PR B 1 1
AR A NG IR 2, TR JLR BB 35 PLA2 19 f
TRGSH WL ] T RARAFAERIAR TR 7311~ A
BOIA E A B AR ST X R T rh AR R
(Naja atra) 2 3 PLA2-Natratoxin [
25 ARSI BEIF I R BT, Natratoxin ¥ A-% K
(B HBRAMHEN, S Kv @EHEA W&
AEJRIE A T C 2R b A9 DX 3l oA 52 ol ol 388 8 174 4100 161
YEF s 7688 R0 1) 455 FOl T e AR A U I, SCB
FERRAE A5 (] b1 53 A ke E 2RI

(1) LA PLA2 HEAR X 18 H 1785373 il
FIECE TH 28 245 Wy - ikl 50 B 259 52 & Wy AT
LS IIRER R MBI, T PLA2 B0 =4
KRBT RAERUA A AR AT iR 28 00 7 A2 K e
KA AR X SR - A S W 2
WL, A7 B TR S E S AP 1 (35 2454 1Y)
it A B el k. . A Daboia russelli  pulchella
(DRP) #E 35 H i) PLA2 S9SN 1 & -5 HAm i 1
MIRBE(FLSYK M, LATYS ™) \HAT 5 5% A A7 A
Yos ) 148 R (alkaloid aristolochic acid)P* | BA
R S MR R s P 4R B B Calpha-
Tocopherol, Vitamin E) | B 4E f Catropine= | fi] ]
VEAK (Aspirin) 25 S WYL, X 2652 5 W) 1 25
MR VIE L G5 W ERTES S5 loops. B
wings M C A X B0 H O R 23 kA — 225 4k,
HAp G A Trp™ KL FRTE loop A W 454 - 11
AR, 55 A XF SR IR F Bothrops asper W) PLA2

myotoxin 11 5 HAH 254757 B (Suramin) ) 2 &
WA AT T2 F B IR B AR (R B 45 A R
AR FR RIS 683870 1l B 1) P 42 %o 358 P ool 1) 422
T I B O B U A b R e Y BV A L AT
P 2 PR,

(D LAERE PLAZ2 R SRR R, T R 5 0 7
ARSI, AR TR R SO IREOR AR
AL NP E T DS L L NI K7 U Es 27 Ne 1] Fiis
o AT — SRR 5T AT S R DAk B v o B
RAYZKF. $2 88 T, Petrova S5 AL, WS — i
TREEAE ) 53 BB T 0. 85 A BN Ay 2 31 35 WV Ji
TRV B R A RS AR 5 A DA M R R W i o
FErpaifl g FE PLA2 acutohaemolysin, 73815 T
5 B A T BRI SE T 0.8 A Zr Bk iy
PREEFYEY | Acutohaemolysin FYZ5 #1551 0101~4E
AR 232 DRSPS 3 BRI 45 R v 3R
AT E) T 58 5 43R (~ 2 A) M LW 3] (i 5%
ZEMG, HEWW R T 2425+ (4 2% 0 3
HE SR X SEAE 0 K 0 SR 45 4 v 2 TIC 0L
S0 B LEAL 5 5250 00 2 T Ak sk AR His™ i) BT+
AARZS CANIEL 6) 5 S5 48 53 Fr L[] BF 2R B, Phe!* (14 01
BT BERELE B9 IS A A AT 2 2 T .
MAES 10 A2 bl T2 —4 Try, AT RSFIY
Leu. NI HANGE & A B ARk, X AT B2 R &
T IMTE PR S AL

4 EEERFMEBSWER
/ﬁ\

=
=

=
B & R 4> W B H (cysteine-rich

These residual maps illustrate the side chain of catalytic residue His'® (a) and the dipeptide Phe??-Ala® (b).
Ee EEoWERNBTEER

Fig. 6 Residual maps that were obtained after high order refinement and contoured

at 0, 05 ¢/ A3 reveal peaks of electron density between the bonded atoms
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secretory proteins, CRISPs) J& T + 4 N | 5 ¥ 1€ Il
FLoh YIS AR A0 i h B — I EH L Z G
TERTA WHTE R MESh W) h#f & BL 1 CRISP, EAIT7E
B AR S 28 R G0 h R FEAE . AR X S
IINBEIE A ARG A (2 BT 2 K & LR 7 5
BA WS SRSEIE, A 1 16 > ez R # 2
TR IRSE YL 14 2R R R RRFR A T C s, Horp 10
LT PR-1 45 #4 38, ( pathogenesis-related type-1
protein superfamily, PR-1) J5 T [ 60 M5 IEMIER
Bl X, H 2 N I i PRSP PESE SR, BT A 1Y 16 2
PR S 5 S RIE BB B 8 X R BR T
HFL P ACAT 2L B ok, NATTHE A Fh s &
BT CRISP ZE 5 WL 51, 3X 2L ) ol 4, 45 . SR
BT 2R s 7 BRI S FVHEIE B 400 4. T RE
WFERBITEA R B LM PR rh 20 Al 9 CRISPs e BT
AR B AE Wi . G0 S5 PG BF BOIR B5715) BF (Mexican
beaded lizard; H. h. horridum) F #J CRISP & H
helothermine, /& — 7 2§ 38 i BH W7, BEAZ I 55 K
B, S R TR A A I L T Y
P3E JE F ryanodine 52 40 HE Y TCHE BF g B
CRISP # M allurin, J& — Ff 5> 5 K5 £ 40 M A
steritoli 2 HEURS B A4 0RG - 4H Bf £k 35000, 26 by
CRISP G4 H h 5% s 15~ DAF-16 4% 9 SCL-
1, B W28 U 2 A O AL T 22 1 45
TERET. ORI BE R b A — R 22 2R
FIRFRILMZE LT CRISP 25 19 Tex3l, W] L& #
AT 22 R HR B IG PE DO Ree . R, g T
FhIIRER ZHEE , R 2400 CRISP K& Y 44847
HSRA R T4 RN,

EHIIERE CRISP (L RERT KL P — 28
AL ERAZ T 195 (eycelic nucleotide-gated, CNG)
8B Y, o — S T ] v e R A
g &

HAET, K BB CNG 18 18 & 1 FH B ) 5 i 2
CRISP % H A RIET Pseudechis australis W #F )
Pseudechetoxin (PsTx) fll Pseudechis porphyriacus
MEFER pseudecin'® % B0 EA 211 A1 210 4>
QIR E Z A 96. 7% 7 5 A JEME. BAREAT
#BT AW CNG & 38 18 , H 2 G A A JEw K
F 2250, PIE X CNGA2 W FE R E SR A 1A 30 f%
(22 5], AP R ORI T R AR IR B (N. atra)
B¢ CRISP-natrin AE#0 5 H S 80 2 115 2 10 °F
IR TR I3 R W] 1 pM natrin A] LAY 58

e B  B BAA /N BN 32 30 Dk PR 4 EL A 5 e JHE
fili gk 77 L g — 20 1 1 A5 AL 448 A 4 4 A A e 5
B UESE. natrin AT LS 0L 4577 9 ULZ0 M R
SRR ) A B B (BKca channel) , 22 5030 il vk
J& 1C5, 4 34. 4 nM, Hill ZECH 1. 02, HABBTFELL A
P natrin A0 AT DU EE AR AR () B 38 I Kvl. 3
MERSA L PR T L e g T iE I K 2R B, Natrin
LIS RyR ZARILUIHE, # B Natrin 7] LI 5
RyR ZIRZE 5.

AW A E RME 7RI T F iR
stecrisp 2 F A & A 45 #9090 steerisp A R 45 44
PR-1 5 #4301 CRD 45 #4385 28 B, 5 4235 4y 358 22 1]
FH — BORRUE 1 BURE XM . I R R A 16 4>
AR B 2 I L AR 8 X s, Horh 3 Xd e
PR-1 538, 2 X FEECBE X, 3 XFHE CRD &5 #45h
(AN 7). stecrisp FEXF B 18 98 95 Fetk LA F
natrin, i B AR I SEHUESE 1 uM stecrisp 7] LA
PO 1A L cGMP 5088 7 B 30 38 T 40
JHL A Ve B, A2 A LA WSO VT Il - T AL
(BN HA W I 22 S0 SR T B AT Y 5 TE] S5 Ab A A
Zl. FATE LT 5 525 2 1Y natrin fARSE ) L
P CRISP ZR 16 Hh i) 125 368 128 BEL Wi 4007 7T g A2
I — BOCHE FR AL S B FaE E A BAE R Y. 454
G3HT Ke— T 5 LR 7R X e G RR A D Re kR R
F CRD A9 loop I X3, Il loop S5 AL T HA~25
M3z 18] 55 ) AH B AE FH AL T, stecrisp 1 natrin —
AESEF LA W I X3 1) 45 R LA AR R 22 5. 3 W]
FE A I R A0 43 2 1% 8 36 T A P A B R 4
7 —E ) L5 MY LAl 38 4T stecrisp Al natrin 4544
FIDIREMFIE A I, B AR — 3% — 7 5 N 2s [a) 454
e AR (H S AR S & i Bl G AR B U )

Putative achve sile

7 stecrisp BIZ5#4
Fig. 7 Overall three-dimensional structure

of stecrisp from Trimeresurus stejnegeri



% 8

HTRERQHENENFZIR 917

SFCAH R AR P 2B AR ARV 1 722 Ak, HEAtL B 58 40 T3
B 7, X natrin 5 RyR 32 /K 147 18 18
Kvl. 3 BIFEM 7 WA T —SEHEM o 5 oAb x>k
TSk (Trimeresurus flavoviridis) W Triflin &
IREE R AT T I TR T REAH JC A 5 AL 7T
S3-WAE T HED.

5 WEHESEERH

P2 R T AL WA 2 R B T e
iR BRI A, 23X R BE R BRI L s A IR R PR R
PR 0 , T BB A T, $5 HAE AT AR AL
(IANTR] A 288 R 2] DLy A 2 Ml i o 26 25 35 F1
SR TER. S MATAN 2T R AR TR AT,
REAE B 11 £ Tk JIELB8C 114 86 30 B8 e R 2 i JE. 58
IR R WK g AR, XEMAETHERN T
HART 10kD, EZ R —RKHA PLA2 G PR 7
RIS o 22 1 AR T S S B, AT AT R
— Ve S B b LRI SZ A, B IR Bl 205 5 i 1%
. PR 25 R AR T O mEIRGRAZ 1R 19 25 A AR
LA AR RE 10 ~10 1 M Z AL IR RA
“Z R AR RRRIE L 45 A DX 55 A Y K 2 RSk
i, HrF i — /T 10 kD, J2—2R %A B PE)
ZEE RS RS M AR F ALK o AR
M e PAEFER. o PHARERMEM THNZIREE
PSS ARECE XS W AR L T fh2 T R AR
T MAEZAR. o PR AIEREE 2R AR
HEPh AR R, WAMEA — e 2 R W RN T A
SR TRk ig e AR A A A0 5 bk
WIS B R A IR A AR e 35 28 fil J5 #2255
RIATF I CARAT M , AR 45 2 FE R 5% A 0 — i o
BH AR, AR B AT 20 D 4 i 28 5 8 ALK B
MAHR MM AHER A 60~62 NEIEMR
BRAE N DUXS RS K EEF R R A 65~T4 1
ZAEERFRFE N 5 X k. Jy A LA R WL s A £
B R ] 1Y 2 BB 7 8 [ 5 vk 3k 7096 ~95 %6, T A
HEMA TR S KB RER Z [\ 1Y 791 [F PR 2
A 28%~33%",

JUFP G Ep 2 T3 PE R NMR 2544 I i AR S5 /1R
FLLIRTSEARAT 70 772 (] 5 A e B 22 R
SEAE LR BT, ok B0 S 4 i 22 1 R A B AR R A
BRG. GER N B = R A PR A Loop M
—NERKAZC T R = dE Sk O
— R PIHGX R S5 A g FR O =48 8 . 7E =1 loop

AL PIASCEATRY B BE. ] Loop AP 2R B B
5 C % loop HI— 4% B BEIE L = BESCEAT R B 3
B CANIEL 8). SR A A 2 75 R A S5 A, B
LU AT o R B T8 M s ik 40 %.

| 4"
strand3 i

strands

strand4

B 8 atratoxin FE— MM X FEZH
HEFEZEMREZRE

Fig. 8 The homodimer atratoxin linked

by a Cu*" in the asymmetric unit

T o PIAERER S CIRIEGZ AR & R AT,
fdi A SO AT — 2 1Y 24 2 N AN (L, ) P et A A7)
XX LA 5 SR ABRSZ AR S G a5 H E R4 iR
O R, WOk H OB SR L 3 4T B IR 8R4 (Naja
mossambica mossambica) WK EE o PETFER HiEK
W4 (Lymnaea stagnalis) F 1 ZBEIRRRES & & H
AN A ARG R UL R BT TR A TR AR A
Y A I8 FE R T AR SRR GRS
EEHMEERE S (E O IFHMEERS 5
RS TIEE, CBIMES & R H MR 1
MG I T A, JUHR S YIRIE U L EAR
Bl LS A ) C-loop M F-loop B T J549) FA &2 [+]
TR T % =483 R 128 — 484K loop . 5 — 54K loop
Tty K 43 C 2R s s A0 (%) 6, 5. 45 R UL T s, 2 B
BER T I RSFRORT R MoK N Z R A 550 1
CMERRTRES & H A sh M 45 &, XM 4 B
BRABACH AT B T AT 2R R m i B AR, JOF
N EIRZE T W JE TEmt i SZ AR 3R A T — A
it

ARG E T AR (Naja atra)
PAFI o MEEM AR IBTEM L RER atratoxin M
HAR R B R R AR 11 atratoxin b [ & 20 R 1)
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\ {
HO5EEHIFR ACh i A WIS B IFIE,
FORRIEREMAEFER Chix
B9 Chtx-AchBP E & ¥
Fig. 9 The Cbtx-AchBP complex structure

from Naja mossambica mossambica

SRR AL R AT 43 B340 5008 0.87 A & 0. 92
AI=181 f FX A atratoxin 5 [ 5 AR 766 4 B
FAETERIEAE TR 09, BIr AR AT AR 0 7E h ffy
AT SR A9 B2 TSR R AT AT LA SAD J7 ¥ f# At
TG [ B AR 5 AR U8 I 38 R 2 i LBk
AN 8). A NBXLBR IS AET A Z M4 B 11
atratoxin Z5F4 v, —FIHT Y FUBC ALY 2 A B A
R A BER A R TR AL BLAh AN BRI TR I 2
ANFRILN L2 TR G T ~30 % AT REAY SR FAESE F v
B B 2, 254 LA B 455 ik BE 2 AR T T B
FHOCIE PEAB ARG SRR T L B Arg™ S Arg™ fi B 1Y
GRAG N} B U REPE AR SR O VE .

6 4&iE

AR5 2H 30 %o s i 2 1 v 8 HAt AR R
TEREYE RIS, e EE C — B R M
ML IR L2 AR LB AR FE B
AR BR T b RE PLA2 5—Simil R =44 .
MARERE OB & E AN E S YNG4
TSN A LT R g T C AL BRI
REAWITRE TR f E N 586 WIEEN O
BOE AWz [ 25 F 0 AR Hode 1 S5 5 X
HF 1 GLA 458 m 2 & 9. e d & A
botrocetin 5 vWF ) A1 g5 #1881 &2 & W0 45 45
¥, FTLLACH B AW B 4548 D FIAR DG T et 5%

H SR LA AR FITE P B 02 5 TR S K
1P 7 12—

Bt ZRMARERFTCITETIE 20 F4)
HRRAZ— 33T aEHEF BRaRFAFA
2% PEAFRFRDZRGRN LE HILLH
RAEAL T AR B G R, f£b— I AT R

2 2 X Hf (References)

[1]Fox J] W, Serrano S M. Exploring snake venom
proteomes: multifaceted analyses for complex toxin
mixtures| ] |. Proteomics, 2008,8(4): 909-920.

[ 2 ] Pahari S, Mackessy S P, Kini R M. The venom gland
transcriptome of the Desert Massasauga rattlesnake
( Sistrurus  catenatus edwardsii ): towards an
understanding of venom composition among advanced
snakes (Superfamily Colubroidea)[J]. BMC Mol Biol,
2007,8. 115.

[ 3 ] Moura-da-Silva A M, Butera D, Tanjoni I. Importance
of snake venom metalloproteinases in cell biology:
effects on platelets, inflammatory and endothelial cells
[J]. Curr Pharm Des, 2007,13(28): 2 893-2 905.

[ 4 ] Bjarnason ] B, Fox ] W.
metalloproteinases from snake venoms|[ ]J]. Pharmacol

Ther, 1994,62(3): 325-372.
[ 5] Fox]J W, Serrano S M. Structural considerations of

Hemorrhagic

the snake venom metalloproteinases, key members of
the M12 reprolysin family of metalloproteinases[ ] ].
Toxicon, 2005,45(8): 969-985.

[ 6 ] Gomis-Ruth F X, Kress L. F, Kellermann J, et al.
Refined 2. 0 A X-ray crystal structure of the snake
venom zinc-endopeptidase adamalysin II. Primary and
tertiary structure determination, refinement, molecular
structure and comparison with astacin, collagenase and
thermolysin[ J]. ] Mol Biol, 1994,239(4); 513-544.

[ 7 ] Zhang D, Botos I, Gomis-Rueth F X, et al. Structural
interaction of natural and synthetic inhibitors with the
venom metalloproteinase, atrolysin C (form d) []J].
Proc Natl Acad Sci U S A, 1994,91(18): 8 447-8 451.

[ 8 ] Kumasaka T, Yamamoto M, Moriyama H, et al.
Crystal structure of H2-proteinase from the venom of
Trimeresurus flavoviridis[ J ]. J Biochem, 1996, 119
(1. 49-57.

[ 9] Zhu X, Teng M, Niu L. Structure of acutolysin-C, a
haemorrhagic toxin from the venom of Agkistrodon
acutus, providing further evidence for the mechanism
of the pH-dependent proteolytic reaction of zinc

metalloproteinases [ ] ].  Acta Crystallogr D Biol



% 8

HTRERQHENENFZIR 919

Crystallogr, 1999,55(Pt 11): 1 834-1 841.

[10] Huang K F, Chiou S H, Ko T P, et al. The 1. 35 A
structure of cadmium-substituted TM-3, a snake-
venom metalloproteinase  from  Taiwan  habu:
elucidation of a TNFalpha-converting enzyme-like
active-site structure with a distorted octahedral
geometry of cadmium[J]. Acta Crystallogr D Biol
Crystallogr, 2002,58(Pt 7). 1 118-1 128.

[11] Watanabe L, Shannon J D, Valente R H, et al. Amino
acid sequence and crystal structure of BaPl, a
metalloproteinase from Bothrops asper snake venom
that exerts multiple tissue-damaging activities [ J .
Protein Sci, 2003,12(10): 2 273-2 281.

[12] Lou Z, Hou J, Liang X, et al. Crystal structure of a
non-hemorrhagic fibrin Cogen) olytic metalloproteinase
complexed with a novel natural tri-peptide inhibitor
from venom of Agkistrodon acutus[J]. J Struct Biol,
2005,152(3): 195-203.

[13] Bode W, Gomis-Ruth F X, Stockler W. Astacins,
serralysins, snake venom and matrix metalloproteinases
exhibit
(HEXXHXXGXXH and Met-turn) and topologies and
should be grouped into a common family, the
‘metzincins * [ J]. FEBS Lett, 1993, 331 (1-2):
134-140.

[14] Gong W, Zhu X, Liu S, et al. Crystal structures of

acutolysin A, a three-disulfide hemorrhagic zinc

identical zinc-binding environments

metalloproteinase  from  the snake venom  of
Agkistrodon acutus[ J]. ] Mol Biol, 1998, 283 (3):
657-668.

[15] Takeda S, Igarashi T, Mori H, et al. Crystal
structures of VAPI reveal ADAMs’ MDC domain
architecture and its unique C-shaped scaffold [ ]].
EMBO J, 2006,25(11); 2 388-2 396.

[16] Igarashi T, Araki S, Mori H, et al. Crystal structures
of catrocollastatin/ VAP2B reveal a dynamic, modular
architecture of ADAM/adamalysin/reprolysin family
proteins[ J ]. FEBS Lett, 2007,581(13); 2 416-2 422.

[17] Takeda S, Igarashi T, Mori H. Crystal structure of
RVV-X: an example of evolutionary gain of specificity
by ADAM proteinases| J ]. FEBS Lett, 2007,581(30) :
5 859-5 864.

[18] Zang J, Zhu Z, Yu Y, et al. Purification, partial
characterization and crystallization of acucetin, a
protein containing both disintegrin-like and cysteine-
rich domains released by auto-proteolysis of a P-III-
type metalloproteinase AaH-IV  from Agkistrodon
acutus venom[ J]. Acta Crystallogr D Biol Crystallogr,
2003,59(Pt 12). 2 310-2 312.

[19] Braud S, Bon C, Wisner A. Snake venom proteins

acting on hemostasis[ J |. Biochimie, 2000, 82(9-10);
851-859.

[20] Matsui T, Fujimura Y, Titani K. Snake venom
proteases affecting hemostasis and thrombosis [ ] .
Biochim Biophys Acta, 2000,1477(1-2): 146-156.

[21] Parry M A, Jacob U, Huber R, et al. The crystal
structure of the novel snake venom plasminogen
activator TSV-PA: a prototype structure for snake
venom serine proteinases[J]. Structure, 1998,6(9);
1 195-1 206.

[22] Pirkle H. Thrombin-like enzymes from snake venoms:
an updated inventory. Scientific and Standardization
Committee’s Registry of Exogenous Hemostatic
Factors[ J]. Thromb Haemost, 1998,79(3): 675-683.

[23] Zhang Y, Wisner A, Xiong Y, et al. A novel
plasminogen activator from snake venom. Purification,
characterization, and molecular cloning [ J]. ] Biol
Chem, 1995,270(17): 10 246-10 255.

[247] Braud S, Le Bonniec BF, Bon C, et al. The stratagem
utilized by the plasminogen activator from the snake
Trimeresurus stejnegeri to escape serpins [ ] J.
Biochemistry, 2002,41(26) . 8 478-8 484,

[25] Braud S, Parry M A, Maroun R, et al. The
contribution of residues 192 and 193 to the specificity
of snake venom serine proteinases[]J]. ] Biol Chem,
2000,275(3): 1 823-1 828.

[26] Zhang Y, Wisner A, Maroun R C, et al. Trimeresurus
stejnegeri snake venom plasminogen activator. Site-
directed mutagenesis and molecular modeling[ ] ]. J Biol
Chem, 1997,272(33): 20 531-20 537.

[27] Zhu Z, Gong P, Teng M, et al. Purification, N-
terminal  sequencing, partial  characterization,

crystallization and preliminary crystallographic analysis

of two glycosylated serine proteinases from
Agkistrodon acutus venom[ J]. Acta Crystallogr D Biol
Crystallogr, 2003,59(Pt 3): 547-550.

[28] Zhu Z, Liang Z, Zhang T, et al. Crystal structures
and amidolytic activities of two glycosylated snake
venom serine proteinases[ ] ]. ] Biol Chem, 2005, 280
(11): 10 524-10 529.

[29] Murakami M T, Arni R K. Thrombomodulin-
independent activation of protein C and specificity of
hemostatically active snake venom serine proteinases:
Crystal structures of native and inhibited Agkistrodon
contortrix contortrix protein C activator[ ] ]. ] Biol
Chem, 2005,280(47): 39 309-39 315.

[30] Kisiel W, Kondo S, Smith K J, et al. Characterization
of a protein C activator from Agkistrodon contortrix
contortrix venom| ] |. ] Biol Chem, 1987, 262 (26).

12 607-12 613.



920 FEAFHRARFFIR

% 38 %

[31] Dennis E A. The growing phospholipase A2
superfamily of signal transduction enzymes[]]. Trends
Biochem Sci, 1997,22(1). 1-2.

[32] Schaloske R H, Dennis E A. The phospholipase A2
superfamily and its group numbering system [ ] ].
Biochim Biophys Acta, 2006,1761(11): 1 246-1 259.

[33] Murakami M T, Kuch U, Betzel C, et al. Crystal
structure of a novel myotoxic Arg49 phospholipase A2
homolog ~ ( zhaoermiatoxin ) from  Zhaoermia
mangshanensis snake venom: insights into Arg49
coordination and the role of Lys122 in the polarization
of the C-terminus| J]. Toxicon, 2008,51(5): 723-735.

[34] Kini R M, Evans H J. A model to explain the
pharmacological effects of snake venom phospholipases
A2[]]. Toxicon, 1989,27(6): 613-635.

[35] da Silva Giotto M T, Garratt R C, Oliva G, et al.
Crystallographic and spectroscopic characterization of a
molecular  hinge: conformational ~ changes in
bothropstoxin I, a dimeric Lys49-phospholipase A2
homologue J]. Proteins, 1998,30(4); 442-454.

[36] Lomonte B, Angulo Y, Calderon L. An overview of
lysine-49 phospholipase A2 myotoxins from crotalid
snake venoms and their structural determinants of
myotoxic action[ J ]. Toxicon, 2003,42(8); 885-901.

[37] Brunie S, Bolin J, Gewirth D, et al. The refined
crystal structure of dimeric phospholipase A2 at 2. 5 A.
Access to a shielded catalytic center[ J|. J Biol Chem,
1985,260(17) . 9 742-9 749.

[38] Wang X Q, Yang J, Gui L, et al. Crystal structure of
an acidic phospholipase A2 from the venom of
Agkistrodon halys pallas at 2. 0 A resolution[J]. ] Mol
Biol, 1996,255(5): 669-676.

[39] Scott D L, White S P, Otwinowski Z, et al. Interfacial
catalysis; the mechanism of phospholipase A2 [ ] ].
Science, 1990,250(4 987): 1 541-1 546.

[40] Rigden D J, Hwa L. W, Marangoni S, et al. The
structure of the D49 phospholipase A2 piratoxin 111
from Bothrops pirajai reveals unprecedented structural
displacement of the calcium-binding loop: Possible
relationship to cooperative substrate binding[J]. Acta
Crystallogr D Biol Crystallogr, 2003, 59 (Pt 2).
255-262.

[41] Xu S, Gu L, Jiang T, et al. Structures of cadmium-
binding acidic phospholipase A2 from the venom of
Agkistrodon halys Pallas at 1. 9A resolution [ ] .
Biochem Biophys Res Commun, 2003, 300 (2);
271-2717.

[42] Lok S M, Gao R, Rouault M, et al. Structure and
function comparison of Micropechis ikaheka snake

venom phospholipase A2 isoenzymes [ ] ]. FEBS ],

2005,272(5): 1 211-1 220.

[43] Ambrosio A L, Nonato M C, de Araujo H S S, et al.
A molecular mechanism for Lys49-phospholipase A2
activity based on ligand-induced conformational change
[J]. J Biol Chem, 2005,280(8): 7 326-7 335.

[44] Lee W H, da Silva Giotto M T, Marangoni S, et al.
Structural basis for low catalytic activity in Lys49
phospholipases A2--a hypothesis: the crystal structure
of piratoxin Il complexed to fatty acid [ ] J.
Biochemistry, 2001,40(1): 28-36.

[457] Singh G, Jasti J, Saravanan K, et al. Crystal structure
of the complex formed between a group I phospholipase
A2 and a naturally occurring fatty acid at 2. 7 A
resolution[ J]. Protein Sci, 2005,14(2); 395-400.

[46] Jabeen T, Singh N, Singh R K, et al. Crystal
structure of a heterodimer of phospholipase A2 from
Naja naja sagittifera at 2. 3 A resolution reveals the
presence of a new PLA2-like protein with a novel cys
32-Cys 49 disulphide bridge with a bound sugar at the
substrate-binding site [ J ]. Proteins, 2006, 62 (2):
329-337.

[47] Hu P, Sun L, Zhu Z Q, et al. Crystal structure of
Natratoxin, a novel snake secreted phospholipaseA2
neurotoxin from Naja atra venom inhibiting A-type K
(+) currents[J]. Proteins, 2008,72(2): 673-683.

[487] Chandra V, Jasti J, Kaur P, et al. Crystal structure of
a complex formed between a snake venom
phospholipase A(2) and a potent peptide inhibitor Phe-
Leu-Ser-Tyr-Lys at 1. 8 A resolution ] ]. ] Biol Chem,
2002,277(43): 41 079-41 085.

[497] Singh R K, Ethayathulla A S, Jabeen T, et al. Aspirin
induces its anti-inflammatory effects through its
specific binding to phospholipase A2 crystal structure
of the complex formed between phospholipase A2 and
aspirin at 1. 9 angstroms resolution[ J]. J Drug Target,
2005,13(2): 113-119.

[50] Chandra V, Jasti J, Kaur P, et al. Structural basis of
phospholipase A2 inhibition for the synthesis of
prostaglandins by the plant alkaloid aristolochic acid
from a 1. 7 A crystal structure[ J ]. Biochemistry,
2002,41(36): 10 914-10 919.

[51] Chandra V, Jasti J. Kaur P, et al. First structural
evidence of a specific inhibition of phospholipase A2 by
alpha-tocopherol (vitamin E) and its implications in
inflammation: crystal structure of the complex formed
between phospholipase A2 and alpha-tocopherol at 1. 8
A resolution[ J]. J Mol Biol, 2002,320(2). 215-222.

[52] Murakami M T, Arruda E Z, Melo P A, et al
Inhibition of myotoxic activity of Bothrops asper

myotoxin II by the anti-trypanosomal drug suramin[ J].



% 8

HTRERQHENENFZIR 921

J Mol Biol, 2005,350(3);: 416-426.

[53] Petrova T P A. Protein crystallography at subatomic
resolution[ J]. Reports on Progress In Physics, 2004,
67(9): 1 565-1 605.

[54] Liu Q, Huang Q. Teng M, et al. The crystal
structure of a novel, inactive, lysine 49 PLA2 from
Agkistrodon acutus venom: an ultrahigh resolution,
AB initio structure determination[]J]. J Biol Chem,
2003,278(42): 41 400-41 408.

[55] Schreiber M C, Karlo J C, Kovalick G E. A novel
cDNA from Drosophila encoding a protein with
similarity to mammalian cysteine-rich secretory
proteins, wasp venom antigen 5, and plant group 1
pathogenesis-related proteins[ J]. Gene, 1997,191(2):
135-141.

[56] Olson J H, Xiang X, Ziegert T, et al. Allurin, a 21-
kDa sperm chemoattractant from Xenopus egg jelly, is
related to mammalian sperm-binding proteins[ J ]. Proc
Natl Acad Sci U S A, 2001,98(20): 11 205-11 210.

[57] Ookuma S, Fukuda M, Nishida E. Identification of a

DAF-16 transcriptional target gene, scl-1, that

regulates  longevity and stress resistance in
Caenorhabditis elegans[]J]. Curr Biol, 2003, 13(5):
427-431.

[58] Mochca-Morales J, Martin B M, Possani L D.
Isolation and characterization of helothermine, a novel
toxin from Heloderma horridum horridum (Mexican
beaded lizard) venom [ J]. Toxicon, 1990, 28 (3);
299-309.

[59] Milne T J, Abbenante G, Tyndall ] D A, et al.
Isolation and characterization of a cone snail protease
with homology to CRISP proteins of the pathogenesis-
related protein superfamily[ J]. J Biol Chem, 2003,278
(33): 31 105-31 110.

[60] Morrissette J, Kratzschmar J, Haendler B, et al
Primary structure and properties of helothermine, a
peptide toxin that blocks ryanodine receptors [ ] J.
Biophys J, 1995,68(6): 2 280-2 288.

[61] Yamazaki Y, Koike H, Sugiyama Y, et al. Cloning
and characterization of novel snake venom proteins that
block smooth muscle contraction[ J]. Eur J Biochem,
2002,269(11): 2 708-2 715.

[62] Brown R L, Haley T L, West K A, et al
Pseudechetoxin: a peptide blocker of cyclic nucleotide-
gated ion channels[ J]. Proc Natl Acad Sci U S A,
1999,96(2) ; 754-759.

[63] Wang J, Shen B, Guo M, et al. Blocking effect and
crystal structure of natrin toxin, a cysteine-rich
secretory protein from Naja atra venom that targets the

BKCa channel [ J]. Biochemistry, 2005, 44 (30):

10 145-10 152.

[64] Wang F, Li H, Liu M N, et al. Structural and
functional analysis of natrin, a venom protein that
targets various ion channels[J]. Biochem Biophys Res
Commun, 2006,351(2) . 443-448.

[65] Guo M, Teng M, Niu L, et al. Crystal structure of
the cysteine-rich secretory protein stecrisp reveals that
the cysteine-rich domain has a K™ channel inhibitor-like
fold[J]. J Biol Chem, 2005,280(13); 12 405-12 412.

[66] Shikamoto Y, Suto K, Yamazaki Y, et al. Crystal
structure of a CRISP family Ca’"-channel blocker
derived from snake venom[]J]. ] Mol Biol, 2005, 350
(4): 735-743.

[67] Pungercar J, Krizaj I. Understanding the molecular
mechanism underlying the presynaptic toxicity of
secreted phospholipases A2[J]. Toxicon, 2007,50(7);
871-892.

[68] Tsetlin V I, Karlsson E, Utkin Y N, et al. Interaction
surfaces of neurotoxins and acetylcholine receptor[ J].
Toxicon, 1982,20(1) . 83-93.

[69] Martin B M, Chibber B A, Maelicke A. The sites of
neurotoxicity in alpha-cobratoxin[ J ]. ] Biol Chem,
1983,258(14) . 8 714-8 722.

[70] Juan H F, Hung C C, Wang K T, et al. Comparison
of three classes of snake neurotoxins by homology
modeling and computer simulation graphics [ J .
Biochem Biophys Res Commun, 1999, 257 (2);
500-510.

[71] Tsernoglou D, Petsko G A. The crystal structure of a
post-synaptic neurotoxin from sea snake at A resolution
[J]. FEBS Lett, 1976,68(1); 1-4.

[72] Low B W, Preston H S, Sato A, et al. Three
dimensional structure of erabutoxin b neurotoxic
protein; inhibitor of acetylcholine receptor[]J]. Proc
Natl Acad Sci U S A, 1976,73(9);: 2 991-2 994.

[73] Bourne Y, Talley T T, Hansen S B, et al. Crystal
structure of a Cbtx-AChBP complex reveals essential
interactions between snake alpha-neurotoxins and
nicotinic receptors[ J]. EMBO J, 2005,24(8); 1 512-
1 522.

[74] Lou X, Liu Q, Tu X, et al. The atomic resolution
crystal structure of atratoxin determined by single
wavelength anomalous diffraction phasing[J]. J Biol
Chem, 2004,279(37): 39 094-39 104,

[75] Lou X, Tu X, Pan G, et al. Purification, N-terminal
sequencing, crystallization and preliminary structural
determination of atratoxin-b, a short-chain alpha-
neurotoxin from Naja atra venom[ ] ]. Acta Crystallogr
D Biol Crystallogr, 2003,59(Pt 6): 1 038-1 042.

[76] Tu X, Huang Q, Lou X, et al. Purification, N-



922 FEAFHRARFFIR

% 38 %

terminal sequencing, crystallization and preliminary X-
ray diffraction analysis of atratoxin, a new short-chain
alpha-neurotoxin from the venom of Naja naja atra[ J .
Acta Crystallogr D Biol Crystallogr, 2002,58 (Pt 5):
839-842.

[77] Xu G, Ulrichts H, Vauterin S, et al. How does
agkicetin-C bind on platelet glycoprotein Ibalpha and
achieve its platelet effects[ J]. Toxicon, 2005,45(5):
561-570.

[78] Zhang H, Yang Q, Sun M, et al. Hydrogen peroxide
produced by two amino acid oxidases mediates
antibacterial actions [ J]. J Microbiol, 2004, 42 (4);
336-339.

[79]Xu G, Teng M, Niu L, et al

characterization, crystallization and preliminary X-ray

Purification,

crystallographic analysis of two novel C-type lectin-like
proteins: Aall-A and Aall-B from Deinagkistrodon
acutus venom[ J]. Acta Crystallogr D Biol Crystallogr,
2004,60(Pt 11): 2 035-2 037.

[80] Zang J, Teng M, Niu L. Purification, crystallization
and preliminary crystallographic analysis of AHP IX-
bp, a zinc ion and pH-dependent coagulation factor 1X
binding protein from Agkistrodon halys Pallas venom
[J]. Acta Crystallogr D Biol Crystallogr, 2003,59 (Pt
4). 730-733.

[81] Liu S, ZhuZ, SunJ, et al. Purification, crystallization
and preliminary X-ray crystallographic analysis of
agkaggregin, a C-type lectin-like protein from
Agkistrodon acutus venom[ ] |. Acta Crystallogr D Biol
Crystallogr, 2002,58(Pt 4). 675-678.

[82] Rong H, Li Y, Lou X, et al. Purification, partial
characterization, crystallization and preliminary X-ray
diffraction of a novel cardiotoxin-like basic protein from
Naja naja atra ( South Anhui) venom [ J]. Acta
Crystallogr Sect F Struct Biol Cryst Commun, 2007,63
(Pt 2): 130-134.

[83] Zhang H, Teng M, Niu L, et al. Purification, partial
characterization, crystallization ~ and  structural
determination of AHP-LAAQO, a novel [-amino-acid
oxidase with cell apoptosis-inducing activity from
Agkistrodon halys pallas venom[]J]. Acta Crystallogr
D Biol Crystallogr, 2004,60(Pt 5): 974-977.

[847] Shikamoto Y, Morita T, Fujimoto Z, et al. Crystal
structure of Mg’"- and Ca’ -bound Gla domain of
factor IX complexed with binding protein[ J ]. J Biol
Chem, 2003,278(26): 24 090-24 094.

[85] Fukuda K, Doggett T, Laurenzi I J, et al. The snake
venom protein botrocetin acts as a biological brace to
promote dysfunctional platelet aggregation[ ]J]. Nat
Struct Mol Biol, 2005,12(2): 152-159.





