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Metalloproteinases and disintergrins of snake venom:structures and functions
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[ABSTRACT] Snake venom metalloproteinase is one of the main function proteins in snake venom. It directly affects the inter-
actions between capillary endothelium cells and basement membrane in local tissues. Snake venom disintegrin and metalloprotei-
nase are derived from the same pre-pro-metalloproteinase, which contains 4 common structural domains: Pre-domain., Pro-do-
main, Proteinase domains, and Spacer region. Disintegrin, a low molecular weight protein containing several Cys residues, can
block the binding of integrins and their ligands and inhibit adhering reaction(cell to cell and cell to extracellular matrix) mediated
by integrin. It also plays a significant role in platelet aggregation, infection, inflammation reaction, tumor metastasis, etc. .
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WHEAARANRE RN RAFHEEARGYZ — RE
FOUER T E WA AR S MR i E T A A 2 RE R
FIBE 2K 28 R H ANy T B, B R T 2 AR 2
Wk, M & 4R % 1 B (snake venom metalloproteinases.,
SVMPs) i g 35 2 D REPE 8 H B2 — , Lk g 3 A g |
M) 8 s B YA A A0S 3 ok e SVMIPs 5| H i 5k B 5 g 2 2 4
AR WREATSEE A BEN M T =Y, 8\ Huang %
B IR G 7= B HF A 2 (Trimeresurus gramineus) W 2
YAl AR 25 3 & & Trigramin LK WF9E A G E i
PRI T IE 50 AR E LA KD IR KA ThRg s
5 HAE TIRA BRI 4387, E4EK A & SVMPs 5 k% 4
R HRGE R L, A SO T T ST SR AE — 25k

1 SVMPs 5XBEEWNEMER

SVMPs M &5#4 | 15 28 T 58 it 45 J& 2 1 i (matrix metal-
loproteinases, MMPs) & Ji% , ik — 25 B SVMPs 5 L3 &
FILEMIE F L Kini 5553 £ A R Trigramin i 48 &
FI % . Trigramin i KA SC 8 FPE T 7 9 45 #9 % 1L, 45 H4A0E 52
&R PGS e R R G RA A LR AT 78 B AR b A A
A AEEMIB(A~D XD, B KA HE 4 )8 & 7456 0 s A &
RIS B EAMEER;C XEUEREGEAEEMN
Arg-Gly-Asp(RGD) =K FF 81 X 3 A X 5 D X 9 75 42 3% HE
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AL IHARERER M TR SR EAR S L g S K,
R4 SVMPs 73T 1 KN B Jin & 8 A 250 88 H % SVMPs
G342 P- 1 2SR 020 4 R AR 1 G R L AR X 43 F T A
BN 290 25 0005 P-T1 28 oy — A 4 Jm 28 1 B S F — 4> R
B R LR SR B L 3 A 25 R B AE B S O TR 4 T L (B i
I Chen 8EM 18 1Y 4 J8 8 (1 Jerdonitin ", By T 7E 7] i X
5 XA RIS AR — AN X 2 e 20 R 5% Ak, DR T sk 7 A4~
S5 ARIT P-TI K h & W H ARG 285 R4
RN — A 2 IV R 45 A SR B, e — AR X 4 B
50 000 Y i 43 F 1 4 J& 2R (UG, 72 Hh U808 R AR R, G
SR SRR B 20 e R 2 AR S — A R BB P-
IV ZEBR AL & P- T 2K 0 45 #0830 & — A BRE i 1 i 4%
M C BIBE A R4 M,

2 SVMPs By &5 ¥ 451

ARG RRSE KRR LY 50 RF UG D& A &
JRE AN, S SRE T2 Zn’t # Ca®t XS R m B T
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AT Al e B A A A I R A5 R R e L )
P AT e B ] — ol g 25 vh AT BE 5 A 22 B R A L AR
XF4r 7 BN [A ) SVMPs J&— R 31T SVMPs i Ji 2 il i
A Sk Y 33 46 i i1 3k W) R AR R AR S A 4 A R
S K3k (pre-domain) | B § K3 ( pro-domain) . 2 [ fiff 45 #4 35
(proteinase domains) . [H] [ IX. (spacer region)

Jia I8 T 38 A Crotalus atrox 148 1§ Atro-
lysin BI45# J5IA A, Atrolysin M HAL SVMPs ) cDNA ¥ 5
—FEAR S 18 A SR K B W5 5 Ik, L 5 s B AR S L HE
Ml Atrolysin & Gly18 5 Ser19 Z [8] /K fift LA B {5 S Ik, {H
Kini 585N SVMPs & & B 8 U 46 037 506 7T REE T
Ry bR, B A 53 A A A A IR

Hite ZM9 BB IRGE T Atrolysin E 19 ¢cDNA 541, 4]
KB AE Atrolysin E {5 5 R 8 11 45 4 k2 )4 A T
—A> 169 A~ & B R 1Y 45 H B, 1 25 5UF 51 5 Van Wart
ST A 3L 3 W e 4 R R 2 e R T OC ) 51
WAL, H—BUP S0 F SVMPs & [ i 45 W 3 i k &
20 MR A AT A I IAE I BRI 28 28 e R Ak
H 5 Zn®t S5 -G AL s AR AR T 0 AR e oK R ) ae, HE DY
A DX T R A Al I o AR PR I AR

45 I3 5 S I A B S I T AR e e 25 R
AR ) SVMPs Y 2R 1SS A O I SVMPs (1
Tk, 2 202~204 DRER, QFHEFHE T HEXX-
HXXGXXH J 77, i & B2 56 f A 2 ~ 3 4> s,
Gong U SF 3k B Agkistrodon acutus B WE 3% 4 & 3 (1 i
Acutolysin A YE T FERAT S 4387, 41T % BL, Acutolysin A
WA 5 A 5 ARSI Ho B XXHie XXGXXHus, B B 7 45
AFE R EER RS F 1 ARG F5 3R
M2 (His142,His146 , His152) B N 5T LL DY 1 4 69 5 =X B [l
25570 W E) B9 4 E IR % 2 (Glul43) I, 7 Acutolysin A H R
= JE PR SF 19 G B (Cys117-Cys197) BLAb , 38 & 4 W5 A4~ 57 1Y
T (Cys157-Cys181., Cys159-Cys164) , 45 85 T 45 & 78 7%
FRM, [F BB &, B 9R Acutolysin A 7E 55 B P F1 55 iz
PR T AT 433 2R B0 e 3 A MRS (B L B R S5 i
WA KA RFEERE EESCERN THE TS 3 M4 AE
2 1 ALK 43 T 2Z 181 DL e K 43 F 5 AR P A SR 2Z 1A
T2 fi L B R A AR AR T S 1 R

6] XA R 2 21 S E R AE P- 1 28 SVMPs H i
T RUAE R S5 A B2 BT, M AE P-T1 ~ IV 2E SVMPs, X — X
WAL T AR A S 2 RS R ), I X I DI Re A Tl
AEEAE W 8 MG SS M 5 28 & R 2 & 0 5L TR
P-TM ~ V3§ SVMPs H, 0 Xl 3 & A — A2 D 2 iR 5k £, 1
W rTBE 5 28 R G R 0 B A X 2 b =R % L 45 B O
B, B e 2 RS R MR,

P-Tl ~IV2E SVMPs T #f &5 A — 284 R L%
AR5 S OH R E L SECD B RGD LIE AL
— A UANEERERA, BT ELSTH -4
FOR 2 BEER R AL . AN B G A I Y A AR R A
4 (lectin-binding) #5388 , 8 AR 85 & 2 P2 R 45 #4 15
AHIE

3 KESENEMRBIESSE

I B 25 M5 RO ARAR X 23 7 i i 2R 1 BT, EEAFAE T P-
128 SVMPs 1, &8 24> Cys B35, H R Z N BB H By
T A TR AR R P R B R S
AR F AT C 390 E %A (RGD) B Lys-Gly-
Asp(KGD) Z Ik 518 iU & I 25 7, 3% /2 158 9 1l /N H 2T 4
B AR a0, Bs I IR 00 19 55 4 38 )5, 8] B A J2: 3R 3K T I
PRI B2 240 i % e 98 240 D 3% T ) S BBORY 3% 8 2 AR o s AT
BHAZEK o B IR G EE T 56 an B TT NI £F 25 7R
PR i /DN AR 3R AR 1T T 6 40 s BEL UK PN B 400 L A A g
YL 3R T o Bs « s Bu o DU T 900 S 61 ok 4T 4 A R AR K Y
(basic fibroblast growth factor, bFGF) 75 5 f¥ IfiL & 7 2F A0 fik
Sy A K 5 RN Scarborough %M K B WA RG-
DWETFHWEEEGRE e Bnl@aamE, ma A
RGDN JFHI I LA RYE o s M oo p BOFE T T3, L AITIA A
RGD = JiAH 4B 2 2 1% 5% 2 10 38 35 48 5 315 e 4 19 AR EL AR T
M REEIETEEMIEN ., Z8EERMW Cys fii sl Cys AL
RAER )Y ) e Z s i X J7 AR F AR S, 5 BN EY
I MR 25 UIAH OG0 B 0 300 T ot Ak o TE N A R R 4 1
TR IS P REAR TS =2 2k, Fujii U 3287 T Trimestatin A9
AR5 ¥ 5 B I, Trimestatin B 6 > R EIE % g ¥ M 5 B
Pr & Fa s HAZ 0 X 4549 . RGD 7 51 1 i %5 i 7 T H & 3k
WUk, Arg 5 Asp 43 AL FAHST O & AR AR o p
FER XL R IE BL R L Arg 456 T IR HE X (o, WHE) , Asp 45
AT B BiHIX (B W), Fernandez % M\ Bothrops jara-
raca YE#E cDNA PR H 5l —Fh 37 19 £ % & &K bothrostatin
Fe 9 i 245 AR R A TR IR R 38 R g8 v iR AR 3R 3k TF
S8R ORF RS D i AL /0N SR R Y g D O AR L
BTG T bothrostatin Y = 4ES5 ) B R BR Z KBS
FAEW I BT BRIE 35 T 19 4549, RGD 25 )% T8 B3 JE 45
¥ 2 18 T AR PR SR TE S8 T8 RURR AR A A 1 C SR i, 2R 47
PLFTES 66 1 F bt 20 R 5% = 45 6 T8 000 o o 2 5 L 454
RGD FRFELEH AN C 5 s 20 @ L R Z KA R C K
iS5 T RBEEGRSHRAEME G LR, HJimE el T
B R-BLAESS S A AR TS,

MR BT A e 1 20 G R AR T 43 o Bk 2k
BRERMMEE LB AR, BB AR R K
MBS B R, AT 4o 3 R0 (D) R B A R
(49~51 M E R 4 X w2 PHEBES R 704
AR .6 X M KEBMEEERE TIHIO  OKESE
BAR O3 DERR .7 X m . WEEE RS RN
PEALEE (homodimeric) F1 5 5 A% (heterodimeric) I Ff, A Xf
43T Bidk 13 000~15 000, % 545 & 29 67 DA IR A 10 4>
Cys, EATTALI 4 X HE N Gk 2 XT 5 ) gt .

4 SVMPs HIEEER

e e 5 ) R e S A 3 B e R TRV P B9 SVMPs Bl
JFRA R GE UL, SVMPs 3 2 B 1 52 0 JR 8 21 1R B 41 i
A T 0 P A R IR A A G B OB L B T R D S iR
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JIE 5 P B 440 i 2 ) A9 A B AR D PR A i 2 BT L 1, 24
HME KA HAR K A AR FH AT R A B A I 45 R Rt 4 )
B 5 RGNS B, A 45 I I L N ILB R 1 L )2 R AR RN A 4R
% 28 1% ; Rucavado %A SVMPs 1T REBH WT T 3% K LK
BHREGER a5 B as BB B E S O 2R N A4 45 1
B 2 B2 B 43 L B BEL U U5 5 1S B Bk K M3 T2 . Stroka %Y A
FHEE J5E 2o 08 F1 5 F1 )2 AT 45 5 1 DN Bothrops lanceolatus WE
T ICE 8 T P-1 28 SVMPs 1y — Bl 09 i 3§ R
(BlaH1) . HAXH 43 F B &4 28 000, HAG M1 35 24 L %5 1 4F 4
B ARG 2R e Y TR IREE A2 EME, H
AL i B R DL R A 0 e R e BT R I TR, e 5 S
HH I 35800 S AL PR L v i O YR S 2, | R S L A e
I, WY 22 % B % L 105 B LR ZE DA T 5 3500 v A5 ) 1 4F 4
SR A AL B, s, SVMPs £ 5 8455 J5 Ja &8 &
SiE I L T R E A L % R R B AL UK b ™), Moura-da-Sil-
va SN SVMPs i BB M H: 545 4 R i B TNF-q,
Z: 5 R T 4 R A5 K R AE S 3 FE

5 BEXESENYKENATSR

& RGD =P A g LS R ERMEAZ LT
BERE AW A AR A A R B B AW IE B, DT 40 )
ZFp ADP IR | BE Il 7 52 UK 8 3h 77 45 /ARG SRS T
/MR B8 B IE & RO I M AR 259 A9 ¥ 1, 1 Zhou %
M Trimeresurus jerdonii W¢ 5 24 14 22 84 & jerdonin
A TLAEIER 12 A DA R X IR Y RGD = K F 4,
AT % B jerdonin BERSIN I ADP 015 57 S 19 A i/ M 38
£, HAM I 2 $0B 3R (IC50) M 220 #1240 nmol,

Yeh 252035 35 4% A F A B8 4% 10 ) SRR MR AR
B LR 45 R B jerdonin(5 mg/keg) 5 B16 B 4l
Ji— 3 1 AN B A, BT 2 2R A S AR 3 U0 IR P
Jifr 98 240 i A /0N LA 5% B TR) B BE K O IRZH R B O 24, 8
d, EEAHN 30.5 D,

Danen 2515 WL 3] £ #& 4 & eristostatin 1 #1 22 Z 5 40
Mi MV3 8 CHOod # B B INBEIF AL B By vas Bi s M
MR 5 AR o i E VCAM-1 454, MV3 5
CHOe4 ZHABE A RN 5 0056 HEA Z 5w AN ok 2 3%
A F 0 S AN ML RS 00 T g Rl d RGD £ Rk T
B RGD 4548 A F  FAMBFHT apfi-VCAM LSS .

145 PN Rz 41 (VEC) 2 4 52 A K A0 L 25 AR BE IE 5 26 Bt
T UM R B2 KRR T AR Yeh M BEGT B, £ A
E accutin A] 4101 B &k AR 412 Chuman umbilical vein
endothelial cells, HUVECs) K RGD = KFF &4
FHH MRS S AT 5 HUVECs $8 175 Hong %17
TEWF 5 T & Bk H 8 E Agkistrodon halys brevicaudus HIWE
TR EF salmosin B B 5 4 0% N B 40 i (BCE) &
Wi HE A R o B 454 . 55 %k BELIBT 6 BFF 41 160 5 400 i &b 35 5t LA
kA4 B2 il (focal contact) I7 2CH B 9 F BEBE . A 107 40 ) bFGF
P50 BCE #4718 , i & 512 BCE {12, 7€ Yang 555 (1 F
FEh R IR FAE O ZU N LR e 2 A R ) AR 4
JIEL 1) 5 A R A 45 Ak 4 M A0 32 5 19 8 R L DA R B ) L A A

A B 5 W i 98 A0 B 3 g, T 25 S R T DL R R
a0 R e R IR T T Ik

6 % &

=A

W B 25 4 7 2 T AF R W 3 B F 5T R N — X
SVMPs FE 5 25 4 5 R BT 58 A (A B 36 23 g v 4, T &
PUE BE 254 05 A 36 AR 0 2 B S, TRl R T
iR A e PE B 4R A1 1B BT RE ROTR T T I
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Rapid activation of JNK and p38 by glucocorticoids in primary cultured hippocampal cells

Qi AQ. QiuJ. Xiao L., Chen YZ(Department of Physiology. Second Military Medical University, Shanghai 200433, China)
[ABSTRACT] Rapid activation of JNK and p38 and their translocation to the cell nucleus by glucocorticoids, corticosterone
(Cort) » and bovine serum-conjugated corticosterone (Cort-BSA) were studied in primary cultured hippocampal cells by using
immunoblotting and immunofluorescence confocal microscopy. The rapid activation occurred 5 min after stimulation and was
maintained at plateau for as long as 2-4 hr; i. e. . the response persisted for 2 hr after washing out the 15-min application of
Cort-BSA. The activation occurred at a minimal concentration of 10~? M for Cort and 10~ M for Cort-BSA. GDPbetaS blocked
the activation, but RU38486, a nuclear glucocorticoid receptor antagonist, could not block the activation, indicating the involve-
ment of the membrane-delineated receptor in this reaction. The protein kinase C (PKC) inhibitor Go6976 blocked the response,
whereas the protein kinase A inhibitor H89 could not, implying the involvement of PKC in the intracellular signal transduction
pathway. The nongenomic nature of the responses and the transduction pathway and the significance of persistent action and bi-
ological significance are discussed.

[J Neurosci Res, 2005,80: 510-517]



