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Calponin: A New Regulatory Protein for

Smooth Muscle Contraction. Tang Dachun,
Xiang Jizhou", Lu Wentong ( Department of
Medical Molecular Biology, Tongji Medical
University, Wuhan 430030, China; ”Deparr—
ment of Pharmacology, Tongji Medical

University, Wuhan 430030, China).

Abstract Calponin is a smooth muscle-specific

IBlmEEEE 45+ SThae R Bl (L ER B iE (L AL 3E

regulatory protein. The evidences of molecular
cloning revealed the existence of 2 isoforms: «
and B, composed of 292 and 252 residues respec-
tively. Calponin binds to actin and inhibits acto-
myosin Mg®" -ATPase activity, thereby smooth
muscle contraction. The actin-binding domain of
calponin lies in 38 residues (145~ 182). Serl75
plays a critical role in the interaction of calponin
with actin and the inhibition of the ATPase. It
also binds to calmodulin in a Ca2+—dependem

manner. The calmodulin-binding domain is

between residue 52 and 144. Both binding and
inhibition of the ATPase can be regulated by
phosphorylation and dephosphorylation of
calponin.

contractile protein,

Key words calponin,

smooth muscle
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WE EUVERMYAFENMRUMS TEDFE A REBART LB EBEER SN SRR A6
RERRHAT T gk, XA [ 40 150 70 ¥ 400 ) R AL B B I L 25 0 X AR T Rl ok ] A5 0L B G S % 8 1L BB

HECE VLR R R AT T SR

xi#ia CBtHEBAEERE, HULBE, BERR{CRE, EiE{LE

AE B ik B (K LR 0 R 0 O B R B B
B (AChE) fl TBERHBAESES (BChE) W FF,
A& RN EREER L T EE EEY
R K BREE, BB AU K 1 2% R 2 B AR AR
(ACh) Mt 2 h ) IEH #H1T; B&
BTHEMZESMA+SERE. ZHREM
AChE B —R M T HE cDNA FFIHES 4
¥, H# AChE (TcAChE) B &k X §H£ 47
SEsTR, B, ELFERFEITEYIESD
H5EATREARTHEAEE G BNENS

WM RE T KERNER. HIEM L, Xt
FLAN BT 410 ) 550 A L PR e K8 A 9 o 4 PR AL
R 7 (L0 3T BEBE (L B A B 75 L AF VLRSS 07
HE R B LRI, RSO A —SRiR

1 BHESHSIHRNXRHTHER

o EREEFEAE. BEE N R
wlsh E W R EKE, AChE RIEELTE TH O
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B AhEES G, BDERRRAGL . AR F&# A
HKEAL; b, A A — AT HEHALE
SR PR F-&8{7. 1991 4, Sussman H 7 T
TcAChE B X SRR RS, T E T By
—HTEEH. RETEN SN ST L
M 6 25 F4 8Y f K X 51 =2 & B8 ) B PR O
A—HE Ny RS, K292 om, TE
e 7 A I A P B BERERE 14 D ERERK
B, 5T REAA 0%, TEMEEF
BT T A BE A2 BN R BTN AR 6 ~9 1A
AT RE B 307, 1 Glul99 — 47 1 B3 1y
HEBERBELFEESRMVOIKE, HES
Gludd3 B K Fl B #ITHRBYS 5.
i, AT AT o 0 7 O B B - SR 62 A b
JARE TR FETX —#HKkpkaz
i, MESRAPHEFES TR EENZAR
TS EA LHEEE . A TFWRAREL
B FHEDI T A2 A E AR, Hit, &
FROR . B 2% B 5 ¢ 45 5 U AL B K
A RER 2R 2 REAY, XU O AR T LARTBE
TG IMTEES IS SMa B!
STHEMFEHARTEN R AChE 4514 58
EEFHWAH, THEREARTHARAX M
MR RT HOEAFE. mEEEHO
ik =B R T EM (£ TCAChE H K
Ser200, His440 Ml Glu327 =P & E KR )
AR FHEA AChE 381153 THEsE, H
AYUX LA FEREREFEM T HREN
Ala VLG, BEREGH RS F AR, (AEEH G
& 15 &0 k™), TcAChE 1 Glu327 0
Asp326 IR A AR LA HERE N
Gln 8% Asp B, FERIIEMEIRL, HEERLHN
Asn B 3 19 3 R AR /N
EAER B /R A AChE DA K BChE Bk
R 2 W& A EIEFE A, 1 HuAChE
(AR AChE) 5 TcAChE #& %5 ] 4% #4 b o] fH
& &, HuBChE ( AIML{E BChE) 2% (8] 7
B AW, fEIhAE b BChE 5 AChE i3
B RFE R &K T BB (BCh) AYEER
B, WEENTFFHEKE ACh, X BCh #1K

R ERE. R E M ACKE B, FHiEd
DBEA Y 14 M EERNY S EHLEIRET
T%; WTE BChE &b, NH 6 MHFEHEHE
MEREWHIESEFEERTAE. R RX R
BChE HA/K## BCh R FBEE. HE
PIEL L B 78 HuAChE B Phe288 f1 Phe290 [H
B BCh# A F| AChE Ry Bs e &7, HE SR
A R X AR B AN Leu f1 Val Fr
BEARAEE, HKHE BCh 89 FF 5K %
ACh pyEFEA%E, BRI BChE 894,
H BChE % 5% 84 # hll 31 34 X — N R ARt/
RSREIMHVEH, T X EF A BB A9 40 4] /6 A
59182, MIIESE I EfTE#RE AChE KPFF
SEMFEERES. Vellom £ /NF AChE
KA 4 ME EBRKE Phe295, Arg296,
Phe297 1 Val300 R RIS F. {18
BIF 35 300 7% BR JL AR i 7] 45 FAE 0 0 4E F B Bl
WAR—F.

FEMAric LR 4 R KM, TAChE B
Trp84 [ B EYEF OB E FH AR IS 2
—, EANEREHFRERD, WHEEESC
R ECE edrophonium {FE7E BT MW FH AR &
#HRiEB); TCAChE 5 ACh %2t 2 83 I 4
HZEHAEF S Trp84 &b TGk /189 1EFBE
BLARTY, SCIRH AR MR R ERR Glu
EMHEEER A - L EENESE, W
TERT AR F, REINARME L =FKEK
PP EERBRENEE, BX -FTEAUA
i ok B R Al B R R B R EE R IS T T
L. AR, X-REESFHRHEFHE
EHREFEEEBEMMHEM". Ordentlich F#
BF T30 — AR E, AT o a7 Y JEC P i ) 958
15 HuAChE &) Trp86 & M| W38 4 H i A~ /&
o 8 TR E MR A, (E R B 3
Wit G H AN e REER. IR ET
Trp86 W HEF5 & VE Fe AR [ 35 & M =2 AR A
(] JiS 97 8 (8 b 78 Pk R 00 ) A5 i I ) TS MR
g, B, Trp86 #IF5&F M RTAK W86F 5§
AREEE AL, EIEFEHERTE (WB6A
WS6E) X #f H R ¥ 61X 2 BEAEBK (ATC)
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B K, [E8mE 2 100 %, mxfHHEY T8
(BB ER BB ENLEY) T B
B, Xt miegER WA, i B
P 7 B 3 A BO8 K 100~ 10 000 £%, {BXT
R RIEmN /NS L. B—F@E, T
EHEPTORACEAMIBREEAERRE
Glu202 #4522 78 M| Xt 47 B faf 5 A 77 B AT 4 IS
I 750 6 3 FE v T IX 1

AChE 5 BChE 9 B — 1B E AR Z &b A
A & A R B Y R 40 B & T fE A R
. EEAYIX B B ImE e AN SR I A ) 4
IR HLEE, I 5 8 1 R 4 A ) 3 % 2% Fh g€
AR 1E BB FT BRI AR T#H—2
Ry B . R R M PRIC Tk E B, TcAChE %8
2702780 R ERF[GES 5 7 /AWy B
W, B SNE AL v R I RE  (pro-
pidium) BEF % BH 1471240 DPA 3tiX — Bk
EHRICY. X —HMEBHEHTHRESE
TcAChE 4 Trp279, Ti7E BChE X —+H M
LEHAEFTHERER Ala FTEUL, HILEWEE
=2 5REHRENEE TS arRE. BE
TG FRIET T Trp279 MIMNATUHEEA
A AT, B A Hh R B AR P R B X 5 A8 4 A 4
BEHARRIEFRS 1/10, MiEES-LFEFEM
##] edrophonium #y € H W 7 BF B 5% w031
Shafferman 20191 ) HUAChE BF#E1T7 /9 3248 52
KM B, Asp74 5{ Trp286 (#H F TcAChE
1 Asp72 #1 Trp279) W R RN{HEH PREMK T
ShEEOLRCAR AT ER RV IVE AT, T H T84 8
STEHBREYMHAIER, MWMENE T Radic 5
Xt B Y A1 B AR AL 0 RS M 4 ] 4 F A B0 52 A BE 2
MERZBZHWA. Barak Z'2E—$ e 7L
RKAREHFRXE AChE W & #H 5 £ F#
HuAChE RAF 1R A B9 AL SR IF 4 & B
BT RM, RRME RS SHETALE RS
ERA. FERSFEFROMERSIK ~EHTE
e TFHMERSISEZMIERTR, wEME
P EX—HOL L S AR T — 52
MOE. fEMIMBFRRY, BERIINERALHHE
PEFEP RS ORI —HEERRES

5, FAXKEERARENE - REREER
78] B B I I X R RO VE A, (E&FORE
s 5 S RO T A B C A9 FEm
AT E—H, AL FH Trp286 fl Asp74 #
25, Hit, IR IMEERBRER X4t
HEERZ L.

X 526 SRR AT 5T B WM M &l 57 5 B A 51E
A HE#EN F L. Harel'® 3t edrophonium,
+HE (Cpo) MAMITEH (tacrine, THA) 5
TcAChE M2 Wit 47 T dhik i gt &, E9
CoIENFEEHEF L7 5% POy
ToU S0 RS BB A 75 B 58 & Trp84 1 Trp279 Y5
REIRE R HERD, edrophonium B T & B R FX
HiEWPOH Trp84 AHIEAH, THA MEKEE
H =M 5 Trp84 1 Phe330 I 5 HEHEH
BREA, X—4REFIFFERZRER
HAHERE MM ERES. XHKRNSNS
BB T Trp84 Ml Phe330 25 T HEHED L
PBE B 3L AR Trp279 25 4 B 37 4 R
) B IKEE .

2 BER L ERRVEE (LI RALIE

A YLBERR AR S i 7] & AChE B9 — k26
wWA, EMEREAaEAMRAFYTERSRTZ
—. HYLBERRERRMGIH Z P H R HIENIL
228 B SR B AR A AL {3 B B E A R
H, HEIFRERNIENEMESLAN &
BANGEWRIEEZ —. HER, HEX AChE
WG S IRE I RAIIR A, 33X Fl A< 7] 338 410 )
AF F B B TE AT B 9 e 1L /S B ER 15 1L/ HLEE
T TR HBEANIFR . T HYLBERRESH
ARINFEFHENBERENFEREERY
A, Barak Y RBEMEREH, P ()
MANFREEFEABRERY> FHPHRASR
# 5 HuAChE B Phe297 1 Phe295 B 35 &
FR A 25 B AIRE VR B2 B T ES1E F B & R
BEEFEK, BChE P XML EY R E
ERRE, FHIEAERERTIHE. KER
—M1RIRAY AChE M7, HBEBLILESAEHIE
H—ERMRTHEZE N E. HEHER R,
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E5 TcAChE MEHE B+, BBESKD
A EEE AL, HEES Glyl18 fil Gly119 FER,
SRES, mEE (RO) 9T 21 A
5ACh W EEHERAMERME, 5 Trp84
Phe330 L EHFFRITVEEEAEH. KT
B FEFE R ES, P (-) FARREE
EEFHRZMFIN, 8P (+) FRRHEEY
MEsEe BT EL B B B8 B A mImEE
REAIMP(-)C (=) FIP(=-)C(+) M
FRNESEE AU TREHETIRK, T
EC (-) WABAPFHFARNHEC LAFENT
[ AZPH T HfF His440 B PKMEIFRIESRE T 60°, M
MELRFHBEE Ser AW IERAETF T LM
B, XA R L P E B A HI-6
P (-)C(+) RacSEmM NN E
EHERE P (-) C (~) RMEKREBEH
ﬂﬁ[l"].

TE A TEECEVBWH A AChE 4
HiEA R EREE R SEEERZAE
EMBEMEEHMESR, Ashani Z25TE
BEE (2-PAM) #1 HI-6 HLFE#HIT T 4947,
2-PAM EHMEFERLL, LRIEHEMNEZK
BETH HI-6 ER—A%, HEXNEINBELSD
(MEPQ) #W#|#/NB AChE (EMPg s-AChE)
WEIEALEE LR HI-6 89 1/4, B ELHRE
{EILEE S HI-6 H 2-PAM K 8 5. i Fi&tEs
DEEAANDHILTEERREN REERLE
2-PAM M EFILEE I TRERIRKRM 1/1.6 ~
1/3, T HI-6 W T3] FERM 1/5~1/70, X
KX MIE RS HI-6 K FEEELERNE D
FoutrEfie TEEER. BChE MERSER
HIEL TiX — i, BE7E BChE HX &35 &F & A
BRI Uk | BB AT U, XB HI-6 #
HiF{bgE h W /M F 2-PAM. EFEHEFLFE
BB TGO LA BB R AN T
1, Trp86 Ml Tyr337 B LM RAEFEHY EIE
LEE W /b A F 1/2, B Glu202 # & &
(E202Q) {EEIE(LRE ST FRERIFERM 1/13~
1/33. it BHLE#H ER, 2-PAMWEERAS
BEIETEF O Trp86. Tyr337 1 Phe338 W 5 &

HaY B 3 M 0.48 nm B K F 0.62 nm A%,
g e (A B2 e B iEkE M
£¥. HI-6 9B — 1 MLEER 5 2-PAM #YER 4
F, EEFE - MHF EWBERESHERAH
Trp286. Tyr72 M Tyrl24 B % 8 fik. 3¢
EMPy sAChE-HI-6 B EEM AL MBS 4
FaEh HEFERIFHE, Tyrl24 B® S5 Hl-6 ##
N B BE 2 Y SUTE B AR ) SR F IR LS
%, ER% T HI-6 EMERAMIES, FaT
BN EMAEET FH—PMEF LT
R ZE Trp86. Tyr337 1 Phe338 WIHEE. H It
HI-6 B EFEILEE LT 2-PAM AfER 5 E
JR 33 T Aot 7 Bl 7 P S L o 9 B

A EH VB E ACKE /58 —Ff ik,
DUREMHMERIEE. B -HEhUER
AeEERMC MMM EEL. Eih—
FrE MR R E R Y, M pH-E b &HE
MBJRE>BAE pK X 4.5 Fl pK K 6.0 9H A
HEAZEX— @kt E. Qian ZMEEitE
MU E R, ERE5HEYESYH Glul99
BERR SR E A FRIE TR 0.33 nm, FEH
FRTFSBmEEERBKE FrEfai
EEH, BHERGERE pK 4.5 (9L E
Hi. W pK A 6.0 & i {k 2 H 7 B8 & His440,
HAE5maE LWEFEFIERER, XW
ANFEE A — R CHE-RLT RN T E R AR A A
Hpfidk. BEEAE (Ch) SHYBEMREE
B ME DR ETHEN, Asplys (5
IEYE R LAY Ser195 #H4B, #HW F TcAChE
# Glul99) S X —REFHERKTF
0.9 nm, & It A REAR 75 HE B B B F AP BE 5 W ik
BFARAIER, %R SR8 &8
Cht ¥R WA s E M5 1S). TcAChE #3748
LB HF Qian FH WS, EHAH Glul99
RAEH Gln UG, R SIMH BN EbEE R
B3 JFE 3 H 1/150 ~1/7001"7). HuAChE # %€
TEHHBIAHUMNER, REMH &
E2R2QETEHRMELEEN I FLREY
1/150, T H R SMElA E450A KLY 2L
B B A= AU 1/30, DFP 38l (91X 8 5%
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5 4 (1 AL ) A8 2 T p A ) i e 18

MFEE LG AYEREEELESAN
i, BAERSHREHTIHRE. TEAN
R EBIRF LA S A AR HEF
TR ER AR LT, HERHEHA
I b for R SR R N B B AR, T E ISk
I FERBYERNTZEEHEER, BN RE
RXEZRF M HEFR KRB R BRI AR, e
51 8 M DFP /3Lt 45 & ¥ i9 2 i St i
Mot EENEI EBHEERNNTHE
P—O™ W HFTE, TR E KN R R f .
LB RRAEEERENG Y EEL, H—
BV VUSSR A 5K 2 (b iR Bl 2 I
BHTOR, X RN (LB H i (L g R
Ptk R BE {17 F X 35 20K 7 49 o o HE R 1
U R SEARICH AR BF R A #E B, Che
ZUUUGHH Z MR EETHEMEL,
KRB RERGWERF LM EEDT. R
i, Cht By X STERHT A0 45 R HAKHE W 2 BEAY
FEGEMEELEAHBARE, HAAX
LR PUEINHE T TREERFE
Koy 25 (A (L FEL A AR iC Ak S BT R Ak . A
SHEAEEHY PO PHWAEETFS
HisS7 BRKMEIF A IE R RE T L EER Z b
BB i, BE MRS ER AR, &
WX — B 1R 7 vy RE R B L BBk (L s A 7
215400 5 P 1 TR 4 R [ A T EL B B 0 G 1
fEEHE EUS) (A ACRE PR EHE X —
M AESTRIEE. YARETESIKEIE
TENBYHNSLEENBREE S, HEL
BChE #1THy L4, A B 155 BR B BT 42 K
MEAEBRREENBA KT, DFP WH #EE.
EAMAMEEARE, READHIME §E
HEREAREF. XBEREXH, 5—1TRE
(Ry) WK/, Bum R EMEHEX ELBHRE
HHEAEEW. EMEH R MERE LY
P—O™ 5 His438 B9 N° hAFay B L A TH I8 1F
fﬂ[m].

gr ERrR, EJLVERERM HEMTE

FISRSLAGEA B, WE > FEWFMITEIE
MEFEF AR TE AChE BFR I P B Z N H,
M TC i FE W B4 5 T RE R R 2RI
CIFaEEEIRY, mEEEH AR, B
R B 8 AR R T AL I e S I w4
XA, BRRYEREYIES. EBRS5HI
BMEFEERYES, FFE¥REESEH
MEERTRNNWER. TR EIE LR
BB EECFEANNEERSRETFH
R EFHFERETHRR. A XERER
] B %o A R 25 ¥ o) 53R A B FEAth A SC Sk im 2
Bt RE B2 AR B AR P A AR
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Abstract Metallothionein (rabbit liver) (MT),
apo-MT, Zn;-MT and Cd;-MT were prepared

respectively. The scavenging effects of Zn;-MT

University,

and Cdy;-MT on hydroxyl radical were compared
at various pH vﬁlues, and at pH 6 the effects of
Zn;-MT were compared with related proteins
and inorganic zinc salt. From these results it is
concluded that the ability of Zn;-MT to scavenge
hydroxyl radical is far stronger than that of Cd,-
MT and that the ability of MT to scavenge

hydroxyl radical derives from reduced —SH
group in MT.
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Progress in the Studies of Structures and Func-
tions of Acetylcholinesterase and the Reactiva-
tion Mechanism of Organophosphate-inhibited
Enzyme. Luo Chunyuan (Institute of Pharma-

cology and Toxicology, Academy of Military

Medical Sciences, Beijing 100850, China).
Abstract

dimensional

After the elucidation of the three-

structure of Torpedo acetyl-
cholinesterase by X-ray diffraction in 1991,
studies by computer modelling and site-directed
mutagenesis have led to significant progress in
the elucidation of the structure-function relation-
ship of this enzyme. And based upon this,
efforts have been made to investigate further
mechanism of inhihition by irreversible inhibitors
(organophosphate), and that of the reactivation
of the irreversiblly inhibited enzvme. In addi-
tion, progress in study of aging miechanism of

the inhibited enzyme was also reviewed.

Key words acetycholinesterase, organic phos-
phate, phosphorylated enzyme, reactivation
mechanism



