PR 1 (BB EEHE )

& + = AL &

s X | 22

I A3 v 1 FHZESK (2,3-Butanedione monoxime) )3 E/VE v

BB VE A % o FERERR I KT 22

e

Effect of myosin II inhibitors (2,3-Butanedione monoxime) on the

relaxation process of skinned taenia cecum smooth muscle from guinea pig
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2,3-Butanedione monoxime (BDM){%, I A NMEEFEKLE LTIA VY - T/ F U HHE
ERZEEMICAET L2 &1LV, BEHIGEEZ ARSIk 5 Z L AL TWDS,
F7-., BDMIZEBEHIAE HRET 8, ZOEREFE, 34>y - 727 F U MEERR
EBICRRTHENVWD XX, MANCatRE LAOHGIIcLsbDEEZILNTEL
(Lang RJ, Paul RJ: J Physiol, 433: 1-24, 1991.), fixit. Bl I A > 11 B FEblebbistatin
B, ATy T FUOMEEREZESEMCHEST S Z & T FRIHIGES B L OhiE
REEZERT 5 Z & &z (Watanabe: J Physiol Sci, 62: S160, 2012.), AWF%E T,
SERHDOIAT Y o T 7 FUHEERICKHT 2BDMOFEEOFEM A B HnIcd 2 BT,
AR 2 (LRI L= E VT v P EGFEERTGH A % 2 FERZ AW T, £ OifiiEimie
(2% 52 BDMODO A 2 DORESRMH Tt L7z, BDMIZ, 10mMELF Cid s sz
FRICHE % RIT S 72 h o 7o b3, 30mM Tithifh 2 (e <t/ ifRREREFE Ot 7> 5, BDM
FERVEMELZ e 27 Y o PO RES DT LT, gL RIESEDLZ LPRRE
hic,

2,3-Butanedione monoxime (BDM) is known as a myosin II inhibitor, reversibly
suppressing skeletal muscle contraction by direct inhibition of myosin-actin interaction.
BDM also inhibits smooth muscle contraction, but the mechanism of the force
suppression has been thought to interfere with intracellular Ca2+ handling rather than
that with myosin-actin interaction. Recently, it has been reported that blebbistatin,
another myosin II inhibitor, induced suppression of contraction and acceleration of
relaxation in smooth muscle by direct inhibition of myosin-actin interaction. To
investigate the effects of BDM on the myosin-actin interaction in smooth muscle in
detail, the present study aimed to examine BDM effects on the relaxation process of cell
membrane permeabilized (skinned) taenia cecum from guinea pig under two different
experimental (temperature) conditions. BDM did not affect relaxation time courses at
10 mM or lower, but accelerated the relaxation at 30 mM. Analysis of the relaxation
time course suggests that BDM accelerated dissociation of fast-cycling cross-bridge,
inducing rapid tension decay during relaxation.
Key words : ‘Fig#5, 2,3-Butanedione monoxime (BDM), blebbistatin,
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2,3-Butanedione monoxime (BDM)iZ, I AL U NHEIRL LCIAT Yy - 7O/ F4HE
ERZ BEEICE T 52 LIc LY BHHEZ fTERIciE$ 2 2 L amoh T3,
%72, BDMIZFRMIAE G IHE T 585, ZOERBFE, S 4>y « 72 F U MEERR
FICERT 2LV L0 E, MiaRNCa it LA OB L 2bnEEX bR TEL
(Lang RdJ, Paul RJ: J Physiol, 433: 1-24, 1991.), §ifr, B®D I A > 11 BZE#KDblebbistatin
B, AT T IFUOMBAEREZEENICHET S Z & T, FRGIEEDH I L UbhiE
fRAEZ T 5 Z L 23 Shviz(Watanabe: J Physiol Sci, 62: S160, 2012.), AWFZECi.
FRHDIAT Y « T 7 FHMEERIZKT 2BDMOFEBOEMAZH S5 BHIT,
MR 2L HICEEE L2V v FNERMEEG A S FEAZAWT, 20ihizaf
(2% 9 2 BDM DA 2 SDOIRESEMCRET L7z, BDMiZ, 10mMELF ClE i s i@
BB 2 RIE S 2o 73, 30mM Tl 2 ittt S 67, iR IR O > 5, BDM
IEEVEME (L e A7) o POfiRBEEREXEH 2 LT, B2 RS 5 2 LARE X
nic.

2,3-Butanedione monoxime (BDM) is known as a myosin II inhibitor, reversibly
suppressing skeletal muscle contraction by direct inhibition of myosin-actin interaction.
BDM also inhibits smooth muscle contraction, but the mechanism of the force
suppression has been thought to interfere with intracellular Ca2+ handling rather than
that with myosin-actin interaction. Recently, it has been reported that blebbistatin,
another myosin II inhibitor, induced suppression of contraction and acceleration of
relaxation in smooth muscle by direct inhibition of myosin-actin interaction. To
investigate the effects of BDM on the myosin-actin interaction in smooth muscle in
detail, the present study aimed to examine BDM effects on the relaxation process of cell
membrane permeabilized (skinned) taenia cecum from guinea pig under two different
experimental (temperature) conditions. BDM did not affect relaxation time courses at
10 mM or lower, but accelerated the relaxation at 30 mM. Analysis of the relaxation
time course suggests that BDM accelerated dissociation of fast-cycling cross-bridge,

inducing rapid tension decay during relaxation.
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TR HIE, BBEEEZ R WO S IEN L2 5 REEMH CTH Y | HILE M E BE
WHFET 5, FiRHOUREBED A 1 = X AICOWTiE, Caz-ifEk & OSSR ICIKTE
T5HZ ENMBIv, B LR OMIRNEEEZ R > TV 53, Z OVER Gl
W Biz->TRBYARTTHSD 1)2)3), B L OMERD—DIZ, FIRHIGHE - shigid,
EAMICIE I A RGO Y Rk - LY VBEIC K- THIE S D Z & RZET o
5. IA R VEREEEREIX, Cart A A OBBIC L VAN ALEY 2 ) 2 (CaM)
LiEA L, Ca - CaM #AKEMT 5, Ca2 - CaM BEEKD, IA T VREHFIF—F
(MLCR) & #A3 5 &, MLCK (LS, IAVUFAEIR$E 19FHoEY >0 Uk
EBREZ B, ENILE 2T, IFT DT 7 F U iEEL ATPase WEESEML, 72 F
EIAVVERMTHERENDEZ AT Y v UMEEE LT, ATP 2% LR LIENIZ T
5, CaRENWAT 5 & Ca2t - CaM A 1K E MLCK O#5E 2 ighfe L, MLCK 23 R1%
HEbEh 5, VUi bE i 2 42 VREMLO)IE, I 4 ViR A 7 7 4 —+¥ (MLCP)
WX o T Bk, 727 F &ML ATPase MR L, IS4 ET727F0MR
it L CHEEAR AL D, MM IA Ty (S A4 ) HEHETHS 2,3-Butanedione
monoxime(BDM)X> blebbistatin (%, HH#AH, i L OERT OUHE % /g #ikl-4
5 Z EDVAIBH 4)10)11)13), blebbistatin &, B 2 4 > 11 ATPase Oif AL 2 #ifil 3~
5 L CIEEMIHET 2 Z BB TS 11)16)17)22), & HIZHIE Watanabe &1k,
blebbistatin B3I DORNRFFA I =ZAL (T v F 1 P> VLT AT v VMR
FHI& ) BRENEIT 5 2 & T Mg A RET 5 Z L& R L7 23), BDM I, ks
ZRFEE O R IHIZ BT, 2~10mM T, BEEM OB oI X - TH 13 2 B KFENE Ca2
F ¥ FA~D Ca2 it Az BLE L 12)13)14)15)24)25)26), FfF, & OWUE 2 #Hl4 5 =
LR SR TVWA, Watanabe (2 XX, 20mM L F BDM X34 - 77 F 44
HBERICIIZEACRE LRV 10), LOLEICEEED BDM iZIAYy - 77 F U HE
{EF 233 2 FIREMEDS & 5. € 2T, AMFSE TIZSRmETEMEA] B -escin (T I 0 a5 2 il 12
L, MREANEREEE AL B HICEE - 2635 2 L ZFRRICT DEAT v N EBHER
A%y FEEARZ FAWT, CaZitEEFREIFEAEIZRE4 v 72 < BDM 23 blebbistatin & [AIERIC
7 v FHERE 2 I L CP iR 2 RET 50, BEE1To 7,
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B R FHIFRIRF ¥ A A RLZEMEERRIT LY NI EROKR 2= 128
WSR2 L CER L7z (A27-1), EREMWIZ, (KE 250g DA A Hartley &€/
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it L7 B3, B BICHIIENEREE 2 21k, (RIFRTRER A % & FERZERT 5720,
B -escin (SIGMA, St. Louis, MO, USA) % 100 M &A1= 4EvRiE (TEEBM) 12 304y
i L, &56(Z, 10u M CaZtionophore A-23187 (SIGMA, St. Louis, MO, USA) TH§/Is
fafk% 10 3B L 7= 5). 50%glycerol (FH T4 T A7, W) SHMFERIZIRL,
—15CTIRIF LT, A%V FEARICHE LIRS OMME oty FClRE Lk,
3.0-4.0mmXx0.1-0.2m®D/NNF ZER L. #4% TUR O %E — F ISR ERRB OV
B TRT BT o 7 ICEE L, WEETT- T

iRIME# (ULA-10GR; MINEBEA Japan) (2 X Y RN OZEEBEICES L, HiIFES

(AM30; = SVARKSH HH) TESZMIBELEE, AD (7o s/-FUaN) &
#1725 (PowerLab2/26; ADInstruments Japan, Hi) 2L W F P F NWAZ BB L= EC,
Labchart (v.7.1; ADInstruments Japan, &) T/8Y = RIZFE& LT 6)7),

WIRIR L L, EIRAKRY (LTB-125; 7 XV Bt KBR) 12k 830.0+1.0CH LW
25.0E1.0CICHERF L, ~ VT T L— b 2T A (9 %% 0.135ml) %#FIfA L TEH OBHE)
BREX{T>72 8),

A TP

ETOERDA A L, K(methanesulfonate) B AT{LAL, HFH)OEHMIZ LY 200mM
Z {5, 20mM 1,4-piperazine-bis(2-ethanesulphonic acid) PIPES)([FH—{L23EWFFEHT, fEA)
EKOHIZX Y, 25CTpHT ICHHEE L=, A¥ v NEBRMOEREREIL, EE 0SB
BiF 5 Mg, MgATP 15 LU creatine phosphate(Crp)(H 57 A 7 A2, FHE)OPE % &
L1Z 0.85mM Mg2+(2.1mM Mg [methanesulfonatels). ImM MgATPNa2(1.35mM total
ATP) (Roche Diagnostics, Mannheim, Germany), 2mM creatine phosphate Nas(Crp)( 7
HT7A4 T A7, 5, 10mM ethylene glycol-bis(2-aminoethyl) tetraacetic acid(EGTA)([7]
CAEFWFERT, BA)ZHAWVWCHELE 9, 7, 1050M Caz-(10mM total
Calmethanesulfonatels ) AI{LAR, HA0(Z 1 1 M bovine brain calmodulin (FIYEHISE, K
PR) @MU b0% Ca2iRmike L= 3),

FER TN

RIDBNEZHEE LI FAR AR ESR T CRr LB O 3-5%hE LT-0 b, BHNEET S
DEFLERILIRT), & 0% CaZIFiRICIRTE L, I % Bits S €7, IEEANBEROE
W E CE LI b (R RIEER )., EAZMERICEE L., WiBSE 15 5 MaeeE L7-("
1), BDM ( SIGMA, St. Louis, MO, USAY®D X A VR Y » Bk, LY v B {b~DR %
EERALIAV Y - T FUMBER~ORBOLZEZRITTT 5720, Mgz A5 ihiEiK
D ATP Z2 V) YEBAEDOZEFIZIZ R OBRWVWA, T4 ATPase DEEIZ/2 5 cytidine
tripjosphate(CTP)(Roche Diagnostics, Mannheim, Germany)|Z & L 7= 27)28),
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Te WD IEIRH A X v FEEAROMEE ) & RT3, 600 B LA AR sk ) A3 b4 % 7
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fitlh A FRek R . Bl A RER] & L TAREO BDM ik (@ : control, A : 30mM,
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B 3 ix, 25CICBITZ2ELEY FEBMFRFAF Y FERMBICKIFET
2,3-Butanedione monoxime (BDM)D 3= >\ T, HelliZ 5B ., BliZ R & LT
HWEEED BDM 5 (@ : control (OmM), A : 30mM, € : 10mM, X : 3mM) [Ji@L
TeWF D -1/ A 2% o FEEAR DR ) & RERFRIC 7”7, 600 FLARE I 3AH %R ) 3 i b+ 5 7
HEME L7, 30mMBDM (23T 10~120 #H T, 10mMBDM (235 T 20~120 BfET
A ¥ FEAOME L RES 5 Z LARM Sz, 3mMBDM LI F Tk, AR
sARIEHEZD) RITBD Hhieh oz,
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3. 25 ClITBIT5E/NLE v FEBMEET A X 2 FEAHEEIZZIFT 2,3-Butanedione
monoxime (BDM) 7 5%

ficHuh 2 FE xRS, Al 2 BFRE] & L CHBREE O BDM %% (@ : control, A : 30mM.
¢ 10mM, X :3mM) (TR LIZRE DR A 2 FEEAROMEES) % MR LT
%, 600 BPLARRIIARX IR S FHAL T D70 ME Lz, 7—# 1%, 8 B ERRIC X 5 Tl
HEERFETRL TV S, XHIX, control & L TP<0.05 72, AEENHSH L
ERLTWAS,



FRBHEICBIT DT 7 F 2 — I A M TIThR O EREEOREFREZET ML L,
BDM A3 EEMatsED L ORBEMTER L TWHo0Emat Lz (K 4), FEGHbED
i, ©O7ax7Y v POMEEH (fast) 28T, QT vF 7V v V~OBITH (<
latch-attach) . T—ET7 7 F oo L= AT U RHIEE A THURWSL W T2
FUERETDHIT T TV v VERRL, @FT v F 7Y v VOMEEH (< latch-detatch)
~L B BB THRAT A Z LR TE S 202D, BAEL TV AHE5ES (Force®) 13,
TOFUeRBTEIFATV U BICHBITELEEZD L,

Force(t) = Force(0) X[eltfast + A X (1- elt/7 fast)) X (1-g(t/ 7 latch-attach) X o(t/* latch-detatch) ]
ELTRTZENTES,

£ 113, EROXE S LICHELNIT—F ZERMBITL, FEKE L ORLIZLOTH
%o TV, 30mMBDM i 25CIZ BT, 7 u 27 Y v Ol (< fast) OETH
Bl EholeZ &h b, BWEME L e 2T Y v PO RESTELZLREZLLN
B

A<M A-M

(fast cycling) (latch)

t fast t latch—detach

t latch—attach

A+M

(relax) (relax)

A+M

B4 RGBT BT 57 2 F v — 34 v U BTiThn 5 RS ko B

AL ToFe M: IF»
= ~ cemtroliosd | g j 10l B T
: T | weEE | w5 | wews | wx | ¥5 | BawE ] e | ¥H | #eEs | ws
: fast 39.393  15.4753  47.1837 15.53574 0.497078  50.3684  18.817 0.43408 15.8788 1.72277 D0.131607

v latch-attach | 2808.3317 2565.02398 9527937 48.318% 0.343799 0

52 8186.128] 0.507687 593.675 328.2100 0.4433%4
 latch-detach 1798.580 400.51566 1623.874 395.576T 0.772487 1779.822

482.1644 0.979392 1752.458 486.844% 0.050555

A D.125501 0.0325594 0.103508 0.018474 0.470314 0.227385 0.075998 0.25775d 0.092405 0.0Z1977 D0.286517
- cot ol (Oall) - gl 1 el T i

- F FEME | Ty [ BEES | e | T8 | BAESE | k= F1y | BEEE [ e
 fast 47.11774 12.100723  94.660 54.37484 0.344451 41.33988 12.62219 0.151807 20.2343§ 5.280558 +0.0485

@ Intch-atiach | 59460461 30.836486  067.9006 711.8181 0.295729 0R58.28 S778.76d 0.340814 1560270 1318,115 0.339463
@ Intoh-detach | 1346.9475 407.0647%  1204.1% 483.088% 0.938424 016.2624 280.8103 0.309947 1272.04 4758549 0.886184
i 0.12339 0.040888% 0.227141 0.102504 (.450857 0.182308 0.0S207 0.574734 0.175687 0.065348 0.611328
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EE
IR ONHE « MiRIE, Ca R I REIKET D Z LB MbND, HEIAT
(A1) OEFEIKTH S blebbistatin <> BDM (&, BEH#H, LihR L OEERHOIL
i 2 AP INHI 2 Z & A3 S 4)10)11)13), blebbistatin (X, EEHT 2 hI AT
ATPase iM% 10 M BEE G+ 5 Z &AM BN TVWS 11)16)17)22). it Watanabe
i, blebbistatin XA ¥ > NEGHERT OUGFER 2 80H LT HUED Caz @i
IFTUEHEY VB LASVZIIEEE S ARV L ERELTWDS 17, EbIT. FEiE
DRNEFEA D=L (FvF @2V ELTIZuRTY v VEIEZFERIT) K
25 2 LT, MR ARET DS Z L& R L 23), BDM i, Kz RfEEOFERGIC
BT, 2~10mM T, BEEMDOBSHRIC K - TH 04 2 EBAKFME CazrF ¥ R /L~D Ca2*
MAZMEL 12)13)14)15)24)25)26), 5. IR O 206425 = & A#E Sh T
%, Watanabe [ZX4UiE, 20mM LA F® BDM X34y « 727 FUMEERICIZIZE A
CHRBLRN10), L LEICEHRED BDM EI42 > « 72 F ARAANER %3192 7]
REMERN S D, € 2T, AWFZE CTITSETEIEA B -escin 1T X 0 MIAE 2 L L, MNaRNEREE %
ANBWIZHBICEE - 2T 52 L ZAMEICT2EALE Y FEBMEEGA X FEAE
VT, Ca2+ R EEFMEHAEIZBI v 72 < BDM 75 blebbistatin & [RIEIZ F o T4kl % i
L CHimimihiaie e+ 520, BatziT-o7,

AEFH 41X, BDM O AV URE0) Vb, LY B~ BERALT 7 F v - 2
AL CHBEERA~DRBOHZZHFT 5720, HERICHAW DR D ATP 2 ) B ko ik
B2 6720 h, I A4 ATPase OHE 7% cytidine tripjosphate(CTP)(Roche
Diagnostics, Mannheim, Germany)|Z &#t L TEBRAZ 1T 7= 27)28),

T DFEHRSEAF T, BDM 1Z, ERFTR A ¥ 2 FEAROHTRRBERIZ B\ TAIRIRE 25°C
Ti& 10mM LL LT, 30°C Tl 30mM LA L THllgg 2 R HE & H 7=, BUF AT Dk 5 ClL. 25°C,
30mM T, 7 X7 Y v VOMREE (< fast) DEPEEI/NENoT=Z Lab, WUOERE
L7 v A7 Y v VOfFEZ RESE, ZOMRITITRERFERL BNz, BEDHEICD
WT, BEINLEE STV D ERBOLHOT —F LREOBEMAALNT=Z LD
4)8)13), ZOBEWEMALT v 2T Y v URREHRHED A B = X LR & BRI IR
THDIENTRBEINT, TNETOMETIE, 34T TATPase FHERIZ, —ET 7 F
VINOIRBE LTI AT BB DIEE A THOWDSLK W ET I/ F U Ee#ETETvF T v
COEMEMEL, TvF 7Y v POk (¢ latch-detatch) Z{EdE w2 LT, 5if
HFRH AT FERAOMEZEETHZ ENRB I N TE R, L, AFEOREE L
W, BDM & blebbistatin Ti&, FIL I 4> NEEKCIIdH 503, FiBfibERfRicit
BT 7 F = IAVUMTITONASREERBEOERTALARR D Z L BEZ BN D,
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