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1-1 F

BHD2EMDTFE—F—DREMNTH., 77 RIFTTCRIIARMRELTRDESE
NS, BOBAUICHIFEINTE 2, 19534 & 1971 EITIFA.F.Huxley 5 O — HE D
X727 hIA T D OHEERODTETINRHRMED HEEEOERBRICEDONT
REINE. ZOBFIVEIHIEE DR 2 IEWEEICES THIATESERICENLZET
WTHD, BHIEORE REN OV LI CBEDbNZN, WS OMDOBERBIEATY
2o TDHRDIDIITIF T4 TA MOEEREE B ELTETINEBELTND
EWSZERBoT, BLTIFL T4 TAL MNPERBOMEREZRES, HRERIIBN
TIFVIHFOBEFOKRZIBREHRCREAST 25T, EFINVOERELS>TZEROKE
RERENS RETHENHTL %, Thbb, EUPFE—F —DEHEA N Z X LZER
RBHBIIE, TOHNFENRHEEEZRASMIL TR IENEETH D, £IT. FEILB
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1-2-1 Y FIOHFA

ERICAWEZTXRTOF > /87 B33 F Dback skeletal muscledk DL 72(29).

G IF R T NIF L OB UBHEETo =, 7IF-bORIFT >
T4 ITAY NEE-ET B2, 150 mM KC1/20 mM Hepes pH 7.8 )N 7 7 —HT
0.5 mg/ml® FORIAT@)E]L mg/mDFT IV FEBELE. TIVFXET I F
~NAORIFT T4 TAUS (FPUVFEIIIILT 256 uM) & GYIF %

5 uM 770422 F I AF)O—4F3I V(PHDITMR & & H1Z, 100 mM KC1/20

mM Hepes pH 7.8 )N 7 7 —HT4 °C IZBWT—# incubate 52 EIZKDIERL /=
(37). PHDTMRIZ T 4 I A2 M RREIT 5 LFERIC, #AEMET TOBEEZ L
95, ERICEHATERIC, 7I7F2 T4 ITAMEET—ICHELT8.3 nMIZi
LEIDTHFRLU.

IFTIATFEERHLIOMHBL, BRE2To k. I3 I VERBERICE > TR
HEE L, 80 °COT U —HF—DHIZREFEL ).

FTRTOAEEE. 26 mM KCl, 3mM MgCly, 20 mM Hepes (pH 7.8), 0.5 % 2- X )1
AT STy =), BiEEHEEESE R Elucose, 2.3 mg/ml; catarase, 0.018 mg/ml; glucose
oxidase, 0.1 mg/mDZFENAKH T, 25-27 ‘CIZBWTITHo 7=,



1-2-2 PEZ AT A

B, 17 o0o—Ribvea7o—JEUTHWESFRIERRE, o v—%
Bt ) A= —BARHERE2HAEOE T2 7. YO NRNVBISFERDI ENVD
HELE JO—-ToOoREIFYTIIZOCOF—F—, ZONFERIIDN/nmdD L))
THHIENERINS, £ 0—-TE3nmOBETEREZINDI ZEBKRETHD., o
FOERZEET57-DI3nmOEELZERICRETEZENEETH 5,

HIAIAZ O=— RV DERL

ERICAWEH S A=A 70— BVid, BEMKW 0.3 um EWIEEITHNBD
TH2 (K1-1) « YA 70— FRIVIERE 1l mm OH I AEET7 A EBBSF— (PD-
5 ; Narishige, Tokyo) IZ&k > THIEIXL . BEEMEOT T, TRFIBIRICEL-T
EEMNIOOumDEWHTI 20Oy RIZEEFELTOL, MEALAZBERELSLmOHESRICTE>
TEEIN70-100miZE5 LOIUWr Lz, =— RIVOELMIE Y —i2ko T, B
HHBROBNEERETEHZ LIS TITOIDNOT, A hIFA M2 ETB20IC, LWHICE
BR2umD =y 7I)VRITEEE L7=21),

TR THNWZIA 7 02— RIVONZERIEIKN =0.5 - 54 pN/nmTH 5. =—
RIVONIRERIT, NREBRODN > TWAEEH LD/ OAFy U TL—ailko
TRz, BEHONRERIL, EEHOLRICL.2-24ugDEF(ER250m, X
300-600 M)HEDE VD ZDE, TOEZDEEHMOEZOLAZEZRETSE ZEIZL > TR
£ L72(24),

HIAZ— RV OBEEIDREEIIT S A — RIVICATy TIREMZ BEX T & EDRE
IR vy (=Kn/En; ENTBRIRFTOZ— RV OBEBRE)TEIND, I T A=Z— RV

DEO S ED/NNT —ZARY MVEEBEEROI—F—FEEE . T&D, o = 2af &ERE

N3 2-3-1fi2R) . BYLED/NT—ARY MIVE D RES - 22— RVORHS#
AEld, Kn=0.5pN/nm @& %0.3ms, Ky=5pN/nm®D & Z0.03 msBETH - 7.

HIAZ—=RNANDTIF T4 A bOBRBIIS— RIVERICI AT 5F%E
I—hFLUTRE, rigor EEIEB LWL T 7229,
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B—70F T4 IA NEHFARA 7 O — RV K> THEL., nmBNZ
msF—¥F —OEES METRHET 2FEKIE. EEMNICIXAESICKVBERINTERLD
DEFUTH D, H1-2A WEBOERANZRT, EBIIFRISCHEME LICBRIN
TW3, HI9ARA 70— FIVIIKERY I 707 Eal—¥—LETVRFIZED
TEEahs, ZHImmOF I FIv2ZL >, nmOBEEF> TW5b, nmBAZR
HE572012id, HIAZ—RIVOERODZ T IVRIFOB FERXBOERIZH 500 u
m) ESHE T FFLA—R 1ODEILOHA X : 1030 x 1010 wm, &)L EIORRE :

30 um) RICRETS, Z08 T+ N1 F—ROZEEHAITS AT 70— RV
DOHEIZHEEIZHBRTHD., <1 nmOFHEDBRETSHIENTES(ELI-I), EH—D
B REEEE 0.03 ms &Moo TW3, B9 —0EHFHHARTOINT—FLa—F—
(RD101T; TEAC , TokyollZk- Tkl . FFTY 7 I 1 ¥ —(R9211A; Advantest,
Tokyo)BE U > B a—5 —(PC-9801; NEC, Tokyo)ic & > TF—F BT &7 o I,
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A B=Y7F T4 5 A NOHFHFEREDRIR,. FMIIEXSR.
B) : ZEBRRD AT 4 7R A5 DRHK,



0.1nm

1nm

2ms

M1-3 Y —TRHELEASAZ—RIVDOZEM

HIOARA O —RIVEELRF TERLOEBIBZ VI = 500 HzO Y1 >
BERICIREI I B - EDO U —D /1, YeIEIIGreen YAGL —H—, ——
RIVDAT 4 72 A1E> 1 aNamD dDE BN,



1-3 #&R
1-3-1 Z7OF>2T74 5 A bOEERDOHIE

TOFLT 4 ITA NOBEEERIET S92, PHDTMRIZE> TSI N)L7z1
BEOTIF T4 IAY FOTHE, 2BOH T A=— RVIZk > TRKICHRT 3.
HidHEBREZRAET A-OOEEITHN_— KL (EERHO0.3 um, £X70-100 um
) WEoTHIEL, BD5—FHRBT7IVF 274 FA L MEREICEETESL DB KRN —
RV (ERH2 um) THET S, Z L TiRfEpeak-to-peak T10 nm. AiE#20 HzOY
1 R OEMEHN— RIVOBEZICELVRFIZE>TMA %, H1I4IZRELVE
FIZEZ 291 D EROBESLE., oY -k THRHELE, Z—RIRT7U—0OK
KQBRARZ—BNWIZTIF T4 A FERRL TENEERE S ZBRO Z— RIIVERD
EMERLE. Z— FIOYA DEBEDRIBIXZEDNT—ART MVOE—I7DEE K
DA LT TIZTy KBTIV FOTAL FANEZ—RIVTIVF BB DERA
T4 TRAET S E, peak-topeak THNBNIE Fo=x+ K, THAbN5, F/x. [k
Io—RIVONRIEONBHE Fp = Kox) - KNCEEND, ZhEOHREVEST
WBDT, Ko =&o/x-1) - KNETRD, ThabbE, ANEBORIEx, HAEEDIRIE X,
Z—RIVDATF 4 TR ARNEANEK ZRD B Z ENTE S,

TOFTALITAYNIZIF TV R FENALTHIZAZ—RIVOERICEESIN
Be LIEERST, 7OF2T4IFARNETTAZ— RIVOBITIZANUNDINFRS N
FHET D ZONKXRDETIF T4 TAL NONRERDERINTH-0I121F, X
FREIQDTIFT 4T A NMIDODWTKZHEL., L2, 1 /K amtEmic L
T7ay bT5, K27 VF > T4 AR umBEODDAT 4 TR A, KpE7 7 F
SITATAYRNEHSARA 7O~ RIVDOBIDRAT 4 7R AET B E, 26 DRI
1/Ke = (IL/Kp) + (1/Kp) EWSBERDRD > TNBITT RO T, KXk UPKpldENEN
TS5 7 DEELyTIFNERDSZ I ENTES(H1-2B),

K1-5i2, PORIF I ONEETHIRELELBVWEHETIIBITALIZHTS1/K.D
Ty hERYT, TITHWETYVF2 T4 A MOEXIE 3-30 umTho7z, F
HLUABEVILEL/KOMICIERERND > 7=, yUFOEX VK EHET S L, bO

RIFIVIEEETEEETIIBITAHEITEFNEN, 5.7 = 1.2, 5.3 = 1.6 pN/nm
(mean + SE)&72o 7=, F/2, VI TDEENS, MORIA TR LEDDDOBOT Y



FoTLIA BRI umBEODAT 4 TRAZRDD E, FNEN 43.7 + 4.6 (mean =+
SEM, n=74). 65.3 = 6.3pN/nm (n=116)E/35 7. 1/KDENKELHELTNDD

W TIFTATAVRDATARL 70— R AOHKEOLN T SDEND
D, TOHMEK,DENKELETSD D THBEEZLLND,
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M1-4 Z—BRIDOEMLEZDNT—ANRT M

A) ELVEFIMA 291 D EIREEE((E=20H2), B.O) 7 IF T4 T Ak %ﬁ%{%
LANEER,1I0nmELEEXRD— RIVERDOEMN, 74 TAY MIRKWZ—F
NWEEIVEFICESTBIR ZEIREVBEREI RS, ZOROAIE TIZ190 pNO S 2 )
T4 IAYMCERITHERZITO>TWS, FHALET AL FA FOEEXIF224m, =—F
VDONZRERKIXL.7 DN/mmTH 3D, ML —RAE22EMEFETHZEICEDFERIELT
V5%, DLEBBXURCONT—ARYT bT A,
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M1-5 F7UVF ORI EABRNREROER & DOBER

B PORIATVEEET. B : FORIFIDHEET. BEBIIEREELZET
n=4-26), FRIIT A TA NOEIIuMBOEEETHS, BERIITRTOEDOE/N
ZHRIEPIZ X DB (n=74 at -TM, n=116 at +TM).
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1-3-2 FUFT 45 A kO

FHF T4 T AL FOMBIEERNT BB, S FIVORIT A YA >
BIRBICHT S, =— RLOEROY 1 S REBDREE, =— KLU —0HAEGN
EFUFUT4 TAY N ERRL TR R HAOKD WTRE L. Th 502D kMK

HKEREAREEL-6). =— ROk EBTOBHZXOBOMHEOTHIE. Zh50E
BOIOZAARY MVOAHZBRETASZ EICE> THRNE, TORE, 10 - 500 HzD
YA EEEREZITIMMOTIIL A= ¢ - ¢y < 0.1 radian THo 7z, ZOHIETHE

RAUZZ—FRIVONRER L, BRP TORMREIZKN ~ 5 pN/nm, w~ 0.03 msTdH

D, =500 HzTi. ¢n = 2afry = 0.09 radian THBDT. ¢ = Ap + ¢y < 0.1 +0.09 =
0.19 radian &35, £EX20 ymOFPIF T4 FTAUPEBEXD &, GRENFERD
K¢ ~ 1.6 pN/nm &72% O TAppendix®BG)REMED &1, < 0.1 ms&ixd, @RI D
ff &K, =44 pN/nm, K, = 5.7 pN/nmERAT S &1, <0.2 mshES N3, Tiabb,

L=20umOF7IF T4 IA L MNCABRBESBESAEEE, 0.2msk D bESE
HSBITBRT B EM0M5, BL. T4 TAL FOEINERE O HDEERL 1m)
THIIL, 1, CEL/Ka NE<<0.2 ms&B BT TH S,

Appendix

BEEEOY1 EROBMEZ— RIVOBRTICMAEEE, FVFT4TF AR
ERESLEC— RILOEROE =T

x =xX.Kn/(Kn + K¢) @
THEZbN?, 22T x FY X FNEN=— RIVORHERTTDOENM, Ky & =—FR

WDONREE, K ZT7VF T4 TADREZ—RIV-T 4 TAY MNEBR EDERNRE
¥THD,
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Ke=&o/x-1) + KN 2)

ERICBOWTIE, 33— FIRT7Y—DEEDZ— FIVERDOEME L TRDENS,
BERS, BEE TIIBROBEENRICK 22— RIVAEROEMOBRIZERTESNS
THb. FIZIFKN=0.5 R 5 pN/nmD=— R)V %20 HzOFHER TIREE 8- & &,
TOTFR—arIlyis—

{1+( 2rfeg)2} 1213 ENE310.998. 0.9999998& 725,

EHOARENEVES. —— B, PIF2 T4 IRA 2 RERBEN5DOESERD
RRESEHTER RS, TOHE, BREBEE T —FRRCI>TRTE,

x = XoKn/ Ky + j2nfEg+ j2nfE,) (3)

Li2d, TIT Xo=Xl2nlt | BT — FIVOBERERE, ELT 4 TAS M EFEHROE

BAEEREERL T, HIE TR, EXERICXSMEOTHN ¢ Z2FvyILVT SR
»IZ (500 Hz ITHBWNTO0.09 radian), 74 TAY M RBBHEDO T —HHDAHE
(Ho) I 5 7 U —D & E DA (G +o) Z TN TAG = (¢F+d) — Oy +oo) = — o ERD, ¢ =

AP +oNICE O ToZRBH B ENTES, ik o1

¢ =tan"12xf(En+ &)/ (K + Kn) @
TEEINDS, ZORKD, BRNFRIORER 1. EE/K N

7o = R/ KO +HKe /K )21 (tang) -y} ®)

E73B, ZZToyyEE/RyNEm— RIVOBERRHTH 5.
FARICLUT, TIVF 2T 45 A2 bORFRRE i
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K1-6 FHVFYILTIAYNEDELTOZ— RIVOHFHZOMEE

(1]

R BEREERT(=5-8), FALETIF T4 5A> POREESS-21 um.
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1-3-3 7 U F UEHEDOENEKERE

TUOFLTLITAYMEZ—RIN-T I F U EEEMDOERNRERKET L TA >
Rz 3728 35 - 170 pNOFEIZBWTHEIE L=, ZNidisometric{UHERFIZthin
filament 1IN 375230 pND1I5-70% I BT 5. Hid. KWEHFDOHIA=Z— RV
EETVRTFTENL, 74T A PEFGIORS ZERKX>TERES B, H1-TIZRL
EBY, NREERZOHBTRIZFE—ETHoz. ZORETRETIIF LT L IR
FEBEDAT L ITRAEZ—RNV-T L TAL FMEBEDAT 4 7R AR SRETERN
B, WAT 4 TRADHEBRL Ho TERNRERN—EERD I EFFZARSWVWOT, 7
DF2T4LIAY NEBEDAT 4 TRABZOHOHBETEI—ETHDEEIENS,
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K1-7 PO2F2ITLTAIRNCERXERERRAT 4 7R A EDBER
A Z—RIVEROEM(EEBYE, FDONT—ARYT MIV(FE).

B): WAWARHDOLN)IZBITSD, BRAT 12 TR R,
FERLETYIVF T4 A FOEEIR. 22um,
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1-4 #%

1-4-1 Moy NI BOHME L DL

DY NN IBEOHBETIEDIZ, TIOF T4 ITAROY I TROKRE S
ERRAEDDZTo>THBL., ZZTREEOEDIZ, B/X—RNTELSBARICESLT
m570?>745x>b®%ﬁ%\—%Emvﬁtambfﬁﬁo~§anvﬁtﬁb
T, PULREFTIE=K L/S) THEALNS, ZCTKWBILITARNDAT 4 TX
A, LBEX. SBI4 A NOEEEEETHD, L BM1lumd & EOKDOHEIL 43.7
+4.6 pN/amTH D, FHEHEEE S IIXBBITI L7V F UAFORTFEETTIVES
ZiIZTBE, ~25nm2 E725(14,23), L7=MN>T, Eld~1.8x109N/m2 ¢5HEEIN
%5, ZOEEPBBEBRTOPHDIMRIRNWT VF T4 TA FOBBESHNMNSRED S
N2l 2.0 x 109N/m2) (7,37), BD2WEL—TF— ST ICKBT7IVF T4 TRAY

ROEEED & 27 5RD S 2.5x 109 N/m2) BDE &< —BLi, Zhd O
ORED Y > /N7 B TH Ssilk (<7 x 109 N/m2) 2)*collagen(<5 x 109 N/m2) (13)®D
Yo UREBE LT,

FORIF L IEETTCOERTHETIF I TILTAL RDAT 4 TRAN 65.3 =
4.6 pN/nmiz#EmL7, FORIF I UOHTFREREZIHR4A nmTHD, o NIV T AD
coiled—coil #iEZ2 > TNB28), TNETIF T4 FA FOFRHBERE->TT 4
FABMZHEAEL, PORIF I VAL FOEBTRBENIIHESLTWS, LA
T TOFTALTIAPLumBZ0 O ORIF I OHFOAT4 73 A, bOaR
SAT PR TBIEEVTIOF U TILITIARNDAT 4 TRADELTHZEANR
WET3E, MORIFVUEBEFERBETICBIBZ T IF O TILTALRNDATF 4T
FADESR 21.6 pPN/mmTEHEALND, 2K, a-NU w7 ZD¥EIZ0.4 - 0.5 nm
EEDNTVBDTERO). FORIFIUHFOY IV HEKII~ x 1010N/m2E/x5, 77
FUTLIA ROV TRICHERT ZOENKEVWEBIZ, 2T7099%E < Na-N\
Yy ABEEROTWSREHTHDIEEZ LN, ZOEIXSFORBINSRD 5Nk

19



wool) R IHF L >S-20 0o~ v 7 AFEH(A2)DY > FROME(ZENENL.2 x 109 N/m?2

» 1.3 x 109 N/m2 )k b RENSTZD, FIONIBEBOERBITNS FTREINSET
x 109 N/m2) QO)icitiF & AE—H L 1=,

PORIAL AT WEH~3 nm?)

TOFT45A2 b (FEWHE~25 nm?)

K1-8 bORIAIHNFEMELIETIFITLIAE
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1-4-2 YN IAATDALTI5A4T 2 ADKRE

isometric{#EkE TDthin filamentDH L, FHETRDEZ P ORI A OHEETF
TOTIFLTLTAYRDAT A TRALKDRBOBENTES, JOATYvID
HEEREEY A VN EFENTREZ > TS ZOREO & &E1I2id, thin  fllamentiZhM 3
#3¥dthin filament &thick fillament@ER D OES 1 IZHAT2IIFTHS (K1-9) .
L= T, EFEIRETOthin filament DX AY 13,

AY =0~ DF/K, + 1/2) x (F/Kp =1-1,/2)F/K,
E725(35)s ZZTKMEPORIFAIEMAELETVF T4 SAYPDAT 4 TR
A, Lidthin filamentO£ETH 5., HTIOEERHIZBWTIL, F=230pN®), l,=1u
m(27),1=0.7um (A5 THBH5DT, AYid2.3nmil/zd,

—FH, VOATUYPDHREANZALZRARDEHIZE, YIVIARXATOERSE
nmA—F—TTIEP < BRI B THIREZ A Dquick releaseDERMNTTONTEZ (K
1-10) . ZOF—F OB OEICIL, thin filamentiZERICENWEEZZ SN, FEALE
TRTCOEIBEIZOAT) v POMHEICERT 5 3N TERE, quick release DFE
1ZiE, thin filament ITHESLTWSEIF I Ay RA%EHEZ HDREH6,35), KIZE
BEDH->7AYIR T SIIEEfmE iy, thin filament iI2N2HE2VFOICETEETD

I Ezrelease DE Vo WEHEEZ AWEHRICK D, FHIARXTHZD~3.9nmER
EHONTWBG), ERECHENSFord5 DR IGIZBRRENTVNS A10 XEHB
WTYo(3.9 nm)izxd %  thin filament OFESZRD D E, 1.9 nm&io7z, T72b
5, quick releaseDBEOHINIAAT DAL T 54T 2 AD D H49%Idthin filamentiZHE
HL, B0 7Yy P Ethick filament @22 7S5 A4 7 VALK B EZEZEND,
¥z, Fordb i X DEHINTNWELDIREG). 7IVF 2 T4 T A FOKREIZKS
quick release DEEDEZHH TR DO AROAIRENIL, SHERD 7 2 T A > MOEFEERF
HOBRL DmsA—F —TIIBEEZINS,
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1a | thin filament DEX

Iv | thick filament DE X

10 F—N—S5vTOEX

Ca . thin filament BEff XY/ 0 0 FI31 7 X
Cwu . thick filament B/ B X %0 D> 753147 R
k! B EXIUAEDDOIOXTYYISDAF 4 TR X
Cz:Zline DAL TIAT A
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Ford et al. (1981)D 3, (A-10)DFxEH



1-4-3 {OZE & DB

Ford 5z k2582 B W HEEIEICX U, thin filament &thick filament®
WIART AT FTAT Y ANDFEIEI< 20 $EENTE216,6,31). dL Z DRERMNE
LnweET3 e, Highothin filament (RTUSREDY NV BEREELTNS)
SR 7 F L EPORIF I UL > THERE N/2thin  filament Xk D 5 EFW
ENWS ZEZRB, BIEICES T, BERFTORTI Y T4 FAL FDAF 4 TRAMN
HEXN, 1lpumdz0D1.03 x 102 pN/nmEWSENESNTNBR8). Zhid7 7 F

SIALTAVIMNDAT A TRAERBLTHELLDAEINVNDT, XMTFA4 T T4 TAV B
ZE TH5RFIIRVERN, MOAgeEE U T, PHDTMROBREBR 7 4 A2
ZOEMKLTVBRIZEDBEZONSW, TR 770D R T4 FA FERELT S
ZEEFETBLIICRZASE6). HEHICHEEROthin filament AT 4 TR A%
BIEZDIZIE, HREANEALEIBMITRET TN IARATEOR{LZE<L nmOBET
BT 2LERHZN,. CNEFEFICHETHD. E£E Fordb5 3RO IN—TD
Julian and Morgan (22)®Bagni5D)OEFEI LB E, FNART AL T I T 2 AAND
thin filament®F &1L, 30 - O%ICETHEVIFEBENESNTVNS, BRIZR> T,
BOSIZEK> T, YIWVAATEZEEAOEH ZHBL. BEETHEELARMS5rigor T
DD AT 4 7TX AR BHENMTDONZ(11D). TOEE, rigoriRETOY)ILaARXY
aAYTIA47 ARHT Bthin  fillamentDF G, FHEICLBREDH D EERED~
50% THBZ EBHLMITEIN=,

BiRIC/R-> T, BB TOthin filament @, XBEHFOFETHANGZBE
Niz. XBEH OS2 TIE. LARTIZthin filament OHUROIEEEL LT, 5.9 nm OS5 A
B LA RENAVNSNTVWE19,25), LALEMNS, 5.9 nm KT 2F 2745
A2 P OEBHAOEEUSN ORI L TOEREIND &, ket EMIFERED
BoNTWENSEZIERENS, BEEOEVWERIEBELNTWEN ., EZARN
BEEITRS T, 270 barnoBEEINRAIBXBREFATRZ ENREE RO,
ZBESRRE. REOMBERIIEL<EEBIN:E, ZOBRTVF 74 IA X FORME
BIOEIEEZERICRK®YTS 2.7 nm BAHORFERHTEZENTELXDIRE 72
19, ZOFEEZRNVBZEITLD, 2207 NN—TI K> THMICHEE SN ZER.
isometric IU#EERIZ thin filament 1Z2E®D 0.3 0.4 % (3 - 4 nmMBUNTNS Z ENRE
N7=(20,33),
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UEDORERED, YNAATDALTI3A4T 2 AD~ 50 % I thin filament 12k 3
EZBEZBDIENTES, LENS> T, YNIARATZOALTIAT L ADKREEIORT
Uy PRERTSHELTERBREBRLLLETINE, EERFHOKMNDHSDENA S,
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B2W FF L UHTOIDTHERNE

2-1 K

EYHFE—Y —ERETHLTRODBRLOEKEZEE DITBHEO—DIT, T—
F—RFREDEITE DN END ZENRH D, KIBRRZA F.Huxley 512 & 5%
TR, I UHTFRAERETZEDIZ, ROFT—INEEBIKIC, FIVFT74 TR
DhEHEELEEROAEEZBLIES VI EHRO EFINNRRINE, Ll
5, ZOEBTFIIORIMER S G2 AWEZERTIE. I0EBDIF I UHTFOIRS
BNOT U TINEHEETOIIEE RN, ThbE, EINL/LNIERERE
AFIEORAFEN EOMICIK. EBICKERFYyv D5, 13 FOMEEZH S0
I, PRVDIDFOHEZZEBEAZENEETH D, IRFITR>TH A—F—§#
Bz AW in vitro ERROBLWEHRICKD, ARECESLTWASTOEZ1E
NEEEOLRIVIZETESL LT, TNSOEMEERIEEICEWREETES A5 I &4
BEERo e PUVRIFVIRTIR, ABSIREOTTIF U T4 FANERBEOIF
VUTOROEAD SERPEIN, FFLNIVTOHEERAOBERIESNE. 20O
EERZEYDIC In vitro EBRRIZ. Spudich. G&. Molloybick-> T, I AT V1H9F
REDNREBEBEZEREDI L NIVICETREIN. TINLIFFLNILTORL A
ANBoNTERE, 230 77 bIF Y URTOHEEHORMIIERICEVNDT,
IAFIREDABEINVARICEZY, S 7N ELTEATAZEARETH -7,
—H, FRIBNERTHR, FRXIGFVBIETHo2ELTH, MNENSRFRER
FTIRVRRICES THEERA LRI S0T, hESA JIIVERVEUREIT S Z &4
BTHD, ZORIIDOVTIL, 1993FIZIIK.Svobodab iz k> T, M/NE LEEDF R
VOB TFORT Y TROBENGD TRIBEI NN, EOHETA ZIVIZDONTOFEMR
BiTidfTbhiahok, TTTEETHEH, B NIVEDPFRHETFAINETD
BIZ, EOLSBEHMEZL TNIONEAZ20IZ, ATPIIKGRIZED FR 2 HFD
BEE 1 3 FLNIVTHIEL, BUNE L2 EDBRICHOTHRO 2 DOEEREDO XD IKEE
LH>TEHNTVNEDNIZDWTHENTZTo 2.
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2-2 Fi

2-2-1 Y7 INDHFH

A FRITOAE

FRYREREOMNETY 74 25 4 —BHEIKKODHIEB L, DEAEZ O NS
T4 — &L BEENERLMCIDBRL2(25). £9. 600g04k%E4, CIcBNWT, &
EDextraction buffer (100 mM Mes, 2 mM MgCl,, 2 mM EGTA, 0.1 mM EDTA, 4 mM
DTT, pH 6.8) + protease inhibitors (0.2 mM PMSF, 20 ug/ml leupeptin, 1 ug/ml
TAME, 2 ug/ml Aprotinin, 1 pg/ml pepstatin, 7 uyg/ml TPCK) HT20#f4 blender IZ
Ko THRETFAL XT3, RicZhE4.C 12,000 x gT60LEE LTS, EHIZ, 2D
LBHEAC 180,000 x g TOORTEELT B, Fa—TI) VBRI EZLDIT, LB

HAIZfinal 0.5 mM&ERZD KD IT GTP2MA, 33 % v/vEird & diZglycerolZ A %,

I %33 CITHBWNT304H incubate L 7288, 8 unit® apyrase £40 yMDAMPPNP % il
AT30 °C, 104+ incubated %, ZZTHFRIVERESGLEMNEIHEELTWVWSD
T, Z#n%25 °C 180,000 x gf505}ﬁ5ﬁ§'bl/‘(ﬂ:$l:3 E9., ZDLEZE. 66 mld
Buffer-1 (100 mM NaCl, 100 mM Pipes, 2 mM MgCl,, 2 mM EGTA, 0.1 mM EDTA, 4
mM DTT, 20 uM Taxol, pH 6.8)+30% glycerolich AR K93, ZhzE, SFEFED
Buffer-1 + 50% glycerol ®_EIZO® T, 25°CT180,000 x g 603 & LT 5. LEE20
ml®dbuffer-1 + 10% glycerolTH AR RL, FRIVEMNENSIITTADIZ, Z
1210 mM ATP & 10 mM MgCloZin 2 C25 °*CT204 [ incubated %, RiZ. #M/NE#
BR< 2812, 20 “CIZB 11 T190,000 x g THOREDLT 5. FL T, LEAOFRI VA
43 %4 CIZB W TBuffer—2 (20 mM Hepes, 50 mM NaCl, 2 mM MgCl,, 2 mM EGTA, 0.1
mM EDTA, pH7.5) + 0.2 mM PMSF + 10 ug/ml leupeptin T¥#{k L 720.5 midD Fractogel
EMD DEAEW J A(Cica-MERICK ColzO— R9 %, 57413280 nmTOHRSENN—
A4 YRRESHET 1-56 midBuffer-2 + 100 mM NaCIT#W., KRiZBuffer-2 + 250

mM NaCITHEHZETD. BDFRIIREBAESE (2-3 mD%E5-20% (Wt/wt)D
sucrose ZEA)EL 2 - 7=A-buffer (80 mM Pipes pH 6.8, 2mM MgCls, 1 mM EGTA) (
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& 0.1 mMEDTA, protease inhibitors, 1 mM DTDIZ & o THET 3, EIL. 4 °CiZ
BT, 210,000 x gTL2FFERLT DI &L TITI. TOEEDHE. . HZBELF
RIVBFENTVWBLETIESY N7 EBEIZ0.1 mg/ml IZEL, X OMER
9BRITIRD. FRI X0 pl TOHEL, BEBRICK > TRAERM L T-80. CTHRE
T2,

B. O0—4% 3 D HCEF L 28R O

ERTHWAERRIE, BEBEAMSE T CI1EVHBIBRRTES Z ENBETH S, £
Z T, Witman 5 Q5 EEC6ICHEZMA T, Chlamydomonas reinhardtid D 753«
TOERERHEL., BXAEZRET >, MRS o7 YU —F NI EEZRL
72912, 0.1 % Nonidet PAOTHREL . 0.6 M NaCIA# (30 mM Hepes, 5 mM MgSQOy, 1
mM DTT, 1 mM EGTA)C & - T2E it 4T 5 (Kagami & Kamiya 1992), Z D#iik#
1E HME solution(50 mM Hepes, 2mM MgCls , 1 mM EGTA, pH 7.4) I k> TH
L. E5IZHME solutioniZY AR R9%, ZHIC 1uMOD tetramethylrhodamine
succinimidyl esterzZMA. 25 °‘CT10-304 incubated %, AN F THARPIEELS T
RN ENTZOERRBLEE. 0.1 M K-glutamate #MA 3 Z &Itk RS2 EET S,
7 1) —®rhodamine dyeZEd 37H12. HikEHME solutioniz & 2#LTH>. B
BOULBE, 50% glycerolZ& AR A-buffer ICX>THARI KL, 20 CTHRET
B,

C. ¥ E—XDHHE

FRVIE-XWRERENBZ LR, 1.FRIUHFEEERERET, FELHKE
HICEETEDZ L, 2. AN—HIAORAREEINRNI &, 3. E—XFAEVEE
LaWZ E, 4. BAEBET TRERA D TERTELZZENRITSNDE, INH50F
HBEREZTLIIT. FRIE—XESvobodas (199D H QR EHE L TERL &,
9, ERBREDN 1 mg/ml&izd L3 IhE1 > EA-bufferizcEN L., BOLICKDBER
H D ZHEIBMDER< (AC-solution), 10% v/v) (= 280 pM)D BT T v 7 AE—X(1.0
um in diameter, carboxylate modified latex, blue fluorescent, 1.5280 Molecular probe Co.) %%
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EFEDAC-solution &k _ET204+f incubated 5., ZOEEICED, E—XEEHEIIAY
A2RE>TaA—hEN, FRIVIFFERIINVBICHEESTESR LIRS EHEFRC, H
FGAR, E—XRXEEL IS, ZOE—ABRBREEBEOFRI O BBREFRT >
ZACHuffericiEN L7z b D) EBE L. KET205EE incubated %, E—XDBKE
BEIX70 pM, FRICOBRKBEIZ35-685 pMERBEDIZT B, THLTE—XEF
R E->Ta—rans,
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2-2-2 B AT A

HBEL—Y— Iy, BOREME. F /A —EfEDED LK
LoTRERENTNWS (H2-1) . YAF AL, BYORECHAROBESTOZLEEZITR
nWkdiz, BEE0OROREREA (1810LA, HERTZ) @ LI AR, B> TNV A TF—IK,

KEYA YO ol —4—(WR-3, Narishige) & E TV EF(NLA 5 x 5 x 9, Tokin)iz
X0 0.1 nm M52mm OHFE TERETESLSIZLZ, nm ,pNEHHIO T O—TTH 3
E— Xt BERAOYAGL —H—(Nd:YAG A=1064 nm, 300mW: MYL-300, Santa Fe

Laser Co., Arizona)Zfil > X &3t L > X (x100, N.A. 1.3; NCF Fluor, Nikon) %3E9

ZEIZED, YONETESZERIE, TITHEZT . L—YF—0RERX
NDfilteric k- CTHR L=, BRI -k EE— XL, Green YAG laser (frequency

doubled Nd:YAG : A =532 nm, mode = TEMyp, maximal power = 100 mW, rms ripple

= 0.2 %; model 140-0532-100, Light Wave Electronics) 22 DL X Z2BLTH >
TNEEEZBHTAEIOETCHELEZ. 8681 SIT HAT ( C-2470,
Hamamatsu PhotonicsHiZ ko TRHEL., TVEZY —I2ER LTz, Green YAG laseriz

Ko TRFEINZE—XOHBHFHIL. WL > X(x100, N.A. 1.25; NCF Plan, Nikon)
EML>ZX(f=10 mm )KJ:QTlOOOF%lZi‘Zi\'j(b'CZLﬁ?Hﬁﬁ’f I— R4 —(S994~
13, Hamamatsu Photonics; size of each pixel: 1.45 mm x 1.45 mm) BiIZ#&E L=, k
TG TINEE—ZXDBIR. IV FIRANEETEDRT I+ —HALE. x BXUOYH
MO E—X OEALIADEESY 14— ROENFNDOpixeiC ADHDMEEL L TI-VE
By > EZEHBEY > 7 (OP711A, Sentec, Osaka, Japan)iz kK D &H L 7=,
FRYAFVEMAREMEERALTNEIBOE—-XEF X UAFHEOIL T4
T ORERFETZEDIC. BRPIIEIIL—Y— 7y 7ORLERIE 5 nm, 50-100
Hz OV ERICESHIVT, E-X0¥1 VEBEERELE. L—YF—FI9 7
ELVHRTFWNLAS x 5 x 9, Tokin)izw > b LI T—2XKICAN. THICEEEZH

mMysZ&ickofFoz, U1 VEBREE. av 14> 7>7 ( SR830, Stanford
Reserch Systems)ic L DH L 7=,

Y —OHA, Oy 127 7O, BIMBEREDFSE. DATVO—
%4 —( RD-120TE, TEAC )iZ24kHzDH > 71 > 7L — N Titgk L7z, FIFFIZ200-1000
HzDB > TY T L— KT, Z£O¥ 200y bATEEREZREODO—NAT4 NI —%
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BL&ESZ2A-DAR— FMaclab, ADInstruments)ZzZEL Cd > Ea1—4—Macintosh
PC7100, Apple)icBIDA AT, T b — DA DRELRIZ0.016 msUFBIEH 1 MQ)T

Holze T—FDARY MIVENTIZDOS/VE#EREEMEITY 7 b7 =7 (DADIsD,
Astro design)iz & - Tfro 72, Maclab®DATIZEEGE I N/2T —F DHNOE DN, FX
VIUBFDAT Y TROBMELDHBIZ ) A AN T 572DI215 msOAF 17>
T4V —2BUTUEL Tz,

E—XOEMITHESI Y —OHNTETEEOE TRET 20, ZNEEEROE—
ADBDORER, TOMORETELT S, TDD, BIETIEIZINEREOEIIC
BELEZTNERS W, ZODOFBIILLTOLS TH 3.

BHUHIZ, M7 O0RA—5—DBEL Y —HIIREL, T TORDILKR
MNIEREIZ1I000B ER DL DICEBZFRET 3. R, E—XDEEL Y —LIIEE
L. ZORBTE Y —2ELVRFIIED., x BXU v FAIZEE 5 pm. FEHEK20

HzOH A S ERICIBHIEH3, ZOEEOEIY—OHABERE —XHY > FIVETH
nmOFE TR L TNBEZEDOHACHIEL TVWBEDT, F¥x U TL—arBETY
%, B

32



LIDDVE
S FhEE

Green YAG L —¥H—

SIThAS

Fliter

Quadrant

Mirror
photodiode

To plezo
actuator

| Lock-in
Amp
Stage
Objective DAT
lenses recorder
Green laser
Dichroic Computer
mirrors
e

Piezo
actuator Eyepiece
lens
“ﬁmzqup
Infrared laser Mirror e ge—
Filter

Monitor

B2-1 BEKREREOHEAR FHld4A SR



2-2-3 in vitro > INVEROF)E
B2 P IVESII I T ORIETIT D,

1. B22ITRTEDIBTIO—F ¥ IN—ZHET H. F¥ N—&. 2BOIN-}5
ZAZ2E20 0 mOBEREH DI I oF a7 TEHE L THERT 3,

2. FYoN—ICHEAERLUEZEHREHRLAA, HIAREICHERN LMD LEESIN
35L& D30 ERED,

3. HoAEXEZHIVM OTUETEELEDIZ,. BEINANS EIARZE OB 20
12, AC-bufferic k> C2 NI TF v oN—28kD, I TERHEZUMT S &
KXo TE—XIHSAREIEEFELICKSL 23,

4, ZOF ¥ N2, £0.04 pM FRTUE—X, 0.01-1 mM ATP, BXUVHEBERED
OOBERZRA0 mMZIILa—X, Qug/ml hE¥I—, S0ug/ml F)a—AFF
F—, 0.5%2-A)H T N1y J—)V)EEATE A-bufferzH LiATNS).

5. F¥ IN—ZEMEDAT -y bUTHEZRKT 5,

*TRTOHEIEIE, 25-27 CTfro 7z,
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BRBREEAT S
t~20 mmoOtay v 2

15x156mm HN—HIX

| . 24x 32 IN—H 5 R
BT S X 32 mm 7%

Mzt 7y M EIF a7 TEHELZRBTRESREZITS,
HEREIR LB _Fa 7TV LTEMRAT S,

K2-2 ERICHWEF Y 2 )N—
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2-3 R
2-3-1 BIERDERE
nm-sensor® ¥ gE

nm-sensorZRET 3 L TOEERF v 7R A > ML, &3 —0 KRR,
ERIDREBILN, F1FIv IV P EHAOKREEND S, RESEER. U —
CRAFT 14— Rk o TERBRORERLEEA, HADIMS EARAVRMNS RE
bofz. TOME. 0.016 msORMMREEND ST ENbhol, Tiz, ERSREIC
BRI 2 —0BR /M XEIEMICHETSE, 001 nm BETH-oZ. F17
IV ERAOBBEDO2DERET DI, BEE 1lumOE—XEHIAEH
ICEEL. ELVAF—JIBEZMATIO0 - 300 nmOIFETH A S FRICEMNEEZ
7zo E2-3ICF D EE Dnm-—sensorNb DHHERT, 45BHY 1A —Eh 5D HA
iZ, <150 mnmO#ETIEIE—XDOEA EHFI L7208, >200 nmDHHE TITREEND
THZERDNZ, EROBEOEICIE. ZOTHhE2RELTEMNEZRMb . ZOHE

XD, =300 nmOH#HFHE TEMZERICAET 5 ENFAREER> 2,

L—HY—hrS5vTOHE

KARIIBNWTIE, L—TF—rI7y TRE-XEHLATI=EaL—1T 5k
DE Y FNORBERETEEDIZ, HEHETZEHOTO—-TELTOREDHES
TW3, ZZTiR, 270—7ELToMEE#RET S, L—Y—rIv X L—
P—2L XA RLoTROAAZELEEIZ, HOBHECLSHEH L, BHAREICKLSEH
BRI &S ERMAECEESRRTFREOAONIRAEZFHLEBDTH D, T}
HELT, HIAROBENiZE HDTEMD L —F—2HWn5 &, Iy 7OHRLAHE
THEREINDZR T INI2REKTERTESRERS. Thbb, hIv S Ehi
E—XZ7 v 7 OBRIZREN. bTy FHubhS OEREICHAI L Zh2F0IC8IERTH
MIZZTHZEWCRD, ZOEEDOLV—TF—FFy TORMFIETONRERKIE, F
T TEINZE—XDQBYP 5EDNT—<x2>ZHEL. BAEEHETOILRINF—EHED
FE 1/2)k<x2>= 1/DkpT (kp: RV UER. T BHBE)EZHWS Z LIk TR
ETHBIENTES, L—F—0DREL, ZOFETRDERS Y TONREREOBR
i, E2-5IRUAEL DICHHAIBBRIZD o2, DEIZ, L—F -y TN EDREDH
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BAETREONRELTERD ZENTEIDONERARDZEDIZ. FIvTFENEE—-XIC
BRABREIOWBENEEAL, TOLEOEMZRIEL 2(24), ¥BEHZ, E—XHE
Ty TINIRET, AF—TC2R4ABRBEETHREHT HILICKIOEMIEE, K2-61C
BONDL—F—ARBRETOMEN EEMOBRERLEZ. TOHKR, E—XORAITH
BINTHAIL T, 300 nmOEETHEMLZ, b5, ZOHBETRV—YF—FIv
TEREDONRELUTHRA S,

BRI AN-TSAREDO ZEHETITD I ERRZMN, ZOLE, 7 AEEAN
V—HF—h I T RMENDEEELEX DAREEND 2, TOIEEZKRFNTBHRDIT,
E—XLHSAEHEORDERZELIRT, VLT - by T7ONREENEDLD
KEATHONZ2HANE, FOHE, ~0.1nm -5 umOEHETIE LSy TONRERZ
—EThDZ LRz (M2-7) . FHRICPWTIR, L—Y - Ty TDEREE
BT HBIZIE, HIRARERE TOREERIOEMIC K288 ERITSEDIC, IXT
EENE2umOMEBETE—X2 Iy U THEZIT- 2,

HERD ) A X ES/ N DBE

FRIHTFONREIZLEL > TE-XRFIERIINIEMOKRZZE, nmOF—
F—THd. ZOLNVIZBRDE, HEERBZ VT —HOBREODSERL, L X,
T AN —EVS ERERTOBBRIROSE, XAF—J0O05EL NS RHERBAD
J A XDBS/NEZZE LS ETXE308EEND S, 22T, Zh5icEHKRTS /1 XD
BERNLTBLZER, EBEREETHD., TITE—XNEELLRVWRET, 427
N #EGreen YAG L—H—IZXoTHRHEL, TOEEL Y —TRIBEINS /1 XEH/
A X B ) 1 XOMEL TR LE. TOBR, > 1 HzOQ#ETO/NT—ARY b
VB < 0.1 nm/Hz1/2T#H - 7=(2-8). /=, 1 Hz - 10 kHzO#F T/XT — AR
MVEEBREMSTEIERLD, ZOREKEETO =0/ XORES £
BET3sL, 0.2 nmTho7z, Thbb, REXOBNTHAIHTFOEZZnmO L —F—T
B EITBELTRTHEW A XVLRXIVTHD Z ENFho 7=,

SEIOMEICBNTIE, XAEELT Green YAG L—H—2HWNWB I ENTEER
D, JAXVRNBINAT 25 TERRE LU THWERE EHAT>10 Hzo BEKE
BTIE1/10E 25 72(13), TOEHEIZ, NOF YT 2T RTHBRENRLI00ZHL B
Moleled, B —DRBEINZIOOBNELSTEIENTEENSETH D, IHIT,
L—H—HEZ. NOF 20T E0BBRORENDRZNDT. ZhZ2HAVWSZEICK
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D, ZBEOBERY 7 FBESHMABZZENTER, TO—FH T, L—H¥—3TFH/Ny—
CEECRTVOT, EAEOWS BT L THEREICBRERTHS, £IZ T Ihz2RRT
572012, BRHROLV D XOREZB/MNBICEED, F—I—RBHARMNST ST I LT
T, B2 —ERICFENY—E2ETURVLDIILE, TR, <10 HziZBWTH,
JARXVRNVENOAT 5 TOHBEOEFUTIWASD I ENTEE,

38



Output (V)

0.5

{ | 1 | 1 1 1

-300 -200 -100 0 100 200 300
Stage displacement (nm)

B42-3 E—XOHEIRHESI I T—N50HN
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B2-4 L—Y—brIvTORTT v

E-XRLV—F—RX5HEH AR ONVEIBLAMETHEENS (BB .
L—8— 5y TORT > v VE2RBEKRTEMTES DT, E—X3ZEMITI
BILi=hz Sy 7ohnlmiczids (TR) .
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K2-5 L—HY—NRU—-EL—HY—FrS5vyTDOAF 4 7R ZXDHEE
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Force (pN)

0 50 100 150 200 250 300
Displacement of bead (nm)

H2-6 &l —Y—8EICBISHENEIN Sy TFEINE
E—X DN & DR

E—XRE5EZ58EN F=yv GRE—XOHHREOR. AF—C280hTEH E
v AEEZBZEICED. BleEET,
B33 RIVIRERELRS L —F—NRNT—DEREZEL TS,
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g 0.1 | l
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0.05 |-
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Distance from surface (um)

K2-7 HSAEZEMLSOEBEENTI Y AT 0 7XADBER

Ry AT 4 7R AETETN S DERIC LS TIFIF—ETH o 7.
HBEBIISDEZEEL T3S,
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v PSD(nm/y/ Hz)

E
o Lk Kwap = 0.025 pN/nm
104 £
102
103 E Light noise
104 rasal et gyl 1 gyl e sl AN RE T

1 10 102 108 104
Frequency (Hz)

Bi2-8 E—XDARWSETLEE) A XDNT—ARY MIVEERK

EORL—ARE—XDBEOSEDARY BV TH B, KIS, >100 HzDfFERE 21—
F— B33 HzO O —L OV BIZART NIVT T4 9 TF L T LoD TH B, DA
R MVE, TRNVF—ENEOEENS F IV TSAT 4 TR AEFHETS L,
Kb=0.025 pN/nmé&zo%. FTO kL —XidGreen YAGL—H—0D¥H /) 1 AR VERE
DIRE ) A ADARYT BIVTH 5.
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nmatA 2T ORI, ERORBBECRE<EER2SIME I O—-TOED 5
ENDD, ZOHPDSEOKREZL, S/NRREZKRESEEERZEZS, SHNEOREND b
T TONZFEREHO S ED2REHMILFATHOT, BOINFEHRDOL —F—
T TERVWBELEE—XDBW S FWINEKIASH, NERENETBABLD IR
b, EZABHIZEBTSE, PLOEMNTRESTOVIWNEBELTLEDIDT, 51
DORENELRD, FRIIATFOEHRFEZNWANARNDOLNNIZBNWTHREFT S
ZENTERLZRS, TD—FT, RENTEINFERDO NI T2ES LE—-XDT
SUVEENKELRD, BNOVTFIVIRHTERLS RS, TITINGE/ILIIE
DB NSV T HEERTE ZENEREERD, I THRITOBEER, 2R TIX0.025
- 0.3 pN/nmOHHDONRERERFOL—YF— Iy TEFERA L, '

COMATHERLAENXEROHBETIE., ER/J T AFRERE—XDORDPS E L1
5, ZOWELEOHNSEERMBTEEDICE, O—NA T4 NI —ERANBEDRE-
EBEHTHB. L—F—bTy ORI BBIISINLHAMESHTLEARTIEMN
TEZDT, ZQRWPSEDQ/NT—ARY MVEEBRERIZO—L YR ERD, BEKE
BT, 3—F—AEROMEET/ 1 XLIVBNRE—ETRIZEN > TV, T2
Ty YT FNVORBICHERRESEEEZ TRSANWHEETO— /AT IV y—2BHAT
&, EBEOD A XLXINVRER2-1UITRLELD TS, TNEBZICLT. ERITEL
T4 —Dhy b4 T7EAEERERIRUE, nmFHEIOFREEL TR, 3 AXA=2—RIb
ERVWSZEHBTED, ZOERZRTHERLY A TONT—ARY MVEEBRREZRF DO
WHEENBTENDA, 70— THRRT DHEENNE — X R TREICKE WO TR
BID ) A ZXDNNT—NE—ZXDBPEICHRTKREL 2D (FESR) . Lizh> TEHFED
BROE®HIZIE, E—X270—7ELUTHWE=RDENEL TW3,

FHEICBNT, S/NILICEEZRIZTHMOEREL TR, FRIHFLEE—-X
Of (BMERIITZADERENSLE—XORERESDY NN IEEEZNEO/KR) ITEE
TANIROND D, BRTBLIIT, TONRBFELENMFHUIRSHNIEE, FRT>
DFEMNEDEDEMIIKREL I ETINTE—XREBEHBDT, ¥ —THRH
ENBEBBFR /A XICHERTNELBS>TLED, LENHST, TESZETZONREZRE
SLUTHBLIDBENRHD, €T, NRO—HEBRTDIIN—T X EMNEDHEDIES
ELXOBENWHDIZT B0, MNEEZDEEHNTIADOLIZOESZDTIHEL., LDFE
BAEORZEVHARDOBIEEZESEDDEIN—HIACHEE R, TORR, NREX
IS T 0.34 pN/nm B0, MNEZZTOEEOREEZICHRTHEOEZT LB
(22).
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JIHITE 7 0 — 7 O 2 B & B VR IR KL
HIAIAL 7 0=—R)L

N 1 k = 3J'IJER4
41 2
47t
Y= I ""1114 +0mn 1
In=+-—
R 2
N:K DR EE 1.0x108 Pa - s
= T )V D 0.5 um
L=Z—FRILOEX 100 pum
R:=— R)Lppx 0.157um

ENSZADY > 7% 7.1x1010 Py
HPEE 0.1 pNinm — v = 1.8 x107 kg/s

L—Y—hr Sy FInrEE—X

k: L—H—NU—TihE2
Y = 6mnr

nKDKEE  1.0x103 Pa - s
rE— XD 0.5 um

Y= 9.4x10° kg/s
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TO—TOBD S5 XDOETIVEL

Do
Do/2

O—L2YBARYT MV
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nm, pNEtHloE=o T ao—JTo#p 5 X

BRPTORSy TE3NRE—X, BBAWIHIARA 70— RV, REOLSITE
FTIUELTES, ZOROEFHERZZTB &,

mX +yX + kx=F

ERDB, ZZTmRI7O—-70ERE. y 70— 7TNZT 5ERE. kKiZFo—ToN

FER, TUTCREIBEMN O0—-TICEZX N2 TH 2, ZHEFAIFARD
FENSREINBD DT, FHRNT—ARY MVEREREE

O =2vk, T
Z2HD, ZT Tkl UER. TIHEHEETHS. ZhHOBKRRLD, To—
TDNT—ARY NVEEBRERIZ,

2vk,. T
B(f) = YKy

(k- 4n’mf?) +4n>yf?

Li25, bhbhOERZ TI4n2mi2 <<k THBDT. ORI

27k, T
K k
q)(f)="'='-—-f’—5' , fo=—
1+[-f—) ZJIIY

ERS, ZEO—L WBONT—IARY MIVEEBRRTH D, I—F—RBEEf 1IN
REBICHAL., BMERRICREFAT S, ZOARY MIVEEEKROEREZSETIIIL.
BEBONT—<x2>NHEEB, BEE f Hz ETCOEEZB - EE0REBD/NT—
=

2ykT
(x*)= f Dpdf = I df
fof]
f,
MT[ L, 2my f _l-mwf]
= —————tan
K K kK

Lo THETES,

48



HIAA 70— KV
(fc = 88.5 Hz)

BOS5EDKEE (rms)

V—=¥—+3yTE-X
(fc = 1694 Hz)

L o 6.43 nm 6.43 nm

IL 1000 Hz 6.25 nm 3.75 nm

IL 100 Hz 472 nm 1.25 nm |
“ 1.72 nm 0.39 nm "

H 10 Hz

RK2-1HHEEX 0.1 pDN/nm O —TOFTHEINIBWELETDOKREXX
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2-3-2 E—XRBEINEFIT PR TRORE

ARETIE. FRUOBFUADANSY AEFD 2 E2BHELTVS, ZIT,
Svoboda b DFECDICKEZEZMA T, HOE—XIZFRI UHFNRIEARETO->THS
EOBRERIL, CHERBWTRIERFo/k. M2-91L, E—X&FR v 4FTa—
FEBED, E—XiciT 233 0 ATOREEMIZED, Thoe2iRICEMI Sk
LEID, X0 @E MR AR LTIy LAY ST THS, ZOF—Fi.
nEEP—XIHTEF RO TFORELEEEI, 1exp(n/1.9ENIEETI L
T4 9T 4 T TE, CDTEND, E—Xicad— FENEFRI U HTORIIRT v
VUBARCHED T ERR Do T, E—XABE HIRRIE, E— LT BFRY AT
OHEZFAUTHNE, T— MCEL R0 D-108 ) 14k Liah o 2. EBROH
FTH. FRIOPTFEE—RLOUN ERBEIBELEE—XERVE, ZO&
&, FEOT vEA TE— OB = HIHRRIT0.41E 2572, E—XEDFRY SHTFD
IRV OHFIH-2ZDOT, HHEOE —XI2HTFULEDF R O TFRERE XN
TWBHERIT, 1-exp(-1/1.9-(1/1.9exp(-1/1.9)=0.10THE A 5N 35(23), E—X LT
DFERY HAFORBEEZLDE. TORGETEDF R SHTHFABICHIR EMHEE
HoaRRILFLASENEELSNS, ThbE, ERTRIATFOFR I IHTFIRE
ZHREZBERT DI LIRS,
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11 O
0.8 a
>,
=
= 06|
©
Pe!
o
| -
O o4}
02 F
0 | | . | 1 1
0 2 4 6 8 10 12

Molar ratio of Kinesin/Bead

M2-9 FRXIDE—XOEHER

FRIE—LHEHLINEILORBREIL. E—X2L—F— b5y ik T30
HRICEMIESZ EE23BRVIBET I LIZEDE 2. FNFNOFRI I /E—X
HIZBWT7T-22EfT 27> T35, iIERIHRIZ1-exp(-x/1.9)TH 5.

51



2-3-3 AT 4 TXRADHE

RIZHBRREEBD, AIN—HIADSE—ARBEIIE DY NNV EREN LD
BREETAINIRDZREDD I LREREREETH D, I TR, FHEIIBNTF
R URTFEE—AXDEIREETEAT 4 7R AR ED LI IR NI DNV TRRS,

M2-1013F R O A FLAIEROBEARTH S, ZZWRRLEKDIR, FRT 245
FRBUNE TR L TEMZET>TH, FRVUHFLEE-XOBICEETAINRICLD
T, TOEMBE-IRIRBEL TEb 3. &, MNECHTIFRI O TFOEMNE
AXy « TOLEFIERIINDE—XDEME AX, - E-X-FRTUHEE (BB
E—XEFRIUHGF, FRIUIGTEER BREAN-TSAREOMOREE OR
) ORSARMODOUE AX, £T5&, AX = AXp + AX, &85, ZZT, b—H—1
T TDNRERE Ky, E—A-FRXIBEONIXEREK, ETDE, N9 TH
Kp AXp E E—X-F 3 T VA DOHEMET K, oAX, LIZFDE->TNBDT, AXy 1ZAX, M
5 (14+Ku/Kp)»AX, ERDEND. K JIEEARD T, K ZRDONIE, BADOBEEERNSH
%, BERZINERDZEDIC, L—F—bTF7v 7D Ty THERE AX, OV 1 2K
KRS E, TOLZEDOE—XDYA VEBBEDRE AXZEZSF—LENRSEMOEE
Z{Tolz. ZDEEDE—X-FXRI UHREDHEMENKAX) & T Y T Kee(AX; -AX))
DHVEVNORN S, K, DEI Ky (AX -AXYAX E725, LMo T, FRXVUHTFOE
T AXy WZE—XDOEN A BAX=AXp AXHAX, -AX)ERD D ZENTES, 2T
AXJ(AX -AX)ET v TFFR—3a Ty 0 —ThH3, ZHETIE. HHEEHFICEFTY TR
ZIRBAX, = 5 nmD Y D HETREZIHE, Ov I 27> T2RHNSZEIC&D, E—X
DYA EBEAXZY T NI LTRELZ, ZOUYA CEANTIFRIOHFIRES
 SVASYIL: LS 7 - 2 WA ALY
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Trapping B()a(ad
center K, b Kp Xk

Microtubule

M2-10 RIHEETANRBRDEFRIBMNDODTET

FRIEE-XOBIINRRAKDWEET 5720, FRIUOBMAXKIZBEL T
E—-ZXDEMAXDICENS, AXbEL DAXkZE L HEIZOWTIEHANSH,
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2-3-4 FRIVVIDTIIEKDENMES

H2-11I2idnmatAlic X > TRIB L F RV V1 FONREIHE I E—XDEIE 2
~Y. HIEE. L—H—FF v TONKEEHS0.025 - 0.30 pN/nmO i, ATPRE 10
uMBEN 1 mMOKEFETTIT-> 7=,

FRUVE-XEBL—PF— Iy Ik THRIEL., HIAEREITEE L ZEERIC
BEMEIETLES<fFDE, FRIIUHTEMAPHEERZHRDZ. FRIFRA
ERETRHE, FRXVE—XR Iy TORLNSENIAZFIHEHD., TSI M-I
BET53ETRACEEZRORNSEM LT, LT, LEG —BDMNEICEE
Folt®, FRXIUHTHEMARNSHNEZ LICES T, My TORLIIEIERENE

AFAEDOFL—R) o PL—RXB L ADZEEMITEERIEZ > TWBZ ENGN
5, T3 +—ZBITBNE. EQOEC—UEATHIRFE—EThok. K2-12IZiTZ0H

DEANTSAZRLZ. TOFHEIX 10uM ATP £4TFTiE7.2 = 1.3 pN, 1 mM

ATPRHET TIZ7.4 = 14 pNTH Y, ATPREICIIEKELTM > 2. 2RBD L —IiF
OvrA4 7 T IE> TRIBELEZE-XDY A D EINVEDRIBTHD. FRI VLD
NEETHEN, E-X-FRIHBEONRERRLTRENABIT2OR/DNS, X
oo FRIUHFRBUNEN SCREBET S O ERFICY 1 L RBEDORBIIHEERANOL
NVIEZDHED, ZITERINER, WPRELABRBIFET A CHEBEORBEEH /NS
BRoTWBIETH B, Txbb, HOLRNIUBELBIERZIEE, E—-X-FRT >
HMEDNXBELRD I ENDMNS.
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E
c 150
:é, 310 .
© 100, o
S o
® -5 @
Q —_
@© 50, T
Q pa
R ~
©
0 0
©
2 o
o 3
=2
—
c
Q.
D
e, L I_l e L I 1 I | 1. S
0 5 10 15 20 25 3
Time (sec)

B2-11 HNFEERTHEIE-XOEMEEY 1 P HRIEE

L FRU-BUNEHEERICESFRI CE—X0BIE, ATPEEX
10uM. "SIV TORT 4 TRA :0.070pN/nm . HiZhSv T RAF+4
TRAEE—ZXDENMN EDEIC K> TRD=,

FT:O0v2A4 77T REoTRELEE—-XDY A 2 EIHE DIRIE.
;S5 w 70100 Hz, 518 5 nmO Y1 2 ERICIRE X B,
E—XOZEMII25 HzO O —INA T 4 5 —, VA 2 EBEES Hzoa—
NAT 4 NI —ZFBLTWDB,
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40
a5 | 1MMATP -

30 +
25 |
20
15
10 |

Number
]

0 B EEEIERE

Force (pN)

15

10uM ATP —

Number

710- 12 14

X2-12 HOERARTIA

£ : 1 mMATP4#E. ¥i154E 7.4 +1.4 pN (mean+SD, n=57)
T 10uM ATPSLH:, SEEME 7.2 + 1.3 pN (n=132)
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2-3-5 J-EBR

FRYUDTFOEIANZALZRELEZD., EFNVERIETHHE, FXP 0407
DRETDIHEFEEOBEBREFARNTB LIEFEIFHTHS. £H TR, FRI5FD
BE EHENEEOEEBEHASHMIL, INSEEHNTHFRY VIHFOS-HERGRE
BS NS B, |

BiZ10uM ATPRETTELONEE—LXDEMD M L—R &, Y1 SEREDIRIE
DRV —2AZMAEITHIETIDPRELEHERTH . SHREDOTIRIE, Ihbd
DRRERANDZERED E—X-FXT VEHEDONRERK,, RET VTR —ar
T 775 —AXJAX, -AX)DEEZERD TRLUE (3-3-32H) . &R FRICIEAXZEHES
TBZ L& TROEFR Y VA TFOBROFHEER L. E—Z0F A1 L HBED
RIEIX, <3 pNETHABBIIBA L, ENXOKRZERANDEZATIEIRLZIIE AL LTS
BRFNRAONS, ZNRE-X-FR AREIBERHIH LU TREONRTIRRNWZ L%
RLUTWS, HOTT b—DEZATONKRERDFEIEIZ0.34 + 0.08 pN/nm &7z D,

0.025 -0.30 pN/nm ONFERD by TOHBATRE—ETH o7z, TOIEIZ. BRI
AFIDNFRADBEEN TRV EERL TS, |

RiZ, T-BEBAREFRI OHFOEE R —ANEKD S, < 0.5 pDNOHHEHTIE
J A XMKENS=DT. BIIZARFN > 0.5 pNOFEIRTIT> 2. H2-14ICF DR %
RUTz. ARVBHNO TNRNEEZDOEEIR., by T IRK> THUNE EHERR S B
FRIE-XE, 2B L TYY—ZAIBBZEREDEELZBRTH S,
BFERBLOLEEDL mM ATPRATTOBREEEIL. 10uM ATP £HET TOREEDKS
BEirxok, EH5NATPRERHFICBVTS. A0S U TEEIIEZMICEDL
o TNIIHDMEO KRR THRAS NIRRT HERRERRZ->TNS., Z0&E
Wik, FRIHNERET I RNIFTURDE—F—F NI BEAEOHE OBNIZ
HRLTWBAEEEHE, HD VIR, FRIVCOBRRBIDSFTORERETHD, I 4>
FFOHBERZDTFHRBRIL THEREL TWABTFEZERTWADTIDENWIHKT S
ENVNDEIREHENDH B,
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Force (pN)

| | [ A
©
©
s
. a _ . _ =1u
X - : . 12
<
= Me < s O ~
1 | L L | | ! ! I 1 3o
S tm\ = o 5m\ ™ - % M m o ™ N - m m\ 2 o
ax XV (wu/Nd) 9y (CXV-LXV)/LXV ax X
Jusweoe|dsiq apnyjdwy SSaUlNS uonenuany Juswade|dsi(



X2-13 FXROTFTRMDFHE ML —A

(@) 10 £ MATP REETFTOE—XDEM Xb 17 FL—ZXD¥E, +vTFwvw TON
FEH Kb=0.12 pN/nm)e JIE—XDEME N T THORMNSRDZ, HH
EHICIZS50 Hz OO —NRAT 4 W —EMTTWVWB, (b) E—ZXDYA1 ¥
ZORIE (AX)e bT v THLE 100 Hz RIE AXt=5nm O D TRE S &
T2EEDRE. U1 DERER,. E—XOBNMNERMBIRELZ, (©) Dk
L—AKORDEFEEEAD AT 4+ 7R A(Kp)o Kp I& Kp=Kb(AXt-AX)/ AX &
HEIND. @OEKVDEDETYTR—arTy 75— AXt (AXt-AX).
Ty F—=0> 3DEZAR) A ABRKENVNDTRLUTVARN, () ER: F3
DN XKE60ms DT v TFR—ar Iy I —ELE—XDEMDFEER
HDEDEEBDTHIERE> TRDE, FRIHDFOEMIIMBEATR TOY
WTFR—a Iy I8 —D) A ADEEEETZHIZ, > 1 pN OH#HFETR
Eboi-,
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700

6000

500

400

300 |- © 1 mM ATP

Velocity (nm/s)

O

200

10 uM ATP

100

Force (pN)

M2-14 J-HEBfR

EEIRNE2-13OF R OBMO TS T DEELDRDZ, B, : 1 mM ATP,
BEH,: 10uM ATPEH. O pDNTOFEEIEE Mo v R L THELEZ. TNEID
Hi31-2, 2-3, 3-4, 4-5, 5-6, 6-7, 7-7.5 pPNOHETOEBEETH 3.
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2-3-6 FRXIUIRTFIXBIRATY TREN

B2-15ICRULAEE D, FRI AT IIMNE L EAEER L CEDE, R8s
ZDRIo ATy PTROBRERFS. FHETRARERICBISFRIOHTFOIIOR
FHERMB-DIC, FRVVOTOEEQOESBENTHZ AT v TREMICTEREH T,
FOWE RIS,

FRYIE—XDORAF Y TREMIL. 32 2HFNS DNED bRELANELT
W3 EECHRICERE N, TOERIL. ZOLVOARINDEE —X-FXI >

B EDONRERRTHE 2D, ATy TREMVBRATESRERE-XOBDLE
PRMAENB D EBAONS, Lo TERETORAT Y TREMDOFENIE > 3 DN

DEBTIT o7z, /o ATPREEKFEERZHANSZHIZ. 1 mM ATPBXT10uM ATP
D2BY DB T THRIEZT - .

Z‘—‘\\ :Zolgl [‘;_.o)g l;E\’ [\::

FRIIUDFDARATY TROBMNOKREXIT, 1y b7 BERSOHzO T —/% A
TANEI—ZRBLUTOHENI T, ~8 nm & ~ 16 nm OHDNLI HEENZ(22), Z
NoDATFyTE, Ay A TR 250 Hz DU—/NA T4 ¥ —EBNB T L&
TEDEVEMABETRTTS L, BEAEDI6Nm ATy iF2 D00 8nm X5v 7/
NEELTREISTVWAZEZIDAELU TR Z EdbhoTz, Tabb, X U9F
DEMATY THA XL 8nm BETHDEEABND, ZOZEEHIDLITI-ED S
BRI, HETICF RO O FORT Y TV XDF—FDUBEB I xo7=. E2-
16 F R OHTFOEMELI00 msBLUI0 msTEIZY > TFU I FL., FORICET -
REMBEEA N SARRLEBRTH D, RLAIB. TNEOEANTI0%-8,0, 8,
16, 24, 32, 40 nmfHiEZ 0 &E LAY ZABSHFEAROFMIC K > TERM Lz EXA MY
S5 ATIIATPEBECAMICE 5T, Snm OBEEOMBICE—rAabz, E 51T,
10 uM ATPEZGTOEEDENT—¥ 210 msOBE W EMBETHRT LA RS
LT, 8 nm ONBERLME—VREBENLEN . INOORREBRTDHE, FXRYV
CHTRHNE LEEDBROBM LTy TOKEXIT ~ 8 nmTHD. FEkRICALGNE
16 nm& D RERZAT v T, TNEEN—FHROTIEZL. 8 nm DX T v THEKEL
TERI->EZBDTHHIENDLNMS,

A7y TORIIE, LEFEZBRETIFMCEZDDOBEELE, ThHDA
Ty TOREIRX ~8nm THok, TORRATY TREUZEEBIIAFICL > TEL
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U, 3 -6 pNOHIFTIIRIEAT v THRECZHEEDS BELTFTTHD., FRXIHFNA
F=IVTBL NV TH%6-8pNDLEEL 10 XEBETH o=,

8 nmA T v FHEEDDwell time

8 nm AFYTIMNFRIUHTOEDXIBREHEICH>TELZONEAND D
12, B8 nmAT Y THARETHSROS nmA Ty THRZ B X TORE (Dwell time
) ZARMN3I-4pN, 10uM ATP R mM ATPOZSETIZBWTHIEL =, H2-17I2
Dwell time® bt A R 75 L%ERT, E55DATPBERFICBNVTD, HB3EXDDwell
timediE CHEERENBETNIEEVWEEDRI RS, COREEFERIHATS
O, FRIUIHFIRIZOOERNR DD LE2EZFRL TRIFZTO ZENEETDH
5., BIZZOEA NS LEHHATA=DOF R VEBOFEECTIVIZOWTHERZT
Do
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B2-15 FXZHTORTy TREM

(@ InNMATP ERHETFTTOE~XDEN b)10 u M £HEFTOE—XDE,
© B @D L —ARR213D7 vy FR—2ar Iy V¥ —2RNnBZ L
EoT@QEOMD ML —RAEFRI D TFOEMIIERLEHDTH S, HiT b
TV TDAT 4 TRAEE—ZXDEM OB ERDE, @ THWENSY T X
T4 7% AL 0.13 pN/nm, (b)i 0.025 pN/nm TH 3. (a),(c)iZid 100 Hz DTI—
INAT 4 WE—, ) @IZIX50Hz DI—/)XRA T 4 )LF—. (DEARDIZ 250

Hz DO—NXAT7 4 W —ZBEHL TWS, ©IZIZATY H1 L& Dwell time
2RI
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Number

1 MM ATP (3-6 pN) | 455 | (D)

10 uM ATP (3-6pN)

50

800 -

150
100
.50_
; ol
20 25
25
(e) 10 uM ATP (3-6pN)
300 - ﬁ-? 10ms | 2
250 |- ‘z
13 15
200 }- e
150 ¥ 4‘3 10
100 i HHE
Si=fit:h:
50 S R B B I
. 0:::;::;:::::::.

5” 1(; 15 20 25
Displacement (nm)
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X2-16 ATV THA XDEANT A

(a-d) : 100 msD7 4 > RV A XTOEARNTIA, (6, ©):10 msDT 4 > Ry A4 X T
DA NI L, RENTOEKRDEMEEZ T L RUZS msTDOTH LT Y Y
ZfTo7. (@) : 1 mMATP,3-6 pN, (b,e,f): 104MATP,3-6 pN, (c,d) : 10 M ATP, 5-8 pN
TO/RR, X l\ﬁ?Ali_F%ElCﬁiL?”:ﬁ‘?XﬁﬁJ\fﬁﬁgﬁ@fﬂlZio’Ciﬁ:@{ L7z,

Z A.exp {— A==DF

j=—1

ZZT. D:HEMNAFYTHIX, A, o: HIUADHOEBRVEERETH S, DR
LoD fElZ(a)T8.4, 2.6 nm, (b) 7.7, 2.2 nm. (0) 7.9, 1.9 nm., (e) 8.2, 2.5 nmTH 5.

(DEORORTDDEA R FLKD 0 nmEHRLETIE-VEZBRELTHROOE—
DEHEIILZDBOTH D,
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100

- (a) 1 mM ATP
80-

60~

40-

e
0 i i PN, N e SO s §

—
_GQ) i i B i
E 0 50 100 150 200 250
= 60
P (b) 10puM ATP
40-]
) ——m
0 —1 i i l’—‘}"‘z T
0 100 200 300 400 500

Dwell time (ms)

M2-17 Dwell time®D kb X T I A

(@) 1 mM ATP, (b) 10 M ATPO#ER, £H 5 DHE HDwell time
OIS THEEWFHERACHEDI L., E—-JBRNRh o7z,
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2-4 #EE
2-4-1 BRI AT v THA XEEFTEFI

FHRICEL ST, FRIUDFORMATY TP XL 8 nm TH5 I EMBHASM
XNz, ZZ T 2D0EBZEHFOFRU9FE 8 nm OFEMBEZFOMNEN
HEEBTSEEIR, Snm DATFy TREDLSI L THENZONERFNT S,

BANBICRHELEFR I A TEETFEMSTRE TS L, FRIVEFIE 8 nm
DR THNEDB-F 2 —T7U VITHELTWARETRASNhS(21). Zd 8 nm OFEH
WRLOBRLZ 8nm AT v 7L, EQXSMBEIIBIENTEBRTHAIN?F
RIUNTFIR2EDF XY VEHE2EDF R VEENRETEII LI > THERE
N, 2O0EBMEUENDZEREF O TS, TR EHIIERE 7 nm BEORROHE
HEENRY T RAA L, hOEHE coiled—coil BEZES>TII—ZBRETIE
B, ROF2T VBEHEHE2EETACKRHUDOIRRRAA > h5m>TnAB12), FRI >
SFVPHNE LEZEDRICIE. R RA DK TEOHRENHIBEN ST TH
%. RATORT Y A XOFET. BRHHEIHEE H2NILEEDBVEHFICBN
T 16 nmPA EOEWATy IR EAEBRIS NN oI L E2EEBTEHE, FX
PHFO2OOEMIX, FRFIC 16 nmPA EBNZHMNE EOB-F 2 — T VIERTBHZ

ENTERNENRD, LENST, 8§ nm A5y THAMRERETFIE L TR2-18 ITR
LEEOB2BODETINEEZZ(2). dDETINTIEIFRI UAFD2OOERIILIAD
TORT74 A2 M EEREIZ 16 nm §O#ESH EE X S (16-nm-stepping model., b)
DETFIITIR2EDOTO N T4 TR MZEENS T, 8nmT DI U FAIEDEEZLD
(8-nm-stepping modeD. ELES5DETFNRBNTH. FRY D TOELDMEILE
T35\ ROMNBIZEX> THRESEEZD. £, 150FTHoTHFRI U FFIIM
NEERBRHEER LTS EWIERBERNS, 220 Y ROSBOKTHHIHE
WH/NEITHE L TWS EE X 55, 16nm-stepping model T, Aw RAFR1 AT v
TEIK EF RV UHTFIIMNT ~8 nmiED Z £IT/n B, —75F 8-nm-stepping model TidEE
AEtO7Ob 749X MIEWRI nmI 7 hLTWAEZERERTHE, Ay FDLA
Fo FRHUTFRYOATES, 7, 1, 0 nmOLBY OBE 2T 52 EREZSND, &
BEIORAETIE. 1 nmBEDOZAT v UL XDENVIT, B/ XTHBNTREHNTEHZ &
BITERNDT, WTFNDETINHERETH 2,
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(a) 16 nm stepping model . (b) 8 nm stepping model

8 nm

M2-18 F X IHFOHTETIN

EB FRIOHTFOHE, TR MMNERT LOFR T O R
(BATEANY FORFZ, BTS2 EDBIETFERT. )

(@) 16 nm-stepping model :220F R > Aw RIFZFHIZ16 nmd DS,
ZDEEFRI N TFEMEIZSNm T O,

(b) 8nm-stepping model : 2DDF R Ay RIZT U F A8 nm 3 D
D FRIIDTFIREAY ROFEZIHE U TS nmEG S E&LIFEAEHEER
WEENDH B,
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2-4-2 Dwell time TOF R O FOHRTETIVOKREE

A G \7/z, 8-nm-stepping model& 16-nm-stepping model® EH 5 NEEIC
HENNERFANRDZ DI, METINTIIal—3 > %fT> T Dwell time DEX NS
LWHHEATESINEINERF L, I al—alidHF50I2. M2-190&k 57k
FR YU FD kinetic model B{RFEL=(5,18). FRVIHFRBNELEZEDER, F
XL D2DOOAY Rid 16 nm PALEEENAB-F 2 — TV D IERIZIIEESTERN, £+
ZT BNy ROEAY RED 8nm BT UTHAL TWB EE, By RiZgAy Bt
EODETE, K- M- NORETHS TOBLEET S, ¥ Ial—TalTit, & ty#
NIA—F—L LU TERLEE, Dwelltime EXA NS AD2RBENR/NERDEIA%E
KD, TDEE, tMiATP‘Z%glCﬁE#bﬁm/\"ﬁ)(“‘ﬁ“‘c‘: LTHEoH%Z. ZDOEIE
FNVTYVIalb—va  eEfTok#ER, E55 DATPRE RS T TH16nm-stepping
modelizk»> Tk Dwell time EA RS LREK<HHPATESZ (K2-20) . —HT. 8
nm-stepping modeliZ TIXERX M S ARBBATE RN >, LiEd>T, FRXI U5
FO2DOOAY REREAEIK 16 nm§OHNMNEIHEELERNSHICEATNS EEA LN
%, |

BRI, LRSI X DMAECrigore L EF R U FOEFEMERDIRTE
BERMTON. FHOANY RRBUNEITRHEL TS LEIZ. 5 —FHDA\y RITETH
MIZHDH L TWEHBENESX5NEZA0). HERIOKRIDRLD1I6-nm-
stepping model & {ldhand-over-hand model 22E L T3,

16-nm-stepping modelTD I I ab—3 a COFEE. I0uMATPOEA I A
£0t, =100 ms&ixofz, Lo TATPOREED T ROKIGEEEEIT 106 M-1s-1&

atREEINS, £, tp=19ms&Rof, BEIKAR>THHO S Dcaged ATP 2R W ER
ED, AFORDS>ZRBETOFRI VT OATPHE L — M ENRED L — MKD
5Nz, TOMR. ATPEHEOZROEEERKII~0.7 x 106 M-1s-1, AREITWZ5K
M tg F~20 ms&izh, GEORL DREREFFICIS—RLE, Lo, BRRTO
ATPase RIGDBEIFIZ L - THATPRE D ROFEEFEHIZL - 3 x 106 M-1s-1. ATPase

Dcyclingrate b1y RH7=D20-40 s-1&RD5NTBD, I al—Ya  fEBRIEZ
NEHEL—FHLEG,7,17,18).
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Step

K - M+ATP —» K- M*N—=- KM
ta tB 4

B2-19 F3I v BEdkineticET IV

K:FRIoAv R, M: BN, NiXTLFF R, tuts : BRI

MATPRE T T, NWEERBOAVEEEZD. KATPRET TREEN
(A CATPH G RIS BHEE LD,
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8 nm-stepping model TIXE— 2 NHN S, fittingldZR/BENTR/NERS
EDWNT A—F—ta,ipZRATITO 2,

16nm-stepping model Tldta = 100 ms, tp = 19 ms. 8 nm-stepping-model
Tldta=50ms, tp =8.5ms&/-o 7%,
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