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Abstract : IASL(iodo acetamide) and MSL(maleimide) disordered the orderly helix
arrangement of myosin in the rest state of spin level. Especially the effect of IASL was
great. Equatorial reflection(10,11) change inferred that myosin head was moved to the
vicinity of actin filament by spin level. The intensity change of 143A and 72A could offer
information of the mass projection of population of myosin heads along the filament axis.
The slope of intensity profile of the mass projection of 143A and reflection of IASL is
appeared and that of MSL is appeared sharply. The decrease of 215A reflection intensity
is appeared the periodical characteristic of 143A reflection by spin label. The raise of MSL
actin reflection at 51A and 59A in the actin reflection change refers that the shifted
myosin head binds a certain actin or changes an actin structure by spin label effect.
Because iodo acetamide has a tendency to decease the actin reflection, actin dose not bind
myosin head. From this result, we could conclude that LASL and MSL are spin labeled on
SH of myosin head and disordered the helix arrangement of actin.
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Fig. 1. The principle of data acquisition system of the small-angle X-ray

diffractometer at the Photon Factory in Japan.
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Fig 5. The intensity profiles of 10, 11
equatorial reflection(UL, IASL, MSL).

HFE £ & Myosin Head?] SH7} Actin-Myosin Cross-Bridgesl] w2 wz¥3s 9+ 5

SutAzlol 9J3 10, 119kAlo] 2)3 dataE
el Y. Fig 59 el RZAHE 109kALE
Zae #slg wbdE, 119 JA A FA4
28 3 AL 4 4 3 o2 myosin head
7} actin EE BZ2og olFd Ugde A
S & F vk olg g W= spin labelol 9
g Aoz HAd £ U3, 7EHAQ myosin
head®] F&7t ZEHA AS& e A%
BEAL 10/117 =8l spin lavel 318 controlol H]
3t WA T dpol] HA gt o] Fxuje] ¥
3h= 119ALS] 50% 7H7ke] S7hE Q)L

3.3. myosin Xt2HtA}

259 Z&H FAF A, & J=F Yol v
e FE 2g9EY 7t BHAES 6%
ol 93 (1000FFH (110)Ae. 2 FEl 9 kAl
o} AEZ FAT FTYF, 5 A2d Y
bt & HIWES] crossbridged] F7] F&
2REe 14347 215AZ28HAjoltt o)A e
HEAFE  crosshridged] &3 3 72¥3E 3
HqH oz g oi17].

Intensity
H
"
I
|
t

Fig 6. The intensity profiles of 215A, 143A,
72 A meridional reflections
(UL, IASL, MSL).

Fig 6914 myosin Ao] ZHE A F7]9
22H215A HAL), 3XH(143AHEAL), 6ZH(T2AREA)

g ZA3s%dd  myosinztLykabe] 3o
IASL, MSLE 215A4HA}7E ofFstAl ¥ 3dth

myosinZ| £57]9] 31}, 63}2] WAL= [ASLlA
WAL e kg, §H, MSLojE ojA e vhA}
#xg AAsA UMM 538, 143A4HAHE]
ZAEE 0%A4AE 3kt of Wie "HEiE
%o wabA Q¥ myosin-crossbridge?l ¥
7} Wz, YetlES F322 FH43 FAF

_88_



BI0} 143AF72 FItetA = RE AAE
t}, o]2) g 143A 9 ¥W3E myosing WHEEH F
71882 A crossbridged ¥M3E 9ln| 3t} o]
AL myosin head® SH7} ojWd w37t 3ot
= AL YeldH, myosin head’} actin® 2%
dolz Qe AL o 7 AUk

Z

3.4. actin SMUA}
27TAA QAL E H 24 actin monomers 3
g A sl whAbeln], 59A, 51 AREAL
AE actin monomer®] HEA}olt},  Fig. 7ol
actind{tAl 2 8E f#shE 594, 51AWMLE
AatArk.  Actinibrol]l #ajA = o] JASL
HMALE o)EE #FE7 e sbA g, MSLe
S50AHIALE 60% A E &3} o2 g Ay
ASL9 ¥H$-2 actin®] myosin heads} 2o
duiE AL vz Ak = actin-
myosin® crossbridge®] # A7} spin label A]%F
of dg P A A S UG 1Y
U MSL9 ®k8-2 actin-myosin® crossbridge
o] BAN FRHoRE WaslYvte A& YE
Wl & myosin head?}t acyin® ZA o] HY
o gxgs dga=rt "ty & 4 glvh
ol#1§F W3l spin label Al2Fe] & ol Uit
AR ogs B F7} 9t

2 1l o

¢

— L

20l dm oo

Intensity

Fig 7. The intensity profiles of 51A, 59A
actin-based reflections
(UL, IASL, MSL).

4. @ B

olAte] A= RE [ASL, MSLe o}l¢he)
o] myosin head®) TFEZEHQ A wiFol
spin laveld] d3ko] 2t TEZITH 53
JIASLe &7l =Zg. HxwAle]l wW3lZ HE

ELamibiit e

myosin head¥ spin labeldt= o] 23 actin
deftd e 29 o)Fsd e AL & 7+ A
ot 215A¥kALe] A= spin laveld] 93
myosin® 143AF714& ¢S 284 3 £k
143A, 72A8 A% HWE Zoz iy §F
A3 F2E wgstr] uFol| [ASLA= 143A
F719 =¥t istA Hol ke A&
Yetln, MSLol = 143A 2 %7 &2 lde
g Yetdt), actintAHE gkl A MSLE] actin
halel FUhE o] 3% myosin head?} oW
actin®} A%3GALY, spin laveld] dFoR
actin® FZ7F WAk g, [ASL2 actin
HIALE 7+ A17]7) W Fol myosin head®] A
S 8tA ¥Uth HAEHoR oJAL acting
SH7|9l = spin labels o] actin® WA F+x7}
aA ZEHIE & F Uk

Zatel 2
2 ATE SPgnYsta SstEd T
Agol sjate] FaEen], oo A=Y

1. K. Wakabayashi and Y. Amemiya,
"Handbook on Synchrotron Radiation.”,
pp. 597, wvol. 4, Progress in X-ray
Synchrotron Diffraction Studies of Muscle

Contraction, North Holland, Amsterdam
(1991).
2. K. Wakabayashi, H. Tanaka, T.

Kobayashi, T. Hamanaka, S. Nishizawa,
H. Sugi, and T. Mitsui, Dynamic X-ray
Diffraction of Skeletal Muscle Contraction
Structural Change of Actin Filaments,
Adv. Biophys., 27, 3 (1991).

3. H. E. Huxley, Mechanical Transients and
the Origin of Muscular Force, Science,
164, 1365 (1969).

4. H. E. Huxley, A. R. Farqi, and M. Brown,
The Low-Angle X-ray Diagram of
Vertebrate  Striated Muscle and Its
Behaviour during Contraction and Rigor,

_89..



Vol. 22, No. 1 (2005) ZA3E 240 2% Myosin Head?] SH7} Actin-Myosin Cross-Bridgesell ut& Fz®al d5 7

10.

J. Mol. Biol., 30, 333 (1967).

H. E. Huxley, R. M. Simmons, A. R.
Farqgi, and M. Kress, X-ray Diffraction
Studies on Muscle during Shortening and
Their Implications Concerning
Crossbridge Behaviour, Adv. Exp. Med.
Biol, 266, 347 (1988).

H. E. Huxley, A. R. Farqgi, M. Kress, J.
and M. H. J. Koch, Time -
Resolved X-ray Diffraction Studies of
The Myosin  Layer-Line  Reflections
during Muscle Contraction, J. Mol. Biol,
158, 637 (1982).
Y. Amemiya,

Bordas,

K.  Wakabayashi, T.
Wakabayashi, T,
Matsushta, and H. Hashizume, Design of
a Small-Angle X-ray Diffractometer
using Synchrotron Radiation at The
Photon Factory, Nucl Instrum. Methods,
208, 471 (1983).
. Matsubara and N. Yagi,
Change in The Thin Filament during
Activation Studied by X-ray Diffraction
by Highly Stretched Skeletal Muscle, J.
Mol. Biol., 208, 359 (1989).
M. A. Bagni, G. Cecchi, F. Colomo, and
C. Poggesi, Tension and Stiffness of
Frog Muscle fibers at Full Filament
Overlap, J. Muscle Res. Cell Motil, 11,
371 (1990).
H. Iwamoto, T. Kobayashi, Y. Amemiya,
and K. Wakabayashi, Effect of Stretch
and Release on Equatorial X-ray
Diffraction During a Twitch Contraction
of Frog Skeletal Muscle, Biophys. J., 68,
227 (1995).

Hamanaka, T.

Structural

11.

12.

13.

14.

15.

16.

17.

_90_

M. Kress, H. E. Huxley, A. R. Faruqi,
and J. Hendrix, Structural Changes
during Activation of Frog Muscle Studies
by Time-Resolved X-ray Diffraction, J.
Mol Biol, 188, 325 (1936).

K. Wang, R. McCarter, ].
Beverly, and

Wright, J.
Mitchel,
Viscoelasticity of the Sarcomere Matrix
of Skeletal Muscle Contraction The
Actin-Myosin Composite Filament is a
Dual-Stage Molecular Spring, Biophys. J.,
64, 1161 (1993).

N. Yagi, Effects of N-ethlmaleimide on
The Structure of Skinned Frog Skeletal
Muscle, J. Muscle Res. Cell Motil, 13,
457 (1992).

N. Yagi and I. Matsubara, "Structural
Changes in The Thin Filament during
Activation Studied by X-ray Diffraction
by Highly Stretched Skeletal Muscle, J.
Mol Biol, 208, 359 (1989).

K. Wakabayashi, H. Saito, T. Kobayashi,
Y. Ueno, and H. Tanaka, Detection of
The Spacing Changes of Muscle Thin
Filaments during Force Generation by
X-ray diffraction, Photon Factory Act.
Rep., 10, 352 (1992).

K. Hirose, T. J. M. Murray, C.
Franzini-Armstrong, and Y. E. Goldman,

R. Ramirez -

Structural Changes in Muscle crossbridge
accompanying Force Generation, J. Cell
Biol., 127, 763 (1994).

H. Yagi, S. Takemori, and M. Yamaguchi,
An X-ray Diffraction Study of Frog
Skeletal Muscle during Shortening near
The Maximum Velocity, J. Mol Biol,
231, (1993).



