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A Study on the Effects of Muscle Membrane in Tension Development
by Computer Image
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Abstract

On contraction of the muscles, marked changes in X-ray reflections are observed,
suggesting that conformational changes of contractile molecules and the movement of
myosin heads during muscle contraction. It was found that the successive twitches
decreased not only the time needed to the peak tension after the onset of stimulation but
also the time needed to the maximum change of the X-ray intensity. However, the
difference of the time between the peak tension and the maximum intensity change(Z; — £) is

nearly the same at any twitch.

B Keyword : | X~ray Reflections | Myosin Heads | Intensity |

_ P
LM E 248 424 AL 5& PARAE ol§ s A
& 2

2 ATolE YA 25 o
28 A7ug Bek WA AR
F o 24323 RAY, 28550 BE 2T B

FE daE AR 2 el sHlel el ftek 3 ke

=
X-ray FZE4E KF7AA 2] Ropl &HO  agai= so] ad),
gkth. 3] benzene, toluene % SHEFFOR Wol x4 wraps]o)x|i=
2ol Aleke] BAFERE o]&3 AFE oAl 2

3} Hlojgich 2 7hedl AARte] gatekES o8

g #050420-003
Xt 20054 048 20

At - 2005 058 06

AL
T
- ARX} : AE S e-mail @ dskim@titackr

1t
El 0z



72 EZEHx8IE=2X] '05 Vol. 5 No. 4
.

o 72 5838 42 myosin head FEL &
3 -Mojc1]. o] 7Mdel 93t myosin filament
228 4 head7} actin? 288 ¥ 257} wstst
3, o] head?] Z=¥ 387} myosin filament®} actin
filamentZte] v|nPEES FANZIY & 250 F
g A2 W% myosin heado)] 2 24=¥317} &
ot} o] 8ty wglyl ATP &4 cycled) F2%
3L TE A2 Holglrh o]dt /Mg T|Eoez
myosin head?] ¥3tH W3} ofuAHge] 2§ F&
Zoste AgEo) 27N EJAH2]3]4). =¥
Ag71x) dFEe ZHolgke RAHEE FAH
Zo A actin® myosin®] o]9A £AHSIE Fut
2} 37k S HAANTIETHE wEle Aol
L AEAAY XA FA0 etd, THEHdE] 72
she FdiFE gl oA g @) R of
actin-myosin® 27} o] Elel A P 7
B2 oAl dejete Aoz AZdETHsNe). 28
olgateoll A FxME RS Aol
head7} 7}= filamentZ ©]% % myosin head2 ¥
AatA Aeshe Alztel Xgtslo| ot

B dFdMe BA 257 XA 34 FIAE ALE
3l ARSI T, ringer LR E B2} ¢hol|A] Yol
U Crossbridge(myosin £71)9] 383 & o
= AR X7, o] EATAA dojue WFE
image platecl] 23] Jeld 2219 XA g|ddez 7
Z8A 3. 28 AFHAE EAg)] 45 7
A& 7kt gEae] Az st vAE
& A&zt o

el

HT

BN (B o W K

ox rlo

&

myosin

. 0| &
THEADY XA FEYLe FL filamentdt 7=
filament®] Wz o) 2709 S WALRFE

. o]RE WATZ7) Fourierdi3lsle] Ba
A RE7} ol Fol g ot o] 2709 41 W

& WD 24P AAS p, 2 BAZ T4
£ U4 peach® Pt 1 NEse], M)z
¥ v P27 AR WY RS, o] FRFINE
VA ¢ = Mp = Np7k 3@@th. o)df 340 vieh

£ Ao Pg AES 72 & o thee) wAA
LR

Li‘-‘f%li‘ll“)l
of 0=

Z=(m/p)+ (n/P)

A7) m,ne& Yoo A

o] 42 peach P& z= 949 Fouriertd ol
A% 1/Po tAcz Yehte 24 B¥7 1/P9
279 A wjdoll AAAE Aol oste] A ZA
239 71202 5o gity, C= Mp = Np9] #AEZ
9 Ao tidshd, B2H 29 JHATRE o 49
FAAA(1 = c2) 94 7154

l=nN+mM

ojA& YAATEERY et 49 HE v
t}. A QUK Meridian reflection)E 4oz 74z}
o] 34 wiARz a3 19 o8] AR el mek Mzt
AEE M Fo 38 "o F9T A9 Fourer®
& Yehdnh £383) 1 =09 Az o] Vepd ¥}

¢

e Af Zd gt ARLYE BEE F93 A9
Fourier# 2 2 filamentZAA}2] 3gtwol ] AFRE

of 3 ARE AFPh WM FHEHRKEquator
reflection)= filament -$Ziuigol 23t ZAukA}
1009 (110)HoZ2RE]S] whatelH, o|AL FHE
filament®} 7} filament9}2] crossbridge #AE W
ehdich o)2gh AL ukAlel AmRbabe FE filament
o} 7h= filament9] 5%, AHABE AFTHTH o &

(2d 1] (el HehhATh

2. AlE U Al
218712 (Rana catesbeiana)®] B-FZ(sartorius)
= kA E(semetendinosus) e Aol e

AR o]&518Y. 289 A7) 4oj7t 4-5em&E F

189
=



~

ag 1. (a) LIMRE ; P £ E7]. (b) £ (a)9 Fourier
transform. M2 XIQUAL J3|2 Ex= HEHEAL

] "]E‘n cell-4 E ol A3 Al
B = transducer—l shutter& g9
% do3 AAe
Ao} HEAAL -9 Hoj=
He-Ne Laserd] #3)dyoz 71+ filament$} F&
filament®] full overlap®] ZoJ(22-24um)Z 243}
Aok ¥4% A7 ringer§dS AR cellF ¢F
AA X 13TE A3yt
N7 ringer&99] A3 AL 115mM NaCl,
25mM KCI, 1.8mM CaCl2, NaHCO3, pH7.2¢0]t}.

XA 3d Bl g e aouA) E2ldFa
o A7 3AA(BLISA, PF, Japan)E AHS-3lS
£ FEEY 259 3FE Aguke A8y
AAEA), FAozRE 13me Yo Qe LA
£& XAe] Fajueke] WidAS oA WAL A7)
th AL AL ADsA oA x, 5737 k)
beam e FYOZHE] 22m $A] ’S%“ 171t}
camera® Hd 3m7t| d
T Stk AERRE A X”Hg &
1&gtk 39 7H7

o 2%7) we] oby %70
Lt FHA oA 24GeV, AF 250-350mAE A
Hek AR XAl o) 7| ALARYE Deld A

2 ZZAAA, XA A2
&3} 1D-PSD(Rigaku Denki, Tokyo)
A e B3 AxE BHse A

LULEREN 4

2700t e AR 2 *lﬂtﬂf’ﬂ &

N
N/
o
o2
4

%]
T 71590 A 88 A&7 74?4% %Zéé}iz} &
 HAHE o2 aiAle BeEslo 7B ¢ JRE o
24me2 st WAk XL sy i, ¢
WAL 9%t 48 #H438l87] Y8l datatq o
9ol Algo] XAo] ¥A WEF A8 oo ;&
shutter& ¥tk PSD} 9g 12k X 3]4Ake] 4l
3E 4%t CAMAC(type 3588,

Switzerland)

computer®ll
LecRoy Research System S.A,
memory®l Al7te] ez A AAFEHt

X]':"xo‘*i](type UT, Shiko Co., Tokyo)e <3
o2 AF5E & 5 U=EF AU, AFe pulseE
25—3OHZE. A&H o2 FojA T5E A FE4
A A8i4te BI32e 534 AFe= 200-
400gwe] FHE HEaRa, TAY £5% ddde
o] R olitel AEo] LAEy] WZo] ZE transducer
A& 500gwold 54 7Hed Aoz o83t 3
Az Qe [2¥ 2]d Yepddst

o 1AL 11 72 compuier

L

I3 2. XM BF B3y 72X

4. Imaging 7|E&X|
ZgoznE XA WAL 2QH R 7128
9I8ked, ‘image plate’(BAS 2000, Fuji Film,



74 SIZEHRSISI=2X]'05 Vol. 5 No. 4
_
Tokyo)gtz & FHEE XA #AZ7|E o|&8ad 27—
Image platet= 7}l 93] HFs dale A4S
~ = o

2188 Aoz FAYFo| oI g ’
A28 ABAK. F, P AR ELL £ 8
2 d F, Be 7150 3 oA W ke Bl
7154219 Qe (39 3 AL

3% 3. Imaging 7|2%x|

. 2zt ¥ 3%

XM S0l <t 3™

&2} 5] 9% AT THT ol FEH
S 5]7‘4’“—— Thea 2ok XA e 94 T8 A
7 Zo] FL filament®} 7= filament®] 1A F3o
% 2719 TR 3" 2709 SN 4
filament®] F&F717} gl met dutyoz Fed
Fel2 Jebdrt [2) 4]0 (27 5]0M A7F €2 A
& actintrlelx, Mo}l & A& myosiniAlolH
F-actindll 93t 2 WAL= 370AS F712 3k 4
I} 724, 594, 51A9 vuF 73 M 2 27A X
vz o gl 27A Z} QB #HF  actin
monomer?] & W 1A Agdahs wkAleln] 594
51 A WA= A% actin monomer?] WAlolt} I 4
oA ojghdelol = actin®} myosine]l oA 17
i &ol z}z & fAdA BEEPD, [2F 564
FZ4 oA myosin head’} actin®Z 25 ©|%F
371 wfell actin ¥A7F AEA UER,

=

a7 4. 280120 XA &y

e o

32l 5, J_q_ _J XM 3|12

2. X2 AR T;) =N

(2 6104 i wale) Aol A%t % 4 wislel 32
o] peakel 2371744 Az T;8 3bd , T, =}
o) S0P e A% A3 e SEv, o
B A2, AsAFe) 94 7o wAS vzl
AL ozl dg A2 elER S e T;
£ exol gEaAY, 13THE ol e
Tanaka[8]¢] A7l 7128 F1, Z7te] A=9 o3

Lx=



HRE gdoz ZWdo| 2 ojxi= g st g 75
- .- - IR
o) Z7has XA wAle WEh A0 Uehbs A0S 248 doks 28 e 217k 49
xAez AANATE =3 [O¥ 6]o0A 1,9 HAhx  ¥3l: 33 o)F9) 2T Eapelolm, Hohwslol
E ok 60msZ 139 2= oF 50msZ aict o)x =23 A/
g T; 9] HAAE 70-90ms<] 257479 Hejdl F9)
A35E FANAFS T e 249 29y
33 o AF9 FH4E F/MNAR T, 9 #aE Hoj N Tenion
Reolaud ) ooien
A gt &, I; = 45ms o2+ We{7kx) st g 7
[ 8 43
- o ¢
[%1%] e i B et A B B B B SN
G o] i
a A
’:,‘) g0 Ti o o p 9 . i . &
Z [ . gﬁ‘ Ok B
E y O g
¢ 6oF Tz o 2 © o 8 i [ :
_‘3 Ts e % & 1 2 3 4 5
8 T4 % 4 .
<% Lo Tg -
5 40 5
o
o<
= 20k :
4. mEAuYo| 53}
] NSRS S S S (23 8l T,9 [x A3¢ 858 2779
50 100 150
o & 1A 5 }o| 2o 2
Stimulus interval (ms) 2E TR 2aE, 33 ol £5e44 AP
= Age 1?5_ o Al ZEX
23 5. HAXIDE Azl j B3-S YERRSI d, XH 1744},

A270) 150ms7h 9B, AEAZ) Tro) et &
e A2 g, 9] A30) WEAo 2 Yehge,

[‘f‘

A, AAF3EA 0] T0ms o137 =W 2zbe] 28 peak
& A3 AAYE 71 A oAty Aoz T 9 3
&% AI7AY 70-90msY o HHe 2P0 Ve
witk

SIAXITO o5t AlZHe 742

[ 7)oM) A&aTe) 35l st Aol ghat
QA B AwEki}e] A= e ZAEET 18
W) 243 o] peak @t 71E 02 dhol EAISYI 3
3 wo] A=02 HH peakgtd 23 HY WA 4,
58 weo] gt A zokch oWl gre $3% e
90-95%6°) ="l o} oK FE3] 845}

15-20ms & ?47‘6‘3}9&‘3}. ol A= 259 g & 9
E3A] B the RS vehdth 13 do) xR0z 4
2o peake]l EgdhE AZh, 12 & 80ms, L&
60ms, 732 50msZ A o ez, 1, = A9
T, 3} 29k} myosin-crossbridge?] o5 0] Yojuj=
Aol Hzxe) A=l ?4_01‘47‘] FETL A "o
[9). @719 L(Fe TH)e oe L(T)xo 4A =
thoo] Aol L3 Lzte) FA% ZAE I & £
R, IPAA BEnie go 1

wob A gwstAl adum . ojple
crossbridge’} #& filament?} 7}= filamentZ o 2
olF g a3t Aol st AL ‘4‘4‘1“_14. o} 1
Yol ME A= 33 o)) d& } ]



76 sH2IEIZ8E=2X| '05 Vol. 5 No. 4

"Handbook on  Synchrotron  Radiation,”

i . Progress in X-ray Synchrotron Diffraction
- 4 Studies of Muscle Contraction, North Holland,

~ P e ‘ Amsterdam, Vol4, p597, 1991.
f c O " i { [21 I. Matsubara and N. Yagi, "Structural
£ 5o : voRT Change in The Thin Filament during
g 8 E Activation Studied by X-ray Diffraction by
25 ! Highly Stretched Skeletal Muscle,” J. Mol

S N N AT Biol, Vol.208, p.359, 1989.
5 ! | i {3] H. E. Huxley, "Mechanical Transients and
]' 2 5 ‘ > the Origin of Muscular Force,” Science,
Twitch cycle (1)

Vol.164, p.1365, 1969.
a2 8. HAXENY [4] H. E. Huxley, A. R. Farqi, and M. Brown,
"The Low-Angle X-ray Diagram of Vertebrate
Striated Muscle and Its Behaviour during
v. 2 8 Contraction and Rigor,” J. Mol. Biol.,, Vol.30,
p.383, 1967.
[5] H. E. Huxley, R. M. Simmons, A. R. Farqi,
and M. Kress, "X-ray Diffraction Studies on

L ¥ 49 28 =F 75 Fo X4 7284 Muscle during Shortening and Their
o 948“ FEHR FEAR Wdks SHFES Implications Concerning Crossbridge
3he 7wl myosin head] AUk FHEA Behaviour,” Adv. Exp. Med. Biol, Vol.266,
o st A=, p347, 1988,

2. UB 5o 9RH 99l &9y filamentZ A}
a7t dohitz, FHEwAb % °§ e TR,

[6] H E. Huxley, A. R. Fargi, M. Kress, J.
Bordas, and M. H J. Koch, "Time-Resolved

Az W= 0 .
filament 2 1} dske R WA dofvhA, X-ray Diffraction Studies of The Myosin
o 2ol = W Q
3 T olFe FRdE A9 EP} den Layer-Line Reflections during Muscle
ol- _Q_ o
I Qrke A @ F Al Contraction,” J. Mol. Biol., Vol158, p637, 1982.

3. WAL 38 oyl YRS AL et
W, Arel AT, T - L8 S o= 29l 7

[7] Y. Amemiya, K. Wakabayashi, T. Hamanaka, T.
Wakabayashi, 7T. Matsushta, and H.

ol M E oF 15-20msZE AR ©] 2 Hashizume, “Design of a Small-Angle
= AR Bedle gEA G ve 2e ¢ X-ray Diffractometer using Synchrotron
F U, Radiation at The Photon Factory,” Nucl.

Instrum. Methods, Vol.208, p.471, 1983.
[8] H. Tanaka, K. Wakabayashi, T. Kobayashi, T

=

Ho
rq

Hamanaka, S. Nishizawa, H. Sugi, and T.

Mitsui, “Dynamic X-ray Diffraction of
(11 K. Wakabayashi and Y. Amemiya, Skeletal Muscle Contraction  Structural



]

Change of Actin Filaments,” Adv. Biophys.,
Vol.27, p.3, 1991.

[9] 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., Vol.11, p.371, 1990.

[10] 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., Vol.68, p.227,

1995.
N XA
7 ¢ %&(Duck-Sool Kim) 3|9
£1992d 29 © Bolujstm 3
&3t E AN

+19961 3% : 4¥ A
3F A A o) b5 AL
+19999 3€~FA : FHAR
tetn ARBEEY W

<FHAROR> ¢ AARlA ARBF YEYIAHQG

41 % 9(Seung-Soo Shin) EINIE
2001 29 © ZEjerE 4ska}

(o] 3ekrh)
+ 20049 8¢ : FEUEE FAFH

%ﬁki}(%ﬂwr)
= 2005\ 3€~&A  FHARY
skl AR P FetY W

<HEAEoR> - &3, F4 PKL HEHD Hel




