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— Abstract —

A Study on Contractile Proteins of Muscles and
Platelets in Idiopathic Scoliosis Patients

Se-1l Suk. M.D., Yong-Hoon Kim, M.D. and Choon-Ki Lee, M.D.

Department of Orthopaedic Surgery, College of Medicine,
Seoul National University

There have been numerous hypotheses about the pathogenesis of idiopathic scoliosis, but
it is still unclear. There are some reports that abnormalities of contractile proteins may play
arole in the pathogenesis of idiopathic scoliosis.

The purpose of this report is to study the quantitative abnormalities of contractile pro-
teins in muscles and nonactivated and activated platelets, and to determine whether or not
the abnormalities in contractile proteins may play a role in the pathogenesis of idiopathic
scoliosis.

The materials were 21 idiopathic scoliosis patients aged from 13 years to 28 years(aver-
age 19.2 years) and 20 persons aged from 17 years to 25 years(average 20.1 years) as a
control group. The electrophoretic analysis(SDS-PAGE method) was done on platelets
both unstimulated and stimulated with thrombin and also on proteins of paraspinal muscles
and gluteus maximus of idiopathic scoliosis patient and paraspinal muscles of control
group. The results are as follows.

1. The myosin/actin ratios of triton-insoluble fractions to paraspinal muscles in convex
sides of main curvatures of scoliosis patients(1.69 + 0.81) were significantly decreased
compared to those of concave sides(2.55 + 1.28), gluteus maximus muscles(2.56 + 1.70)
and control group(2.61 + 1.01).

2. There were no significant differences between scoliosis group and control group in the
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actin/myosin ratios of triton-insoluble fractions of the platelets both nonactivated and acti-

vated by thrombin.

In conclusion, abnormalities of contractile protein in paraspinal muscles of convex side
may play a role in the pathogenesis of idiopathic scoliosis, rather than abnormalities of sys-

temic contractile protein.
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Myosin/actin ratios of skeletal muscles taken from
scoliosis group and control group.

Group Site Myosin/actin ratio
(Mean +SD)
Paraspinal, convex 1.69+0.81

Scoliosis  Paraspinal, concave 2.55+1.28
(n=14) Gluteus maximus 2.56+1.70
Control Paraspinal 2.61+1.01

(n=12)
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56.4% (40-112%) 1%, EA7E 8%, A7k 6% olAen, aé-?:ix: H2 1344 Ha 2442
olgler, AHEIXE HA 144dA Hz 2842 HIAHL 18. TAAH(Table 4). dZzFL 7/PE3
BAAR L 19. 449K (Table 1, 2). W2T2 /1 AR *1]71 Algte g3 2300 €E5 84

WA 240 AAeS AAELE 8F F0 2T
g2 10893 A3 Plages ANPEL FoF3
24 82 29 F F 1292 o= 3t o
F 927F 9% Azt 3%elln, AREEE Ao
1744 HAxn 2542 HFAEL 20. 249
(Table 3).

3 PEE AP FaFIIH @
A 18 3 33 ALA 88 T F 118 ez
et olF \@AF T8 A&7t 48N, AR E
e & 17494 Ha 2342 Had % 19.8
A} (Table 5).

2) ATUY

7hH &2 T5Y oie] B4

(1) 4225 E 94 F (myofibril) & &4

Solarosol 4% =¥ A&el 2 o] &3 W
B & 983t 524 ¥FEU3EAY B+ 1

FEA FRIRYe) G5 RH227 Fo| Ao

Statistical significance of myosin/actin ratios by e o o mals
paired t-test within scoliosis group and between =~ WE=E A2 lemxlemxlem #2 AHIH
scoliosis and control group. 91 2o AL £4R9e] RIS e =)

LD YAEH $E4 Ceo] By
B A S04 AF303
oz dem, oo Fuay
9

52.6= (40-74%) 0| 3,

Table 2.

Site p-value 2 AFstd FA] WYy AdFE AHG F
Within convex Vs concave 0.005 Sorvall OmnimixerdlA e zzZtoz A}
scoliosis convex vs gluteus 0.072 ° 2
concave vs gluteus 0.977 e 249 2%E o 449 £ (10mM imi-
Between convex vs control 0.024 dazole, pH 7.0, 0.3M sucrose &¥)& ¥ &
scoliosis &  concave vs control 0.896 Zalatgict. o] %52 (homogenate) 17300gelA
control gluteus vs control 0.977 2087 AYBSAT. A 2A 28527 (pel-
Table 3. Comparison of myosin/actin ratios of platelets between scoiliosis and control group.
Scoliosis Control p-value
(m = 15) (n=11)
Nonactivated 1.11 + 0.40 1.00 + 0.45 0.529
Myosi/actin 1 min. activated 1.03 + 043 0.84 + 0.22 0.176
ratio 20 min. activated 1.03 + 0.38 0.95 + 043 0.628
Actin amount 1 min./ O min. 0.932 + 0.193 0.961 + 0.079 0.600
ratio 20 min./ O min. 0.898 + 0.217 0.852 + 0.107 0.484
Myosin amount 1 min./ O min. 0.845 + 0.164 0.861 = 0.170 0.806
ratio 20 min./ 0 min. 0.835 + 0.215 0.818 + 0.160 0.815

Table 4. Pearson correlation coefficients (R), R2, and P-values for correlation between myosin/actin ratios of paraspinal mus-
cles taken from the convex sides of scoliosis patients and the suggested causative factors.

R R2 p-value
Age 0.455 0.207 0.102
Cobb’ s angles of -0.153 0.023 0.602
main curve
Apex of main curve 0.348 0.121 0.223
Duration between 0.314 0.099 0.274
onset and biopsy
Duration between -0.333 0.110 0.245

biopsy and experiment
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lets) & Yol @532 £83 %9 EFLFA
(60mM ¥32%, 30mM imidazole, pH 7.0
2mM dartadlAlg) .2 BRAZHTh o] &Y
< oA #Esstad F, 750g0iA 1587 Y4 E
gty g S&24E R/, e
d4Reshe 2L YA 48 B o]
o dojzl w2 e FFde] U4 foltth

2) Z¥HF FA

ZY4HE 2mM enthyleneglycol-bis- (8-
aminoethylether) -N, N’ -tetraacetic acid
(EGTA) & 2#3le ZZAFdYo FH/AN F
750g <A 1583 94EsArt. o] 2YHRE
8al &9 1% Triton X-100(c13t TX-100°2
Aeh & Xl FELSFHoE F/HAZT o]
HEadgs #5335 F 750g oM 15870 4R
stk TX-100 Xel& FYaA I o $ER
F, 2527 Ml EHe EESFA0F 43] A
sl AAE 2949FE 10-15mg/mle FE&2

T EF Aol F/AHT

(3) A H719% ¥4 (Gel electrophoretic an-

alysis)

ol d& ZYHFE 10% acrylamide reso-
lving gel® 4% acrylamide stacking gel® A}
4319 Laemmli el w2} SDS-PAGE (sodi-
um dodecylsulfate-polyamide gel elec-
trophoresis) & Al & F Coomassie brilliant
blueZ dA3sl3el. Digital autoradiographic
syste(Amersham Co.) 2 ©]&3lo] &9 %
E 73 F 9l g FE AF s
ol Al gxzle] AR Z&F hzxFe WA 2
£, & 10714 2Y4FE T Tl dF3A

Aol B actin® myosing] FiH vE T
3t viwEr12 e Bl oM actin® myosin
o] AuA vlg FELEA ZHo|Y 4w VE
S W d¥de Rnd vt gl =3 2 A
Helel Mz o1 B3 AL glev, ole 4
d HFelA HEFE o WA A P& A
& 47 Adeldrt
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T1mM citric acid) & 5:19] £xv)2 &3l oh
o] E§lg 160g oA 2083 AAMEE® &t
28 g & o]&3td A= (buffy coat)ol 4]e]A
REE Y ol FRIYFE Esdh
of AW FEYFE 730g oM 1083 dAEe
o] AgE de ¥, 0.12M 934ES, 13mM
trisodium citrate, 30mM ®EY, pH 7.0& %
Fale &4 dee ¥ 2e &AL FHdo
H2RE FRAAt o] FRAE 730go04 10¥
7 9AREs dAaRs A9l o] AFE A
o e ¥ ¥43E 154mM FIEE, 10mM
Tris-acetate, ImM EDTA, pH 7.4 Egsle=
fd0z AFHHATE mAYos dL FARS
138mM ¥ IEE, 2.9mM 932EF, 12mM ©]
EMMUEER, 0.36mM UAMYEE, 55mM =
2, ImM EDTA, pH 7.4 & X3sl= &do &
a9 Fx7} 5x10°/ml7F =% B{A7

(2 Eaghl jze) Ea

4% £449L 0.1 unit/ml9 thrombine =z
Ao A2 18, 2084 43T AHE
497 thrombinC g BAE Ridd EU&
A9 TX-100(2% Triton X-100(Sigma), 10mM
EGTA, 0.1M Tris, pH 7.4, 0.2NIH unit/ml
hirudin) &2 583t A28kt TX-100 o E4&
Al E8E 8,730g oM 48T HA4EEd
2% (v/v) 2-mercaptoethanol®& Ese 2%
(w/v) SDS(sodium dodecylsulfate) &3 &3t
3la] 100°C ol 1083 sreujdsied s &4
Al #ct.

(3) A A719% ¥4 (Gel electrophoretic an-

alysis)

AeolA A& MHE i 7 18, 20848
thrombin2. 2 @437 | AL
Coomassie brilliant blue® fA3le] digital
autoradio-graphic system(Amersham Co.)&
o] &3] MWellA Ztzt miEAgdsl, 183 &43,
2083 st g4, F HE F Bl 4
st
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ACT.

1 : paraspinal muscle of convex side in scoliosis patient

2 : paraspinal muscle of concave side in scoliosis
patient

3 : gluteus maximus muscle in scoliosis patient

4 : paraspinal muscle in control gorup

Fig. 1. An illstration of electrophoreiss of tritoninsolu-
ble fraction of proteins in skeletal muscles
(ACT : actin, MYO : myosin)

o TN

1) #A23 cizFziel 28 myosin/actin ||

|

HEZU2HR 49 2T 12928 @
< 28ozdE 23 2UHRC ANGFE A
g &tod Coomasie brilliant blue2 FATF
myosin® actin®] F=E TEHHFig. 1). v
dAFolN ZHztel R (plate) o] Wl FHe] HE
7t 284, odz7ie) ol 73 myosin® actin
9] F& AF vadde AL A7l gk 2y
Y 22 #29 myosin® actin® 22 BN &
A7 W&ol o] F iAol <ol H|E FHO
22X 25 F8 £54 die AL FHslE
a3, @7 % R4 (FUe] saxe IR 9

2)9 257 d2Fe ¥3E3F329 myosin
/actin H|E A%} (Table 1). A7) ¥3F F9
= B9 HE BHZZ9 myosin/actin ¥lE
1.69%0.81, 8% FAETZdMEe 2.55+1.28, o
E2dME 2.56£1.70 oD R FAFZ
£ 2.61£1.01 |t

gAzHANE 2 $9¥ myosin/actin ¥ E
paired t-test® v eu ForZe AR

5 6

i [ SRR TR _
i & SR S ABP
mﬂiii“. -\,
e e YD e wwme wEge e ACT,

: nonactivated in scoliosis patient

: 1 min. activated in scoliosis patient
: 20 min. activated in scoliosis patient
! nonactivated in control group

: 1 min. activated in control group

: 20 min. activated in control group

AW B W =

Fig. 2. An illstration of electrophoreiss of tritoninsolu-
ble fraction of proteins in platelets(ABT : actin
binding protein, ACT : actin, MYO : myosin).

myosin/actin ¥]7} TE29el vlsle] ojulglA 7+
A5 NG (p<0.01). =P BT zH B9e
272 myosin/actin B1E paired t-testE ¥
2g A3 GA] @7 Fkze] R A myos-
in/actin )7} uIIA #aE QAT (p<0. 05).
et HFEF @xie] Futde HRE ER
#v dizFel ¥18e] myosin/actin ¥17} 2| UA
s e ¢ + AU (Table 2).

2) BXZEnt dx=Zzhe] AT myosin/actin B

9| d|

AF20F B2 1597 dRE 11828y o
< FAN¥Ye vy ¥A28F 0.1 unit/me
thrombin®.2 z}z} 18, 2084 §A43A170 ¥4
HollAl Triton B84 28& £, FAF F o
€ #7]9%39 Coomasie brilliant blueZ @4
# ¥ myosin® actin® =& T3 (Fig.
2). AT dEFNA W8 ¥iHe] myosin/
actin ¥l& 1.112£0.40 T 1.00+0.45 <11, 1
B3 84370 gadeME 1,030,439 0.84
+0.22019 29 2087 43471 addMe
1.03+0.38% 0.95+0.43 ©lth. ©|E< inde-
pendendt t-testZ ¥ug Ad} F FAlolde &
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olgk atol7} f1lcH(Table 3). wWehd HFZRF
xte] avlle F2 £54 9WF Triton B
44 B3] myosin/actin Bl vlEAde} 84
3} e B2FolM dz22H Aozt S ¢ F U
itk

3) Thrombin #Ast HYF gAThH =54 oy
o| wistol| CHEt #X}ED} chxatztel vl

HFE20ZE 8 15%% dE2F 119025 &
e Ay v @AY 4R 0. lunit/ml<]
thrombino. 2 z}z} 1%, 2084 432 &
Hol A Triton EE4AEYS £, FAF F o
£ A719 %3 Coomasie brilliant blueZ 94
% ¥ myosin® actin®] FEE FIATE. FAT
I hzFAN 24 DY (myosin® actin) @] ¥
g geld M ) v A sFElClA 9] Bl & ¥
22N thrombine g HPSAIe HHF<
Triton 884 #£34 999 JHslg 231z
7=

2R h2ToA i @8l 2 actin
4 myosin®] FAW}, F ¥ ¥ LR
F&4 T oo diF B3 AN 54
chie] <ko] Wlg FEtx ole] WiF p-value® T
# Adn A £34 9 2% 1§ £ 20830
24313 2S¢ AT dZ2E0] /A Aolst

2S¢ BdF3 UcH(Table 3). webd AHF &9
Z Ao ave] 843 A F Fovd F8
F&4 9 2 Triton 244 239 dHs=
iz a7t gles € 5 U

-

Fau3e) goozE v, ABY F 9
% g, 495eld 99 ¢ 4 gl
Sz dlch F94 HFEV3e
€49 2 B ANE g PgelMe a7
Aagso] gont, obd 1 49 2 Wl wANE
$9% B4 giek ool ARE SEY AR
2o} ¢ 902 dFHD Ak £34 ©H9 o
B9 8 FHse B2 s

4 BAHQ 534 Woe] o4 D7 SAsto]

2409 454 W 1 2718 el M
st 37} AWsd AR e gel

4

N

ol £51 e iAWY F3H4 IS BN
2 3. =3 54 HFSZuE9 dQlo] 24
HQl 28U o)l st AJAZLE &7] H8
o BAE P xRN ZEHE AHA FFY
ol g A2 st

oo £34 Dig 2] FAste $id
3l E= YaromE® 3} PelegS” & T 22 A
Ao 27} oA o] & we AYste He o
Bgo] gov SHUWe 54 dE £l BA
e WEe obF] FF I i ARdH flelA
Solaros*°] Al (cardiac muscle)dllX ZYdH
g F&3l= e 983712 s}k Solaros S
A 29 ¥ (cardiac myofibri) & 1 % Triton X-
10022 A2jgld F&Fo 24 A A (mitochon-
dria), <2 (sarcolemma) ¥ <39 (sarcoplas-
mic reticulum) ] TejAel ed& WAL + 3
on] EF Triton X-10022 A E o &
A oo JEkg ukx goumg WEThg whyo)g}
2 &t

F&4 g FAG F o] SDS-PAGEH &
ANGER F 4 A& §FE B Y3t Coo-
massie brilliant blueZ A3l ©]& digital
autoradiographic system22 &%3H e 4, ol
oo EAAFoz 7} wuirie] E4 Hxd u
gt a1 A7 g2A dathe Aol olF i
7] 93 & PRl oI AL BF g FelA A
dstn 1 WA E Hwdr] Bode £54 2o
Z8 ¥ myosin® actin® ARHIE T
A Agore] vEFE WA A shch dERT
< BAry Ad £ AN RFARE tidE -
gozd Y £ A% Fvlo e AAF A
o 3t vEAE WA A A

Hade SHEY FRACE wE FAR £5
A 29 myosin® acting oHF FHdla leH
o] £&4 Wl 53] $id dawe &H A
fa g¥SFo F2¢ 482 st Ut (Cohen
5®, van Deurs and Behnke*. Actine #4%
ol 71 o] B thille FRMAYE F15%
g AA)3lm glem, vEd AN F actin®
ol 40%7t %A (polymer)Q! HpHEZHo 2 F
AeA =9 o] WMEE =& YATRE A
sle] @A dawe] MEste] XA 8o ¥
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Ago] AEH £54 A F&T AL
A ¥t Thrombino g 433 2§ 2
Z3A3e actingl HWEZS] actin@e] 571
871 AFEle & 1562 Folle ¥ actin¥F 70-
80%7t BetEZ oz ZEASHA =W <F 20 F
e FAAEY actine] nHPFe] =EsA €
o}, ol2lgt actin DA FEREE actinZH
@ (actin-binding protein) £ @¥AE& dyo
2 3l o]}, o] &3t WA actin
HMEE olAe A THTZE FAsA A
FTUAY F9ol A & P AP TR
g9 Fuliige] #AsA =W actin HeES]
2 (bundle) ©| filopodiatiell FAEe] dHa W
o 83 4EE A "ok ol Yiwe
ggslAA NN actindd ¥ F myosind actin
debdEe] 723 WIE FE3A =t ¥ actin
A% G2 actin e ED] 2AQAFE FE3t
A "l Myosing i) Fowae] 1-2%E
a2 eta gle ol EFAZWE myosinol vldted
B oz e ooltt, davo| EA3HHE my-
osin® H%3] AAEEY actin HepdES ZAY
gl AZAHEe] Eu|zhgd] Had FERES
do7|A €l

£ =2dA date] AAl] ol AL nE
A A% £E thrombine 2 8458 diwh9)
Triton B84 el EFe] A2 Tl
2 g HAAGeEM dadhie £33 e
Ars] A% Zojoh o] WYL Fawe] €A
oA actin e ES AdsA He 54
GHE, Z actinZ T dUH myosin® FE EFF
slet 743 WHoltk(Feinstein®'’, Jennings
2.8 84 ¥4 We Triton £84 @9
i) actin® A%9] actinZ¥ @, myosin,
a2l o7 1 A} BRIFRA G2 A
310009 9¥iyZ o]FoA3ltt. Thrombino&
HAWe #F33s1Y Triton B84 acting ¥
Ax F718A Hled ol DNase ! inhibition
assay (Fox and Phillik-ps®olA &3E 4+ &=
actin® F#utg-3 Ak Triton 284
actinZd ¥ @3 myosingAl i A3 AH
NA 2 <Feo] FrkeAl Hok ActinZ2E @¥el A
S v AR £39 5%71 84 4w

Y2 M e 25%7} Triton 89132 myosing
A5 gy e 339 40%7) Triton £
£t BAHSF 30-60&3e A9 100%
Triton 8422 ¥sstA =o A Triton €
£49%9] o] #ad 60%71A AEA €t
E d¥dA wgdEd 44BN myosin/actin
v)7} Foxe] Kol vla] ®e] Jelhd Ax diagd
Me|HAgolA Higo] AR FAstE Ao 713t
£ RAog Alz®Eth Actind¥ 9oyt myosin
2% 2 ZA7L Triton £8430lAE @2y actin
7 Ao 2M Triton E8HCE WSSHA =Hoh
(Foxs} Phillips . why £ AgelN 33
HE actin® ¥ AgsiHo FEAE 43
actin®] ol F3 myosin®) & A slE
actin® 23 myosin® Feltt. wely AT
BZFA thrombine 2 AL oo
actin® myosin® ¥& ¥lnFozH dirwe] &
qslalgolAe] Z Dol EEAS BAE + 9
= Aot}

2 AYdM Ao r FE BT A3 8
2 2 gE29 dz2ee $33FN49) myosin/
actin Bl B 2.55-2.61 : 1& °]= Maruyama
7} 7tES 242 d¥dAM R32E myosin
58mg/g : actin 20mg/g & RFAIR} AUE B
B A0 AMEE FoAFAch

ANA 54 D] ol g &7 Y 4w
We] myosin® actin®] FA4¥|E 7§ A3 AT
7 ZT Alolol] Rl Rt Rjolst gllon F3F
dawe] B3 AP S 54 e Ayl gl
718 H71998) thrombine g 43AN ¥ 2z
ZF 183 20% %9 myosin® actin® FANE
T3 ZAAME Sx73T diRT Alold] f2d &
o|7} it Hl1E ol3lo] YaromEoly Pelegsel
AN 715A zolo] Ui HojHd WFo] #
© flout o] Ade) vehd AAad v1%F z
ol7} Bt HFESUEE HUE & UL HEAN
o sl o&& ZAEI ol&¥ HAUAL F54
o] ooz sl g AFZZFo] fud
b o2 3 WMol HFMY I ol e}
39 AFMz el Iy A% 4d B9
o = o] BrlesiZt. £% Kahmann
S HE0 FH T FAlolo 7]5AQ] Wl
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frolg zol7} gltkm 8ty AalE9] s el dX)3
Edg By

F2AR FEHA D9 o] s AV AT T8
A9l myosin® actin®] TA8E Fsle AdHolA
© AT FRkRo] HRBAAR myosin/actin
HI7L frol3tAl Zaso] ATt ol fHg 9n|
& B3Vl 98t YaromBol AFE uie} 2
o] ojzit ¥y} S HFENFe] Qlo] ol
I Z2#4d Fx 3leng ol digh WiFo] Yo ¥
Aoltk, HFEHUF #xte] FUhFho] AN
myosin/actin H|7} ZHad 3lo] $jgAde] ohdrtE
gstr] st Aates g@xle] AE 2 A9, F¢
9] CobbZt, 2& AMHAFH(FRF 299 HF
2o 4, $39 HAF & 2 254H7A9
713, FeF A4 487129 713t W& myosin
/actin H|& &4l E3tth(Table 4). #=te] 4
H-& myosin/actin®lel Y& FA] g1 A
(p-value 0.925), $xpe] A4¥, Fukze] CobbZt
R FTHARHEY (FREe] HFapex) o] HFFe
A 5o A#A S (Pearson correlation coeffi-
cient) & #3 23 ©]E2 myosin/actin Bl 4
& F4 g3 Ao (ZZ p-value 0.102, 0.602,
0.223) °|E° 23 YL oIS ¢ F UG
(Table 4). & o] ¥al7} Ao g A=A A
3t e AFE50F0 ¥Eo] A4S Yehde A
2 oljdteln & & ok wd e wA F &
E€71A9] 7|70 Z4E myosin/actin ¥]7F 724§
o myosin/actin ¥l ZHae EH5e] Ylelr]
Boies 234Y 7hedel F Aotk a#y 439
A F & 7x19 71EE myosin/actin®lol] 9
TS FA g A2z Jelth(p-value 0.274;
Table 4). &% AALINA= AHF 25
J3l 80°Cel WEAHE BAsUE v et o] )
Zro]l A4E myosin/actin ¥l2]l ZA7E Asoid
WERE 33 Fel 282 WAo] myosin/actin H]
o] zhae] Y 7FeAel & AHeoldh iy o]
713t =3 myosin/actin Blolls ¥ 438 FA] £
&ttt (p-value 0.245; Table 4). wWety o]4e]
ABENE? B8 292 vwdie v 524 HF
Zur2 Zkxjol Hy B H3ZAT myosin/actin
vz} ou| Al ZAaE e oz Wy} HFAYy
o] AR 7MedE A=AHE wAEn Utk 2

olel AE 7Hadt 82199 thE 899 oF
= o] &HG wiAle BrbedY ol AnE
& W oleig ¥ste 544 HFZUE9 ZAilo]y)
Hoe o 999 7FsAdel Bk =% Jokl#
Konstadt™el 2]3lH 7tEE o] &3 Agdx 24
o] o= AY FAA FElE nHEYE b o
ZTde Aol7t glu 2318 FH2E £33 1
Aade W 259 71Eoly vEe] AR W
7b 201 gt F7)7 ol HHl, & HFEkEq
Fa 5o "R E o)y vyl ¢ld AL Al
st =8 Fidlers®ol Rad MR Bxy3a
o] A1 24/ T A dH-E 27 AsiA
= A1E S4FY 718 24772 myosindt
actin® AR g A7t A Ao Alg
A},

olde] H¥AAE FHs & u £24 Gy
olde] B HFETrEe A4 HUelo] © #
o, Yarom$™ol 3% AAHQ £34
o]del7] Huhe H3F FUhE F9 o] HFo Ha
29| o 7IQlEle Ao Algdy &
29 o]ite]l 1 RHele] T o3E za sl
AU FE& 3 e HiH -8R o] =1
olo] wa} HEI} ojgtH o2 HFEThEo] WA
goe Aotk olg AL de 2AoRE Aolu}
v IR/FF0 vl AFEZNFANE HF 9 A
Fo 237l o 9Ulle] "uke A ol 7]
EH o R FEAA AFEUNZTE LA 28a
EF Ao HR Z¥e

<

AN FEHE 97t B

e pe
od v v o 3o

1L
o

Z Silva®& dgoldlA 53t
F 71d25S 2AsEq 4
es HFYe ZtEAA A
A FHAM HEEnEE BEJC. o
AHIY BT HFe BAFZAAT ool Y
H JFYAME 27k ez vehde Rl o
AN g4 dE82 E £ oY ot o
& AAEC] AT £1H Azt JlEr gt s
el % oz Yz},

A
gl

b3
Qg
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S HEZ03 gxldy £24 g o)
59 o]l HAHYA AR FAHI RAAAE
g3y figted, B2 HFS
2o 253 B8 4% 2 thrombine 2
B3 Hanels 54 DS e AE
o8 AFEME & myosin® actine] TAYE T

o 2M o3 2 AAE Ao

1. AF20F gxlo FRFe] AR BAZD
2 2 #8x9) Fghxo] g gD 9 OiRF
9} B2 ¥3ld myosin/actin ¥]7} 20|l A
ZaEe it

2. AFEZUNF e AWl F8 FHY @
% myosin® actin®] FAYE BiE8AGEHG &
Aadel BRFoA dx2 23elrt gl

ol B4 HFEUFo dwylde] ALY
$24 o] o|elr|HthE Z4AAQ AF Fut
T 799 AR 2/ o]idd 71AE Aeojge A
< AlAsta ik v o] o] thE 81l 97
AF8d 7HeAol ol ofddl o} B & BE AT
7t 388 Ao Atgdn.
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