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The Role of Ca** on the Superprecipitation of the Contractile Protein
C.W. Park, M.H. Chung, J.S. Oh

Dzpartment of Pharmacology, College of Medicine, Seoul Naticnal Universicy

Superprecipitation of actomyosin has been considered to be an in vitre model of the muscle
contraction,

The superprecipitation and ATPase activity (which supplies the energy for contraction) are influe-
nced by several factors which are the large amount of changes in ionic strength, Mg and ATP
concentrations. But those behaviors are found to be promptly influenced by the change in a small
range of calcium concentration which can be controlled by the cellular function of muscle physicle-
gically only in the presence of the modullatory proteins, tropomyosin and troponin,

In order to elucidate the precise roles of calcium in the muscle coniraction and relaxation, the
effects of calcium on the actin- myosin interaction was observed in the presence of tropomyosin and
troponin using the superprecipitation system.

The results are summarized as follows:

1. EGTA (glycol ether diaminetetrazcztic acid)prolonged the initiation of the superprecipitation of
natural actomyosin,

2. Superprecipitation curve was declined by adding EGTA at the time when the curve reached
the half- maximum., The degree of declining was proportional to the amount of EGTA added.
Especially, upon adding (.25 mM EGTA the curve was lowered to the level bzfore the protein
superprecipitated, But addition of EGTA did not affect the curve after attaining the maximum.

3. Superprecipitation of Perry myosin B was not affected by EGTA added both before and during
the course of the reaction. .

4, Tropomyosin did not change the response of Perry myosin B to EGTA added at any time of
the reaction,

5. Troponin also did not change the response of Perry mycsin B to EGTA,

6. Both tropomyosin and troponin together rendered the Perry myosin B to obtain the same
response as natural actomyosin to EGTA.

7. It was concluded that actin-myosin interaction was influenced by the minute change of calcium
concentration only in the presence of both tropomyosin and troponin. We could repreduce the con-
traction and relaxation of the muscle in vitro under the presence of ATP by changing the calcium

concentration.
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A =

Szent-GyorgyP = actomyosin gel o] Mgt &) 51| 4
ATP & 75383 sto] Ra] Eulgk gel suspension o]
A 59 A E£gx e dosle 4
& superprecipitation o] g} 2 A3k, o] F AR Wl
A8 T 4% model o] gtz FAstgr).

o} & superprecipitation 8] 7] A& A= &= H3E
o] 24 g2}, actomyosine] AL FiAL,
ATPasesl] $3le} ATP7 7423 2 o Jox
energy = ©]-83}¢, actin 3} myosing] A5 3ELO B
cross-bridge & @ A5l o} Zolgtxw A% Huxley?d
#ado] 4984 AAF dx 908, Levy o Ryan?
£ superprecipitation 3 £¢ ATPase activity = A=
correlation & 7}x|=, wlel4 ATPase activiy 7} =%
@] superprecipitation = &l Qo] trlm ¥ w5t}

Superprecipitation & 2%¢] 58] AL AP sE A
W4 model 2 3] FabEe] & ste Q1L 9
2t 250 FHRE o2 A42E A9sA Fdnz
ot 7AA = E9A 3 model 2 A A= 3 Qlvh ole]l Fh
A & o] f+E & superprecipitation - ¥ 7} 40 B
HejAa gold, =89 $5d4L A9sa got
o] & A2 o] model 2 tEhis] AE Aoz AR
ol Al Weld 259 ol A4S AddHE
=52 AES v gk

%ts] Ebashi®-= “npatural actomyosin”(actin 3} myosin
©]9] troponin 3} tropomyosin¢] T&xd 2§ i)
2] superprecipitation ¢] ®] %¢] Cat*3 % w3l o a]
T 9FE T4E nusg
2, Ca**y57l Z7184 superprecipitation o] 4
3 Ca*"F27tk ASE A dkg-o] JAWA AFE A
B¢ B,

=3t Katz® = ¢3F reconstituted actomyosin o] na-
tive tropomyosin (tropomyosin 3} troponin &] --3tx))
£~ A 78k actomyosin $] Mg-activated ATPase 4
E7F Cat*g % wishel] dlulgt 943F& wievha 2 as
gk

o] ¢} 78 Ca**e] ATPaseol] =gt 2H£L glycerol-
extracted muscle fiberoj A= A= g ox® o] A2
BiE5-& Ca*to] excitation-contration coupling o} 9)
oA APAC A5 wigger ) 2L shu Yrhe
A9 FAL A4E + A,

Superprecipitation 3 ATPase &4 $of u]zx] & Ca*t

Ny

9 el BE ATAAY RiBE BT $F 27
2y 243 Ca*3xe] @2t TshE B A
B =45 A W Ca*t8) 5L AFska 9
o,

el A 2}E-L  excitation-contraction coupling o

& FFHEed T 454 T % AL veb)
= Ak,
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1. Natural actomyosin

4R R Ebashi®l o2 E7 5 504 FEH
actomyosin & 443k 3F KCl 55+ 0.6 M = g
3, 5% glycerol 3 £ty —20°Cell A 2ALF
W A4 #f w5} 50 mM KCl, 5 mM Nap EDTA, (ethy-
lenediaminetetraacetic acid), Tris-maleatebuffer pH 6.8
2 8 29 9 volumed] =7 actomyosin 1 volume ]
e Yo, 14,000Xg 2 202 5ok JARHIY
AT F A ALPH

2. Perry myosin' B

A7 42 e}zl natural actomyosin & Perry?
Wle o] £3he, B 1,200XgalA 3047 WAl R
ste] 38 4283, 5 mM Tris-HCI buffer pH 8. 68
3] volume o] 4] 0°Cell 4 484 7k WAl SHg vt o] F
33,000Xgol Al 1587k A Ee]ste] ol precipitate
2 398 volume B2 94 33,000xgelA 1587 A
Axgstd 29 AlFsa pH. 7.02 3k #F KCl

52 0.6 M2 245t S glycerol 3 E sl
—20°Coll A mastgeh. A44 AF 4L natural
actomyosin ¢| 7--8} Z ket

3. Troponin 2 tropomyosin’
£ B 288 A4t =5 Fbashi®ubyiel 23}
o F&sld ALsgeh
4. Superprecipitation 2} &3

uko 272 100 mM KCl, 5 mM MgCl, 20 mM Tris-
maleate buffer pH 6.8% .07, Ca**g w2 A7tel
R oh)stg.om ukgol o contamination 3o} glE
Aoz WAyl Actomyosin & natural 3} Perry %



—C.W. Park, et al.:

F b5 v ml g 0.5mg protein o] = E 3% sl =,
tropomyosin 3} troponin & -2 w] ml g 25 ug o]
HxE% glged, 0.5mM ATPE /sl wbee
ARSY L, TN B 3mlz st
Superprecipitation A .= Hitachi Perkin-Elmer spec-
trophotometer 5 A}-4-3be] 545 mpy o) A optical density
O.D)Y #H3E FA4se 24 Ao, spectropho-
tometer ofl Sargent linear log gear recorder & < 23}
o] Al o 2 optical density &] W32 7 &} A
7l BE 2 42 A P39 protein 3 E &7

Biuret method & A}&-314]+}

ro

r

>
2
&
o
o

s Cat'd W2 AR o
e, el 39 CatyEe A%, B4d
E S 2R Gt st oF 10 M A Eela
At Katz!Ve] 3ol S35 v}

31%?— 719 8= F9 Cat'FvE 0.1puM~1pM &

Aste], fH Fo ATP e} Cattsh Salt & G A s

3L ‘r},_ 2] Ca'tol] EGTA (glycoletherdiaminetetra-
acetic acid) & Z713 H7lste] A5G0k

A 5lE EGTA 9 FEx KatzPo| whld] 2]she
45D e AL o a2
7= 107549, 96[Ca**) 45, 7X 104X [Ca**J2412

4. 4X 108 X[Ca*™]

Z: the amount of EGTA to be added to achieve the

desired free Ca** concentrtion

1%

nS:

[Ca**]: the desired free Ca** concentration

* g T AL fEShed gt
et

at pH 6.8

a) dissociation constant of 4th H¥ of ATP=10"6%

b) [APT)/[ATP3]=0.63

¢) binding constant for Mg** and ATP4=8. 8x10*

d) binding constant for Ca** and ATP¢=3. 15X10*

e) binding constant for Ca** and EGTA=4. 4X10°
B3 Agx A ¢ek& EGTA =t Eastman 3] A} A

Fola, v A ke Merck 3] A} Al F-& g3k vt

% e 45E o8

4 8 2

1) EGTA 2] natural actomyosin superprecipita-
tion 0f] O[Xl= FE

Natural actomyosin ¢] superprecipitation -2 EGTA |
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WS @ mE WS-e ned Fvh F, 25M EGTA
2 superprecipitation A\ 2 Aol wlE] At E A
(Fig. 1) superprecipitation 8| A3 ¢ 2. half-
maximum turbidity o] ==& 4 7¢] EGTAE #7t.
3bA] ol gl systemoll A& 158-¢1v] ¥t} £ T5E
ol vk H gt

0.0
¢.5

0.4

——— no EGTA
-e-- 25 micro M EGTA

20 30 40 50 60 70 S5 min

Flg 1. Effect of a chelating agent, EGTA on the

superprecipitation of ‘natural actomyosin’.
Reaction mixtures contained in final concen-
trations: KCl 100 mM, MgCl; 5 mM, Tris-Ma-
leate buffer (pH 6.8) 20mM, protein 0.5
mg/ml and ATP 0.5 mM.

medium W} & -ﬁ—E] Cat*3 %o natural actomyosin ¢]
W] 9 of mlal uhe-g vhEb A gle& & F A9t

13 superprecipitation ] Qelvia ¢l =5 EG-
TA = aA71519¢ # superprecipitation curve & 37
e e M. 2 01
A5 Aho. EGTA & o] wATL

7k

7 &
4 T&i‘;} 5 0.041m 3] EGTA & #A7Ft4 B%
o &4 e Ca*

2] TERE 1/£Mi %}M’E‘W’H -17\1' ds
&3F & hA Z7b5ke] 2547 o] maximum turbidity
0D
0.5 gddition of EGTA
0.4

(BY/5.04imM EGTA cdded

10 20 3.0 4‘0 50 €0 70 B80min

Fig. 2. Effect of EGTA added during and after the
superprecipitation on the changes in turbidity
of the ‘natural actomyosin’. Reaction mixtures
contained the same concentrations as in the
Fig. 1. A) control, B) estimated free Ca**
concentration, 1 micro M, C) 0.1 micro M,
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o EEslg o 0.25mM & EGTA £ #rbsle el
Ca*FEE 0.1 pM = 8§19 % v+ O.D. 3= superpre-
cipitation ©] Qejrtr] A Abeiel 71A EAsgeHd,
1A 7 Fol maxium turbidity ol £2atgeh. =3t o]
#¢] maxium turbidity = EGTA & & 7bahA] oo u)
Z superprecipitation ] V-EFYl maximum turbidity oi]
=2k B2gg 2 4 Ydgich

2} superprecipitation ¢] maximum ¢ &3k
of EGTA & #slslg-¢ v+ O.D.o] A8 48¢ 5
A ohislg vh(Fig. 2).

2) EGTA 2| Perry myosin B superprecipitation
ol n[Xie A&k

Natural actomyosin ol 41 Ca** sensitivity & 1}el}
A8t troponin 3 tropomyosin & A ] Fe] adelxl
Perry myosin B 1 superprecipitation o] ] o] 4]
EGTAS] 434 ¥4 ohisgeh Fig. 3-AdA ¥
4 & alg) o] 25 uM 3 50 pM 2] EGTA & %7}
894 7% half-maximume] Eg3L 7] wa}b
ol R FA ¢geor, =3 9l E superprecipitation &}
273 E 4 Aol E vehfA goreh

=3t EGTA £ superprecipitation ¥+ % 3 73}
%% 9} = natural actomyosin & 7-$o= mzgon
O0.D.ol &= A8 WaE FA o)ty rh(Fig. 3-B).

c.D Al (8)
0.5
0.4
!{ -emem 25 microM BGTA
6.3 o e 50micro M EGTA

«-25 micro M EGTA added

I‘O 20 30 40 min 10 20 30 ‘min

Fig. 3. Effect of EGTA on the superprecipitation of
‘Perry. myosin B’, Reaction mixtures contained
the same concentrations as in the Fig. 1.
A) EGTA added from the beginning of the
reaction, B) EGTA added during the reaction.

3) Tropomyosin 0] Perry myosin B superpreci-
pitation ¥ Ca*" sensitivity Off O]X|t= Q&

Perry myosin B ] superprecipitation & 25 ug/ml 2]
tropomyosin A7t2 AP L £ F dAAFig 4A).
Half-maximum  turbidity of] E=2H & A 7ke] dl&x

superprecipitation ¢] 178 A 591 ¢ ulsle] tropomyosin

Z7A - Contractile Proteine]] of 3} Cat* 9] o gk—

of A7tsl 7% 8E A== wFHgivh

g3 tropomyosin &] E#} 7} Perry myosin'BQI su-
perprecipitation o] BGTA 2] 93k Meh}ES sk =
Z3t4th(Fig. 4-B). A -4-4E EGTA % A/ 4%
o] & superprecipitation 9} half-maximum turbidity el
EREE A5k 8 Aol E BFA ousgE Buk
ohiel 45 =5 EGTA & Aslsig & A%=E O D.
ol 4gg-& FA ohF g ‘

0.0 e
0.5 (A) (8)
0.4 o
e | [/ ST
------ troporyosin{TM K w—————
03 pome /oddition
7 of EGTA
0.2 !
0.1
10 éO 30 40 min i0 20 30 min

Fig. 4. A) Influence of trcpemycsin on the super-
precipitation of ‘Perry mycsin B’.
B) Effect of tropomyosin on the response of
‘Perry myosin B’ to EGTA,
Tropomyosin 25 micro g, EGTA 25 mictro M
and other medium conditions was same as in
the Fig. L

4) Troponin 0] Perry myosin superprecipitation
2! Ca** sensitivity 0f] OjX|= gt

Troponin -& Perry myosin B 2] superprecipitation ¢))
W d3-g A olslg o (Fig. 5-A), =3 Perry
myosin Bl Ca** sensitivity & x| %£3}4) c}(Fig.
5-B). Perry myosin B ¢] EGTA ¢} o 3} sensitivity =

0.0l
0.5¢ (a) (8)
g l/’
0.4 (r
—— control ; — TN only
-------- in( T ;e TN+ EGTA
Q.3 troponin{ TN} oddition | £G
of EGTAY
0.2
0.1
10 - 20 30 40 min 10 20 30 min

Fig. 5. A) Effect of troponin on the superprecipitation
of ‘Perry myosin B’.
B) Effect of troponin on the response of ‘Perry
myosin B’ to EGTA.,
Troponin 25 micro g Reaction conditions;
same as in the Fig. 1.
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tropomyosin ¢] v} troponin ¢}1} wE0 2 4§ &) =
AAA ohiF-e B 5 ggi)

5) Troponin 3 tropomyosin 0] =& wj Perry
myosin B superprecipitation of Ca*+ senitivity

o BIXl= g8

Perry myosin Bl troponin 3 tropomyosin & %]
A7kt A3k EGTA —"Ll % &F- natural actomyosin #) £}
2 AAE 2% 4 99 (Fig. 6).

0.0
0.5F

0.41r
addition (8) .~
of EGT/

0.3

0.2

0 W0 30 40 50 60 70 80 min

Fig. 6. Effect of troponin--tropomyosin on the res-
ponse of ‘Perry myosin B’ to EGTA. Medium
contained the same concentrations as in the
Fig. 1. except for troponin 25 micro g and
tropomyosin 25 micro g. A)control, B) adding
EGTA from the beginning, C) adding the
chelating agent during the course of the reac-
tion, EGTA: 25 micro M.

A -5-5¢ EGTA & A71619 4 79 natural actomyo-
sin ¢] superprecipitation 3+ 7ol 703 HE Az} I
half-maximum o] E23dlgon], 98¢ 5% EGTA L A
7}k A3+ 94 superprecipitation curve & & 7-5he]
O.D.4 #4E 2d & F A3 0.D.7F F7sld v}

Al maximum ] X35 ¢l v}

il g
Ebashi® = natural actomyosin -¢- trypsin © 2 2] 2] 8}
5% =} EGTA 9 A 7}% superprecipitationol] o 32
AR REE RTHGL
sin¢]] tropomysin-like protein -&-

o] trypsin-treated actomyo-
Aokl T Catt
J%9e wwsdgeh =@ Penydi
trypsin © 2 2|3t o4 pH 8.6 0°CelA 4847
trypsin & 2 X 2|3

sensitivity 7}

92§+ 24 natural actomysin -&
Aot g nasigrl

¢]e} Ebashil®= actin ¥+ myosin ¢] interaction o
Ca*™*-sensitivity 8 3= tropomyosin-like protein o} 4]

troponin & R-g]slgm, o] gt Aoe] Ca™t¢} binding
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% protein ¢-& 59 3lx, troponine] wrE EA T
Ve X 235}2] vl tropomyosin
35D L =

w] = Ca**-sensitivity =
=+ 3 EAF

#3}3, troponin¢] Ca''-receptive protein ol® con-

)  Catt-sensitivity 2

traction of] trigger &% dvla w w3k}

B Ao A X Perry myosin B 2] superprecipitation
2 10 M A E o]8le] fe] Cattpx wzlel] o FFE
ubz] ol el vl (Fig. 3-A. B.). &} troponin 3}
tropomyosin ¢] 7] ZA| & v} Perry myosin B&
natural actomyosin 3} #Zo] £k Ca*txx ulsl)
43 BT eHFig. 6).
22} troponin 3} tropomyosin 8] w5 Eaje] st
o] Z+& Ca't-sensitivity 3= 3] 852 £3}4 v} (Fig. 4,
5). Actomyosin 2] superprecipitation 3} ATPase activity
+ ionic strength &} Mg** §=, Jzjm ATP 5=7}
EEFE dAE 3, FE7F EFE FX30] BaH
¢l 3118~19 E-3] superprecipitation of] A o] & B 57} o}
Ao w i} clearing phase 7} Ao} Aol ¥ 3] ¢l t}16,1D

o]+ actin 3} myosin®] association 3} dissociation

superprecipitation -2- o 2] g+

(muscular contraction and relaxation in vivo)e¢] ionic
strength ¢} Mg*™* 18l3 ATP 5% o st 33k
& wkE o vhe Aol Alnl Katz®& o] 22 o g
o] wl-¢ we pxo W3l Anl vEhtER fE Ao
2 2 55t oldo] o] fsiA 224 Aoz 4
23 = g -5vla FAsg . 23 v tropomyosin 3}
troponin &] Exjj s}el) 4] actomyosin 2] superprecipitation
3} ATPase activity = ZA 27} 288 4+ 9= Ca™™
FEY w8105 ~107M)e AlRlE FIgE wkew
4510 Cyt+o] excitation-contraction coupling o] ¢l e A
final physiological mediator o]lz}a FA4= I 9l eH®,

B A8 A natural actomyosin 2] superprecipitation
o] 10 Mo A 2uMAEE Cattgrrt Lo 24
Ast qAE i‘ﬁ"r(Flg D o2 A4 3
greba Al T dgivh

kie:h actomyosin superprecipitation o] Ca*te]] 2] 3}
trigger ¥ t}wl superprecipitation X1 8 & Ca**8] A A=
A We-e FA 47 Ak Yholrt actin-myosin 8] disso-
ciation o] Vel + A& A5 L 44T 4 & A
olch & A% Asbol A welE upsh go = 2 Cat*
2% w3} actin 3} myosin 2] associationel] &
& B ol BHE
ring phase 2| ),
actomyosin of] 4] = dissociation-& 427 4+ 9 -& I

2% 4 gl qvhFig. 2).

superprecipitation & X} &2 clea-

ol ¢} superprecipitation ¢] o]}

Z natural actomyosin ¢i] 4
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superprecipitation ¢] P 1 g EF EGTAY A
AR 10 MAEY Ha Carre 0. 1M FYL2A
curve 7} 5}7-3}] superprecipitation ¢] ¢€o] V}7} A level
7AA NARE & 5 A9k

o] e CattxE 7bAd] &3k dissociation & A
Perry myosin Bol] A= & 4 g19l.0+, 7|4 tropo-
nin 3+ tropomyosin o] ¥ #Hr159-& @ natural
actomyosin o] 2} 7+-& & Abo] vebyte= (Fig. 6), tro
ponin 5} tropomyosin o] W50 2 ZAE @i disso-
ciation o] d¢jv}x] op sl eh(Fig. 4, 5).

o] z+e #Are. Catto] troponin 3} tropomyosin &
A 5hel] A actin 3 myosin ¢] . interaction o] trigger 2]
Aere & ®uk ohwk, 1 FE5t FAaTemd ATP
sb=Bse] ¢]3t associated actin-myosin complex 2]
dissociation o] = trigger 9] G &-& & vivo 4 =
23} 0|18 3. FE model o eha AEH g

ATP %= actin 7+ myosin ] interaction <] dual effect
3 Az 9eg & deA Ao V. F,
sin solo] ATPE #7skw L viscosity 7} #4383,
A5 ATP 7 H4as Hu4 2 =7 2484 %
Z7te Cattg

L oy

actomyo-

A viscosity 7} F7FskaL, o] viscosity T
ArstezAd FAde] I 0.

%3} actomyosin gel ol ATP & F7bstwl 2 stz s}
AA5te 49 clearing & ¥ 4 810w, o]@ myosin
01 7};4 = ATPased] a4 ATP7F sl2as w4

$7} 7445 " superprecipitation o] <do]ite] x
ol 510}19}17’. a2e8l@m ATPY »¥x7t @& 45 super-
precipitation o] g} i o] EIE kY.

2 AFA AR ATP Azl 93] superprecipitation
o] el 7 Aol clearing o Lol & &+ slgl0m,
superprecipitation o] €elt F kg =F CatryrEH
7t42= ATPase activity & QA AA2AY, 1 A5 &
ol 2o dobgl = ATP | 9]3] actin 3} myosin ] disso-
ciation ©] d¢j v+ O.D. 7} 743 A2 2 A= gl

Maximum turbidity off =25 % EGTAE #Hsls)
& = dissociation o] 3o} }x] ol stg v AH4 3 (Fig.
2) Catt¥x Zhdel A 24s 0.D.s} o] F w4
superprecipitation ¢| maximume] ==& #1¢] O
D.7 2ohe A4 Fig D o1& ¥4 ool Juhy
e FAzta 44 g

o] ate] mgs 4¥H AR w]Fe] Hol actins}
myosin £] association @ dissociation -2 ATPase activity
s} ATP ¥=A0]¢] balances] ¢js 24w, optimal
balance o] 31-& #} & association o] ¥y, ATPase

activity 2.t} ATP 557} ®v}+ & &= actin-myosin ¢
association Abejoll A o] dissociation & & 4~

ow, o] & ckxlile]4] balance & troponin
tropomyosin &4 3lel] 4 4 %4 CattyE Wl 43
agdor 244 4 dva AzHg

= =

1) ATP ZA 3l A CattsEd _,_éﬁ_i/ﬂ actin
A4 ok
2) Natural actomyosin ¢] superprecipitation -2 EGTA
A sl A Adar A7 Az Fo AFset
3) Superprecipitation o] half-maximume] =234
o] EGTA & #7132 24 superprecipitation curve
stAstg.on, o 7 7 A== EGTA ok =
stk 535 0.25mM 2] EGTAE #7844 +
superprecipitation ©] 9] 137l A level 74A] 373}
o,

%k superprecipitation 6] maximume] E2E Foil
EGTA & A7E9% #i+=
Ge-g v A A oty

4) Perry myosin B ¢] superprecipitation -2 EGTAd]
Qg4 A opstdrk. & 4% EGTA s &4
$t9% #) superprecipitation 8] A%l FgFE FA of
3hed-e #ul o}y 2l superprecipitation %% EGTA &
A7btA 5 1 curved] AF WEHE FA b3

5) Tropomyosin Z#] 5kl ] Perry myosin B 9] su-

3} myosin ¢] association 3} dissociation &

¥ odr 2 e e

superprecipitation curve ]

perprecipitation & ] -&-4-8] A 7}8F 73-%1} superpreci-
pitation % A7HgE 73-$; EGTAd] A4 A ol
g g

6) Troponin ZA) 5}e]] A = Perry myosin B #] super-
precipitation & EGTA o] 38k-& W= R etk

7) Tropomyosin 3} troponin ¢] F A4l ZA| &wl| Perry
myosin B ¢] superprecipitation -2
o} o] EGTA ¢ &3t ol algt 3¢ w3+ 5
¢35 EGTA 7} %"_—zﬂ 3k i superprecipitation -2 A}F
et A7k Az Foll Azslga, we =% AUske
24 superprecipitation ¢urve & 87284k

8) Actin 3} myosin 9] interaction-& tropomyosin 3}
troponin ¢] ZA}stell 4] Catty s W] ould IF
o ww geg & 4 gged, wEA ATPEAS
AA Cat¥xd 22T 24 AFR WA = 5
ol A& AT + A=t

(2 Ad4gd oA AT FEARTA F4 ©

natural actomyosin
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