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Summary

The purpose of this study was to investigate the relationships between muscle fiber types and
myosin light and heavy chains. Rat skeletal muscles were analyzed with histochemical and im-
munobiochemical techniques. In fiber type composition, soleus and deep portion of gastrocmemius
were occupied with type I fibers about 88.09% and 50.3%, respectively. On the other hand, type II
fibers were predominant in other fast muscles range from 87.0% to 100%. Myosin light chain
subtype patterns were similar to the fiber type composition in each muscle, and there were significant
correlations in the ratio between type II b and LC3f, type I and LCls and LC2s, respectively. Fast
type myosin heavy chain was 2.5~5.4 times in fast muscles compared with the soleus, and was
significantly correlated with the ratio of type II fibers in each muscle. These results suggested that
each type of fibers contain the specific type of myosin light and heavy chains and the ratio of
isomyosins were differ from several muscles or the different portion of same muscle.
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L, BILFENIBERBIOL I SBEYEELDIILICLD 7 74 N—2FHR LTS, B
B, T0LIRBREVSSEEALLLOTHY, 77/ v —3—Y ~# (Adenosin tri-
phosphate ; ATP) 2 A NF¥—{FHE L TIUERE VBT Z L3 TE 3, HifiiEIx, ATP 257
ABERTH 5 myosin ATPase @ pH 2343 2 BREDBVLIZ L VEBILENIZW L 20D F A7
KAEEND, KT 5 &, IHEEEZE YT CIEH T 28R (FT, Type I1) &, [UHEH
BBV SE BN B ST, Type 1) KR oh3, ThET, ThoDERMS
4 7OHEV AV TOWRBSEITONA T & 1208, E, HERCENHMTICMR, FFvIvns
D7 7u—FBBACZENTEY, BRIES V7 THB 34y v LERHEEY 4 7 L ORE
7a—=X7y7E8NTn3,
IV URFIR, FFRN20FOESS (myosin heavy chain: LT HC &B8) & 2 AR OEH
(myosin light chain: AT LC £Bf) & o#iah, ST slow ¥4 FL fast ¥4 T
SR Y T4 TOREELERENTVS, ZOL5%34Y Y HC L LCOY T 4 FidEiigiE s
A 7 BRNCREBELTBY  BETLIE, H2RBEDIA Y HC L LCH 7 1 7OHEERI
&, BRES 1 THBRESH, BEOBRIELRET I LWV S, AWRTIE, 7y POTEBEE
HERAWT, BMIARHCBILHRESI 1 7L 34 v Y HCLCH 75 4 7OBEK I DOWTE )
7u—F AR LA EMARNTA L 2EME L,

V] &

1, REREMD

KERICIX, 208D Wistar REMHEZ v b 2AY, HY 7 LT, £ A# (m.soleus), B
B/ (m. plantaris), Ef5{#f (m. extensor digitrum longus), BEBIf (m. gastrocnemius), HIfE
B (m. tibialis anterior) ®F\>7z, BEBIAS & ATBRETC OV TR ERE (deep portion) & &KF
&8 (peripheral portion) BIC MR 12, 2V 77 —VEKBETOS v PO EREHL, EHO
BB ML EN AT, GO 2 E(EOI B 2,

2, MBI

Wt U 72 B OB AHE 2 495mm OFL X CHITL, ThE2 v 80 Y FRIZEDEEERTHE
L4 YRy ¥ v CEDT:, BTWCORBTTCIZ0bb—AICE Y EEH10xm OFEEELIH % 1F
B L, myosin ATPase s (Doriguzzi et al 1983) ML 7 (Fv 4 »F 2~_—¥ 3> pH4.3,
4.6, 10.3). Bohni-RaFE, SHRHE L Type I (pH4.3, 4.61Ci8H), Type Il a(pH10.3iZ
#%y), Type II b (pH4.6ic k%, pH10.3ic#%), Type Il c (£ TICiR) 2B L (Brook and
Kaiser 1970), &2 DEFICBIT 5 Ih 6 OFSMEDHE (BHSHEMER) 2R 1.,

3. ELFHAH
EHEOBHLU-BOoEREZHEL, £2010fS#O Tris buffer ##€ (10mM Tris-cl, 250 mM
sucrose, ImM EGTA, 1mM EDTA, 1mM PMSF, pH7.5) Tt L, Bradford (1976) 0 F
BIREWY 87 ERETY (0.5ug protein/ul), ThE2BEBRKEKMAY > I LE LT,
1) FFYLERET bV v LAE&KE) (SDS-PAGE)
AV LCORMITIR, 18% T =T 5N, SKRBESVE, 34V HCOMRICIZ T%>
Y=Y TTN, 5 %BEES VERVE, KB, Laemmli (1970) A ZEIZHEVy, 30mA TH 36
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RBEL 7z (¥ >822 #id, LCTloug, HC Tlugic—EH e LK), 4 v HCARAO 7V
i, BERIFEBIAL/ TRy TFA YT RBo, 34y Y LCRODLTR, A—Hy > I rics
WT2EZDBEREBETY, —AOFNVRBEBELEBEAL/ TuvT AV, $53—FHD
FVEER, B (7—<=Y—=FY VT 7 V—-R), B (10%4Y FaEr7ra—n,
10%EEEE) 21TV, FY Y b A—F—RF v ¥ (BRCS-910) XXV H 754 FDLEEXRHL
o, F7, —EROFICEL TiZRRL /2% SDS-PAGE i BE S HEL 7z,
2) AL2TayTFArsS

SDS-PAGE BT L7 ¥ VD F » /37 E%, Towbin (1979) 5 DHBEREVIYRT—A Y
TV ICEE L7 (50V, 16~20h), E&EEH, IOAV TV YR YIMBETVT I VER (2.5%
Bovine serum albumin, 100mM Tris-cl, 150mM Nacl, pH7.5) T 1 B4 > %2 ~X—bL, O
W—RFET LA v F ax—b L&, —RHBBLLT, 32v > LCIkIE7MA Y LC(LCY,
LC3) OAa*TAI#T 5 < /7 u—7+ ik (KB-1, Fujimotoetal) %2, HCiZiX fast ¥4 7D & %
RHT 3./ 7 u—FAHE (anti-myosin, fast skeletal, IgG: SIGMA, M-4276) #ZhZFhH
Wi, Z0%, ZRFEELTH Y AREICL DA VF 2= P 2fToN. &4 rFax
—y a3 YREBRTH, 41 vFar—yaYBlicAY 7V % TTBS ¥ (100mM Tris-cl, 0.9%
Nacl, 0.1% Tween twenty, pH7.5) T&¥L/, BRETEI 7, YT I/ RUVFIV
(DAB, SIGMA) #HWT, 7Y -3 F -t v ¥ —VEEKE (Vectastain ABC Kit,
Vecter labo. CA) i X W A[E{LL, TV ¥ P A—F—XF v (BHCS-910) L DERLL.

# R

1, ErfRiEan

B 1z, BRI 81 2 5EH O pH ot T 2 RaBEDOB O RR L, 20 & 5 L aRE
DBVIZ X DBHBEIZ WL 20D 4 A EN, KR TILBHRMES Type 1, HEHRHEE
Type ll, 20% 7% 4 7% lla, lIb, llc WAL 72, K1, £hThOFHOHRMEHR %R
Lz, ©F A8 (sol) i, Type 1588.0% CHEWLEHTHY, —7F, HiREH (TA) ZELA
EORRHED Type I THD S HBOBFELEL, 7 ABHERBEETROBIEDOND,
7z, BEBERS (gas) Tik, ZDFEBI (gasp) BT _T Type IETHDON TV DEIRL, B

Table 1 Fiber type composition in rat skeletal muscles (%)

muscle Type 1 Type Il ¢ Type Il a Type II b

sol 88.0 4.4 7.6 0
pla 13.0 0 22.6 64.4
EDL 3.4 1.5 21.9 73.2
gas-d 50.3 2.6 34.5 12.6
gas-p 0 0 12.1 87.9
TA-d 5.8 0 35.3 58.9
TA-p 0 0 2.0 98.0

sol : soleus, pla: plantaris, EDL: extensor digitrum longus, gas-d:
deep portion of gastrocnemius, gas-p: peripheral portion of gastroc-
nemius, TA-d: deep portion of tibialis anterior, TA-p: peripheral
portion of tibialis anterior
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4.6

4.3

Fig.1 Mpyosin ATPase staining in rat tibialis anterior. Each serial sections was
pre-incubated at pH 10.3 (upper), 4.6 (middle), 4.3 (lower) for 5-8 minutes.
I: Type I fiber, Il a: Type II a fiber, I b: Type II b fiber. Bar indi-
cate 100 gm.
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Fig.2 Polyacrylamide gel electrophoresis of purified rat skeletal muscles and
heart. A : soleus+ plantaris, B : soleus, C: plantaris, D : heart ventricle,
E: low molecular weight marker. Gel was stained with silver staining.
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[EER (gas-d) ik Type I #54ft & Type IT#8EDIZIZREIBER SEFELRL, F—AHcsun Ty
S D ATRRHEERE A A L ERL T WA,

N
1
\l

F iRl
1) 34> 1LCHTIAT

212k, 7w bE 2 AN, BENE L FLERD I 4> LCH 744 7OERKIN NS — > %
AL, INBELXOmY > 7N 2R L o, SDS-PAGE &hlf, ¥V EREREOLL-HDTH
5. b7 AT, slow # 4 7 LC (LCls, LC2s) M IHEHE < fast # 4 70 LC iEb 3" ic#
HoNLBETHS, LEMTIE, &7 AHDLCls, LC2s XF—d LC @D shiz, —F, BIE
i Tk, fast # 4 7o LC (LC1f, LC2f, LC3f) OEIEMNE L, I AfiL 3K T 5 LCAy —>

LC1s o — <— 29.0KD
LCAt &) - o , E

L02573 _____:”______* - <— 21.5KD
LC2f - —" TS O e T —

Lear —— o S S Ch e e = e € — 14.4KD

Fig.3 Sodium dodecyl sulfate polyacrylamide gel electrophoresis of rat hind-
limb skeletal muscles. A : soleus+ peripheral portion of tibialis anterior,
B: soleus, C: plantaris, D: deep portion of gastrocnemius, E: deep
portion of tibialis anterior, F : extensor digitrum longus, G : peripheral
portion of gastrocnemius, H : peripheral portion of tibialis anterior, I:
gastrocnemius-tibialis anterior, J : low molecular weight marker. Gel
was stained with coomassie brilliant blue -R.

Table 2 myosin LC subtype distribution in rat skeletal muscles

(%)

muscle LCls LC1f LC2s LC2f LC3f
s0l 69.1 3.2 23.2 4.5 0
pla 5.6 32.8 3.7 46.3 11.6
EDL 0 38.4 0 48.5 13.1
gas-d 29.6 20.1 12.2 32.7 5.4
gas-p 0 33.8 0 47.1 19.1
TA-d 6.9 34.5 3.9 46.2 8.5
TA-p 0 44.1 0 42.8 13.1

sol : soleus, pla: plantaris, EDL : extensor digitrum longus, gas
~d : deep portion of gastrocnemius, gas-p: peripheral portion of
gastrocnemius, TA-d: deep portion of tibialis anterior, TA-p:
peripheral portion of tibialis anterior
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BB B3 REFAFLOHBOLC Y -V %, R2XBZOY 754 7OLEERL. £
A TIZ0%LL Ebs slow # 4 7dD LC (LCls, LC2s) s SR s h, BicRisHE, diRES, B
BmREERTI, slow 74 7O LCRTEH s e -7, E412i, 744 Y LC(LCls, LCIf, LC3
f) ERACERT 2T/ 20— FAHikERAWRHO LC /8y — v 2R U, b5 A8 L BEEA
EBET LCIs A, &7 AR < 2 TOHTLCI, LC3f BNEZ R i, ZOhifkid, $ ug
Vo BEOES N7 FBRKEICHT I k), HERHORRBEAICBT S LC

Y74 TODRHEOMHEEHEICRT  EMNAHETH 3.

A B CDEF GH I J KL
“ﬁ&@%ﬁg

LC1s : b — o e |€—29.0KD
S e =R - T =

LG T T T o= . . |e—215kD

LC3f —> ——— e 2 <€—14.4KD

— 3 e -

Fig.4 Alkali light chains in rat hindlimb skeletal muscles. A and I: soleus, B:
plantaris, C: extensor digitrum longus, D and J : deep portion of gastroc-
nemius, E: peripheral portion of gastrocnemius, F: deep portion of
tibialis anterior, G and K : peripheral portion of tibialis anterior, H and
L : low molecular weight marker. A-H: SDS-PAGE+ lmmunoblotting,

I-L : SDS-PAGE+ Amido black staining.

20
Q
y=0.15x + 1.54
_ P < 0.004
R r=0.91
~
s 10
S
0 41 T T v T v T ¥ T

0 20 40 60 80 100
Type2b (%)

Fig.5 Correlation gf the ratio of type II b fibers and myosin light chain 3f in
each muscle.
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2) ARMEMERR E SA Y Y LCHTEA S
TR L 2 A LCH 7o (4 7OHEOMMERM LIz L 25, THZTHOHD Type Il
b##E r LC3f MW HEB (p<0.004) #3857 (F5), [k, Type I #i#E & LCls,
LC2s iz b film A st (FhFh p<0.0001, p<0.0001),
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Fo6 iz, oo fast ¥ f 7 HC 2R L7z, Zhid fast ¥ 4 700 HC #5887 5€ /7

Fig. 6

Fig. 7

ANSIEAS G ) = A R 1 B e e i

|
HOAf —3> ot e oy iy o e e it o S ALY

(A

sol pla EDL gas-d gas-p TA-d TA-p
1.0 46 41 2.5 4.0 4.1 54

Fast type of myosin heavy chain in rat hindlimb skeletal muscles. A, I
and L : high molecular weight marker, B and ] : soleus, C: plantaris, D :
extensor digitrum longus, E : deep portion of gastrocnemius, F : periph-
eral portion of gastrocnemius, G : deep portion of tibialis anterior, H and
K : peripheral portion of tibialis anterior, A-1: SDS-PAGE + Immunob-
lotting, J-L : SDS-PAGE+ Amido black staining.

Y =0.04x + 0.5 a
p < 0.001
r=0.94

Relative content of HC - f

T T T T T T T — T

0 20 40 60 80 100

% Type 2 Fiber

Correlation of the ratio of type II fibers and fast type of myosin heavy
chain in each muscle.
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O—F GG ERWIREL: DO TH S, IOTOMER, ZOARY bETFYY P A—F—2R
FrUREDERLEL, eI ABHOMELRICHBELALBDOTHS, 7 ABHIIHL, HORHTIR
2.5~5.4f%D fast ¥ 4 7O HC @b oh, IhoDHEEZHICED S Type IDHEE (% Type
Ila+% Type I1b+% Type [Ic) OcHEELXEOHERE D Sz (H7).

] &

EMERHERRLY, Ty MERBTRBOME, REic & D HREERICERE R
BB/HONB, Ty T AHTIE Type | B890%IEL Hohl, €7 AHRECHEIMHE LTE
BIRIGEOBEEL R L TV B Z s, BILEENL & CITEFTHECEN I Type 1 DLLESE
Zrid, BEXZTT3 ETEEHNMNLVR S, BB CRRETLEBRTELLBVHBASN,
Type 1 5350% % & 8 2 EBIIX, BHRFL BT, ETL o LBELWHEIKBBEI N3 L EL
oh, ZRBMEBBENCRR2BHEE2LTWELEbNRS,

FSRME D URE D BU/NBLIZ 58 (sarcomere) &R, £ DRERICRINES > /7 THBT 7 F
vEIAYVIYNEENS, 3 AVVE2BEOHCLABEDOLC L oikah, ZRFNIK fast &
slow DY 7574 ZHELETE(E8)., 34 LCIR, FFEUNSLLBENITBESTHS Z
Lo, HBREENCHFEENLBREEY 4 7L OBEBBRA TR S TvwS, Thomason et al
(1986) 1X, Sy FDS L FRHEEAKBKERLIOAMMLL L Z 2, HRES 1 7HCEBED
LC DA 2THT w3, Tsika et al (1987) &, 7 v PBEHTHILLL 23, A—547
OHCLLCOHEAEEWMEL T, o, b bOB—BHRBELAVIHRTHLRBLEENSL S
f 3 (Salviati et al. 1983), Salviati et al (1982) ix, J &y MEEEGRE RV TLC 2940,
EFDOLCNY - olhiigiE% ST-LC, FT-LC, mixed-LCD 32D ¥ £ FIZHEL T3, 2D &
SWBRDBGREES A 7B EDOLCHEHONDI I h s, LCIL T IVHBHRYI 1 72

A }‘- Rod —
LC1
Lcz or

/LCS

it S 2 et § 1
~—  HMM :'

i-—- LMM —
: J
FM3 X SM é
Fum2 __/ AL
'—lg fastHC  slowHC
FM1 A LC2f : tg;s
'\! e LC3t s

Fig.8 Schematic representation of myosin molecule structure {4) and isomyosin
types (B).
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ETELDTIRRVIETH|MEIIL, Staron and Pette (1986) i3, 7€ v b H—fHiRHEICD
WTHLI e 23, LCIRIE—ED/Y —vik&H6NnT, slow & fast LC s —FRAREEPTICBRZ
BESTEELTOIEHMEL T3, Billeter et al (1981) & bt b B—fiig# AT LC DEE%
WEL T3, LC OHEEAYRHFIZ, Moss et al (1982) ® Wagner and Weeds (1977) »8& L
TW3 LI, WERO7 27 F >34y Y OEEFRERBILTHWE 0o, HREI A 7%
BRETB7 775 —Li3ERT v, —H, 34y HCR, STFRBAE S MHEETH -7
2, ZFORENBRBNIRYESY 4 72 RETH L TEELRBRFERLLTWAB I ENHLLIZENT
V3, i8R, myosin ATPase {&1$D pH BZMEOZER I & 1 BEREB LA CHETGHE (Type
) LEBEHRE (Type 1) tixKBlEh3, E£LEMIZIE, myosin ATPase &3 Type 11
A~ Type 135E < (Thomason et al 1986), L7:45-> T, SHEDOERESETHIHLBIcBVLTYH
Type IO EEEOHIMCEBI L TEMEREL 5. D myosin ATP ase #5110 BB 5 O UUE
HEZREL TS 2% (Barany 1967), iEEDE > Type I1id Type Ikt U THUAERBE A5

EVRIRBUEEELTWS, ZOLIRHRES 1 7BIUVFOIERE 2 RET 5 myosin ATP
ase DIEMEPALICEEL T, Sivaramakrishnan and Burke (1982) X, myosin ATPase {556 %
EALFERNC AT L 4R, HC BRICIEESMSEET 2 L 2EL THB D, & 52 Perrie and
Bumford (1986) i & U Billeter et al (1980) X BB E AV HIC LD, HBLEOCS
&t Type I, Typella, Type IbDENZNRICHRNZ I AL HCHEET 3 LHEL
Tw3, 7z, £EZNCHES W B—HREORKEHEHEE L fast 4 7O HCOMcBHE R
EOHBMBRED 5TV 3 (Reiser et al 1985), TD & HiZ, HHR#EIX myosin ATPase ¥HEHED
BEIC X DHEBEFERTW LS O»DF 4 TR EEh, ThZhDs 4 7TREEBSRLRZYD, Zhid
BERITEENZEY V2 THBIAYVHCOY 794 7OBOUREVREZATVRSZ
LHPESMEE T, XYY LCEHIREIA TERETEHDTIEEWVY, RI—% 4 7D HC
(fast & fast, slow & slow) & DBMMISHBARE S, BARCRES —BRT L5 04 20ES
N —rPEZoND, FRFETI, % Type IIb L% LC3f Lt DMERLZEOHEBED SN
7eds, Thik Typellb B8EIWXFM 1:BEENB3 74 Y 34y rhofsh, 2O FM 1 fast
HC L LC3f, LC2A L b IR EN TR LD THA I, ZOZ L3RR ERERIEOHMBA SN
72 Type I £ LCls, LC2s 22w TH Type | 2K T27/4V 34 THBSMD HC L LC
oG EAT EEI NS,

AHRTIR, TLHY LCOAHRBRT 3T/ 70 —F LG ERWTEHOY 724 72ER
L, 22T LCYH 744 7DHER, SDS-PAGE DRI —=S =TV VT I —B
BRIVBOARLCY I A 7OLBLIZVRL D10, BEILT 2 CIBRTH 2 25, BHE
BMo LCH 74 4 7ORMILBITIIENTH S, ThbbE 7 ARRMMOBCEL TLCls DH
BUE <, LCU OLERMBEY, S5t I AHERLLTOMTLCIH BBD Shiz, ki, FH
BIEN7 2 ) REORIEEXE VD, VEOXKEY Y Vi &L Y #IERICESE ORI,

Ay HCIRIHETfast & slow D¥ 75 4 FPHERENT 88, 0E, ATEORRIC X
DE7i Type IId 72k Type lIx L > 7RS4 L 22T 2H L wy 4 70O HC
MEE SN T3 (Bar and Pette 1988 ; Schiaffino et al 1988 ; Terminet al 1989)., AR T
BuwifistyrE/ 20—+ LbE&R, ChoDHCDI b fast ¥ 4 7DAEBRTEVDOTH
D, FUYY A= —RF+YRIVBONLEEEZE I AHEHEBCLLEE, OB TR
2.5~5. 4fEDE»nB o, ZOMBZELFNOHED Type IGFRL OMERLHEEASRD O
2. 2D ki3, Type 148 fast ¥ 4 7D HC » S8R & h, 2 DHIZEFD Type I1 5B % B
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KRBT 2ZERTBL TS, RCHEXHCHBBESTH2 Z L, WENET 292 A uh
MBETHEAR HC Ay —rhBoh3 2 v, HCAHHREBLARKERER T2 Z L 3EMTH
3B TRRENI,

ISy MVBREREZ, BELRBOBMIC L HREERSRRY, 54 DR 5%
Wi, ThEBRT2IAY 094 7B SEDOR, SAY Y HCOY T4 AT &Y ki
FATBREENTWS, TREFNOHREESY A 7D 4 Y U REABRBN IS T hicEhay
FE—LVENTEY, BRI TRIENSE L EBCHEL Tw3 (d’Albiset al 1989), Lizdi-
T, FEOBENRF2ELE I LD, HOENEBERLEZECE LI LLARETHD,
AR E b o LEAREE W B,

o &

BRI, Fy b0 EERTEERHEL2AVT, HRESIA T L2hE2BRTEI4 v VE
7 & I EHOBIEME I DL THBILERNMTCINZ, €7 7 0—FViiEic & 2 REE{LED
FHEEAVTRE L. B 1 71, 58 % Type I, HFHSR#ES Type I, 20V 75 4
7% Type Ila, Type IIb, Type llc AL, BEIOHBRMEEB 2RI LLER, L7 AHB &L
UBHESEBEH TR Type 1 082 #h88.0%,50.3%BD shl-DizstL, iOFH Tk Type [148
87.0%~100% L MR 2R/ S5 — v 3B ohiz, LCOY T 54 TR =2 2D T bEiiEs
4 7L OEELHELSTD 5, &HD Type IIb & LC3f, Type I & LCls,LC2s Lt DIt zhZhE
BREFOHBESBONE, 34y Y HCKOWT, fast ¥4 7O HCEERF L ER, £ A
PR MO TIX2.5~5.4FDE»B o N, BHD Type IGEX L OMERLEDCHB»ES
Nz, TNS ORI, HCBEAFTNOBRES 1 7TE2HET S LOIhE TOREEZIHT S L
Xy, fast ¥ 4 70 HC 3850 Type HDEEERKML, HC L LCOY 754 P TRH—% 41 7
OEMELB VW LT EN, £, TUHY LCBEVfast ¥4 HC 2 FhThTERT 3
/) 7a—F A O RRENTRRS W,
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