REAKYBERILE, aRRY
Ha65, 121—126, 1997

A& A RRHED B RHARA L 21 2 A 7 03

PNV ERE IS o R (A B I AN NS L I N
f

Immunohistochemical Classification of Fiber Types in Rat Skeletal
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Skeletal muscle fibers are classified into several types on the basis of their enzyme activity such as
oxidative or glycolytic enzymes and myosin ATPase by enzyme-histochemistry. In the present study, we
carried out the fiber typing by immunohistochemistry based on the type of myosin heavy chain (MHC)
isoform, which was specifically distributed in each fiber. Six types of anti-MHC antibodies were used as
follows : 1) anti-fast type MHC antibody that reacts to all fast types MHC ;2) anti-slow type [ MHC
antibody that reacts only to slow type I MHC ; 3) anti-type [la MHC antibody that reacts only to type Ila
MHC ; 4) anti-type IIb MHC antibody that reacts only to type IIb MHC ; 5) anti-all type MHC except type
IIx antibody that reacts to all types of MHC except type IIx, and 6) anti-type IIx+IIb MHC antibody that
reacts to both types IIx and IIb MHC. The fiber containing only one type of MHC isoform : I, Ila, IIx or
ITb was classified into type: I, ITA, IIX, or IIB, respectively. Some fibers contained two types of MHC
isoform : ITa+1Ix or IIb+1IIx were classified into type: IIAX or ITBX, respectively. Immunohistochemical
techniques are useful to identify the MHC phenotype expressed in a fiber , and to study the changes of MHC
component in the single fiber level or/and fiber type composition of the skeletal muscles.
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iz b QBRI ST 2R, DIRETEZE T 2085, B CHNERERKT 28, 2L
THHREICEEBES S 2 BRG0H 2, BRHIIHREOERSHETH D, Z OMfHEr EE
Koo ORIz ML THEND 2 A FNWCIHET 5 2Ltk >, FEZE»LRD, BT
RTVZVITHEREE R D, INET, BRECIEVL 0208 A TOVEET L I EBHL L
o THBY, 34 ¥ ATPase G & 7 13 MEHE R - BRIURBERIEN 0 £ 2 B U - BEE LSy
Ttz LD, BETERHE (slow-twitch fiber, ST : slow-twitch oxidative fiber, SO : type 1) & HEAH#R
HE (fast-twitch fiber, FT : fast-twitch oxidative glycolytic fiber, FOG : fast-twitch glycolytic fiber,
FG:type II) ICRAIE 15, BIHEIZIHERE IHEOIFARNICENLTE ), BFIIIGEEE D
BLBRENCERFEZB L TwD, —7, TOUThOFHRMEL, 205 A 7ICFRRRL S
74 v »E$#H (myosin heavy chain, AT MHC L#8T) ok antnsg, Licd’->T, MHC
DY A 7T OECI LD REHBEFRFEC L OHREE 8T 2 2 LN THY, ThET
DHFFED S LU FOS8EN I SN T w59 D type | MHC % &2 type 1 8%, type lla MHC 2 &%
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type IIA #3#E, typellx MHC % &5 type X §7#E, type IIb MHC % &2 type 1IB #RHE,
AHERE, 7y NEEMBERWT, 6 EEDOH S 4 v CEH#EPIA (anti-MHC antibody) 1ZXf 9

2O LRBRICOE KD &, FUEHABILFRNCHEL W OpDF A TN, B

SRR I BRI | IO MHC 28 AT 578, 25O MHC 2 & 0D B ond,

II. % %

A, EEEY)

FBIC 1T, £ 10 B Wistar 7 v b &2 Rwiz, Bl 232 1°C, @ 60+ 5%, WL 1285
REDBIRSY A 7 L OREET EB O FHEAE Ok, =7 VBT CREFHZRIIL, #El
AL AT L 72,

B, GBI TRIRE

FE R L FAFE T Talmadge 5 O HENCEITWTIT o, £F, $FlRHTIC LD, BIE
5 (m. plantaris) O A SmmBOHL, 7 VA2 v P2 XD 10gm OEFHERTYI
EERL, 552 LOETF Y A—T AT LIAT 4 FF T AR 072, HRT 20 HEE
BRI, A CEEENK (Phosphate buffered saline ; PBS, —XFUEM 1gG DHE)
F 7203 b ) AFEEWE (Tris buffered saline ; TBS, —XFifh2S [gM DIGE) 128 20 47, S 51
TayF Y IEE (T E Y FIE) 1 15~20 AEE L. F0%, —Xbik Bty

Table 1. Monoclonal antibody specificity to each type of fiber

Fiber type Antibodies
fast slow lla all-x b lb+1Ix
slow type
I — + — + — —

fast type

1A + — + + — —

B + —_ - + + +

X + - - - — +

Abbreviation of antibody: fast, anti-fast MHC antibody; slow,
anti-slow MHC antibody; lla, anti-type lla MHC antibody; all-x,
anti-all types of MHC except type lIx antibody; Ilb, anti-type lib
MHC antibody; llb+lx, anti-types lib+lix antibody.  +, positive
staining; -—, negative staining.
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B 2HEGECEL, BBV E I ICREF v N AN TEEE 4°C) T—
WRE UG S ¥ e, SEER TS L%, E1 F TR i~ 7 X 1gG-Hi~ 7 A 1gM)
PR EEL, |BEEETHREST 2. 2517, 7EY Y —E4F UK | BB TRIEE
ek, —RPED 1gG DBEF VA F ¥ —¥ DABEEAF v I (Vector SK-4100) 12 &Y,
—REFUEDH IgM D& 13 BCIP/NBT (SIGMA B-6404) %% (1 drop levamisole (Vector)/5ml
BCIP/NBT) & W #B&¥, B, YavF U IER, E4F AL KiE, 7EY V-1
T F VL EERT I AT A4 ABC ¥ v b (—RPUED 1gG DHE T Vector PK-6102, —X
PUED 1gM DE X Vector AK-5010) % Fw 7z,
C. —X¥uk

AFFE T, — KPR L TCUTO 6 EEOM I A Y VEET ) 7u—F iR EHni:e !
1) anti-fast MHC #i#& (IgG, fast type MHC IZKJ5), 2) anti-slow type | MHC ik (1gG,
slow type MHC 1 D A2 KIE), 3) anti-type Ila MHC #if& (IgG, MHC Ila ® A IS, 4)
anti-all fibers except type IIx MHC #if& (IgG, MHC IIx 2§ < 3 _XTD ¥ A 7D MHC & K
J&), 5) anti-type 1Ib MHC #ifk (IgM, MHC 1Ib O &IZK i), 6) anti-type lIx+11b MHC #7
& (IgM, MHC 1Ix & 1Ib IZKI5) . iS5 4 7RIOZIURICH T 2 REICBF IOV TR 1K
ER R IVER

1. #& ES

1 D23V A-GIZIE, FREFNOH S A4 ¥V BEHEPRICTS 24 OB O SRS
BAR LU, BPRICH T 2 B No. 1~5 ORERIGER 2 IR L (HIERY 74 73, —1F
ABTA THA), TNXE DI THRHES 5 1 T LTz, B No. 1~4 1%, fast MHC ik
(B 1, panel C) LKLY T4 7, slow MHC fiifk (K 1, panel D) XL TAHL T A 7TDK
JRER LT & & & HENRRHE (type Il fiber) TH D Z L0 h 5, S5, BRRELY 754
AT B 72912, 11a MHC $ifk (B0 1, panel E), all—x MHC #if& (X1, panel F), Ilb
MHC #if& (K 1, panel B), 1Ib+1Ix MHC Fiif& (X 1, panel G) L DRIEEMET LIz & 5,
ARHE No, 2 i3 LRl 4 ORI LT, #hZh+, +, —, ~DRIGEERL type lla MHC %
i type HASRMEICHEa N (M1 BLOEK2), FEBICHEHE No, 31, —, —, —, +OKIE
R L type lIx 2 &3 type 11 X Rl 8BS e (M1 BX K2, —7F, AifEHE No, 11X 1la
MHC $ifk (] 1, panel E) & all-IIx MHC if& (1, panel F) 25 U CHIfE 2 BRI
ZmL (R2TiEETARLR), Ib MHC $ifk (1, panel B) iZid 4474 7, Hb+Ilx MHC
ik (B4 1, panel G) I RY 74 7RPERIEERLTED, ORI S type Ila MHC &
type IIx MHC Ol 5 %2 & ¢ type AX S HEI Nz, FARLEERICOEROBSICLD,
ARRHE No.4 1%, type IIb MHC & type lIx MHC @] /i % &2 type BX #R#f\C & iz, Bl
No. 5%, slow MHC #ifk (41, panel D) ¥ all-llx MHC #1& (€ 1, panel F) 23t L T#
VIATDORIGER LI E»S type | MHC % & EBfRHE (type [ fiber) WS iz (&
2).
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Fig. 1. Immunohistochemical staining of rat plantaris muscle by 6 types of anti-myosin heavy chain (MHC)
antibodies. panel A, control, not incubate with any types of primary antibodies; panel B, anti-type IIb MHC
antibody that reacts only to type IIb MHC; panel C, anti-fast type MHC antibody that reacts to all fast types MHC;
panel D, anti-slow type I MHC antibody that reacts only to slow type I MHC ; panel E, anti-type IIa MHC
antibody that reacts only to type Ila MHC ; panel F, anti-all type MHC except type IIx antibody that reacts to all

types of MHC except type IIx; panel G, anti-type IIx+1Ib MHC antibody that reacts to both types IIx and [Ib
MHC. Bar in panel A, 100ym.
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Table 2 Immunoreacitivity of each fiber to monoclonal antibodies and fiber typing

Fibers Antibodies Fiber type
fast slow lla all-x b lb+1Ix
1 + — + + — + AX
2 + — + -+ — — A
3 + —_ - - — + X
4 + —_ - * + + BX
5 — + — + — — I

Abbreviation of antibody fast, anti-fast MHC antibody, slow, anti-slow MHC
antibody, lla, anti-type lla MHC antibody, all-x, anti-all types of MHC except
type lix antibody, Ilb, anti-type llb MHC antibody, lib+IIx, anti-types Ifb+lix
antibody +, positive staining, —, negative staining, +, intermediate
staining

I\ =

ARFF TR R LR AL, FRENOBBCEENS S 4 v EHEES 1
BT 202 AW, RBINEOREC L VHRERZ YA 7LD ThH 5, IE
BHErLTHIOND I A YU TR, ATFE0 FOEM 2@ EHFE 2 AHiBRORE 4 EH o
BEENTWw3, S 4 EBEIT ATPase FEE2BLTE DD, ZOEEIZ MHC IIb>1Ix=11a>
I DIEFTEW I EBHS R R > Tw3Y, £, MRMEOIHERE X, D ATPase i &
HHLTBY, ATPase IFHEDE WV MHC 1Ib>1Ix=a>1 OB CIGEEE 3 7251249 3§
W, B 1 EEO I YV EHEREATED, ZOSTESA NIk -> TS 4 7
BREIND, KR CL, 2BEO I A Y VEHEPEZLNA 7 ) v N7 74 /v—(type AX fiber,
type BX fiber) 23& SNz, ZDOXIBNA TV Y M7 74 N—1F, HAIHHFHELFDY A 712
BT HBTHOLDEEZONTEBY, AFMBEL ENMDL20EED LIERGTEHL AL
N2, #lzi%, Talmadge 51, BRI 7 v O T AFY PEREFET v b7 X559,
IR X DAEEICIER L2 aW 23Ty b BERATC, 2~ 3BEHD I A Y VEERSD
NA T Yy b7 7 AN—DSTEZ L7 2 & R SR LA EE O TS ML T
5, IhETHEHAINTEBRERANLAOEE LR T, EERLENLEEE, &8F
XKERWMIAYVEHETEZPHVEZEICED, ZOEIBNAT7 VY N7 74N —DBRHPE
—IEREND S F v VEER SO, S S ERBOMBBEERE b E 2R T 5 ETED
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