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Electrophoretic Condition for Separation of Myosin
Heavy-chain Isoforms
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Abustract : An electrophoretic separation of a previously undetected myosin heavy-
chain (HC) isoform in rodent skeletal muscles, designated as HCIID, could be
achieved for the first time by the use of polyacrylamide (PAA) gradient gel of Béar &
Pette ((1988) FEBS Lett. 235, 153-155). However, when used as a conventional
method in our laboratory, their gel system seems not to result in reproducible elec-
trophoretograms. This study was undertaken to examine electrophoretic conditions
necessary to identify myosin heavy-chain (HC) isoforms, HCI, HCIIA, HCIIB and
HCIID, with special reference to HCIIA and HCIID. In an attempt to expldre the
effect of the pH in the separating gel on electrophoretogram the gels adjusted to pH 8.6
were shown to provide the best and most reproducible results. In the case that PAA
gradient gels were adopted on the basis of the original method of Béar & Pette, HCIIA
and HCIID isoforms were best distinguished by the gels with 4-11%. As characterized
by its effect on the mobility of HC isoforms, concentrations of glycerol as well as of
PPA were found to be a critical factor. In a series of experiments where PAA gradient
gels were used, any gels other than those with 25-30% glycerol gradient did not have a
capacity to separate definitely fast type HC isoforms. Other combinations between
concentrations of PAA and glycerol were also examined including homogeneous
concentrations. In contrast to the report by Bir & Pette, PAA gradient gels were not
essential in distinguishing HCIIA from HCIID. Enhanced electrophoretic mobilities
existing between HC isoforms were displayed on homogeneous PAA gels rather than
on gradient gels.
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I TREMBRIER. EXHE. £F - k. PL—=C 7, 50IEBHEEHEIY 2 L2fES
IR Y 37 OFALIZOWTIREIC D A% [8, 12, 13,15, 22] A SN TE 720X, I+ Y
VHFNEODPDT AV T A —L0H Y, FNODHMAEDOEIHBMEOUERE ICKE BT
720 [T]. D5 237 OMBALFER - EALFRELL? O AEBFWIIL BREVRREZEONS
ZEICERLTWwWS LEbR S,

#5454 12 myofibrillar actomyosin ATPase @ pH (2344 5 B3P 12 %0 X type 1. type IIA. type
B 3EHEICY 4 I3FEN5E, TOFEIIHHRMEICEETNS I+ 2 EEH (Heavy chain; HC)
DTAV T+ —LDOBEIKFEL TWDEZEAHRINTEY [19]. EHHRMEICTINLHCIZZ
h##, HCI, HCIIA, HCIIB & M-I T 5, B L -ZLEOEHRRAMEICFEIR L T 5 fast
type HCiZ, ZOHCIIA £ HCIIB D 2 DA TH 5 L B EZ LN TE LA, HFE, REHE
bL#BID LN IBEBRRBFEHIZEIDT AV T+ — LWHEE S, Pette 5 ORFZE 7 L — 72, 23]
13#FDHC % HCIID &, Z#iZxf LT Schiaffino & Off7E 7 v — 7 [18] i HCIIX & 4544 L 72,

1970 4E1Z Laemmli [11] (2 X » TR SN REFR F T UEF P LK) 77 U7 3
N7 VE S KENE (Sodium dodecylsulphate polyacrylamide gel electrophoresis; SDS-PAGE) i,
HEBHBESIZY R 2 BHTELBOCERLFETH L, ZOKk HCR2ET7TA YV T+ —
LICHEET A FEE LTORIH SN TEZA, Pette 5 DFFE 7V — 7L} T fast type HC (HCIIA,
HCIIB. HCIID/X) %# 3 ICHS B TEAMEEIITELN TS, $:ICHCIIA & HCIID/X &
N SDS-PAGE 12 BT 2 BEEOXEREIBO TNE L, METHBRIISHT2DRIES Tl %,
FA DRI N—TIZBCTOHEEIE I L7z, KB/ ¥y —  OBBRFRLT LbEmnE
EEVEW, ZOFERE LT, HCHGTFEHN200K IV b LB KRE LS 30 ThHbHZ &,
FLENIHLTET AV 74— LOFTEDERDISHMENN ST L IERK L TkEIFH % K
Lo ewnizd, TRONAZEKBZETOALPHC OGHESTTEEIZZ HRWWT LAY
EzZzoNb, LLLeds, ZORLNIFHIMTHEONIZOVTHET LI2BEIIINTI TS
ENTWiv, #ZTCAIFZETIE, Laemmli [11]D b D %R L 72 Bir & Pette [2] 3 & UF Sugiura
& Murakami [20] ® SDS-PAGE (2320 %, HC * iR 128§ 4 -0 D ERIKEI &AW TEE
HZRRES L7z,

M % 5 &

1. S8 omH

Wistar 57 v b (1288) ORKEHB L UOHBRE EBROMRE L, TIAKREIFAY
—FHVT, INOOFHEA0FOMBIE GMRE. 2M FFRE, I0mM ET Y RS 7 4,
0.1% (VIVY ANVH T by =) HTHERLZZ, BoNTHB@EzY > TNy 77—
(62.5mM + ) Z3EAE : pH6.8. 2% (W/V) SDS. 10% (V/V) 7 £t — )V, 5% (V/IV) ATk
I8 )=, 0.02% (W/V) 70E7 /=7 )I—) TS0RIHERL, BEXKkE*THI>EFT7Y
—HF—H (—-20C) THRIFL

2. BRUABZEM
AERTIX, SHESVICBITSpH, 727UV T I FOBRE, 7)) tu—VORE, BLXUT~
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Z TNy T 7 —DMEDFEEIIOWTHRET L7, REEB LA OV oM, 375mM F) A,

0.1% (W/V) SDS. 0.1% (V/V) TEMED, 0.05% (W/V) 87 > €= L THholz, DX LD
BT 7 AT L= MIEAKR, CEBZRV 7Ty VX VEHEEBLZDIZ, YEDZLY ) — L%
BEWO FITEMU 7z BRESVOBBIL, 3.5% (W/V)T 27U VT 3R, 0.1% (W/V) SDS. 0.1%
(V/V) TEMED, 0.1% (W/V)&HBE7 > €= 4, 125mM +') 2$&Ek . pH6.8 TH o720 T2 V)
VWT7IFNEERATZ)NT I FORIBIGBES NV, BRIV ELIZI00 0 1 ThHotze Ty I N
v7 7 —OHBEIE, FNEFOEE LRI LAEDAE, 0.025M MY A, 192mM 7Y ¥ v,
0.1% (W/V) SDS # i 7z o TNy 77 —THRLUZMH® 2 ~ 10 1 2FEAL. 6 CTHOE
BTIZBWTISOVOEEETII~ 15BMKEI 217072, BB, Frv v N—1F< ) VLB KS-
020 I Z(HH, X NVOKELEIL, M8 emXEE6ecm XEE 1 mmTh o7,

3. #EBELUIF I UBHEONE

TKER, 7 ViZid Oakley & [14] OFHEICETORREMR THREBEEEL 72, RWRMIZ, W
01%v7tLfamwwwx9/—»@@@@%%%?»%@%Lt:t\ﬁlwﬁzwz%
YT BTBBERIZI% (VIV)Z VI LT IUVTFe KERWLEZETHDH, DS n72 HC 12 Termin
5 [23] O FEICHE. BEIEOKEWIEZHCI, HCIIB, HCIID $ X ("HCIIA I248 L 7: (K
1)

R EeEE

1965 412 Summers 5 [21] {2 & o> THRAIHEH S 172 SDS-PAGE i3, SDSH% v /87 K1) RT
FIFEHEILLVFEETAHIET, ¥ U P RERFOBMASIIIZHKEIN, FFEIKELTT Y
DIVT I FhE s ooy BT AN AR LT, Fho 208 - HmT%%ﬁﬁ&f%%o_
DHEIVEORK TN REL I L, LELGEBENFETHL I L, HDHVILHEITE
EREDHRDBDHY . ELFOGH 2 RLIIASAHENTE /225, HC:2 o007 /f VAR B
LICTHTEBR LI DREBHRIENZ & TH b, 1979 4|2 Rushbrook & Stracher [16]

. ¥ slow type HC & fast type HC & 124578 L7z 125 &%V T 1986 4F 12 Daniel-Bette & [4]
75*\ 1987 42 Staron & Pette [19] 7= fast typeHC % HCIIA & HCIIB & | ’"‘E’E L7z, Pette 5 DRFZE
TV—7 2] &, EHERKEELYXRBL, BFIZET7INVTINIS5—8%DTIT 1L
h%%ofw%%wHﬂmlﬂKMB~MK%E&74/7*~AT%6HGm%ﬁﬁttoL
L&A 5, Bir & Pette [2] D FETRESHATRT L ) ICHBIZOBETE 20wh, TEALELTY
BHEERVE ORI SH Y [20], AR TIIHE 4 OikE) 555 SDS-PAGE (2 81} %5 HC D ikEl
IS8T — I RIET B OV TEMICHRE L 72,

Laemmli [11] (73 BEZ VDN 77— & L TpH8.8 D b 1) AIGEE % L. LAEAHE KR SDS-
PAGEIZBW T INPILLHVWONTE, LALAEAS, ¥ VEEERKEOFI TIZdH 578
i o isomyosin Z & § 5554, Hoh & [10] D (pH8.8) L IER LA pHD /Ny 7 7 — % H\»
72616 & Y [3]. SDS-PAGE (2 JZO’CHC% TEELL D) ETHHBICH, LT LD 83AERMpH Tl
BWHREE B S 1 I pHDREN XY — L ICRIZTEE Y /RL, pHS.6fHEIcBW TR L
WHEDSELTA RN FPBONTDOIIF L, 8.8~9.0 TRy FWLBAMEMAARS N,
HCIIA £ HCIID & #BRFEIC BT A E ST E Lol YA XDKELR Y VN0 5T 53
. FTFTEIO~50KS N BEOLDX ST AHEL IR LLpH AW AR I W LA
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Fig. 1. Influence of pH in a separating gel on electrophoretic separation of myosin heavy chain isoforms.
The pH in the solutions of the separation gels was adjusted to 8.6 (Lane 1), 8.8 (Lane 2), 9.0(Lane 3) or
9.5 (Lane 4) at 6 C before the addition of the detergent and distilled water. All separating gels were

made with a gradient concentration of polyacrylamide (5-10%) and glycerol (25-35%). Abbreviations:
IIA, IIB, IID, fast myosin heavy chain isoforms; I, slow myosin heavy chain

oMl T2, BSFDF 287 D5 8% B L 325 SDS-PAGE Tl B pH 2 %451t

LCORKBIS Y — VY IEKELEERZITAZ L3R, HCDE ) EERF I Ny 258+ 55
FIZBVT, FICpHPEELERYFOTH A ) T eWHBINDL, Lzd o T, ZRTERK
BMErTVWHCER DL L) 5L, ZNFTHEHLIVEKEFHENIEOA TV DO, RS
FLVD R RBILNFLIELIEH S0, AFEOHEREIPORIBOEENC L Y RE®RE L THY
B MY AEBRO pH BERBDOS DL 3BT 5 Z LICERD—20H b L ERONL,

FRHTAHTZVIVT I FOBEILIKEINY -V ICKELREBEERIZTILE, BHOEETH A,
HC#5BEL & LT 2O RAATIE [4, 19]. 5~75% DH—DBEEXH TV, 0K
% T3 fast type HCIZIIA L HCIIB 1275 9) LTCHMTE I8 E o7, FDHK, 7711
MV HSE A E NHCIID DRI ATTTEEIZ 2 o 7225, AV HhTwb 25571 T b OBREIIHRE
BILWVRLZ-TEY[1,2,9,19, 23], EELBREEIAATHSL, 22T, 7.5% 2L HEL DT
FTTFALY POTVEER L, B KBRE L7z 21T 7 )NVT I FDOBREOZEYRL
Fro FIFALY FERELTBIILEDVET AV 74— LEOBBEDERII/NE L 257295,
DYy —=TLNVFPEONL - 11D TR L VEREIELONT,

SDS-PAGE D45 #EX NV iZ 7)) 0 — VA RBASEDZRAIBRLA 2O TEL 4],
Sugiura & Murakami [20]1X, 7)) 2O —Vi230—40% DT T 74 L bEFOSVEFH L
ECABOTY Y —TRIKBISY = HBONLTEERELTBY, AFETE /I 710 b
210% ICEEL T, ADBBETOKIN Y — L IZo0WTKHRE L (M3), 7)) ta—VDiEE
7510 — 20% ¥ TTIZ, fast & slow IZDAFBEL, —7520 — 30% T2 HCI 8 X I"HCIIB (3 BB IC
S s h7Ah, HCHA & HCIID i —2 D> P& LTRE SNz 25— 35% Tl b L WERNE
SN, 4DDTAV T+ —LERBTBEIENTELD, FRULEDERE T fast HCEOBENE
DERHI/NS LY, HCIA L HCIID ZFEUF—2DNy FE LTRSS, ) ka—- LDy
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Fig. 2. Influence of polyacrylamide concentration on electrophoretic separation of myosin heavy chain
isoforms. The separating gel was made with a gradient concentration of polyacrylamide of 7-8% (Lane
1), 6-9% (Lane 2), 5-10% (Lane 3) or 4-11% (Lane 4). A glycerol concentration of all gels was from
25% to 35%.Abbreviation: PAA, polyacrylamide

1020 2030 2535 30-40
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Fig. 3. Influence of glycerol concentration on electrophoretic separation of myosin heavy chain isoforms.
The separating gel was made with a gradient concentration of glycerol of 10-20% (Lane 1), 20-30%

(Lane 2), 25-35% (Lane 3) or 30-40% (Lane 4). A polyacrylamide concentration of all gels was from
4% to 11%.Abbreviation: GLY, glycerol

FTTFA4 LY N ERVWSE, FUVBRICHBEHRELEEENTE, RURXATAXTLEBIIEET S
BUCER L TRIAFVVBRONRY HAREEMNGHITE S, LA oT, LDVEELETZULT 3
FDOZSF4 Ly b o VEIERT 5720121, ZYtEu— LDy F4 2 VeHWLT
EDERTH A EDREENT VS [20). RMIEOHERESLL. ENLEFTREL 7)) a—



76 moEE -+ B K F-H B X £-% B B

Fig. 4. Comparison of electrophoretic separation of myosin heavy chain isoforms between the
polyacrylamide homogeneous (Lane 1) and gradient (Lane 2) gels. The gel of lane 1 consisted of
7.5% polyacrylamide and 30% glycerol. The gel of lane 2 was composed of 4-11% polyacrylamide and
25-35% glycerol. :

DRFEZDODDVPEHCOBEEICHETHIENTHLN I ko7, LOLERYS, ) ka—)
BED XD ZALFEBREFEIZ L > THENED Y o3y OBEENIHE L RIZTTOPIZOVTIZIABED F
TTH5bH,

TR EHIICHCIDIWZ 727 UNVT I FDTSF4 Ly b 2EDFVDOEAIZL DO T
KRIEASTTREIZ 2 o 72 [2]0 $7-, HCIID 2RI BECTE /- L 2 RTZDOHROBETIIETT 7
YUNT IR STAZ MV TWALZ LR EDPSL[1,9,20,23), 7T7Z7INTIFTTIT4
I MVIZHCIDRIBICHETH B EEZDDONES R L) IZBbNR, LA LIS, A
BBV TELIZEOPDT Z7IYNT IRET) L U—VOBEOHAEHLEIIDODWTHRETLE
ZAH, ZHICLoTIE, BLATITAZ Y MV EDBRE—TFNIZBWTETAV 7+ — LD
BOEOEZERVKELL), LDVBOVBITEIROONSL I LARENT, BARMIZIEZ, 727U
T73IF=75%., 7)tO0—V—30% TREDERPBOLNL I LAFBEIN (K4), Bir &
Pette [2] (3. TR SHAHCID ORIBIZEII L7207 2 IV 7 I FTSFo 1y PPV ERHALZ
CENFKREGERTHAILELZRBRLTVEY, FEOLOFHEITIZS ) O — VOBEIZOWTIIH
FLEINTWhv, KIFFEROERELSL, TZ7INTIFDTIT4 T ENG, BYLRBEDTY
O VAW EIRIIDRREDED 5 LIS, Bir & Pette [2] D H#EICHEVHC % 758
L &9 & L7za% fast type HC T FABRIZTEEYS 5 Z &EAST I oA > 722 & #7/”$ Sawchak 5 [17]
DOH|EIL, CORBEEMTIL2LDTH S,

REFRSDS-PAGE 2B WTIE, Fy=r 7Ny 77 —¢ LTHEEDO0.025M kJ X, 0.192M
7). 0.1% SDS AL Ao TWwaB A [11], BEEIZ0.IM MY R, 0.16M 7Y ¥ >
0.1% SDS. E#{E(Z0.06M 1) A, 0.075M 7 ) ¥~ 0.05% SDS % [6]. & A\ X0.05M FJ A,
0.15M Z ) 2>, 01% SDS [5] 2 E%#FERLAENEL D P v — TNV FPB LN L 0ERE
ENTWD, KHFETIEINSLDONY 77 —DREBIZOWTORE L72AS, KBSy — 23z s
AEELIIA SN ol (REEEFR).
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ARFFEDOFERH, S, SDS-PAGEWLLVHCESBEL LD LT A5G, TZ7UNLT I FORER
TR AEL, 70— VORBELRTAV I+ —LOBBEICKELEBLRIZTZE, BIV
TZIONT IR T T4y PEILT LODLETERWIEFEHL Ik o7, T v MEKE HC
DX, T27ULTIN=75%. 7)) 0—L—30% DTN AT VIERERETHLZ L
BROLNTe TNLOHERIFTESLBENKE LS /37 % SDS-PAGE 12 & ) 578 53 A
2T —Bichk A0 Bbhb,

o £

PV IVEREEF M) AR 72 )7 I P VERKENE (SDS-PAGE) (2 81) 5 ikEh &A%,
IAVUVEH HODOT )V EOEEIIRIZTEEBLRETTHLEMT, 7y MEBH 2N RIIKHAD
R biEADFEHT TELAKB 2TV, LTOEREHE,

1. 787 VO pH A 8.6 DEEIZ, HC i3 b BHFEIZ T8 S 7z, pH8.BLLETITHCIIA &
HCIID & #BHEEIZ B9 5 2 L I3 TE e h o7,

2. TZUNTIFDOBEARERELTHE, ETAV 7+ —LOBHEDOERINS (o7
WEZA NN FPRBREBEEN, 7)) T — VOEEN2 —35% DHE. 4—11% Tid L
WRMMEONT,

3. TZUNLNT I FOBELARYEH-7-7FVERWEES, 7)) a0 — L 0OEEIZ25 — 35% O,
BLESWBEESRBO N, /-, V)0 - LVOBEEFNEHSHPHC OBEIEICEEL R
ITL, 25—35% & VBT ETHIET T D fast typeHC [IHABEIC B S e B2 o 7,

4. TZINTIFDTFITT 4Ly MIHCOBBIZWH L TULHELEHETE R, 72007 3
F—75%, 7)) +a—1—30% CHCIIA t HCIID ¢ 4 7 #T A Z L DT RETH o720 2D
¥)— 4 2 B3 5 HCIA & HCIID OBEIFEDERIZ, 7971 T b7 VIZBITL5D LD
REVEANZH o 72

5. Ty TNy 77— DMBITIKENIINY — ST E A EEEFRIZES o7,

D boiERr» S, HC OBERKEI/NY —  OBFBHBIES T 5 37 Db O L AR TERWEIEIZ
HHDX, RIROEE L ENL VT = I P VEBROpH RS 2 2 LITERT L LB b b,
72, AT BT fast type HC Z BB IC BT A Z & TE o R E LT, 727 )L
TIFOBELYVHACAZ) O — VOREICEE LTHEFH -2 D LRI N D,
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