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ABSTRACT

Recently many studies have reported the relationship between muscle fiber
phenotype or size and heat shock protein (HSP) 72 or calcineurin (CaN) in
mammalian skeletal muscles. In this study, changes of the expression levels of HSP72
and CaN proteins were analyzed in atrophied soleus and hypertrophied plantaris
muscles. Male Wistar rats were used for two models of experiment: 1) left hindlimb
was immobilized for two weeks, and 2) synergistic soleus and gastrocnemius were
ablated and the remained plantaris was hypertrophied for two weeks. In atrophied
soleus muscle, the phenotype of myosin heavy chain (MHC) isoform was shifted
toward fast type, and the contents of HSP72 and CaN proteins were decreased. In
contrast, MHC isoforms were shifted toward slower phenotype and the protein levels
of HSP72 and CaN were increased in hypertrophied plantaris muscle. These results
may suggest the contribution of HSP72 and CaN to the changes of muscle size and/or
fiber phenotype, although additional studies are needed to clarify the roles of these
proteins.
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BDZFERIH S NIz T AH5TIAHSP72, CaN &
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CaN #5512 & ) Z OB nASEH & vz
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TOFRBIIEG L T ATREMEAITRIES A TY
H. —F, A X EDOEEIZDOWT, Musaro
et al.!V) % Semsarian et al.'9 &, £ > AU S
EHET (IGF-1) ICXaHEMROIEKIZE &
RICaN PG5 TAHZ L ZHELTWA. LIL
BHS, FD—FTIECaN MO BE -£F
ICEBS LA v Evio g3 20 2 CaN PAto
TP MMEERBESHORKICES 3 5 Lo
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HowW 5, NP FSER
APVAIZAHLTANVAY V80, HDHWVIE
i av sy 7378 (heat shock protein; HSP)
LIEENh A —HO Y NI EERBET A LICL
b, ZOBELHRELTVAED %2, MILEDT
BB TIE, WbYLEHOL T A§;THSP,
B 125F8 72kDa D HSP72 OSBME AL R,
HAG O R CIRBEIZA 2 . Locke et al.®)
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R, EMBH TP THILD), Bk
¥ 47 (R ZMLCBELTWAE Z LW &
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type | MHC % %838 L T\ 2 B854 (type I fiber)
CHERMICEBT A LR, REMEBLEacH
SRPCLTWE, LLARDSH, 20 &) 2R
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WA LNSS 16170 37 HSP72 0RHLE
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1. RAE

1. 1 XB&AE

FEE I Wistar REET v+ & FV I OZENRE LB
RKOWHDBE» S, UTO2EEDOERE T
7z. 1) EB1 THEEERE (12-week-old,
n=10, initial mean body weight 387g) ; 7 v h®
FER % RIS 0 EDAETHE - H
WTFTAEE L N EEER, K2R &
LT, 28MOERBMORKZ, MRLY T A5
(soleus) % LFEEZME L /2%, HSP72
REELBELZ. 2) £ER2 tEHURER
(3-week-old, n=16, initial mean body weight
52.4g) ; 7 v MOLEAWEEZHWT, EFEHT
HLHe T A (soleus) &L & 77
(gatrocnemius) % 7 ¥ L A BEERAL A & Smm FEEE
DEITUKRL, TOHERAERENT-RER
(plantaris) ZfUIERICIE K& W72, 2B O
EBE, EBRELGSR (arto—-n) LD E
NZNRIER % L, HSP72 8 X 1FCaN %3
BEICDOWTHH L.

1.2 H{eEaath

HERED 10f5ED M) A (10 mM Tri/HCl,
pH7.6, 10mM NaCl, 0.1mM EDTA, 15mM
mercaptoethanol) 2K ) ENENDOFHZHRET T
A XL, Bradford) OFHEICL ) & V87 REE
BL%, BRERKBBIUOYAF7uy b %
To7-.

1. 3 SDS-ERiXE

Laemmli®) @ 511266V, 10% acrylamide 48
7NV & 4% acrylamide iBFE 7 N 6% A I =7V
FHWTHS00E o EE (30 mA constant

current/gel) 12X ) & Yy EEBEL . S
BINERERLHICIOBL, YA 70y b
iTo70.

1. 4 DxXsa>70Ovy b

Semidry Western Blotting Unit (Fisher Biotech
FB-SDB-2020) ZHWT, #2KMOEE (50
mA constant current/gel) (12X ) ZFNADY P8y
BE= bl O—AR—NIEE L. Z0#H
S hORNVE—AR— )k TO v F Y TEM
(5% non-fat milk/ TTBS; 100mM Tris-HCI, pH7.5,
0.9% NaCl, 0.1% Tween 20) = 1Bl L 227,
TTBSIZ & Y 10470, 2BeEEL, =imT2~3H
i — ¥k (anti-HSP72, StressGen SPAS10 or
anti-CaN A, Sigma C1956) & Rt &¥ 7z, 20Dk
TTBS I & 5 ¥k D%, “XkPifk (anti-Mouse,
Sigma A —9044) ERIBEE, YT IINRVTIY
YERFERL T HBBRILKFKERE ESE, B
BEsBy 7 BeRit-E2& L 7.

1. 5 3I#22E$#H (myosin heavy chain,
MHC) oD

MHC D4#7121%, 5~8% @ acrylamide gradient
DOV =I5V E W TEREKB 2T (11
mA constant current/gel), FEHEAN (4T) TH
16RO BEEHE, EEEF v b (Wako 299-
13841, Wako) (20, MHC 7 87 B & 4 L
7z. MHC OZRTOFIEE, V—HF—-2F x>
7°v ¥ b A—% — (densitograph 4.0, Mac AE-
6920 MF, ATTO) 2 & W L7z,

1. 6 st

"BoONLHERE, FHELFERETRLL.
2HEM H 2 VIIEL DHREOFINMEDEDOREIC
t¥ unpaired Student t-test ¥ 713 paired Student t-
test @ VW ERRER 5% Kifi (p<0.05) zAEE L
=
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2. MREHER

2. 1 FHEEROEIL

B3, MEEROL T A (soleus) &3t
65 E) B BR O I HG (plantaris) O EE %,
HREIIKT BHETR L2, €I AFHTIREE
WX 4% HEEDRTHALN, MIZHFE
BRI & ) RIEN TI3H72% O E& DR
VALY (WAl
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Relative muscle to body weight (mg/g)

0.0
Cont  Imm Cont Hyp

Exp. 1: Soleus  Exp. 2: Plantaris

1 Relative muscle weight to body weight in the soleus
and plantaris muscles. Cont, control; Imm, immobilization;
Hyp, hypertrophy. * p<0.05 vs. Cont.

2. 2 HSPR2RREBOZEAL

BERE L T A #50 HSP72 3B 130 B 12 )L
~NH30% DET A SN (K2). —F, kA
FHYIBRIC L D BRI A SN RIEFTIX, AFHEER
W2 HSP72 B EA3.6 fFIcmL 7z (B2).

2. 3 CaNZEHREBOZIL

BEEFEDO L 7 A5 T A< CaN 383
WA 2% WA L7z (B3). Zhizxtl, tFEmH
YIBR A M L 72 R BEHG T ld, X BREEIZ L CaN 3§
BeEA24fE1mLe (E3).
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Relative Hsp72 content (%)
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Exp. 1: Soleus  Exp. 2: Plantaris

2 Relative content of HSP72 in atrophied soleus and
hypertrophied plantaris muscles to control value. Cont,
control; Imm, immobilization; Hyp, hypertrophy. * p<0.05
vs. Cont.

250

200

150 1
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50

Relative calcineurin content (%)

Cont Imm Cont Hyp

Exp.1: Soleus  Exp. 2: Plantaris

2 Relative content of calcineurin in atrophied soleus
and hypertrophied plantaris muscles to control value.
Cont, control; Imm, immobilization; Hyp, hypertrophy.
* p<0.05 vs. Cont.

2. 4 MHC K20OZA1E

EER1ONBEL 7 A TIREHEO type 1
MHC & #E#58 @ type 1la MHC 3% N ZFN92%,
8% A bhiz (B4 A). ZhiTxL, EEHOL
T AT, type | MHC O E&258A L, i
RO type IIx MHC DB A LNz, 5
BR2oMBHEREHTE (H4B), 48D
MHC 74 Y7 +—4 (type I, type Ila, type IIx,
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B4 Changes of MHC isoforms in the soleus (Sol) and
plantaris (Pla) muscles. Cont, control; Imm,
immobilization; Hyp, hypertrophy. * p<0.05 vs. Cont.

type IIb) AFHILTHY, LFEFHUIBRIC L H &
B type 1Ib MHC OAFELR B L FDMDT A
V7 A — LOBEMHRD b

3. % ¥

KEFFeid, SHOERE LA L BITEA L 728
OHSP72 B LU CaNDILE =AM L, Hitk#ED
P A XRFEBA L OB EZ R L7, BxEke 7
AT, BHES, HSP72, CaN EHE L b I1Txf
BELHEBELTETLA, FZEHEDtype I
MHC OGO HR N7z, —F, RIEWIC
ERA A b N7 RIEM T, FERE, HSP72,

CaN ZEH&E L HZHEML, #EHE D type IIb
MHC DEI&H58 4 L 7=,

DY A X & HSP72 35 X 18 CaN D % & &
5L (F1~3) EAEICIVERLI I AHT
i, HSP72, CaN & b 2% v/ 7 HRHEI R
L, #IAEMICERL-REHTEmE L HIC
FEEIHEMLTVAE, ZOHREDPSDHEDSH
Wid 5L, Mo A AL HSP72, CaN DRI
CEPDOEENHY Z)THE. L2LEND, b
nbhid, &k, 7Ly 77u— Vil hEAKL
729 v POTREKHT, HSPR2REEIAEIC
AT B L, HIZCaN IIHINT 5 2 & 2
LTWwa W, LdsT, ThEDOEELS,
HSP72 I3 HAIZFEOH A ADZELEEEL TWwW5
ERBEARVWEITHS. —F, CaN¥ /NI K
RHRBEOEILIE, HOH A4 XOE(LLFIINT L
VTHY, 4 XOHRE (BAF xR <M
BB THMDITE L) THBA, TRICRLT
BZEREVFEOT VWGP LEE Bbhs.

Bty A 7ORBBEDREHEE A B L, slow
type I MHC OEIGDWPBH LN T AT
HSP72, CaN & b 124 L, fast-to-slow FHA~D
MHC isoform DZEEAA: U7z UK Tl &
EHITHML TS, KEERIZ, HSP72, CaN &
b 12 slow fiber FERBICPAS5THLEWVWHINFET
DL DFESS0121) 25 T 55D TH 5.

4. £

AR, HOEHDLVIFIEAE VS YA
A DAL & HSP72, CaN OBEZ T % 729,
THREEICE D ER Lz T 25 EAEMICEX
LEZREBICODVWTHH L., 208 E,
HSP72, CaN OZAbiZ & b 2/ 1 Xnins %
WP ERT UV DTHol. ZOTEeHh
&, HSP72, CaN & & [ZfhH 4 X & B#E 3 5 W g
HWATRREND S DOD, FATHFRE B LBV AE
bHY, BebBEPLETHL. HRHEDOEE
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Kl & DOBETlE, slow MHC isoform DHEind %
ViZiRAN Iz & b vy, HSP72, CaN /%5 L VIZ
2L, ZOHREINEFTCOHEZIRH TS
DTHY, HSP72, CaN & b IR 7 4 TORE
BLEHIIBESE T LEILONS.
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