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EFFECT OF HIGH-INTENSITY TRAINING AND ACUTE EXERCISE
ON Ca’T-SEQUESTERING FUNCTION OF SARCOPLASMIC
RETICULUM : ROLE OF OXIDATIVE MODIFICATION
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TAKASHI YAMADA and MASANOBU WADA

Abstract

To investigate the influences of high-intensity training and/or a single bout of exercise on in
vitro Ca2+-sequestering function of the sarcoplasmic reticulum (SR), the rats were subjected to 8
weeks of an interval running program (final training : 2.5-min running X4 sets per day, 50 m/min
at 10% incline). Following training, both trained and untrained rats were run at a 10% incline, 50
m/min for 2.5min or to exhaustion. SR Ca®t-ATPase activity, SR Ca2+-uptake rate and car-
bonyl group contents comprised in SR Ca®T -ATPase activity were examined in the superficial
portions of the gastrocnemius and vastus lateralis muscles. For rested muscles, a 12.7% elevation
in the SR Ca2+~uptake rate was induced by training. Training led to improved running perform-
ance (avg time to exhaustion : untrained-191.1 vs trained-270.9sec ; P<<0.01). Regardless of
training status, a single bout of exercise caused progressive reductions in SR Ca®T-ATPase
activity and SR Ca2+~uptake rate. Increases in carbonyl content only occurred after exhaustive
exercise (P<0.05). At both point of 2.5-min and exhaustion, no differences existed in SR Ca’"-
sequestering capacity and carbonyl content between untrained and trained muscles. These find-
ings confirm the previous findings that oxidative modifications may account, at least partly, for
exercise-induced deterioration in SR Caz+—sequestering function ; and raise the possibility that
in the final phase of acute exercise, high-intensity training could delay the progression of protein
oxidation of SR Ca®*-ATPase.

(Jpn. J. Phys. Fitness Sports Med. 2008, 57 : 327~338)
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2, nTrHEDETOITy MLy FINVT =
V7 EBAZHOEECTELA(1HEHE  30m/min, 1
4, 2B : 30m/min, 2 47, 3B : 30 m/min,
35, 4~6#8E :40m/min, 14, 7~88
H : 40 m/min, 0.5%°f & 50 m/min, 0.54F).
M=V TR, TrEBLT unTr %,

B (Tr-R B, unTr-RE . #NFNh n=7), 2.5
BB (Tr-2.5%, unTr-2.58 ; NN n=7)
BLOEFREE (Tr-E 8, wnTr-E# . #h¥Fh
n=7)ICT V¥ AGT RN LS Y TRT
%A 481412, B 50 m/min, b9 HE10%T
DMLy FINT Y= 7%, 2.50E8HIC132.5
o, EYRERICIETRBEICES L TITbE
2. BB, RERIIBITAEROFIEB LI UFHE
X, LERFEWERZERRD L OEKEDF SN
LbDTH5D.
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SR IE R 3 & UMHERE A 8 5 % T 20 & fif i
L, BELTHEBRHE L. AHIETHW DL
FoT = 7 &8Ik > T, WAHICBWTSR
DERENIE TS 5 Z EFHEENTHEYY, Zof
RICEITES IS O zHEmHmIcEE L. T2,
2ODHERRALTHWNOE, 378V - L%
RYZBIET, ZEOHHI 1 2 LELET LD
THbH. WH LM (40mM Tris, 300mM suc-
rose, 20mM Mops/KOH, 0.014 mM pepstatin A,
0.83mM benzamidine, 0.0022 mM leupeptin, 0.2
mM phenylmethanesulfonyl fluoride, pH7.4) CHi%
IR L7, TIAREVFAF—-2HNT,
9 5% (mass vol 1) DIMETRE Y F4 X L7z,
BonzdE % 2,000 g T2045 BE L8 L 705,
EEZBAERT CTHERMAKEL, oM T-80TT
BAE L7z, ZORED S, SR Ca® -ATPase itk
B Ca®" BUY AAREEERE L7

C. SR Ca?t-ATPase &%, Ca®t W) AHE
&

Simonides & van Hardeveld'" ®iR$ HiE% —5F
IBIEL72d D% MV, SR Ca®’-ATPase {E1%37C
DEHETCHE L. BEME, HI%EF NADH A%
H@sTsZe2iEd57:01, RIDBHERF D

NADH DEE % 0.2mM 5 0.4mM IZHE®D 722
EThHhAH. FIDBEEROMBIE, 1mMEGTA, 20mM
N-2-hydroxyethylpiperazine-N""-2-ethanesulfonic
acid (HEPES), 200 mM KCl, 15mM MgClz, 10mM
NaNs, 0.4 mM NADH, 10 mM phosphoenolpyruvate,
0.8mM CaCl,, 18U mL! pyruvate kinase, 18U
mL™! lactate dehydrogenase, 4 u#g mL™! ca?t
ionophore A23187 (pH7.1) TH o7z, 1.98mL DK
OB 20 4L O AEY A — M EMZ, 37CT
3OMA v Fax— L7 ZDOHKk, ATP(R#&R
B 5mM) €Mz S %Z G L, NADH OiRERL
O EEERNC Tl L7 (& 340nm). KU,

SR Ca®"-ATPase &% & BRI IZHHIT 5 72012,

CaCl, DEEZ 2mMIZHEML, FHIZ NADH O
EEEHEL, 2 00WEMBNELS SR Ca® ' -
ATPase WEHEZEH L 7.

Ward et al.'? ®F B ICHEV, SR Ca?T HLD A
HEZITCOERMET TRIE L7z RUSHE R DMK
1Z, 100mM KC1, 20mM HEPES, 7.5mMpotas-
sium oxalate, 1M Indo-1, 0.5mM MgCly(pH7.0)
THolz. 1 mLOJUNEBIZ 20 1L OFFHRED A —
FEMNZ, ATP(RMRE 5mM) 2R 5 2 L2 &
WRICEBG L7z, Ml A + VillEEEz2 B,
349 nm DEET Ca®" WAIRETH 2 Indo-1 %
Bh#2 L, 405nm B & U 500nm OEKEEZE=S —
THIEIZLY, RBEETO[Ca®T ] 2 MEL
72. Grynkiewicz et AV aRTESS, [Ca¥T ] %
B L.

D. 34+ EH

3+ ¥ v E#H (myosin heavy chain ; MHC) # ¥ B
T 572012, 8458 (mass vol ) OHIH#E (100 mM
sodium pyrophosphate, 5 mM EGTA, 5 mM MgCl,
300mM KCl, 5mM ATP, pHS8.6) CHx KEYF
A XL BonFxEYA—ME 10,000g TI10
SEE O HE L 7ok, RIEERBRELL LIE LA E (vol
vol ') @ glycerol TIRAL, v 7 V& LTHW:.
FFEVIVREEF N U AR T2 YNT I FIFVE
ZUKENE (sodium dodecyl-sulfate polyacrylamide gel
electrophoresis ; SDS-PAGE) 12 & ¥, 0.3 ug DF ¥
YNy BESE L2k GEE-160V, 2485R)
Oakley et al ™ DHEIZ L Y F M ICHGEEHL,
National Institute of Health-image (NIH-image) soft-
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ware (Z& ) MHC 74 ¥V 7 % — LA D5Ai [L K %
#rl7z. %3, SDS-PAGE ICHW/z&/8L—F 41
YTV DMEE, 6.8% (mass vol ) polyacryla-
mide, 0.18% (mass vol™) bisacrylamide, 200 mM
Tris, 100mM glycine, 30% (vol vol™) glycerol,
0.4% (mass vol™) SDS, 0.1% (vol vol™') TEMED,
0.05% (mass vol ') ammonium persulfate (pH 8.6) T
Hotz.

E. SR Ca’T-ATPase 1a 868

SR Ca®"-ATPase ® ¥ ¥ /N7 % & H L U SR
Ca®"-ATPase IC& I NB ANV K NVEDE % HIE
T2, ¥lgDFH S Nakamura et al.*> @
FiE o TIZay — L% 48 L7, SR Ca?t-
ATPase ¥ Y37 BEOWEICIE 2 MEOFEE A
W7z, 121, SDS-PAGE & 7=~ =71 1)
7Y TN —RfBI2 X ) SR Ca®t -ATPase D& ¥
RN ER, O 1D AY Ty MK
D, fasttype D7 AV 74+ —ALTH5 SR CaZ" -
ATPase la DE2MET A HFETHo /2. &F
757 BREITIE 20 g, SR Ca®t-ATPase la WIELD
T 10ug ¥ 7 e gbIsuy —2kHW
7z HMAEHG B & OBERE A5 B #6512 1d SR Ca® " -
ATPase 22 WL LWV EARERTH Y, &
Ty v 37 BHIE 213 SR Ca® T -ATPase 1a
WX T BPROAR TR, T, U TV EEE
O FEY—N—Z2kE)T5ZLI12L D, 110-kDa
® SR Ca®"-ATPase % @ L7-¥.

%5, SDS-PAGE 24L& D, I70v—2ailagF
Nady X7 Ex5E L7, Z® SDS-PAGE TH
Wbk L —F 4 VI FNVOBBE, 10% (mass
vol™!) polyacrylamide, 0.1%(mass vol ') bisacryla-
mide, 200 mM Tris, 100 mM glycine, 5 % (vol vol %)
glycerol, 0.4%(mass vol™!) SDS, 0.1% (vol vol™)
TEMED, 0.1% (mass vol™) ammonium persulfate
(pHB.6) THh olz. 2Dk, &% VSV EMERD
rviziE, 0.255% 7 -~ =717 7 V—R
rHVWEE LR L. $7°, SRCa® -ATPase la
HEROTSVIZEEND & 37 EiE, polyviny-
lidene difluoride f& (Atto, Tokyo, Japan) ZEEE L
72. 5% (mass vol™!) skim milk, 8.1mM NaHPO,,
1.5mM KHsPOy4, 137mM NaCl, 2.7mM KCI,
0.1% (vol vol™) Tween 20, 0.02% (mass vol™)

NaNs (pH7.4) 2 bR S B BT 7Oy ¥ 0 7
%, 2,500f% (vol vol ) IR L 72 1 k¥ (anti-
SR Ca®T-ATPase la PLIK ; Affinity Bioreagents,
USA) 3 & UL, 0004 (vol vol ') 1A R L 72 2 Kk¥ifk
(rabbit anti-mouse IgG ; Dako, Glostrup, Denmark)
R SRz MPLAEOFIIEOMAIE, 8.1mM
NaHPOy, 1.5mM KHy;PO4, 137 mM NaCl, 2.7 mM
KCl, 0.1% (vol vol ') Tween 20, 0.02% (mass vol ™)
NaN3 (pH7.4) Th o729, (L35 EMIEE (BCL
plus Western blotting detection reagents, Amer-
sham, England) % I\ C 2 kPifk % Rk w18
BELLBESH 7 A NVLICEE L. ¥ oRr B
i, NIH-image # W CE& LY.
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FE

Ir7av—As%FV, SRCa’ -ATPase 125 F
BN NVERZINVIE(ATPase HIVARZN) ODE % HIE
L7z, # U2 7ZIZ&FE N5 2,4-dinitrophenylhy-
drazine (DNPH) JUBMEH VK=V EIX, 2D F 8
BT IS OREEDIRIE L 25 2 LA
RENTHENY, KBFETL ZOHELRA L.
BTNV L2 KD A s aFa—T R HE
L, 1%A% DNPH #l=ZH, 1AXRIIAEHLE L.
5213 6 % (mass vol ') SDS, 5% (vol vol™)
triftuoroacetic acid, 10 mM DNPH » 5 72 5B %,
x+HB I 1213 6 % (mass vol ') SDS &% > S o 2 f&
E(vol vol )Mz, FERTIOHBRIESE. 20
%, 2 M Tris, 30% (vol vol™}) glycerol, 19% (vol vol™")
2-mercaptoethanol, 0.02% (mass vol™!) bromophe-
nol blue 24~ 7V D1.54E& (vol vol' ) iz, K
AR T &L 1 I NBHY) Sug DY v
IS %, SR Ca’t-ATPase BOWEICH VD
D L [FED SDS-PAGE THE L7, SHE L7257 >~
NR7BERZ O o—AEICEEL, §l&#EE 3
% (mass vol™ ) bovine serum albumin, 0.1% (vol
vol ') Tween 20, 58 mM NaHPO,, 17 mM Nal5POy,
68mM NaCl(pH7.0) 25 R BBEWTT Iy F 7
L7z, ZDtk, ¥ ¥ 37 BiZ& 15 DNPH X 10,000
£ (vol vol ™) IZ A L 7= anti-dinitro-phenyl ¥4k
(Sigma, USA) & % b & &7 (HFRERICIETT
Oy % 7SR . bS50 R EE (CSPD,
Roche Diagnostics, USA) # AW THIRZ B X 4,
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LT EXB 7 4V AICEIE L7z, NIH-image
WAV FOREEREEL, WEY Y T E Ot
B3 TV DED S ATPase HIIV R VvE % EHH
L7, FHEBRICBWIZOFETEONLTF—F
DEHEIZDOWTHKE L, SDS-PAGE 45 %
YNZEE L ATPase I VKR VEDEIZ, ¥V
INJEE 2.5~20 pg B CIREWVWIEDOMBEERI S
I EEBELTWA(r=0.997, P<0.01). %38,
REVA—PBLIPIZ0V—2IZETNBEY 8
2B O, Bradford'® oI THIEL
7z,

G. #REHLIE

WMt 3, FHELEEFETRIL L. ik
BOSEBRONEZA, EFREE L -V 7 D%
BARE L, DRGITICBWTHEREPRO LN
723413, Fisher’s PLSD # post hoc test & H VY,
BEE O EDE N % R 5 %R THE L7,

m =% & & R

A, ETERSLCIA I CEEHTAV I+ — LA
kil
B (Tr-E BB X O unTr-E ) I2BIT 5
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Fig. 1.

Y FEATRR L, Tr-E B T270.9+£26.9%, unTr-
E#TI9.1+14.18TH Y, WMEMOERIIHE
HIZEETH-72(P<0.01). B L/A=T v bOE
WAz, AREHEO MHC 74 V7 4 — ABHFHET
B EDMENTENY, SMLE & B O %
RERIZIZ, S5 mH) b MHCHA/x & MHCIIb O
2REHEDT AV T+ — LW EEN T2, Fig 112
RENBEIIZ, FL—=vTHir0id—BE0E
BHIGERT 2215 O5H HEOELIIFRED Sk
Nz,

B. SR Ca’"-ATPase &I &L U Ca?t HLW5A
HIRE

Tr#EE unTr BOMAFIZBWT, —BHOES)
I2X U SR Ca®"-ATPase iEHICHE R BA DD
5N (P<0.05; Fig. 2), ZNENDOLHEHEE(Tr-R
BB X unTr-R B) 1S3 3 2w REREOfE I,
Tr-E #7T72.5%, unTr-E #T68.2%ThHo72. &
72, 2.5 EENEE (Tr-2.58 B L ' unTr-2.58) D
fHI%, Tr#, unTr BEE b2, TEH L ESTHERF
OHFBTH o7, Tr L unTr HH TOLETIL,
REEER L U250 BB Th {, EBTRED
R o IEFWBRECOERLERIRD LN

b

100 -
S
o 807
QO
S 60-
[
]
g 40-
2
=
2] -
Z 20

0

Untrained Trained

Relative distribution of myosin heavy chain (MHC) I d/x (a) and Ib (b) isoforms.

After 8 weeks of high-intensity training, both untrained and trained rats were assigned into
rested, 2.5-min run or exhausted groups. The rats of 2.5-min run and exhausted groups
were subjected to a single bout of treadmill running (50 m min"!, 10% incline) for 2.5 min
and to exhaustion, respectively. Values are means+SE (n=7).
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Fig. 2.

Changes in sarcoplasmic reticulum (SR) Ca®*-ATPase activity during exercise. For

treatment of animals, see legend to Fig. 1. Values are means=+SE (n=7). *P<0.05, vs rested
muscles from respective (untrained or trained) groups.

404 %
QL ~
*é"-;_, 354
: £
i5
T g 3
5 £
[=)
x E
v 2
25 4

~—— Untrained

- === Trained

® Rested

B 2.5-minrun
A Exhausted

Fig. 3.

T T T T
2 3 4 5

Running time (min)

Changes in sarcoplasmic reticulum (SR) Ca?" -uptake rate during exercise. For treat-

ment of animals, see legend to Fig. 1. Values are means+SE (n=7). TP<0.05, vs. rested
muscles from untrained rats. P <0,05, vs rested muscles from respective (untrained or

trained) groups.

o7, Calt BUYAAKEEETIE, unTr-R & Tr-R
HMICAEBEZEVDALN(P<0.05; Fig. 3), Bi&E
12X L CTHRETIRI2.7%DEEIEE I N, E
W& B Ca®t B A A HMEDZELIE, SR Ca’t-
ATPase {FETALN/Zb DL LML TBY, &
IR E LT85 X — ¥ — B I3AE L BES
B /- (P<0.01).

C. ATPase HILKRZIVE

unTr L Tr BOMFIZBWT, LREEB LY
2.5 EERE & R, EHEMEEE TIE ATPase H L
RENVEIZH 2HEOEEIED b7 (P<0.05 ;
Fig. 4). Tr # & unTr HHE COLETIX, LHH
BLU2STEEBZIT TR, ETHEIE R -
TEGRERICOARLERIEDO NP o T,
SRR XIBIZ, ATPase # VA=)V & SR Ca®™
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Fig. 4. Immunoblot analysis for 2, 4-DNPH-reactive carbonyls in microsomal fractions (a) and
changes of carbonyl contents in sarcoplasmic reticulum (SR) CaZt -ATPase protein during
exercise (b). Equal amounts of microsomal proteins in the SR were applied to each lane on
10% polyacrylamide gels. SR Ca?T -ATPase protein is marked by arrow (a). The carbonyl
contents were evaluated by the densitometry of immonoblots (b). For treatment of animals,
see legend to Fig. 1. The results are expressed as percentages of rested muscles from un-
trained rats. Values are means+SE (n=7). ®P<0.05, vs rested muscles from respective
(untrained or trained) groups. PP<0.05 vs 2.5-min run muscles from respective groups.

-ATPase B X UF Ca®" BUD ;ALEE & OBIGR % ATPase VR VEBED T — ¥ DR Y4 MR BT 2
FHL72LZA(Fig.5a,b), EELAOHBEBEZRY LDTHA.

AT EFRENT.
® a V. % =
D. SR Ca’t-ATPase &2 /X HE Hill & Kupalov'® 2 & 2 %eEREG 2 BFFe DSk, et
Fig. 6 {2 SR Ca?T -ATPase ® 7 —< ¥ —71) Y RORBTHEST B DICETLABRE T F—
7y TN —4f (a) BELUSR Ca? T -ATPase 1a A%, BEOSWERICBWTHINES TAFEER

Dy x Ay 7y b(b) DHEEFIZRLIZ. Zh FERD12THDEEZLNTE, LLED
LT YV FA—F—IlIhEELALETZ A, SR 5, EBEPZIEET T pH 2MET L THIRDPIL

Ca®"-ATPase D&% ¥ /87 HEH L U SR Ca”— WL, FEREADNTEZIILRE WP T D
ATPase la D=EIZ, ML ==V 7HL0IE—BMHE DI TERNE LA RES NS LS 1can?, 1
DEE) AT 2 ZLE AL A7z, SR CaZ+ B & i OREBRICOVWTIE, BERET I
-ATPase la D#ERIT T, Y2 RA¥ 70y M2 ok s L BbND. F4E, LEIAboT, SR
BWT, £TOH Y SV TIRIZFAED SR Cat - DHERE D TALH G S OEE & LClEH %480 Tw
ATPase ¥ Y XU EABEICEE SN2 LR L, %19:20)

BIBROFPHEROERL LI, RERTELONL EHHREDE AT EVEA T, RS
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Fig. 5.  Plot of sarcoplasmic reticulum (SR) Ca?T -ATPase activity vs. carbonyl group content
in SR Ca%T-ATPase protein (a) and SR Ca?™ -uptake rate vs. carbonyl group content in SR
Ca?"-ATPase protein (b). Plots include values of all samples. There are a negative relation-
ship between the carbonyl group content and SR Ca®™ -ATPase activity and carbonyl group
content and SR Ca®™ -uptake rate.
Rested 2.5-min Run Exhausted
a ,
Ca?*-ATPase —
CaZ*-ATPase la—
. = |
Untrained Trained  Untrained Trained Untrained Trained
Fig. 6. Electrophoretic analysis of sarcoplasmic reticulum (SR) Ca?*-ATPase (a) and SR Ca?™ -

ATPase 1a (b). Equal amounts of microsomal proteins in the SR were applied to each lane on
10% polyacrylamide gels. Shown are Coomassie blue-stained gels (a) and identical immunoblots
labeled with monoclonal antibody specific to SR Ca®*-ATPase 1a (b). SR Ca®?T-ATPase pro-
tein and SR Ca®"-ATPase 1a protein are marked by arrow.

WCELTTEHZIT) L, TEHICBWVT SR O
BEDIETT 5 2 LA WE SR TH 2502 R
FTHINOLDORITMAEL B LHERPELN
7o, HREOBVERTIE, E) CEOEEIZ25~
40mM ICF T, FHmBEONTICIZZ LT F Y
FF—EDEB LA VBRI H Y, 20X

) EALTIX ADP OB 0.2~3mM ICF TE
B45%, Cho0lEFIEEHE, SRCaZ -
ATPase 25@H L XM H IR T 52 L5 b N
TBYP | EERTIE O LD 25 O /e
2k, SR® Ca®t MO AABENPETT S L
BTaicExons, —F, RO LHIZ, in
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vitro TEHROMBARE L EU L -BRTr A
T SR OHEEENTIE SNG4, REo—aRD
RIS S, BIEINABEOETILIE, ¥ o8
PEDOWEENE L2720 THA I A ENT
\/‘Z)4’24>.

SR Ca*" -ATPase |\ IZERALIOIEHT % ST B
TFRIB6DOFFEL, Z0H)BbD1DIk ATP #4E
A2 D 2%, Viner et al.?> X, 2OXRTF V%
F2{b3 % & SR Ca®" -ATPase N BHKE KT 5
B, TNERTF FIEINEF O U LEEL TR
BT BOTHLIIEHREL TS, ZDLH %
in vitro DEBFERICIZ, EHHRBICEL FTE
Bx T b2 HICB VT, SRCa% -ATPase ®
ATP REEEMIZEBICHEEN LA THI L
LRENTWB? . SR Ca?T-ATPase DiHENE
CEBEET LR E LTlE, BiEETZ0RBENS
FAHAZEDPHONTWVWS ROS ZHITEHIENTE
5.

EHOPBILE NG &, RECBENSE ERK
ERBL, WVRZLVESC=0)DPERENS.
BAb2ED I Y, §F NS AR VEOEIHEN
TLIEDh, TOEERIIHERY»EORER
L2 2T 72208 EL LTHwSsTW
B2, KBTS ZoRIGEFE L, EBF SR
Ca’" -ATPase D1 7= BLIVIBHI DEASVE & =
A% 7y ML DRETL (Fig. 4), ®@E7 ~
ZV 7R EERGRBCESL T TR &,
ATPase #IVARZ VED R 2 fZ5I128I03 5 2 L 2%
BENT. Kleblet al® B LU Matsunaga et al 2%
&, BEXHME A z—EOMErL, 20XHiC
SR Ca®"-ATPase D"ERALIIEHI & %17 5 & & 2%,
BMLWIHEES 2 B L2 ICB W T SR Ca®T -
ATPase IR T T A2HEHRND 1 2TH LI L zig
ML Twh. Fig.5a lIRENB LT, SRCa"-
ATPase it & ATPase I VKA LVEDOBIZEAD
MBEEEIED SN, T Klebl et al¥ B L O
Matsunaga et al.?® D&% X HT 2 HRTH 5.

A THEONTROEELZMAE, P—=v
TN & o TEYRBICE S T TOR A FH41.8%
HO7ZICbEb LT, FEHEMERIIBITS SR
Ca®"-ATPase i, Ca®t MY AAEEB L U
ATPase #IVRZ)VEIZ, Tr # & unTr B CTE
BRARONLD o722 L THD. HIGHETS, MLA

DERALIREEDS, BRI ED X H BT B D0
DWTIEHL DI o Ty, REFFTIE, EE)
BRIGHR O B (2.5 % B X O % WEE) 021t

L2BETLTBLT, KR TELNERPH T
DEIWIZDOWTHETAZEIETE AR, L2LA
A5, unTr BT D2.545 (150%)) BETlX, ATPase
HVEZVEBRZEMLTWREWI L 2EETS L,
SR Ca®"-ATPase DEgMLIF, EBHERBMIZH T
DTIE %L, EHRMBICE 2 FT CEHIE 57 N H
0 19180) O LR VB O B I 28U EAT T 5
bDOEEZLND, TrHICBWTD unTr #E & H
BOBMDGETELZLIE, PL—=UvZI2koT,
SR Ca®" -ATPase ¥ ¥ /37 B D E2 AL 5
HEHVEE LD DEHERINE, COZ LRI
FET A 72012, 25 ITEHMICER) P ORI 2L
ERETALEND A,

2.5 EEHETIE, ATPase 7 VR = VEDEEN
LTwAWIZb2H»b 53, SR Ca®" -ATPase i
IR T L2 &, F72, ATPase ¥ VAR VEL
SR Ca®t-ATPase IfM & DABEBRIILT L LS
WHDTERWZ &b, BILDALOERD SR
Ca®t-ATPase ¥ ¥ /37 BOHEN L ELIZES L
TW3LDERDbNRE. ZHIZDOWTIE, 7 a—
5T B BRI VAT ST 5278,
SR DEIZIX, 7)) a— BT )a—4r 7
A7 # 1) 5 —¥ (glycogen phosphorylase ; GP) 7%
HELTWA I ERMNSN TS, Cuenda et al.?¥
X SR &AM GP 2T 5 &, SR Ca®™-
ATPase ® ATP A A OMEES, ATP IZAT 5
BRES B WIRREICEAL 5 Z & % in vitro DFEER
NHRLTWAS, ZORHIRIE, SR IC[HET S GP
(SR-GP) DB WA A%, SR Ca®" -ATPase DHERE
WA FAMEHT A E 2R LTWA, GP I
F)a=rrEHALTSRICHELTWSE 20, #
Wi, GPASF ) a—7 v &5+ 5 &, SR-GP
X SR 2 HMREET A X127 B, Lees et al>9 13,
IEA#R DK LA LT, SR o Ca®T B
AAEE L SR-GP OEVFHFTLTERTTHZ &%
BEL, Z7)a—-r U2 SR-GPOERAZ AL T
SR Ca’" -ATPase IEMICEE L RIZL TS L]
BLTWwaE, L2L2W5, ffF% SN/ Mishima
etal WORETIE, FVIATITFT—FITLoT
SR-GPDE % HF LLIET ¥ T, SRCa*" -
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