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EFFECTS OF EXHAUSTIVE EXERCISE ON SARCOPLASMIC
RETICULUM ATPase
— COMPARISON OF SHORT- AND LONG-TERM EXERCISE —
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MASANOBU WADA and SHIGERU KATSUTA

Abstract

Effects of short-term, high-intensity and long-term, moderate-intensity exercise on biochemically
assessed sarcoplasmic reticulum (SR) ATPase protein were analyzed in muscle homogenates of the
rat after treadmill runs to exhaustion (avg. time to exhaustion 2min 48sec and 1h 29 min,
respectively). The exercise-induced changes in SR Ca?* ~ATPase activity were muscle type-specific.
After short-term exercise, a decrease in the activity occurred in the soleus muscle and the super-
ficial region of the vastus lateralis muscle whereas long-term exercise depressed the rate of ATP
hydrolysis in the soleus muscle and the deep region of the vastus lateralis muscle. The concentration
of fluorescein isothiocyanate, a competitor at the ATP-binding site, for 50% inhibition of SR Ca®*-
ATPase activity fluctuated only in the soleus muscle subjected to short-term exercise it was
increased by 31%. This change occurring in the soleus muscle would elevate SR Ca®" -ATPase activity
at a given concentration of ATP. The results presented here suggest that acute short-term exercise
to exhaustion may exert a remarkably inhibitory factor on SR Ca®" -ATPase protein of slow-twitch
muscle, which can overcome the positive effect probably arising from the phosphorylation of the
phospholamban.

(Jpn. . Phys. Fitness Sports Med. 1998, 47 : 63~72)
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A. EBREYSLCEH IO
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B h=6) LEFRBICELETT V2V 7 &2AT
b LEENEE & e &6, EEEEE AR
10%, #FE 50m/min TT ¥ =¥ 7§ % HEEHE
&) (short-term exercise;SE) #E (n= 6) & & L
10%, #HE20m/min TT ¥ = 7 &47) RKH
JE B (long-term exercise; LE) B (n=6) & 124
o, TOEE)E10~12:8FEICITbE 2. 20
)35 1L, Brooke & White” DG S M
%k, SE B THI100%VO,max 12, LE B THT5%
VOzmax (ZAHYST 5.
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iRBE B L e 7 AFE WL, S =7
BTULZIy MY FV—T Ve fnict—
W= F—=Z2I2 X > TR L, WERK L HzhHt
L7 LR oR % SR Ca®" -ATPase I
HOFH, bR EHPIABRREOSITICH
V372, SR Ca®" -ATPase TEMERMIE D RE 2155 72
DI, WHEBEDICTIAREYFAF—%2H
Vv, 104% (mass/vol.) O 3 H ¥ (40 mM Tris, 300
mM sucrose, pH7.9) THix ~EIF A4 XA L7
IhS R ASERCIREEH LK, —80C DS
T CREL, SiTicRWw.
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1. SR Ca®"-ATPase J&M4

SR Ca’"-ATPase {ifi 1% fH &, Simonides &
Hardeveld'? oIz —BEEZM2 b D% H
W, FBOREY AL Mo HlE L. Bvi RS
B O L, 1mM EGTA, 20 mM Hepes, 200
mM KCl, 15mM MgCl;, 10mM NaNj3, 0.4mM
NADH,
pyruvate kinase, 18 U/ml lactate dehydrogenase
(LDH), 0.8 mM CaCl, (pH7.5) TH -7z, HIZEIX

10 mM phosphoenolpyruvate, 18 U/ml
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WERTZ LB,

SR DIRDIRRE & MEF§ 5728012, SR Ca®' -
ATPase &ML, 4-7 QAN I LA F ) T3
T, A23187) #IMNA A IZDO VT
B L7 (BAIERE 1 ng/ml). SR Ca®t -ATPase i
PEIZX LT, SR N Ca®t iBESHIHIRTF o 1
DEhoTEBY, NWED CPATEENGWITE
SR Ca®"-ATPase I IIIIHI X5 & L H IS
TWBY, Iy as4Ht 74T, SR DO
D Ca¥T T A B AU ABOLMENDY, =

Intact vesicle

Addition of C4" ionophore

(’ Low [Caz*] : Increase
Ca2+ \Ca2+
Fig. 1. lllustration of the effects of Ca®™"

ATPase activity

DHRFEIZSR ZRETHE, BEFERICHIEELT
WAHBEE, PIEO CT BENRKT 5 720
SR Ca*"-ATPase IEMIZBEMT 5 (K 1). ZHhic
LT, R E %) Ca¥T R IFET AR
B L T agaid, BRICHED Ca®t BEIIK
TLTWAD, IV uAF )7 x TICRE
LT SR Ca®"-ATPase I3ZML§ 5 2 L itz v,

¥ 72, SR D ATP AWM OEA 2 e+
572012, ATP OB &WE TdH 5 fluorescein
isothiocyanate (FITC) % 25~100 «M 1%, 104
A FaxX—2ary LEBOEREIZONWTY
HIE L7,

2. Wi FLEEME

B FUEEME L Lowry & Passonneau'’ ®H I
o THIE L7z, B L7285 % B (5 4
7 v 7 FHE, VD-16) T—BRAEEE L (—70T),
FTOREBRTS O ICEMFMERTHT 2. B
AWM BEE, WERERPTSYF— 1270,
HmEELTHEL, FOHH L 2M perchloric
acid & 300 ul M2, 2=V VR F(FA4Fy

Damaged vesicle

_______
-

('/ Low [Ca’]

Addition of C2&* ionophore

!

d - 2. N \
No change( ~ Low [Ca g ,
Ca2+ Ca2+

ionophore on sarcoplasmic reticulum (SR) Ca?™-

ATPase activity. Accumulation of intravesicular Ca®" inhibits SR Ca®" ~ATPase activity.
Incubation of SR in the reaction medium containing Ca®™ ionophore elicits an increase in
Ca?* permeability of the vesicle membrane. Only intact vesicles display an increase in SR
Ca®*-ATPase activity since the Ca®" concentration ([Ca2™]) in the vesicle is lowered by
backflux of Ca®" across the vesicle membrane. In contrast the treatment with Ca®"
ionophore does not elevate SR Ca?" ~ATPase activity of damaged vesicles that are
incapable of sequestering Ca®™.
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7-.
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Table 1. Duration to exhaustion at treadmill run-
ning with two different intensities.
SE(n=6) LE(n=6)
Means 2 min 48 sec 1h 29 min
SD 44 sec 30 min
Maximum 3 min 58 sec 2h 05 min
Minimum 2 min 10 sec 55 min

n, number of samples. The rats of short-term exercise
(SE) and long-term exercise (LE) groups were run at
10% grade with intensities of 50 m/min and 25 m/min,
respectively.

Table 2.  Percent water of the soleus muscle (SOL)
and the deep (VD) and superficial (VS) regions of
the vastus lateralis muscle from control (C),
short-term exercise (SE), and long-term exercise

(LE) rats.
SOL VD VS
n %
C 5 76.7£0.8 75.3%+0.9 75.6+0.7
SE 6 75.3%+1.3 76.9+0.6%f# 78.2+0.7%#
LE 6 76.2£0.4 75.0%0.5 76.2£0.6

Values are means = SD; n, number of samples. *P<
0.05 for C vs. SE. #P<0.05 for SE vs. LE.
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Fig. 2. Concentration. of lactate in the soleus

muscle (SOL) and the deep (VD) and superficial
(VS) regions of the vastus lateralis muscle from
control (C), short-term exercise (SE), and long-
term exercise (LE) rats. Values are means=®SD.
*P<0.05 for C vs. SE. #P<0.05 for SE vs. LE.

BB CHOBE Y A2 L WS ESBE SR,
FOMEIZCELY 87.2%, LEE L N8L.4% &\
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Table 3. Sarcoplasmic reticulum (SR) Ca®* -ATPase activity in
presence and absence of Ca®" ionophore in the soleus muscle
(SOL) and the deep (VD) and superficial (VS) regions of the
vastus lateralis muscle from control (C) , short-term exercise
(SE), and long-term exercise (LE) rats.

—ionophore ~+ionophore
Muscle Group n +/—
(2 mol/min/g)
C 5 11.9#£1.1 16.7+ 2.4§ 1.40%+0.09
SOL SE 6 9.74+1.3* 14.24+ 1.6§ 1.48+0.18
LE 6 10.1%0.6™* 14.5+ 1.38 1.42+0.12
C 6 21.3*1.1 34.5+ 2.68 1.714+0.17
VD SE 6 18.6£3.1 32.0+ 9.28 1.70+0.26
LE 6 15.9%+1.9** 28.8% 4.28 1.82+0.12
C 6 33.6%f2.4 52.5% 9.6§ 1.49+0.18
VS SE 6 22.5+4.8%# 38.4+11.98 1.58+0.27
LE 6 34.3£8.8 64.2% 4.78 1.964+0.42**

Values are means £ SD ; n, number of samples. A ratio (+/=) of SR Ca®* -
ATPase activity in presence (+) of ionophore to the activity in absence (—)
of ionophore>1.0indicates that SR vesicles are stimulated in presence of
ionophore. Statistical analyses are not performed to evaluate differences in SR
Ca?" -ATPase activities in presence of ionophore among groups. *P<0.05
for C vs. SE. **P<0.05 for C vs. LE. #P<0.05 for SE vs. LE. §£<0.05 —
vs. +.

C. SR Ca®’"t-ATPase jEf%
ANY T DA K )T+ TRETFTO SR Ca?t - 12.51

ATPase iGMEIE, ERICHVWONZETOHICH ~
W, EBCLBETHALN(ES)., eox i 10.0
ATid, CHEICHL SE #T18.5%, LE #T o
15.1% DAEERBMEIR SN2 SMIEHIERBE E 75
T, CHLEELTLE#TRBA%EVET v
Hote T, JMULHREIMTI, SEHTIE  § 5
Ty b E - VBEIZH L33.0%, LE BEICH L F
34.4% DEMIBE S 7z, S sl
AN YDA L ) T+ TAMABI LI L o §
T, &TOEITB WV T SR Ca” -ATPase 11N 0 .
L, £08EmEde I A§5T40~48%, JMALE SOL VD VS
r = %5@70"’82%, g AL B R B R T 49~ Fig. 3. Concentratioﬁ of fluorescein iSothiocianate
6% Thot. ZOWIMEIZIE, SMIEGEBL (FITC) for 50% inhibition of sarcoplasmic reticu-

lum Ca®*-ATPase activity in the soleus muscle

CBWTCHL LE HEOBMICARLECH AL (SOL) and the deep (VD) and superficial (VS)
N2-DAMCIE, SERICIIERITZOON 2o regions of the vastus lateralis muscle from control
- (C) , short-term exercise (SE) , and long-term
) at s ‘ exercise (LE) rats. Values are means + SD. *P<

312 SR Ca”"-ATPase &1 % 50% 12K 1F & 0.05 for C vs. SE. #P<0.05 for SE vs. LE.
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BicHm e s 2 & 2 FH L7 Simonides &
Hardeveld'? o HFEZ AV, FEV AL b2 5
SR Ca®t-ATPase [EHE R HIE L7z, ZO%E, &
BICL Y BHOKTEREENENL, FANEER
W 7= 1) T L7z SR Ca®" -ATPase {1k % iR &
BB EPBEINLD, F2IIRENELIHI
BENCL > TR ZKTEAEOENIZ2~3%
BELRO NS, TRICEIDER3ITREND
BERAKRECEAENE LIZEbNRZ W,

SR DHERRETOER® 1ok LTI, EM%E
OEBHED B X OEB P ICREET S 2 LA
SNTVWBETY—FIANICEABEIEZONR
27, SR*® I bay P78 5 EHMEE
OEALDORADS, B, BIRE - EREHEEE D 5
WA - BEEES CHEUL TWwa L35
EZHEBEECY, 2ol ki3 7y =9V A0L0
AR, HBLABERTHALILERBTS, 7

J =5V hvIE, 280 OFET SR ICEREE
FTAHIENBEOHLNTWAS, 121 SR Ca®F-
ATPase ® SH % %Bib4+56 2L ThHD, 951
DIRRERICY A=V EEZH5ZETHY,
b SR DIEREET T ARE L b LFEZHNT
mézz).

DL 7% SR Ca? -ATPase ~D B Vi
DEN, TV—=F T ANBY VY — LR RREE
L, [E#ERYIC SR OEEX KT STV 5 IR
Wb, UV Y= LIZHEONKSHEEEZELEA
TBY, TOBEIFY I EHDHVIIFOMD
EOTALEY 2K FOMBEAICE THHRT 5
BEDHL., VI V—LDOENR T —F I H NI
Lo THEE S IS BRI S, SR 2%
FRA=V %Al idHN )5 LELEDPD,
COBBICRSHTULEEZETLEEZLNTS
D, SE BOBHEMIIRATS 35580 TH
D (FE1), 20k RERETEDLHOES
T, V=22 LBREKEMEHLER
WTHAHH. TR LT, TEREDLE DRk
LREROBHTIE, VY Y—LENLALERIC
LoTSRBYA—VRFTHAILETHEZD
N, TOZ LA LE BICBWT SR OFREDET
LEBERD 1 2%0hd Lk,

in vitro 12 B W T, pH6.0 DFEMHTF TIE SR
Ca’t-ATPase DV VERILEE IR T HI &%
1 Mandel 72 5 O #4513, pH OK T2 SR
Ca®t-ATPase ¥ ¥ /37 120 & 2 D FEERZAL =
75T EERRBET S, RERIZBNTDH, H
HFLEMEIZ 3 L W INAYEIZE S vz SE BEOSMAl
L RBERIZ BT, SR Ca®t -ATPase {EHEDK
XCERTLAZEdRENL (W2 BLUFES).
LA LD S, RFFETIE pH7.9 ICFRHE L 2%
WK &P WL, pH7.5 O&M4T T SR
Ca’t-ATPase lEHZHEL 7. L2 T, &
MREEENC X o THIBE RO pH AMET L Tz
YLThH, MEEEIZIE SR Ca?t-ATPase ¥ ¥ /¥
7 % B GBI O pH 2SEME L D THo i
EzIl2l v, IRb5DZ kix, HPELERICR(b)S
ARONLE Dol BWVTDH SR Ca®t -ATPase
EWESET LB EE b (£3), £EAT
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12 pH QKT A% SR Ca’t -ATPase DR T
FRDO12THA 905, WICOERIFET S
ERTRIET B,

SR WIE D Ca?" iEEFEWIZ L, SR Ca®'-
ATPase {EHIZIHI SN D Z &AL DT o T
BY, ZOHERIE Tback-inhibition; & FFHINT
W5, BRI X912, ZoHEE SR OED

Cal? T IZx T A BB L ZOLBELHLINY

TLAF T T EFHALTC, SR DREDIKREL
BT TEL(NL). RIIWRENDL &
ICHANY I DA F ) 7+ THETTIE, &TD
BB T, RETOMEIIx LT SR Ca4*-
ATPase MM EH L2 & h 5, KEFFETHW
7z 5 A4 7 OERL SR OREICKE LB A RIT
T ol EZLND.

KBFZETIE, FITC FAETIZHBIF S SR Ca”F -
ATPase {EHMEIZ DOV THRET L7z, FITC & SR
Ca’"-ATPase DHEATBALIC ATP L HiA L TH
BT AHIEITEY, ATP OIIKGIEEE % HE
THERABETHWETH A2, Luckin 7-
L, KB LE BICAKLZ 0L I13(T
ks v =v 7% 5y MOEYRBICESL T
i, FITC @ SR Ca®"-ATPase ~DO#EAED
WALz 2@MELTBY, CnZkids o=
YZIZE ) SRIZBIT A ATP OIEE AL
KEALDP R o/ 2 RBTH,. ZDLI %
TAL =D SR DAY, FORE SR
Ca’"-ATPase {EHEDEBAEL B LT 5 &, I
PEME 2 50% B & & 5 DIZWER FITC OEE
([172-FITC]) WA T 21T TH A, L Li
255, SR Ca®t-ATPase [ IR T2 A S N7z
SE BEOAMAILFhEBE S L O° LE ok 7 A,
AVBITE BRI B854 13 [1/2-FITC 1213 LA A 5
NT(H3), CNEOHTIHIEFICHEIEL TW5
SR EAREZRILEDDEFNREELTVADT
37, 1 FEAEETD SR ICHEBET 28RS
BT DOBALBEL b DEEZ NS,

—%, SE B I AFHIZBWTIL, [1/2-FITC]
AR L B L CAELEHEIBE S (K
3). TOMRIZ, ZO/ICBWTATP & SR
Ca®"-ATPase DFEEEAL & OBMMD LA 72

CEERRT D, pFE 22~25kDa TH D 7+
A7 # 5 3 (phospholamban ; PL) I&, #HAHIC
BHAEETERS L OODHICRFRNCEEL TV
BE R THY, BEIL SR Ca®T-ATPase 12
AL, ATP QMK REE Z#HI L T 5.
PL %) B b3 5 & ATPase HRFHEL, SR
Ca?t-ATPase @ Ca?" 1233 A A AR
B, COEMPEOBERIZLY, SR Ca?t-ATPase
EHLESIsEPmoNnTwAEY, 20k
RBEENEL S E, SR Ca® -ATPase ® ATP |2
WY BBEMEL AT E BEFALI LIRS,
SEHOLIAFICBVTHES R (Y
3), ERRELEENM S hOWFT PL O VB
LE2FR L LICEmAEH 2 RIS, T
NIZE L, I AHBICBITEIOEII SR
Ca’" -ATPase {EMAZ EHO L L HOEHT A3
B, FHUT D b b TIEHESET L2 FEE,
ERERE AT OIEDORNE &1 A 2 ke % H)
HFx2b70T I EE2RET S,

DEoZ ehn, (NEBRELLVREEOLS
LD A4 TDEEDL SR OEIZIZELEDL S &
Tl EESTILEEREICEDbY 2, 13
1Z4 T ® SR Ca® -ATPase D8 % 17 T b
Th HH T, QEMEERICL > TEHIIBY
T, PL 5425 L Bhbh 2 E0/EM% L
BIHIEFAS, SR Ca®t-ATPase ¥ ¥ /37 12xF L
TH/HENE T EHPRB ST

V. %8 &

KEFFE T, EHRBICEL T = v 7IGER
+ 5 fi/Nak (SR) O ATPase ¥ » 757 DZEALD
FAHIZOWT, R - AR & R - &
REfHEE) L 2 BRI T 52 L2 B & L7,
Wistar ;‘?:1?%3 v M &REAE10%, #EES50m/min T
FEITEE L7 NV—"7 (SE #) L HE10%, 25m/
min TEATEE 570V —7 (LE ) 12500, EY
WHICEL S =V IR SR ICRIZTEHEZ, b
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