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EFFECT OF DITHIOTHREITOL ON Ca®"-ATPase ACTIVITY OF SARCOPLASMIC
RETICULUM IN RAT SKELETAL MUSCLE AFTER HIGH-INTENSITY EXERCISE
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Abstract

Although the precise mechanisms underlying the dysfunction of sarcoplasmic reticulum (SR)
that occurs during skeletal muscle fatigue remain obscure, it has been hypothesized that it may be
attributable to oxidation of critical sulfhydryl groups residing in SR Ca®?" -ATPase protein by en-
dogenously produced reactive oxygen species. In order to test this hypothesis, SR Ca®T-ATPase
activities in the absence or presence of the disulfide reducing agent, dithiothreitol (DTT), were ex-
amined in muscle homogenates of the soleus muscles (SOL) and the superficial portions of the vastus
lateralis muscles (VS) from the rat subjected to exhaustive running at 50 m/min on a 10% grade. Im-
mediately after exercise, the catalytic activity of SR CaZt-ATPase was significantly depressed in
VS, but not in SOL. The loss of SR Ca®* -ATPase activity observed in VS was fully recovered after
treatment with DTT (1 mM). These recovery effects of a potent disulfide reducing agent suggest that
important proteins of SR Ca®t-ATPase may be oxidized during high-intensity exercise and that the
onset of muscular fatigue may be delayed by the improved function of the cellular antioxidant

(Jpn. J. Phys. Fitness Sports Med. 2001, 50 : 325~332)
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perchloric acid HZHK20%HE L7218, 105H&E
U5 HE (10,000 g) L7z, 15 5 M7z B 2 FLRRIRE,
RUby b7 )a—-rYgREOFIICH,
Lowry & Passonneau'® O HEIZHE o THISE % 47
o7z, WESTRORSERE, 7)a—-rv7T
1 50mM Tris/HCI pHS8.1, 1mM MgCl,, 0.5
mM dithiothreitol, 0.3 mM ATP, 0.05mM NADP,
0.035U/ml glucose-6-dehydrogenase, 7 U/ml
hexokinase, ¥LEEC!Z 100 mM hydradine pH 10.0,
100 mM 2-amino-2 m-methyl-1-propanol, 0.5
mM NAD, 8 mM lactate dehydrogenase T o 72.
Kk OFISEW 1.98ml I2H ¥ 70 20 11 %
Z, BERTICH60MRIERTHRE Lok, #6506
SRR (BEBERTE, RF-50008) % vy, 7Y
a4 Y OEE T NADPH, F7:ABOHIET
(¥ NADH HIsR D3 6fE % J5E L 72 (B2 & 340
nm, WHHEE 460n0m).

2. SR Ca®"-ATPase i&

SR Ca®" -ATPase I, 37COEHBT T
Simonides & van Hardeveld'® ®J5i 124> Tl
L7, RIDEW oM, 1mMEGTA, 20
mM N-2-hydroxyethylpiperazine-N'-2-ethane-
sulfonic acid, 200mM KCl, 15mM MgCl;, 10
mM NaN3, 0.4mM NADH, 0.8mM CaCly, 10
mM phosphoenolpyruvate, 18U/ml pyruvate
kinase, 18 U/ml lactate dehydrogenase, pH7.5 T
Hotz. VFF ML A M=) (dithiothreitol;
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ZAbZWE LR, 22 THELNBLEMEIL SR
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TH2'®, F2T, SRCaT-ATPase WM T
PRI S 22012, FUSETEF O CaCly
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EL, Mgt -Ca?m -ATPase IEMHH 5 Mg -
ATPase &M% 2 L3\ 7-f% SR Ca®"-ATPase
EHE LY,
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DTERbLZ. LLLEHD, Sjogaard & Saltin!?
X, EEIEZIT) LMOKRSEAEIVRE CELT
HZEEHELTWAS, L, RFFETHREED

BEPELTWAEDOTHIUE, SR Ca®t-ATPase
EWHEL B S L WMEEESH L. 22T, 20
THEVEZFEDPD B 728D, HOKGTEFEREER L
72 KGERRE, 6T ABHIZBWTIZCHTT6.0
+1.0%, EBETT5.0£2.0%Tho7. F72, 4
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BHC7.4£2.6%ThHY, WHL HICCHLER
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Fig. 1.  Concentration of glycogen in the superficial
portions of the vastus lateralis muscles (VS) and
the soleus muscles (SOL) from control ((J) and
exercised N groups.

Values are means£SD. *P<0.05, compared with
control.

EALEBD 5N (Fig.2), EHTIICEIY
62.8%m VVESERE I N/,

C. FF b A b=t Mg>T-Ca?T-ATPase
EECRIZTE '
Bk & 512, SRCa®T -ATPase &M 13,
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30 A Mg?*-Ca®" -ATPase & & Mgt -ATPase &
_ 7*_ WrEELICILIcko THIS A, RIS,
2z 25 X DTT 7% Mg?* -ATPase iM% £B) S ¢ 2 6 %
£8 204 % b0k nE, Ca®t-ATPase {EMED AT LE
Q
g5 T \ b3 52Lichn. Z2ZTHRERICBWT, *
o o \ DAL DV TIRET L7z, Table 1 IZ7REN5
£E58 10 - £, 1mM ®DIT TA ¥ Fax—}+$5Z
]2 T N .
- \ \ W&o T, REfFETHWA 22008185
57 \ \ Mg2+-Ca2+—ATPase EH, Cg2+-ATPase M,
0 N N Ca?" -ATPase I H B EILIERED b i
VS SOL o 7.
Fig. 2. Concentration of lactate in the superficial
portions of the vastus lateralis muscles (VS) and D. SR Ca’t-ATPase iM%
the soleus muscles (SOL) from control ((J) and —EBHEDEB KT B SR Ca2+-ATPase E
exercised (N groups. . -
Values are means+SD. *P<0.05, compared with (DTT 23R L % Ao 72356) O FBIBE X, &
control. METHW 2 00 TR 72, ML ER
I, CHEL IRERETL4. 0%RMEHERD S,
Table 1. Mg?T-Ca?*-ATPase activity of sarcoplasmic retiulum in absence (—) and
presence (+) of dithiothreitol.
—~DTT +DTT
n Mg2+_ca2+ Mg2+ Ca2+ Mg2+_ca2+ Mg2+ ca2+
VS 8 43.0%£3.8 4.7+0.8 38.3+3.4 43.614.4 4.9+0.9 38.7+4.0
SOL 8 18.2+4.2 4.7+1.2 13.5£3.5 17.5+4.7 4.7£0.7 12.7£4.0

Values are means+SD in g mol/min/g ; n, number of samples ; VS, superficial portion of vastus
lateralis muscle ; SOL, soleus muscle.
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Fig. 3.  Sarcoplasmic reticulum (SR) Ca?T-ATPase activity in absence (—) and presence
(+) of dithiothreitol from the superficial portions of the vastus lateralis muscles (a)
and the soleus muscles (b).
Values are means=SD. *P<0.05, compared with control. #P<0.05, compared with
the activity in absence of dithiothreitol.
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TR DR IIHETICEE TH - 72 (Fig. 3a).
—%, eI AHTIIMERICEZREIRBDO LN D
7z,

DTT %% SR Ca®t -ATPase &M RIZTTHE %
KET 572012, £42DENIZBWT DTT 2k
U258 LRI 7o 7235 A OIEME % ik
L7z, eI X0 CHEELEERB L UYMIILEGEE
HOCETIE, DTT OREEIRD LN o7z,
UK LT, SMUEHEBEROERE TIE, M
L7z BB EICE WEI R SN (Fig. 3a).
COERED DTT 2L 7-k0fE &L CHE D DTT
WML ho 2o EE ORMIZIE, AEZEN
AN o7z, ZOMERIL, EBICXVET
L 72 SR Ca®" -ATPase IGM:25, BTHKITH %
DIT W&o TIRIZEE L 722 L 2RTHDTH
5.

V. % -3

IS O ZEA B CIE, BB LAHEENET
HPEETICRE, BRAMMR SIS, e
DG X —=5 —%PETHHENE L HVLRT
W5, ENLOHT, FIFMEEL SR ORREDOE
LIz CHE L7 Ward et al.® 0 #4513 BBk
Ev, ESIE, T VOBEEIZ0.58C 1,
2z 1 EIBL 5821 | (1 [\ 100 msee, 100
Hz) O 3TEBEOHEE ORI A H A E5 2, RO
BEToEAVREBE CHE, WEHEEICEDY
%<, IZIZFERRDOEE T SR DBEEDOA LD Z
BIERBOTVAE, TDLI BERTIIELHS
BREICHIETE B L) FIEAH 5 KiHE, ABRE
WTABRICD L BNZRED, COREAKN
TERIBZEZZ L TWADHIIDW T35
PRBLEGHH A, LA Lad s, HiGEHRED
SR DFEDZEALICOWTIE, EFRMICESL —
BEBUEOEE T2 P AL E NN, F T
V=TIV ERWIE,rL DHERINTE
D, Gollnick et al.?” I3 BHE - S HES) I B
VT, Booth et al 2V B X O Tupling et al 3
BREE - BERRLERNCB VT, Ca®T B AsEE
H5H\iE SR Ca?t ~-ATPase EBMET L7722 &
RHELTWE, AFETHELAIERIZIAS

DRATHIFE L —FTH L L HIT, HEFITH LT
B - HEEOZLVERE L ERNE 2 TET5
MRS 2 XHETHLDTH .

SR Ca®" -ATPase 1&, 26fHD ¥ A7 4 v FHk
REATBY, Thoil&EETNLA VTRV
EOBAL - EITIREEAD SR Ca®F -ATPase ¥ > /%
7 OFEERICRE B2 RITT I LB 5
NTWB2 KRR CEL N R BERA
R, YANV7 4 FEEORETHITHS DTT I
o T, EEIZ Lo T A L 72 SR Ca®™
-ATPase {&H2S, BELA-Z L TH D (Fig 3a),
T DORERD HEBIC L B SR Ca® -ATPaseiF I
DIETIE, F& LTSR 2K T 5 free SH A
BLE N2 0ICE L EATRBE NS,

fluorescein isothiocyanate i, 757> X7 L
FF FREEENLICHET A ¥ Y REICHERNIC
BAETAIRECTH S, Luckinetal® BV
Leberer et al 2?1k, BB B8 %17 72 B
DEFEHIZBWT, SRIZANT S fluorescein
isothiocyanate DFEEEIMET L7722 & 2589,
SR Ca®" -ATPase EHEAET 3 % Dt Ca®t
YT E N D ATP KEEEAL BRI % T 5 72
HTHA) LRERL TS, FIZHERLIH (2,
SR DDA EERE LMD TIHREETO
Y4 TOBHTRIDDOTHIUEL, ZOHED
ZYDOFLSIEBL WAL LITTHICEZOR
%. KBFFECTH 7 EBIEEE Luckin et 2120 B
L O Leberer et al?? X 13R% 53D TH - 7208,
INLDZ ENL, FEFRBICELH L VEHEE)
I2& o T, SR D ATP AT OME ICRET
% free SH BOERILINA Z LSRRI NS,

MR IZ BRI 3 5 B A e L, =
N O IIEERWBI R & IEBRERMBIER IS S
5. FBEFENHHROR THLB ST R L
TWBDPEGTTFF - NTHLETR N T F
7 ¥ (reduced glutathione : GSH) T& 0, RN
PBRILHGEHFICREIND &, ATHLIBRILE
NHZ ik, MROBILZBE#ET S 2 & 25%
LRTWA, BHICEENS GSH OEEIL, 44
InhEBE L LR T AFIIBNTH 6 EE
¢ KBFREICBVTE F A D SR Calt -
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ATPase [EHEAEENZ L o TELL e d o 2D
(Fig. 3b), BEICHIET H GSH 2% Ca®t Ko 7
YN BN OREL -2 LD, FORKED
12oThsrEEDbLNS.

Khawli & Reid?® i, #FIA O GSH % B <
5 IXHIERT AEYTH S N-Acetyleysteine
(NAQ) 2 & LEHTR<T, HHELALT Yy FOKE
ErIEsE s L, FERHEFETILE2HREL
TW5, N TRRLIC & 0 BREEAMRIR T % 55
B SR 221 Tl 2w A2, Khawli & Reid?® ¢
B L 72 NAC IS X AEHTHEICED X 7 =X 4
D1o& LT, GSH O¥EMIZ & Y EEMH SR 2°
BefbA & R# X N, SR Ca?"-ATPase G DIK
TAEBIEET A 2 EDS, KEOHEILEZ LN
5. NAC BEEROBG THEHAIN TV AEY T
By, InE MIFLTUAFTAIEICED,
EEEIOMERA I LT LUREERD
5.

V. % &

REFFED BB, —BMEoEE)IC X 5 /N
(SR) Ca?t #KFEIE ATPase (Ca®" -ATPase) IHE D
T2, C2T Ry 7y vz pSEfbsniz720
I AHETHRALRIET HZ L ThHo 7.
Wistar RET v &2 ba— )L (C) B L EH
(B) B2 44F, EBEICIE 100% VO max 2 AH 4 9
HEECEFRBICEL I T VoV I i iTbhYE
7z, BB TEBICHEH LML RERE &
eI A/ 0MIcEH, UToRREE2E.
1. EBOESEMBICES T TOETEBIZ, F
BI80L 73 TH o 7. T 72, HOKGFEEFRIL,
I AGB L UCHMIEHEBEHOW A IZB\»
T, CHLEBLOMIZERIZDOON R o
7-.
2. 7Y a—r R, MHICBWTCHE
RELEBCTHEELEMEIALN, CERICXHT
5 EROMER, FHMUILFHEBE T46.5%, & 7
A T55.2% T - 7z.
3. WFLERIREE X, AMALFHEREIICB VW TDA
MEEICERFAON, ERTCELY62.8%
BV ESBIE S 7.

4. SR Ca®t-ATPase &I, YAV T4 FiE
EOBRTHTHHLIYF 4 LA b=V (DTT)
RSB MICIZ 72 HA LM 2 wE 0 2
HOKFETHEL?Z., eI AHBTIEELLDH
ETHELTH, CEHLEE:OMICERIIR
SN oz

5. AVEIA A RBEETIX, DTT 2L 2w

BIEXEBHTCHLIERL.09DEMEIHEDO SN

7z, W—BEANTDTT 2MLSE&E Liew

BearlkETsL, CHETREVEIALNZ R

o723, EBECIRIENL 256 106 Bk B

BREIN, COE#HOHEIX, 2@EOFET

HEENCEHEDDDLEEELERIG o

7z.

UEoZ e, EHREICESL —BEOEE
FEEE)IC X B SR Ca?t -ATPase EHOIET I,
FLLTCET Ry Ty I DANTE FY )
EDVBRILENA7-DITHI A Z L ITRIBRI LTz,
HMRANOTHBRILENZEDHZ LI12L - T, SR
Ca?" -ATPase DK T 2 BET X 5 2 L 1%
b5,

TR D — 801, TR FE ~ PRl 24 ERH2RF
e BB 4 (#11680032) I X o TITh 72 b DTH
5.
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