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Effects of Vanadate on Activity of Ca'* Activated ATPase and
Ca** Uptake of Sarcoplasmic Reticulum in Rat Skeletal Muscle

Soon Jae Joo, Kyung Hee Han, Joong Woo Leem and Doo Hee Kang

Depariment of Physiology, College of Medicine, Yonsei Univeristy, Seoul, Korea

Since it has been reported that vanadate inhibits Ca**-ATPase activity without affecting Ca**

uptake, this study was undertaken to investigate the effects of vanadate on Ca**-ATPase activity and

Ca** uptake in the sarcoplasmic reticulum of rat skeletal muscle.

The following results were obtained.

1) Ca** activated ATPase activity of the intact sarcoplasmic reticulum was significantly inhibited

when vanadate was added to the incubation medium at concentration greater than 10~¢ M. However

Mg**-ATPase activity of the intact SR was not affected by vanadate at concentrations ranging from

1077 to 107* M.

Similarly, Ca**-ATPase activity in sonicated sarcoplasmic reticulum was significantly reduced by

vanadate at a concentration 10-7 M or higher.

2) The uptake of Ca** by isolated sarcoplasmic reticulum was also inhibited by vanadate under the

conditions where the turnover rate of Ca**-ATPase was made to increase.

These results suggest that the inhibition of Ca** uptake by vanadate may be correlated with that

of Ca**-ATPase if experimental conditions are properly set.
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AA 22 de] L x5 gl vanadates 23
ol 9] oke], Aef, At FHAA HAl Aol
= o] gftk(Nechay, 1984), & vanadium®] +5 *Pil-ﬂ
9l vanadater’} @ =& BE7] 2408 Y &
gt adenosine triphosphate(ATP) Wl &)= o] g)of
Na*-K* activated adenosine triphosphatase
(Na*-K*-ATPase)2& A& 2Hgo] 9l-8(Charney
., 1975: Beauge ¥ Glynn, 1977: Cantley %, 1977 :

2 Q7 1983, 1984 WE H% AFvle ARuEz
SECE N

;‘ 23 A

Hudgins ¥ Bond, 1977: Cantley %, 1978a: Cantley
% Aisen, 1979)°] # 5 o] F o] o] Ale], k]t 7
gl 2tz A 58 g 7] $lsled B A7t Ald s
o] gt

Cantley 5 (1978b) & 45 A 42 A F245 o4
g A ¥l A cardiac glycosides} Al £9te] v}z %o 4
g3teza Nat pumps dAA7ZIe Ads =Zd,
vanadateS Al #q JdHo) Ao =4 Nat-K*-
ATPase 84 £ & oA X]7]9 o] & phosphate®} 7323
° 2 4} vanadate’} phosphate’t feld %
phosphorylation siteell 2§32y LA EE o
A7l Rolzt st ch(Lopez 5, 1976).

ZFA 24 sarcoplasmic reticulum(SR) el A 5%
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—o A 2] & 3] %)
al Ca** o] & 993t Ca* activated adenosine
triphosphatase (Ca**-ATPase)+ vanadate 2} gk
7IH o] Na*-K*-ATPases} v $ #2418kl SRS Catt
ATPase &4 = 3 vanadateol] 9js}o] oA Fo] ¥
Ik (O'Neal 5, 1979: Wang 5, 1979). ©h=k SR
9] Ca**-ATPase®| vanadateo] W& 3 Hol YT
w9 Ca**-ATPasext Na'-K*-ATPase,
ATPase 8.t} wela 8¢} (Wang 5, 1979: Hagen-
. 1980: Pick, 1982), =3 5 to2¥E ¥
2] g+ endoplasmic reticulum (ER)9) Ca**-ATPase
vanadateol] 9 3tA L SR} Ao} A E
o] 3 Ad Ca**-ATPasex vanadateo| o8 = &
AE7E A4 A ety B8 9o (Famulski %
Carafoli, 1982: Iwasa 5, 1982). o] 2}zt°] vanadate
7b g A EZ94E Y39, SR, ER 54 &A) s
Ca'"-ATPase ¥4 =& A A7t Ra7) gle ¥
H, AlZJ vanadate 3x¢ 1007M A9 $2 »
Lo &= SRe] Ca'*-ATPase $4 Lo = 3
£ 74 dede X 1x ol (Josephson % Cantley,
1977). &% vanadateol 2l3te] Ca** ATPase? &4
E7 A g Cattel o] Fo] dAEofeof & el
FA 29 SRol A= Ca't-ATPased] 457 4 5
= e 783 Cat ol ol W%l ddtte A
o] Ru=dch (Pick, 1982). wald 2 Ao A&
vanadateol] 2]& Ca**-ATPases} Catt o] 52 W3 &
TH 32 stk F #2 2434 SRS 25ty
vanadate ¥ % @& SRY Ca**-ATPase &4 =29
AA HA oI5 ST ob&y SRS 7
—rEA Ca'* o]l 5 & &R Al7]l& 27 3}el A vanadate
o] Ca' o] Fol w] Ae A Fsiddh
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1. Sarcoplasmic Reticulum &2

A9 24T 2 F¥ Peter ¥ Worsfold(1969) 2]
e 2 SRE Felstide, & AFE vhHgle] ¥ 4
e}slo] 3 A7) T “—r’—?%(m. plantaris), ®]¥-Z(m.
gastrocnemius) 59 fast muscle& HAse] 2 g
3 10mlel ¥71% 0.32 M sucrose®d 7}sla 7hgi 2 3
A o] waring blender2 2%-7} homogenize & % %
A gauze of:}stert, oJs}e] & Sorvall centrifuge

$AI209 Al 2 & 1986—

(Sorvall RC 2-B, rotar SS-34)2 4°Cell 4 12,000 X g=

2087 YAHAAA mitochondria & A Astx
4% 94&  ultracentrifuge(Sorvall, OTDB 75)&

105,000Xg= 1417t $¢+ 94395t SRE A9},
o] 43t ol ¥elg AA e A FEL Gornal T
(1949091 biuret ¥l 4 & o] &-5hed 4 aboic,

2. Ca*-ATPase 84 59| £X

729 SRelA Cat*-ATPase 4= =32 100
mM KCl, 0.5mM MgCl,, 5mM NaN,, 10~*M
CaCl, ¥ 25mM histidine buffer(pH 7.0) 2 43
incubation & f o ©r A w5} (015 mg/ml= A
SRE ¥ 37°Cell Al 787t preincubation &% ¢ 7]
o] 2mM vanadate-free ATP (Sigma A} 4 £)2 7} 3}
o] 20%7t incubationstgith. 20%F WA 20%
trichloroacetic acid® 7}std uheo
centrifuge (Sorvall RC 2-B, rotor SM24)2 10,000
rpmell A 5£7F AA A AA A bl AL A A s AFE
Aol 2% inorganic phosphate®] %2 Fiske %
Subbarow (1925)¢] #bH 2.2 =223} 4 ), ATPase &
A=+ pmole Pi/mg protein/hr2 }elWl 51 incub-
ation Ao 5mM EGTAE 713 ¢ w2 ATPase

A2 (Mgt-ATPase #4E)E total ATPase
(Ca**-Mg™-ATPase) ¥4 =4 wZE g Cat-
ATPase 84 =2 399}, ol incubation & <t o]
vanadate ¥=7} 1077, 107°, 10~° 28] 10~* M =l #|
7vste] Ca**-ATPase @A Z ol v]z) & od 82 #Aars)
Ak, Sonifier cell disruptor® sonifysle] s3] 4] 71
SRl A % Ca**-ATPase 4 =& %4 3} intact SR
s\ mak o,

A A7 3

3. Ca**-uptake rate &H

22 SRel| 4 2] Cat*-uptake rate %42 Fiehn ¥
Peter (1971) o] wbd] 2 2 millipore filter (pore size 0.
45 ym)E o143t 48t} 99 incubation 49
(=, CaClzl“.: 107° M) o} “*Ca Cl, & 0.45 pCi/ml= Al

Hzbg 3 A Fxrt 0.015mg/mlE Al SRE 4
3L 37°Cel} A 737} preincubation A1 21 3 10 mM ATP
E HUslm AR Ao E RE 1 o4, 5 9 108

vir}h 2 @A g-e 380 A millipore filier& £38}e] of
saledch, o odxbef 7} incubation €W ] 5Ca u}
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—& 2 #f 3l : Vanadate7} &4 sarcoplasmic reticulum®! Ca**-ATPase ¥ Ca**uptakee] #]A & 4¥%—

Liquid Scintillation Spectrometer (Model
Tri Carb 300)& &7 514 1 **Ca-uptake th& 2 o]
o) Aakatgd ok

$Ca-uptake % =

Incubation €94 [Ca®]—oistd 2] [Ca*)
Incubation &) [Ca*]

X100

1. Vanadate?} SR2| Ca**-ATPase 84T of
ojxl= A&

Vanadateo] F2 9 Al £2to] £AE =] 82 SRel|
A total ATPase, Mg**-ATPase % Ca**-ATPase &
Axe vlA = A%¥E Fig 1o =48k}, o 19
o ] & ¥l9} o] vanadated Al E. o] £4bs X
238 SRell 4] Mg'*-ATPase 4 ol ¥ 33 n)
A %gE o ¢ slddd. 22y total ATPase #
A=< vanadates AH7IsA @E dR2TdME
133.57+3.39 umole Pi/mg protein/hr 21 8] n] 3}«
vanadated 1077, 107¢, 10-° % 10~*M = A 7t
Tl A= 2zt 130.63+2.29, 113.39+1.99, 84.10+
1.68 2 51.80+2.98 #mole Pi/mg protein/hr& 4 o
3o wjste] Zh7k 2.2, 15.1, 37.0 ¥ 61.2%9] 7+
284S B 107°M ol oA oejsle dAgAds
2 AdAd=H(p<0.005), whetA Catt-ATPase #4 =
= WEIFANME 112.42+4.15 gmole Pi/mg pro-
tein/hr 19| vanadate® 27+ 107, 107, 107° 2 10~*
M A A7igl-&d 2 3L 106.80+£2.66, 94.11+
2.10, 60.51+2.5 2 27.82+3.54 umole Pi/mg
protein/hr 24 W 2F 3tol) u]dtod 7+7} 5.0, 16.3,
46.2 2 75.3%9 2L B 1075 M o)Al A
vanadate F X ¥l & 3l Ca** ATPase 4 7} 9
A A= AT (p<0.01).

Sonicated SRol| A = A Z2to] A s 2] 9k SR
79t W ¥y, vanadate #H7}A]
Mg'™-ATPase®] &4z ¥ W3zl oy
Ca**-ATPase &4 =+ vanadate 1077 M & 7} A %
B oolglA dAAe 4 4 Ak (p<0.02),

OF A} O
F g

o—o (Ca* Mg™)ATPase
O—0 Ca* ATPase

140 A——aA  Mg" ATPase

i
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n
(o]
~T

control 107 106 105 1074
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Fig. 1. Effects of vanadate on the activities of (Ca**+
Mg**) ATPase, Ca**-ATPase and Mg**
ATPase of intact SR.
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Fig. 2. Effects of vanadate on the rate of **Ca-uptake
by SR incubated in conventional medium.

2. Vanadates} SR2| Ca'*-uptakeol| o|x|=
A&
F4+ SR A *5Ca-uptake:= 71 Z(1977) ¢ e
= incubation medium €4 2] =44 40mM KCl, 5

mM MgCl,, 5mM Na-oxalate, 20mM histidine
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Fig. 3. Effects ot vanadate on the rate of **Ca-uptake
by SR incubated in medium with low Mg** and
high ATP.

buffer(pH 7.0) £ 2mM ATPE& A 7}3}e
Ca**-uptake® %#A3l9& dit vanadate®] Ca*-
uptake 94 EHE B 5 A9 (Fig 2). 23

mediume] &4 & (1979 8 =A% FAHg
100 mM KCl, 5 mM Na-oxalate, 5mM NaN,, 10~°
M CaCl, ¥ 20 mM histidine buffer (pH 7.0) & 4]
MgClL, % ATP 3% % 7—.‘7}X0.5mM, 10 mMs A 3
71gt 3 Ca-uptake® =A3¥ Z 7 vanadateo] SR
9] Ca** uptake® 99 9lA A7l A& el
weh(p<0.001),

Fig. 32 vanadatee] Ca** uptakeE A A7 = A
HAQ A FAE vehd AR or)d A B
ule} o] vanadate® incubation 7] ¥ o}z
5%0] %2 By e A9 Ca uptakex 79 2
HE2 A A,

Wang 5

rlr

I &

2R FFg ATPH EA st
vanadate?} Na*-K*-ATPase oA Al ¢ o] 98] 7l o] F,
vanadate”} phosphotransferaser} phosphohydrolase
AT E dAAZH 53] odsbA A A T A
Na*-K*-ATPase ¥ Ca**-ATPase #4345 A 47
e A7 A#Ee] Bu® ul vt (Beauge @
Glynn, 1977: Cantley %%, 1977: Hudgins ¥ Bond,
1977: O’'Neal 5, 1979: Wang %, 1979).

Fig. 4= Carvalho 5(1976)°] A A] &

BEFEEA

Ca++_

TA209 A2 3 1986—

ATPase’} Ca**& o] 417l & A& wbg 3 2E o}
el o2, Ca'™ uptaked] A AZ 9Ho 4
Ca**3} #stee] & E, Aele] Al Cattel A
sl AEYR o] 5% F HgHo] & E, AR
conformational change& 427 Cat*o] Woix 1} &
A & F A EelA B2 Mg o] ulgg A
Aozl Catg AZWE o FAx,

oA 742 <A vanadater} H e P SR
Cat*-ATPase 8H =& A 7 714d¢ 4nd
53 Ao, FAZH AAT9 SR Cat*-ATPases)
73 % vanadate’t A EZUYH R Fo7t 4 AHH
E.,-Mg"™-V B3 A& JAFLEZH E, o4 E, 229
A3 =24 & Ca**-ATPase @A EE A A 7!
o7 skl ch(Pick, 1982). ol Cat'& E, MgV =

FA AL el g 2 ol Eelli E 22 HI
4 ZAA) 713 E, A& b 314 7] &= whd vanadate
= E, A5 233 A Cartell 98 W= 72
A ‘i"‘ii} AAA Lt s, HYFLe

Ca**-ATPase 7%= vanadateZ} ATP-dependent
& Ca™ §&S& AAATI = 2 24 Fe GA A E
gtz o g A xu Mgzl Ktell 23] vanadateo] 2
& Cat* &9 oA A7t ot AF 9 Cattel
e M #F AAELIAN ZL=Hckn REdc
(Rossi, 1981).

Na*-K*-ATPase, A 3d-F22] Ca**-ATPase, myo-
sin ATPase= 107% M ©] 3} 9] vanadate 5 =A% &
AFAE7 dAEHs Aoz ®aF o (Cantley
%, 1978b, Goodno, 1979: Bond % Hudgins, 1980)
o] 2l &2l SR9 Ca**-ATPaset vanadated] o g
744 o) Yol Cat*-ATPase 8AEE 50% A X A
217171 88l A 2 P32 Catt-ATPasedl| A Erh 2 of
X 108 o ¥ Fx<¢ 10° M vanadatert €23} ¢}
i s o (Wang %, 1979 : Hagenmeyer 5, 1980:
Pick, 1982). &% /H 9 Al A sarcolemma
Ca**-ATPase= Na*-K*-ATPase ttg vanadatel
o wl sl =2 SR Ca**-ATPase 9}
Ca**-ATPased 743ttt vanadater} o] 457 %
o} (Caroni ¥ Carafoli, 1981),

B AN FAT SR Ca**-ATPase &4 = u]
A& vanadate®] £ AHE A A Evte] &4
A ¢ SR A ¥ 10 "M vanadated] A = 2T

sarcolemma
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—F<%A 9 39 : Vanadates} 72 sarcoplasmic reticulum®] Ca**-ATPase ¥ Ca**uptaked] ») A& 48—

9 Fodg Aozt ot 10°M eojake
vanadate® Ca**-ATPase &4 =& 29 glA A4
Ao (Fig. 1) o}& O'Neal 5(1979)8 AF=} §4)
slct, Sonicate A1%] SRl A+ 1077 Mell A ¥ {9
g oA dAE B 5 dda, 593 vanadate ¥ %
ol #) g} & sonication A # & Ca**-ATPase #4 % 2
A w7}t v vk, ol AEeE Fls=EE SR
sty o} &% F 4] (active center) A 7F vanadateol]
o @o] x&F ] wEoletn A7Hct,

FAZ9 A$ Ca* A A4l SRe] A o] g)
3 SR =& sl Ay o BRo)
Ca**-ATPase°] = 2 vanadateol| 9] 3 < Ca™-
ATPase 84 =71 A 222 SR 4 23 U+
29 Cattol%d d A3ld Aoz Aztseo] £ A
oA Ca™ uptaked &A% th,

7 £(1977) <] ¥l atzl incubation mediumel
24< 40mM KCl, 5mM MgCl,, 5mM Na-oxa-
late, 20 mM histidine buffer (pH 7.0)ll 2 mM ATP
& Ariste] Cat ol T RE AT A3 7S e ¢
] vanadateol &l& frolAal AAEALE £ 5 UK
} (Fig. 2). ¢l218 ZA 3= vanadater} Cat*-ATPase
gH4e2 dAAA Cat Fd & F2AAY izt
w3 Cat* &L S AN Carr 3 F
Z 9] ate], & net fluxd! Ca™ uptake= vanadateell
o8 ofakuta] ¥ ACER o] F Yolr7] sl
SR#] Ca** washout curveel] 9] 2] & vanadate®] &3}
2 Horea} oojgle Aol F LA Eahudh webA
2 A9 £ A6 4= vanadates SR 2 2] Ca** ol

ds 74 dE A 479,

o] F 2

De Meis % Vianna(1979) & ATP-dependent
2Cqe2* ATP
Ca
E E
oy Gt (2)
A
M19-5+ (8)
(7) {6)

By Beri= s

Pi

Ca**-ATPased] 2/} Cat*& o] 5 A7l &) ut
€ 32 (Fig. )X A4 E, defio} A E, e 22
A gto] o] vkg 3] 29 rate limiting steplZH 1%
o] ATPst Mgtrol ol&2iqt Ad-E A7z 3
o, 2822 B §8A 22 Cat*s SRUE o] %
A17)17] $18te] ATP7} o] &5 ofe} al=d], ATP 5=
7t 2& A5+ E,—PidlA #3% inorganic
phosphate¢] ADP$} phosphorylation®l o] ATPZ §
date] oUx) FFLoz o) 48 NHEAHE AU, #
Ao et e ARA DN E,—Pid A §25
+ inorganic phosphate® &% 3}o] Ca**-ATPase ¥
AEE A4dstgeng B Addda AL&3 2mM
ATPS sl A E, —Piell ] 243} 34 & Z3p40
2 AqAAANA Xk Pie] A ol &3 E
phosphorylation @l & &, Pie] A Al go] A sl
2 U279 Ca*-ATPase #H = AA N 45 E 7
2 2 el ¥ vanadated Ca*t uptakeel] of %
A GFqE vAA Y Aoz vebd £ gl o
A B Ao A= Ca-ATPased turnover rate
ZAAN e 2AEE oS o] zolugit =
Rubin ¥ Katz(1967) = &4 SRellA d7} ool 2
Ee¢] Ca* uptakes} ATP7l+¥al& 34120
slel 2} Shigekawa % Pearl(1976) & 7} ool 2
o] K*>Na*>NH,*>Rb*>Cs* =22 Ca**-AT-
Pase &4 = 9} Ca** uptaked Z71AZAcba Aashsd
o}, =3 Duggan(1977)& &4 SRe| Ca** uptake
o Q%L WA= 8l B AT A medium
free Ca** %7} 100 gM, Kol 100mM 23w} Ca*
uptake7t HHALE sl

gzl B AL o]z RuEL EUS
ADP
&. E,-NTP<—{,T>?:2: Ef
(4)
Ez‘P<7(5L>€33 EsP
HOH 2Ca2*

Fig. 4. Reaction steps involved in the process of substrate hydrolysis and Ca** transport.
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— i A) 2 k) A

Ca'*-ATPase®| turnover rateg 2|33 E,—Pisl
A 2] ADP# <l 4b3tE 9b7] §1sted Mgt 2 ATP &
%% £3 &= % incubation £ & A& WA AL,
me}a A& A9 incubation medium® =4 100
mM KCl, 0.5 mM (%X 10 mM) MgClL (% =),
5mM NaN,, 10-° M CaCl,, 5 mM Na-oxalate % 25
mM histidine buffer (pH 7.0) %9 Ca**Cl, & 0.45
£Ci/migA ¥ 10mM ATPE #H-& F Cat
uptakeE =A% 7ZA3¥ vanadated] 2o Ca*t
uptakezb 999l Al #a¥E o 5 A (Fig. 3).
Vanadates] 9 & Ca* uptakeg] oAl Mgt 9
AT dse W=, Mgte E,-Mg™-V 234 3
e stz EdAd E oz Ao Hadiqg
dephosphorylation® £o)3t4 slFch, 2D
Mg ¥=% ATP5=% %A 10mMZ %3, 2
i} dukbd o 2 medium W Kt 2 Mg =7l 2
stef Catte] FHof o] & o] W33l (Duncan, 1983,
Riviero % Vienna(1978) = 0 mM K*, 0.2 mM Mg**
o & Ca* o5& dkm B AEd A4 F
%9l 100 mM K*ol 4+ 0.1 =+ 3mM Mgttol A 3
] &< Haoa d9gd adnz F o4
Mg’* FEE0.5mME 3o 2 AFEE HEId
" BE Mg*s ATPSEE 5% 10mM2 ¥4
incubation &9} 2 2 Ca*t uptake® A& wje}
o A#AE gl & vanadatee] 2 & Ca** uptake
o] AAEANE FFE 5 JUch
#H Ca'*-ATPase 4% 2 3sle} o] mE Ca*
uptake®] ZFAa7rel) A#{ DA} &= E B7) §] 3
Zolg incubation &4 Ca'*-ATPase &4 = ¢}
Ca** uptakeZ E4lo HAINA= v A= 428
DAL B 5 dAAR o2t FAG P4 B 5 3l
o)} (Fig. 5). o] ¢}3-2 Z 3= Martonosi ¥ Feretos
(1964) 9 9lslel Ea=Eldet, & o523 A9 4L
SRell 4 vanadate® #7t3bA &2 7§ Ca**-AT-
Pase %4 =2} Ca** uptakezte] A22A & 5
=¥} Ca**-ATPase ¥4 =9 Ca™ o] 57k
# 7} incubation %Qﬂ‘ﬂ"ﬂ 748l & Ca't s
wrethy B s, & Cat FEsb vEA
1074 WA 4x107* M L7 o] B0 AdAA7
oo Aty st & AP A4 FEd
M2l Zfej A& FA %74]7“ 2.2 ggle 43

03035403“,
rLg*hko&szL'
2 T oo o Aoy

DA209 Al 25 1986—

140 .
O: incubation time 5 min.
®: incubation time 10 min. . °
120
0o i
—_ °
°
£ % °
880— o © o & o0
@ 60[- . ° * )
5 L °
a ®
-1
1 40- o °
o ¢}
20
0 1 | 1 ) ] [

20 40 60 80 100 120 140
Ca'*ATPase (% control)

Fig. 5. Correlation between Ca**-ATPase and Ca"!
uptake in SR isolated from rat skeletal muscle.

7} 9ok stdeh, e ¥ A ¥l A vanadateel ¢
3 Ca**-ATPase ¢ Ca** transporte] A& 37t
Aol grigts o AR E ThE AR AN
T §oAe] ¢le Aolztm A& E 5

Z 1=

27 & SRell A vanadated] 23l Ca**-ATPase #
Qe oA 5 & 4kt Ca* transportel & %4 ¢&
Z7 ethe BRust glenz ofE A wFHs]
$)5te] 79 A SRel A9} Ca**-ATPase &4 =2
Ca** uptakeol] »] %] = vanadate®] o3& F7 3o o}
&3 e Ang A

1) Azwto] £4Ex & SRY Ca™-ATPase ¥
qel gz2Fe el 112.42+4.15 pmole Pi/mg
protein/hr 1 ® w8te] 10" M vanadate ¥ 7HE &
106.80+2.66 umole Pi/mg protein/hr24 *H o]
b gy 10°M o] 49 vanadate® SR
Ca**-ATPase #4 =& A AAARAG(p<
0.01).

a2y} sonicationdted Al £9bg 34171 SRe 7
© vanadate 3% 107 Mol 38 Ca**-ATPase &
st oA A=A (p<0.02),

2) SRell A Ca* uptake =% Ca**-ATPase?|
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—Z52 ¢ 34l : Vanadate 7} -ZF AT sarcoplasmic reticulum® Ca**-ATPase ¥ Ca**uptaked] #]#] & of 3k —

turnover rate® &3A)7]€ 78}l A vanadateo]
oste] 9ol A AR = AT (p<0.001),

oA APAAE Falo] AP2AE WA IE
Fe TAZA £ SRelA vanadateo] 23
Ca™-ATPase ¥4 %= A4 9 Ca** o} F& A3 Alo]o]
E AE ABAe] A& Aoz AZ4E,
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