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Effects of Electrical Stimulation on the Biochemical Properties of Plaice,
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This study was undertaken to clarify the effects of electrical stimulation on the biochemical properties of plaice
sarcoplasmic reticulum and myofibrils at early period of death. The plaices were electrically stimulated (110V/60
Hz) in sea water bath for 15, 35, and 60 seconds, and killed instantly by spiking at the head. Killed samples were

HSR

investigated for the changes in Ca’**-ATPase activity of FSR (fragmented sarcoplasmic reticulum), LSR (light SR),
&eavy SR), and SDS-PAGE pattern of FSR. Ca**-ATPase activity of FSR increased until 45C and

inactivated over 50C. Ca’*-ATPase activity of FSR remarkably decreased according to the duration of electrical
stimulation. Myofibrillar Mg**-ATPase activity of electrically stimulated plaices in the presence of Ca** was higher
than that of sample instantly killed by spiking. Mg'"-ATPase activity of myofibrils increased by electrical
stimulation and the activity decreased during storage at 5C. Myofibrillar Mg**-ATPase activity in sample killed
by spiking was not affected by Ca’* ion. Myofibrillar Mg’*-ATPase activity of electricallly stimulated sample in
the absence of Ca** decreased during storage at 5C, while Mg*-ATPase activity in unstimulated sample did not
show any change. Ca’"-sensitivity of myofibrils showed no differences between electrically stimulated sample and
sample killed by spiking, and the was no change during at 5C.
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Endo, 1968). &%°] o] ¢
ATPase)© MEUW9 Ca* &
Ca®* 9 TTE 0.1 uM ©I3t2 {FAAI ot F
EAdle ZAXATY 2A%L Ye Ca¥t FEAY
& 53l Ca¥ 2 AEZZE B33lY Ca*FEE |~
10 MZ At SA2FEA e AT Z A9 AP 9]
o] F23% 9%E 5 (Greaser et al., 1967, 1969; Da-
vey and Gilbert, 1974), A L= we} ALFZ 9
Ao BAG Aol & ehel, ool AZF Fo] 10
Col AFF A Bk AFAR 9 Ao} sp&BHE R
& o] A ZAXEAY Cat 8T ¥ HE
olgti 4tk (Watabe et al., 1989). =3 Ushio et al.
(191)& ot Z& ALdqMe Z42IAEZ R

545

Ca** o] F23A WEH7 W&o FFo] F2HA ¢
oty gt 2AEAWY Ca¥rol MEYE B2
He £55 AR LE (Cho and Kim, 1993) %9t o}
Y&t 2 Ab3E (Johnstone and Moon, 1980; Kim et
al,, 1993)e oM xE F&S W=l Lee et al. (1995)
2 K AZAFT HAE FozN K9 FIAZEL
Z43% ofFof v)3te FUHH, o] A& ZHY actom-
yosin toughness?t 5715 7] #&olgtx A} Acto-
myosin toughnessd & 289 F£Fo] ZsA ¥
Au7] fgoly, o] A7|AF dstd ZTAXEH 9
Ca™ #4%0] Watate] 29449 filament®} 44
H4&%S vlA actomyosin complex’t Z3HA dojg g
ofm s g,

L

2 d7dMe Adsle $2ANY 88 d79 ¢
#goz oo A/AT AYE dHed 25%9 F
ddde TRIA AVAFAY S2EA G 2

A9 Ased EAd mAe dEo Bt dne
steh.



546 AR - HRE - 45T - 294
M2 o e Ao 22L 0~4Co AN PRt & 509
o] §& #3l9 0.1M KCl, 5mM MgCh, 1 mM ATP, 1
1. A8xz mM EDTAE #4#3l<= 001 M imidazole-HCl buffer

(pH 72)% 1000F #7182 homogenized ¥ A4 &
2] (L000Xg, 10 min) 3tk A5 AE Adtd 4739 A-
T e sl F A1 H2E A3 HEA 2] FFHAR 0L, dAEE (8000Xg, 20 min) 3L 4
Tl 2 (759 348 2 € A7RFA }(aﬂ 29¢ st T 30,000XgN A 45min YA
of Al & ¥ 110V AYAA 15%, 35%, 6023t B4)  of AAYE L FHstd 2FY 06M KCIE Fishe
gt g AL st 2HE YZ1 AZFHE 001 M imidazole-HCl buffer (pH 72)& H7lste de
A ARE AHES T 3l 0Tl A 30 minZt WA 3H °J*‘%f’—al (30,000% g, 45
min) & ¥ 3594 & AAGAG AAES st 0.4 M

2. AEHl KC1E #43% 001 M imidazole-HCl buffer (pH 7.2)
7h, 2AZA Y A £ A7s] Hriste] gAste dHstE 24 XA (FSR)
Z4&EAE Fig 1 & #o] Watabe et al. (1991) 2 & ZAFH} o] A& discontinuous sucrose gradientE
Hwang (191)9] W& #Wysle] zAsgen, B P59 100000XgolA 12412 SAEEF ¥ 4 &

g2 (Plaice, Paralichthys olivaceus)© F544F (
A NFT 2 A Foj ez A9AR Suraty
=

O{NI’“G-FI

—_

Minced muscle 50 g

Homogenize with 10 volume of 10mM imidazole-HCI (pH 7.2)
containing 0.IM KCl, 5mM MgCl,, I mM ATP and 1 mM EDTA
Centrifuge at 1,000Xg for 10 min

]

Ppt Sup
Filtrate through 4 layers of gauze
Centrifuge at 8,000Xg for 20 min

Ppt Sup

Centrifuge at 30,000Xg for 45 min

Sup Ppt
Suspend with 10 mM imidazole-HCI (pH 7.2) containing 0.6M KCl
Stand for 30 min at 0C

’—— Centrifuge at 30.000Xg for 45 min

Sup Ppt
’ Suspend with 10 mM imidazole-HCl (pH 7.2) containing 0.1 M KCl

Fragmented Sarcoplasmin reticulum

Layer onto discontinuous sucrose gradient at 27%. and 45%
Centrifuge at 100,000Xg at 12 hr

Add 1 volume of same buffer

Centrifuge at 100000Xg for 2 hr

Ppt
I Suspend in the same buffer
Sarcoplasmic reticulum

Fig. 1. Preparation of plaice sarcoplasmic reticulum.
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7+ 94 ¥83te] LSR (light sarcoplasmic reticulum) 3

SR (heavy sarcoplasmic reticulum) <
1} 2L =4

D48 Perry and Grey (1956)9] ¥

Hrt.

t}, ATPase B4 &3

ZAEA Ca’-ATPase €42 01M KCL 1mM
MgCl,, 0.1 mM CaCl. 1mM ATP, 10mM Tris-HCI
buffer (pH 74)9] ¥rgdo] ZLZAE 0.l mg/mle] 5
T2 Artete At S99 Mg -ATPase ¥
A€ 5mM MgCls, 0.1 M KCl, 20 mM Tris-maleate buf-
fer (pH 7.0), 2mM ATP, 0.5 mg/me] <U4F 2 025
mM CaCl: =% 1 mM EGTA (ethylene glycol bis (-
amino ethylether)-N,N,N.N"N'-tetra acetic acid)9] ¥H§
A 242 EFEHAY. ATPS 18T WA & &
218 F71042 Fiske$t Subbarow (1925)9) Wil o
2} 273389 ATPase 422 Fitaid,

2}, SDS-polyacrylamide gel electrophoresis (SDS-
PAGE)

A71%9 %L Laemmli (197008 o F3ted 0.1%
SDS (sodium dodecyl sulfate) & 3 polyacrylamide
slab gel& A& B2 2 & st 3EDY
AL SigmaHY E7EHEZ myosin heavy chain (205
kDa), W3 pB-galactosidase (116kDa), E7IEAZ
phosphorylase b (974kDa), & ¥A albumin (66kDa)
3} ovalbumin (45kDa) 2 & HETF carbonic anhyd-
rase (29kDa) & AF&-3tGth E42 acetic acid® FH3
0.1% Commassie brillant blue R250% AM-&38}e] FA 3}
Hem, 25% methanol® 7% acetic acid $4o 2 24

T

ZA st

1Y

Bl me =

&vru

A

o}‘,—l

Sl A BT bovine serum albuming AFE3HY Lo-
wry et al. (1951) 9] #Hdl whel SHsAh

dot & nF

1. 2AZH Q| Ca -ATPase &4 i3}

59 £5& TYAAFY Ca¥m o gt BA3) He
Mg’"-ATPase 247 Y3 A¥Ho] Jon, <4
ZE5YdA adAoR a9 F=E 2AESDL A
(Watabe et al, 1991). o9} THE TATAY HE
AL7)17E 787 Yot TAIZAE 2AF L Z
LA LAEAY Ca*-ATPase 843 2

S92 540 WAL AAF 9% 547

45T = DS eEY F5OE Ca¥'-ATPase €4
ZrEAen socolde 2mdAME A4¥HAY (Fig
2). Jolol A Heg FAXAE SCANE 28 T4
e Aot 3t9.ou} (Watabe et al., 1991), Y3 24
ZAE 55C A AY @& 40 deA e AR
Hol ojoiol ZAEA ] vlste] FtH Ao Hojrh
Azrde), SAFEAY Car*-ATPase™ Ca’* -pumeJr g
3 Aol gl 285U Ca¥'Y ¥=F &
243 FF-o]gg Ao Ut 110V AstelA
ZAzh 5%, 352 2 027 ANASIF ¥ 8o
e 2AF FAZAY Ca¥ -ATPase 4L 25C, 0.1
mM9] Ca™" EA3ke] A3 Fig 300 Uekd ue}
Zo] 24%9) Ca**-ATPase Z432 0430 + 0.097 umol
Pi/mg - min°l o™, 152 A7IAFL 0326 £ 0071
pmol Pi/mg min, 35% A=< 0268 + 0032 ymol Pi/
mg * min, 28X 60z HINAFL 0231 0.041 ymol
Pi/mg - min®ZA A7|AFAZto] ARHFE TLE
A9 Ca’"-ATPase 42 AdtHdtt sCo ZHS A
A M FAENY Ca’ -ATPase TAWEFE AHE
23, 24% A A7te] AFH] wet Ca’-ATPase
s‘zl)\%o] 9}7\_} x—]s}—g].odouq 20/\]7} ;q;‘pa_ 74 o Zx z\
S vigte 90% AL FEI}FOL 152 AR
20/ % Hx9 55%9 73 Hizml 352 A
F& 20A 7 Foll 325%, 6023 A7IRF
of B33t Ca’*-ATPase B4l AF & 4¥H1 9l
<& BTt ole A7AF ddtd IR FFo
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Fig. 2. Influence of temperature on Ca’*"-ATPase ac-

tivity of fragmented sarcoplasmic reticulum of
plaice muscle.
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fAictivity(gmol Pi/min mg)

Storage time(hrs)

Fig. 3. Changes in Ca**-ATPase activity of fragmen-
ted sarcoplasmic reticulum of plaice muscle
prepared by electrical stimulation (110V/60
Hz) during storage at 5C.

O ; electrical stimulation for 15 sec
@ : clectrical stimulation for 35 sec
] ; electrical stimulation for 60 sec
W ; control (spiking at the head instantly)

AN
o WNAFHYE 22EAY Ca F459 24
dol 3ol dgol gg B ol A=g AT A

(&, 199).

2. SDS-PAGE pattern®| 3}

Fig. 4= A71ASF Y& S2EAE 75% polyacry-
lamide gel& AH8-3te] 33 SDS-PAGE FH €S ek
I A 9A 2]04 2ed 22EAE 97kDacl
Fote A FAHE0E AY Yo, w3 oF
68kDacll 3B wuldo] F2 YehdEd, oAe
TAZAWS Ca?*-ATPaset Ca>* 2T A calse-
questrin®! A2 g A7|A2 AgE oz
97kDa®] & FEEA FAHE AFS Bojn 9]
ul, o] 22 Fig. 39 Yehd uie} 2o} H7|43%o
Ca’ -ATPase 249 Aot 2 4AAA sl
E AZEY o7 Z4ZAE AVASH ge
A A By olvel #7429 Wl oM
A Wt dole A AEerpo we

Mojlo X ofr x

fo 2 mo » hu e
ol

1

worr ey

205 - S
kDa

97 .~ S ;q,» 2, . & <C 2+
* m “n A'?’Pase
68 » winee — ~CsQ
Fig. 4. SDS-PAGE patterns of sarcoplasmic reticu-.

lum (SR) from plaice treated by electrical sti-
mulation (110V/60Hz). 30 ug SR was applied
to 7.5% polyacrylamide slab gel containing
0.1% SDS. CSQ, calsequestrin,

o A&AALY TLARHE ZA2ZHY Ca’*-ATPase
24 o] Walattta 3% 29 (Ushio and Watabe, 1993),
Jol ZEEAE A E ZAZHY 97kDa A& o]

dASA AAHUT AT} (Ushio and Watabe,
1994). =3 AZLTol maby ZAZAW Y Cad
o Z2o] gAY, A G| 7to] HolAFE ZAEAR
ge ZEHRANAM Ca' g FE FolE 4 AT 39
o (Ushio et al, 1991). 282 E7] Z4LEAE 7}etet
H OZAEAUY Ca¥'Y TRt WEddEda g
(Suzuki et al, 1993). ©] 9} Zo] ZAXAHE & A0
uet 540l "B AU Ca*te F=7} Wil oA
< 8734 Wy B2HQ 290 st 24T H <
Ca’™ Adeo] d&g Lo Ma=HUS 754 & WEsln

et

3. LSR 3 HSRE| Ca’*-ATPascEd i3}

THEWY ZAIA lojM Ca AL FYH
W29 27kA Ado] sk itk Fig 5& 24%A 9
@4 (FSR) ¥ sucrose gradients] 98t Bjd 24 %
Ao FEE et e, LSRE 27~32% Y suc-
rose 5= A, HSRS 38~45% 9 sucrose oA 94
F UG aHA 25E AAFAY gL ot
A FHE ZAEAY Ca¥-ATPase E4& Lojr
b, S8 ZHAA 22§ LSRY Ca?*-ATPase

o
‘q‘
2/J2 Table 19 et vhel 2o 0367 +0.035 ymol
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Pi/mg ' min®l 2, 152 ANAFTE R 0248+
0.021 ymol Pi/mg - min, 35% A7]1ZA=L 0.193 £ 0.028
pmol Pi/mg * min, 602 F712=-Z 0.173 £ 0.031 gmol
Pi/mg - min & 24 A7|45 Ajzte] AojFeof wpefA A
A A=k @8, HSRY Ca’'-ATPase AW E
Table 291 UERAATE 43 AL 0102 +0.02] ymol
Pi/mg* min°| 929, 6027 A7IASE AL 0080 =
0.024 ymol Pi/mg - minZ ¥ ZolE Holx] gol A7)
Aol 93 G2 ER gtk ADHAY, o] 2 FE

o &

i

Fig. 5. Fractionation of plaice fragmented sarcoplas-
mic reticulum by a discontinuous gradient of
27~45% sucrose.

L, light SR fraction; H, heavy SR fraction.

Table 1. Changes in light sarcoplasmic reticulum
(LSR) Ca**-ATPase activity of the plaice
treated by electrical stimulation (110V/60
Hz). Ca’"-ATPase was measured in Tris-
HCI(pH 7.2) containing 0.1mM CaCl,,
0.IM KClL, 1mM MgCl, and ImM ATP at

25C
Electrical stimulation Ca™"-ATPase activity
time (sec) (umolPi/min - mg)
0 0.367 £ 0.035
15 0.248 £ 0.021
35 0.193 £ 0.028
60 0.173 + 0.031
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Table 2. Changes in heavy sarcoplasmic reticulum
(HSR) Ca**-ATPase activity of the plaice
treated by electrical stimulation (110V/60
Hz). Ca**-ATPase was measured in Tris-
HCI(pH 7.2) containing 0.1mM CaCl,,
0.1 M KCl, 1 mM MgCl. and ImM ATP at

25C
Electrical stimulation Ca’"-ATPase activity
time (sec) (ymolPi/min * mg)
0 0.102 £ 0.021
15 0.100 = 0.026
35 0.085 = 0.018
60 0.080 + 0.024

cHHfUe Cam e 22EHE WolEole FEE
LSRe EA3t 91o] LSRe] A7AFell JF& who}
LSR9| Ca**-ATPase &4°] Hat £4% A z
o 294 Re Ca FEE AUAF dde F7}
Aoz #ddn,

4. ZHUMRE ATPase 24 U Ca’"-AFHo| B}

A7)l 2 g9 rigor mortise] JhEste
ATPY 4489 22 4#@A 7t 9129 (Knos and Tay-
lor, 1987, ©] %, 1995), actin® myosinZts] 3el7}
ATPY 242 AwH7] "o (Pate and Brokaw,
1980), 25Ul8 ZYHRE actomyosin® FHZ 4
Ho] AARA S Jh&E A7 Az4Ed, 2y 2
ARF9 actomyosin EFAE Ca’* ) actin®} myosin
o Aol YoM ol g 7] Wi &
A Cad ¥EZAFE AL v 2LEAE WA
= A7) odY 2AXAE A7) o
ARz UEE Ca' g SAIAR PolEo)E Cal”
To] AFHERA ZIHRY Ca’ TEE HFA
1A =32, ©] Ca* ol troponin Col ZE3ted o] A
myosin® actin® ZE< A3 T troponin 19
AAE oJFAZREZA actin® myosintY  sliding
theory®ll 93} actomyosin complex?t F44 =] 43
gt 281 294 FE 4FER oY Car g #A
3L S17] W] 2&L FE-ojghg WHEEA #ix
A& ZHE dHE FAL o A4dg, 28y
actomyosin complex7} ¥4 5 7] E 22 EA A
CEHRE HEE Catoll 3t g4stEE 294
9} ATPase’} actomyosin EEHE HA3t=w o gA
ZESETY e A7AF gite) 24 R7 9T
& ¥eAg 29E gavt gl

AZVAFAE 2o 9 29879 M ca”
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Bt 229 g4x 249449 Mg -ATPase 42
0.726 + 0024 pmol Pi/min - mg@ oM, 15% A7AFL
0.890 £ 0.039 ymol Pi/min * mg, 35% A7|ZAFE 0910
+ 0,022 gmol Pi/min - mg 2 60% H7IAFL 0906 +
0.068 ygmol Pi/min * mg2. 2 A7|2A=3 Aol FAkd| |
3to] 2 ATPase 84 Weplidch 28 A7a=
AHe 2 7
‘A4 ATPase £4¢& =
A7t Abelo)l ATPase B4 -
o]F2 AFAIZte] HojAd wel AAE AsistAth
ATPase 49 Adle 602 A7|AF0] 7Hg W=2A 3
gEon, 1 gLog 35%, 152 £22 Yt
284 S48 dxo Z9498 delde AF 1047
B Fo i ZAdE IS Bojurt 1 o)F &
BEtE Yehl A g

Fig. 72 Y45 Ca™o] #H7tHA gddwe
Mg**-ATPase &4& Vel S4 & A7AF 15
Z, 35%, 60% 718dSd 247 0.084 £0.012 umol Pi/
min * mg, 0.143 £ 0.011 ymol Pi/min * mg, 0.158 + 0.011
pmol Pi/min * mg, ¥ 0.140 % 0.022 ymol Pi/min * mg2
2 et - 44 vEe A7asd A9 Mg”
(—Ca’*)-ATPase 840l EtoH 352 A7|4=
o] 74 EUT. B STl A F ATPase 84E& 2
HE 2, 47|35 S 4L Tade BY
Qqon, 4L A4l A9 wuwdte] A9 zolE e
WA Eoh

olg} ol ANAFAHYA ¢ Mg (+Ca’)-
ATPase 49 &7t 294 H/E actomyosing] FHE
ZA4sAstd 25E 439 FHE HEGD ARG,
T3 ATPase BAL ZAEWY Ca¥* =W T
A ¥g-er] g} 25Ul Mg T-ATPaseS €43}
Adle Cay FE7F A7IRF e W E

Fojgty AZtEch Watabe et al. (1989)& 0T A%
3 ¥x9 Mg*-ATPaseZb 5~10Te HAE {x9
Mg**-ATPase &4 ¥lste =i ggon oA
0ol 285U9) Ca?*e FEWa ZHT #Ho o
thx gtk 2eja AAAIZe] el wrekA ATPase
A9l Azte A AFd 2 o]F ATP ¥ glycogen?]
&z AAE lactic acid’t pHE AT LEA
ATPase’} ¥&S wo} Astd Aozt At Kamal
et al. (1991) #Heojelel A A% F ATPase B4l
At AR =2 o|F AEHL AL, Watabe
et al. (1989)& TYA#S ATPase 84L& pHol
gEAol Agn BuIFHT dAMNL AH Foqe A

B

o% Ho

e
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Fig. 6. Changes in Mg** (4 Ca™*)-ATPase activity of
plaice myofibrils prepared by electrical stimu-
lation (110V/60Hz) during storage at 5C.
Symbols are the same as Fig. 3.
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Activity(gmal Pi/min mg)
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0 5 10 15 20 25 30

Storage time(hr)
Fig. 7. Changes' in Mg?* (—Ca**)-ATPase activity of
plaice myofibrils prepared by electrical stimu-

lation (110V/60Hz) during storage at 5C.
Symbols are the same as Fig. 3.

NAFE 7V Ro] SA u]ste] Y& ATPase 84 &
vetl e, o)A A7|AFE 718 Ro) Ao A A
weA =2sA =i, olwe] §43] 42€ ATPY &
39} B lactic acid?t A= 7] WFol lactic acid?}
g A AXNEe 4 vEte pHIF EAA At
o ATPase Aol J&S vz 7] gielzt AZ4dn
Table 3 9% 294 F9 Ca?*-ZA dig A7
ATHele g AYE Aol AUXFAYT dA
2948 Cat-RFEe 29 Aes nudd
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ZolE YEUA ggton A3 5 A FA 7k BN
FAAYE HE HojA A%t} & S AN o)
Ao Ca’*-F4d L 2Ry 2-ABN LY 54
€ Zoti7] 98 AEE Yol HaHrh (Watabe et al,
1991: Hashimoto and Arai, 1984). Ca**- 44L& &%
o&Hel U3 Iz Huma ¢ on (Hashimoto
and Arai, 1984), 1%l oA AlE4L& WA 7
3529 Wge) F587) st zAADN A &
Jo] ¥t (Guo and Watabe, 1993; Penny and Go-
Idspink, 1981). E& Jol §HE& 49T A araiA &) shdd
SHo] g A, ol YAIAE Cca*-H5 Ao &
AatA Ao $o| actomyosindel oA Hal® Ae
2 FoP7ke AE A# T (Watabe et al., 1990). o) 9
22 Arai¥ Z371F%E Okitani et al. (1983)& 49T9)
=8N tropomyosind troponinEH B ZAA
ol vzt oz Agyy| fEojgda sy 1
A £ 48 AME AATHYA o 29
AFY Ca-Z4Aol Aol YA ¥+ Ao 1
of A7|AFo o3 zAAGUAY 4Fe Wz ge
Rez FAdd

ol el Ad#z Fasiid, AVATe oste 2
A9 Ca*t 459 4242 ZYH4E 929 Ca
TEH R Mg -ATPaseZ A SAAH 242 ¢
3tAl H3, LSRY Ca**-ATPase B4j0] dAalA =
gt & AMEE Cat g Z2TAWEZ HFS
ol @] o] A&Hog 3o IYPHE Ho
gddd. 2 A7AF9 A E HSRY #H
GHES &4 F7) dEd Cat Y ¥E2L AL A

gt o AR

X

o
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—_
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Table 3. Changes in Ca** sensitivity of myofibrils
prepared from plaice muscle by electrical
stimulation (110V/60Hz) during storage at
5C

Ca™* sensitivity (%)

Storgae

time (ht) 'No stimulation 15 sec, 35sec. 60 sec,
0 88320 838+19826+13845+20
5 885+12 832+19834+17855+19
10 885+14 850+25864+18872+06

20 882116 860+2089+13872+06
30 895+ 13 869+ 1187905887+ 1.1

The Ca’*-sensitivity was calculated from the following

equation:
[1-[Mg** (+Ca™)-ATPase activity/Mg®* (—Ca*)-

ATPase activity] X 100.

ko
2

Botth ¥A 2AEAQ Ca*-ATPase® 50T 4] &
EAA AgHdod AVAIAZ B¢ S48 A9
H3te] e Ca’*-ATPase84& VT 282 5
Coll AR H S Azto] BJALE ZLEAY Ca?
-ATPaseT XA Fd] Hldte Adtees AFE EJL
o, A7|AF Aol AojASFE wEA AsHUL, 35
29 6027 A7IAFAZ AL H5E AJEEE YE
Wit SDS-PAGEZ#, 97kDa} 68kDa®] o] 38
TAGHA o, AINAFTALAL ZAAZ A9
vjata} 97kDad] g#o) ZAHUAR AT A)7ke] 2
245 FASYT. LSRE 27~32% sucrose FE9]
A, HSRE 38~45% 9 S =ol4 ¢& & Ao LSRY
Ca™ -ATPase= A7IAF o] 93l Ao HSR
< 2 FFE 1A g3 2947 Mg -ATPase &
AL ANASAHYA gst] FAHJAeH AFAto]
dojAFE AR F Mg* (+Ca>")-ATPase 49 A
e FAF o vjdd waid Ag9Aqd Mgt
(—Ca’)-ATPase 849 H3lE= Mg (+Ca?)-
ATPase 847 w58 FEL deguded, A743
AL AR T AFGEYeY 24 AL AAF A3g)
Hlalstal & polE YelA gttt 29449 Car*
AFEAAE S2% ATAZE A Abold] #olE R
7 gken, A% e WHE RBolA gl
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