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ADP : adenosine diphosphate

AMP : adenosine monophosphate

ATP : adenosine triphosphate

ATPase : adenosine triphosphatase

cMb : crude myoglobin

DTT : dithiothreitol

EDTA : ethylenediaminetetraacetic acid
EGTA : ethylene glycol tetraacetic acid
HMM : myosin heavy chain

HPLC : high-performance liquid chromatography
Hx : hypoxanthine

HxR : inosine

IMP : inosinic acid, inosine monophosphate
IS : isosbestic

KOH : potassium hydroxide

Mb : myoglobin

MTf : myofibrillar protein

PCA : perchloric acid

PMSF : phenylmethylsulfonyl flouride

PPi : pyrophosphate

rod : myosin rod

SDS-PAGE : sodium dodecyl sulfate-polyacrylamide gel electrophoresis
S-1 : subfragment-1

TMAO : trimethylamine-N-oxide

Tris : tris (hydroxymethyl) aminomethane
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ABSTRACT

The value of fisheries products is evaluated by freshness. Fish which are frozen
pre-rigor have a better quality on thawing than fish of lower initial freshness. On the
other hand, there have been few scientific reports on why muscle protein of fresh fish
is more stable during frozen storage than that of less fresh ones. In this study, I focused
on the protective effect of adenosine triphosphate (ATP) on fish muscle proteins.

In the Ist chapter, the suppressive function of ATP on freeze denaturation of
myofibrillar protein from Alaska Pollack and croaker surimi was investigated. Freeze
denaturation of myofibrillar protein was suppressed by the addition of ATP. The
suppression effect of ATP on freeze denaturation depended on the ATP concentration,
freezing temperature and fish species. In the 2nd chapter, the effect of ATP on the
denaturation of myosin in “burnt meat” was investigated. The suppression effect of
ATP on acidic-thermal denaturation of tuna myosin subfragment-1 (S-1) by measuring
the changes in turbidity of myosin S-1 solution and Ca-ATPase activity. The increase
of turbidity of myosin S-1 solution and the inactivation of myosin S-1 Ca-ATPase
during acidic-thermal treatment were suppressed strongly with the presence of
physiological concentration of ATP. The rapid reduction of ATP during the early
postmortem stage may act as a trigger of the acceleration of acidic-thermal
denaturation of tuna myosin in burnt meat. In the 3rd chapter, the suppressive effect of
ATP on urea denaturation of shark muscle was investigated. Urea is known as a
powerful protein denaturant. Elasmobranches, such as sharks, retains large amount of
urea in their body, but muscle proteins of sharks are maintained even in the presence of
urea in vivo. The protection effect of ATP on fish muscle proteins was focused, and the
suppressive effect of ATP on urea denaturation of myosin Ca-ATPase from scalloped

hammerhead was studied. Myosin was incubated at various temperature in the



presence of both urea and ATP. Both urea and ATP were removed from the incubated
myosin by dialysis, and then Ca-ATPase activity of the incubated myosin was assayed.
In the case of myosin incubated with both ATP and urea, its Ca-ATPase activity was
higher than incubated with urea. This result suggested that ATP suppressed urea
denaturation of myosin Ca-ATPase. ATP may act as a safeguard of muscle protein
against urea in vivo. In the 4th chapter, the procedure for freeze-thawing of olive
flounder for consumption of high quality raw fish as sashimi was investigated.
Freeze-thawed meat which was frozen containing a high concentration ATP
immediately after instantaneous killing and then thawed by slow thawing method
showed high quality for sashimi and properties of myofibrillar protein were maintained
considerably.

The above results indicate that ATP may protect of fish muscle protein against various
denaturation in vivo and in fishery food processing. These results will contribute to

keeping freshness and producing high quality fisheries products.
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AW TIE, WEEKED OBIEIMES @2 &N TH L8y B
BRERENOHLMITHZEZBE L, SEBROBHA ISR~ O CHFET
5 ATP [Z X DA 37 B OmEAEMEMEIZNIRICOW TR Z 37 H
TR E UTHIESME S 37 2 DTG LTz, RS2t 5 1T, ATP
IXFHIRHRHE ATPase OIE T 2D Z & H b A BRI I WA S T Ci
ATP TR RSN TLE D ZENEE R D, INEkT 57201, &
Brth D ATP JREEZ —EWCRD 2 & & W RE & 2 B HE ATPase )17l
B R DR & WD IR LTz,



2. FEBAE

A IRRRAE 2 X 7 B OGN, WHERRR S R HRELE LTRA Ry
%' Theragra chalcogramma & 7' F Argyrosomus argentatus DIHHT V) & FA #k
(A AKPEERRASHMRGE) 20 L7z, w40 &, FERCid 2 % T-30°C
DU TR L7z,

3. FEBRITE

(1) A ERRHME DR Y

WV B 2 ik, K FC3E&ED 0.1 MKCl, 20 mM Tris-HC1 (pH7.5)
W 2RI L CTHREYF A XL, 5000rpm T 15 3z LAY BE L ILE 2 15 7=,
Z AV RIVESHR 2 N 2 TR & BB iR R 1%, ARSI DBt 21T o 72, 2 OHME
Z3EHEDIRLTHET O FHRICEENLEIRERZRE, 50 ibEE s %
RARME S X B e LTER LT,

(2) ATP 3 XU EDTA 3:4F T C O L#RAE 0O B PrAT

BRERAERBR Y~ 7L, 0.1 M KCI, 20 mM Tris-HCI (pH7.5) ¥AHRIZ & L 7=
I IEURRAME & > X7 T (14— 18mg/mL) IZF&IREE 5 mM @ EDTA & e KIRFE 7.5 mM
FCTOFRED ATP 2RI L CTHREL L=, Zh%-15, 20, -30, -78°C “C 2 #[# )

53 o R ERTT LT,

(3) ATPEEDOHIE

A7 SRR AR D WA PR AT H O ATP PR BE D /T I, HORS M BULER U 7= i R e
PR % o Dy B U 7 BRI O W THRNE Lz, b7z BIFICHKIREE 5% PCA
IR BRS 237 1%, KOH IR CTHAN L 7o ¥k o> ATP J2 ¥ % Murata © D J5
52 \ZHE U CHPLC (AR> 7 : LC-10AD, 17 LEIEAE : CTO-10A, M2
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SCL-10A EEBIERTHRL, 5 Z A : GS-320 7E Shodex Asahipak ) THlE L 7=,
eBBEIEIZIZ02M U UERREER (pH2.9) MV, MHEIEEIFX260nm & L
77

4) FERRMEDN DT 7 h AV OfH

HAERTE LT RN S 7 7 b 4y v ofithix, TR ETIT- 2,
IR F DARIE T CRER U 72 il AR ME A IR 3 58D 0.1 M KCl, 20 mM Tris-HCI
(pH 7.5) &R % W LSRR, 5,000 rppm T 15 oy OB E L Tt %
iz, ZO#EEZ 3RV IR L, BREIRFARBCRICE £ 5 ATP & EDTA %R
W=, TRERIZ 3 & 0.5 M KCI, 20 mM Tris-HCI (pH 7.5) ¥&#%, 1 mM ATP
AR ZEWIN L TREeZIREE L, K T4 1FBRFE L=, 24 % 5,000 rpm T
20 Sy Ly BERS, S D7z BB 10 FEOWBREKE A THARILE 1T
VY, ZFOHKEODEEIC T A £, 0.5 M KCl, 20 mM Tris-HC1 (pH 7.5) &%
(VAR L RVSIRISENT R, mONBEL7- BE2 T 7 NI4TV UmikE LTz, 7
7 b IA T ORI, BHELEE L TWRWIRBRKE S ORIt (R
ND AT 26%, 7F 40%) IZxT HMRHMEE L TR LT,

(5) MEHRMED DRI L7277 b X A2 2 ATPase 1& I E

ATPase {EVEILLL T O BUGHLERE T 25°C THIE L 72,

Ca-ATPase &1 : 0.05 M KCl 25\ E 0.5 M KCl, 5 mM CaCly, 25 mM
Tris-maleate (pH 7.0), | mM ATP, 0.2 mg/mL 7”7 X 43 2, K-EDTA-ATPase i
M . 0.5 M KCI, 5 mM EDTA, 25 mM Tris-maleate (pH 7.0), 1 mM ATP, 0.2 mg/mL
T RIFVS, ENENT V7 FIATVUEBMLT ATPase SUSEBRAAL,
HEIREE 5% PCA THROUGZAF IS, AT HHEEY - F2% Gomori & THIEL T, 2
7o, EneT 7 FIA VU BEZDT 7 R I AT D Ca-ATPase HLiE M
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& EHIT A BT E% Ca-ATPase £7FME S L, fHEHRRHE 1 g 4720 DL TR LT,

(6) /XU EREDOHIE
KRS R EOREOREIX, BT Ly NEFAWV, FMETALT IV E
fEYE L LCHER LT, B

(7) SDS-RUTZ7UNTINEZIKE) (SDS-PAGE) (2857 7R3 A T Dot
SDS-PAGE (% Laemmli @ J5i% 2 2V, 10%7 7 VLT 2 RZVEFERL

TiT-o 7,

(8)  FHIRUBRAME D ¥ R AS P B 1E 2 D B
BULEED ATP Z N LA IRLEE O WS S TORAFE L 72 FR AR AMEN H D T 7 b
AV U RO T & NREO R BOSFTHE o THEHT U, /B Pl B 1E 4R
(Kp) ZHEM LT,

Kp=(In Co—In C)) /t
2T CoBLVCHT, BHERITRT & ¢ AMBASRFZOT 7 b I A4 U=
OFXHMETH D, HakBRITEAR 3 EFTV, PR L IERERZE A2 RO TR LT,



4. R

(1) ATPase I 4 #1i] U 72 # JRARHEA IR R DAL

0.1M KCI, 20mM Tris-HCI (pH 7.5) ¥R 1T D fipJR#RME Mg-ATPase 154
TIEFITE N2, SR O ERRHE Y v X7 B 2 G TVRTGR T ATP % Bk
(CHERF LR BB CAMEIEIZ R A |ET 5 Z L3 LV, —J, EDTA f#7E T
THIES % I A K-EDTA-ATPase {413 KCl IEKAFAMELZRL, S 51T,
T F oA SEDH LD ATPase IGVEITIIHI SN D Z LA IE STV D,
2520 AKGABRTIE, 0.1 M KCI, 20 mM Tris-HCI (pH 7.5) ¥k 52 S L 7= i SRR
HEZEH L TWDOT, KIEE S mM EDTA 2T 5 Z &12 X % ATPase i
PEOMIH 2 B L7z, Fig. 1 12, 25°C ICB T D A7 b U & T iRk
K-EDTA-ATPase {0 KC IR EEARIFIEZ /) Uiz, i FRAEICIZ T 27 T 2 MIEAF
LTS8, Wi KCLRE FIZH W T ATPase IHMEIXIR V23, EoH
THRREM O KCHERHT T, SOICEEMES RS Z L E2R LD, 2k,
BROFER TIX, KB TRAF LI R HERRBIR IZ EDTA ZIRG L, £ D% ATP %
WL T IR L ol R EalBr g o 7L 208 U7e, WiUREATOOK TIZ
BT 2 BE R AFRER Y o 7L O ERHE D ATPase [EMEZHIE L7 & 25 6.8X
10* umol Pi/min/mg T&H ¥, ATP OHfRidlT & A EHEEH TE 5 BREMEThH D
ZEDNHER SN, ek, FERIIRE VA, HUREARGR U 72 55 ERRME R B i
7 ATP 2 Z HPLC (2 THIE L 7o/ R bl o ATP 2RI T 55D
ThbHZLaERLTWE, &512, EDTA O EMHMERRIBITR ~DRINC L 5
FEEME~DORBEMHGET 572012, ATP BT D A7 VO X T & 7F O
I A SRR R L AU FE 5 mM EDTA Z IR L, -15°C TENEL 6 HIF (A7
R T) BHDHVE LS B (7F) WfERAF LIZSG 07 7 I A v Uit
% EDTA RO L6 & ik Uiz, WREEETOT 7 b 4 3 A RIS 2
FEAEBOT 7 b I A AHEROEIL, A&7 N U X T TiE, EDTA BRMNT
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41%, EDTA IRIIT 48% Th o7z, 7 F TIL, ENEN38%L 48% L 7r o7,
EDTA IRIMC XV, 77 FI AT iR Z5aEE & U 72 i ERRHE O 75 BRI 1
LR E DA & 72 o 72Dy, ATP ORRZRIET 5% TIEA2TIZ EDTA Z i
LIZRTIToTWDH 2 &M b, ATP ORIRZFHET 2 L TIIRBIT 20 e %
2o, L EDOFERNS, KRB CIX, 5mMEDTA %% 0.1 M KCI, 20 mM

Tris-HC1 (pH 7.5) 1A HRIZ & U 72 W RUBRAE IS & IR EE D ATP Z IR0 L TGRS R A7

ABRICHEL 72,

0.05

> 0.04

=

S en

3£ 003 |

3 E

< A~

<8 002

nE

ul

X 0.01 r

0 1 1 1 1 1

0 100 200 300 400 500 600

KCI concentration (mM)

Fig. 1 KCI concentration dependence of K-EDTA-ATPase activity of
myofibrillar protein from Alaska pollack surimi. The ATPase assay was
carried out at 25°C in a reaction medium containing 5 mM EDTA, 1 mM
ATP, 25 mM Tris-maleate (pH 7.0), 0.2 mg/mL myofibrillar protein and
various concentrations of KCl.
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(2)  ATP O JEHRAE ¢ RS M /E H

A7 b E T B DI F O RHERET (0.1 M KCI, 20 mM Tris-HCI
(pH7.5), 5 mM EDTA) (ZHIEE TR K 7.5 mM @ ATP ZiRINL, THE
FEORAFIREE-15, -20, -30°C B R OAS b U X ZIZ DN TILE H12-78°C T 2 A fH]
WH 3y ARG LTI 20T 7 b I AT U iHE#E L Ca-ATPase 215 1E DL
FRE LTz, RERAERBIE LT, KIRED ATP 25 AT KU X T L 7T
HRAED-20°C TOWFERIFIC L DT 7 S I AV RO E % Fig. 2 ITRL
7= W7 OMIFERMED ATP IBIENEWIFEET 7 b 2 42 v OHMEN & < R Ff
A, ZOMME LRI L U CTHIE S5 BEAVEME L ATP 3 KFE A R
LT, £, ATZ NUFZIZHARTTFOIED, HEHERENZ & RSN
7o Fig. 3121%, -20°C TOWFERIFEIZRIT DA MU ¥ T L 7 F D Ca-ATPase
EIEMHEOEER LT, SN TZA T N X TOT 7 NI AT D
Ca-ATPase T VE T A FURRAME D BHRERFIC ATP 25 £ 72\, & 25\ ATP I AVK
WG EITORIEVVEZ R LIZD T, Ca-ATPase &IEMEDOE(LITZT 7 b A
TR A & LA (Fig. 2) L0 bWE TTRE 2R Lz, 7 FO%E1,
LT 7 FI AT D ATPase {EMHEIZDOTNRIE T Th oo/
Ca-ATPase &FFMEDOEAL & 7 7 b 2 A D ZE{kiE, Ca-ATPase &7% D
EERRRLHELS 2D b0 IS PR TR A2~ Lic, KIZIIR S 22003, i
D HFERAFARE 31T D Ca-ATPase BIFMEDZE ST 7 b I A v UhliH RO
&Rk, &2WVITPRHNWE AR LT,
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Fig. 2 Changes in extractability of actomyosin from myofibrillar protein from Alaska Pollack
or croaker during being frozen at -20°C with or without added ATP. Alaska pollack (a)
and croaker (b) myofibrillar protein (ca. 16 mg/mL) were frozen and stored at -20°C in a
medium containing 0.1 M KCl, 5 mM EDTA, 20 mM Tris-HCI (pH 7.5), and various
concentrations of ATP. The final concentration of ATP was 0 (e), 0.75 (0), 2.25 (a), 3.75
(1), and 7.50 () mM, respectively. Values are mean + standard deviation. (n = 3)

(b)

160

120

( umol Pi/min/1g of Mf)
0
o

Total Ca-ATPase activity of extracted AM

O Il 1 0 Il Il 1

0 10 20 30 0 10 20 30

Storage period (days) Storage period (days)

Fig. 3 Changes in total ATPase activity of extracted actomyosin from myofibrillar protein
from Alaska pollack or croaker during being frozen at -20°C with or without added ATP.
Alaska Pollack (a) and croaker (b) myofibrillar protein (ca. 16 mg/mL) were frozen and
stored at -20°C in a medium containing 0.1 M KCI, 5 mM EDTA, 20 mM Tris-HCI (pH
7.5), and varied concentrations of ATP. The final concentration of ATP was 0 (e), 0.75
(0), 2.25 (a), 3.75 (o), and 7.50 (<) mM, respectively. Ca-ATPase activity of extracted
actomyosin was measured. The total ATPase activity was defined as value which ATPase

activity multiplied by mass of extracted actomyosin. Values are mean =+ standard deviation.
(n=3)
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Fig. 4 121X, A7 MU X T & T F OFIEBRHEICEIRED ATP Z N L T &S
BTy AMBRERFE LI 20T 7 bIF v U EOBbEZ R LT, 7
7 b IF VU RITHEAERFRENMEWE E R, £, ATPRERE WX
ERWHIHE AR L T e, A7 MU 2T fFEHRHED-78°C 1T 3517 2 HUE TR
7T, ATPIRER 4mM BLETT 27 b X4 v v O SRIZEFE AT T
80%LL FRFF ST, 72, Fig. 5 ITIXKEED ATP Z ¥ L-20°C THifE
TRAT L7 FRRMED D S b 7 7 b 4 > D SDS-PAGE vkENX % 7~ L 72,
BHEIRAFRFD ATP JREEN 72 > T T, MR D ST 27 FI A
DB NI R E BT b ol, U EORRND, B
FERTEIFIC ATP BT D &, R Z V7 BEOEERS Th 5 HIRRHED 5
BAEMEDIH SN D Z ENRB SN, Fig. 6 121X, AT MUK T L T7FOH
JERRHME T AL T USRI L 2.25 mM D ATP Z RN L, -20°C 12 CTHRRELIZ &
X7V NIATVUHMHEOEIE R LTI, T OMERHEEIA T FU XTI
ARTEDRZEIL, ATPIC XD HREEMEIHIZRICITAEZER S D 2 &3
WS Tz, ZAUE, ATP OZEVEMISIZNR & & AFE O 5 FURAE 7 » /3 7 B O &
BEFED DI o TR BN T b D EHEE I D,
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Fig. 4.

(a)
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4 6 8
ATP concentration (mM)

Relative extractability of AM (%)

120

100
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(b)

4 6 8

ATP concentration (mM)

Extractability of actomyosin from myofibrillar protein from Alaska pollack or

croaker after freezing at various temperature for 1 month with or without added ATP.
Alaska pollack (a) and croaker (b) myofibrillar protein (ca. 16 mg/ml) were frozen and
stored at -15 (0), -20 (), -30 (a), and -78 ({>) °C for 1 month in a medium containing
0.1 M KCl, 5 mM EDTA, 20 mM Tris-HCI (pH 7.5), and varied concentrations of ATP,
respectively. Values are mean + standard deviation. (rn = 3)

Al A2 A3 A4 A5 A6 C1 C2 C3 C4 C5 C6

MHH = - s s s 8 S0 B G0 G0 09

Actin

Fig. 5

SDS-PAGE pattern of extracted
actomyosin from myofibrilla protein
from Alaska pollack or croaker after
freezing at -20°C for 1 month with or
without added ATP. “A” and “C” mean
Alaska Pollack and croaker, respectively.
Numerals mean ATP concentrations. 1,
Actomyosin from myofibrillar protein
before being frozen; 2, 0 mM ATP; 3,
0.7.50 mM ATP; 4, 2.25 mM ATP; 5,
3.7.50 mM ATP; 6, 7.50 mM ATP.
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Relative extractability of AM (%)

0 1 1 1
0 10 20 30
Storage period (days)
Fig. 6 Changes in extractability of

actomyosin from myofibrillar protein
from Alaska pollack or croaker during
frozen at -20°C with 2.25 mM ATP.
Alaska Pollack (o) and croaker (D)
myofibrillar protein (ca. 16 mg/mL)
were frozen and stored at -20°C in a
medium containing 0.1 M KCl, SmM
EDTA, 20mM Tris-HC1 (pH7.5), and
2.25mM ATP. Values are the mean +
standard deviation. (n = 3)



(3) ERZMEEEEHC X D ATP OZ MM Zh 5 o figHir

-15°C 717 5-78°C DB WHFEIRAFIREE CHIREED ATP A fF4E S CHAERF L
TR NUE T LT FORERMEICOWT, HRREFHRICE 29T 7 R
v AR OAR T ORRIFE 2 —IRBUSTHT L7 & 24, R ORI
DT 7~ AV U OEVME T & 2T < EHEOBWVE T O B D%
fbzamLic, 77 b I AT RO BRI L & 1 DT I 2 i
ZVEREETES (Kp) & LTR®, #HR% Table 1 1T/R L7, ATP ZiRNL TV
TRNA N X T FRIERRMED-15°C 1281 D Kpld 3478.91 X 10 (day!) TH 5,
ZAUTK U TAIREE D ATP Z 30 U 7= i IR#RMED Kp 13 ATP B IT4AF LT/
X< 721, 7.50 mM ATP {77E F TlX 464.87X10* (day’!) & 72~7-, Z i, 7.50
mM ATP {#7E T C-15°C IZBIF D2 ZEMENPK 15 Lo 2 & HR LTV D,
W OHFERFIREIZB W THIRIN L7z ATP BEICHE > T Kp OfEiF/h &<
20, Fm, BHRERFIRENMEE S ATP IC K 2L EOBREITREL 2D 2
EMRRBO DI, S BIT, —MKAYR R EUKEEY O Jit 8 PRI (2N -20°C O
KplZIEHEB L, XV HIKED-30°C DL T2 &, 27 b X 7R
HELZ 7.50 mM D ATP % 1F(E SH72-20°C (231 D Kp 299.64 X 10™ (day™) 1%,
-30°C O ATP SEIRANIE D Kp \ZHTVME T o 72, 7 F O IEFRHEZ TIT o 72-15°C
M3 5-30°C (231 2 WS R FRBRICE VT ATP 12 K 2 B MM h B AR 0
Nz, T7hbb, BAERFEE-15, 20, -30°C OWTFNOHAEL, HINT 5
ATP JREDE < 7R DITHEW KplI/hE <720, ATP (2 1 2 &M 20 0358
Bz, £72, ATP 2L TV T EURRAED-30°C 1281 5 Kp 140.20
X10* (day™!) 1%, HURSERIFIEE-20°C O ATP 2 3.75 mM @ Kp 179.50 X 10
(day") EIEVWMEZ R LTz, ZiH OFERIE, ATP MFET 5 L O REffEAA
#-20°C CHFERTE LIZBA, T D& &0 ATP OZEVERHIZhRIL, Se% i E L
B D ATP DMEITTHR L2 fEE Th 2 A A -30°C OKIR CHFRIT L 7%
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BAZ N BEORECILEH TS Z L 2R LTS, SHIZ, AT NUXT
ET T OFHIFRHMED Kp T2 L 7 FOHP/NEIpfE% 7~ L, Fig. 6 IZi8®
O HHEIRAERF DA X 7 B OREMEDRELEZ N TILDOFRIFIZIBNT
bR T D Z LN TE L, MAOHRERAEMOHIIEICI VT, RfifEIZ R
IRFAR B XD B DOREEL ENMEIC LR 3 2 RS I RE I & B O A NI AR
T 5 ATP IC K HRERIRZZBE T HMENDH D,

Table 1 The apparent first order rate constant (Kp) for decrease of extractability of actomyosin

from myofiblillar protein in the presence of ATP during being frozen.

Alaska pollack Kp x 10* (day?)
ATP (mM) - 15°C -20°C - 30°C - 78°C
0 347891 (+108.39) 242853 (+185.91) 31120 (+30.63)  122.69 (+ 3.40)
0.75 2630.25 (+ 74.56) 1300.62 (+50.34) 153.80 (+6.48) 122.97 (+4.36)
2.25 1288.35 (+22.63) 1145.99  (+ 54.40) 135.88 (+4.08) 100.72  (+7.24)
3.75 790.88 (+39.23) 47219 (+34.48) 94.79  (+4.99) 78.86 (+5.02)
7.50 464.87 (+9.41) 299.64 (+17.85) 54.87 (+1.41) 4218 (+4.32)
Croaker Ko x 10%(day?)
ATP (mM) - 15°C - 20°C - 30°C
0 969.03 (+ 30.38) 532.82 (+17.57) 140.20 (+6.94)
0.75 774.08 (£17.33) 418.93 (+17.95) 114.69 (+4.59)
2.25 531.03 (+3.34) 28226 (+8.19) 91.03 (+12.67)
3.75 406.49 (+19.70) 17950 (+8.31) 61.27 (+5.95)
7.50 56.93 (+2.76) 27.32  (+0.65) 13.94 (+2.28)

Alaska pollack and croaker myofiblillar proteins were frozen and stored at -15, -20, -30 and -78°C in a
medium containing 0.1 M KCI, 5 mM EDTA, 20 mM Tris-HCI (pH 7.5), and various concentrations of
ATP. The measurement method for extractability of actomyosin from myofibrillar protein was the same
as in Fig. 2. The first order rate constant (Kp) for decrease of extractability of actomyosin from
myofibrillar protein was calculated, using the relation, Kp= (In Co- In C,) /t, where Co and C, are the
relative extractability values of actomyosin before and after ¢ days of frozen storage. Values are mean +

standard deviation. (n = 3)
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AW BNT, EERNT R VF —WE Th D ATP IZFREMIRRRE 2 v 3
BOWHBEMEIHIZIERDH Y, LrbZIURERFEEZ R T LB L
7257z, ATPITOWTIE, JEZROFHANICKIT H ATP 726 IMP, A /¥, E
RF¥ Y F UNE DK RERY ORI S IV ERE K & L CE
MENTWDR, D ATP D DDRFHZ /3 7 EZEHESENE RN B4 2 k58
HAITIER 1T D2, 1229 = OEF O—l%, ATP 78 I 43 ATPase D FLE
Th D=8, W OEI 5T Tl ATP DNMER e E T ST LE
IT-DIT, —ED ATP REZMFF LI-HRBR A M Z L OR#EESITH D LB X
D, #HM 5 1E Ca-ATPase DEVENEIZ KT 3 ATP OZEMEIHIEN 2 &3 %
72012, ATP HEZRDARART ) —)LELE VR L ELE VS —8 2317
S, 1 mM MgClL 77 F T K 1 mM O ATP & Z #ekr L 72 IR BE ChnZLE
R AT -T2, 210 ZORER, Ca-ATPase ZHEHE L L7 43> (0.5 MKCI &
) D ATP 2 K 5 BEMEOMSIZRIL, ATP & I A4 3 U NFITHE /L TRAH
ENDZEEFELTCND, AT ATPase IHVEESALD ATP (2 K 2 2 M4 H]
BhRIL, AT ATPase TEMEESNL~D ATP DFERIC L D 2 & 2 RE4 25 45 R
T D, —77, RN O X A4 RE (02 mM) 9L ATP R (5—10 mM)
DI, 925025 505 TH Y I AT U BT THEE O ATP BFEEL TV 5,
AW TIE, BRERE LTHRY X7 BISEW RS AV, 0.1 M KCI
RIRIC EDTA #5885 Z 212K Y ATPase 24l L, W 7 /L Fiflns ok
it PR A7 D —1HE DO FRERIEFE T ATP R 2 AR O A PR 22 R BE I HERF L 72 525
RaBA L, 2L, WARBRERICBIT 2 I 4 v ViREITK 0.02mM Th
v, SEREBREIT - 72 ATP EEIL I 42 okt L CRRICHEET D&M Th 5,
AR ORI, AFRYZR ATP IRE TRV T, AT 1T L TREITIE
B DN ATP REEICIKTE U CHRIERRMEY » R B OBREEER IS S & %
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R LT, ZORERIE, HM SN AT ATPase [EPEO BV ENEIZRT 2D ATP
OREDRIT, IATVVRELETVRETREINDIEVIBRERERD
DTHDH, TOEWVIZONTIE, ABFETIE 0.1 M KCl R T Of UsHME # »
RIGEMER L, WERAEMEIZT 5 ATP OMGIhERET 7~ I 4 %
FERICIIE L2 2 &0 D S 4 3 w4 F O TR IR 53 2 ZE M 20 5 % I &
LTWDZ L, ATP OZEMEMEIZNFITIE ATPase IEMEB~DFEAIZE D H D
LISMTIR T 0 & 70 EOmRZAMER IR & LT SN DBED L S 2z Ry
BEAMEIHIZh S & Rk OB DMFAET 2 WTREME A RIBE 35 2 &, & 2\ T ATP
IREZHERFT 272 DI EDTA ZIRM L 72 R TITH> TWATZOIZATP & I A v
L OB E RIFE LI ATREME AR S h D,
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F2HE ATPIZL D~ uIAd v YT 7772 M1 O pH IZBIT 5

BN EA

1. WFZEH Y

v 7T VO WEMEEZE LR TS8R L LTIV o
END D, ¥ RITIER, S —ARERES LOEEREOWTNATHE S
DRI E 72> CWND, YZABRREET L L, ~ 7 aHORFASLT VEOMHA
PERED R VARIZED Y, FHAKRET S L I oI~ 2T 5, F
FRHCAEITK S I EFNVRIK E 2 D i fiiEZE LR T SED5, 29 LV W
IR L TRID THMNL 2 NG, HRMEEFORERI AT LD L LY
2, FEEBERDLI -KERD, BWE~ 7 e WHOZEMRED DI Y 7 ARA
B O L OB IREDORB N EERRE L 2> TW\WD, Y7 ROFRAEIT
BEOERIR LA B XOHAO pHIR FRJRE & S TWD, 1978 FFIT/INERD
X, ETNVEBR T~ 7 avr AORRIZEER K pH OMFEIEATHD Z &
B L B, 20k, < OMRFICE > TY 7 ROFRITET HaivkE 30
& LT S,

IRE FUL R Tk T 5 72 O CL ED ATP ZHE T 208, £ETW5D
HUWTEITERFMARIC L > TRIRAIC ATP 2 FAFEL TV 5, L, HAERO
WEICBOE SR G MELIL T 5 &, HRHITsRRRELE Y 7Y a =S v o

SRR 0 LA ERL S, RIRRIC ATP A3 fRIC L H72 9 HE ORI L0 5
pH DK TR X 5, 51T, HERHICHEI SE D Z & CRKROEIEDS EF L,
BWNS NI BOEMENMEET D, KT, v 7 R EORBBATIIRIEDH
D E CHAISND ETIREER» 0D, fAlZ L 7 BiLEiE, 1€ pH
RSB ENSEENEL R, IAVLRIF T ue L OEMEMEES RS, 303

= KO 1 BIZEBWT, ATPIZI A & D WM RMEZ » X7 B D
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BB M ERZ IR T 2 Z LR EN TS, EHIZ, ATPIZIA /=
B DA MEDOEITEZIHIT 2 2 & b MESN TN D, 33VATP IZAEM R E X
TV AT RMCAERKR SN TR Y, EHAREEICL Y HEINTHHFIC
ZIE—EDORELZREE L CTWD, £/, FEHRO—EHHEITAEE TR & R
FEDORELMERFT 2708, TORIKT Lagd, (K ATP JRE CHLMEE 2 Z L,
e DMERTEZBIEEIT, —F, ~/m7 VoV /rNTIE, BOEERZIC
ATP DIFE A EIRHKT D Z ERRESNTND, 319 ATP O3 M pH
TCBT DI AT DBENMIC EOREREZ KT TNTHONTIE, F72, #F
TENIR S ILTVRYY,

ARWFFETIE, &0 Hfli7e R T ATP IZ XD MAFHRE X v X7 Bo#REEH
ZRET H72DIZI AT 2D ATPase active site ThHH I A2 S-1 1T 5
ATP OEEMEMFIZI ROV TR Lz, ~ 7 v O 7 WIERER O & KR &
fett pH 2MRK & S, £OREITITEREITD 575, KIEIE 30°C £ T
EALUPHIZ 6 LLTFICRDGENRZ W, D 22T, B pH ICHE LI~/ 1

I ATV S-1 D 30°C 1B BEEMEICRTT D ATP OEH W TG L7,

2. FEBRAE

AT S-1 OFRUCIZ I F X~ 7 9 Thunnus maccoyii O & BEEER HR &
ZAER Uiz, #9200 g (THIFER O S 4072 M B0 2 B K FER TR L D 3 kg A
L, FEBRIZHT 5 E T-80°C OHEHIETRE Lz, Z OMmEimIESif M a3
D EREHIEE A2 2T 2 L AR LT, AT EIRED ATP 254 Lz
R B T D L HEE L Lz,
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3. EERITE
(1) ~ 7 afpFEHHEN S I AT S-1 OFFHR

AT S-1 OFBLT, A8 5O J7E 3D (U U CREGRRHED D IR L7223,
wFE R TSRO OW TR EIT o 72, T72bh, JKAKH TH
3 RERHIPRFE U ORI Lo @t e X I~ 7 m 2%, K F T3 FED 0.1
M KCl, 20 mM Tris-HCI (pH 7.5) &R Z &ML THRETF A XL, 5,000 rpm 15
SyTEliE OB L IR & 157, ZAVCTRNRIR 2 N 2 C IR & IR iRtz [AERIC
L BEE Uiz, 2 OfEZE 3 [EIRE D K L CKRER S 2 bR, 1507z ib
4y % R ERRAE & LT, AEARAEIY a-FF R U 773 i kD 72812 0.05 M KCl,
20 mM Tris-maleate (pH 7.0) (2R L7-, MiARMED D S-1 OFELE, 1 mM
EDTA 3 L0 0.1 mM DTT A7 T THHJEMMEL o-FF F U 72 T20°C 12T
30 pTEIE L, XAV F% S-1 & rod OEFETAL TR OINT L7z, &
T MY 7Y HABITAAIEEE 0.3 mM PMSF 230 L T 1k L, 10,000 rppm T 20
oy DT BE A AT VIR T S-1 2 B el oy 2 20T, 15 b2 IRBITHIREE 10
mM PPi (Na) -Mg % & ¢ 0.05 M KCI, 20 mM Tris-maleate (pH 7.0) ¥&#Z % 1 2 C
<L, 10,000 rpm T 30 i OoBEL, 77 FUnbLEREL T S-1 &2 &
B L=, & 607z BiE D 40— 50%8aF0RE 22 M4y 2 10,000 rpm T 20 53]
ELAEEL S-1 ZTEEICEE Y, 0.1 M KCI, 20 mM Tris-HCI (pH 7.5) AIRIZ BT
L Tt & R & 10,000 rpm T 20 4y fii 0B L BISE > %2 S-1 & LTEAL
77

FRIFRRAEIN D 2 A2 > S-1 OFFBLBREICR T 5 7 v X7 EMEkIE, #H1 =L
[FEAEIZ Laemmli @ 515 2D OHEW10% 727 U LT X R4 V% T SDS-PAGE

(ZE ot Liz,
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(2) pH I LU ATP-Mg /7 FIZHIT 5 I A4 S-1 ONEVLEH

IA T S-1 @ pH OF#EEE, pH 55—7.0 AT 0.1 M KCl, 20 mM
Tris-maleate %, pH 7.5 ®#41% 0.1 M KCl, 20 mM Tris-HCl OVEHRIZEM L T
7ol S pHICHE LI ATV S-1 (XU X7 EIBE | mgmL) ([ZHKEE 1
mM MgClL 5 XU K 7.5 mM @D ATP Z ¥ L T 30°C (ZHRFFL, BREFAYIZHER
D HLKES L TNEE (LD 7-%, IA4 T2 S-1 OWEEZRAE L, £D#%, 0.1
M KCl, 20 mM Tris-HCI (pH 7.5) #&#&IZEHT L MgCly & ATP, ATP 53 % Br2

L7 S-1 Zn#EViLE s-1 & L=,

(3) MNEVLEE R A 2 S-1 OWEEERIE R L OB

I AT S-1 OBEMEORRRZEALZ S-1 OINELELR: O L A FEEEIZ L CHl
FE L7, S-1 OWEEIT 350 nm TOWSEIEZ HIE LT, W DORRFZEIZ OV T
X, WMENRKKERSTZLEXOWNEDOMED 12 1258 T 5 E TOREM (sec) %
Tip & U TR EE DR B A AT L7,

(4) IMEMLPE A2 > S-1 O ATPase & MERIE

JNEMLEL L 72 S-1 @ Ca-ATPase IGMEILLL T O SO T 25°C THIE L7,
0.5 M KCl, 5 mM CaCl, 25 mM Tris-maleate (pH 7.0), 1 mM ATP, 0.05—0.10
mg/mL S-1, 2 A3 > S-1 D4 pH (21T 5 IENLERRF D ATP 43 iR i % Hhilge 4
572912, Mg-ATPase 15 2 LL T O BOSHRFEREL T 30°C THIE L7z, 0.1 M KCl,
1 mM MgClz, 20 mM Tris-maleate (pH 5.5—7.0) % 721X 20 mM Tris-HCI (pH 7.5 —
9.0), 1 mM ATP, 0.2 mg/mL S-1, %5 1 & & [FIERICIEHE L 72 8% U > 2% Gomori
B2 CHE LT, XU R BREIIE I EERFICEY Ly MED 1TkoT

bt EE LT,
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(5) A1 S-1 ATPase D ZE M FEEE 0 it

% pH 3 L OV ATP 4547 FCHNEVLEE L 72 I 42> S-1 @ Ca-ATPase &% D K

[ ORERF 2 b Z FREO — RIS RAHE > THEATL , PR3 BETHE (Kp) R H LTz,
Kp = (InCo-InCy) /¢

I, CoBIXOCATMBNGT & ¢ RNV DIEMEDFETH 5.

(6) ATP Ji2EEDOHIE

0.5 mM ATP 1F7E F T 30°C TIREFLZEE DI AT 0 S-1 A (0.1 MKCL, 1
mM MgCl,, 20 mM Tris-maleate (pH 6.0), 1 mg/mL S-1) 7 ® ATP J2FE 2 HIE L 7=,
T7rbb, ATP /LT, 30°C TENEN—ERFMREF L2 I 4 S-1 RIS
HEIRFE 5% PCA Z NI LR & > 737 %, KOH ¥ CH R L 72 ¥ #K % 5,000 rpm
TSoMEODEEL, S0 EiEE2 045 um AT LU 7 0 VW H —ALE L T-
TR % A ek Bk & U7co ATP IREED3ATIX, 55 1 3 & [RARIC B S ERT i HPLC

AT A&V, Murata SO FIEICHKES TITo 72, 2D

(7) WERHALER

HEIL 3 BIRTITV, BNz EERERTT 7 vkist RS SEH
-2 2V, SR OAEZE%E Tukey JETHEAT L7E (p<0.05),
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4. R
(1) ~ 7 afEf#EN S I A4 S-1 OFH

AITARHED o-FF b U 72 i kS %2 SDS-PAGE T & V) KiEf L2 R,
1/500 (w/w) @ a-FF h U 7% T 20°C T30 o3+ 52 & T4
TATIZEAETEERL, S-1 Euy NiOifrahd Z & 2R L. (Fig 7a),
LR THIERMgES R e N UMb LR, S8 L OFIEIC
ELTIAV Y S 2R LTz, BEUCHEOREIAT Y S, T7F
EEET, MEOEWNLOTH-7- (Fig. 7b), F7=, HEMEIE LTHEHALE
MR T I uDfRER>THNTH, bR IA T S-1 O Ca-ATPase

LEHEME 1349 0.5—0.6 pmol Pi/min/mg & Z27E L CEWMEZ R LT,

(a) (b)
(kDa)

195 = -— - MHC

Rod

13 . PN N e w

38 g W > » & - _‘--S-l

59

47

W Gy W = e oW - — — A

28
20

M 0 10 20 30 40 60 M A B C D E F

Digestion time (min)

Fig. 7 SDS-PAGE pattern of the a-chymotryptic digest of tuna myofibrils and
preparation of myosin S-1 from tuna myofibrils. (a): Tuna myofibrils were digested in
a medium of 0.05 M KCl, 20 mM Tris-maleate (pH 7.0), | mM EDTA and 0.1 mM
DTT by using 1/500 (w/w) of chymotrypsin at 20°C. (b) : (A); tuna myofibril, (B);
a-chymotryptic digest of myofibrils (digestive condition: 1/500 (w/w), 20°C, 30
min ), (C); soluble fractions of the digest, (D); insoluble fractions of the digest, (E);
crude S-1 released from the digest, (F); purified S-1 by (NH4),SO, fractionation and
(M); molecular weight markers. MHC, Rod, S-1, A mean myosin heavy chain,
myosin rod, subfragment-1 and actin, respectively.
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(2) & pHIZEIT D ATP-Mg =45 FTD 2 42 S-1 DINEIC X 2w EZEA
Wil D pH % 5.5—75 IZHHFE L7224 > S-1 12 1 mM MgCl 5 K Ok K 7.50
mM D ATP Z¥INL, 30°C THEA L L X DI AT S-1 IR OBE L%
350 nm OWICEAFERE L L CHIE L7z, pH 6.0 & pH 7.0 DfER % Fig. 8 (a, b)
(2R, ATP ZHIN L 722V CINEA L 72355 1T R T, ATP-Mg* #7175 T T L
T2 E CITEE D EA BRI b EZ R L, £, IO pH6.0 LV
HHFPED pH 7.0 DIE 9 NEE O EFITEVER 278 Lz, KSR ZR2008,
fthd pH (281 5 I A4 S-1 OWEZ(L D Fig. 8 OFER: & FRIEEIZ ATP (K
FPEZR L, pHAMEL R D IZ EWE D LHANHL, dk pH THEBIE O 513567
RmErole, EHITENENDEELENMIZONT, BENRRRERSTLEE
DORSNFEDED 1/2 12T 5 E TOWERZ 11 (sec) & L, Z Ofi%a EEHN
B (sec™) & L CHNT L7-#5 %% Fig. 9 (TR d, ATP EFRIMDOBEE, BWEED
I pH 5.5 5 33.33 X102 sec”!, pH 6.0 ; 22.22X 102 sec”, pH 6.5 ; 20.00
X102 sec!, pH 7.0 ; 12.50X102 sec’!, pH 7.5 ; 5.80X 102 sec! & pH IZ{KIF L,
pH DEME T, FHENDIT VI VIR 512 EER A 2~ LTz, 0.5 mM
BELOR1L.0mMATP 23N L7354, pH 5.5 O ERNNEE X2 Fh 28.57 X
102 sec! & 25.00X 10?2 sec! 27~ L ATP EAINZITVMEZ 7R L7223, pH 6.0 UL E
TIE8.33 X102 sec™ 725 230X 1072 sec™ & FRVNE EEHGMNEI DR 2358 D a7z,
£72, AIKNO ATP JEEEIZITV 7.5 mM ATP Z iR L7234 TiE, W o pH
IZBWNTHMBNZ X 2 EE D EH 23 10.00 X102 sec 205 2.08 X102 sec! & FEH
WZEE<, FFIZ, pH 5.5 T ATP IZ L 2B MEMGIRIIBE Ch - 7=, DL EORE
Ko, IF T S-1 OB L DEEEAIT pH IZHE SN D D L [ARFIZ ATP
EEEERAEIE 2R L, BRI, B pH FICBWTATPIZ XY S 4320 S-1 ORI
PERNBEE IR SN D Z DB bk oTz,
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Turbidity at 350nm
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Fig. 8 Changes in the turbidity of tuna myosin S-1 by heat treatment at 30°C with or
without ATP. S-1 (protein concentration 1 mg/ml) was treated at 30°C in a medium
containing 0.1 M KCl, 1 mM MgCl,, 20 mM Tris-maleate (pH 6.0, 7.0), and various
concentrations of ATP. The final concentration of ATP added was 0 (e), 0.5 (0), 1 (2),
7.5 (o) mM, respectively. The heat treatment was stopped by cooling in iced water
and then the turbidity of myosin S-1 solution was measured at an absorbance of 350
nm. (a) ; pH 6.0, (b) ; pH 7.0
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Fig. 9 pH dependence of the rate of turbidity formation of tuna myosin S-1 by heat
treatment at 30°C with or without added ATP. S-1 (protein concentration 1 mg/ml)
was treated at 30°C in a medium containing 0.1 M KCI, 1 mM MgCl,, 20 mM
Tris-maleate (pH 5.5-7.0) or 20 mM Tris-HCI (pH 7.5), and various concentrations of
ATP. The final concentration of ATP added was 0 (e), 0.5 (), 1.0 (2) and 7.5 (o)
mM, respectively. The heat treatment was stopped by cooling in iced water and then
the turbidity of myosin S-1 solution was measured at an absorbance of 350 nm.
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(3) & pHIZEK T D ATP-Mg /£ F TD I A S-1 ATPase IH M D
TR M T

WR DO pHZ 55— 75 CHE LI AT S-11I2 1 mMMgClLBXW
BB D ATP Z i L, 30°C TMERE LI-LEDIF T S-1 D
Ca-ATPase {EMEDOBRFFEAL AL HE L, — RS ATHE VYT L 726 £
Z Fig. 10 (a—e) 2R, ATP RIBMO I A > S-11%, WT D pH
B W TH MBI X0 — RIS HE - THRIE L2y, BME#E I pH
KAFMEEZ R L, pHS5.5 O RIEHE (838.04 X103 sec™) Id pH 7.5 (87.25
X107 sec!) DR 10FEThHo72, —F, 058XV 1.0 mM ® ATP %
WMLz A S-1 Tk, MBEMHMOEERLEITES, Tok, &
HIZRIET D 2 BEEOEMREXNZ R L7z, 0.5 mMATP IsINICEB T 5 2
BB ORIEE MBI X, pHS5.5 THEL 5 /5%, pH 6.0 THNEN 10 4 %,
pH 6.5 THIEN 15 3%, pH 7.0 & pH 7.5 TME 203tk & 720, pHIZ
KELT 2 BEHOKRERBRFHEPENDIMERE R oT2, £72, 1 mM
ATP WINC BT 5 & Bl A R 1%, pHS.5 THMEA 15 4%, pH 6.0 THl
B\ 20571, pH 6.5 TINEN 25 73, pH 7.0 THIEN 40 43 %, pH 7.5 T
M#E 45 53% CTH VY, pH 5.5—6.5 £ TIL 0.5 mM ATP ik I 4 >
S-1 L [AEEIC pHICHEFE L TS5 T OREHBKRMA BN DM EL 2o
oo FTo, EENO ATP REIZE WV 7.5 mM ATP 2 iRMT 5 &, T
NOpHIZEBWTHLME 60 0% F THEMEORAFERKETTIIEZ Lo
2o L bR RE, MBI I A2 v S-1IRIRICEIRIT 5 ATP O
ZEMT 5 Z &1 fEVy, Ca-ATPase IEPED SRR KIE VM E 5 £ TIZ
BT HRMAELS 2D, £, RIGEE GEP 2N S /N E L7258 m
o LTz, Ca-ATPase i&PE 2N B IR T3 2 KX &N L 7= ATP 234>
fRINb-dEHBRIND, £2 T, pH 6.0 T0.5mM ATP ZiR/ L
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eI AT S-1 K %Z 30°C I THEVLE L7, 5% PCA I TR >
N7 L, WD pH % KOH &K CTH F1 L T ATP #2 & %2 HPLC Tl /&
L& 2 A, MBS 3k TiX 0.23 mM, 10 5% TIiX 0.15 mM @ ATP
MNFE S TV, B 15 3 TIX ATP X E A E DL 0.03 mM Th
o 72, Ca-ATPase EMEDK THER & i S TH D &, MEVLEE H |2
ATP BB ENK T3 2B & Ca-ATPase G PEN B2 E (K T 2 46 2 FEf

FIFIE—FH LT,
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Fig. 10 Thermal inactivation of Ca-ATPase activity of tuna myosin S-1 in
the presence of various concentrations of ATP at pH 5.5-7.5. Tuna
myosin S-1 (1 mg/ml) was treated at 30°C in a medium containing 0.1
M KCI1, 1 mM MgCl,, various concentrations of ATP and (a): 20 mM
Tris-maleate (pH 5.5), (b): 20 mM Tris-maleate (pH 6.0), (¢): 20 mM
Tris-maleate (pH 6.5), (d): 20 mM Tris-maleate (pH 7.0), (e): 20 mM
Tris-HCI (pH 7.5). The final concentration of ATP added was 0 (o), 0.5
(o), 1 (A), and 7.5 (o) mM, respectively. Treatment was stopped by
cooling in iced water and then dialyzed against 0.1 M KCIl, 20 mM
Tris-HCI (pH 7.5) to remove ATP and its related materials and Mg?>*.
Ca-ATPase activity of tuna myosin S-1 was assayed at 25°C in reaction
medium containing 0.5 M KCIl, 5 mM CaCl,, 25 mM Tris-maleate (pH
7.0), 1 mM ATP, and 0.05-0.1 mg/mL myosin S-1.
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Fig. 11 [~ 7 8 I4 2 S-1 D 30°CIZEF D Mg-ATPase I& % % 7/~ 97,
Mg-ATPase {EVEIZEEME pH T/ <, o pH THRWEMHZ R LIZ, &
pH 2381 %5 Mg-ATPase I& 4 D 3E V2% 30°C MNEAVL B [ FR AN L 72 ATP
OREMRTEEICHEL, BEERXN 1 KK Tt 2 25 R
ERRBOONDIFRTHDLZ Enmanl, UEDKERNMNG, w71
I AT S-1 @ Ca-ATPase i& D IMEIT X 5 KIGFIL, WL 7= ATP IZ
Fomfl s, MEl SRR ATP IBECKTET 22 ENHL M E R

> 7,

0.06

0.04

0.02

Mg-ATPase activity (umol Pimin/mg)
Q

0

5.0 6.0 7.0 8.0 9.0 10.0
pH

Fig. 11 pH dependence of Mg-ATPase activity of tuna
myosin S-1. The ATPase assay was carried out at 30°C
in a medium containing 0.1M KCI1, ImM MgCl,, 20 mM
Tris-maleate (pH 5.5-7.0) or 20 mM Tris-HCI (pH
7.5-9.0) and 0.1 mg/ml myosin S-1.
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(4) I AT S-1 ® Ca-ATPase 2 PE@ FEEHIC K % ATP @ 22 P il
wh 5 O RN

FIRE D ATP Z fF{ESE T30°C TMBVRE Lo~ 7 1 I 4 S-1
2OV, MMEAMEMIC & b 72 9 Ca-ATPase & VE DK T ORI (L &2 —
WX T Lz 2 A, Fig. 10 IZ/R- L7z X9 ICmagEo
Ca-ATPase IHTE DK FTREBVWEME L ZICH < HWK T O 2 BEREOE
IR EZ R LI B OB NESRITATPOREK FIZHEI bOTH D,
D DOREREN S, Ca-ATPase i P O MEA W H O K T3 & 2 ATP 23 {7
fELEMEMEZ R L Tnd L EOBEREMEE (Kp) & LTkRkD, #&
R % Table 2 12”77, ATP ZIRML T2 A2 S-1 @ pH 5.5
BT D Kpld 838.04 X107 sec”! TH Y, o3 4D pH, ATP INIZH
7% Kp EIZH L TABEZEZ R LT (p<0.05), pH5.51ZBWVWT, &£
D ATP ZIRM L 7B EO Kpld/hE& <720, 0.5 mM ATP ORINT
Kpl¥ 49.63X10%sec! THh -7=, Ziix, 0.5mM ATP f£7E F T pH 5.5
BLY30°CITBITLDRALZENENLN 17T HEICRsTZ EZRLTWVD,
WTHDO pHIZEBW TS ATP 2R INT 252 & TKpld/ha< 72V, ATP
Z R DEMEME I ATPEE 05— 75 mMB THEEEZITARONZR L,
HIZBEDY < ZOREMHITN 12— 1712725 2 L B/R S viz, ATP
W05 mMTFETHIEICEVENEpH FTOI AT S-1 D 30°C I
B LIS S, B pH FTH-TH ATP BEET I,
izt pH BHMEBICH T 2 BEM I T 2 EMEHE L D =
EMIRIB I NI,
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Table 2 The apparent first order rate constant (Kp) for early stage inactivation of

Ca-ATPase activity of tuna myosin S-1 in the presence of ATP.

Kp x 10° (sec™)

ATP

H55 H 6.0 H 6.5 H7.0 H75
(mM) p p p p p

0  838.04 (x11579)% 196.01 (+17.57)"¢ 14311 (+30.34)° 11564 (+22.78)% 87.25 (+6.84) °f
0.5 4963 (£4.46) 9 1545 (+11.40)° 1233 (+1042)° 6.53 (+1.60) ° 6.50 (2.30) °
1 37.36 (£6.49) ¢ 1239 (+431) °© 1113 (£3.23) © 713 (£3.17) © 5.05 (+1.80) ©
75 1696 (+11.41) 9 1151 (¢6.17) © 1078 (x4.26) © 7.16 (£2.16) © 529 (+273)°

The apparent first-order rate constant (Kp) for inactivation of Ca-ATPase activity in the
presence of ATP was calculated using the data shown in Figs. 4 (a-e).
Values are mean + standard deviation (n=3). Different letters indicate significant differences

(p<0.05)
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5. BE

~ BT VETRAET LY AL, HENK-IELS 2D, AfiTAcl,
FERR DBRVER & 72 0 gl IR & <IKF T 2. HiC, EHomKRMOKE
FREICIE L7 AR CRABEN G /82 2 &b, BU/KIREITOXKET %l
BRLU7ZV, BE LIS WABITRAROZEMEIED T3 K OB A7
ENTND, YZROREA D =X LT, KGTFTREOMENZ L 5 HARIRD 30°C
(23 L5 EH & AREE O M AR AE < kB e < 2 &, AR AU
RERARBE T O 7Y a0 — 5 S RS OTEFRALIC L D3R EO IR LW
ATP 3ifIC X 5 HY BRI X 0 fa iy pH OFMALNE Z 0, BEME pH FiIckiT 5
RARHME S XV BRI AT v B OBEMENRK TH L Z ERHLNISN
TW5, 232 05 Rz BIEY 7 R OFEAED KT E % OB LN IR
D Z L ERAFD ATP OHERNZIEICHET T 2BRICER Lz, RBRIIC
PR L=V W OFAESM L e DR FERIZEY 7 LTI, TR 3 REHIDAN
IZ ATP IZ582ICER L, pH b 55 FHEE CREICIK T35 2 EBHAE S hTw
Do B UL D, BYEpH FCTOMAY /37 EOBEMIZ KIFET ATP
DFEBIZ DN TIIMFZEHI D SN TR WO ARNFFE THRY #LA 72, ATP @
WRE MR DI DI AR R IO WVEME T TIFEEITS 2 & & LIRS,
AV ATAEBEIRE T TIET 4 7 AV R LEWIZS WD, I 4T
> ATPase Y [ TH 0 EBIERE FTHMT 5 I 4 S-1 2 L7,
Fio, IAVUSTIEEMTLHZEICEY,  Ca-ATPase IH1E L IR OB E % 4
PO E T HZ N TE T,

v/ u ATy S-1 OPFRE, AETORIECHRE S IVEIRE D ATP 25 A7
REE CEBIKIR T CRBHA ST I~/ i 23R B E e LT
52 LNTE, Ca-ATPase HiEMNm S LE LTI AT S-1 THBRZAIT O 2
EINTE, 7 IATrS-11%, AB60TEIHELT T, ~ 7 ok
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2T % o XE M) USRI ERE LT, I 422 S-1 @ PPi-Mg*™ (12
BT 7 F e OfREE & LSy & LA DR T TR OEOEER & L
THE LR L (Fig. 7)., ~ZuI42 2 S-1 D% pH FTD 30°C BT 500
BULFRIZ X 28 IRE (0.5—7.5 mM) O ATP ORE4 I A2 2 S-1 Bk O ¥
& & Ca-ATPase IEME A FEIEICHIE LICRER, WTNogma bR TIZR T %8,
EMEZ RN IN® T2 2 ENA LN E o7 (Fig. 8—10), £7=, ¥ L 7= ATP
RED 0.5 &5V X 1.0mM D5, Ca-ATPase IEPED AR, — KIS
2 X DN CHIH DB NENE & Z DB OBNEMED 2 BB A2 R Uiz, Ziudn
EVILFRRR|Z ATP 73 S 43 0 S-1 @ Mg-ATPase (2 2 0 43 i S 4L, ATP #ENFIF
THR LT REIC 2 e B3 T 2 L 3D BTz (Fig. 10, 1), ABFFE Tl
MUTe I A2 S-1 OIBVEMSMTIZER T 2 RS & ATP IRE OB,
0.5 mM @D ATP N {FAE T AUXEENE pH T COEEMEIZMICIHI S N5 2 & 4 B

MY, Y RRAERIZIIT D ATP OB 2 HRITI A OfFE%E FTo
BN ORI EITO5 X4 L 70D 2 EnHEE S 7z (Fig. 10, Table 2),

ATP (2 X 2 FSERS FURRAE & 7 B OZEMEIHIER O 2 FHEFIC W TA#
HEARICRET ZIT O MEDR H D, ATP AL THIEEZ SN IA TR
T I F oA OREERAL S X7 B OKFRIRIEDZALIZTER LT %,
BRI AT S-1 & ATP OFEGHIT 1 1 1 THDHA, KRFERFMAETIE
IA T S-1IZx LT ATP AREBRIAFIEL TV D, 77205, 0.5 mM D ATP
BRI U7 EBREM T, W34 S-1 (518 10 J7 Da) OJRE %3
ICLCRIET D &, EAELTIA T S-1 OF S0 5L T 2HFIETH
%, ARHRBRRTIE, IWIML7C ATP 1 ZI A S-1 OFSLEEFIZ ATPase |25V
RSB T AT L, RENRR VKT LIERICRM AR E N EITT 5
ZEWRENT, LTERo T, ATP IZ X AEMEMSIZNRIC LT I AV S-1
& ATP DbF &R EDMRFHIARBRA R ST TITHL NI TH 2 &
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XTE 720, MAOLBLORREOIII AT B OMERREOEEEIC ) XX
TR OREZ I & Ca-ATPase IGTEAFEIE L U THET L, FEEOZ R ITMEL
BUTHES 2 2 RV BIRE DB Z 2T T, BEOENMREIZL > TREENLD
ZEERH LR, 30 i, BRSO L EEEBS L CEOEE
BT OTIERL, WEFOKOHEEL LOMEICEELZB LI LEDORLE
FTEHERISNTWD, —F7, ATPIEI AT S-1 EfaT2MHEEZ b &
5, ATP OREREN I A2 S-1 & ATP OFES L ITERBR TH D LIFE 2
KWA, IA T S-1 & ATP OFEAITINZ T, TR OWERED ATP D72 /0 B 7>

DI L > THREDRBFER L TVL LD LHELEL TN D,
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H3E ATPICL DT Y 2F 7 A4 v OpRFBEMIH]

1. WFZEE R

WEEAEDNT, WK OEESY - @SIREEREICHEIG T 5 72 OIS SRR 2B EH
HitgREZ BIESE TE T, TORNTHWEY X - A FIIFHETH Y, R

FIREDRFE L EE L CREBEZWAKEF LU EH S5 2 & TlEs

LTW%, 20X D i@ EsiEi O AR BRENME & FFT, HEMRS A
L ITERRDRBEEREHA I =L EEGFEL TWD, —F, RFTR 1704
NIEEMRITHY, ZoRIEONEEELE 2, BRIEELHEST L &
PEIHNTND, ¥ 2 b DRFEDOIEMIL, EMOAEMGEN R EL KX
TIEEBARIEATHDICHEDL LT, MES AHOMW L 7 BITHEER
MIRBIR EOEMEZRE I LTV, ZOREFEOREBEIBET VAT AEL
TODIRHMNETF TS, —DiF, RFELEBICRBERGHYWE L LT
ARNICERETEBEIN TS TMAO R EDAF LT I VN RBLEME
MEILTWD &, 19 &5 —2iF, IRFFE T THRIET 2 L 2T AFDOHA
SR BRI RF MM AR T TH D, T

H1EE, FH2EIRLIE K DIT, ATP ITASEMFRRME 2 o R 7 B O s AE
RS T2 2 BB AT 2EHEZH L, ¥ o X7 BEOREICEH
B2 LRBEND, LnLann, #ElRR Y LR BEMERITH Y,
IRBOFIARNITAE T 2 IRFBEDHIFMRME S o /37 HEMEIZKIET ATP D
EENZOW TN 72 S TR, RAFZE T, 73 2 F 27 P X Sphyrna
lewini 2 A2 > OJRFEVEICKIET ATP DOV T 2 A 2 Ca-ATPase D
FAEHE 2RI L CRET Le, E£72, e LTHRRNICIRFELZIZEA LG E
72N X A Pagrus major % W ClRBEDRER 21T > 72,
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2. EEBRFE

2016 4 6 IS RSB CKRGTINTT v a7 A (35 kg O
HHEEHZ I T, HREREOZ VIV ERAELTIZ VY UL
LT -30°C CHPIEk L7z, F7=, xtFRELTHEMA L~ A1, 2018 42 A
T35 CHE 2 b O ZREA LT,

3. EBRAIE
(1) IFTroiH

TAYaFIFAOT VY UG I AV ORBUIIRO FETITo 72,
Tbb, KB TFTZ Y'Y UHIZ3EFED 0.1 MKCI, 20 mM Tris-HCI (pH 7.5)
Rz INZ CTHHE L, 3,000Xg TS5 0fmE Dol Li-, ZOEL 3 [k K
LTHE LN AER Z 3 BERM L THREY T A XL, 3,000Xg TS5
IO EE L T 21572, & BIC 2 ORI IFIIANE 2 N 2 THbEe &m0 B
DENEE 4 [0 R UTRBRAE 2 > 7 B R Uiz, FhRRHE S R 7 Bl
IR 0.5 M KCI, 20 mM Tris-HCI (pH 7.5), 0.1 mM DTT, 2 mM MgCl,, 2 mM ATP
ZUSI LU TR DICIBIE L, KT 10 offREEL7Z, £ D% 18,000Xg T 30
SyE Do EE L THE B 7z BIE I 10 fE RO MR K 2 A TR 2170,
12,000 X g T 20 srff 008 L Cib 2 4ED, &IEE 0.1 mM DTT, 0.5 mM
EGTA, 5 mM MgCly, 5 mM ATP % & ¢e 0.5 M KCI, 20 mM Tris-HCI (pH 7.5) &k
R LT, Z OWIRIZEIRIRZ AR 2 I % 40— 48% DI &2 i 73 4, Zi
% 0.5 M KCl, 20 mM Tris-HCI (pH 7.5) #&KIZENT L Tz ZFrZE L, 18,000X g
T30 ofE OB LT BIEE I AV IR E Lis, ~ XA AT UL EEA D
BT B 2T P ALFERRICI AT AT U720, B 40— 50% i 57
EIATE LTHED,

P U722 A DRl L, SDS-PAGE THER L, & 13, %52 3= L FEEIC
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Laemmli D 51E 2 (IZHEV, 10% 7 7 VLT I RA VAR LT,

(2) A ATPase iFMEDHIE

T a® 7Y A I AT D Ca-ATPase, K-EDTA-ATPase 33 L O Mg-ATPase
TEPED KCLREARAFEZJIE LTz, 4% ATPase TEMEDRIESRIFITZLU T O LB
Td %, Ca-ATPase {511 5 mM CaCl,, 25 mM Tris-maleate (pH 7.0), 1 mM ATP,
0.05—0.6 M KC1 B8 X100 0.1—-0.3 mg/mL ® X 4>, K-EDTA-ATPase 7F:1% 5
mM EDTA, 25 mM Tris-maleate (pH 7.0), 1 mM ATP, 0.05—0.6 M KC1 3 X0 0.1
—0.3 mgmL O I AT, BILW Mg-ATPase {iHMElE, 5 mM MgCl,, 25 mM
Tris-maleate (pH 7.0), 1 mM ATP, 0.05—0.6 M KC1 3 X T 0.5 mg/mL O I A3
DFOSHEK T 25°C THOG LTz, Wl 286 U > 2% Gomori 1% 22 Z VT
e L, EiEME (umol Pi/min/mg of Myosin) Z 3K 7=, 73, X L0 &

PRI T VT I U EEREE LTy Ly MEICE Y B ERE L, B

(3) IATUDRFIIEL I T Ca-ATPase I HEDOHIE

AL F NI EEFE 5 mg/mL) 0.5 M KCI, 20 mM Tris-HCI (pH 7.5) %
TRICHIRE 0—1 M ORFEEZIRMLT0C CKHF) TAREREFLE, 203
I UVRIRIC 4 B DKE L2 0.5 M KC, 20 mM Tris-HC1 (pH 7.5) &% & ¥RN
L, IAV BB ORFBREZFHIR L CTRBEMEZFE LS, 0%, #
R FAIRIZIENT L CTIRFABRE, I A4 Ca-ATPase IGPEZHIE L7z,
4 Ca-ATPase I OWEIL, 5 mM CaCly, 25 mM Tris-maleate (pH 7.0), 1 mM

ATP, 0.05MKCl EXT0.1—0.15 mg/mL I 43> T 25°C THIE L7,

(4) ATP HAEFIZRBIT D I 4L v DOJRFBAEVEREEE OHE
IV (F R ERIRE S mg/mL) @ 0.5 M KC, 20 mM Tris-HCI (pH 7.5)

39



TR IZHEIREE 0.5 mM EGTA, 1 mM MgCl,, 1 M Urea 38X TUN0—2 mM ATP % IR
AL, 0°C, 10°C, 20°C TERFFL, REFAICZO—EZIR0 H Lz, WO HL

=2 AV UTEIRIZ 4 fEE 0K LT 0.5 M KC1, 20 mM Tris-HCI (pH 7.5) &k %
WML, IV ERTPORFZEFINT D & & BITMENL TIRFELE M & B
FEIESET, 0%, % 0.5MKCI, 20 mM Tris-HCI (pH 7.5) ¥&iRIENT L T
EGTA, MgCl,, Urea, ATP 2§ % R\ /= X A2 D Ca-ATPase {E A HIE L=, F
7o, WRFIZ LD I AT Ca-ATPase D KIEDRRRFEAGIT—IRISUZHE D Z &
ZRDIZDOT, ZEMHEER (Kp) R[S THRE L,

Kp=(InCo—In Cy) /t

ZIZT Co B C 1ZTMERER (¢ 47) BIZICHIT HIEEDOHIETH 5,

(5) ATP JREDHIE

BIREED ATP & 1 M Urea f71E F CHIRE CTUE L 72 & E D I A VKT
D ATP REZHE L=, 3725, Al L7z ATP & JRF(FE T, 0°C, 10°C,
20°C TENEN—ERFELEE L7z A ¥ U IRIRITHEIRE 5% PCA VAR % UsN
LBR% /32 1%, KOH ¥R CHFI L 7oK % 5,000 X g T 5 0Bt L,
BFolz BiEZ 045 yum A7 L7 4 W — AR LTI & o pTalelk & LTz,
ATP JREDSHTIX, 61 8, 52 & & AR BHREITR HPLC > 27 4% i

VY, Murata H O 2D (ZHE-> T T 72,
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4. AR
(1) TAY2EZ P AIF T OEFRIZRMER

Fig. I L7=T7 H v aT s P A L~F A 4D SDS-PAGE X % 71~d,
REROFETHEMMEND I AT 2R T 2L, THT2aFIFAL~H
ADELLIZBWTHHEDOTH NI AT 285 ENRTET,

(kDa) M a b c d

195 ommm amis oy - g
113 o
88

59
47

e —
34 T .. pu—
28

20

Fig. 12 SDS-PAGE pattern of myosin from myofibrils of
scalloped hammerhead and red sea bream. (a) scalloped
hammerhead myofibril, (b) scalloped hammerhead myosin,
(c) red sea bream myofibril, (d) red sea bream myosin, (M)
molecular weight marker.
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BoNTE=T a7 A I A4 D Ca-ATPase, Mg-ATPase 1 L O
K-EDTA-ATPase {& 1 KC1 K7 % Fig. 13 (2739, Ca-ATPase I&PE1L 0.05
M KCI1 T 0.368 umol Pi/min/mg %7~ L, KCl JEENE < 72 21223 TEMEITK
T L7z, K-EDTA-ATPase {E#:1%, KCl JREDOHEMIZE HRWELIHL 2D,
0.5 M KCI T 0.683 umol Pi/min/mg & fi & =V MEZ 7R L7223 0.6 M KC1 LA ETiX
RRME T L7z, —J7, Mg-ATPase iEPEIE, & & MEVMETH 0.007 pmol Pi/min/mg
TV, Ca-ATPase 33 L NK-EDTA-ATPase i 1 b~ CIEF IR WMEZ 7R LTz,

0.8

06

04

02

ATPase activity (umol Pi/min/mg)

0 02 0.4 0.6 0.8

KCI concentration (M)

Fig. 13 KCl dependence of activities of the Ca?*, K*-EDTA and Mg?*
-ATPase of scalloped hammerhead myosin. The ATPase assay was carried
out at 25°C in a reaction medium containing 0.05 - 0.6 M KCl, 25 mM
Tris-maleate (pH 7.0), 1 mM ATP, 0.1-0.5 mg/mL myosin and 5 mM
CaCl, for Ca-ATPase (o), 5 mM EDTA for K*-EDTA-ATPase (0) and 5
mM MgCl, for Mg?*-ATPase ().
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(2) 0°C IZBIFHT ¥ 2E 7Y A I A4 Ca-ATPase DJRFEZENE
0°C \ZBIT DT Iy 2F 7 F A I AT D Ca-ATPase EVEIC KIF T IR B R IE
DB E LT, IATVATKIRE 0—1M JRFZIIML, 0°C T 24 Kifilfx
FpL72t%, @IS TIRIN L 72 R FEZ I BRu 72 X A3 D Ca-ATPase TE D
TEfG KA Fig. 1412779, 0°C T 24 FFEIRFF L7256, IRFBIRED 03 M £ T
TIEPEDIR FIX 10%LL FTH 72038, 0.4 M AT S JRFEIRE ORI & b 72
STREETT DA 2= L7,

T 100 ¢
=

(¥}

= 80 f
oy

=

5 60 t
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é 40
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O 20

0 1 1 1 1 1
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Fig. 14 Effect of urea on the Ca-ATPase activity of scalloped
hammerhead myosin. Myosin was treated at 0°C in a medium
containing 0.5 M KCl, 20 mM Tris-HCI (pH 7.5) and 0-1 M urea. The
treatment was stopped by diluting to 4 times with 0.5 M KCI, 20 mM
Tris-HCI (pH 7.5) and dialyzed against 0.5 M KCl, 20 mM Tris-HCI
(pH 7.5) to remove urea. The Ca-ATPase activity of myosin was
assayed at 25°C in a reaction medium containing 0.05 M KCl, 5 mM
CaCl,, 25 mM Tris-maleate (pH 7.0), 1 mM ATP and 0.1-0.15 mg/mL
myosin.
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(3) ATPICL DT I a® 7 H A I AT Ca-ATPase D JREZE MR

ATP FFCTIA TV UICHKIRE | MORFEZFIML 0°C TREFLIZEEOD
Ca-ATPase {EME DR % Fig. 15-(a) [Z3d, ATP LIRFEZIIML T2
I AT D Ca-ATPase IGMEIL, 24 Rl £ TIEMEDIR TIXIZ L A LR 6N h o
7oy, ATP RUSHIT I M JRFEEZIRIN L 72 X A2 > @ Ca-ATPase {EPEIE— R UG
RATHE - THIE L, EMEHEEE Kp i 53.01 X105 (min!) THHo72, LL,
IM RFFET ImM £7202 2 mMATP 2345 &, 243 Ca-ATPase 1%
PEOAK T3] 41, Kpld 1 mM ATP T 12.66 X107 (min'), 2 mM ATP C 8.38
X107 (min!) TH Y ATP RIIMTRFBZHRM LTI AT D 4—6 5L ELL
Too 723, 2mMATP Z IR L7270 Kpl3Z/h S <720 ATP IRENEWE I 4
NIEVEEENT, ZOFEBRTIE, Mg> & EGTA ZiRIMLTW5HDT
JRIGALERF D 2 A4 2 NIKIEPED Mg-ATPase & L C ATP % 23fif L T 528,
FIRRIEIZ & b 72> T ATP IR A IR S NIERT 5, ZORETOIF T
VSR D ATP IR E ORI 2 2 MR T 5 7280, RRFAYICIRD L7 I A2 Ui
R D ATP JEE A2 JIE Uiz, £ DOfER % Fig. 15-(b) 1”7, WML 1mM B
FOV2 mM ATP 1%, AAERREFORGE & & HICREIFIRT L, 12 K% D ATP
BREEIXZEH 025 mM, 0.64 mM Td - 7223, I 4 Ca-ATPase IEPEDIK T
1T — B D— IR BORUTE - Tz,
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Fig. 15 The urea inactivation of Ca-ATPase activity of myosin from scalloped

hammerhead in the presence of ATP and the changes in ATP concentration in myosin
solution during incubation at 0°C. Myosin was treated at 0°C in a medium containing 0.5
M KCI, 20 mM Tris-HCI (pH 7.5), 0.5 mM EGTA, 1 mM MgCl,, with 1 M urea and
without urea, with 1 mM or 2 mM ATP and without ATP. (a) Natural logarithmic plot of
relative Ca-ATPase activity of scalloped hammerhead myosin as a function of incubation
time. The treatment was stopped by diluting to 4 times with 0.5 M KCl, 20 mM Tris-HC1
(pH 7.5) and dialyzed against 0.5 M KCl, 20 mM Tris-HCI (pH 7.5) to remove the
additives. The Ca-ATPase activity of myosin was assayed in the same method as in Fig.
14. (0): myosin was incubated with 1 M urea and without ATP, (e®): myosin was
incubated without urea and ATP, (A): myosin was incubated with urea and 1 mM ATP,
(0): myosin was incubated with urea and 2 mM ATP. (b) changes in ATP concentration in
myosin solution as a function of incubation time during incubation at 0°C. (a): ATP
concentration in myosin solution incubated with urea and 1 mM ATP, (o): ATP
concentration in myosin solution incubated with urea and 2 mM ATP.

WIT, BRED ATP 7 FTIA TV UITKIRE 1M OJRFEZRML T 10°C
& 20°C TPR¥F L7z & & D Ca-ATPase {EPE DR & ATP 2 b2 HIE L
724G R % Fig. 16 127897, 10°C TlE, ATP LIRFEZIFIML W Aok
ATP RUSHIITIRFEZ WM L= 2 A > D Ca-ATPase G 1L — B O — R SR
IZHESTHIEL, 1M JRFBZRINT 5 Z & TRIGHEE Kp 1% 144.85X 107 (min™)
ERVKISEELS IpoTe, —JF, 1 mM BXU2mM O ATP 2N L7254,
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Ca-ATPase {EPEDRRIFE A — RS THNTT 5 Eruth A0 0o 5 2 B
DRIEHFEREZ TR L2, 1 mM BLO2 mM @ ATP #iRINL7-54, £hEh
2.5 IEfH 3 L OV 5 REfi] & TIE, Ca-ATPase {EPEDIR FIXFECHTH 503, £ D,
— RS ECRENT U7 TE e O TR APE A R U, S8 0 15 0> 2 B
HIZEGEICHTE Le, Jriins 0 5o 2 BEpE B ORIHHE 1T ATP RN T 1M
REFETIZBIT DI ORIERHEITEVETH o720y, /N E< D
&R LTz (Fig. 16a), JRFEE ATP ML CTRBI L= DI A
WD ATPIREZRET H L, 1 mM ATP 2N L7254, 2 R CIlRIEN
S L, 2mMATP i 4 B TIZIEHER LTz (Fig. 16b), Ca-ATPase IETHED %k
JERR L ATP BEOK FRERZ XSS THD &, ATP BIHKT D REM &
Ca-ATPase {EPE TURZRAK T 220 HRFEITIFIEF— L Tz, —J7, 20°C T
WELLTZ5E, 1M JRFEE 1 mM £721F 2 mM ATP ZRINL7-I AT D
Ca-ATPase {EMED KIE DML, TN ZH 1 KF# & 3 IFH £ TR RIKT %
RL, TOBRBBIITET 2 ML R Lz, 10°C DA L0 bIHHEO KIEH
FEITE <, {EMEDN TIN5 £ TICET DR MIZE S 7o 72, 20°C T
B O I AV U O ATP OIHKIT & b 72 © T Ca-ATPase IS I IZAK T
THZ L L, TORIGHE T ATP RIS TRFBARMLIEIA T I 0T
IIZEEN T L1 10°C TRELL 7= L DR LRI L TH -7 (Fig. 16¢,d), L7z
Mo T, RFEUMERIZE T D I AT Ca-ATPase IHTED KIE X, ATP % ifF S+
D Z LI KRl S, JAE DS S D RN ATP OFRAAIR B IR AE T
LT ENRENT,
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Fig. 16 The urea inactivation of Ca-ATPase activity of scalloped hammerhead myosin in the

presence of ATP during incubation at 10 and 20°C. Myosin was incubated at 10 or 20°C in a
medium containing 0.5 M KCI, 20 mM Tris-HCI (pH 7.5), 0.5 mM EGTA, 1 mM MgCl,, | M
urea and without urea, 1 mM or 2 mM ATP and without ATP. The treatment was stopped by
diluting to 4 times with 0.5 M KCl, 20 mM Tris-HCI (pH 7.5) and dialyzed against 0.5 M KClI,
20 mM Tris-HCI (pH 7.5) to remove the additives. The Ca-ATPase activity of myosin was
assayed in the same method as in Fig. 14. (a) Natural logarithmic plot of relative Ca-ATPase
activity of scalloped hammerhead myosin as a function of incubation time during incubation at
10°C. (o) : myosin was incubated with 1 M urea and without ATP, (e) : myosin was incubated
without urea and ATP, (A) : myosin was incubated with urea and 1 mM ATP, (0) : myosin was
incubated with urea and 2 mM ATP. (b) changes in ATP concentration in myosin solution as a
function of incubation time during incubation at 10°C. (A) : ATP concentration in myosin
solution incubated with urea and 1 mM ATP, (o) : ATP concentration in myosin solution
incubated with urea and 2 mM ATP. (c¢) Natural logarithmic plot of relative Ca-ATPase activity
of scalloped hammerhead myosin as a function of incubation time during incubation at 20°C.
(0) : myosin was incubated with 1 M urea and without ATP, (®) : myosin was incubated
without urea and ATP, (A) : myosin was incubated with urea and 1 mM ATP, (0) : myosin was
incubated with urea and 2 mM ATP. (b) changes in ATP concentration in myosin solution as a
function of incubation time during incubation at 20°C. (A) : ATP concentration in myosin
solution incubated with urea and 1 mM ATP, (0): ATP concentration in myosin solution
incubated with urea and 2 mM ATP.
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VI EOZEZA: R TO I A3 2 D Ca-ATPase i PEDRRIF AL &2 — R BUGE
THEHT L TR B Lo BV EETEEL (Kp) (2DWT, #ER A Table 3 IZF & 07z,
ATP LJRFEZRIML TWRNWI AT 2D 0°C 12815 Kp i 3.24X10° (min™)
THDLDIZX LT, ATP RINIMTRFBZHRIM LTI AT D Kpl 53.01 X107
(min) ToH VY IIEHEE T 16 536 < 72 o7, —F, ATP ZIRINT % & Kp DfE
T/hE< 720, T4 Ca-ATPase DIRFENEITINH S 7z, 10°C I LTV 20°C
? Kp TlX, ATP 235%-> TWDZEMEMHNCIBWTIE, ATP RESINITIRFE 2 EN
L72GATET The<, ATP bRFBHLIRML TRV I AT DLDHELD b
RV AR LTz, ZAUE, WINL72 ATP I, JRFEEMTET Tl < BV G [FIIRE

WZHIH L CWD Z & BRI AR TH - 72,

Table 3 The apparent first order rate constant (Kp) for decrease of Ca-ATPase activity
of myosin from scalloped hammerhead in the presence of ATP and urea while being
incubated at 0, 10 and 20°C

K p x10° (min'™) 0°C 10°C 20°C

Early phase  Late phase Early phase  Late phase

0OMUrea 0mM ATP 3.24 29.89 — 416.63 —
0 mM ATP 53.01 144.85 — 1254.49 —
1MUrea 1mMATP 12.66 11.25 112.65 309.84 875.27
2 mM ATP 8.38 3.10 106.48 190.93 923.52

From the data of Fig 4 and 5, the apparent first order rate constant (Kp) for decrease of
Ca-ATPase activity of myosin from scalloped hammerhead in the presence of ATP and
urea was calculated.
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(4) ATPIZ X%~ HA A Ca-ATPase JRFZALVENH]

Y RAFDZ R EOMEITRFRGUEZ R~ T2 LG SN TEY, KN
ICIRFBENZE A EEE RV E R TRFBICEAEELZZTIT W E#H
BEENTWD, BEROFEBRIZBNT, ATPIET B a7 P AI AV DRE
VAT 5 2 & & Ca-ATPase IEVEAFRAFRIC L T BT L7, ¥ A D
BN BN T IRFEIMEOEELZEZ b, 22T, KAIZIZEA LR
FBETERONTIA AT ATP IZ K DIRFBEMMNHINEE T > a® s W
A [RERIZ I A 2> Ca-ATPase IE A F5AE & L TRRF L 72,

WDIZ, THY 2T I PFRETEADIFL DI, HDHWVEIM JRFELZU
MMUT= 2 A2 R % 20°C TEREF L72RED X 42 > Ca-ATPase 15T DRRRFA
{b% Fig. 17 IZR"$ . ATP BRI VIRFBZIRML 72N I A L DHOGE, T
2F P AL~ XA DI AT Ca-ATPase D KplTZFILZE41 416.63 X 107 (min™)
& 49472107 (min) TH Y, 20°C IZF 1T Hti#H D 2 4L > Ca-ATPase D&
BEMITIZFER L ThoTe, —FH, | M REFEZHRMT D E~H A I AT
Ca-ATPase D Kp 1% 2864.05X 107 (min") &720, 7 2F 7 A D Kp 1254.49
X10° (min") XORI2fEDMEEZ R LTz, YLEDRERIEL, TH 2E7 PR L~
KA DI AT Ca-ATPase DIRELEMEIXIZIER CTHLR, ~F A DI A

YDOFNDRBEMNEZZITROT NI EERL TS,
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Ln Ca-ATPase activity (relative)

Incubation time (h)

Fig. 17 The inactivation of Ca-ATPase activity of myosin of scalloped
hammerhead and red seabream in the presence of urea during incubation at 20°C.
Myosin was incubated at 20°C in a medium containing 0.5 M KCl, 20 mM
Tris-HCI (pH 7.5), 0.5 mM EGTA, 1 mM MgCl,, 1 M urea or without urea. The
treatment was stopped by diluting to 4 times with 0.5 M KCI, 20 mM Tris-HCl
(pH 7.5) and dialyzed against 0.5 M KCI, 20 mM Tris-HCI (pH 7.5) to remove
urea. The Ca-ATPase activity of myosin was assayed in the same method as in
Fig. 14. (o) : myosin of red seabream was treated without urea, (®) : myosin of
scalloped hammerhead was treated without urea, (<) : myosin of red seabream
was treated with urea, (@) : myosin of scalloped hammerhead was treated with
urea.

WIZ, 0.5 mM EGTA, 1 mM MgCh & 1 mM & 5\ &2 mM ATP 375 F ¢~
A AT (0.5 MKCD) WIRICHIRE 1M OJRFEZEINL T 20°C THREF L
72 & X Ca-ATPase IFEDORIGFE L &, ZD L XD I AV U IRIET O ATP 2 FE
DRI % I LT k5 9% Fig. 18 179, ATP 2N LR T, S 430
Ca-ATPase &M D J1E % —IRBUGTCHRHT L 7oA MM A R L7, 2 mM
ATP Z#IN L7236 Tl 6 FffH £ THECH 8 X A 2 2 Ca-ATPase IHTE DK T %
KL, KplE54.10X10° (min') THHo7=, ZiT ATP B X OIRFRIFIMD I A

T DIHD Kp 494.72X10° (min) D9 3D 1, S 5T ATP KEMT 1 M Urea
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WM U= I AT D Kp2864.05X 103 (min!) D 53430 1 DIETH->7-,1 mM
ATP ZWM L7236, 4 R & IR RIGHEOIR T2 /R L, TO%RAHIC
FIE L7, ImMATP 2RI L7 I A4 U IEIRFP O ATP IREARIET 5 &, 3.5
RP[H1 1% 12 ATP I ZUFIETHR L, ATP 2MHKT S0 & Ca-ATPase &£ G 72K
TEBDDRHITIZE—H L T\, LER-T, vF A AT 2B Th
TAY2FIPFAIFTT U THLNRER EFERIZ, Ca-ATPase DJRFZEMEIC
K DRIEIT ATP I LV R Il S D Z &R ST,
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Fig. 18 The urea inactivation of Ca-ATPase activity of red seabream myosin in the
presence of ATP during incubation at 20°C. Myosin was treated at 20°C in a medium
containing 0.5 M KCl, 20 mM Tris-HCI (pH 7.5), 0.5 mM EGTA, 1 mM MgCl,, with 1 M
urea or without urea, with 1 mM or 2 mM ATP and without ATP. (a) Natural logarithmic
plot of relative Ca-ATPase activity of scalloped hammerhead myosin as a function of
incubation time. (©) : myosin was treated with 1 M urea and without ATP, (®) : myosin
was treated without urea and ATP, (A) : myosin was treated with urea and 1 mM ATP, (o) :
myosin was treated with urea and 2 mM ATP. The treatment was stopped by diluting to 4
times with 0.5 M KCI, 20 mM Tris-HCI (pH 7.5) and dialyzed against 0.5 M KCl, 20 mM
Tris-HCI (pH 7.5) to remove the additives. The Ca-ATPase activity of myosin was assayed
in the same method as in Fig. 14. (b) changes in ATP concentration in myosin solution as a
function of incubation time. (A) : ATP concentration in myosin solution incubated with
urea and 1 mM ATP, (o) : ATP concentration in myosin solution incubated with urea and 2
mM ATP.
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5. BE

HEPEY AT Z T BEMFITHDIRFZZ 02—05 M L) Hik
ETHEALTHD WD IZHELLTEHERMFERZE Z S T AEMER) &2 HRF T
ETNDHZELIEDNT, ATP AT H X 7 EEMMHERICERL, 774
Va® I YA IF U DRFEEMEIZKIET ATP O % Ca-ATPase D KF
WEAEELE L TR L, RERTHWET A a7 FAIF 00
Ca-ATPase, Mg-ATPase 35 & O K-EDTA-ATPase 7& M 2 @ L7273, 1EMEOEK
I HHE Lz RFYF A0 E LSBT Bm 2R L 17, FEEREEHE LT/H
REAZR N ECHIBT L7, £z, ATP (XA ATPase DIEE ThH H72, RIEER
DE I mM D ATP & ERED I A2 v 2 RA LTI Tl ATP 1 380#
23R L CiHeT 228, 0.5 M KCLIZHEIT 5 2 A4 Mg-ATPase 15 E72Y 0.006
umol Pi/min/mg & FEFITIRNZ EZFIH LT, I A4 12 MgCl & EGTA %R
ML T Ca** FETFTE T D Mg-ATPase I51ME &35 2 & T ATP Oy Rz 58T —
TEWRFE] ATP IR EZHERF T 2 FBRRAME LTz, £/, RFEXWML 0°C T 24
REREREE L7236, IRFBIBEEN 0.3 M £ TIX I A > Ca-ATPase I MEITIE &
A ERIE LN L b (Fig. 3), ARFEBRTIIIRFEZ IR LA RE CRFFL7Z
AV VIR R D L7tk IRFRED 03 M ELFICAR D & 9 I
/M2 H 0.5 M KCI, 20mM Tris-HCI (pH 7.5) &R TR L, [RFIKkSET 5 2
ETCENLBEDRFEOHEZZITIZS WE I ITERFIEL TR L,

Fig. 14 OFERMND, RFBBEEN 03 M ETETHV2EFIFAIF D
Ca-ATPase iEMEITIT E AU ELTE LRV Z &, Fig. 17 OFERNS, 1 MIRFEOR
IMZ &% I A3 Ca-ATPase DRIERE T~ F A KV T B 2F 7 P ATH 2
BEWZ ERR SN, D OFRERIT, IS 23 7 LTnd KoL,
P A FRIERRAE & > R BIRFBRPUER H D Z L 2T HLOTH D, — 7, ATP
HEFTTRELZRINL GG, BOSEETIZ ATP 28% > TW D HWIEIET 1
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2P AL H A DOfiHE S I AT Ca-ATPase DRIENTIHI S D Z & D
5, ATP X A Ca-ATPase DIRFEMEZMFEIT 5 Z LRGN LR o T,

O£ (cartilaginous fish) TIXRBERHEIME & LT, RENHDI
TW5, KRBT 7 BEOmPMEEBRMMEI B2 LT TWETHY, 2
DEMAER ZITHHT A I = X LI DRNCATON TE TS, JRFE & [A

FICE RBEREWE L L UL, X2 A R TMAO D X2 AF LT I Ak
BMND D, KT TMAO 134 X7 BAEMEMEHWERRNZEO 6ND Z b,
flE 2 FZEITONTE TS, 169 F7o, A - A HDF /X7 EHOREN
JREMMEEHRT D Z ENRES TG, 71989

ARFTRAERIT, S AFEORA X > 37 G OJRFZMMEICBE T 28I BV T
PERY7RIREE D ATP PWEEREE| 2 AT 2 2 & 20 TH LT Lo, ATP (34
ANTEREZHERF SN TVWIWETHLOT, RELEMFIERICRET S
WFIFEZAT 9 BRI ATP 71 F COMFELMLETH DH L E X TV D, 5411 ATP
DIRFABZENEMTN A I = AL &, RBEVEIMHIHE & L TBRIZHZES LTV D
TMAO & ATP OZPEMGIF AT 5078217 9 TE TH D,
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HAFE EIEE ATP {F1E F CHRs LA L7- B 7 A oMk

1. WFZEET

T4E, RO Y T A Paralichthys olivaceus %18 L C—i@ M0 FHTCEM:
ZETLREPEOREFNPEML TWND, ZHUTHOWTIEATEE L 2011 FIZ,
bt T ANCFAET DRI B Kudoa septempunctata D3R HEDJRINTH D &
LT ™ HWICHET 227 F7ORRAIERE LTE, YA MK T 54
ATz == ERETHZATO 2 BRHMENTWDD, Kudoa
septempunctata (> A FHEELR2TNULT =V —I— MTH R BN,
FHEOMME CRE S, [ONTICRLTCLE ZEBMEE TS, —
BRI T AT DIFE A L OFAERITHECINET 5 2 & THESEDL Z &
N CTX, Kudoa septempunctata £FEX R IZHOWT Y, -15—-20°C T 4 B LLE
DWW, F721E 75°C T 5 UL EZSL 2L LshTnd, Lo, 2
D &5 7R PITRE PR & LTO R 7 XA OpEMMIEAEE L <D & D
bHoH, ¥

B 1 FEIZBVNT, ATP ANFEEFRRRAME 2 > X 7 B O 2 M4 5 Z &
AHER L=, S 51T, ATP OX U8 7 EAEMMEEIIC W T, fB/ak
Ca-ATPase D EVZEME < I BRZEMEANHIVEH] 40 o A 27w v & Ml fEH] 339
BREDOHELH D, BT ARITBNTY, KT LOBRITHATIZ ATP 23 &R E
THE-> TV DIRRE CHUFE AT H 2 LI LY, BUETRIEH OWm Bz M &
Li-minEm i OBE NS5, L, ZOXIIHEIRED ATP 25
T RN Z ORI L7256, MR E A2 5| S EZ LZEOME N Y »v 73R4
T DR EDMEIRTZ L) 2 e0h, MREEEE OFRAZ M Lo fRs
Bk b,

ARFGETIE, FEERATISFIET 5D ATP O X 3 7 BEMEMHIERICE B
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L, ATP /3t T AR OEAE & LI KT B A IRRME X X B D&
{LFH PRI KO AH Mb D A MERAZFEEIZHIE L, #IEpEs & L CTRIA
Tﬁ 733 g{A{%E 7)( 0)§<Lj3/£ \—/)I/\"C*g‘iﬂj‘l-/ﬁ_o

2. EBE

TERGEE 7 A (CFHIRE 118 kg (n =8), 20154E6 A, 10 H) ZEIRETH
TG TAFLIET LD LTRELE L, BEEAOBEE & BEOMITIRICET %
AR, BT R TR BRI, MEAOKEIR T 30 Sy ML AL TEERICHEL 7=,

3. FEBRITIE
(1) &7 AHOHGR I L ORI ITE
HTLOBMMAE L7 T A% 7 0 LT 2 3L, —FHiTEGIZEZEGEL

35°C =& ) — 1T T A ANTTREBEEGE Lz, RV D7 ¢ LIX, BEZEaEEL T
5°C C 24 WffIfRAF1%, [RERICAUEEAE L7z, TN o 02 Lz 7 ¢ Ui

-20°C T20 AMMETEL, FO%MAHE L CRERICHE U7, M3 B iR & 20l
R 2T o T2, FREMHIL - 2—1°C OAKIFIK T T 3 B[, =UfffEIL 25°C

DK T 5 5 IT -7,

(2) faA pH OHIE
FAANOpH X, AW 1 g2 10mL @ 20mM £/ 3 — REEET N Y U A ER %
WMLTHREY ST A AL, pH A—%— (HORIBA £t pH meter F-71) THREY

FA4 h® pH ZHIE LT,

(3) AP+ ATP BEAL & W& & DRIE
ARG END ATP BEE/ILAEMORBIEEA L O HIEICHE L TiTo 72, 47
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T72bb, MEREORA 1 g2 10 FED 5% PCA IBREZRMLAE YT A X
L, "EYVRA RO pH Z 1 MKOH ##K T 2—3 IZiHE L, 2EE4 7288 /K T 20
mL IZHbE, TNEFEL TELNE BB LT 100 mM U > fefkE
" (pH 7.5) %20 mM 12725 X O IZIIA THFIL, 045 um DAL TV T 4VHF
—TAill LT ATP BE LA OGNV & Lic, ATP REDGHTIE, 3

1 2 & [ABEIC Murata & O 5% 2D ([Z#E € HPLC THIE L7z,

4) RV v 7EOHEIE
BHEAOEEZIEL, BERLIOEEMEEZIT- -, REEORNEHRD R
Vo755 ol-REEZHIEL, MEAIEEICHTIHIPEDOHEE R

Uy 78 (%) &L,

(5)  FHIERRHE DI TAMEE 35 OV Ca-ATPase I&PEORIE

HAEATR X OS2 7 AN B ERMEZ AR L=, 3720bbh, M
W2 M8 L, K& FCS & 0.1 MKCI, 20 mM Tris-HCI (pH 7.5) &K % ¥R
L, 3000Xg C5 sy o U b A5 7, 15Oz ibBIC RV % 5 1%
BERMLUTRY b CREVTA XZTV, w008 (3000Xg, 55) L
T 2157, LT 5 (SE&ORIVER Z UM U CRBH IS, MM Ty
BEL, ZOEMEE 3 AR R L THE O IR E RIVARICRE L b O & R
WRHES e UTHEM LTe, FRJRSRAE 2 o /R 7 B OPRIRIE, HEESAREE &
Ca-ATPase 1&HMEZ RIS L CHIE L7z, MIEBRHMED & OIEIATE S » /3 7 B OHh
HHUILA T DO HIETIT o 72, M EARAERRE IR (R 2 0.5 M KCl, 20 mM Tris-HCl
(pH 7.5) Wi Z M A2 CTHARE, KPP T 1RRSRF Lz, T0%, KIEE 1 mM
ATP-MgCl, Z ¥R L THEHE U724, 14,000 X g T 20 = LoBEL CTE Oz
EHCEEND X N BRGNS Lo R Y U, IR XA
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KR AT OB IFRME Y v 8 B RICHT D2 EDETE L, b, ¥
CRZBEREITITFIE T VT I v EEEL L TE Y Ly MEIZR D AERL
7o

7 #RHE Ca-ATPase 75PEIX, 0.5 M KCl, 5 mM CaCly, 25 mM Tris-maleate (pH
7.0), 1 mM ATP, 0.2—0.4 mg/mL Mf O UCHIRGE & 25°C ThOn S8, AZRcd
%R Y 8% Gomori 15 2 IZHEWHHAER LTz,

6) IAZmaErr (Mb) @A MEEHE

b 7 A MEROBHRRAFIZBIT D EME{LE Mb D A MEERAZFEIEIC L CH
E LT, BT A Mb DA MEEREEIHELSNTWRNWDT, EEOHED
BIOI SO I3 (ZHE L C Mb 2 HEERE L L, F58 Mb 7> 5 deoxyMb,
oxyMb 3 K TN metMb DFHHELAZITV Y, 45 Mb O R[N A =7 L& HIE LT
A MEERHXEZEH L, 2B, 7 AMAROREITDRNZH, A Mes
HHAZRDD7-OICHH LR Mb OB LA 2B LT To72, E
Z A Mb DMK, A MERRIEEIZOW IR R OETRT, AW Mb @ X
MEZRIE, H 7 1S O JF1E W I A WA R & 2 0B & 7 ¢ L 2 — A
FUZ L 0I5B L7z Mb HAHIRIC OV T, ARBRCHESZL7-E 5 X Mb A b
RN E VTR, HEEFR L 72 Mb O#IEIL SDS-PAGE THER L,
Laemmli ® 5152 (2060, 15% RV 727 VLT I R VEMER LT,

(7) L

FRBROWET 4 BIKTITV, HFONTERGRITT 7 B GG (Rt
AT HRY— 2R 2V, ZREE O B 722122V T Tukey 2 TENT L,
2 BERECIE Student’s t-test TREMT L 7= (p<0.05),
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(8) IR RAREURIL O F REREA

BRERHMABR O Y T, BIER 9 <IC - 35°C TR L7z, Rl bH D0
ITRRIRARE L7 b D, BIR%L 5°C T 27 FEfETE -35°C Culiht LiRIB AR L
=b o, HIF%t% 5°C T 6 Wifild 5\ 30 R RF L2 b D& EH L7,
SRR & RB A O FIENE, MEIOETHNR L2 FE LA TH D, b,
HNEt% 5°C C 27 WL HAE L 70 > 7 VIERTE U7 o drakBr i o 7L
b (5°C, 24 BefilmE) (ZH_T 3 KRR < 72> TV %72 ATP B b & Ak
TIZEFERETH D Z L 2R L CTREIT o 7o, BRSO R D e T A
WERHFEDE T ARZRE TR LIEEOEWE, B, 28, BEFEHEO 4
HEICOWT, 2 FEORE 238 L5 iiEic X 2 B 21772, B
REREM OREAIE, BHEOBRWHOZ 18, £5b0% 24, BRETIEZa) =
VLW ZTexDbbDE 1M, $5bD% 2 8L Lz, BEHIIEME ST
FTIZRHME L, BWb oz 18, $550% 288 Lz, RATHEITRA I
FLWEHEI SN L DIZHOWNT, RNWbDE 1A, $5b0x28E LT,
BONTRERIT T b~ —DRRERIT L VRN LT, /S0 20—40 RO AR

MEEDORRE B I OFEED 10 A& Lz, 728, 7SRV ORISR 5L
POEELE VI T 5720, BREFHMIFRERATICIE T L o1% 5°C T 5 KEfmE L
T2 7 A0RF b RN B WIS & L CEHMET 23l 21T -7,
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4. R
(1) WREFERIZ KD e 7 AR OMIRZEAL

5T LOEZRB IO 5°C T24 BEME L7t 7 ABHR & mmiefrLize 7
AR D ATP & Z OBELAE Y OPE % Table 4 [R"T, {HIFLOEZEOE T
A O ATP 1L 6.76 £ 1.09 umol/g & EVMEZ R L, -20°C T 20 HE D%
BERFFICEBWTE 5.28 £1.00 umol/g & EVMEZHERE L T\ =, —J7, I&F L
D% 5°C T 24 WM L7 B 7 AFHKAO ATP JR 13 0.18 + 0.05 pmol/g £ T
KT LTHED, IMP ML TWe, WmERAFET S 0.11 +£0.04 pmol/g & FEHF I
{KVMET ATP I XIE & A EFE > TV RDy o 72, Table 5121, {1 L EZIZHR
L7ck 7 A L 5°C T 24 WFEMIBZICHRE LB 7 X 8RB MR & 72 13 2o
HWLTZREO B 7 AR O ATP & 2 OBELE W DR E % 7R3, WS S
WZBMRZe <, MREIC LD ATP IXIF & A ETHEL IMP DSRIEIZHEIN L7, 1§
L OB AL s LSRR MRS L7~ b T A LIS G B Hx AR LT,

Table 4 Effect of postmortem condition until freezing and freezing treatment on ATP and

concentration of its related material in meat

Before freezing meat Frozen meat
postmortem condition 5°C 5°C
until freezing Oh for24h Oh for24h
ATP (umol/g) 6.76+1.09 * 0.18+£0.05 * 528+1.00 * 0.11+£0.04 *
ADP (umol/g) 1.83+£042* 0.67+£0.08 * 1.74£0.13 * 0.63+£0.08 *
AMP (umol/g) 0.05+£0.06 0.16+0.01 0.17+0.05 0.15+0.03
IMP (umol/g) 224+£1.72 % 6.96+0.13 * 240+0.61 * 7.08+0.31*
Inosine (umol/g) 0.00 0.00 0.00 0.00
Hypoxanthine (umol/g) 0.00 0.00 0.00 0.00
n=4

* Significant differences (p<0.05)
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Table 5 Effect of postmortem conditions until freezing and thawing condition on ATP and

concentration of its related material in meat

Thawing condition

Slow thawing Quick thawing
postmortem condition oh 5°C oh 5°C
until freezing for24h for24 h
ATP (umol/g) 0.15+003 0.10+£0.03 011+004 0.09+0.05
ADP (umol/g) 064+0.11 048+0.16 064+005* 040+0.11*
AMP (Lmol/g) 0.15+001 0.14+004 0.14+003 0.10+0.07
IMP (umol/g) 811+0.21 750+ 1.86 8.73+049 7.04+ 166
Inosine (umol/g) 0.00 0.00 0.00 0.00
Hypoxanthine (mol/g) 0.00 0.22+£0.22 020+£0.21 042+031
n=4

* Significant differences (p<0.05)
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HTLOEZIBIOS5°C T24 KM LI 7 AMHRO pH &, THLEN
% UAEIB AR 3 L ORI L7- & F A O pH % Table 6 |27, 11T
LOEZOpHIE6.98+0.03 & mVMEA R L, 5°C T24 FFfME#A 13 6.63 +0.27
FTIRTF LI, BT A2 UK L7285E, T X COREMRESMEIZBNT
pH X 6.4 Hiif2 £ TIK T L, WfGH L ORISIIC X 5 21T R o7, fERITR
SRV, FRERETOMBEIRIEED & 7 A A O pH ILEFRTO pH & 1ZIE[F U Th

Y, WHRRAF T O pH AKX T IZALNT, fREEHC pH AR T3 2 &30 0T,

Table 6  Effect of postmortem conditions until freezing and thawing

condition on pH of meat

postmortem condition oh 5°C
until freezing for 24 h
Before freezing 6.98+0.03 6.63+0.27
Slow thawing 6.42+0.02 6.47+£0.03
Quick thawing 6.41+0.04 6.39+0.10
n=4
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& LOEEZI KO 5°C T 24 FEEGTER L7 B 7 A i OBEGERTR K OGRS 7

B LT R0 IS U 7o i e O YR TAFR S 2 Fig. 1912, Ca-ATPase i 14 % Fig.

0 RT L IEIT LOEZRDE T A FHHBHEOHRERMRL T 94.18 £ 0.92% & &V VE %
AR LTZAS, 5°C T 24 BRME 1T 76.00 £3.88%F TIR T L, AEENRD LN

(p<0.05), BEFEFRER L7=H > 7 VO R T, 151 L EZ I EHE LIS A7
L7 7 & Fi U 72 5 R O IR IE A i b < 72.26 £2.70% Tdb o 72, Z
UL, 5°C T 24 WA EHE L 72 BURE 2 Sl & 5 VW SRR IB MR L 72 IS kT
LTHE (p<0.05) (ZHIEMRENE <, F7z, 5°C T 24 FEME L7 REAEA O
AR (HEVAMEE 76.00 + 3.88%) EHEZE (p<0.05) 1I72WZ L &R LT,
Ca-ATPase IEMHEIZIHWN TS, THT LOEBZROFHRD LR U 72 i ERHET 0.115 +
0.004 pmol Pi/min/mg & iV MEZ /R L7=DIZ%F L, 5°C T 24 RFEmEZ X 0.097 +
0.002 umol Pi/min/mg |2~ LA EZE (p<0.05) 23588 bz, SR & [FERIC,
BAREfRE L=V L O TTlE, 1T LOESZICEGEEE LRI AR U755 A H
5 AR U 7= 75 JFURRME O Ca-ATPase T3 0.084 + 0.002 umol Pi/min/mg & i & & <,
5°C "C 24 WREREIMBAL B L7 SRS AL 2 2ol d 2\ IFRIB MR L 72 3 o 7 it
LTHE (p<0.05) IZEVMEE R LT, 2 OfEIE 5°C T 24 FEEEE L7-AF A2 5
FHEL U 7= IR ARE D Ca-ATPase IHPEIZ LA TR MEZ 7R L7 (p<0.05), 7235,
& LDEE RS LM 2 8R1E S 2 W Rl L7zt 7 e b i
U 7 R IRRAE D HEYA R & Ca-ATPase fEPEIT, T ZEH 7226 + 2.70% & 67.66 +
1.12%, 0.084 = 0.002 umol Pi/min/mg & 0.078 + 0.003 umol Pi/min/mg T& Y, Fig. 19,
20 (TR L7Z 6 BERI DT — # TIT o Ie A EAMRE TIEAEITRD bRV, ZD2
HEOADHEBEAREITAELE (p<0.05) 2R, LLEORERNG, BT AR
DOFFERRFIRIZ I TIE, BRSO OREELRAE, FHZ ATP OEH I L UY#R
BRFVE DRI D IRRE 2 » X7 OMERICEEZ RETZ ERH LN E 7o
7
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Fig. 19 Effect of postmortem time and

freeze-thawing conditions on extractability of
salt soluble protein from myofibrillar protein.
Olive flounder were killed by instantaneous
killing method. Samples for preparation of
Mf were raw or freeze-thawing muscle. (0):
muscle which postmortem time was within 1h,
(pre-rigor muscle), (Y): muscle which
postmortem time was 24 h at 5°C, (after-rigor
muscle). Vacuum packed fillets which were
pre-rigor and after-rigor muscle were frozen at
-35°C with alcohol brine. Slow thawing was
performed at -2°C to -1°C in iced water for 3
h. Quick thawing was performed at 25°C in
flowing water for 5 min. Extractability of salt
soluble protein from Mf was measured as
protein concentration in centrifugal supernatant
of mixture solution of 0.5 M KCl, 20 mM
Tris-HCI (pH 7.5), | mM ATP-Mg, 2 mg/ml
Mf, which the mixture solution was kept for 1
h at 0°C (n = 4). Different letters indicate
significant differences (p<0.05).
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Ca-ATPase activity (umolPi/min/mg)

Fig. 20
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Effect of postmortem time and
freeze-thawing conditions on Mf Ca-ATPase
activity. Mf samples were the same as Fig. 19.
Samples for preparation of Mf were (0):
muscle which postmortem time was within
1h, (pre-rigor muscle), (Y): muscle which
postmortem time was 24 h at 5°C, (after-rigor
muscle). Ca-ATPase activity was measured in
0.5 M KCl, 5 mM CaCl,, 25 mM Tris-maleate
(pH 7.0), 1 mM ATP, 0.2-0.4 mg/mL Mf at
25°C (n = 4). Different letters indicate
significant differences (p<0.05).



(2) WRERFOREEE & MEHUFIEN KU v 7 RA BRI KIT T R

T LD EZICHR Lo/l & 5°C T 24 BERIM R ICHEE LI-fAZZhn
ZIRRIBAREES K OV L2 D NV » 7 &% Fig. 21 [ZR” 7, FRIB M &
SRR Z LT 2 &, TE T L OERICHGE L L 5°C T 24 e
ICHAE LIZAARO EH S LREEME TR Y v 7'BERAD 7L, S TRY v
TENZWFER L otz FRC, TET LOERICHE LIZAROSRA, Figf
WLIZAADRY » 7EN RSB D7< 0.52+0.46% THo=DIZx LT, 2
bR U 7= RIS E A Z L R Y v 782 4.76 + 1.26% & b %<, fild
Yo TR L THEZ (p<0.05) PR 6, fREGTEOEWICEID RY v
TEOMETEETHoT, —F, IHIT LHE 5°C T 24 KM EEZ I\ HTRE L7
WOSE, ME%EO R v 78I, REMEN 1.52+0.38%, cURARHRD 2.08 +
1.26%TH Y, FFIEME TR v T ENDRWFERLE o T=NEEZ (p<0.05)
XFBD AL o T2, Table 4 T/RLIZ X DT, 1&IT L& 5°C T 24 el
L7289y, BAHIZ ATP (XIT L A L > TV RN, B SRR L ThH
2w N v 7 OIRETRD -T2, —05, 1ET LOERICHGE Lzt 7 A MK
PICIEEIRED ATP N EENTWDH O TREME TIE N Y v 7133 AET 528,
BB ZATO ZLIZED Y 7ORAEITIHI TE L Z LD L,

o

3
= 4l Fig. 21  Effect of thawing conditions on free
5 a drip volume. The samples of freeze-thawing
g 31| T fillets were prepared as the same as Fig. 19
L.

(n = 4). (0): muscle which postmortem time

2 was within lh, (pre-rigor muscle), (%):
a L muscle which postmortem time was 24 h at
1+ 5 °C, (after-rigor muscle). Different letters
’L indicate significant differences (p<0.05).
0
Slow thawing Quick thawing

64



(3) BT A Mb DA MEERMEEDHEST

b7 ATAFATH DD, DEEEND A AO GRS O BRI
BILHEHNTHD, MARDOETRIEL Mb DA MEDFEBELEZITHDT, AAF%E
TIEE T A Mb D A MERHIEEIZOWTHHF LT-, I ADMARRTDR
WOT Mb T DM EHE LTLIBEFWe, &7 2 Mb OFfLIE, &5
DHFE® BLOI RS DFHE D 12> TTo7z, 77805, IEITLOER
WCAF LoDz L, ML 720/ 3 58O 0.1 M KCL, 20 mM Tris-HCI
(PH7.5)Z WML THRETF A XA LTk, B 0mlix2 LT RGE2/HT, 20 kR
7D 70 - 90%LAFIRR 22 I 4y 2 Lk & U CHE WD, T A FRFEEHRIZENT L cMb K
37, Tk 7 4 /L4 — (Minisart RC15) THLEL L, 55N 7- Aik % Superdex
200 prep grade 7 7 2 (GE Healthcare ) (2fit L T/ LAl %E1T > 72, Mb D&
HITEAE D 280 nm & 540 nm OWOEEAIE L TiT o7z, s L7zt 7 X
Mb @ SDS-PAGE /X% — % Fig. 22 IZ/”k9°, Z 0 Mb % T, deoxyMb, oxyMb
BE P metMb 2/ JR SO HES U THE L, 22O Mb I DWW TH
BRI A7 bV ZIE LTz, deoxyMb OFflIZ e K difiiET U ¥ A0
WINTITo72, O metMb (X7 = U v 7 AL B Y 7 AOTHINZIVFRHRL 7=, 5D
55 T AR A~ b L% Fig. 23 IRT, K A7 MLT—HTED D
Isosbestic point (IS sLEWE) Z/R L, ZOREEIFX 523 nm THHo7m, K AT b
VLIS OWSEEEFIFA L, ©74AMb OAMEREHAXEZLL TOLCE L,

t 7 AMb A MEE (%) = -92.33 (A550/A523)+152.76 + + - - (1)

72721, A550 & A523 1% 550 nm B L5233 nm (BT AEMETH D, HHi
7= A MEEEHAZ AW, EERIC e 7 A AR DA L7z cMb IEIRD £ K

fER2RE LTz,
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Fig. 22 SDS-PAGE pattern of purified
olive flounder myoglobin (Mb). Mb:
purified olive flounder Mb. M: molecular
weight marker.
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Fig. 23 Visible absorbance spectra of

deoxyMb, oxyMb and metMb from cardiac
muscle of olive flounder. The visible
absorbance spectra of deoxyMb (-), oxyMb
(--) and metMb (---) were measured. Protein
concentration of Mb was measured as 0.25
mg/mL in 0.1 M KCl, 20 mM Tris-HCI (pH
7.5).



(4) R OREEE DR E DO MA R D A MESRIZ RIF T %

TG LOBERZRICHAE Lo (ATP 2% 6.36 + 0.33 umol/g, pH 6.89 + 0.06)
B EONEIT Lt 5°C T 24 R ICHUE L 7o (ATP IR 0.10 + 0.06
umol/g, pH 6.59 +0.02) % ZNEIREMEEZ, MERNZO0H LIRS D
JiE T THLMb IR 2R L A MEsEZRIE Lz (Fig. 24), I&J LOERZIC
HAE LMEOR L 72 & A Mb D A MEZRIE 45.50 £ 7.60%, 51T Lk 5°C T 24
R 7 e P L DR L 7= S 2 R L 72 I A P Mb D A MEER1IT 66.64 +3.21% T
AEE (p<0.05) MRO LN, THET LOEZOERE ATP % 543 5 M A TH
FEFFERRF D Mb D A MEBSIHI S D REREZ R LTz, £z, IHTFLHE 5°C T
24 fEImTER L7 b O DA Mb D A MEZR(T 4428 +5.20% TH Y, iGT L
BT BAE LR L 72 G A Mb D A MEFE 4550 + 7.60% & 1T A B 2RO S
R WS R Z R LT,

100
80 c
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= I
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a
20 F [
0
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Fig. 24  Effect of postmortem time and freeze-thawing treatment on
metmyoglobin formation. The samples of raw and freeze-thawing
fillets were prepared as the same as Fig. 19 (n = 4). (0): muscle which
postmortem time was within 1h, (pre-rigor muscle), (Y¥): muscle which
postmortem time was 24 h at 5°C, (after-rigor muscle). Crude Mb
solution was prepared from dark muscle by the method of Inohara et
al 'V and then analyzed the ratio of metMb formation by using the
formula 1. Different letters indicate significant differences (p<0.05).
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(5) WS e 7 A fil g OB RERHM

HPHIZ ATP 23 @R CIAAE LT 2R B8 CHURs L 7 fa A C I MR ol iy 1 i
HWHEZ5 X EZTHERHH, ZOX ) ICHEIEEZEZ L-fAIEZED
NU w7 %34E L, MEZOMENMET T2 ERMmbNTWD, A5
Fig. 21 IZR LTI XD R v TORAENRLD Z ENHERINTZ, £ T,
PR AR AN B O SV B LIETREBIC O W TR S 720, iHT Lo EEICH
L7 b 7 A &R & QRO HETENENBERL, HE TR LEEDOMEIC
DNT, BAIEIC K D BREFHMG 21T > 72 /&R % Table 7 (7L A, B) IR
o TEIT LOEARICHGE LRRIBRF AT > 2R Ofl S (A) & 2ORMR %17
STofARORIE (B) OREAE LR, miEXRICERER S, A
KA HEONT, aValV LEewmIminb) 2N 5 LIS, %
FIXRDOHLENDRZ D b, BIEBE O NI NV ST DN T L2 R L
leo 7 L=< —ORERICTHIT AT T2ER, WTNWOFEEE & 52 MR
LEfADRAEE (p<0.05) ICERTNDZERRBDLNE, S5IC, HERKO
EEDN R DM 7 A ORI OFHZIT 5 7280, &I LOEZICHE L
7 A LIET Lot 5°C T 27 Wil etz (S BRs U 72 P A R i@ R L 72 e oo ol B
DEEIZOWTHERERN 21T > 72/ % Table 7 (7L A, C) 1R T, 1GT
LOEBZICHRE LA (A) &, 5T L L 5°C T 27 Rem s ICwifs Li-
Bl (C) XN THARBME LI-FE Ol O S O -l TlE, #iE 3% R
TEN TV DRI E DA, BRI, S0k, AT CIEEIT RS o Tz,
VIEDORER I, & LOERICCURMNR LIBHFR LI 7 AR (A) 13X
L DOBAE B TR L7z 7 201 (B, C) SHEBLTEMETHD Z L
D BIE IR o7, WIT, TET LOERICHE LERBFR L-MEE 7 2 (8§
fEEEMME 7 A2 LIg) ORE (A) LREFEOE 7 AT OEPEK, & 2
bR, MEHREICOWTIERLE CERRIHE 21T - 7o fE R4 Table 7 (Y7L
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ALDBIWA L E) IRLE, SEEMEE 7 AMHRE (A) LIET LD
#%5°C T6 MM L7t 7 AflE (D) ZHigLI-HE, B E ARITH%
#F (D) BHEE (p<0.05) IZENALTWZRN, EREBREREATIIAEEZIX
HONIRWFHTZ R LTc, £, ®EEEGHRE 7 AEHE (A) EIET LD
% 5°C T30 Rl L7 b 7 Ay (E) Ol TlE, -~ ToOFMBHEHA 23

WTHEZEITRD LN WEREZ R LT,

Table 7 Sensory evaluation of olive flounder sashimi prepared under different conditions

of postmortem time and thawing method

Sensory Sample
evaluation A B A C A D A E
Transparency 11* 19* 12* 18* 18* 12* 16 14
Texture 10* 20* 14 16 18* 12* 17 13
Taste 12* 18* 15 15 14 16 16 14
Total evaluation 12* 18* 15 15 15 15 16 14

Sensory evaluation was performed by the method of paired comparisons with ten of panel. The
transparency, texture, taste and overall judgement of sample (A) and (B) or sample (A) and (C)
or sample (A) and (D) or sample (A) and (E) were compared. The results were analyzed by the
Kramer test table. Postmortem time at 5 °C and thawing condition of sashimi sample were,

A, Immediate freezing at -35 °C after instantaneous killing and then thawing slowly;

B, Immediate freezing at -35 °C after instantaneous killing and then thawing quickly;

C, Postmortem time was 27 h at 5 °C until freezing and then thawing slowly;

D, Postmortem time was 6 h at 5 °C after instantaneous killing (non-frozen);

E, Postmortem time was 30 h at 5 °C after instantaneous killing (non-frozen);

* Significant difference (p<0.05).
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5. BE

VR, b T ANTEHAET D Kudoa septempunctata (2 8 5 B P RN HRE S, 4
ZOFABRICEAL THRERE L THEIZ X 2 F A ROBFALB B I LT
DI, THOEETLHEANGENMET T EMESh TS, ¥ e TR
PHZ DWW Crmd B fIlS & U TIHE 23 nl R 70/ R RALEE I Z B9~ D WP 2EI3 401
REINTWRWVDONRBURTH D, ABFETIEL, RRZ X7 E ORI
IZBI3 5 ATP DFEM 333440 28E(2, & 5 X DT L% OB TBIRIE W
% D> ATP BE LG DORREZE LI X OVEIRE ATP f#/E NI IT 2 AR O
Uk & BT 15D RURRAE & o X7 B DO HEALFRMEIRC R Y » T EORAEIZ K
FTRBORER LOHE & L TOERMERBRZITY, ZhbORREZRE
FICBLRT 2 2 LIS XY Bl R BIRHIEIC OV TH LN T 2 2 &2 HE L
L7ze & 7 AN OWAE IR OB RMRAHE 2 3 7 B ORI HOW T, HEEE
FE & Ca-ATPase IGMEA FEIEICIIE 24T o 7oA R, 16T L OEE D ATP % @i
IZETLHRIZBWTEVEZHERFT2 2 ENA LN E 22 o7 (Figs. 19, 20), [A]
LS, MR EE DS RRRME 2 o X7 B OMRIRICE BT D Z LR SN, EiRE
D ATP % & et ORI TR MR L 72 b O O NEGEMR L1256 &
D B FHERRAE 2 X B O RFMEE S Ca-ATPase IHTEN @ < MR S D 2 &
WD BT, @R ATP 23 MmN O T, MEEEIZ LD RY v
DORFEZMHT L ENEETH D Z EBEMINLTND, 23 Kif5ETHE
BIE ATP #5817 AMMA DR CREGIEN KU v 7 RARIEET S
Z & R L7 (Fig. 22), iR B R ALBE TR TE 5 Z & Son STz, £ 72,
I BERN OE R 2TV, SR FESRIS MBI RESEET L8
WD Bz, ARNZ /7 B OE 23T 2 B FR 22 R & U TRk
5 R G DR REE S Ca-ATPase G MEZ FIW2FZE & L CiX, MmT v & o
BAHEAH T B D, Y Wm0 B0 DR U i RRRME X X0 B O YRR

5

\\
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iR B> Ca-ATPase 151 & D FIE Z FVHPEICTRWFHBINR D bz Z L b,
WS 0 G2 X7 G ORI X R B EEBEAT HZ LT
KON HEA T, Tz, KEDOHHENEIZ OV T S HE#HRAE Ca-ATPase
RIS UCHFZED 22 &4, SRS IR EE S IRAFIRE OB EAB LT ST
WD, 3550 22k, TS DORFIEIEL ATP AFEE LRV REE TORBIC T 547
FETH Y, FEBMMELIE T ATP 2N EIFVH K U 72 fEEE O K PEY DI RIRAF B
HbDTH5D, ATP DR & X7 BIZxET 2 EMIMHITERIC W T, £
AT DB %10 R Mb D A ME D Zp EEFEY VX7 B ORISR
IZONWTHENR 2SN TND, IO ORERIE, ATP NEFEAR Y V7 BT
it U CHWEMEMGEHER 26352 L 2R L T\W5, RIFFETIXIET LoET
D ATP Z @RI G Tr e 7 AN &2 2ORE LERMRE 7562 L1080, iR
BRAE 2 X7 B O Mb D A MEESTNH S VRN 2455 2 & A3 F]
RBRTHDLIENRINT, TORHTHE LN DMREAIL, 1ET LOE%ET L IR
RET 1 HORAE LI T EE TR UBRAE & o /7 B DIREIREE A B 2T EL,
FIE & L TCOBYIRSREE, SR, et ond, £z, IMP O
AREIXIZIERI U CTh o7 (Table4,5,7), 7235, 5°C T 24—27 el L7z
ATP MFFWHE L TV D T AN EZRIRRE R, MRE L 7o TR e~ o~
N7BEOMRITIAEIETL, BREdHl CIIE T LOEZRITH M L2 b DIt
TEERTAHEZITAGN, WEOK MMEm 2D b7z (Fig. 20, 21, Table
7o AL X7 BEOMBEEZMNES HH1EE UTHHIERKME S 37 B O ER
JEX° Ca-ATPase IHMEZ FEIE & T HHF5061 4R L72AS, 2405 OFERE & fil &y g
DO EREFHG & DBARIZOWTHRET L2 EFIIA 72 <, 2D X5 R EFiE%

B“ORRAMEMESNCHL TNETZNWEE X D,

B 7 ADORIE TILIET LOEZOIEE/EY TIIREZE LA, ZHix IMP
DAERPIZE AL EBNEDTHLOTEKO D22 a2l & LA ojily
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ELTRHEINTHD, —F, BT AOWRESEHTZDICIET Lok 1 AR
EME L IMP BEZ &< LicbOn, —ICHEMEE 7 AfilE & L THE SN
TW5, IHT Lk asdmss LERED ATP 288 T 5Mit 7 A N % iR R
L7854, 5°C C24—30 BREMMR L= AT, B H Y, IMP & &
FIFEFRIETHLIRHFLNETHDLZ EDBHLMNE ST,

LLEORERIE, & T ARICEET D Kudoa septempunctata |\~ X % £ 7%t
RELT, BT AZBR LTI KT ERIESH, 2Bho, msEfS & &
LCHIHWEERBRE 7 AOREFEZRET LD TH D, Kudoa
septempunctata DFED RN H H56, B 7 A 1 BT DT O TELEDORMR
BEITWHM T2 Z EBRBESTONTWDS, —JF, 7 FT7%KE L T-15°C
—-20°C T 4 FEELL EOMBAB R IRIB STV D, » @dE e 7 2 Mg
PR O ERBIZIT TIE, WEHRFERE RS K OMRGFHME & REOMERR E, &
BRET L2 IUZ R B2 L b B D0, FARNICEIRE D ATP 235 715 T
T L & RURAE 2 L, & OBMRHEEE 4 2 SR WEERMRIRAZ1T 5 2 L T,
HE P & U TR ATRE A @R e 7 A ORLENRATRETH 5 Z L 3 B
IZheote, ThEE 7 ADHHBREL LTARIGHEND Z L 2T 5,
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AR, MRESCEIY CIXERFM CRBIT D E TITO> 2 &N TEH L)
2720, FERREEATOMEE A BUVIREE, D F D ITARNIT ATP 23 & - REE
THAETHZ ENHEEE o, THETIE, mMERBEUKED L WX
7aY—E U NEpoTon, KETOMLEMROREIC LV B~ 7m0
—E SO ESMEREOKE bIE T 5 L 91k, S 6, HRFTa
— /L RF = — > O D S, BUKEM OTGHBERIERT 2 & & b,
i B TR AN 2 2 LIS S WIRBHUKEY ORIER RO b T\ 5, ATP 1%
K E-CFE R 72 ERKPEM ORI bR SN D Z &, SEESLH

BRI B L RITT Z L ITEETEX 50, BRI RS ATP &

MmN S X7 B ORISR Z B R LTZRIEAD 70, ATP ORI & 37
B O EAMMERMOBFZEIZ DUV T, 1966 412 Mackie H1E ATP IZ L 5% 7 DI A
TV ORREEVEME 2 WA L 1P, 1986 FICEMOIET 4 T ETOI AT
Ca-ATPase DEVAENEIZ XI5 ATP OPRFEZNRZ W5 >0 LT 52, Th L%

FEMEITIE L A LR, £ T, AWIFETIE, ATP OFHHEBHRZ 7 H
DLEEACAERNZDOWNT, WM, BVEM:, pH &AM, RFBEMIRT 22
FIRRERGT L, £OAN =L %I 2 Z & TKRIED OREELRFFLME
DB LD 7= OFANBRFIISA T2 2 L2 BRI E LT,

1 B TR, ATP I X 2SS RMHE 2 o /7 B om R ZEMEIHE RIS W
THET L7z, ATP X4 ATPase DIEE TH D72, WH OEFISEMET
TIEARIEHRAE & > X7 T ATP Z BN L 72 B4R D & 2081 ATP O 53 fR 37,
R ERRKE & X 7 B A BORE AL 3 2 RSN L7z ATP 3392 2 & 3 TR
Sz, AR TIE, & KCl RE TOMEMRKES /37 B K-EDTA-ATPase
TEPEMIER IRV 2 & Z2FERB L, 0.1M KC IR 28 U 7= i FURRAHE & > 7 '8
IZ EDTA 2 A7 SH 25 2 LI LV ATPase i & i L, WA R 7B H O ATP
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IR 2 —EICHERF Lo BRI 2T 2 2 b avies Lz, A7 U T L
FFOEL L BEAEHENELS RDICONTT 7 b I 4  0ffiR L 27E
TR T L7228, 1595 ATP IBENEWIEE T 7 b 2 4 O R & 2k
T <, BEREITES RoTe, TORREND, ATP (ZREGRIRMMES X7
BOWRERENREZIHT 5 ERHALMNE o7, ATPIZL AR Y /37 ED
ZEAENZ DWW TIE, BEMEMHIC BT 28 13H D b DD, BN L
WTREVEIZZ VXV BDEMA =X ANEB LD THY, ARZ VB
DI RN Z ATP 23042 Z LI LWEIA TH 5,

F2ETIE, v/ uEST VHERETHEL RS> TS Y TRADREA S =
AL EATP OBMRIZEH Lz, Y7 AL, HKESEWVEGICREA LT,
FARIR O ES LR OWEIC X5 A pH O FARK & ST, £z,
YR TIIBEEERZ D ATP 8F & A ETHE L TV D Z ERRESNATND, B9

Z T, 2 ETIE, ATP OHRNEEM pH FICBIT 5 I 4V v OBEHEIZE

i

I

DFEFERE L KIFT 00, B pH TICB W TS ATP 133 42 OEZENE 2410
T B0 ONWTHRHLE, ST I~ anbfliflL7-3I4> 2 S-1 &
pH5.5-7.5 IZFH%E L 72 0.1M KCI ¥ HRIZ ¥R L, Mg-ATP f#7E F T 30°C THNELL
HEU7ZHE S, Mg-ATP N IEfEd 25 2 & T, S-1 OWE FFHEE R X O Ca-ATPase
TEVEORIEHEITELS 7oz, LvL, S-1IRIEH O ATP N3 SNHET 5
& Ca-ATPase {EMEIZAGHIZHRIE LTz, Z D 2 B KIEIL, pH5.5-7.5 £ TOT
RTOpH KM THERT D ENTE T, 2D OFERIL, ATP 23 pH T T
DFFFHRHE S X7 B (I AT 2 S-1) OBERZMEI 52 L 2R LTS,
~7uRT7 VEOY WAL, KGETROEEZFEKE LRy o378
Otk pH AL, FBERIERO EFRNFREREEZ 2 B TE R, KT ATP IRE D
KT HEGRRME 2 > R 7 B OERME pH TIZBIT 2 REMEZHER D 2 LB 50
2SN, T72bb, ARN TR pHIK AR Z »72& LTH, ATP A2
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FFETIVUE, RBAREMENSI R END 2 E2MfilT2 2 & 2RBd 5%
THD, Y7RIERICEIT S ATP O ERILI A2 v O T TORE
PEDOREBREITOS e L b LHE I,

551 B LUV 2 BT, ATP I XAJEMRRRME & » N7 B Om A M & B pH
T COBEMEZMEIT 5 Z L2VRBENTZ, TONTHEFIZ OV TITA %M
IR AT OREDRH DD, ATPHERICL > Thl SR I SN I AT T 7
F o OREEEARF 2 N7 BRI OKFREDOZLIZER LTW5, ATP
I% ATPase DIEE TH Y, ATPase 5> I A2 S-1 & ATP I3 EMmMIICIE
1:1 TH&ET 5, Mg fF7E F T ATP B4R % HWT I 42 Ca-ATPase DEL
VN KIE T ATP OZMEIMSIER 2 81E L7z E W & O R R TH %19, ATP
XAV L EGRIC, T b b TRE S U CEMEIHINEH 2 R
HZEERELTWD, UL, RIFEOE 15, H2EOEREMHFTIIIA
TV S-LIZHF LT ATP B RENCFTE L TR Y, ATP 2 L DA MM S8 72 <
F i S-1 & ATP DAL R A 2R E DR EHIATBRKE R0 b 7210 TIEH 5 i
THZ LI TERVD, F1ETT 7 I AT U MHEDR ATP RBEKRFM 2R
L7z L, B2ETEHMEpH FTOI AT S-1 OB X DL A2 ATP
REKRAFEZ R L2 2 L5 ATP OZEMEMGIZIRIE ATPase IHHHINL~D LG
ICEDHDETTIERNEHLEL TS, MFBIOKRRLIE, 34V rBX
OM3 JEURAE D BAENE I KA T W O IRFE D R & Ca-ATPase IHPEZ FREE & L TR
AL, BEEHODRIINBGLIR IS 2 X Vo HIREORBEEZ TP, I
DFEDTENVREIZ L > T BEBIND Z L2 AH L, 3D Zhid, I
SN EEEEREG L TEOMREBTOTIIRLS, BHROKOMER X
OMHEICHELZ RFLZONREBT B2 O, ATPIZ X 22 MHEMEIER
B DIRFEN RN FHEF DIET 2 DTV EEZ bz, Ll
ATP (XX AT S-1 LFEET OMEEZ L SZ Lnh, ATP OREHNRN I A
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¥ S-1 & ATP OFEG L IFERRTH DL LD 2L iFBE &I, 34T 8-
& ATP OFEEITINZ T, WP OEHED ATP O & 2xO/ERIC X o THRH#ELD
ENFBELTWD b0 EHET D, Bz, ATP I A I ELFREE T
HOMVREFES L TCIL Y rDary 7r—A—varebd TR L,
BHDHNEI AT U S-1 D ATPase A 7 WZHIT L KR E D= b v —4(k
ZBET 2 BERB RS I AT o Z RISy JREO Ky & O AAERIZD
WTHENRRINTWD, 7 F7z, HBEELZ I A 03 2mM ATP IR
fEs s LbMESNTEY D, ThbDZ Lind ATP (I A4 5 FKif
DARFEE B E RIE L TWD Z E MRS D,

HFIETIEL, TV 2T P ADI AT Ca-ATPase D JRFELEMEIT KT D ATP
DZEMEIHID RO THF LTz, ATP-Mg FFETCTT Ay 2T 7 A I A4
N IM JRFEEMZCERE TR L, 0%, #TICL D ATP-Mg & JRFHE
ZHUYD PRV X AT D Ca-ATPase TEPEZJIE L7 %, ATP BFEIET HZ &
T Ca-ATPase JHMEDIIENIHI SN D Z ENB LMoz, & 2 BD
Ca-ATPase DPEFER LR L L 12, I AT EERFIZ ATP 23> TV D HW
721X Ca-ATPase 1Z1E & A ERIE L7202 72703, ATP B33 fR L CIERT D & &b
IZ Ca-ATPase (XRIE L7z, F£72, MNICRFBEZIFEALEE TRV~ XA I 4V
ZBWTHRBRORRERME SN, TN OREND, ATP XY R
BORFBEMZIH T2 Z LoVRBR S, AENIZEBNT, Y ABEOHRNZ
RIENRFBEMEZRLZ LIZK K o TNDH I LT ATP HHFGLTNnSH L
PHEZR ST, P ART AR EDOFHATITEIRE CHEET DIREDHZ /37
BEMERZHEET 2 A D= LOMRIL, #EAHTALTTHERINLT
STEBERRETH Y, EERNITHEET DA TF AT I ACE W O R FE M)
ER &Y XD Z R EZD S DIZRBMER D Z L R LM EN
T&EZD, AWFFETH SN STz ATP 12 K 5 R FBZEVEMHIE R L8 7= 72 R 5
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EMHEA D= A LERTHOTHoT2, 5%, P ABEOERNICEREET
T DATF AT I ALBWE ATP O RFBEPEIFI O BAERIZ OV THFE
EEDDLTETHD, ATFNAT IALEMOHFTYH, KT, TMAO XX /37
HEMEMEIERNRD 5T D, 1% BIE, TMAO & ATP O JREZ MM
FHEAERNCBE T 2 AFZEI2 LD FLA TV 5, TMAO & ATP A3fF4 5 Z & TH A
I AV ATPase IEMED R FENEZ N 5 vlREMEZ R TRER G HN TRV,
HlEREEIAAT) TECTH D, ETofL, ATP OF=72{EH L LT, ATP »
hydrotrope & U CTBUKME S /X 7 B OUMRMEHERFIZE G L T\ D Z L WME S
nNTn5s, %9 —J, RHFEH X7 EOBHKERBEC~NTF FEH LA
TERT 2206, ATP OX 87 HRZEALERIL S 237 E O BUKIERR )
PEECHEERIBICBIR LTV D 2 E MR SN D,

FATETIE, E7AOEMERHRSGOREZBOE L, BHERTOMRNA O
JE DS R B OB ICE JETHBIZOWTHRF L7z, 7 2DIEIT Lk
DIRTRRAFSL WSR2 D ATP BhE LAY DIREEZE b L ONEIREE ATP 1FAE
TIZI T 2 S DBRG & fRERTE D IR RRAME 2 » R 7 B DAL ERIERR S R Y
v FORAEIKIETEEORE, &5I1I13HE L L TOERETIMRBREZITV,
NS DORERERARNCHEE Uiz, 16T LOEKR D ATP & @i EICE AT2RRE
THAE UIEIBMER L7zt 7 A0 O FHH U - RRRAEIE, HRISMRYE L Ca-ATPase
EEDRHH SO TIIRbEWVEZ R L, FiiHMICBN TR s BV a2
BoNT- EEEERHE 7 AL, IG5 LOEBOREEOE 7 AW LD L,
AL ZEAIPEIR 36 K OV RERII T4 > TV, —BAE L7-REHED B T A B
EITAEAE R B L OV REREM IS B W TR R D o T, RIS OFEfIE, A
HNOWEIPEICRE S EA SN, B2, IHTFLOEZEO=aY 2 LIz REE 4T
e N&, FERMEERLIT ATP 28 IMP IZ0 i STVE R LI RE & ifde NI
MDD, ARIOEREERKRE 7 A OFREORIE L, —BimE Lzt 7 X Ofl
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HLRSOMETHDL EVZ, WML THo ChHllly s LTHomHT 5MmE
ThdEFHE Lz, ZOWMRNEIE T A DI LT, x e KFEYR B R
WHIROBRFISA SN D Z L2 WY 5,
ZNETOMERMRESZEID, BUE, WS MG LIRS 72807 Y & i B ol
i DB 2 3T TN D o AR DNERR 27 4 FE 0D i th 2% e 36 A PE AR 2 SR 12 7 5
&, TVEIT247% Ll b2\, T UVEHOEERNPSNERLELTIE, 7D
i - RO AT B AL, BEHE Y GO 7o 20 AR T 3.5 15
[CHIML T 5, O 2013 & A EIKERT O—BRLRFLE (CO) % fiL
724CO 7 U7 Wbn 28T, MENMETLTHOMAERNOEHRNIEE A LR
b L7z, BEERROMEN S AR EU, 7 V7 #EZ & CIRRTFEAEE
EENTWD, LLARRL, MFEORARET—HIZED, PESFW, EU
~ORH B Z SOH Y, SHBETETIMEHANHAIAETATNHD, BEND
WML 26550, EREMEO 2B RH LN, T A MEND, HE
ATl T 2 FERRD N TWD, £, T=F2A2E0FARIZED
BHEXR OIS, EOHIRIC X - T3l 7 & 04 R ZRAET 2 BITITm
R U CHRE 92 Z ERBEMA T DN T D, 7 Ok KOS, i
BRPBET 2L THY, HRRAFTOMEROBZEZME L7727 Y HEh
DRFENRD LN TS, F /I S1E, ATP 233 Mb O A MEOHEFT &4l
FTEHZEEREL B, 4 ETIE, ATP AEBEECELE T ARADOMAR
Mb D A MEFEN ATP LA EEZEZERNEDITHNTRNZ EEZH LML
Teo BUE, ZOMROBRE S &1T, WU QA DR TARE T 2 & oG
FTITWVEIRE ATP 2507 U i 2 g L, iERERREZITo T 5D &
ZATHY, EIRE ATP 2 &Y v 7L CHAERFH OMAR D A MEDOHETT
P SN D FRERDBFE DN TN D, BAFIZERE D ATP 253 729121%, K
BN B LB EEERLETH D, i < 0 HKEY OREREHER T IXIRE
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BHNRENTHL ZERMBILTWD, FFIZ, TR R EMEPNESIET L
DEENREECTRE L OB LR CIE, S OREFHENERICEE T,
WEREERZTHZ T T 7T —BIEEE IS LI EEHE 21T T
%, £z, IHT L% ORIFIRE LA DO ATP Sy il L FE% R EIC B &
FEFTZERMOEN TV D, A DOHFERHIZ mIRE D ATP 23K D15 1T L TiER
HFE% O ATP S a2 Ml 3 2 IR EFEH 2 &, KRG » o — B LI EEs A 1T
VY, ATP (T K 2 s ZEVE 2 40 L 72K E R i OBOE IS S D 2 & 2 Wifs
T5,

AAFGERERIC LY, ATP ITAERNICB TR R AT —WE L L COERD
HIEDT, KRS X EOBAEWOmME pH A0, IRFBEVEZ IS 5 EE
BREEREEZ A LTS 2 &, ke, TOEVEMGIERIZ AR 72 ATP RE TH5
REEINDZ EBRWALMNEIR ST, ZOMIRRERIE, ERNEES I ED
RAF AL AT D ATP OAFRBIRERE (EMEIHIER) Ot L, MR
PEIIHNZ B0 2 SR EE ATP % 5 H 9 2 i B i ol b 0 B3 & i - 2B
DICHIRFEIC R R T 2 2 L BHIfF SN D,
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