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ABSTRACT

Frozen fish products are generally transported and stored at -20°C. This storage
conditions, however, causes rapid progression of autoxidation of myoglobin and
browning of dark muscle, reducing the commercial value of fish for sashimi. Because
the discoloration of tuna meat also proceeds during frozen storage at around -20°C, tuna
meat is stored at the ultra-low temperature (-60°C). On the other hand, the discoloration
of highly fresh tuna meat could effectively be suppressed even if stored at -20°C.
However, the suppressive mechanism of the discoloration is not well understood. In this
study, | focused on a function of ATP contained with high concentration in highly fresh
meat. The effects of ATP on the autoxidation rate and molecular state of southern
bluefin tuna myoglobin were investigated. The autoxidation rate of tuna myoglobin at
25°C was suppressed in the presence of ATP especially in acidic pH range. Mixing ATP
with myoglobin induced a spectral perturbation in the Soret region of myoglobin.
Quenching of myoglobin fluorescence was also caused by ATP. According to dynamic
light-scattering measurements the apparent molecular weights of tuna myoglobin
changed from 15.5 kDa to 11.3 kDa with ATP and zeta-potential measurements gave
also a negative surface charge without ATP and a positive one with ATP, respectively.
The above results indicate that ATP induces changes in the conformational structure of
myoglobin. The effects of ATP on myoglobin could thus provide a possible mechanism

to regulate the autoxidation of myoglobin.
Then, | had investigated the effect of ATP in muscle on the progression of
autoxidation of myoglobin in dark muscle of amberjack during frozen storage at -20°C.
In the early stage of this study, | found that the method of Bito for measuring the ratio of

generated metmyoglobin in tuna myoglobin was not applicable for amberjack



myoglobin. This suggested that for measuring the ratio of generated metMb, an
individual method for each fish myoglobin should be developed. Therefore 1 tried to
develope a method for measuring the ratio of generated metmyoglobin in a myoglobin
for each fish. | prepared purified myoglobin from 12 kinds of fish and then prepared
deoxymyoglobin, oxymyoglobin and metmyoglobin. The wavelength of isosbestic point
among those visible spectra of deoxymyoglobin, oxymyoglobin and metmyoglobin was
measured. From these data, | developed a method for measuring of the ratio of
generated metmyoglobin in myoglobin for each fish and then measured the
discoloration rate constant of each myoglobin.

Then I investigated the effect of ATP in muscle on the progression of myoglobin in
dark muscle of cultured amberjack during frozen storage at -20°C. Amberjack fillets
quick-frozen at -50°C containing various concentrations of ATP were prepared and then
stored at -20°C for four months. The progress of autoxidation of myoglobin was
suppressed in the fillets containing high concentrations of ATP.

The above results indicate that fish meat contained ATP of high
concentration could be possible to store at -20°C with good quality for sashimi. It
is expected that frozen fish products for sashimi with the good quality are produced and

distributed globally by using this technical idea.
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7 VLT 2 R IVERIKENESDS-PAGE)IC XV 734 L7z, SDS-PAGE %
Laemmli @ 51423 [ZHEWN 175 %RV 727 U7 I RO VEFEHL TiT-o 7,
Mb O F&iT o FE~—— (7 b—+H AE1440) %M L SDS-PAGE
2B D RBEEEE N RO T2, Mb X U XV ERENX, v~IA s ue (T
TAT AR EREREL LR EE L TE Y Ly MEICK D ERLE Y,

ATP FETIZEIT 5 Mb A MEEATORE Mb A MEED 25°C Ik 521k
%, 0.1 MKCl, pH(6.0,6.5, 7.0, 7.5), ATP #2JE 0 mM - 7.5 mM DOIRIE AT
ITo72.Mb A MEEORIEIL~ 7 v Mb JIEFIEDJRBEEE WIZHE LT TfTo 7,
HI%S, cMb @ 540nm & 503nm OWIEEZHIE L, WOt Mb A MER DR
FRERR D S U 72 BRI L U metMb fF7ELSEZ RO A MERZFR T LT,
Mb A MEEROHEEZ 25 °C MNEA 30 43 fEZ 540nm, 503nm, DG A HIE
LA MERZREH Lz, A MEEETER (Kmet ) 1%, 25 °C TOLRRFH 157
X472 0 IZHINT % metMb Z LR XV KD, Kmet DR HIL, IEFR (57)
& Mb A MEZRQ)DOEIMDOEEN S, IO L v B HET-7-,
Kmet ={In( metMb¢) — In( metMbo )} / ¢
metMbt: 25 °C t 53 FUINELER % O Mb A MMER,
metMbo: 25 “C MEVILEEFTDO Mb 2 MBS,

tr NEMLERER] (43), (Kmet O HAZIE min™)



ATP TERE I 5 Mb 43 FDIREELOHIE

AN A7 MVRIE R Mb 2 AW CTAIRE O ATP 777E F T Mb O #]
BLERIL 27 F 2 E LT, FWHREBWRINA <2 k1L native Mb,
deoxyMb, oxyMb, metMb (Z>WTHIE L7z, 723, deoxyMb, oxyMb, metMb
[ZLLTF D HETHELL 72, deoxyMb (3SR Mb %&w# (0.1 M KCI 20 mM
Tris-HCI (pH 7.5)) |2t Fudffifiifig) FY v Az@E&Edsi L CRE L7z 29

oxyMb (% deoxyMb &% A ¥ — 7 — T L T L 7=, metMb (ZRAL D
FFEIZHEL C, R MbERIZ 7 =V o7 b Vv b%a 3 uM L Tl
U7z, R A~ ML ORIESME 0.1 M KCl, pH 6.0, 7.5, ATP
0 mM, 7.5 mM, Mb ¥ >/ 7T 0.21 mg/ml, 0.15 mg/ml D5 TIT
o772, F£7=, ATP 78 Mb ® Soret #7Z KX T H#ZEIZ DT native Mb HW\ T,

0.1 M KCI 20m M Tris buffer(pH 6.0, 7.5), 25°C, ATP & 0-6 mM , Mb
Z N7 EYRIE 0.25 mg/ml, HIEHFE 300~600 nm, (2T EE UV-1800 CTH

E LT,

Mb 73 F D BFEHE HOCEEFIC L D Mb BFEEEORE, K Mb %
fEH L CiTo 72, ZEBRZM1E, 0.1 M KCl 10 mM phosphate buffer (pH 6.0 X
1% 7.5), ATP 2 0-2mM, Mb % > /X7 ERE X 0.05 mg/ml, 0.07 mg/ml O
S TIT o T2, EEHIESRMIThE R R (Excitation ; 285 nm), HIEKE
(Emission ; 300-500 nm) CHIEZ1T 72, F7z, Mb (TR S FHOGHRE I TIRE
DA ZT L7280, B/VENOIREIT 15°C OMEIRSM T H A% JFP-8200

THIEZ T T,



Mb & ATP OfbFERBBROBE Mb O +HFEHIEIZATPICLY 7 = F
YT HZEEIGH LT Mb & ATP O P Eim BR Ot 21T > 72, MIES
fEZ Mb @ B ZaEHE & FERIZIT O 3B ST 0.1 M KC1 10 mM phosphate
buffer (pH 7.5), ATP #2J% 0-2 mM, Mb % >/ 7 B 1%, 0.0065, 0.0033, 0.065,

1.0 mM T 15 °C T{T-o 7=,

Circular dichrorism (CD) AX%7 hiZ &3 Mb 0 FREDHIE CD A7 b
JVDORIE & H R RIE & [FARICHR Mb ZfEH L TfT->7-, CD HIEICIE 1
mm EOE/LEZMHEH L, 2FRKM FHB XV 10°C TRIE L7z, BIESMIE, 0.1 M
KCl1 20 mM Tris-HCI1 (pH 7.5), ATP % 0 mM X3 1 mM, Mb ¥ > /37 E

FE 0.7 mg/ml, HIEWE 200~700 nm, H A%y J-820Q4 (2 TIT- 7=,

W DO Mb 3 FH A4 XOBIE Mb O TOHy 1Y A XORE % K Mb
MW TAT o 7, MIESMZE, 15°C, 0.1 M KCI 20 mM Tris-HCI (pH7.5), ATP
R 0 mM X% 5 mM, Mb # > /X7 ERE 1.65 mg/ml (2 TITo 7z, HIEMRS
I% Zetasizer nano ZS (Malvern, United Kingdom) & CHIE L7z, ARMEE T
WP DL X7 B A X BHPEBELE TRIE T 5, HELL O T E 288 #1355
FH A R L 0B IN DR EZ JE R B H W TV 5 20,

Mb > FREEMORPE Mb 47Kl &WEINIZAE TS — 2 BARIE L
Zetasizer nano ZS (Malvern, United Kingdom) & 4.5 mm B—4 7 1 v /&
WVEMEML, ERRE T Z2BET 5501 & 2 ERELTRE 2 7l E 3 2 BRIk E)
HEHGELE THIE L7z 28, JIESMHEIE Mb 73 %A XORIE & [AERICAT - 72,



(=P S
IFI=Z iR Mb Fig. 1 I3 3I~210 Mb OF LA X HiRE
SDS-PAGE /% — > %Rk L7=, cMb % 70-90%fafiffiZ /7y B2 f; L7 L Al L
T, 7773 43-45FIZMb #1525 Z L 3Rz, SDS-PAGE 754
FER, #5517z Mb (X@EME TH & 15300 THHZ &2 R LT, 20N &
X a~rulw Y URICEVEONIERE —FH LTS 2% kR Mb
X7 77394345 27— )L L CERICHE L7z, E72, 70-90 %faFni 5y b

®IZHENT L TR 7 Mb i a cMb & L TR L7z,

3.5

M cMb 43 44 45

3

2.5

Absorbance

Fraction No.

Fig. 1 Purification of southern bluefin tuna Mb. Elution pattern of Mb from a HilLoad
16/60 Superdex 200 gel filtration column equilibrated with 0.1 M KCI, 20 mM
Tris—HCI (pH 7.5). The eluate was monitored by the absorbance at 280 nm (filled circle)
and 540 nm (open circle). The inset shows SDS-PAGE patterns of the fractions obtained
by gel filtration. M molecular weight markers, cMb: crude Mb (the applied sample).
The number above each lane corresponds to that of the fraction number.



Mb D A MUIZKIET ATP 02 cMb ® pH %4 pH (pH 6.0-7.5) [ZFHH L
21, HIBEED ATP FE T T, 25CTMEZITY, * MEOMEITAHIE Lz,

Fig. 2 (a,b) T pH 7.5 BLX O pH 7.0 THO A MEORIFE(LOFER 27 LTz,
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Fig.2 Time course of changes in the ratio of metMb formed in crude Mb with or without
ATP. The discoloration of cMb was measured at 25°C in 0.1 M KCI at the pH over the
range 6.0 — 7.5 with or without ATP of various concentrations. (a) pH 7.5 (20 mM
Tris-HCI), (b) pH 7.0 (20 mM Tris-maleate), (c) pH 6.5 (20 mM Tris-maleate), (d) pH
6.0 (20 mM Tris-maleate). ATP concentration was (o) 0 mM, (@)1 mM, (L1)3 mM and
(m) 7.5 mM. The Mb concentration in crude Mb solution was 1.07 mg/ml estimated by
using molar extinction coefficient (8230) at 540 nm of purified oxyMb of southern
bluefin tuna. Time course of changes in the ratio of met Mb formed in crude Mb with or
without ATP. The discoloration of cMb was measured at 25°C in 0.1M KCI at the pH
over the range of 6.0~7.5 with or without added ATP of various concentration.(a) pH 7.5,
(b)pH 7.0, (c)pH 6.5, (d)pH 6.0
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pH 7.5 33 L OV pH 7.0 TiX, ATP OIRIMOA I 03D 53 A MEOEITIHEWN
TG DAL, 0B, AEZEITRO LRV ATPIREN R 25 &, pH 7.5,
pH 7.0 OH NS5 T LV H UMESRMETH A MEOEST 2 Il 9 28 m 203589
N7z, Fig. 2 (c, d) 1 pH 6.5 B LN pH 6.0 THD A MERRBSEZE L OFE R A2 R LTz,
et pH Z50F K Cik Mb @ A MEDHEITIZIEF TS, ATP OFFEEIC LY Ak
L DHELTIE ATP JREARAFRIICHNHI S D Z ERAL N E IR o T,

Fig. 2 (a- d)IZ/R L7z cMb D A MERRIFE L OFEFR D26 Kmet 23K D, 45 pH 12

BUFD ATP BEEE L A MEEE & ORt%% Fig. 312/R L7-, ATP 2ME(E LRV
A 0 Kmet 13, pH 6.0 T 1.53x10 min™, pH 6.5 T 1.45x10 min™, pH 7.0 T 1.01x10?
min?, pH 7.5 T 1.0x107 min® T& Y 58\ pH {&AFEEZ R LT, B ( pH6.0,
pH6.5) &t 7 /L U (pH7.0, pH7.5) TKmet iZ k& < B2 2R ENE SN,
BRVEZRIE T TO Kmet 1ZIFFICRKE NI LRI LMo T,
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Fig.3 Effect of ATP and pH on the autoxidation rate (Kmet) of tuna crude Mb at 25°C.
The pH was (0) 6.0, () 6.5, (L) 7.0 and (m) 7.5, respectively. Kmet was calculated by a
first-order reaction analysis from the data of Fig. 2 Effect of ATP and pH on the
autoxidation rate of tuna crude Mb at 25°C. The pH of Mb was 6.0(e),6.5(0),7.0((]),
and 7.5(H), respectively.

—Ji, ATP BFEET 246, A MEEE Kmet \Zxt4 2 20%, Bt pH T
TEVEEEICRD Nz, pH 7.0, pH 7.5 TiE, ATP Z#&EE 7.5mM £ TR
MUT=5A O Kmet i30T 0.76x10° minl & ATP 231 L TWRWEE D
Kmet (pH 7.0 : 1.01x107 min?, pH 7.5 : 1.0x10% min!) XY &L ElL
THRER L 2 o7z, pH 6.0 & pH 6.5 Tix ATP 3 F(ET 5 & Kmet 1% ATP O
TR TKE L TR T L, ATP 2R 3 mM T® Kmet!Z pH 6.0 T 1.13x107% min’!,
pH 6.5 T1.10x10% min! & 72 ¥, ATP ##% 7.5mM T, pH 6.0 T 0.72x10° min!,

pH 6.5 T 0.70x102 min! & 7272, pH 6.0, pH 6.5 231 % ATP S 7.5mM
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TO Kmet %, pH7.0, 7.528F % Kmet L 1FIEFE CEE R LTz, AP
JED ATP NFAET 5 L EME TIZH T 5 Mb O A MEOHEFTIZME <4, Hdk -
537 V7 UM L RIFREED Mb OLEMZRT 2 ENH LN ERoT,

Fig. 4 (2, #5% Mb 2 H\ T pH 6.0, pH 6.5 3 X pH7.0, 7.5mM ATP 1%
ETIZBIT S 25°C TO Mb A MEFEOELZHE LR E R LTz, pH
6.0( Fig. 4a ) TiZ ATP OFHEIZ LV INEL 30 47, 60 43 TD A MEEBINIZA E
ZNRD Bz, pH 6.5( Fig. 4b ) TIFMEL 90 47 & 150 43 TRIKRIZ A ML
IMCEEZZRBOT=, —7F pH 7.0 (Fig. 4¢) TIZ A MEEROEE KT ATP O A
(CEBE A2 PR U AR Lz, KR Mb (28 W\ Th cMb Ot & kRIS iR
pH T2k 2 BER LEE T, ATP IZ X > THIflSND Vo T ERBH LN E

VAW
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Fig.4 Time course of changes in the ratio of metMb formed in purified native Mb with
or without ATP. The discoloration of purified Mb (0.4 mg/ml) was measured at 25°C in
0.1 M KCI, 20 mM Tris-maleate at the pH over the range of 6.0 to 7.0 with or without
7.5 mM ATP. The ATP concentration was 0 (©) and 7.5 mM (e). (a) pH 6.0, (b) pH 6.5,

(c) pH 7.0. Asterisk indicates a significant difference (p<0.05, t-test, n=3)

14



ATP THEE IS Mb 4+ DIREE/LOHIE
1) Mb DO RIRERINAZ R 7 b ZKIES ATP OYER  4-FE Mb O AT RSB I A

7 MVEAL%E Fig. 5 (@ dDIZR Lz, Mb O a[RERGILA =7 kLid 400~450
nm(Soret ) & 530~600nm(Q HIZFHEA /2 AT ML ZER LT, Soret 1D
B RV R 1345 Mb IRRECTHL 72 U, native Mb, oxyMb, metMb TEiLZ 11,
409 nm, 414 nm, 407 nm T» Y, deoxyMb(432 nm){Z b~ CTHILKE D7 v
—v 7 bR O LT, —F, 4 Mb T (pH6.0,pH 7.5) @ 500-600 nm @ A]
PRI A7 R L ATP ORI L 0 2 Z R &> 7-, % Mb (pH 6.0,
pH 7.5)IZ ATP Z ¥R L 723551213V 340D Mb $ Soret 17 O W EAE 3B LTz,
—7J7, Fig. 612 pH 6.5, pH 7.5 I28\ T, native Mb IZ&JEFED ATP 2% L
=5 A O RRERIN AT MLV OEALE R LTz, Fig. 7121%, Fig. 6 TH LT
ATP 12 X % Soret 4 DWSEEO A%, BRWIGEE O 409 nm CTHIE L 74
RERLTZ,

ATP OIRFEIZKAT L T Soret # OWGEIXA L7225, pH 6.5 DX 5 7 pH

7.5 X1V ATP % L CBURICAUGT 5 Z LA BN E R o7z,
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Fig.5 Effect of ATP on the Soret region (380-440 nm) and the visible spectra
of Mbs. The spectra of native Mb, deoxMb, MbO2 and metMb were measured
at 25°C in 0.1 M KCl at pH 6.0 and 7.5 with or without 7.5 mM ATP. The
protein concentration was 0.21 mg/ml (pH 6.0) and 0.15 mg/ml (pH 7.5),
respectively. Inserted figure shows the enlarged view of spectrum in the soret
bands. (a) native Mb, (b) deoxyMb, (c) MbOg, (d) metMb. () 0 mM ATP, pH
6.0, (e) 7.5 mM ATP, pH 6.0, ((J) 0 mM ATP, pH 7.5, (m) 7.5 mM ATP, pH 7.5
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Fig. 6 Effect of ATP concentration on the Soret region spectra of native Mb. The spectra
of native Mb was measured at 5°C in 0.1 M KClI at pH 6.5 (a) and 7.5 (b) as a function
of ATP concentration from 0 to 6 mM. The protein concentration was 0.25 mg/ml
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Fig.7 Effect of ATP concentration on the absorption at 409 nm in Soret region of native
Mb. The decrease ratio in the absorption at 409 nm as a function of the ATP
concentration was calculated from the data in the same measurement as Fig. 6. (o) pH
6.5,(®)pH7.5
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2) Mb ®EFHMICRIET ATP OFE ~ 21 Mb ©HE# LI KIET ATP

D% pH 6.0 & pH 7.5 IZBWTHIE Lo/ HR % Fig. 8 (a,b) IR LT,

TO00
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Fig. 8 The changes in fluorescence emission of native Mb as a function of ATP
concentration. The fluorescence emission of native Mb in 0.1 M KCI 10 mM phosphate
buffer (pH 6.0, 7.5) was measured over the range 300 to 500 nm with excitation at 285
nm as a function of ATP concentration from 0 to 2 mM at 10°C. The protein
concentration was 0.05 mg/ml (pH 6.0) and 0.07 mg/ml (pH 7.5). (a) pH 6.0, (b) pH 7.5

I I~=7 1 Mb IEEEEE 285 nm THIER £ 330 nm (2 KEOGKE 2R3
WS E — 2 ox U2, ATP ORI X 0 o, 7o F o 7FaRr LT,
330 nm |25 1) B IR 2 R & ATP R & st E D BSfR % Fig. 9 IZ/R L7,
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JxF U VEpH 6.0 BLWNT7.5 TH ATP JREE2K 0.6 mM Tfafn4 252 &
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Fig. 9 ATP-induced changes in intensity of maximum fluorescence emission at 330 nm
of native Mb. From the results of Fig. 8, the ratio of ATP-induced decrease in intensity

of maximum fluorescence emission at 330 nm was calculated. (o) pH 6.0, (e) pH 7.5

3) Mb & ATP DLZEERMBRORET Mb OEHFHENLN ATPIZLY 7 = F
VIFTHEZEMND, ZOBEEFHA LT Mb S OIREZE(L L ATP & ORIFRIC
DNWTHRFEITo 72, FIRED Mb 12X LT ATP % 2 mM £ TR L7560
Mb HZEH#ED 7 = F o 7 & HIE L=k % % Fig. 10 (a, b) 1277 L 7=, Fig. 10(a)

I Mb ®JEFE 0.0065 mM, Fig. 10 (b) (£0.033 mM TH %, \TiLh ATP R
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Fig.10 The changes in fluorescence emission of native Mb at various concentration as a
function of ATP concentration. The fluorescence emission of native Mb in 0.1 M KCI
10 mM phosphate buffer (pH7.5) was measured over the range 300 to 500 nm with
excitation at 285 nm as a function of ATP concentration from 0 to 2 mM at 10°C. The
protein concentration was (a) 0.0065 mM, (b) 0.033 mM.

21



Fig. 11 {Z1% Mb #2 % 0.0065 mM, 0.033 mM, 0.065 mM, 0.10 mM (Z35iF % Mb H
G IR & ATP IR L ORREZ R LT, ZORED B4 Mb IEEIZIS T 5 Mb
W7 T TF TS D ATP OIREZ R D, #EHR % Fig. 12(a, b)IZR L7z,
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Fig. 11 ATP-induced changes in intensity of maximum fluorescence emission at 330 nm
of native Mb at various consentration. From the results of Fig.10, the ratio of
ATP-induced decrease in intensity of maximum fluorescence emission at 330 nm was
calculated. (o) 0.0065 mM, (o) 0.033 mM, (M) 0.065 mM, ([L1) 0.1 mM,
respectively.

Mb J2E & Mb B Zac e fafng- 5 ATP IREE & O B£RIE Mb I 0.0065 mM (235
T ATP 13 0.25 mM, Mb % 0.033 mM T ATP (2 0.34 mM, Mb #% 0.065 mM
T ATP 2 0.4 mM, Mb 2 0.10 MM T ATP [£ 045 mM & 72 ~7-, T2 5, Mb
BEICK LT Mb BESE D 7 = F o 745 ATP 2 1, Fig. 12-a ®

RIS IS DA 2R L7,
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Fig.12 (a) The effect of protein concentration on the affinity between Mb and ATP. The
data were calculated from the result of Fig. 11. The inserted number shows mole ratio of
Mb to saturated ATP concentration. (b) Double reciprocal plot of Mb protein
concentration and saturated ATP concentration fron Fig. 12- (a).

72, Mb FREICHIT D Mb HEE D 7 = F o 73 fafind 2 ATP IRED
F/LEIE, Mb #EEE 0.0065 mM T 38.5, Mb 7% 0.033 mM T 10.5, Mb #2JE 0.065
mM T 6.2, Mb J2 0.10 mM T 4.5 L 72 -7, (Fig. 12-a) ¥&KIZ, Fig. 12-a L V%5

SONTEIZCOWTHE T LT a7 ay MR LT Mb & ATP & D%
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[ZOWTKRD 7z, (Fig. 12-b) ZD#5R, kmfEiX 0.62mM & ffERd S iz,
PLEDFER NG, Mb & ATP T 7 4 =7 4 IZFEFITIERW DR Tz, &6
(ZZERINTTIE ATP 28 8-10 MM DR CTIFEE L TV 5 O THAKHN O Mb 13 B 5t

R T 2 TF T LT IREETH D Z ERIEI T

4) Mb 43F® Circular dichrorism(CD)AXZ kv® ATPIZ X 524k Fig. 13
Mb @ CD A7 MUIZ KIET ATP OB OWTHIE L7kt R %2/~ L=, ATP
ZITFR R T CO W 3GRD H AL 5 728 220— 250 nm ORI E 1T T E 2R WEER &
7polz, ATP Z RN L7=JIE R Tid, 250 nm £V B EMTORENRTE, ATP
WD CD % 72 L5\ o fiEi R ATP {77 FIZH1F 5D Mb @ CD A7 kL
& L TR LIZ,ATP IR K0 260 nm 32D CD A2 hUIZENGE D bhvTz,
VIEDRERIE, ATP X Mb 4y FIREBICEZ XITT Z L 2Rm LTV D,
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Fig.13 ATP-induced changes in CD spectra of native Mb. The CD spectra with or
without 1 mM ATP was measured. 0 mM ATP; (otted line) ImM ATP; (hick line)
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5) WRHD Mb 5% A4 REREEMIZKIET ATP OEFH Mb Oy %A X
& FKHEME 5 mM ATP 777 T, 0.1 M KCI 20 mM Tris HCI (pH 7.5) &%+ Cifll
ELTRER %R LT, (Fig. 14, Table 1)
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Fig. 14 Size distribution for native Mb with ATP. The molecular size distribution of
native Mb by volume in 0.1 M KCI 20 mM Tris-HCI (pH 7.5) was measured by the
dynamic light scattering with or without 5 mM ATP at 15°C. The protein concentration
was 1.65 mg/ml. (a) 0 mM ATP, (b) 5 mM ATP

Table 1 The molecular size and zeta potential of tuna Mb with or without ATP

ATP concentration (mM) Molecular weight (kDa)  Zeta potential (mV) as a
globular protein

0 155 -4.50
5 11.3 1.32

The measuring conditions were the same as Fig. 14.

Mb 43t A X% Zeta sizernano ZS 12 & 2 B YEEGELIE CTHIE L7c, #55R % Fig.
14 R LTS, R ABIE ATP OIEE, FECERETNY ¥ —T 7Ry
T — 7 W&, ATP FHE1E(E F T 15.5kDa, 5mMATP T 11.3kDa & 9 5

BNE ST, 0mMATP TORE$1T Fig. 1 (275 L7 SDS-PAGE /3% — U b3k
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W72 15.3 kDa &Sl LR S oz, DA EORERIX, ATP MFET 5 &5
73T O Mb 43813 15.5kDa 7>5 11.3 kDa ([CZ{b 95 Z L &R L TW\W5, %
72, OmM ATP TOY¥ — X BT —4.50 DEDER TH 7228, 5mM ATP 77/
TTIX 132 CIEOEM &Y, Mb o FOREEMIL ATP OIFTEIC L D 2T

HZENRBO BT, ( Tablel)
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EZy =
AT L - T, Mb DALY RO HFEw B LA MEEFTIZxT LT

ATP W< B Z KT LWV ZERHLMNZEINT, 2D L 97 ATP OIEH
PO ENT=DIE, AFFREOBELYIO TTHSH, Mb O HEEE(LHE X
pH K FIC L THIINT 2 Z LIcoWTIEEHORERHDH L DD, ©2T ATP
HFFETTHESNTMERTHL ™, KFETHIFI~vr e Mb Z W\ T
ATP JEfF(E FCRBRDFEREZF TN DA, I 51T, B pH FIZRWT ATP 23
fAEST D &, w27 v Mb © HEWREIEE X ATP RIS L CHEE ISl S
HIEEWOLNIT D ENTE,

51T, ATPIZ XD, Mb @ Soret #f A2 hLDZEAL, Mb BHFE R KD 7 =
FT, A X EREEMOEADRO NI D, ATP (FI I~
71 Mb DFIREEOENEZRR L TNWD I EEZEHTHZ ENTEZ, MbD
M7 EAIE Mb 53 1D B ZARRED L% KB L TV D 03, ~LEENZ O
HBIZBE LT nIC oW TR 25 2 L1308 LV, Mb #iKIC ATP ZiEG
95 &, Mb @ Soret fif D AT MVEERER I -, MbIZ ATP 2N L7
Z L, ATP IEFE T TRO LN DHHI Soret Hr D AT b L L [FR0R0RR D A
X7 MVEALZFESI L2,  deoxyMb, oxyMb, metMb & {5 ] L 7= 45 ¢ 6 FRORF5E
bEl, ATP R B OREBE(LZR I L TWD Z LRl

ATPIZX W Mb HFE#EHZE L LT, ATP OFMIZL D Mb D CD A<7 kb
HIE DOFEFII Mb 23 FARBEN AL T 5 Z & 2o Lz i O Mb 73 1% 1 X1,
ATP 23 {E(E9 % & 15.5 kDa 7> 5 11.3 kDa ~ & BT Oy 131 AhfiEte L 912
kT HZ L ERL, ZOMREII Mb OREEMDANDE~E(LT D & LH
FLTc, ZRHOFRE, ATPIEMb Z2/h S W FREEIREBICE LS, £
DFER, VI RONLRT v b~ EZ R IREB~ZELSEDH DT, ATP
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DIFIE T T Mb OBEENRILEEMET 55 VW) Z &2 HRIE5, Ml T
ATP [T UENEECTHIEL TWADT, ATP 1T Mb 4 TIRBEDBERERY 70 3o
B AR BR 7e RE A S TWA T LA R LTS EEZ S,

28



2B AEBAIA e DX MERAEEOKRS
&
Mb (3 deoxy, oxy, met B TIELE L& D A[FAERUL A7 R LT £ C2A L,

i

T5, Mb DA MERBEIZOWTIE, ~ 7 rl A MeRIEEORBEE 9 <
CO-Mb % L Lk 5 V85 & 0 J5ik % 303 L OREA Mb 0 A MESRHIE TS 78
WESHUSH SN TWD, ZRHDOHFEFVTNASL, Mb A MEROFHITEL
TE< DEETORE L LEL LEESEMER b ORZ,

~ 7' 1 Mb FRIZHEST S 7=l S BIEE O REREIZ T IENE H 7o, ~ 7 a Ll
SO fafE Mb O 2 MEFRRIEIZHICH STV D, Lo URRREZ hAfE s
Lz, I LoE&PDEWELZ R Z EAREShTng ¥, K5
(X~ 71 Mb DA MESHE T2 s L2, T &2 Mb A MR
EEERAT 2 LR R LT 5 3, R TH I 2 /5F Mb @ A Mg
HEICEBREZICHA LI ZA RS LOBEREOHANGHRE L2 Mb TH £ b
b2 20 WIREZ R RREZEZZ LD, O THRIE Mb O A MEEHETEIC
DWTHRHFBLELE X T,

Z ZTARETIE, FEAI Mb A MERHTEIEIZ OV TRE 21TV 5 e ik
RS Ui, BEE A & R ABUCEI U TRRET 217l U 7o SRl st f
TIEY /38 5 fE (=~ ¥~ Scomber australasicus, —~ ¥~ Scomber japonicus, <
73~ 7'v Thunnus maccoyi, 4 Katsuwonus pelamis, 7 7~ 2 & Tunnus
thynnus), 7 Ut 3FE (7 U Seriola quinqueradiata, 7% >~ ~~F Seriola dumerili,
~ 7 ¥ Trachurus japonicus), ~ %A £t 1% (= # A Chrysophrys major), >~
B} 1 ff (Y- >~ Cololabis saira), = > F} 1 ffi (= 1 7 3 Sardinops melanostictus)

THV, WEAMEIIT B 2F 7% A Sphyrna lewini  ([ZOW TR E21T- 72,
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EEL ik

MEE 7V CEBRE 434kg), T~V CEHRE 042kg), ~ /N (CFEY
{KE 0.55kg), v &4 (CE¥KRE 20kg), B4+ (CEXKE 20kg), X
F (CFHRE 3.05kg), v UL (CFHIRE 0.12kg), ¥~ (CFHIIRE 0.17 kg),
~7 ¥ CEERE 0.15kg) (FFEBRMEERTD b O &2 EhE; & 5\ WIEHHIC THEA
L7ce 7 v~ 73— FEEIC L0 RE S UE S LD S/ & s TR
SITARES, 7Y 2F 7 YA TG TR S UG IR AR R S &
fEft kv 2N Thm AR ZHEIE LT Mb 2388 L7, 23~ i, i
5T TRRE Tl S Fulth | CROE RS (—60°C) L7220 &, ImEikiE T
MY L7z b D &ALz, ZAUTERICHT 2 £ T—80°C DWmE THRE L
Teo ZOYW T IATREIRT 2 L FHIEE AR LT, 27 I~27 1 Mb 3@
W B L7z,

Tk
BRI Mb OFFEL 1 =0 Mb EEICHEWTES S YO HiEIcHE U H kTR
il Mb 238 U7-, F£7-, SDS-PAGE i 1 DO FEERFIE L FIEEICIT -7,

deoxyMb, oxyMb, metMb DFFR.  Mb & A MERREEZ ML T 572912,
deoxyMb, oxyMb, metMb % i U r[HERIN A~ 7 RV DRIE 24T > 72,
deoxyMb (3455 Mb X% (0.1 M KCI 20 mM Tris-HCI (pH 7.5)) (2t R o dfifiifg -
FU W AZE 1%L TR L 7= 2, oxyMb 1% deoxyMb ik & A % — 5 — T
LGS L7228, deoxyMb 7> 5 oxyMb sl O 42 bz >\ CikzhZEh
D Mb D RIFERRIL A7 v DR & 540 nm (236 1F HWOLEA IR & L,
Z DOWLIAE DS deoxyMb @ 556 nm (233 1F D WG & i 2 72 BB C oxyMb 23 AR
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L7z &Ik L7z, metMb I3IRAS O EPICHEL T, i MbiRKIc 7 = U v
T ALY 7 A% 3 UM IR L CIRRL U 7=, AT A7 R L ORIE L Mb
DX X7 0.1 - 1.0 mg/ml (0.1 M KCI 20 mM Tris-HCI (pH 7.5) ), HIE K&

500 - 700 nm, 25°C C Shimadzu UV—1800 # W\ TiT7-o7=,

Mb DOIIBVLE 4 fafdi)s 5% L 7= oxyMb (treated oxyMb) Z INEVILER L AJ4H
ER UL AT VAL & IE L T2, oxyMb 2R Mb (0.1 M KCI 20 mM Tris-HCI
(pH 7.5), 0.5 mg/ml ) S RITFL DT EETIHHEL L, 25°C T 1h ML 21T - 7=,
B 2 min Z &AW A7 RV ORIE 2T o 7,

REHLE  £REED Mb D AT RV ERER IR 2 R 7 RS CRIE LT, &
AR MR AT HHEWR R ZRE T 572D Student’s t-test |2 K 5 H & 2R

ExZIT> T,

i SR
FHFE Mb OMEIR Fig. 15-a,b IZ&FMSH Mb @ SDS-PAGE B4~ L7, &H
ML BICH—N FE L THRIEESNTZ, 27D D SDS-PAGE (2 LV KD 7-45-f4
E Mb Dy FEIL, ~A U (14,600), ~H#-3 (14,800), ~H~/3 (14,800),
A A (14,600), XF I~/ = (15300), 7 v~ 2 (15200), 7 U (15,000),
71 28F (15,000), <73 (14600), ~ %A (15,200), H >~ (15000), 7%
Ya®Z P A (152000 TH Y, ALY ZDOENTIH D05 15,000 F R

L7,
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(a) (b)

M ABCDEF MG H I J KL
97200 97200
66400 66400
45000 45000
29000 29000
20100 20100
14300 14300

Fig. 15 SDS-PAGE pattern of various Mbs. A: sardine Mb, B: spotted mackerel Mb, C:
chub mackerel Mb, D: skipjac Mb, E: southern bluefin tuna Mb, F: bluefin tuna Mb, G:
yellowtail Mb, H: amberjack Mb, I: Japanese jack makerel Mb, J: red seabream Mb, K:
pacific saury Mb, L: scalloper hammerhead Mb, M: molecular weight markers.

Fig. 16— A, B |24 ffE D deoxyMb, oxyMb I3 1. O metMb o Af#EE UL A ~2 7
MVZER LTz, &MFEO Mb 1ZHAE 72 3IREE  (deoxy-, oxy-, met-7i1) o At &R
UL AR Y R VR LT, 2405 3RAED Mb AN AT R Wi o
FFE T b WA (isosbestic point, IS s &%) 24 L7, IS D& & deoxyMb,
oxyMb DO IAE N A 754 5 K K (Ag) & Table 2 127k L7=, 4&fafE Mb O IS s
Rl 523-527nm TH Y, Mb D A ME=R 0 %DOFRIEE L TESH L7z deoxyMb &

oxyMb 32 75T %I (Ao) 1% 547 - 550 nm %7k L7,
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Fig. 16-A Visible absorbance spectra of deoxyMb, oxyMb and metMb from ordinary
muscle of southern bluefin tuna and from dark muscle of other fish species. (a)
yellowtail, (b) spotted mackerel, (c) chub mackerel, (d) red seabream, (e) southern
bluefin tuna, (f) bluefin tuna, 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 KCI 20 mM Tris-HCI (pH 7.5).
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Fig. 16-B Visible absorbance spectra of deoxyMb, oxyMb and metMb from dark
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muscle. (g) skipjack, (h) amberjack, (i) Japanese jack mackerel, (j) pacific saury, (k)

sardine, (I) scalloper hammerhead shark. 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 KCI 20 mM Tris-HCI (pH 7.5).
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Mb A MEEBERIEEORS FHFE Mb A MEEHEHXOMFHE, deoxyMb,

oxyMb, metMb @ FIFEIRI A~ R LA JIE L, 3ARHED Mb 23EFE L TH (A
— DWW Z RIS AR E UCTHIH L A MesBE A28 Lz, £8
FED deoxyMb, oxyMb 2327 T D RIX 3 SER LR, 3FEEDHH Mb A
FMEZR 0 %D FEHE & 72 2 WG EIE 540 nm AFT D 28R L=, (Fig. 17) 21 b
DAY FMUVREZISH L, Mb 2 MERR A2 L, BUFICARIFIE CH
AEiTo727 Y Mb Z41E LT3 %5, 7 U @ deoxyMb, oxyMb, metMb &

AARER A A7 NV EIE LTz fE R % Fig. 17 128D TR LT,
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Fig. 17 Visible absorbance spectra of deoxyMb, oxyMb and metMb from yellowtail
dark muscle. A is the absorbance of oxyMb at the wavelength of crossing of oxyMb
and deoxyMb spectra. B is the absorbance at the wavelength of the isosbestic point. C is
the absorbance of metMb at the wavelength of crossing of oxyMb and deoxyMb spectra

IS DI E1E 524 nm %7~ L, deoxyMb & oxyMb o A7 kL3 548, 572, 588
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nm @ 3 KK TA7E LT, AR O X 13 540 nm AT OWSEEN K S 5 720,
548 nm OWEZEA Lz, 2 548 nm (28T 2 WMEE Ay & L7, WIEAE
Ao 1% deoxyMb & oxyMb A3 E UfEZ 9K & COWILIEZR DT, deoxyMb &
oxyMb 2MEAE L T\ D A MEE 0 OREZ RTIETH S, 1S AOWLHE (B)
E A DAL (Ag/B) & A MEEK 0D E Lz, —J, A MEZE 100 %D
WAL, metMb @ 548 nm IZR 1T H2WOEME (C) & IS /A ToH 5 524 nm DK
JefEE (B) AHWTkd7z (C/B) flEk L7z, 7Y Mb DA MEE O %D A/ B
flEl% 1.65 £ 0.05 (CEHMHE + HEHERZE, n=39) %, A ML 100%D C/BHIx
0.65 + 0.02 (n =39) Z/RL7-, UEDFERID 7Y Mb DA MEREHA (1)
= Y
metMb (%) = -99.70 (A/B) + 164.96 (1)
725, AKONBIE MbIEIRD A(548 nm), B(524 nm)IZH T 2 A TH 5,
F7o, toOAFEICE L CTH Fig. 16-A, B OFER LV, KAFE Mb @ deoxyMb &
oxyMb D AT MVIRAZET HIR (A) BLXOVIS S0 (Table 2)I2B1T 5
WA KD Ao/ BfE, C/BEARH L7-#ER% Table 3127~ L, Table2 3K
O3 DR L 0 Bfafl Mb D A MERF A A RO TR LTz,
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Table 2 Wavelength of Ag and isosbestic point measured in spectra of deoxyMb,
oxyMb and metMb prepared from yellowtail, spotted mackerel, chub mackerel, red
seabream, southern bluefin tuna, bluefin tuna, skipjack, amberjack, Japanese jack
mackerel, pacific saury, sardine, scalloper hammerhead shark.

Wavelength of 4 ; (nm) Wavelength of I.S. (nm)

vellowtail 548 524
spotted mackerel 547 524
chub mackerel 547 523

red seabream 549 525
southern bluefin tuna 549 524
bluefin tuna 549 523
skipjack 547 524
amberjack 547 527
Japanese jack mackerel 547 524
pacific saury 548 524
sardine 548 524
scalloper hammerhead shark 550 527

Ao means the wavelength at crossing of spectra of oxyMb and deoxyMb in 3 peak of
oxyMb. I.S., isosbestic point, means the wavelength at crossing of spectra of oxyMb,
deoxyMb and metMb.
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Table 3 The ratio of absorbance at Agand B (100 % oxyMb) or C and B (100 % metMb)

of fish Mbs
Wavelength of 4 ; (nm) Wavelength of I.5. (nm)

yellowtail (n=39) 165005 065002
spotted mackerel (n=19) 1.65+003 063002
chub mackerel n=1T) 166003 065002
red seabream (n=23) 1.66 £0.03 0.66+0.05
southern bluefin tuna  (n=11) 1.69+0.01 065002
bluefin tuna (n=21) 165002 058003
skipjack (n=19) 1.65+001 0.64+002
amberjack (n=15%) 1.45+0.01 0.60=+0.02
Japanese jack mackerel (n=12) 166005 067006
pacific saury (n=18) 1.62=007 061002
sardine (n=13) 1.60+0.03 0.66 £ 0.006
scalloper hammerhead shark (n=10) 1.50+002 060002

Ay is the absorbance of oxyMb at the wavelength of crossing of oxyMb and deoxyMb
spectra as in Table 2. B is the absorbance at the wavelength of the isosbestic point. The
ratio of Aq/ B means 100 % of oxyMb. C is the absorbance of metMb at the wavelength
of crossing of oxyMb and deoxyMb spectra as in Table 2. The ratio of C / B means
100 % of metMb. Number shows average value and standard deviation.
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Sl TRV
metMb (%) = -98.53 (A/B) +162.83
728, A KOBIE Mb IEHERD A(B47 nm),
<P

metMb (%) = -98.79 (A/B) +164.87
728, AXONB X Mb &K ABAT nm),
~ XA

metMb (%) = -100.09 (A/B) + 166.85
728, AXOB X MbiERD A(549 nm),
IS I~vrE
metMb (%) = -96.23 (A/B) +162.79
725, A KOVB X Mb D A(549 nm),
rua~wrua

metMb (%) =-93.83 (A/B) + 154.78

(2)
B(524 nm)iZB 1T HWOLETH 5,

3)
B(523 nm)IZB T DWEETH 5,

(4)
B(525 nm)IZ BT 2 WA TH 5,

)
B(524 nm)iZ 1T HWEETH 5,

(6)

728, A KB IE Mb IO 549(nm), 523(nm)iZBi1F AW NHETH 5,

e

metMb (%) =-99.03 (A/B) + 164.13

(7)

728, AKOBIE Mb A D 547(nm), 524(nm)ICF T HWEE T 5,

VI AY

metMb (%) =-134.84 (A/B) +195.03

(8)

728, AKOBIE Mb A ® 547(nm), 527( nm)iZB i 2WNETH 5,

<7

metMb (%) =-101.66 (A/B) + 168.39

©)

728, A KB IE Mb A O 547(nm), 524( nm)iZB i 2 WOEE TH 5,
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WAV

metMb (%) =-98.44 (A/B) + 159.69 (10)

728, AKOBIE Mb AR D 548( nm), 524( nm)IZE i W HETH 5,
~A U

metMb (%) =-104.67 (A/B) + 167.83 (11)

728, A KB Mb A D 548(nm), 524( nm)iZB i A2WNETH 5,
THY 2Ty PR

metMb (%) =-122.20 (A/B) + 167.74 (12)

2%, A K OVB I Mb #IR> 550( nm), 527(nm)IZI 1 2WAAETH .,

AT THENL L7 Mb A MERHIEE L BERE L OB/ AWFIE CHI 72 1T
L72Mb A MEERIEETH LD Mb 2 MEEOfE & BEREZIGHA L THEEB L
T & DFRICOW TR 21T o 7o, AL DR L2 Mb OJRE 4 05
mg/mHZHRE L, Zhice Fefifiig) b U v A% T LT deoxyMb & L7-1%,

AL — T —HEIZ LD treated oxyMb L L7, Z @ treated oxyMb % 25°C T
JNELER U 72 g D AT BLERIRIN 2~ 7 b ViRg R 2R L 2 E L 7ot R & Fig.18-A, B
R LTz, MNEMEERIC S LT oxyMb @ B B —2 & o B — 27 284 L metMb
DEREIT Uiz, £72, metMb KLU I IT 54 A7 LT Fig.16 @ R
WINAR 7 MV TRLIEISIRCTEHARD Z L &R LT, £z, kT 272 21
R LT2FEEL Mb %3 e AlSeE LA CALEE L CHREL L 7= deoxyMb, oxyMb £ L Y
metMb O FIFERILIL A~ R Loy B3R H T2 IS SO R IE, native oxyMb @
INELER CAE L L 7= metMb & oxyMb DIEAIRIZIE W T B RIBEIZ IS LD E &

L TR T& 7,
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Fig. 18-A Changes in visible absorbance spectra of purified treated oxyMb during heat
treatment at 25°C. (a) yellowtail, (b) spotted mackerel, (c) chub mackerel, (d) red
seabream, (e) southern bluefin tuna, (f) bluefin tuna. The purified treated oxyMb (0.5
mg/ml) from each fish was treated at 25°C in 0.1 M KCI 20 mM Tris-HCI (pH 7.5)
solution. Measurement of the spectra was carried out every 2 minutes for 1 h. Color
lines show incubation time at 25°C.
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Fig. 18-B Changes in visible absorbance spectra of purified treated oxyMb during heat
treatment at 25°C. (g) skipjack, (h) amberjack, (i) Japanese jack mackerel, (j) pacific
saury, (k) sardine, (I) scalper hammerhead shark. The purified treated oxyMb (0.5
mg/ml) from each fish was treated at 25°C in 0.1 M KCI 20 mM Tris-HCI (pH 7.5)
solution. Measurement of the spectra was carried out every 2 minutes for 1 h. Color
lines show incubation time at 25°C.
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Fig. 18-A, B DT — X b, AREFFEIZ LV FENL L 745 FaFE Mb D A MEEHF
N TA MEEZRDTFER L, BEBEELZICH L THE LR % Fig. 19-A, B 12
~ LT,

I F IV e oA TR, BEREZIGH L TROTZAEIT A MERDE N
HIPAT15~25 %IE EmVMEZ R TRER L o To, —F, ¥ 7 v Mb DA,
AKIFED (5,6) TRDTZA MEFELRBHFETHEOLND A MEEOEIX, Rk

HET3~T%IEENHEODIFITFR UEE R TRER L o T,
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Fig. 19-A The relationship between data on ratio of metMb calculated by the Bitou
method and each scheme of (1) — (6) from the spectra shown in Fig. 18-A. (o) : data of
ratio of metMb calculated by each scheme of (1) —(6), (e) : data of ratio of metMb
calculated by the Bitou method. Scheme (1) : scheme for yellowtail Mb, scheme (2) :
scheme for spotted mackerel Mb, Scheme (3) : scheme for chub mackerel Mb, scheme
(4) : scheme for red seabream Mb, scheme (5) : scheme for southern blue tuna Mb, (6) .
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ratio of metMb calculated by each scheme of (7) —(12) (e) : data of ratio of metMb
calculated by Bitou method. Scheme (7) : scheme for skipjack Mb, Scheme (8) : scheme
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scheme for pacific saury Mb, (11) : scheme for sardine Mb, scheme (12) : scheme for
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Fig. 19A, B X 0, JBEEZICH L TROT-E & A alHeS, L= FA5E Mb A |k
LRFEHATHOND A MEENZITERERZ RT Z L0 s, BERELISH
L CORDIAED D IEMER A MEBICHE T2 Z LR TH D ZE NP LMNE
ol HHRFEMb DA MEERZREHT27-OICRBEELZICH L TROTZENS
AWFIE THESL L7c FIETIEMEIZR O bt d A MEB~OBRE X2 A0 T L2k
HDH T EMAEERDTLLFIT R LT,

7

metMb(%) = (A—17.10) ,70.85 (13)
o e AU

metMb(%) = (A—14.73) ,70.96 (14)
<]

metMb(%) = (A—18.78) ,70.83 (15)
~ XA

metMb(%) = (A—14.86) ,0.86 (16)
IFIvsu

metMb(%) = (A—7.00) 0.94 (17)
A=A/

metMb(%) = (A—10.99) ,70.89 (18)
Y F

metMb(%) = (A—18.30) ,0.83 (19)
VN AY S

metMb(%) = (A—22.00) ,0.79 (20)
~T7 Y

metMb(%) = (A—21.33) 0.78 (21)
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metMb(%) = (A—21.09) 0.81 (22)
~A T
metMb(%) = (A—23.97) 0.75 (23)

THY 2T A
metMb(%) = (A—21.84) 0.80 (24)

¥ AFRFETROTMETH D, #HHENIT Mb A MEREH &[RRI
HKRFEMTRRLIRERTHER L RoT, I T I rolEX (17) 1%, tho
REOLGAICHARTRBETRD ONDEEDEN/ NI N L AR LT,

TP NP N"DOA MEBREHKXOBFR WiffE Mb © IS /51X 524 nm &
523 nm & OFTNREZ R LT, WD Mb A MuRE H=o(@) & 3)iFIk
FIZHEWREHATH D, I~H /N Mb A MEEFEHX (2) T /IS Mb £ MEE
ZEH LGAOmEORfR%E Fig. 20 IZRx Lz, 2<% S Mb @ A MEEH
ZICH L THEONIEIZ~ S Mb A MERBEHXTH LN D E &R UfE
ZRLIZDOT, v /3 Mb 2 MERFEHKE T~ Mb A MERE LR
CLRELTHADZENHALNERS T,

TR FI~srE o~ a TR LR E Fig. 2110RLEZ, 7
nv7nr Mb A MERRERHAXZIGH L THEOLNMEIZI T I~ 7 Mb £ M
FEHRNTEONIEEIZER UEEZ R LIZZ®, Z7u~2 1 Mb A MEERR
HAELIF I~ m Mb A MEREHAZFRURNE LTHRA L Z ERHIHnE

ol
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Fig. 20 The relationship between scheme 2 and 3 for spotted mackerel and chub
mackerel by using the data of changes in spectra of chub mackerel Mb shown in Fig.
18-c. (0) : data of ratio of metMb calculated by scheme 3 for chub mackerel Mb from
Fig. 18-c, (e) : data of ratio of metMb calculated by scheme 2 for spotted mackerel Mb
from Fig.18-c.
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Fig. 21 The relationship between scheme 5 and 6 for southern bluefin tuna and bluefin
tuna by using the data of changes in spectra of southern bluefin tuna Mb shown in Fig.
18-e. (0) : data of ratio of metMb calculated by scheme 5 for southern bluefin tuna Mb
from Fig. 18-¢, (@) : data of ratio of metMb calculated by scheme 6 for bluefin tuna Mb
from Fig.18-e.
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ZE

FfaFED Mb 7> 5% L 7= oxyMb, deoxyMb, metMb O FJHLERMLIL A 22 K
JATWTIS IS RE AL, Z0 IS RITHIT 2 W HE % R EfE & LT MEE
HER N1 -12) 28 Z LN TE, KA treated oxyMb O INEVLER %
TV, BERETHEHEIND Mb A MEEL g LFEE, RERZICB TR
FEETHE LN DIELK 15 - 25 % EWV 2 & % Mb IS A TEE TH D2 h 0 0vb
IR Sz, (Fig. 19-A, B)

E£77, JRHEE L ARZETHSI L. Mb A MEREHEOBBETIE, BEHS
% Mb A MEROWEIT TR COAMTITITERBERE R LIZZ Enb, B
HERISH LT LMD S B /e A MEFEZ RO 5B HH 57,

AWFFET, RAFEZ LI Mb A MERRAEEDHELSLIETH D Z &3 5 )
Ligodz, =71 Mb O A MUESRIE HEZ BANZ ML LI 2B 513 80,80 fafl
MBI D LHIEICHERT DR =)L Mb @ a lRKOHNLEER I OZ DO
RIZBIT B VAR =L Mb & metMb OWNARE DSR2 D Z L& THIL, fafifE

IZA MEBREEZ R L TUXWT w2 L2 EH L TWD, KRiF%E
7212 12 faffi Mb D A MERREHEZ LT 5 2 E N TE,
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HWI3E AXEIA e vr0HERRLEE D LBREH
o
BRI DIMLEACRE OB ORI FEORERWEERE TH D, FIH

i

Mb OIFSEIL, & pH IZEIT D2 EMESC BEIRLEE L 72 B2 20T < ORAEN
RINTVWD, HTH, Mb TR TR 22 & Ttk 29 % metMb
AU T LRESIMEOIRKIC SR N 2D, SRR OOk
IZOWTHFE M T TV 5,

Mb OZEMEIZEI LTI, 1 ET ATP 233E Mb X MEaMf+5 2 L %
IFI~vS e Mb EHWEERTHL NI LT,

BIE Mb D& & £ D DNA IR OfFFE3 2 < ORFETHEATEY, Mb
WEDZEMN L 7 2 WIS L OBIRICOWTHER RSN TND B2 R
DIZANRTF <7 v Mb DT X BESIOEGE 21TV, B U AR EO 7 v~ 7
2, I, EUFH, AV F Mb OBVEZEMN R I LTERER, DT o
TR BRESIOMENZEMEICHE G L TWD 2 EEH LN LTS,

F Mb DL EMEZRIET D HiEL, mEEERESITO IR Ak
TICHWSRTWS, DSC 2 L, 7 u~2Z1 Mb OB ENZ BE Lok
B, pHES5 THRbLEL 25 2 ERRESLTND "3,

Mb @ A MERANEFTVEZ DWW TIL 2 BT 12 FBFH Mb I DWW THi7z i 2 ol
EF LA Ll Lz, £ 2 TARBIJETIE, 12 S8 Mb DL EMEE MR 5
72IC, FHAFEOKER Mb 122\ TH pH I D Mb A MEEEE 2 JI7E L ik
L7,
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gL Trik
ML 52 B L CAROMLE AT EA L 0 R Mb ot 217 - 72

ik
FEEL Mb OFFSR  AFEAKE Mb OFRERLT, 2 BEICHEL TTHo 70, 7eds, #WIET
L L 7= Mb % native Mb & L7z, IZoALPE% L C deoxyMb & L7=1%, BR{b L

T 5315 oxyMb 1 treated oxyMb & Fit L 7=,

% pH &MHETTO Mb s 2 MesEE L, pH 6.0, pH 6.5, pH 7.0, pH7.5,
Mb % > %7 B 0.5 mg/ml D 24 C 2 BF R INEVILER 217 - 7=, Bl T, treated
oxyMb DINEVLEL % 25°C TIT o> 7223, AE TIIHEHERZ IS 572 Mb (native
oxyMb) ZXIBRIZEREZIToT L ZALRETH -T2, KSEIRET H7-0HIC
SNELEIR B 2 30°C & L7z, AIREIRINL A~ 2 kL ORE IIMBGLEE 2 53 &
1247572 pH 7.5 DH > 711X 0.1 M KCI 20 mM Tris-HCI (pH 7.5) CY-iif{lk &
N7 NVIERIZEVELN Mb 220 FEMHEH L, £72, Mb BKD% pH
DOFHEEIE 0.1 M KCI 10 mM phosphate (pH 6.0, 6.5, 7.0) FE@E#E D FEHTALFE TIT -
7o BHTFIEE, Mb 2B = — 7128 L 100 fFEOFEEHICIEE LT 30 4y
AT > 72, RBBITIMEDLZHUL 2 EUT - 72, T DHIETENINED pH L 13IF
[FICpH & 722 2 & Ztfeddic, 72 EBBHMIFIC pH 7.5 D Mb & pH 6.0 D Mb
DA MEEDZEDN 10%LL T & 7220 2 & Zfifgad LERICH LT,

FER
£ PpHIZBITFT D Mb D A MEBEEDLE KFEAFE Mb @ 30°C I28B1F 5 £ Mt
BRI, ALPREFR 2024 pH ISR B Al RERIIN A7 RV EBIE L, Mb A
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MEZRZRH L TRDT=, Fig. 22 124 pH IZEBIFH 7 v~ 2 1 native Mb &~ %
A native Mb % 30°C JIEVLERE L 7= & & D AIRERIL A~ b D2 Zf] & L
T L7,
su~<Z7n Mb A MEEORIX
(6), metMb (%) =-93.83 (A/B) + 154.78
(A K T¥ B 1Z Mb #&# > 549(nm), 523(nm)iZ 3517 2 W iE)

~ XA Mb A MEBOHR X
(4), metMb (%) = -100.09 (A/B) +166.85

(A K TOYB I Mb A D A(549 nm), B(525 nm)IZ 317 5 W KA
TIT> 72,

Fig. 22 LV, pH 6.0 D&M TITMBRFRIIZKIG L T/ r~v 71 Mb &~ & A
Mb T oxyMb @ 540 nm YT (2R K A2 -2 B B —2 &, 580 nm 3T (2 W AR
KeEFFOa =27 0N L, metMb 23Rk L7z, —J, pH7.5 TiX, INELEL
2B TH B a = DBIREBM LR EBHIL N E o7z,

sua~<7n1 MbIZpH7.0, pH7.5 <& A Mb® pH7.5 TiZMb ® A MBI
BULFE 2 FFRICTHIT L A CHEIT L2V, pH 6.0, 6.5, 7.0 ICBITA 7 n~ /1
Mb (X~ %4 Mb £V &4 pH IZ81T 5 A MEDOEITHREEWFE R FRD H vz,
ZIH Fig. 22 B4 pHIZEKIT 5, Mb A MEEOZE L Z R, INEARRH & OB
2% Fig. 23 1" L7c, 22 L0 A MEEHE Kmet 2 :K®, Fig. 24 12 L7,

sua~<snr Mb L~ A Mb D% pH IZBIT D Mb A MEEEE Kmet 1, 7 &
~ 71 Mb T pH6.0; 0.013 min™, pH6.5; 0.014 min™ , pH7.0; 0.011 min™, pH7.5;
0.010 min™, = % f Mb I pH6.0; 0.050 min™, pH6.5; 0.038 min™ , pH7.0; 0.017 min™,
pH7.5; 0.010 min® Th -7z, 7 r~21u Mb & ~% 1 Mb # MEEE L pH 6.0,

pHE.5 TRE727E%2 /R L7), pHT7.5 TIRIZIERI UETH -7,
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Fig. 22 Changes in visible absorbance spectra at various pH conditions of purified
bluefin tuna native Mb (a, b, ¢, d) and purified red sea bream native Mb (e, f, g, h)
during heat treatment at 30°C. (a, €) pH 6.0, (b, f) pH 6.5, (c, g) pH 7.0, (d, h) pH 7.5.
The purified oxyMb (0.5 mg/ml) was treated at 30°C in 0.1M KCI 10mM phosphate at
pH over a range of 6.0 to 7.0 and 0.1IM KCI 20mM Tris HCI (pH7.5) solutions.
Measurement of the spectra was carried out every 2 minutes for 2 hours.
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Fig. 23 Changes in the ratio of metMb formed in purified bluefin tuna native Mb and
red sea bream native Mb at various pH conditionsat 30°C. (a); bluefin tuna, (b); red sea
bream.The discoloration of Mb was measured at 30°C in 0.1M KCI at the pH over the
range of 6.0~7.5. (l) pH 7.5, ((J) pH 7.0, (@) pH 6.5, (O) pH 6.0
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Fig. 24 Effect of pH on the autoxidation rate constant value (Kmet) of purified bluefin

tuna native Mb and purified red sea bream native Mb 30°C. Kmet was calculated by a
first-order reaction analysis from the data of Fig. 23. (o) red sea bream, (®) bluefin tuna
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[FAEORERE Mb 2 FHH L7z 12 FEIC OV TITYY, 4 pH 2RI 5 A MbuiE

JE Kmet 23K 7-FE 5% Table 4 (2% L7z, pH 7.0, pH 7.5 ® * MEIEE Kmet 13,

BRIV TNE/NEL, pHB6.0 DA MEEHE Kmet lT RS WiER E o7, —

FHIFIwruru~r v Mb Tl pH 6.0-7.5 (281 5 Kmet DZED/N S Wi

KRBT o 07,

F 7, MR CHEEZIT) L~V 3Mb & D~H /I Mb D A MMEEE Kmet

I35 pH TIFEA LR UEEZRL, IFI~vaMbbtrsr~vra Mo THREL

B 23D bz,

Table 4 Autoxidation rate constant (Kmet) of various fish Mbs at each pH.

pH6.0 pH6.5 pH7.0 pH7.5

yellowtail 0.040 0.015 0.007 0.004
spotted mackerel 0.053 0.017 0.015 0.009
chub mackerel 0.042 0.014 0.014 0.011

red seabream 0.050 0.038 0.017 0.010
southern bluefin tuna 0.015 0.011 0.008 0.007
bluefin tuna 0.013 0.014 0.011 0.010
skipjack 0.041 0.008 0.006 0.002
amberjack 0.024 0.013 0.009 0.009
Japanese jack mackerel 0.025 0.015 0.009 0.005
pacific saury 0.056 0.017 0.007 0.004
sardine 0.066 0018 0.014 0.009
scalloper hammerhead shark 0.042 0.012 0.007 0.004

These numbers shows Kmet (min™) caluculated by ratio of metMb formed.
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pH 6.0 IZ81F D Mb ® A MEEHE Kmet ITAFEIC LV ZEZNH Y Kmet DK E )
BFEND, v A TP resdvh r ow X A>T H L aE s FRA=<F 1 >hY
A>T Vs T Ush R F>IFI~vras>srua~vrs/aTholz, —J, pHBS I
7% L% OfAFED Kmet 1% 0.01 min™ & & 7252~ %A Mb D77 0.038 min™
EVH)EVEZ R LTz, ~H A Mb DA MEEEE L pH O Ikt L THRUR TH
HZEDNRBET,

treated oxyMb & native oxyMb d 2 MEZREEDELEE 2 FECHI/ZITHESE L 7= Mb
A MEERNE L L BERE & ORZRD H12% 720, treated oxyMb % 25°C T
TNBGLER U 7= B D AR ERIR I 2~ 27 R L ORI L2 RIE Lz, Z DO Mb
D pH L pH 7.5 DERMETH 57278 25°C LW I FKIEIZH D 53, oxyMb @
540 nm {F T I RINAR K 2 55 B £°— 2 &, 580 nm AT UIUGR 2 £72 o B —
7 R L, INBEERTIZ %G L C metMb 23R L7z, pH 7.5 THEZ Mb D £ k
{EHEENEN -T2 6 fafh (A~ N, v, IFI~Tnm, w41, 7,

H 2 2RF) \ZOWT, 30°C IR IT B treated oxyMb D A MEIEEZHH L, pH 7.5

@ native oxyMb @ A NMUEIHEE & bhifig U725 % Table 5-a, b (2R L7z,
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Table 5 The autoxidation rate (Kmet) of native oxyMb and treated oxyMb of spotted
mackerel, chub mackerel, southern bluefin tuna, red seabream , yellowtail, amberjack,

atpH7.5at 30°C

(@)

spotted mackerel chub mackerel southern bleufin tuna
native oxyMb 0.009 0.011 0.007
treated oxvMb 0.275 0.094 0.066
(b)
Red seabream Yellowtail Amberjack
native oxyMb 0.014 0.004 0.010
treated oxvMb 0.099 0.165 0.244

native oxyMb & & R e dififiz7 ~ U U AEINC X 0 #5547 treated oxyMb &
D A MEBE Kmet OfE1E, 8-40 (FRREDENDH D Z ENHLMMNE 272, b
DFEFD SR THIMLEIZ X 0 FHHL L 7= treated oxyMb D4y IRHEIT native Mb &
RESHERY, A MEPSETTLOTUVIREEE 72> TS Z EAURIE S LT,
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EE

AW TIX 12 FFED Mb A MEHE A pH 6.0—7.5 54 F TRIE L7z, Z Db
HPpH 6.0 12V T A MEHEE Kmet 1, KE72MEE 720 BRME pH FABELIZ LY

Mb 73 F 28 A MELRT W FIRBBICE L LTe 2 & 2R LT, SfEIC kY, Btk
pH TIZHIT 5 A MEEEEE Kmet (27835788 541, Mb OFEZE I3 2 sz A
HpHZ LR BMNE o,

Mb 53 7 CEAEMEN L WREFEE LCIE, 7V, I~ =3 w41,
NI, v, AT THY, T L TEME LIS WS L T2
nvrna, IFrIvrn, BURF, w7V Tholo, Mb OERZE MRS D B
IRDRERDBHA LMo 2 TR VERTH D,

—7J7, & ITAILEE G L 7= treated oxyMb @ A ki, native Mb (2T
IR A MET D2 ERALMNE R o7z, ZAUTECABLERIZ L Y Mb 431
D7 r e ESORERRESEMLLTVWHZEEZRTHOTHY, MbHFZET
(3 Z DERZETTAI, BICLERZAT 956, TORBIZOWTHEREEL O LB
HHZ ELERLTWND,
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BAFE AN ATP I X G T _3F AR OBEHH
o
1 ZEIZRWT, ATP X Mb OINEVZEM: X MEMEIER 2 ~d 2 & 2R LT,

i

ATP IZ/EAAE TH Y, FABETHRIZIL 8—10mM f77E7T 5, MOIEE L Hik
RORFREEIZ LY, RO ATP BEDOKRIFEITHELZIT 5, AR
HROEBRNIIOFES T EHO Mb 2L EIZE T, FEEIKTR-20°C O X
9 7R R SIS IRE T ORI E IS metMb 2NERRERE L, WA
b3 27205 & L TORMMIIEAZ K S, MRIMILE NSRS O 18 P O m aiiT
O Mb D A MEBIHTE & LTIE, —35°C BLFOBIKIRAENE I THY ~
70 O W RITETTBICIE A STV 528, 3 o ffE TR BT = 2 K
R < FIH S TR, R THR & LI X F T U Ziigsh~m
B & L CHa 3 A BRI21E—20°C Tt LT\ A 78, MAWOBENREL
7%, —20°C \IZBITHAHEMARDOBZEIL Mb D A MEERK & LT 2575,
I EIHT 2 BN OBRAFEITAKEER PO ELEINTND b ODHMLRT
BT SN TV, 7ods, MG R OIGZE Z M 5 72 12 —Fefb R 3R AL
ZL727 VEOBEGAKEZR EIROATEARE S TnD 0, —BbRkE
IUERCAR T D CO-Mb [T e 7 a2 2L, SOICHENMETFLTHED
AP Z IS WZ ENOHEFEDHERRELEZ T Z LR h, AR
EU 72 E TIIFFAT SR TWARWEETH 5 2, KEM Z @SBRI T 1 —
CYiE S D 729121, —20°C Yl T — R b AR LRI L & e MBI 5 vE
DB LETH 5,
B 1 EIZBWT, ERNTRALF—WED ATP 73~ 27 1 Mb OELERIZ 31T
HA MEEMHIT A Z EEZH LN LT, AETITATP OFREICEB L, AR
HZ & £ % ATP 28 —20°C ITEIC 1T 2 MG D A MEMEATIZ KT I 58T
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WTHIBNZT 22 L2 BICEIAD T 2N THEBRE T o7, T2 b,
FTHT T H RGBT T D5, 1T LK, MAOKRIKT CHH & ki Lel
EITOM, ZOMMEFETLZLICL ATP BENRERLMAT L2 TR
L7z, b7 4 L& —50°C TRUEMM L, T D% —20°C T4 » HlrEz
1TV, AN ATP JRE L Mb O 2 MEKEAT & OBHRIC DWW THT 21T 72, 1L
AHOBEDFREIL Mb D A MEE A I L CTHIE L7,

F7z, A MEFEREIZLE W HFE L7 cMb 32 IV 573, oMb %k
DOWPET AT FVATEIZEEE A KIET DT, cMb IEIRDIEELIEIZ DN TS

BErL, B 78F Mb A MERMELE 2L LTz,

Mk L ik

B ERBREBE TR SN 8T 15 B (PHRE 3.14 kg) ZIH T
Lo LTkl e Ui, JERERIRIZ K VIET Lok, Bl & mELEE O 72 D12
AOKIERT T 1, 2, 3, 5, 7HRFRIERFE L72%, FFFRIC 3 BD 7 1 L &
L, ZNZER 5 em IZEIW L7 b DaE =7 —7 7 & k (—50°C) 12 THAS L7z,
TID EEEEEEN, —20°CTO, 1, 2, 3, 4 7y HIFE L= b O &RBRY 7
L& Uiz, —20°C Brm i oo S8 IR — B AR f: Rl LT, (2 D2 (b & BB
L7,

Tk

A RFREEMb DGR 7 2 /3F Mb OFHEIIFTE & RARD TTIETH /3 F 1
BREVIToT,

Mb #* MERRIEHE Mb A MEROREE, Mb OfhH TR 2 R 5 72
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DIZ cMb A THAT LTz, cMb SO FHBUILL T O HIETIT o 7o, WA 2o
F Il G R 2 ERECIRAE E TR L, 24U 5 f5E0KA L7z 0.1 M KCIL 20 mM
Tris-HCl (pH 7.5)i&E %2 MZ CHRES T A XL, TOHELIHEZTTV cMb %
L 72, R CIIOKHEIEE 7 4 v X = LY AR E T T D
DS, 1 3F Mb IR TIEHIRT 5 X 95 IR OBENREE o7z, £ZT
AIFZEClE Mb IEIRORRZE Y ELERC X ATEE(L AR L, FnaisH LCH
L7z cMb IR L D A MEBRRE LML LTz, 1 73F Mb @ A MEF(T 2
= THEHN7=R(8), metMb (%) =-134.84 (A/B) +195.03 i/l L7-,

723, A KTUNBIE Mb IO 548(nm), 524(nm)iZF1F B IEETH 5,

AW pH OREIE  pH ORIEIL, HECIRIE THIY) L 72Kz 5 fF &0k LT 20
mM £/ =3 — REiET b U O ARG Z RN L AT T A 2, pH A —%—THl

E LT,

ATP BEDORIE FAKWICEEND ATP JEDSHTITHEAR S D JiE ) 1ot LT
1To7=, ATPIREOHEIXEERAN T L7 a~ 7T 7 4 —HBH S AT
I (BRI ERT L) 2 VY, GS-320 7E Shodex-Asahipac 7 7 A &l L CTiT - 7=,

BIESE, WTIEBER E LC200mM U RNy 77— (pH2.9) ZfH L,

MR 260 nm THIE L7,

et KRBROMEIL 3 BIKLLETITY, T —X OF A71T Student's t-test
CREMT L7,

S
AR TD Mb 2 MERRIBHFEORTS B Mb D X MERHTE TIT,
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— AN D DI ST ik % 7 4 L Z — B L Totricfik S Tun s,
FRADKRED T A X 2@ DB L THEONLD EIEIZITEY BdH D, S5y
Fricfitd2 Z L nTcEipn, U FMmA RIS Lz cMb fliHHigixiiiE %
G NH DT 0450 7 4 VX —TOUEIN T 2o 7=, RBFZE TIER D
BB LE L U TIZENEDISH G L WY 2 RET 572012, Ak (No3)
LB, 22y BALER S KOV L AWRALEL AT, 0 ORI & AR
WANRZ MASHTTELND A MERIZOWTHE LZFEE 4% Fig. 256 BL W

Table 6 (Z/~x L7~

14 t
12 (a
=
n
=
T I
[ ] | T | L
Q 0O m .: ‘m :I
o - *
g 0.8 “5]: -ﬁ'. .[ml
= O "o bm SO0
2 0o |2 o, Yo
Q 06 (A% - oty % o g
< = ! xS EY
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Fig. 25 Visible absorbance spectra of filtered crude extract, supernatant by ammonium
sulfate fractionation with 55% saturation and purified Mb. (m): crude extract filtered by
paper filter No. 3, (A): supernatant obtained by ammonium sulfate fractionation with
55% saturation, (0): purified Mb
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Table 6 Effect of turbidity of Mb solution and ammonium sulfate (A.S.) fractionation
on the measurement of ratio of metMb

crude Mb filtered by Supernatant of crude Mb Purified Mb
paper filter (No. 3) fractionated with 55% A.S.
metMb (%) 26.3 1.9 1.9

The ratio of metMb was calculated from the data of Fig.25.

AR K D AUWALEE TITE O IMERE T, BENH D & BT OWIEED S <
720 A MEERIE 26.3% & SV M & U CEMR S 470, 55% AN & L ER 0D 35 L4y il
EIEEBIETEBIE L, AU AR R VI OB L7 2 & AR
L7, 2OA MEEIZLI%THY, ST/ VAL L THE Mb & LT
KOz A MERLEEZ R LTz, LLEORES D S 7 AR 0> 55 Yofial FIff 22 4L
B LB R 2 A MERRERRKR E LA L7, K Mb OFH Tl Mb
HRHR N DR Y NV B ERE, SHICRLEETZ VARG L DKL
1T 9 7212 Mb J5 2 BFIRi 2 70-90 % T1T 2 A%, 1 (8] H OffiZe 4y i QL4
D Loy B FIEITEE LT 5 2 & AR L CTW\We, & 2 ChiE /7 1 [BALELIC
BV TE L EE LIENER LT 2R E A et L7 L 25, 45~55 % T

BERBEPFONA MERD—EDMEZ T Z L 2R LIz, (Table?)

Table 7 Effect of ammonium sulfate (A.S.) fractionation on absorbance of supernatants
fractionated by A.S. precipitation and centrifugal separation from cMb solution

Supernatant of saturated A.S. fractionation

40% A.S. 45% A.S. 50%A.S. 55%A.S.
547 nm 0.209 0.195 0.186 0.178
527 nm 0.148 0.134 0.127 0.121
metMb(%) 4.61 1.92 1.93 1.94

Supernatants were separated from cMb solution by A.S. fractionation with 40, 45, 50
and 55% saturated A.S. , respectively. The ratio of metMb was calculated by scheme
8.
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F72, BRI Mb 2> 58 L 7= Mb 5 KOS Mb 2> 5 Fi%L L 7= metMb
AIHREBIRIN A7 sV iE 55 %RAFNIR IR T & 2 & & F 72 W T M7
<, KR Mb O A MERITHRZHE LT 10.4 %, WZAFET11.5 %% R LIZDT,
55%EUFIR ZZ AT Mb D I A~ 2 S L OEE & A MEROFE T
B3I LT L7, (Fig. 26) LA EDORERND 1 o 3FIMAKW Mb D A MeF
HEX, A (No.3) THil L7z cMb &% 55 %fafifiZe THm L, 1=l
OyBiE L CHEL TR DD IEE BIEIR O 527 nm & 547 nm (281 D WG E & I E

THhEE UTHESL LT,

0.45
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0.35

0.30

0.25
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0.15
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0.05
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Fig. 26 Effect of ammonium sulfate on the visible absorption spectra of oxyMb and
metMb. The visible absorption spectra of purified oxyMb and metMb of amberjack
were measured with or without 55% ammonium sulfate (A.S.). oxyMb: without
AS.(—), withA.S.(...), metMb: withoutA.S. (---), withA.S. (---)
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X512, MbBE L X MEERE DBIRIZOWT, R Mb %2 W CHlE L 725
F-% Table 8 |ZR L7z, AWFZETHESL L7 % > 73F Mb A MERRIERETIX, Mb
JREE 0.05 225 1.0 mg/ml (547 nm OWOLAE TIX 0.034 725 0.753) (28T, 1F
EFC A MEEREZR Uz, 76V, BRI #E O 55% a0 22 L8 E15 D 547 nm

DO FEAEA 0.035 LLE 0.75 LA FO#FPHTA MeREaREHTHZ L L Lo,

Table 8 Effect of protein concentration of Mb on the measurement of ratio of metMb

0.01mg/ml 0.05mg/ml 0.img/ml  0.25mg/ml  0.5mg/ml 1.0mg/ml
metMb(%) 0.74 1.95 1.97 1.97 1.93 1.92
absorbance at 547 nm 0.008 0.034 0.067 0.103 0.253 0.753

The ratio of metMb in native purified Mb of amberjack was measured at various
concentration of protein and calculated by scheme 8. The absorbance at 547 nm of
native Mb at various concentration of protein was measured.
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BV RF LA W D-20°C BFRRIZEIT D Mb DA Mbe ATPBE L OBfR
/RF % —20°C THFE L 72 BRI A A D A MEDOHETTIZ RIZT ATP O 8 % JIE
T OO, BHEH 3 F 15 BEAERH L, 1§ Lk, MAOKERH T RFH
RELEY VBRI LT, &Y 7 AAO ATP EE L pH % Fig. 27 127
Lz, & L% 1, 2EEM oY 7o ATP #EEEIL 3 umole /g & &R CTAF
LTWBR, 3RHENSED DR EY, 5, 7 B O 7L Cid 1 umole /g
Atk & e o 70, 1ET LO%OKERHEOLKE pH 1% 6.8-6.6 27~ L, MAOKE

T oOBUm A OREREH & & B IRTMER 2R L722s 0.2 FREOHFPAN T

Hol,
10.0 7.0
90
oy
o 8.0 - 4 6.8
§_ 70
c
IS 6.0 - 4 6.6
® 50 | s
c
Qo 40 -+ . 41 6.4
g § ----- '--.....{
S 3.0 | .
o 20 {62
E °
1.0 o
00 | | 1 | | 1 | 60
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Storage time in iced sea water (h)

Fig. 27 Changes in ATP concentration and pH in amberjack muscle during storage in
iced water. (®) : ATP concentration, (©) : pH
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KT NT 4 L& —50°C DT -7 7 A b CTRUHEE%, B22a%E L —20°C
T4 7 AiPE L7 & Z DGR Mb D A MEEORKZE{L % Fig. 28 12~ LT,
—20°C R diffc, 151 L% OWAOKEERRFFRE S 1 FEf o &KW Mb
A MERAZHEAEL UT, WAOKEIRRFIRH AR 58 7D A Muk e
DHBEZAZBE LTz, —20°C UpiBitais (RETRTEZ 5 7212 —20°C i 1
B EIZHIE) Tk, A MEEIZ 2% 5 3B%E0R0EL X EH L 08E
Y TIIVEITTHEZRITRO biveinoTz, —20°C BT & ffics o7 s b
A MERIZ EHSF 225, 1T LOROWEAOKEIE T TOMRFRFH A5 < ATP &
JEME WY 7 LT A MEDOHEITIZEWZ & 278 LT, —20°C #1730 HD A |k
BT, 1HT LORIBAOKERRIE LR OY 70 (A MEFE 37.6 % )Tt
LC 7B OS 7 OBRMN A MEEST3% THEA (p<0.01) %R L7,
Irik 60 H CIITEIT Lotk LI o 70 (X MEE45.1% ) IZX LT3, 5,
7 B O TD A MEE 1L, ZhE 535 %, 61.6 %, 643 % THE A

(p<0.05) Z 7R~ L7z, I7& 90 H CTIXiE i L otk LI D% 7 (A ML= 48.8%)
XL T2, 3, 5 7TEBOY 7B TAHEZE (p<0.01) 2R L7, BT
120 H i, & Lotk 1 ROV 70 (X MEE 519 %) (23 L THEZE

(p<0.01) ZRL7=DI%, 3, 5 7THEOY A THY, K LOK 7 HRHT
[T A MEERD 70 %IZEE Lo, DLEORRIE, BRATORPNOREEIREE (ATP R
FEOEIK) DEFSREF OMAR DO A MEEITICHET S 2 L 2RI LTWD,
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Fig. 28 Effect of postmortem time in iced water until freezing on metMb formation
during frozen storage at -20°C for four months. Postmortem time: (e) 1h, (o) 2h, (m) 3h,
(o) Sh, (A) 7h. Each fillet sample was frozen at -50°C by air blast, packed in plastic
bag and then stored at -20°C.The first day of measurement of metMb formation was the
day stored at -20°C for 1 d.  **:(p<0.01) Significant difference with respect to the 1h
sample. *:(p<0.05) significant difference with respect to the 1h sample.
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ZE

4 B TIE, 7V HEOE A TEMRRE & 72 > T 5-20°C 72 Kl Om s
iSOV K B ) OO i BRI L 2 8 1 B LA A OB SIS %3 B AP ATP O 1
FIEREZHOMCT D2 L2 HIE Lz, BFRICIZEI D » 3F 2 VT2,
BT L2 Mb O A MEBRREEOKRFBLETHD Z L 2R LIZDT, 2%
THENL LT T 2 73F Mb A MERRAIEEEZEH LT,

AWFFETHRIGE & LT T /3 F s O @ T, mil= 7 ORI
—20°C THH I EZMIEL TV D, ZORETOFEIFH CIX 1205 2 » A2
JETMAROBENEITT S ERRBRENTWD, 2L, Fig 28 OFFAN
ATP JREPMEVIREE T O " F 2 mHliTE L 725 EIC 1 » A TMb D A Mb
SR 50% 2 2 TS RAS KIS LTV D,

—J7, Fig. 28 OFERMNE, HAN ATP JE S & IREE T RIS 5 & Mb
DA MEEO EFREEITEL 725 2 E0R Sz, RITITR & 720 A3 —20°C B
BB D A MEsR EFEE L AN ATP B L OBREMIT L7zt 25, 5
VAHRS (r=-0.715) 27”9 Z L 23887, £72, 1 EIZBW T~ 27 1 Mb ® 25°C
BULBZ 1T D A MEITABMRBEDO ATP I v Iflansg Z & 2HE L,
Fig. 28 O Fix, —20°C D X 5 2R EH TORFETITHEITT 2 Mb D X MU,
RN ATP IZ X DIl S sd 2 & 2R LW 5, MREEE & 74 s R 3
FOA MEDOEATIZE L TIE, BARLIZE D BREWERE 9 NI Tn5d,
Tbb, KAE 0.8 LA T O@EEEERAE TH L7z~ 7 1 AL —20°C BT ¢
H A MEDOHEITIZELS, —40CHEk & RIFORBENV RPN D Z & 2l
LT 5, i SN ORIEN KETH 0 ATP BT 25dud v g
DD, Fox BAMIETHRIEFHERISHET DNETH L EHEL T D,
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BEHE K

BRI TUE, MR HROKFEY) OO — R A 70 i iR L D —20°C 12 381F 2 HURE PRE HIT,
fal Mb D A MESHEELT LR flifE 2 2k 9 & O SR ORI E 5 S4B %
(2D M DIRICERLA TS, T70bb, HEEATOMAREE 2N A MEHEITIZ R
T2 2 & EARPHINCH ST D010, RN XX —WE D ATP (24 H
L CHigEated -, —F, ARWFZETIE Mb O A MEFELEERMERES LT
BIE LTeh, WFEOmRICIB W TKEY O Mb #f78 TIR < il T & 7 BikE
%, v 7 v Mb Lt OfaFED Mb O A MERREIZISH TE RN &2 59
Elpotz, TOW, ABFFECIEH7-IC 12 FEOASE Mb O 2 MERREEIZS
WTHRH LB L ClSNEEEMHL L, ZOHEEZIGH L TR EZ DT,

TTHOIZ, v 71 Mb O A MEEHEREE LT SN REREN hofa
EMb O A MEERE IS TE Z2WERERIZOW T NIZBEET 5,

fFEMb O A MEERESEE LTE, ~7 v Mb 254 & LT BEE D, &
JLAR=/L Mb & metMb % FHH L CTRd B8 5 D51k 308D, 15 X OV Mb
DA MEREE 32 2R L2 B ERRE STV D, BIFIEICHA TR
DIETIEHER T2, IKFEW) Mb O—RE 7R E ML L L CoI T 72
W, ZOTw, BEEEIZ~ 1 Mb 255 LTS A MERORE S
EETH LN, ~ 7 abShofafEo Mb O A MERHEIZHIGH S TE 2 147
1D AR TIEA o 3F Mb D A MEEOREICRBHRELZICH LIE 2 A, 1§
X LOBEZOBEEREST 7 L7 0~ TR LEEZOREOR W Mb T
H A MEEEDR 20 %L EO@EVMEEZ RS Z & 258D 7, RBERE CIIHRAKRHR
THKGET B0, A MEEREOGE, EWIROE Y BIRKTIX200
SN0 LTS 3D, AHZETIXE Y O\ ER Mb T~ 271 Mb &%

> 73F Mb @ deoxyMb, oxyMb, metMb D A7 k)L % LE#ckE L, Fig.29
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Fig. 29 Visible absorbance spectra of deoxyMb, oxyMb and metMb from dark muscle
of amberjack and ordinary muscle of southern bluefin tuna. (A) amberjack, (B) southern
bluefin tuna, (a) : deoxyMb, (b) : oxyMb, (c) : metMb, Protein concentration of Mb
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was measured as 0.25 mg/ml in 0.1 M KCI 20 mM Tris-HCI (pH 7.5)
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BHEICOWTIE, 1 EOREFIEOETHIEZRLER, HIEREE L
T 503 nm & 540 nm ZfEH L TW5, EH56H metMb & oxyMb OWSEED
EWEFIHL, W5oERICB T AEIE metMb & oxyMb OfF(ELLEFET H O
ELTHY, ERER2EE /D20, 503 nm & 540 nm (28T D WAL
CAEMERRAR O A MEFEEZ S L 57k E e o TS, 503 nm OWEAEIXEIC
metMb DFEEEA RTIEE 72508, ZDOWEIZHIT 5 metMb & oxyMb DU
HOENEETH D,

B RF T, BRI L Mb 3l E AV T A MERZHIE L TV 5 7= ORI
ITEBETH VB OREITH &l S5 7%, Table 8 128 Lo /X F kG
Mb @ A MEZHE (1.9%) ZJRHRECHETH L 149% L 72 o72, F7=, Fig. 29
Zix QB8 F Mb EB)FI~v27 1 Mb @ 3 IRED Mb O RIS A~
7 MVERLIED, 503 nm IZBIT 5 I T I~v o b "FENEND oxyMb
& metMb OWEAR & DOEIRZWEfEI (oxyMb/metMb) Thfsd 5 &, I
2~/ 1 T0.59+0.06(n=11), 7> /3FT0.66+0.05(n=1D)¢t K& B2
FERPE Oz, BEBECTEA SN TOAHIERE O 503 nm (metMb DYWL
WA EE L TERSINL TN D) IZB1F5 metMb & oxyMb OWSEAE AN~ &
2 Mb ERESBRLTDTHLZ ENPLNER-T-, hfafE L b4 57
WIZT Y, TP, =P, <= F D Mb ORI AT S VEIER:

(Fig. 16-A) 7*5 503 nm 1Z831F % oxyMb & metMb DOW i L (oxyMb/metMb)
%K Table 9127 L7, X I~27 1 Mb OWEAEILIT 0.59 & fifaflonk
fE & RESBRDHER LR oT, T20H, v~ 7w LSO fafE Mb O 503 nm
12315 % oxyMb OWEIEAEAS~ 2 12 Mb (2= C metMb DU IEAE 123V Vil % 7%
LTW5DOT, BEEZIGCH L TEHET 2 & metMb 2313 & A EAR L TR
GETHA MEENRESBEHINARMRERDZEBH LN ERST,
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Table 9 The ratio of the absorbance of oxymyoglobin and metmyoglobin at 503 nm

yellowtail spotted mackerel chub mackerel  red seabream  southern bluefin tuna
(n=39) (n=19) (n=17) (n=23) (n=11)
0.64 £ 0.08 0.62 £ 0.02 0.64 +0.03 0.64 +£0.04 0.59 £ 0.06

Number shows average value and standard deviation.

AR TIIAFATED metMb & oxyMb @ 503 nm (Z31) % BIRAS Z L Z
ROFERDIE LN, ZHUIFEE 528 Mb O A MEERRIEEZ ML U725
THRMGIZA MERETEEZHRF T 2PN ELEH LI Z LIS L
FERTH D EB XD 3D, ~LEEILIF—72 DI oxyMb, deoxyMb, metMb @ AJ
FRBRI ALY DAL 2D AT MV OBIRSAFEIC L0 B2 255355
DT EEBATDOITIE, ~LEEE X N7 L ORI OV THRETD
VHETH D, RADSDEZANL b THY, Mb DX /37 H LIELAREEIC &
DFEELTND 38, £, ~NAFZDOREEIND, HAFIZASLITHATER
RMb 3 FICHE S T DHREICH D, Lvh, Mb Z /7 BT —IRILIRFER
MRFRELHATDLEHTFIRIREZEZ DL ZENHRESNTND 39, Mb X
MERREEP R Z L ICR R 2B ZH 60T 5720120, #fEZ L o Mb
Z T EOREREE L EDBRICONWT S HITHIIENLETH D,

AWM TITEFE 2FETRLIZL DI Mb @A MERHEFIEIZONT, FHiziZ
12 AFRIZHOWT A MERMEXZEH T2 Z &N TE 7, 204 MERE A
OEHIE, Fig. 16-A, BIZ/R L2 L 91T, FAFEORKFRE Mb 215, 2Bt
B ELONEITLHI TR L CHREL L 72 deoxyMb, oxyMb, metMb @ mIFE N A~
7 MVERETHZLICEVITO ZENTE L, ZOFEIEBNT, W
fafii Mb D A~/ L)L T% deoxyMb, oxyMb, metMb D4 A~ kLN — 1T
2Zi> % isosbestic point Z iR T 5 Z ENTX 72D T, A MEREHAOEHIX

FEFIEHEL IR, ZOX DR FIETITH) 2N TEIEM & LT, deoxyMb,
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oxyMb, metMb OFHHUZMEH L7- Mb I3 L7 Mb TH 72720 Th D L HE
BLTWD, IERITHhRTWz Mb @4 MEREHICEb X &2 H I 5720
DEBRTIX, cMb MEH 7=, cMb IS FIZIE Fig. 1 1R L7z X 9 123 M4
VR BENSRICEEN TN D, D deoxyMb, oxyMb, metMb % L4
DI DITIREA & D WITIEITTAVLER 21T 5 &, Mb LIS D Z X7 BT 28 L
TR DB LANER D728 Mb DAY M A ERICHIET S 2 LN TEAR
ol LR LT, AT, BEOHEZIGHT 22 LI2L 0 R Mb %
FIRFFECRBT 2 Z R FRRE R Y, TOREREE Mb & 72 deoxyMb,
oxyMb, metMb D A7 MBEIENTE 7z, ZO X5 K MHMAEOKBI Mb %
A= deoxyMb, oxyMb, metMb ® 227 FLVHIE & ZAFIH L7- A MeR
OB, A2 THIO TIThN T,
12 fafEd Mb O A MEER XG50 T, Mb © B B)ER{EE A A b
LD L F7HE AR U CRIE Lz, (Table 4) ZOf5H, ffEIZ L - T30C
BT 5D Mb DA MEBEED pH (KAFHEN R0 D Z L 3 6 0MZ 72 - 72, pH 6.0
B D A MER EHBEEL, 19y, o~ BN XA, YA TIEFR
IHWOIZX LT, IFI~vrm, Zav7aTEENENWIRRLEZRY, Al
F O Mb 1 ZleM: pH ~DEZ N E <, pH 6.0 TESHIZA MEDSEITTH LD
IR LA 2 LR STz, ZOREIE Mb OfFEREL R L TV
D, B, TOFEEIT O BIC, Mb OEITAE THE STz deoxyMb (2R
R % LR L7 oxyMb % W 72354, native Mb (2T A MEFR EFA
IEFITHL 70D Z E MR ST, (Table 5-a,b) ZOFEHRIL, Mb %Al
AL A CRLBLT % &) Mb 43 Fi3 A MEDSHEIT LB WIREBIZE LT 5 2 & 2R
L T35, Mb BFFETiZ, K512, S3EO Mb T FNIEFICRLETH H120

Mb OFHELEFEREFETIC metMb 127> T LES 2 ERb D, 20 L 5 s,
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B ILAIEL % 1T > C deoxyMb ZFHH L CHIZERITH Z L0 H DD, Z 2 THD
115 Mb @4y 1{KkEEIX, native Mb Db D& ITRE S HER o> TS Z & 2705

L T2 TA0ERSDHZ EE2REL TS, LLETIEMAE Mb @ £ ME
BIEEIZ BT DR FERE RICOWTE R Lz, AT, FFMAH Mb @ X Mt
FHRECHDOWTRIERSHEEZ T2 Z LRFREE e o7z,

WIZ, Mb 432k 9 5 ATP OAEFICOWTELRT 5, AR TIE, LTk
F D Mb 12X 5T /VERERT, Mb OBENEIZE T 5 A Mia ATP 134+
D EDBHERI NIz, SBIT, B V8T E AW AN ATP RE ORI %
M7 4 L &2 L CIT 5 7220 CHEGRER C, ATP IREEAE W7 1 L TR Mh
OHETRIH SN D Z & bR SNz, ZORBREERIL, HESRVAALH
WA LB, ARREDS R RN, BUEERFETO X MutEIT HIEL 72
LB O—20%, ATP 2LV Mb O A MERHIHI SN D Z & 2RETHHDT
b2, ATP IZ R DM E X7 EOEMEMBNCOWTIX, #65 b IXm R~
2R D HIENEIIHENZ OV T, Yuan ST/ Ca-ATPase DO ¥ M:
MEER Z & LT d 1L 22, fiERHE 2 > /7 H o X A2 i3 ATPase 1R
A L. f/NRikZ o7 Ca-ATPase TH Y, WInh ATP 2B L L
TWVDHDT, ZNHDOH LRI EITx LT ATP 28 @\ EFPE 2 A LM E
Marmd Z I3RS L2 TE D, —F7, Mb & ATP OMHAAERIZET S
WF7EHE 2 A L 7208580 5 2 LI HIRZR o 7o, ARBFFETIL, Mb @ AT
IRA~Z hb, CD A7 bv, BFEEE, SREEERIE THE Sh LR o
SFHA AP L OEmERMZIEIC, ATP & O AE/ERICHOWTHRFEIT- 12,

(Fig. 14, Table 1 ) ZO#EE, WTNOWUEREIZBNTEH ATP BIFEELT
Gt & LRWGE T, Mb O FIRREN R 5 Z L3R E LTz, Mb @ HEHOL

%, 12X 0.6 mM D ATP T = F 7 Lz, MbuyfRECBiTs M)
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R7 7 VERIEL LTH U ST EOREE - IBRBE o1 2 L A Re T 5 R
Thod, £, BRPDEHENE TRD TR T O BT D579 A4 X%, ATP I
7 FC 15.5 kDa, ATP /77 FC 11.3 kDa & K& < B 5fER Lo o7, LU
EORERNS ATP FAET D & Mb 43 FOIRRENZAL L, EARAIITHE A 7R
EMRDH T ENHERINT,

Mb @ HE LI Mb Oy FIRREPL EME NS BT 5 Z L ICBI L T, #<
DWFFEN 72 STV 5D, Iz X, Chow IE, FFEMAFE Mb OV 7 =3 VI ALEE
(kb D R EME L B BE L ISR D B OV T A TV, Mb D2 EN
MRS O HBENERLIEE 2N & D ) fE R Z#A Lz 19, Sugawara © 40
¥ L ShikamaV 1%, ~28k (Ifl), JRFETENMELZ Mb, KRZM Mb & H»
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HIE LTc, 2 ORERIE, KFRT OB~ 28k (Il D= To 3 Bii{bE
VTP LNICHEIT T 52 8, — 0, FUNIBE~Y N v I ARH D LRES
NTC, ABBRLEEIZHFMB LR 04 —F—0 HBBLEEIC /D 2 & 2R
L7z, Shikamadix, Mb O 2 1 & U HEisEIAG - (kA4 O OB H %
Gite) S Fe(O) T NCEGIHRT D5 L2 IERAR S D Z LR LTz, B
I, FeE v BRNT VT4 —NT 4 T 5 IR FE21L OH A A
v D Fe(O)HFD~OKEE LRI, ZORE, REEBRA =X 22K
D ERA NOBRNVERAEEZ 32 & 28 L7z, Brantley © 30 I~AK 7
r OE BRI B B ER LI A BRI KT 54, EEMT A B kA PR E
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A< 7 m e oIS OIEIC /A4 3D, Rusclo B 1% 39 ¥ & Mb #5 &AL
MDY I ROBEGWEEEIZET 2EF L~ Toa v a—2 —RENEIC X
D, Mb OFTY H> RBBEITH7200 2 KO R EBENFEL, ThbIX
ZUNTE~ M) v 7 ADOFRREUNEL THWLHZE2mELTWD, JF
AT 72 Mb & /37 B OMEED D B X1, Mb 431N O CO B O £ %
WENER TH D Z & bWESNL TN D 39,

PLEIR UTMFEd S 1L, WTind Mb O X MEZBIEEZ TR FHEDOR
X Mb 20 FINICE T 5FES CO VA ROBENZ 7 v v X o3y By
DOIRRENFET D Z L ERBLTWD, RIFETIHE, ERNZRILF—WHED
ATP 78 Mb 7 v B % X7 OIRBEITE A KIFT 2 & 2R TR0 5D
L, LbZiud Mb 42T 2R HERE SN D D ThH D, Shikama
O OWFFEERE TITFEATE Mb Z /37 TIZH BB EPEH 725 LA S
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