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A SN BWTHILL T OSEE & L7,

ATP . Adenosine-5’-triphosphate

AMP . Adenosine-5’-diphosphate

ADP . Adenosine-5’-monophosphate

DTT . Dithiothreitol

E64 : N-[N-(L-3-Trans-carboxirane-2-carbonyl)-L-leucyl]-agmatine
EDTA . Ethylenediaminetetraacetic acid

HC : Myosin heavy chain

HxR : Inosine

Hx :  Hypoxanthine

IMP : Inosine-5’-monophosphate

MDC . Monodansyl cadaverine

MC N, N-dimethylated casein

SDS-PAGE : Sodium dodecyl sulfate —polyacrylamide gel electrophoresis
TGase :  Transglutaminase (EC2.3.2.13)
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BRI DA LI I o7z, FIREZ, 30 S AEICH D00 NMFEBEPNALEIL o727
D, 1F& ALY BLTGE T35 CIIRMEH 2 T 0 F1F 2 7o, FRHS, 20
PILISMZ & £ 0 PASMED 727> T2 A s 7 X IR E Z2piiniiiiEz 52 2 2 & 127
ST, TN R, FDO%, A7 NUXTOEERGTHAIFEIC TMEZEY, &iEE
DA "R T2, BUGTAEELTZE LT O HOAEELEAIATOND L 91Tk
o717, 1976 FEICEWNG T S APERIL 424 77 FE LT, £OWN, ACHREER B
TOEHIF192 77 F(46.1%) T, LTV HIT181 5 Fr(@21%)ThoTo, DI,
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BAKBLEL D7 WVIME AR Z & B (T B 1976, FEA D 1981, dbE 1997), KALE D
T 0 L &Rl ST HIK S, BRICA SORmW T VI Z ZR LW EIZ
IR Y —E—VEDREE LTRSS TV

B T USNOAHEEATEN D AFESND T B OEFERIIN RV DETHD, -
2L, ZNOREDT Y FIIIENENEAORER O D, T2& 2L, TAYVIET
TEINENC X 54 0 R DFED LR, TOEVABENEE SN TV (FEHH
1958), ¥ LAV RITFRD BT, L SIIRITF 2T NVEEDLRERH 5
0, BT OEFIBFHETH D (EE S 1991),

—WEAN, B B ORI 72 7 VIIEIZREE L 72 2 A(T D B)OSVEIZ L 0 ik
EEND, Laein/afio BT, A2 02 TREFRRHEZ 1A S8 TR/ VIR)
EL, TNEMEGTZZ LIk, IS4V UHFRRy NT— ISR ERT 5 &

IEHE LTI S LD, Blcib~7= & 512, /NEFGESROEE CITEHIIT, R
ZEIENENT 2RI, 40°C LAFOIETUIES < ey 24975 TREMNEA S
Do ZAUTEDY, BBV VO 7 D BT D, ZOTREEY T HENET
] HoWE T TR LDy, Btk ER2VEE TR EFEA TS, T4D
TR IHBHANCRIA ST E 7203, A0 O THER S 272 o 7= Dldk
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U LT, HAETIE, FIRBICBVTHRINEREERR y rfe LEDI A
T UDBUERIS, O NREVDIRFFTE DI OWTIHRFT L, T720bb, &Ry
kL LEOWR, HHRERICRIT S TGase AIGEH LN A3 v O Mfl4 5
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T, WIRGEHT Y FICEIN Lo 7 OVIERKIR Eic oW T B RE Lz,
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1. FEERBE

FZEICBER L= 22 A 47 LA scaleye plaice (Acanthopsettta nadeshnyi), 7 47
arabesque greenling (Pleurogrammus azonus), A% k7 % 7 walleye pollack (Theragra
chalcogramma), 7 7% 77 L 1 flathead flounder (Hippoglossoide dubius) , ~/ &7/~ pointhead
flounder (Cleisthenes pinetorum herzensteini), A7 7% L1 sand flounder (Limanda
punctactissima), ~' U yellowtail (Seriola quinqueradita), = ¥ /% chum salmon
(Oncorhynchus keta), 2 =~ 1 jacopever (Sebastes schlegeli hilgendorf), ¥ X T, /Y X
oweston sting fish (Sebastes oustoni)i%, HAVELIEOENEM, & L <3 L% Tl
BNt oEFEH L, 72, 42 270 plain sculpin (Myoxocephalus jaok) i Z4/I1#5 7,
A 71 = Japanese sand eel (Ammodytes personatus) (X4 78— 7 #E Tl S - m e
72 DR U, IERIE, BEETTNO&ERED BT A F A fat greenling (Hexagrammos
otakii), % I3 71377 searaven (Hemitripterus villosus), 7'V ZlgEAL7=, £7=, A7 b
U Z, R, F 71 long shanny (Stichaeus grigorjewi) D@3 0 Bl ZALiEE N O
T TENOEEEAL, -25°C THfRGRE LT,

T H VT # XY (Monodansylcadavering, MDC)), 3K TN, N-T A F A8
4 >(N, N-dimethylated Casein, MC)IZ> 7~ 7 /L R U »F Vv /N4, E-64
(N-[N-(L-3-Trans-carboxirane-2-carbonyl)-L-leucyl]-agmatine), ¥ X TF, pepstatin A {7
F RWFZERT, 7 H a2 —A(A—/X=LM)IZ T I T A T A7 tbEZnNEn N, T O
ORI IR DRk 2 T,

2. EERITIA
(1) 75 v o7 DETERATIR
%52 FTIE, 2013 4 8 A A AR ol L Tl S ek y 7 2 iz, K
BT, DIOKRE SR v 7r & BEREITIAN L TR E LTe,
WIBATERIE, 7 U > MIREEO F &, ¥ IO - dfafiRmz v =—/L v — F TEW,



5°C e C 6 HIFERE L=, 583 ETlY, 2014 45 A H AL F OO E [Tl
BNy 2T, KEGTHOIEEZEE T DR v 7 % EEREITHRA L Tl &
L, 5°C msJE CTHRE LT

() By T L La O L g, I

Ry Ttk LEORFRE, AE»rLEERNEZERRL, 8T CuE, I—rFay
N—(HE36ommZEZELTHEE LI E LTz, ZOEE LEIT 10%W/w) Y L E h—/L
EENL, XBERLIE%, AOKH T2 IFMKE L CY e MRS, &
Dk, O E LE(2509)% 7 v T2, 7T F v 7O 7 U —F— "o 7 |Z5ED,
-25°C & -80°C DHAEHEIC Ak L7z,

R) VI AT LABET D HOFHE

TR 3R A BT HORELL, ALEENOT Y B T TR Thiu T
HEGETRICHEL TT oo, 37200, AREZAEAR TS L, @7 T E Nz
PrE L7, MIEEFEAKEKTESTEE L, £0%, v—LRX(HE 4o mm)Dfi
PIERBE(SY-100, ¥ FrHEYIZ L0 Ak OERA LTz, BRI L G572 %
&L, 45 EMWIW)DIR/KIEKIZ L DKL % 3 EfT- 72, KB LIZ 18 L &R U &8s
TL1REIBHTZY 3R Uiz, 7233, 3[EIH O/KIE LI 0.2 %A kE 25
ZEITkY, WARERES T, Kb L%EOBKITE O EEH-122, =27 3 4H5)
% 3000 rpm C 20 Z3fATVY, 15 DI B/KAIT 6% (wiw) Y /L E R — 1 & 0.3% (wiw) 7R
VU UBEMZTTDEE LT,

(4) L LEBLOWBET D &6 ORME L OImEV L ol

e LEH LIIHET 0 HIT 3.0% (Ww) (2725 X 9 NaCl ZiishnL, Y1 Lok
71w 2 —({HEARBEFTEY b L <IN T — R » & — (A4 A &2 —HY) T 10~15 S5
D L7z, TV ERVBORMOIREIL10°C LT E Lz, W48 mm oK Y i
b=V 7 F 2—7ITFIE L(150g/A), B HIZ90°C T30 srEiEL L, EIIEV L



PERLLT-, HDHWE, ATEDSKETTMEL 720 % 90°C T 30 syfiim#E L, —E¥
BV NV ERL U7, 7288, MBIV B IEIR K TIT o 72, BV LI, S
KK FTHAIL, 25°C TR/IRER, oiTicft Lz,

(5) PIRAOD X A L AUE SR & MDC BV iAZREDHIE
WELEBLIOWMET 0SNG LIZWAE 77 ARy »— U RIZRE, RT7
A IV DT T2 1%, 25°C TEIR/KFE CTHE U=, Z ORI D —5R % AT E OB TERER(0.1
g)L, 2ml ™ SDS-UM ¥ (8 M urea, 2% SDS, 2% mercaptoethanol, 20 mM Tris-HCI
(PH7.5)) &Nz T, —ME=IR TR LT, I AV AUEISOATIZSDS RY 7 27 1
T X REXVKE), LI H e —R &5t SDS ARY 77 VL7 I NELUKE T 7
St, E£72, FIFETIE, BHIO—ER(1.0 g)lZ 2 mM MDC(#& i) 2R &1, 25°C [H
TR CIME L, ERC & RARICHTE ORFH CTERER L, SDS-UM (Z#fi# L7z, MDC Ht
VAT SDS-PAGE £ D7/ UV RS L, MDC ZHLD AL TEN Y Raft Lz,

(6) INENT L DYPERIE

HIRENG e DWPERE TR BRS 0 By B AR A FR R UE U ClE L 7= (Pl 1993), 3772
bbb, MEVFLZE 25 mmiEIZERTIVIZL, S5omm OERET 7 Uy —23EE LI L
A A —4—(T2010 J-CW, L AT v 7 B2 L 0 AEWHERE () & AT A (cm) 2 JIE L7z,
aEbHE O EHEET 1 60mm & LT,

(7) T 0 B OEEEHT
KO E BT RS, Y - EIT T VE — ik, HURREIE Y v 7 AL
—HhHE, IRO313 550°C EREIRARIEIZ K D IE Lo, BEER JUSHEIT, Ml
O B RS YT E U CIE L= (I 1993), F7abh, @I, Al
(CM-700D, == 3 / /b Z B THIE L7z LA, a Bk O b fEn bRz L) FitiL
7=
168, FE=100-[(100-L*)*+a*>+b*?] V2



T2, KHEHORIEIZH T ARIZT OV EEZ ITmm UL FICES XL, WIRTHz 53K
M ZEH T 728, KEEWIZ2mm L EOREZ IO EOIZ1ME, 2mm KD KE S
DOHOITIR2EE LT,

(8) FAN D DEERIRAHAIARE Rk — h O

BABLIOWMET D GFOI AV BN R EET/RDT2012, HRAEYR— b
Wiz, RmEVR— FORRLE, 58520140 FIEICHEL TiTo7-, T72bb, 4
TCHIED L 7= fa R & 2 WIEEFRECR DM 30 B2 0.05M & L < 1% 0.1M NaCl, 20
mM Tris-HCI (pH7.5) Z N 2 THEIGEA L7212, KK TWAEIL 72 6, [F Buffer Tk X
a2 (NS-8, ~f /a7 w7 « =FALEYZHNT, 30 WOmEREREZBICAR
25, 30T O 4REIRET T A X LT, £D%, HIEDT=% n-Octyl alcohol % 10 ul
Mz, FEZR— FHPLEIEEBOH L, BEIREST-, ZOBREIRE 2 BT —
ETAHBLIZbDERER— N LTHERLE, £/, HEE, ZoHETHRL
ToRE VA — b A ARBHEME) & RS Z &2 5,

(9) Mf O Ca?*-ATPase & PEDHIE

Mf @ Ca?*-ATPase &M%, 0.5 M KCI, 5 mM CaCl,, 1 mM ATP, 25 mM Tris-maleate
(PH7.0)%> 5 72 5 SOGKHEG IR 22 AV, SO 25°C THIE L7z, SOGE (R 2
(PCA) Z S HYR T 5%I272 5 K 9 I Z TITVY, ATP ONIZKARDFERA U7 Rk )
ferthaEs L, (8 &4% 1982)

(10) Ca®*-ATPase ! 315 % DHIE

Mf DNNEVZEPEEEE (TN & % Ca®*-ATPase DATHEE ZF/IE & L TRd72, ZD
B, 727 F Ko TRENEZIT TWDHEETH S 0.05 MNaCl F77E F, BROT
I FANCLDBRENERD, IA O OOEMREERDDZ ENTES 15
M NaCl D4f: T T MF > Ca?*-ATPase DA H FE % I 7E L 7-, MF IR 2 7l BRAE 12
R0, 38 2R RN U T, FTE ONNEMR %, KK IS THIEA A A5 1k &



H, FEHOSEAT Ca¥t-ATPase IEMEZTIE LT, 15 HALT-IEMEN—IRSITHE D LR
EL, FEAFEMOEEZ MBI L7 ey b LSO IZEROEZ 5K
EHREZRE LZ, (KUR S 1981)

(11)SDS RV 77 VLT I K7 IVESIKEI(SDS-PAGE) ik

SDS-PAGE 1% 0.1% SDS &t 75%7 7 UL T 2 K7V &FAWT, Leammli (1970)
DIFEITHEL THT o 1=, BRIKENE DX L /7D KiX, Coomassie Brilliant Blue
R-250 (CBB R250) CH:ta L, 50 % A % / —/L-T %liEfE CHit L7,

(12) 7 i m—A %51 SDS-PAGE £

HC DAUBEAIC L VB S -2 BIRO5EEHT, 58 & 44 (2000) DOFFHEICHE,
0.5%7 H 1 — A THIHIC L7 3% R U 727 ULT 2 REXFHAL T 52T 77 V&4l
ML7. £, BXKKENTT Ha—R(A—3—LM, T A T 27 )% 7 L iE Tk
(ZIBIE K IR LT, 20tk 70 a—AHNEEE 72\ 40°C £ TIRKF THAIL
7o ZXUCT 7 U NVT 2 RIRTR(BSVKENH HG, B AL 20:1, fiehisk T 34), S
Bz LCHML, EHICHT 7 A7 L— FORICH LiAZ, a—L&7#ELiAR, T
JIUNT I REBEAESEE, TVIAT I RBEAG LK, TOTIF7ATL—hEK
I8 20°C LR OKHIZRE L, 7 H e —AZEE I, ZO%OESIKEOERIEIL,
i H D SDS-PAGE & [FIERIZAT - 7=, £ 7=, SDS-PAGE 1% DYeta s 4 [F] UHMECTIT o 7=,

(13) faRIH 5 D TGase Dl & IHMEOHIE
R HH0OET D FHIZ 2 EE(viw)D 5mM EDTA, 3mM DTT, 20 mM Tris-HCI
(PH7B)ZWshitk, B A hr(NS-8, ~A 7 a7 v « =F ALYz K vkkm L
RN BB LTZ, FD1%, EO57EEQ20,000x g, 20 47 R)C & 015 S BEAG A
BERIRE LTz, 708, EBRICE - TUIIM YL E F— L Z2EN LIz ik & vz,
TGase 75T Araki and seki 5719932 HE U CHEIE L 7=, 9725, 2 mg/ml MC,
0.5mM MDC, 5mM CaCl,, 5mM DTT, 50 mM Tris-HCI (pH7.5) D SR A (2 ml)



(ZFARESR R (0.4 ml) Z Nt 25°C C 30 4SO 72, 10% (wiw) b U 7 & e R (2
m)ZAIN L, Bzl S8, ZPEE o8 7 Bkl % w045 8EB,000 x g, 10 43E)
ICEVERL, =% ) —-YeFom—T VR T4 BT LT, RSO
MDC Zfr%E Lo, Velfr L7-ILERI S B ARRR%, SDS-UM IZiafif L7z, Z @ SDS-UM
D 480 nm TOHEOEIRE (i & 350 nm) ARy SRR (F-2000, H Nzl (2
IVHIEL, Zo RO BICHE LIZMDC B2 ERE LTZ, £72, 304MIiZ1mg D
MC |Z 1 nmol @ MDC 23567 A% Lunit & L7,

(14) #l TGase # H\ 7= Mf 1D 2 A LV ZEKG B A OfAT

TGase MEEF IR L 72 F{EICHE L TR L7, SR % 2 58 (viw) D 0.1 M NaCl, 20
mM Tris-HCI (pH7.5), 1M Y L& h—/LH T, B X2 hr(NS-8, ¥~ 70T v 7 -
=FF A L0 KK LS B LT, 13057 B(20,000 xg, 20 43 FE)IZ & 0 15
DIV B BT T = — 7 (Gr B4y 15 10,000, A7 M ZEY)CFEL, KHFT
L < 2R L ZepS B[R] Buffer 12k L C 4 REEENT 217 > 7 1%, 2 /0%78(20,000 xg, 20
SR L, &7 FERE A BRI E LAV, BRI OB 217 > 72 O13@E T
HICEESRIEENRIET 2 O %P2 TH b,

Ry, A RTAZRBIONT Y IO MERELT, AT EEZE) DN AT
Ut — FOFARUCHE L THT 728, Ry ZIZ W TUIBAED 728, MF FRHRLATIC 10 f%
B (Vw)D 1% (wiw) b U k> X-100 % & T 0.1 M NaCl, 20 mM Tris-HCI (pH7.5)C 1 [l3:
HLI-LOEREE L-, B, MEOZ U X7 BEIZE Y Ly FE(Gornall & 1949)
WX DHIEL, 4.0mg/ml (ZFHEE L CTRERH LT,

FFERIRIC Z D MO X A3 o OAUGEE S FOGIEA - 0O J715(2013)IC 4 U T T
STz, 705, MFEEFRR (0.5 m)iZ_EFLo Mf (0.25 ml)z 51 %, 0.5 M NaCl, 5 mM CaCl,,
5mM DTT, 50 mM Tris-HCI (pH7.5), 0.1 mM E-64 DL & 72 5 FUOSHLER ¢
25°C IZBW & T o7, BUSOEIE, SOGK L %80 SDS-UM iRE Nz 5 =
CIZRV ToTe, 61T, =R THREL, Z o \V BRI L, T Ha—2%
& Tp SDS-PAGE T2 A DEA G & it L=,
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(15) KRy TFBLORAT FU X T TGase DENZZENE L Vv b — VL2 @Ot

Ry rb LIRS b E T OMAN S EFLAS)NCHE U CThiH U7 RIS IR & 75k
BIZEL@AmI), FEx OWREEICERE LI IR C 30 0fIIME L=, B 612K
KA CTHEIL T TGase IEEDHIEIZ AW, £z, YL E h—LVZENORER T,
VILE b VR EE (R )23 0.25 M, 0.5 M, 1.0 M (272 5 X 5 (2788 U7 HIRER I &3
U7, ZOMEESEIRZ 5°C R L, #REFIC TGase IH T2 HIE L7z,

(16) ATP Bt 54 DR E

By a7y ROEE 5°C OmEE THRAE L, # AIZ 4~6 B4 BRI 2R,
INENOMAENEE BN ZHIRL, I — 3 v X—TH—IEEM LT, AR
22 O ATP B LA O, 15 OFEQRO)ICHEL TiTo72, T7ebb, AW
1912 5%t FEREE 10 ml Nz, 50 ml AR VmiLENTH T AR TOSLARND 155y
W L7z, Z ofhitikic—E®0 1 M KOH I3k 2 Iz C, pH 3.0 At ICFHHR Lz
%, —EEOARKEMZ 20ml & Lc, D%, 045um AT L7 4 )LH—TH
8 L7 4 mh iz, 0.AM U EEREETR (pH7.5) 1 ml Z00x ToHtrakel & L7z, ATP
BEEAL A DOHTIE, Edikik s v~ 7 Z 7(HPLC > A7 A, HNIENZ XD, /oW
777 203 Shodex Asaahipak GS-320HQ (shodex)z FV>, U “EEFETE R (pH2.8) DT A V) 7
7T 4 v 7 {5 TIT > 7z (Matsumoto and Yamanaka 1990).
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1w AREEAFEERFAOT Y HEEE L CORREM O

LA O A RO AR ZEOR LgRE T, ffal LThEVFAIN W
vuaaAF A, KEA DS IELTAAT ), TP HEPEYEIREOR CllES
NTWD, AAFTIOKEGTEITFER 1 HET F T, HENHUR CEAMAIMEfHEL~D
B MADED LN TNDD, EDOZL Il DLW EHHEEEHI T T s,
U3 A LA R VAR ST, FIRMEIMENO TIREZE S I~ RE S
TWBONHIETH D MUEFETT), T D7D MR IAEBIIIE TE TR0, |’
X DHEERER & L CRIFE TR 300 b, #3ET500~1,000 ko EEZ HILT
a
AHFZECIE, ZHOEMAZROBAY VX7 EFIAT5IEL L TR TOMR
WL WOT, ANORHEZTEH L7cT 0 JIRE e L CoRMREEEZ -T2, TV
RZEF D 2D ORFEDORHN Z L 8T B X AT v OEVZEM & OISR 2 R
B, 51T, FEBICT W HZREL, 7O &30 FRESFIC oW T
Rt L7z,

5 1E ASFIHMAOT D S L ToRH

(1) #IEHHE Ca?*-ATPase DENZ E I

OO IR Z L3 E A OB L DRI S AT TH D
EWVWHZENRTED, ZOBE, TOHEHOIFTURTTITEE L TWILE, B
FNVEER LN E LI MONTHAHEDT, T HE2REET L8O I AT 0Nn
EDLIRBEENEERF L TV D EMD Z LITEELRMETH D, BRE/KIRIZHEIG L
TAER, IATUNRTOEEKETHIETE 5L 512, KRIKF LI iktEs2 A9
HE B LT, EORERE LT, KR THLEFITAERT H2HFEO I AT 1Z
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EWaga 72 s A FF O L D122, REETHD &I FHlIZ e 2 (FEA S 1982), AMfF
TR E Licvuar LA, A4+, 7 00HE, Wb AREE OB KK
WZHERT DD, TOIFVAIRLZETHHZ ENRTRIND, TV HFEEHME L
THETHY, REERIATVEZATDOHIENHONTWART NUXTDOI AT
VEINDRREOI AV ORMEE IR LT, I AV OREN EEmT S L E,
FLAXT I F U EDRERITEY, BEMSND EWVWSIHENRHLDT, IATUZ
DY DDEEME T 7 F U EERE L TRENMEZ T TV D5E DREMEITT T T
T AMENRD D, BIEIE, TOHICBO TR L FMRCERY VIEEINZ, T T
AR DEFEAP KON EOEWDIEIRE L 725, %BHIL, FEH TORRT D
A BRI L 72D,

ZIVD ZODEMD I AT EVER, M) Z W THEST 5 2 LR TE S,
Mf %, BRZEHENREECTRED T A XL, £0O%, R TS0 K720 0
fEERBE TR CE 20T, HEFITHRARHAETT MAFERE L L TEEIND,
NaCl #2723 0.05-0.1 M OFEHTIEIMF FCI A 3T 7 F Ui ks Lk s =
FTTWB, £, 152M DX ) REEED NaCl 2N 5 &, 77 F N ER I
ML, IFTNIT I F UK DLEIERD DT, IAT U OREERLIC Mf &
AT I A U BMOBZENEEZRIETE 5 BHS 1983, 1984, 1986), I AT >
DZEVEE Ca?'-ATPase ZiHHE (ko) HIET L 7=,

Fig. 1-1 (2 25°C IZ8ITF D 3 FAFED I 4 v D2 EM: & Lk L 72, 0.05 M NaCl £t
TOMETIE, 26 3AFED MF D kplZ AT F U X T D kp LI1FIER UA—F —DfE
L, THEBEY A7 NUX T LRIBEORENEZRTZ ENbhole, A7 NUXT
DkpZ 10 EFTIUTT R I RATLA1309, AT 21304, FT7 P HT14D Kk %
LT,

AV UEMOBLEMEA 1.5 M NaCl TO MF D kp B LTz, A7 R X T
Mf D kp iR, Ura AL A1320, A7 AT BIET0Dkp ZomLiz, —F, 44
FTAFART X T LIRERLT 10 2R Lz, BHEOR T MU X TIEIRELERIA
VUERTHIEPMONTWARENLREFETH DD, AL THW AT I A4
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Fig. 1-1 Comparison of thermal stability among several fish species.

Mf suspended at 0.05 M (a) or 1.5 M NaCl (b) was heated at 25°C and
remaining Ca?*-ATPase activity was analyzed by assuming the first order
reaction mechanism. The fish species used are walleye pollack Theragra
chalcogramma (@), scaleye plaice Acanthopsettta nadeshnyi (A), plain
sculpin Myoxocephalus jaok (<), and Japanese sand eel Ammodytes

personatus ([1). Ca?*-ATPase activity was measured at 25°C in the reaction

medium containing 0.5 M KCI, 5 mM CacCl,,1 mM ATP, 25 mM Tris-maleade

(pH7.0).
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VAAIAT MR T DI G ERENS DIIRLETH D Z Enbhot, S
W BREOITE CIIA T MU X7 LRIHORERLETH 5,

0.05M FLTN15M NaCl iZ8i) 5 Mf D77 Ca?*-ATPase JfEd DT I 42
INT 7 F AKXV REREZIT TODREORIEIZ 5, 3T, ZORENMHEIC
FVELRDZEDNERBHLIZE > THESNTWAHEEHHED 1983, 1984, 1986), =
DIRFED, A7 N X T TR0 GEThoTeDIZXt L, vaaxAdvA, 47 7,
AT IIENENT8E, 159 1%, 965 ThHY, 3MAME LT 7 F K DLEED
A RN TEIDEREVAETHD Z Db -T2,

(2) INENT L O & BB RS

I 3MFEOMANLED LD BT IALFELZ A LTV DD, FRZTRIENZ L5
A R SN DDA, ENENOHRAND A7 N X ZHET 0 HidiEic
WU, /K UALEEA 3 [T o 72 0 28 L, 2 a NI InEy b gs:
ERRETL7Z, 1ZUDIE, 90 HIZ 3%Ww)IZ7e 5 &9 NaCl i L C PRl 2 FH5)
L7z, Z ORI 1009 2 ke =Y 7 > F o —7 (H11R 48mm)iZ FetE %, 90°C T 30
SYRUINE L C TEINEN L) 23 U7z, 72, 25°C & 5\ 30°C T inE(sL )
AT o 728412 90°C C 30 ZrfANEA L, TZBOE L) 2% L7, T Ehongh
TNAND TREERE | & TEiMA) Z2HE L, 7R a et Lz, 723, AWl
TAEMEAGEF T TR FEROFER DD, BRBOPERFGLNIZT a3 AT LA T
25°C T 6], A7 T h&AAF 3 TIE30°C T3 & L7,

Fig. 1-2 |2 3 fFE D EANENT /L & BB )V OREIBTREE & A 2R LTz, o
3 A LA 5 REE U2 BBV VRS X OB INEV L ORISR EE 1T 2= 235,
4179 C, TIHIEAZEAT 2 Z LIk 265 28mL, A hifknmEsicshi, £
7=, FEWIINA S FARIEVZ LV 1iem 75 1.2em (ZHO TN L7, 240 2h3 X
RAMICEVERY, AHEICEATHL EFSPNTWVDH(EEKD 1981), vra A G LA
DTV HNIAT N X T ERRICZ ORPITA D SHRDBHIRF CE 2 TH D Z &N
bhotz, —J7, 7 VHEET 0 FHERE LBV L, BBV L DR
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Fig. 1-2 Thermal gel formation by several species of fish meat.

Frozen surimi of walleye pollack (WP), scaleye plaice (SP), plain sculpin (PS),
and Japanese sand eel (JSE) was thawed, and ground with 3.0% NaCl. The salt-
ground surimi was heated at 90°C for 30 min (white columns). The same ground
surimi was preheated at 25°C for 6 h (WP,SP) or at 30°C for 3 h (PS,JSE) and
heated at 90°C (black columns). Breaking force and breaking strain of the gels
were measured by using the rheometer equipped with ¢ 5mm cylindrical plunger.
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WML 1X 224 253 g, 2639 T, TN L HIEWHEE OEIMIIEE A ERD 5
Nniginotz, £z, WWMAIEITARINE AT 5 Z L1250 0.9cm 206 0.7ecm (2K~ L
Tro AAFINTONTIE, EINEVT LN 250 g ORGWIRE 27~ L7=2s, —BomEr v
TIE 1709 (2K F L7z, 2% 0.7cm 225 0.3em IZIK R L7=DC, FAmnEuL7r v
Witk 2 B SEDE LN Z E b otz T TICTRMAOBRIZONT, T4

DRRPBD NS, THROBRPIFEALER, W EERbsE 5] &
RENTIFITBEINDGD, T THWZIHMEIE, EEins 3fITHEIN
77

BRI O TEINEIZ 2 42 EIHHC) DG EA RN S, & OEITH1 4
DNE, & 5WITIET L OYHEEEINZIIRESBER L TWD Z ERHE I TS
(JAE 5 1985, 1989, 1990), Alalfv 7= 3 fAfED§ V) BT 5 T INEVh EA15 5
NT=72, WO TINEARIZI81T D HC O k%A SDS-RY 77 VLT I R IVESR
Pk E(SDS-PAGE)IZ L W It L7z R % Fig. 183 IR L7z, 7 HAr—R&&T
SDS-PAGE (28T, MIRE LTHWEZASZ MU ETHET 0 5%, TR X
HC HEERDEAD L, BB NS WSUGEESRAKEV 7 L EICER Sz, ve
ARATULADEEL, A7 X T e ISP EERL, HC OAUEESIAEE X
55 HC L BEIED/NS R E8HONY RSN, S5I15, AZ I EID
AT PRI X W HC X W BEHE DK E W HC D5 & biv s /3 ROERL

SFROBNTZD, vnaxAHT A DT VETIIIFEAERDLRNST,

—F, AT AT EFAFTIOEEE, 15% RV T 7 IUNLT I FOATT7HLL IR
T A AT T K D SDS-PAGE TENZHNHIE L T\ D72, HC ORREEA RO
BT TR, UL, A7 B PHTHEHC Bt Sha sy RIZER72 <,
W2 HC O NI & b AT/ 30 RBRER I TWAS, 4 FT0HEA T
HC EEOZE(LITFRD BT, PRIEAORGEIZ N HC N> Ridd Lz, £ LT,
TARINEL 6 FEEIFRITIZI HC O NZIFE A EHK LT, A4 TFa7 0 G0no8hEL
72 BB X TR INEMT X 0 RIS & i 2 S BEEE ITAR T L72As,  Tiingd
HDOI AT U fRINEDRERBHTHA 5 LHEE LT,
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Fig. 1-3 Cross-linking and degradation of myosin during the preheating step
of salt-ground surimi.

The same pre-heated salt-ground surimi as in Fig. 1-2 were used for the
analysis. The incubated surimi was dissolved into 20 volumes of solution
cnsisted of 2% SDS, 8 M urea, 5% mercaptoethanol, 50 mMTris-HCI (pH7.5).
Changes in SDS-PAGE patterns upon incubation at 25°C or at 30°C were
analyzed on 3% polyacrylamide-0.5% agarose slab gel, or 7.5%
polyacrylamide gel. The same abbreviations as in Fig. 1-2 were used for
showing fish species. MHC, myosin heavy chain; Act, actin.

18



() vaa AT LAY O BN OVERE KIE T PR INENRE DR

Ta a3 AT LA BT 5 (X7 B IRE 13.5%)1C 3%(wiw) NaCl 2@ L, A
Lo by B —(HEREUERT ) 2 -l TR 238 L 7=, IR U ke =1 7
Fa—7ICFE L%, 10, 20, 30, BI O 40°C OIEIE/KME TP MEETT Y,
B 512 90°C T 30 /BB U C BBV L &SR U 7 45 DT BBV LB KO,
T BINENG )V OTEIMTIRIEE & AR 2 A I E LT,

Fig. 1-4 (TR 9 & 91T, EANENS L ORI 13 3549, AWM Z+1% 1.1em Th o7,
10°C 8 LU 20°C TPinE A 42 L NERHH ORGEIZ & 0 iR 13 L, 10°C
TIX 48 R4 7340 12 L7, 20°C TlIXZ L W 24 BFfEI#£12 7629 £ T E&A-L,
WL, BB LV ORWEREE D 2 5L EE TN L7, —77, 30°C 8L T 40°C
DAY, WE ERITERRCRRO H L7223, 10°C X° 20°C (ZEET, AR O
I/ E <, IMERER 2 & < 3725 L REWmRE DX T3 X 7=, 30°C Tl 3 FEfi] O T
TNENCRKAED 6079 (25 L, 40°C Tid Xk v R O 1 B O PRINENT X 0 o KA
7 4709 %7~ L7z,

TFAEIENC X DA A DZELIZBE LTI, 10°C 38 KT8 20°C CIIAR IRz 23 e K
EIZ T DI &L 0 Buy 12 BFfRI IR 1.2~1.3em (Z3ZE L, T ORITZE DEZHE
£ L7z, 30°C TOTAMANENTIIARIMIREL DN e KA 392 3 P[] TR A2 % e K &
720 13cm ETEYNL7z, LarL, 20°C & 5720, IR 2 S HITIER LT H s
TLRETThoT, £z 40°C TIHEBIM I BEE R ZA LA DR > Tz, ZHH

DFGRNG, U X7 LA QY Ktk 2 f KIRIZTE 3 5121%, 20°C LA T CTRRFH
DOINRZEAIT S DB LW E Bz, 72721, BEeM 0 8N ELEEZE 2 55,
IR S D 2@ 30°C TR TRINEAT 2 D0 L VERN S L
7200,
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Fig. 1-4 Effect of pre-heating temperature on the setting effect of
scaleye plaice surimi.

Salt-ground surimi of scaleye plaice was pre-heated at 0°C, 20°C,
30°C, and 40°C and further heated at 90°C for 30 min. Breaking
force and breaking strain of two-heated gels were measured as in
Fig.1-2. Pre-heating temperatures are in the figures.
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Fig. 1-5 Effect of storage of scaleye plaice for surimi production on their
thermal gel properties.

scaleye plaice was stored at 5°C up to 4 days and surimi was produced.
Two-step heated gels were produced as in Fig. 1-4 with pre-heating of salt-
ground surimi at 20°C for 12 h and heating at 90°C for 30 min. Breaking
force and breaking strain of two-heated gels were measured as in Fig. 1-2.
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Fig. 1-6 Pre-processing of scaleye plaice for surimi production.
headed and gutted (Method 1) ; headed, gutted, and removal of belly
parts (Method 2) ; headed, gutted, and removal of belly parts and fin
(Method 3).
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Table 1-1 Chemical compositions and contaminant content for scaleye plaice
surimi made from fish with various pre-processing.

0/100g piece/10g

Moisture  Crude protein  Crude fat ~ Ash contaminant
Method 1  77.2 12.0 4.7 0.6 20
Method 2  78.6 11.8 3.6 0.6 17
Method 3  79.1 114 3.6 0.6 12

Method 1, 2, and 3 are the same as in Fig. 1-6. Contaminant includes
pieces of small bone, black inner skin, and fin.
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Fig. 1-7 Effect of pre-processing method on the gel properties of the final thermal gel
products.

Two step heated gels were produced as in Fig. 1-4 with pre-heating at 25°C for 16 h and
heating at 90°C for 30 min. Breaking force, breaking strain , and whiteness of the gel
were compared. Method 1, 2, and 3 are the pre-processing methods in table 1-1.
Breaking force and breaking strain of two-heated gels were measured as in Fig. 1-2.
Whiteness index was calculated by the following equation.

Whiteness index = 100-[(100-L*)%>+a*2+b*2]V2 where L*, lightness ; a*, redness to
greenness ; b*, yellowness to blueness.
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Fig. 1-7 Effect of pre-processing method on the gel properties of the final thermal gel
products.

Two step heated gels were produced as in Fig. 1-4 with pre-heating at 25°C for 16 h and
heating at 90°C for 30 min. Breaking force, breaking strain , and whiteness of the gel
were compared. Method 1, 2, and 3 are the pre-processing methods in table 1-1.
Breaking force and breaking strain of two-heated gels were measured as in Fig. 1-2.
Whiteness index was calculated by the following equation.

Whiteness index = 100-[(100-L*)2+a*2+b*2]¥2, where L*, lightness ; a*, redness to
greenness ; b*, yellowness to blueness.
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Fig. 1-9 Thermal stability of myosin for various species of flounder.
Mf of walleye pollack (@), sand flounder Limanda punctactissima (A),
pointhead flounder Cleisthenes pinetorum herzensteini (<), and flathead
flounder Hippoglossoide dubius (1) was heated at 25°C in the presence of
either 0.05 M NaCl (a) or 1.5 M NaCl (b). Remaining Ca-ATPase activity
was measured. Other experimental conditions are the same as described in

Fig. 1-1.
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Fig.1-10 Thermal stability of myosin for some fish species.

Fish species used are jacopever Sebastes schlegeli (<>), chum salmon
Oncorhynchus keta (1), yellowtail Seriola quinqueradita (O), and oweston
sting fish Sebastes oustoni (A). walleye pollack (@) was also plotted as a
control. (a) and (b) are the same as in Fig. 1-9, and experimental conditions
are also the same as in Fig. 1-1.
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Fig. 2-1 Thermal stability of AG and walleye pollock myosin.

Mf of AG (O @) and walleye pollack (A A) either at 0.1M NaCl (O,A) or
at 2.0M NaCl (@ A) were heated at various temperatures. Myosin
denaturation was studied by measuring Ca*-ATPase inactivation.
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Fig. 2-1 Thermal stability of AG and walleye pollock myosin.

Mf of AG (O @) and walleye pollack (A A) either at 0.1M NaCl (O,A) or
at 2.0M NaCl (@ A) were heated at various temperatures. Myosin
denaturation was studied by measuring Ca2*-ATPase inactivation.
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Fig. 2-3 Thermal gel production by commercially distributed surimi
from AG and walleye pollock.
Surimi from AG (black columns) and walleye pollock (white column)
were purchased from companies. Gel properties of the thermal gels from
various kinds of surimi were compared. Frozen surimi were thawed,
ground with 3.0% NacCl, and heated at 90°C for 30 min (Directly heated
gel). The same salt-ground surimi was preheated at 25°C for 6 h and
followed by heating at 90°C (Two-step heated gel). Breaking force and
breaking strain of the gels were measured as in Fig.1-2.
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DIA T DREES &I ONT 3% T VU AT 2 RI05%T Ha— A% KRHA L
L 7= SDS-PAGE Tttt L7z, &5 47= SDS-PAGE /X% — > % Fig. 2-5 (Z/x L7z, %
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Fig. 2-4 Thermal gel production from stored AG.

AG was stored at 5°C. Mince (2 kg) from the fish was washed with 8 L of chilled
0.1 M NacCl, 20 mM Tris-HCI (pH7.5) once to simulate leaching process.
Dewatered mince obtained by centrifugation at 2,000 rpm for 20 min was mixed
with 5% sorbitol, 0.3% polyphosphates, 3% NaCl, and 5 mM CacCl, to prepare
salt-ground mince. The salt-ground mince was stuffed in the casing and
incubated at 25°C for 6 h and heated at 90°C for 20 min to produce two-step gel.
A directly heated gel was produced without incubation at 25°C. The breaking
force (O) and breaking strain (A) of the gels were measured as in Fig. 1-2.
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Fig. 2-5 Effect of storage of AG for surimi production on protein composition
change upon pre-heating.

Surimi was prepared from stored AG. Storage preiods were shown in the figure
top. The salt-ground surimi was incubated at 25°C, and protein subunit
components was analyzed on 3% polyacrylamide/0.5% agarose slab gel. Incubated
salt-ground meat was dissolved in 2% SDS, 8 M urea, 5% mercaptoethanol, 50
mM Tris-HCI (pH7.5) for SDS-PAGE analysis. HC; myosin heavy chain, Act;
actin.
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Ry IR IR T RN Z E R LTINS Z Evh, 5°C REHIZEIT
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umollg LLFTH Y, FDOEH D IMP 28 2.5 umol/g C, ATP B LAk &E D 61%
Z DT, 5°C RAEHIT IMP [ 3R 2 124 L, 3 H HIZIZ 0.8 umol/g IZIK F L7z,
HXR [ 3% BAAF 1.2 umol/g(fa & D 29%) Th -~ 7273, 3 H HIZIE 2.5 umol/g, 6 H H
(21 2.9 pmol/g(fa & 66%) £ THIM L 7=,

s ATP B LA OEE L B L7 KiED 2 k% Fig. 2-8 \ZrL7=, 0 HH
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Fig. 2-6 Myosin denaturation during the storage of AG Meat.

Minced dorsal muscle of stored AG (1.0g) was washed with 40 ml of 0.1 M
NaCl, 20 mM Tris-HCI (pH7.5) and washed mince was homogenized on
physcotron NS-10 (Microtec co.,LTD) for 2 min at 15,000 rpm. Protein
content (a) and Ca2*-ATPase activity (b) of the homogenates were measured

to evaluate myosin denaturation in AG meat.
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Fig. 2-7 Changes in ATP and its related compounds
composition during the storage of AG.

AG was stored at 5C. ATP-related compounds were extracted
from the dorsal muscle of the fish with 5% PCA. Their
composition was analyzed on HPLC (Hitachi D-2000) by using
0.1 M phosphate (pH 3) as elution buffer. ATP (@), ADP (O),
AMP (H), IMP (), HXR (A), and Hx (A) contents were
measured.
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Fig. 2-8 Increase in K-values during storage of AG.
K-value of the fish (O) was calculated by using the data in
Fig. 2-7 and the following equation.

K-value (%) = (HXR + Hx) /
(ATP+ADP+AMP+IMP+HxR+Hx) x 100
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Fig. 3-1 Effect of washing of mince on the myosin cross-linking

reaction of salt-ground AG meat.

AG mince was washed twice with 3 volumes of 0.1 M NaCl, 20 mM
Tris-HCI (pH 7.5). Salt-ground mince (a) and washed mince (b) were
prepared by grinding with 3 % NaCl and 10 mM CacCl,. The ground
mince was incubated at 25°C for 6 h and dissolved in SDS-UM
solution. SDS-PAGE was conducted with a slab gel consisted of 3 %
polyacrylamide and 0.5 % agarose containing 0.1 % SDS. HC, HC2,
HCn show myosin heavy chain monomer, dimer, and polymer,

respectively.
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Table. 3-1 Effect of washing of AG mince on the TGase
activity and moisture content.

Moisture  TGase activity

(%) (unit/wet-Q)
Mince 81.3 12.0
Washed mince 83.0 55

Washed mince was washed with 3 volumes of 0.1 M NaCl, pH 7.5.
TGase activity was measured by monitoring MDC incorporation into
dimethyl casein.

57



TOHTYH, UG PEZ GRWI 2R LT, ZORIEWVT, AR
F@@wk%zgnkoﬁ%%@ﬁy##@ﬁ@%ﬁ?@ﬁﬁ%ﬁ@@ HI o X5
PR REEE OJFEH Mt D Z L e < T 1~2 ARERR L boa A LT
WD, I T, FEBEFOR Y 7% 5°C OWMBEICHRE L, BEFNICE E LI 25
WL, ZZ0bRMAZFRL, IR O HC ZUBSIGDOHETTN ED K 5 I2B63 25 7
BER L2, 5618, TGase iZL D IA L HC ~DF ) X i1 Z XY »(MDC)D
B0 AL B TGase O ZAL & i~ 7z,

Fig. 3-2 IZ5°C RS LT=RF DR v 7k & LE ) Hilf# U7- % 25°C ChME L 7= FF
DI AT HC BERSDETORE T 2R LTz, Fig. 3-1 ERIC X 91T, AEY H DM
BREEF DR v r Rl E WG E1E, T CICRMAER L TO BN I 4>
HC OZEBA RN HER S, AT HC MR 1 BT ClcaTr e —2 %
4Tp SDS-PAGE /34 — L B HE L, FUICHEATEX W ES TS &IEICEL L TV
Tzo Flz, IATVUHC OOEIIXIEE AL ERLNIRNST-DT, Ty THIZEEN
TW57a7 7 —EBOERIEIIZEBHE TRV MR I, % 1 H B (Fig.
3-2b) & 3 H H(Fig. 3-2¢) D& v 7B EERICARIZERR L, 4> HC 2GS D
EITEGHT LI A, BHQ BB HC DS TAROARITE L < L,
TIRPRBD HND LD o7, SHIZ3 HE TIIZEGBRIGEE A ER BRI T2,
1 HAUBEDR Y 7T I AT HC ORADITRO b DA, £iUuLIA T HC D
DI LD THD EEZEZBND,

Ao OIKIRITRIZ LY, I 432 HC OZERBEISN K E b Lici=o, ZUEIC
B> - T 5 TGase DIEMEN KRR T L TWDH D%, v 7 RIZ 2mM MDC
ZWML, IA T2 HC ~® MDC OHUY IAB SIS DOH B R L7, AR U &
91T 25°C THMR L, PrEOINERFFEIZAM A BT, SDS-UM THfE LTz, Z D
SDS-UM ii % SDS-PAGE IZf: L, #RAMIRA HRES LT X /"7 EIZHES L2 MDC Hi2k
D E FEER Uiz, Fig. 3-3 IZHER A2~ SEREEFOKR v 7 &2 HW=85E13,
DN 1 BRFFETOFEHT 3V T HC IZHR R HOESEED bivlc, T OHOEImETZ D&,
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Fig. 3-2 Decrease in myosin cross-linking reaction upon storage of AG meat.
AG meat was stored at 5°C for Oday(a), 1day(b), and 3days©, respectively.
Salt-ground meat was prepared from the AG meat with 3 % NaCl. Salt-
ground meat was incubated at 25°C. Other procedures are the same as in Fig.
3-1. HC, HC2,and HCn show myosin heavy chain monomer, dimer, and
polymer, respectively.
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Fig. 3-3 Decrease in MDC incorporation into myosin heavy
chain upon storage of AG meat.

The same AG meats as in Fig. 3-2 were used. Salt-ground meat
was incubated at 25°C together with 2 mM MDC. MDC
incorporation was monitored by observing fluorescence from
protein bands revealed by SDS-PAGE. SDS-PAGE was
conducted with 5 % polyacrylamide slab gel. Fluorescent image
of the protein bands was photographed under UV light. (a), (b),
and (c) are the same as in Fig. 3-2.
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Fig. 3-4 Change in TGase activity in AG meat during the storage.
AG meat was stored at 5°C as in Fig. 3-1. The stored meat was
homogenized in 2 volumes of 5 mM EDTA, 3mM DTT, 20 mM
Tris-HCI (pH7.5) containing 1M sorbitol. The supernatant
obtained by centrifugation at 20,000 xg for 20 min was used as
crude enzyme. Error bars represent standard deviation (n=3).
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Fig. 3-5 TGase inactivation during the storage of crude
enzyme.

Crude TGase was extracted from fresh AG meat as in Fig.
3-4 and stored in test tubes at 5°C. The activity was
assayed at 25°C for 30 min in the reaction medium of
consisted of 2 mg/ml dimethylated casein 0.5 mM MDC,
5mM CaCl,, 5 mM DTT, and 50 mM Tris-HCI (pH 7.5).
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AR L 72720 CIEMEIE 4.0 unit I T L 72 23(85%1K ), Z Db OFEEE 1T AR D 5°C
B (Fig.3-4) L FIRED L~ L Th o7z, RE 25 H BT 1.2 unit £ TIET L72(94%IX
) ZNHDOFERMNG, AR v d TGase 1FMAAHF T H R OIRIE T HIEFITRELE
ThHY, KRAERICESITIIET 2 Ll S,

(5)74 v /7 TGase DENZZEME DR

R 7 O TGase A3 ASCMBERIK D 5°C (RAFICHWT, FAIITEENE L KT
THORLZETHDH I ENRO LN Eon, TGase DEVEEMEIZOUWNT, MC ~D
MDC BV IARZFRIRIZ S BITHET LTz, F72, AR v 7 TGase DLEME A7 N0 A
T O TGase L L7z, Ay TBIURRAT b X F5RN LI LI HEESER 2 21
FRRBRE T E LA ml), FEx OIEFE T 30 BIINEL, ZOROFRFEFRMEAZHEIE L
oo ZORER%E Fig. 3-6 |ZR LTz, M & IR CIRES CIIERRD 51, MDC
B JAZTEMEIE 30°C C 30 43R DML TIEIE 50%I2i8 L, 35°C Tl 10%E T T
Lize 2O EMb, Ry r E A7 UK T O TGase DRV EMITIIRZ 727251372 <,
Ry rDTGase WA b X FITHARTRELED Z Liden EffimS i,

EBIZ, Ry TBIORAT hUE T O TGase DAL EM 2 A7 v X T Mf 2 1E
&L THWEZ I A2 HC 28G5 & R Tt LT/ 3R % Fig.3-7 12, MR
WIE, Ak & [FERRIC AT LT, 2 & OfHIR LR 0.1 M NaCl, 20 mM Tris-HCI
(PH7.5), 1M YL v F— W& HW=A, 22 TIEMHERIZIM YL e b—L &5
LTWHDT, JE bM—)LFE N TOLEMZ LI L TW\WDH Z LD, TGase (2
B2 FERNHEIT T DI04, BERORLE IR LN RoT720, FOH%OMEE
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FHH, H2WVIIEITIIBERORZENDT=DIZ YV E h—AE2TIN LTz, ZhiZ &
D, WP ORIEDNIIHI S22, EROB\BIMEN S Role, FRIBET A BE L
T2 X5 RGEIE, BRFMMET 2 Z LI 5O THEINRICH 1M YL E h—/LZ& 1
Zlze TTTIE, BOOBETHZE BIE 2R IS L7 4 & L7z b
ZHRERIR & LT, T OMBERIRZ P IRE 1oL, fx OIREE T 30 2FmE L7,
Z D%, BHMEEFRHRO.5 m)IZ A7 o4 Z Mf(0.25 ml)& 2T, 0.5M NaCl,5mM

CaCly, 5mM DTT, 50 mM Tris-HCI (pH7.5) D44 T, 25°C T 30 4 s & ¥ 72, Fig. 3-7
\RT LD, MBVEE D EFIZHEY, Sy 7rBIOAR 7 U X T TGase 12 L 52846
FOSIIE T U, FRA7F I AT > HC &30 L7, liF & b 40°C UL EDOMNELNT 7 ik
ATERWES TG OERMBBE WD L, FBAEI AT HC OENREL eolz,

¥, ZOMBERILIM Y LE =L FT{T>TW5HDT, Fig.3-6 THLILZK
TGN Z DINENERE 2 B CX 220, L, Ry EAT b X T O TGase D
BETEMNTE AV EEDBRWE WIS famIFRI L Th o7,

(6)7 v T {RE D TGase iHHEDIE LN KIT % 7 0T 7 — P HEAIGIN O f28

5°C RE TP DR v - D TGase R DRTEDRK & LT, &y RO REHIZHK
M7 w77 —BIZ LD TGase HE MUK RS AL, £ OREE L THRIEDE X 72 wHE
PEb D, F9, Fig.3-2c DPIRIDOIMEGERRIZISWNT, #7242 HC 73D
DHENTZDTEH Y FRICNIEN T 0T 7 —EMFIET D Z L3N TH D, mfbE R
Ry PO LR E LHICKE N YA e B X —, E64, XTAXF A
% 2 mglg, 280 umol/kg, 10 uMmol/kg (2722 X 5 fEBIicE S L TRA L, 5°C
T1HMEE Lz, a7 7 —¥A e B4 —Z2 ML TRE L2k E LE 0 Sl
L7-PIf%A 25°CITIME L, < A3 2 HC ZERUSAMTIEAT & [7 U L D 1B S5 H»
TRt L7z, Fig. 3-8, Fig. 3-9, Fig. 3-10 IZfE AR L1z, KE M) 7oA e —%
AL 7= FA(Fig. 3-8) T, MERNE I A3 0 HC GRS NBIZR S -8, &1
TSGR RIIE T L7z, E-64 0T REF LU E AT R BIRETH Y, 546
FOGSOIR T 28] &8 2 Z L 13725 - 7=(Fig. 3-9, Fig. 3-10), 25 DfEF 5, TGase
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Fig. 3-6 Thermal stability of crude AG TGase.

Crude AG TGase (circles) extracted as described in Fig.
3-4 was heated in test tubes at various temperature for 30
min and the remaining activity was assayed by the
method used in Fig. 3-5. To compare the stability, crude
TGase from walleye pollock (squares) was also used.
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Fig. 3-7 Thermal stability of AG and walleye pollock TGase.
Crude TGase from AG (a) and walleye pollock (b) were heated at
various temperatures for 30 min, and their remaining activity was
monitored by studying myosin cross-linking reaction with walleye
pollock Mf. The activity was assayed at 25°C for 30 min in the
reaction medium of 0.5 M NaCl, 5 mM CaCl,, 5 mM DTT, 50
mM TrisHCI (pH7.5). SDS-PAGE was conducted with a slab gel
consisted of 3 % polyacrylamide and 0.5 % agarose containing
0.1 % SDS. HC, HC2, HCn are myosin heavy chain monomer,
dimer, and polymer, respectively.
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Fig. 3-8 Effect of trypsin inhibitor on TGase inactivation
during the storage of AG mince.

AG mince was mixed with soybean trypsin inhibitor (2 mg/g)
(a) and the mixture was stored for 1 day (b). Salt-ground
mince prepared from these two was incubated at 25°C for up
to 12 h. Myosin cross-linking reaction was analyzed on SDS-
PAGE as described in Fig. 3-1. HC, HC2, HCn show myosin
heavy chain monomer, dimer, and polymer, respectively.
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Fig. 3-9 Effect of E64 on TGase inactivation during the
storage of AG mince.

The same experiments as in Fig. 3-8 was conducted by
using E-64 (280 umol/kg). Other conditions, procedures,
and symbols are the same as in Fig. 3-8.
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Fig. 3-10 Effect of pepstatin A on TGase inactivation
during the storage of AG mince.

The same experiments were conducted by using
pepstatin A (10 umol/kg) as in Fig. 3-8. Other
conditions, procedures, and symbols are the same as in
Fig. 3-8.
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IEHEOIIEICIZAAYTO 7T 7 7 —EBI3 5 L T Wz E2VRanTz, 72d5, E64
DIRMILPIID 25°C IENT D I A2 HC D534 B H AN L TW =T, 20
WINIRNEM S AT A P a T 7 —BE2HELEZ LN TH D,

(7)7& » #r TGase $ilEE D Ca? Sk Dt

FaA D TGase DA ITIHFIAL D=1 2~5 mM FEED Ca* NLETH 5 Z L 13
HEINTWAH(IEAS 1988, Wan & 1994), ZilE TOEBRTIE, A TGase DIEME
B+ e E 2B % 5mM (& 5T 10 mM) CaCl, % 7 » 47 TGase D SO IZ
WML TS, ZOREN, Ky TGase DIEMEE R KL S D DI+ TH DD
A N X T TGase #xtf e LTHBE L, 22T, A7 hud T Mf 218 &
L7ze 6Nz AT HC ZBBRIS DR R % Fig. 3-11 1R Lz, Ca 2% L7 h»
S T2 5E 13 TGase MR CAUBELRUGNMIE = 7220 o 72, CaCly DML
FERIZ LD RIGSOSOEITIZRI U L o IS, A7 & T Mf D HC 13r % (2
WAL, @D AT HC BBEBIERR DI L2, 26 OfERIE, &> TGase
D Ca? ERVEIE, ZHE TIZ Wan 5 (1994) 738 L 7= fH D TGase DERIE(2 - 5 mM)
ERILTH Y, AL A A J5 RO TGase(Nozawa & 2001)D L 9 |2 il EE o Ca? (20 mM)
BERTH LD TIE o7,

@) F vy T BLOARS hU X T d TGase & Mf DR ZEMDRRFT

INETORERNG, MEEERAR Y gL LEIZE N5 TGase [T W EMEE R L,
ZOMRITIAT FUH IO MIICHRAENT 2 2 MRSz, L, mifafE
D TGase & Mf DAZZEM: A EEAINTIHATZDT TldZevy, £ 2T, il TGase (Xt Mf
WZIRERIIER 2 D70y, &5 WIE MF OFRAZ 2 5 L BRIGESUSR S 2 DT
WTHRRT LT, £D708, ENENORANG TGase Z# 1M VL E ~h—/L{E(E F Tl
L, WD MFICx L CREFERAITo7o, £z, i S HEESR OIGPEHF
CTHOLONEINEEDTID, Z 2 TIIHWDEEREEZ 2L ST HC 2865060
AT A U7z, 45 TGase MHBERIR & BEFEAIICAIR L C, 2o MFICK L TR
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Fig. 3-11 CaCl, requirement for AG TGase.

Myosin cross-linking for AG (a) and walleye pollock (b) Mf

by TGase from AG were compared by changing CaCl,

concentrations. Other experimental conditions are the same as

described in Fig. 3-7.
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ML, 25°C C2 RifEMA S7-, 7eds, TGase iIRINEITHBESRIROIK A =D F FIR
MUT%6% 1.0 & UTHAHRIE TR LZ, #R% Fig. 3-12, Fig. 3-13 (12~ d, Ry 7
TGase & W\ =354 (Fig. 3-12), R4, A7 b X Tl MEIZXLCThH, [RIERICZAHE
SOGZHEAT S, HC R BT HBERIRIMEORM E & HI12RD L, IINE 0.20H %%
TR 15 ) T HC 158 RITHE Lz, ZOREEMNS, KRy 7 TGase 13k v 7r & A0

NYETOMEZIZEAERBTHZ L7 HC 2GS 15 2 & PR ST,

Fig. 3-13 1A/ b U & T OMEFE 2 W58 %77, & v 7 TGase & [FIffICHE
FREDBIINT DI04, ZUBSICEIT LTz, A v 7 TGase (2, HIEERIK DR —
AR THEL L7256, D DNCAUEDEITIZA 7 MU 2T TGase D13 D727z,
Z LT, 08 DIRINTSH AT HC DFERZRIHKRITIRD HIVRN o T, AHFFEICE
TIL, A7 MU X T TGase DRFEIZ OV TEEAIZIRTT L TV RS, AR > & TGase &
[FEk, A7 b X T TGase DRI S BHITHETTHHD LB BND, 4%, AT b
U 2T OERE L TGase IHFMEIZ OV THRETT 2 HER S 5,

Vb, AR CTHIWZ@EEE 7R v P, FERIZE TGase it fA 925 2 &
WHER ST, T LT, Ay 7 TGase 3Hh v rBL VA Ny X TK I AT Tk L
TR LD ICBRERISEEITSE D Ll LTz, T72bb, Ry 7D I A4 oS
INAT ML TDIFL AT, BRI DAENEZ I WD TN &
DR S AT,

(S FELIAT & L DR ORGSR D2,

FCIE, EAKD (1981) I2X- T, AEOFIVEREEL LT WAaRE, A4
DI WARFERH D Z ERESNTND, REICBWT, LR ERST, I
VY HC OBEERIEHEZ SN E b T DRy 73, B ThIuT o2
BIIGRRD DD Z L, IHIZEOERPGBAICHEEICERT 2 Z L 2P LN
L7z, £2T, Ryl oMRETHIE U X 2 RBRNGR0 LD O Cnt
Lz, AWefafllx, 74T A, ravavh, 70 Thd, WInd, WEEAOR”
REEH LT,
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Fig. 3-12 AG TGase activity against Mf of AG and walleye
pollock.

Myosin cross-linking reaction was conducted by changing
crude AG TGase content. The medium consisted of 0.5 ml of
crude enzyme with various dilutions and 0.5 ml of other
components including 0.25 ml of Mf from either AG (a) or
walleye pollock (b). Crude TGase was diluted with the buffer
used for extraction. Other conditions for the reaction were the
same as in Fig. 3-7. SDS-PAGE was conducted with 5 %
polyacrylamide containing.
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Fig. 3-13 TGase activity of walleye pollock against Mf of AG and
walleye pollock.

The same experiments as in Fig. 3-12 were conducted by
replacing AG TGase by walleye pollock TGase. Other conditions
are also the same as in Fig. 3-12. Mf from AG (a) and walleye
pollock (b) were used.
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Fig. 3-14, Fig.3-15, Fig. 3-16 (2= NENDOFMAKH % 5°C THRE L7, IA4A T
RGO DEACZ R UTe, T A F AR v 7 LRERIS, RAERIICIEZ 25°C TONE

ARFRNC D72, AT HC OEMERILSHEIT L, 4RI TIRIE I A2 HC IRHE
L. L2 L, BHIZMERIGIIRE B L, 4 BRICITEBEBRIGHTRD
N7l 7gotz, FAhT AT HYEHOGENCIEI AT > HC OZRE SO S B ISR
S, 1 BB CTHEBROSIHE T L TW AR Shiz, &5IC, 2 BEICI3ZE
RN EIERE S NS D, HC DR b BRSNS X OIZZ kLT, 4 RIS
FRETROONT, IA T HC ORMROBPHBEEND KOl khoTe, Ry,
TAF AT, BFERIC L D AUESC DI TR TH DT, T LD
TGase | L ZALBIZLREDEETHH T EDVRI T,

TV EHWESGS, TATARST AU HITHART, HELYHOEELETY
25°C B OZRG UG OMEITIXE -T2, L, TOEMIE L AR TIRIEE A E
VET, 4 AR TH EREAUERICDOEITRED bNTeDT, 7V O TGase |FHHLIY%
EThHDEHER SN, 2O DORERN G, FAFEIC LV 20 TGase DZZEMNER Y,
FEHNCAERT 2O TGase 1X I 43> HC LRERICARZETHY, ZNETHEY
FLJE ST T edr o7z TGase DTEDEEE, FREEN TV D HEIZKE < B 5 wThE
PENENZ LIRS,
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Fig. 3-14 Effect of storage of fat greenling Hexagrammos otakii meat on its
myosin cross-linking reaction.

Fat greenling meat was stored at 5°C for up to 4days. Salt-ground meat was
prepared form the stored meats and incubated at 25°C for up to 4 h. Myosin
cross-linking reaction was monitored as in Fig. 3-2. (a), (b), (c), and (d)
indicate the meats stored for O day, 1 day, 2 days, and 4 days, respectively.
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Fig. 3-15 Effect of storage of sea raven Hemitripterus villosus on its

myosin cross-linking reaction.
The same experiments as in Fig. 3-12 were conducted by using sea raven
meat. (a), (b), (c), and (d) are the experiments done with fish stored for O

day, 1day, 2 days, and 4 days, respectively.

78



HCn-

HC-

(a) (b) (©)

e —

ﬁuﬁ———“-hﬁ—odududdﬂ

. -
— g S et — G -

RN N A B e e e

SSRESNS 'Fsaa-sae-‘

0 051 2 3 4 0051 2 3 4 00512 3 4

Incubation time (h)

Fig. 3-16 Effect of storage of yellowtail meat on myosin cross-
linking reaction.

The same experiments as in Fig. 3-12 were conducted by using
yellowtail. (a), (b), and (c) are the experiments done with fish
stored for O day, 1 day, and 4 days, respectively.
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INEEE

B2ETIE, ARy rbET VT D ERIEL, VbR RN, £
DOFER, TIROR > 7m0 & L FERRIZ, ZO7 MARECITAL Y SR W T
RN EDPHERSN, TRETOMAEZIFFT LD ThHoTe, LnLRRD, A7
VEZHEETVE T, WEERLEEOLICTOEPNEREIND I END, eV mfE
DREDHANEN TV Z EMHERIND, £2T, AETIE, JEERMEERFH DV
TEE BRARE A OIEF IZREEE 2R v F 2, T TidRd, e L2V,
25°C TARMEMZ L 5 HC ZRERUSHEE & 2 BB L7, B =2 &1, 3 %R T
7 UNT X RI0S5%T T e — A7 AT E 220 L 9 728501 HC ZRAE RN 1 IRFRE LA
MN(25°C)N AN (Fig.3-1) 841D Z & &R T, ZiUL, Hy7r DR TI AV U ZREK
JEDRI ENTERMOHRETH Y, A7 MU X TREE2/HKT IV TROLND G E
ERTHEEFE LSO ThoTz, & LD TGase IEMEITE <, 12 unit & W HfE
(Table.3-1)235 54172, LavL, /KL 1 [FI4LEE-C 5.5 unit(Table3-1)IZ k& < Jgib L7z
DT, TGase DI¥REZ HKRIRICFHIHT 21T E LEEZZOEENHTL2FNRRNC
EDVRIBE T, TR v 730 FIFEAF LT D TGase iktEZHIE L= & 2 A, I
PEIE< L5 unit FRE CTh 7=, — RIS, 70 B T35 Clavkih UALEEAS 2~3 [alF2E
ITOITWD Z e, JKifi LALPRIZ L 5 TGase DI b RKE W RIS s,
Araki & seki (1993) %, Flix OAALE I OT D H O TGase IEMEIZOWT, 25°C T
17f%7=9 1 nmol ® MDC %7 £ F /Wb 1B A NZHV IAEHAIEMEZ 1 unit & E
F L THANTAER, A7 MU X T T, ARD 041 unit, 79 5 (SA )23 0.33 unit,
YT, 4 0.33 unit, 0.05 unit TH Y, KHELIZ K D TGase DIEHIZ X
HIEHEIR T 2R LT 5, AWFFECIE, 25°C T 30 43f%7-9 1 nmol ® MDC %
MC [ZEU D A EHDIEMEE 1 unit EEFZL CWDHOT, EEDOHODEBEOEIT
TER, A Y 730 F O TGase &M% Araki HDEFR (1993) ([ZHEDEFHHET
% &E005unit LD, et T 0ELEURETChH T, £, Ay rOFETLHIE
PEIZ 040 unit LHHE S, AT MUK THRELE LAREDOETHL Z L3bnd, 22
L, Araki H23HWRHHRN EOREDREED S D THTZIAHTHL DT, Iy
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& D TGase J9E b BEICANT-HRFBMLETH D L Bbh b,

SRR TP O 727 v 7T, 25°C Pz L v, HC ZEERDOIERK(F3-2)
& MDC BtV SAFIZ X 2 BRI et 628 HC ICiZ3(Fig.3-3) iz, UL, & 1 H H
DR v 47 TliE HC ZUERIER A E L < J8ib L, MDC BV iAZ HEMNTHR I S D R
ICETIRTT 20T, RETO TGase KRIENIEFIZKENWZ LAVRESNTZ, Ay 7D
TGase ITAN T CTHHMEL L THHLZbDTY, KENREETH-72Z &Enb,
R v TGase [IMMARRNZIEF NI ALZE Th 5 & ibim S v,

ZD &7, TGase IEMEDBIM/RKIGIZIL, Ry FICEENLIREMET 717 —EIC
X% TGase DFfENBEIG- L CWADTIXeWwint &z, a7 7 —EREAOKE K
VT e H—, E6d, XTRAXF U ADIFEEEKEE LHIEINCESLT
BEL, tRMFLIZ, LrL, WO ER S RE T 0 TGase &0 K7 2 4l 9~ %
ZEWTERD o (Fig3-8,3-9,3-10), AWML TIXIFHLSIN O T 0T T —E A
B2 —ZOWTIIRRT L TWRWD, Ry 7O TGase IEMEDKIEN T 1T 7 —EIZ X
% TGase HIRD 3 i#IC L 2 aragttidfuv & b s,

ZD XD IRAEZEIRAR v TGase WEFRR D E 9 7, BVZEMEZ NI AT b
X'Z TGase & Hilt L7z, ZDFEE, MCIZxd % MDC DHLYD JAREMIZ I\ T i
FOLZEVZZTRD HIVT, A v 7 ORI LE T 5 &9 55 (Fig.3-6)
TREbnehrole, £, A7 MUK T MEEZFEE & LTICREO X 4 3 2B RIGZES
WTh, 1 TGase IZZEITFRD T (Fig.3-7), &Ry 7D A o NRERINC TGase %
ZHFT RV TH RN LR SN, 72, CaTELRMEICOWT R URER

(Fig.3-11) TH o7z, & HIZ, MMAFER T TGase & I AL 258, JUENKIL%
RHZEITkY, TGase, Mf &6 6 DMWEPEERICZIRE ST TND D ETE-
ey, EBH6DTGase b EHL LD MFIZH L THIA L X OIHEH LD T, Fnliekk
EBRPUEITRO b (Fig3-12,3-13) Eikmms iz, 97ebb, Ay roItvy
DIEED AT NI X T O IF T AZHART, TGase (2 X DG X 12 < WIFIKTIE
RN Z ERER ST, R CHE T L7z TGase TIRMEA L9~ 5 &, @fEE 27k
o T RWETOFNAT N7 X F AR NCEVEEZ R L2, 208U 20V THE,
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ZEfEE OB W TRETT 2 0 ER S 5,

INBDRERND, I AT U OZEERIGZ 3% TGase DPERIZIHWNT, £
0 A D WEDRFRD LR NR y r ERRDWERNH DA N U X ZIZIIRE AT
WOLNRL, Fio, TGase DIE L7020 I AT OEIZE W TH KE ZEW TR
U &t S AT,

CNETOMZERICEY, LI WRaRICSHEIND a1, v adr, <33Tl
TGase (2 X 5 I AV v DEMERISRFBD HNRNEFOILTWDH, ZORKIZE T
TIEZeV, ZAUIZBWTIL TGase IEMEIZ 312 @m0 DS I A U HE) TGase DYEH %

2T 2N ENEH TH D (FIE S 1991, Nakahara © 1998), —7F5, v 144 Tid TGase
JEMER S &b LR LITNR, ARICZEICEEN TS T I /B THLT 1Y
>N TGase iGEZBRET 5 Z & A EEH T“&)é(Ni 5 1999), ¥ PN TIL Ca¥ NARE LT
WHZERHEATHY, CEDPRIMIL VBN D LI bT 5 EEbh T
% (F1E 5 1990),

Ry TIZONWTIE, TGase iEMEZ D H D, T70bh, TGase DAL KGN KR E 72
TR ThHDH EHEIND, F2FICBNTS, JBEY A OFRERER 7 &2 T,
IF TV HC OFMERIN IR CE o Te, TOEME LT, ZoORBRICHWZA
v, FEBREICHRA L7RR T, T CIBENE Z 5Tl Y, ATP HIREHAL T
W Z &b, TGase DRIGIEN 2 VAT L CWe bS5, S6iT, 370 il
IERFOKIG LALERIZ LV TGase 13 L7c, 26D Z 25, [RIUHRELYHOR Y 7
TH IA T HC OEEBRIERRO b -8l B2 bihd,

B, By rUSNORRIZOWTY, MEERIO X D REEFERRETHIUL, 446
FOSHRD BN Lonh, ARIZL 24T SIC LT TGase DRI Z B fE L7z
FRRNT LB T 5,
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HBATE Ry E LEOHRD IR L F O

F 3 FIZEBWT, Ml 0 E TIERO bR 723 LW I A 3 OGRS 5E
BEEEI L~V ORI o R L L TSRS Z R LT, £, 2O
EOREEEER y ot E LA ZKIEL T2 LI AT U RBRSERTEES Z
ELBIE L, ZOMBIIRy rEEE LEOEETHONIE, RV ENHFTE
DD BN TE D L ERL TS, THET, i 2BF O fRZ
DRIGERLE 95 2 L EMEE LT TIE, A7 b U X T TORIBNZ 2 B0, SR
TOHNEELR->TE, FLEIIBWT, RMHHLEDOTHL VB AT LA D
M RALERLE LCORMMAE B E LIEIE T, ZOFEEZHWZ, KifiL Tz
BT OHIORE LN, e LEAEZHWDIHRLH D, oLz, KiiLD7
DOLEE, PAKUENRETHLHZ &, WENKESRD I L, MARARAELTWY
D BRI EIEH LN ETE 5 e ETh D,

EREEEAR y g & LB O I AV VBRIERUS, Ry a2 L ARE L7272 TRES
KT 2L MEICEE Lz, & LYDOZOREEZFIAT HI2E, I4T 4496
B, ®DWITRVERZERSED Z LR RETE L HANOBIRNLAE L 25,
ARETIE, Ry Lyomig, HHRETIZEIT S TGase K&, BRI, Tihvx
KT D7D DOFEUACOWTIRG LT, £z, @EEER » 7k & LE O @GR
REATE ) L7 7 /WIS S DWW TR LT,

(1) SRR > ke L DAy 2R

FERRBEEANI DR v vk & LA 2 WIS, WO PIRINEPICERE 2 I 4
DERISAE 5 2 L 2 R LIS, ZOBENMES L owtt: ERE, T7bb
MY IR EAE S TN DDA LT, FEREENIIADR » Jr i) 655 A (2.5kg) 2
WL, S—FFa v X—(BA36mMMITELTHEE LEE Lz, Z0O%E LEIZ3%
(w/w) NaCl & 5 mmol/kg CaCl, Z ¥ L TR ZFHEL L, 1B 512 25°C T PNz pir
ERFIT > 7214, 90°C T 30 /RN L C BBV L &2 BlE U=, 72k, milils v
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0 H(EBESEEER), R)TIE, LV RPRBD NN L LR LT,

Fig. 4-1 [ZEMEEETR » 7k & La ) BFRS U 7c ZBINENT L ORKIMTIREE & I KrI] 7
o LTz, MRS I X TR NEN 1 R C 4439 £ T EF-L, TMEEIT O\ EINEL
TND LT EHZHR Uz, £, WAV T 0.9cm 225 1.2em (ZH#N L 7=,
LarL, TINEEZ 1R L 0 & <ATH & RWrmREE & v 23 & bigdb Lz, 2
NHOFRERIL, BER Y 7k L 220 E ZRHT 254, 25°C TO PHInEeR;
AR ERFRICERE T RETHH T AR L TN D, ERDTZOI T, Ay
TR T 0O B X TN U C & INEV L OREITREE & AT A IR & & %
AR LT,

(2) EEEER v ik L LERAFEH O TGase JIFITHkT 2 VL E h—1 D
HIEH

A N Z TR0 IR E SR ORENIINE N2, ZOfFEEF bIC
VIVE N—IWEIREEIR A MO X T I AV U ERELSE, BERTFTROI A
BEWEIHI L CTnd, ZHICEY, BT FI37VERRRE A Kb T I RIS RS
MARBE 72 o T, Ry T DIFVAFIAT NUX T LAEDHDHWVTL Y AN LZETHD
T EEE1IEORLIE Ry 7 O% L LR VIBERE 2 iR S8 5 720121,
A7 NUZTHET O FORERC, YLV E b=l D I AV ORENITINETH
5o EHIT, FITIIBW TR X 91T, By 7o TGase 1LIEFITRELET, ¥k
1 ACELLKIETDHDOT, Ry FADI AT VIRERIE, 6250380 2h5F % Hafs
S5 72DITIE TGase DZEAL B RIRHIER S D MENH D, VL E h—/LZZED
L RBERENR B B E D it LTz, 72 h, TGase JJEICxtd % VL E h—1L D
NI OWTC, Ry WA W TR, @EEEAR > 7k & LHITHIREEDS 0.3 mol/kg
7D LTV NE = L&A L TT5E°C THRE L7z, Fig. 4-2 IZBR&wI, tRE 1 B
DL L OBEERIGE i LT R 2R3, REORE LEIE, ZhE Rl
F 91T, FEFITHRN I A2 DIUERIS TR B, 25°C PIiEN L IR TI A
HCIZIHK L, Mo T77e I A4 v VARG R BIEE S 7= (Fig. 4-2a0), LU, (RE 1 H%
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Fig. 4-1 Setting effect of fresh AG meat.

Salt-ground meats of fresh AG (O; 140 mg protein/g) and
commercially distributed AG surimi (A ;100 mg protein/g) were
pre-heated at 25°C and heated at 90°C for 30 min. Breaking
force and breaking strain of the gels were measured as in Fig.1-
2.
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Fig. 4-2 Suppression of TGase inactivation during the storage of AG mince
by adding sorbitol.

AG mince was mixed with 0.3 M sorbitol (b) and stored for 1 day. The same
mince without sorbitol (a) was also stored. Salt-ground meat from AG mince
without storage (a-0, b-0) and with 1 day storage (a-1, b-1) was incubated at
25°C. Myosin cross-linking reaction was evaluated by SDS-PAGE. HC,HC2,
and HCn are myosin heavy chain monomer,dimer, and polymers, respectively.
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(VIR 72 BRRE RGO T 235788 B 417 (Fig. 4-2al),

—J, VB M—RIEE LY TIE, RERTOZRERINEE & LI, I A4
2V HC ORITAERMT /20, &R ERBEF IR SNz, £ L OMER
B DL, FVIERRICERT D X O mar 1246 b IER S #L7= (Fig. 4-2b0),
VL b=V & 0 BB SUSE O b DRSS S 723, U, M5 (1993)
MMELTWAERT X TT O HETROIEEREF L TH S, RE 1 HEOZEMEX
JNE, PRE RN A TR 1 7R BRE RSy DTERA R ONTHEAT L7223, %L LA Ok
B 1HRBICHART, IA VU HC O ZE&EKR EOBKNLBD I, YLE h—
JWEAR gL LE O TGase JE 2l LT D 2 &R SV (Fig. 4-2b1), 24 H
DFERING, NEEIRR 7 O TGase DIAEIFHEFA DU TH S ([N T X 5 mlgEME:
NEm< ol

FAR~O Y VE = AEINC LY, v TGase KIENHIHI SN2 &nh, &6
(2 TGase =Dt DDZEEMEIZ KIET VLB b — )L DR 2 HEE R 2 O TR T
NPz, Wy 7B IR U T BRI R 2 JRE D Y L E R — L ZIRINL, 65 R &
T5°C TIRE L, TGase IftEDEALZ B L7-, Fig. 4-3 ITREHRZ R LTz, RERTOH
[ D TGase {5MEIL 28 unit TH 722, 1 M YL E b—/LFE FCTHIET D &Ik
PEIZ 20 unit & 720, ) 30%DFHENGRD bitlc, T7205, YAE h—LZDH 00N
TGase {EMEZ HHIHITHZ L 2R L TWD, ZORRIT Fig. 42 IR LTEHEE LD
AV UBRERIRIN Y IV E N UEE N T SN D FEEFFTHH DO TH-
Too MBERKZZDOFEERET DL, EEIIREYIRINE R DIZOFUR T L7223,
HAFT 5 Y Ve M= WREOHINE & HITKRIEOETIIIE Sz, 1M Y LE F—
JVIE T CHIB R 2R fF T 5 &, 24 Reffif5 TH 80%DIEMEZ, 63 Rl TH 72%D
[EMEZR Lo, ZORRITY LV E b= LSRRI TGase DRIEMIHIL T\ 2D Z
EERT, £ IT, MHEHWEM & E BN D72, RE T O TGase Jifi & —Ik X
ISR E BTe U, FEHE & E ' L=, EORR% Fig. 4-4 12”7, TGase 5%
FEIEPEDXHHUE & GRAE R ORI IEARBIR G D, —IREOG & W C OGS EE Ofif
WS ARECTH o7, T2 T, BONIZEMMOBEE )5 TGase DRIFHHE (kp, sec™) & H
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H L7-.1mol/kg Y /L E R —/LDIRIIT, ko2 9.5 x 10 735 8.7 x 10° £ Tl L, TGase
13K 10 el S d Z EDbnole, EHIT, B koD YV E h—/LREIC
®BH7 vy b Fig4a-5 1R Lz, &b =m#E ORRIZ FICOlifR e /e >7-0T
(Fig. 4-5a), KI5 (1981) 2MHEDFRIEIC X5 X A BMMHIER OB Z2 7R 7280

ICHE LI FIEICHEL T, kp OXEEE VL E h—VBEIZx LT ey hLizE Z
A, WiE OMICERRBIRMS b - (Fig. 4-50), 37205, YL E F—/L® TGase 23%
PHIER TR E AN BE ShiuT, EEMICTITE 5 2 LR SN, 1molkg ~
JLE U XD EZEITH 1 B0 ) TH Y, ~A T ov DI 4
AR Ve M= OZEMEIHIERISERL L7 ECRIR & 1981) & 72 o 72,

() YVE M UIRIAR » k& LY OBFEREIC L 24 0 SR OHER

RS » g & LEIHRG RS 0 & TIEER O Hipvy 25°C Tmhnzsc L 500
BTN OYMESGE, TRb LA 0 RNEO b, MY RS LTHWD Z &
ERE LIS, TVEREEZMERR Lo T & LA 2 BHERE T 20 BN EE R
METHD, & LA~DYIVE M VIR G E D X A DLRRESOG % #E
FFsEZenn, FLEI)CmEh 20l EHER SIS Z ERTHRIN, £
ZT, EEEER Y S LEIZ, TV HIZHEL T, 10% (Ww)D Y L E h—/L &R
L, 5 » HREERE Lz, 20, TGase DALESZEEL, —MRENTHWS
N5-25°C 1INz, HBEIRD-80°C TH s HE L,

F9, VILE = RNEE LTI A U E R EEN DI L TS Z L ATk
WD, BHREREEE LY OEEMIZHRE Y R— MMHZFRRL, Soh/h
EFVFR— MR, Z U3 sBE L Ca¥t-ATPase it 2 HIE LTz, Fig. 4-6 [ HAERE
TV & LE D& 37 BB (Fig. 4-6a) & Ca’'-ATPase 51 (Fig. 4-6b)DZE{b AR LT=,
Z N EEITOVTIOBRETH R E 70781370 < (174~189 mglg), AE IR — FH3vk
ELYDBIRFEEMCH SN Z RS Te, ZOLOICLGHE LEAREY

— R &2V, Ca¥-ATPase iEPEZJIE L7-723, W OBAERETRE THIRE S5 » A
ETITUTE A ERIFEITRDO N oTz, 37005, 10% (wiw) Y /L E b —/LOEINZ
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Fig. 4-3 Sorbitol concentration dependent suppression of TGase
inactivation during the storage.

Crude enzyme extracted from fresh AG meat was stored at 5°C in
the presence of various concentrations of sorbitol. TGase activity
was measured at 25°C for 30 min in the following medium; 2
mg/ml MC, 0.5 mM MDC, 5 mM CaCl,, 5mM DTT and 50 mM
Tris-HCI (pH 7.5). Sorbitol concentrations added are 0 M (),
0.25M (A), 0.5 M (), and 1.0 M (O), respectively.
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Fig. 4-4 The first order inactivation of TGase activity during its
storage at 5°C.

TGase inactivation was analyzed by assuming the first order reaction
mechanism. The data in Fig.4-3 were used to make the graph. The first
order rate constant (kp) for inactivation of TGase was calculated by
using the relation, kp=(In C,-In C)/t, where C, and C, are the TGase
activities before and after t second of heating. The same symbols as
Fig.4-3 were also used.
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Fig. 4-5 Effect of sorbitol concentration on TGase inactivation.

The inactivation rates (kp) calculated from the graph in Fig. 4-4 were
plotted. Inactivation rates (a) and their logarithmic values (b) were plotted
against sorbitol concentrations.
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-25°C TH-80°C TH 5 AT I AT VM2 +/3ITHfl L T\ D 2 & D3HER S 4Tz,
Fig. 4-7 |ZHAERE RO & Lo TGase iEMEDOE(L 2 1B L 7= 2R L,
W& L O TGase IHMHEIZEFERTOTEMED 15.4 unit TH-o72H D23, 5 A% TH-25°C
DOHGFEPRE T 11.7 unit %, -80°C HUREIRE T 12.2 unit DIEMEZR L, m\VWIEMEZ#ER L
TV, [FUHRERER L LETho I 4 VBN E S b OREIRE THIRIERAI
IS TN b 2B 2D L, TGase II AV VU EICREETH D Z ENHEE S
iz, D &, 10% (Wiw) YL E b —/L&ZFIN 5 2 & CHASIRE IS 5 - A
FREEThIUE, -25°C THEMEER v ke LYDAH LTV TGase 1% 7372 0 #E

FFC& 2 LWLz,

(4) Ve b=V Y Tk L L OBGRTIRE I K D 7V IERGEE DAL,

YOVE R VAR L CHAERE Lotk L LE BN E A SR 2 RT 00O
TR LT, BRERET S LEIZ, CaCly (KIREE 5 mmolikg) & ZRBE/KZEINZ 7121,
AHEEITKR LT 3% (Ww)?D NaCl Z¥shin L CHAR (2 237 B 160 molg iH3%) %
TR L7z, ZORMIAE HIZ 90°C C 30 Sy EINE L CREINEV S L%, 25°C Tl inELA
2 IR T > 727212 90°C T 30 2 [EINEN L BBV V28L& LT, 1S b7 nEs L
DOREWHRE & AT 22 1E L7z, £72, 25°C PlaiEERRTIC X A48 0 2hFic>n T
HEEMNC G L7z, -25°C T 5 » ABFERE Lok & LEZ MV, LD & [RERIZAM
ZREL L 7=, ZDEE, 3% NaCl & 5 mmol/kg CaCl Iz CFuT 7 —¥A v b X —
D E64 % 200umol/kg 272 % & 9 Wi L7z, ZHULFig. 4-2 1238V CEAESUSIZN £ T,
LoD IF L UEDRRD LTI, DI AV UNROEEEI L 2O TH
%o WD Z /37 BIREEIE 130mglg & L7z, ZORMIE 25°C TAMINENE BT E O
[#47 > 72, 90°C T 30 /rfIME L BV N 28l Uz,

Fig. 4-8 IZHFSIRE RO & LY DT NIERREDE LA R LTz, RS IRERIOW & L
BB U7 ENEV VLT, BEEREE S 273 g, BTN 1.0 cm Th o7, B
INET L OEITZIZ31 5409, 1.2cm T, SR 0 GRNRO BTz, 0% &
L& OREWIREE & AW % 5 7 A BICIE D BAERE HICIZ & A E2 (LT, +507%

92



Protein content (mg/g)

50

(@) (b)

E’O.ZO
=
£ 0.16
___@ _______ " P % '
O £
=1 Q) - ___ -
: 2012 @ogeacaa@eoaaage
=
g
- S 008 r
3
=
L < 004 t
U
@)
1 1 1 1 1 OOO 1 1 1 1 1
0o 1 2 3 4 5 6 0 1 2 3 4 5 6
Storage period (month) Storage period (month)

Fig. 4-6 Myosin denaturation during the frozen storage of AG mince
containing 10% sorbitol.

Frozen AG mince (1 g) was washed with 40 ml of 0.1 M NaCl, 20
mM Tris-HCI (pH7.5) and the washed residue was homogenized on
physcotron NS-10 (Microtec co.,LTD) for 2 min at 15,000 rpm.
Protein content (a) and Ca?*-ATPase activity (b) for the homogenates
were measured to evaluate myosin denaturation in AG mince. Storage
temperature used are -25°C (O), and -80°C (@), respectively.

93



[E
[op}

[EN
N

[e0]

TGase activity (unit)

N

Fig. 4-7 Change in TGase activity during the frozen storage of
AG mince containing 10% sorbitol.

AG mince was frozen stored for up to 5 months at either -25°C
(O) or -80°C (@). AG mince was homogenized in 2 volumes of 5
mM EDTA, 3 mM DTT, 20 mM Tris-HCI (pH7.5) containing 1 M
sorbitol and the supernatant obtained by centrifugation at 20,000
xg for 20 min was used as crude enzyme. TGase activity was
assayed at 25°C for 30 min in the reaction medium consisted of 2
mg/ml dimethyl casein, 0.5 mM MDC, 5 mM CaCl,, 5 mM DTT,
and 50 mM Tris-HCI (pH 7.5).
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Fig. 4-8 Gel properties of the thermal gels produced from frozen stored
AG mince containing10% sorbitol.
AG mince containing 10% sorbitol was frozen stored either at -25°C
(O) or at -80°C (@). Salt-ground mince was directly heated at 90°C
for 20 min to produce directly heated gel and other part of the salt-
ground mince was incubated at 25°C for 2 h and heated at 90°C to
produce two-step heated gel. Breaking force and breaking strain were
measured as in Fig. 1-2.
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YR DPHEFF SN2 EE Th o7, £z, BHRERETEN-25°C TH-80°C LA U X
INCHERF S NLT= DT, BH OWHESRIFCTHAY IR ZHFRF LT FHRBRE C& 5 2
ERbnhoT,

Fig. 4-9 ([ZHFERE 5 7 HRIOAR » 7k & Le O ZBUIMENT L ORI EE & i
IRk LTz, NN L ORRIErREL 1% 2759 Th - 7228, PRI E < 725 & kg
FEIZ ER L, B4R CHI 3 f50D 8260 ICHAR LT=, Z DfEFRIZIED Fig. 4-1 T/RL
TR Ttk & LY DO ORI TIIIME 1 RFE CRREICET S L0 ) fER &1
%/ HI o723, VIV E h—/L % 10%WIW)TSITT % Z & T, 25°C TiInEH o TGase
DIFEDIHI S, REFEIZDIZY, ZOMEESHERF SN TS ZEHER LTS
DTIE7WhE Bbind, TIROAK Yy BT D HIZHFE UL O REOREE TS
NTWDA, <A ERANGED HIRVN(Figs-1)D T, I CTIHRET 2R1IC TGase
DIIEL TS Z ENTIENT, FT, E64 ITKD I AT OO fENINH ST
2L B LTSS LIV, BEEZIZ DWW T S, 25°C TNEARFH] A3 & <
R EPER L, MNEA2 R 1.2cm 205 1.7em ETTHN L2, b OfERIE, %K
LEHHLIREZFR LT FERAFT DI NE b=V ERINTHLERNH L0, [F
RFIZ YV E R — U IR O IMEH O TGase {EMEDIIE HINHI L, S HITKE 040 %)
For 5.2 D AREMED R S HLT,

Fig. 4-10 ([ZHFECRE 5 » HI O KR v 78 & LE O 25°C FARMEVR O I 43 v DR
RIS DEALE R LTz, AT OBUERIMADTERITINEL 05 K THBIZ SN,
TARMELDFREIZ LD HC 13k 2 12 L, ZUTHEANTE RV ES RGN L
T=o F77, PHEEY E64 ZIINT 5 Z &Ik 5T, Fig. 4-2 D E64 RO &%
ELE DO TR TR SN I 4 v v ORI S e o T,
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Fig. 4-9 Setting effect for froze stored AG mince with 10 % sorbitol.

AG mince was frozen stored for 3 months. Salt-ground mince containing 3%
NaCl, 10 mM CacCl,, and 200 uM E64 was pre-heated at 25°C and heated at
90°C for 30 min to produce two-step heated gel. Breaking force and breaking
strain of the gels were measured as in Fig. 1-2.
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Fig. 4-10 Myosin cross-linking reaction detected with salt-
ground mince prepared from frozen stored AG mince containing
10% sorbitol.

The same salt-ground mince as in Fig. 4-10 was incubated at
25°C. Incubated salt-ground mince was dissolved into SDS-UM
solution, and myosin cross-linking was analyzed on 3%
polyacrylamide and 0.5 % agarose containing 0.1 % SDS. HC,
HC2, and HCn are myosin heavy chain monomer, dimer, and
polymers respectively.Numbers after HC show polymerization
extent.
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G)EEEER » 7k & LEIRAIZ L 2 TIRMEET O & D5 BRI ORI

RfERER > k& LEOAF LTV AIEFIZEWEESISNE, A0 2hR 2 A2 FI A
TH—=2o0 B L LT, ZOEMERy rke LY EZ 7 VEBROKT L7chod v &
IIRA L, ZAMSEN S LN L INNCOWNTHR L, V=T8T, 247w
XZ, Ry Iz, THYIOHKTVHETHD, TV AmET D HITAAEN
RWZ EDRERT, ARE CAEEINDIEHRTVETHLD, LV RIBRBD LR

EFHIi SN TWHRETH D, % LEIRAHBRICIESLD, &yl TGase 73491
F O M L TORERICZ R~ et Lz, BIEICRBWTS, @EEER v 773
MO L7z TGase 134 v 7 LA h X7 MEIZRIC LS IERT A Z &2
7eh, TIZTCIE, BIEMZRFERRLE LT, mROBFEGIT D IO L2 Mf &1
Wio, £/, T2 TIEH TGase OMVMEA AL EE 5 Z LT, fHlx DfafEd Mf IZ[F]
U K9 RGOS AR T E D et Uiz, Fig. 411 ISR EZ R, myr& A7
MU T MEISH L TIE, 2 E TORBRGR & FERICH U TGase #INEN A L Th
AUZE, FIC & D I G SOSER DI R ST, £, TAY D MEIZXLTH,
A U D TGase I CAUBIR DL FED BTz,

ZZT, @EERy SR E L ZATIRT D HITIRG L, TV OUGEER S B
ZINIOWTHE LTz, @EEE R v %k & L, BEO, &MY 12 3%(W/w)NaCl,
5mM CaCly, 200uM E64 %z CHIR (72 A% < IR EE 150mg/g %) %2 E il
L7, £, BEEERy F%E LY L&TRT OV HOTAMXSERENENEN
75mglg & 725 K O IZIRA L=, 3%(wiw)NaCl, 5mM CaCl,, 200uM E64 % il % C
W2 2N 2l U, £ 7T 2 F » 7 lgsan(BEet 3.7cm, & & 2em)i2 F5iH
#, 90°C T 30 4yRIMNEN L 7= EANEVF L & 25°C C 2 B o P4 12 90°C T 30

YRINEA U 7= B L & Uiz, Fig. 4-12 [ZELINEVA L, Fig. 4-13 (2 B inEvVr L
DOUEWrTREE & M N ATt 58 v & LEIRINIRE R LTe, Ay e Ly

(Samples a, LATFRIL) 75 8GE U7 EINEG L OREWHRE, 36 L0, i Ax
FREN38Lg, L0cm Th-o7m, ZOfEIZA Y 740 H(b), 27 hZ 54D Ef(c)
T 190 B (d)DORTAEIC LR TH LT E DS T2, AT O DO
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MEDEBEEZXOND, Ry LB LRy T TVHIESGE), Sy okl LEL
2 O TT VRS ), Ry ke Ly &Y T 0 HBIRAQ)DEME L
DOREWITREE & BT, Z A VEIM T DAL 72O B ((a+b)/2, (a+c)/2,
(at+d)y2) L HFE%E, b LIHRVMEEL 220, EEER Y 7% L Ly ORIEIL4e
<D BRI -T,

—7J7, Fig.4-13 (2R L7z BNV L OREIHERE, B LY, WA TIE, Sy ks
LE@)IE, TN 7459, Lacm L7220, MR IEINENV L OR 2 528K L,
Bl &0 724 ) WD R ST, R > 790 B (0) DIWrREE 1L 238 g TH 7203,
e LEER Y T HIRAEILST3gICHE R L, ZofEiIF vy 7EE LY (@)
DORFENSILT L TWDEN, FyrEe LY @) Ed v 730 & (b)o M) (a+rb)/2
D492 g LW K&, Fy e LYRINEHRE v 730 o7 vipttzm Ex
HZEERLTWD, FALEIIT, AT MUX T30 H(C)DOmEBREE 318 g 234 > /-
W LA NUXTTOERAMBST gl LAL, Aokl LF@EAT Y
2740 B (Q)DHMIEE(a+c)2 D 5329 LW K& 72»7=, LirL, THYIT VY
(d)yD 262973, Ry Tke L& F Y730 HiEA(Q) TIL463 glZH R L TWDH 3,
oy gL L) & T4 Y 1) H(d) D AT 504 g THENTIRWMETH - 77,
EEER Y rEE LEIE, Ay, B, A7 X703 0 HZk LAY [ E
YER DR L=, T HY I OT 0 FIIIER 2R E R0 ->T20T, YERITHEMT
Iz &, bbb, EHZ%T 570 AMOWE L EST L 2 Liibiolz,

AR vk & LB BN TR TR B L B~ TR 22 00 EFIZ K0 RE R B8 0
bivlz, T7hbb, Ay T H@E AT My X0 HDO)OEMN AL 09em Th -
7o, Ry LB ERETHE, Ay Tk LEQ@D7T Lacem &IZIEFR U E
TR L7, L L, 7Y AT 0HEMIT07Tecm bRy rkE Ly LTIy 340
ERA (@)D 1.0 em [T L7228, A (a+d)2 © 1.lem EEb L 7o T2,

PEARD (1988) X, A7 hUX T a4 0 HORET Y HIRTIET LD
WRBTIREL & BTN A DB, ZZnOd 0 HORIEDOFE LRy, BT VB
REEZ AT 2TV HZRGLTY, FABKEDS LT 0 D7 VgL H LS
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HR3 0 B &S B (FE R L) TIRA L WO T W\ Ty vtk ot #1340 72
<, HEIRAOTESMABMER EICHEhTH D LA LT 5,

AWFFEN D, TGase IHEHEDEWVEBEEAR » ik & LY ZIRA LTIGE, 7 /VIBAGEE

HLHIRA v 730 HOT IO UCENR IR S, £ LT, Ziudmgvs

JVOREWHBREC L0 BRI A ERI R ThH -T2, 72720, FHYIOT Y H~
DOEWIMBFRITIFE A EROLNT, ZHETORMET Y HIRAGEROMER L L=
LOTHoTz, TVHFOLED XS RIKTN, ZDOX DRz b7z bT7-DITVAE
PIBRREE TR TH L0, I AT OEWENT VIR T S E L5 L0 ) FEND
TGase IHEZ K-> TNThH, FIVBROT-OD I AT S RERICHER S TWnWb 2
EMWRTR DY LIV,

101



(a) (b) (©)

HCn-
HC2- et ) D gD e e
HC- o b | N - e S bl b

.- [—

shatebadd LT (ST

0.0 02 03 0926 58 00 02 03 0926 58 0.0 02 03 0926 58
Crude enzyme added (unit)

Fig. 4-11 Myosin cross-linking of Mf from various species of fish by AG TGase.
Mf was prepared from commercial frozen surimi of AG (a), walleye pollock (b),
and long shanny Stichaeus grigorjewi (c). Crude TGase was prepared from fresh
AG meat. Myosin cross-linking was assayed in the medium consisted of 0.5 M
NaCl, 5 mM CaCl,, 5 mM DTT, 50 mM TrisHCI (pH7.5) at 25°C for 2 h. SDS-
PAGE was conducted as in Fig. 4-10. HC, HC2, HCn are myosin heavy chain
monomer, dimer, and polymers, respectively.

102



800 1.8
= 600 T
g 12
(&S] o
S I M _ _
=, 400 | 3 M
£ =
= —
5 < 0.6
— (5]
M 200 = o Iy
o b d 00 = ub _ ac ¢ ad
ah | a:c ¢ ad ah  acc ¢ ad
abcdS e f 50 abcdS e f5"0
Samples Samples

Fig.4-12 Effect of AG mince mixing on the thermal gel production by commercial
frozen surimi.

Thermal gels were produced from frozen stored AG mince containing 10%
sorbitol (a), commercial frozen surimi of AG (b), walleye pollock (c), and long
shanny (d). Thermal gels were also produced from the mixture of frozen AG
mince and commercial surimi at same protein concentration (75 mg/g). (e), (),
and (g) are the mixtures consisted of frozen surimi of AG, walleye pollock, and
long shanny, respectively. These salt-ground mince or surimi were heated at 90°C
for 30 min to produce directly heated gel. Breaking force and breaking strain of
the gels were measured as in Fig.1-2. The mathematical averages of the respective
samples were calculated. These are shown as (a+b)/2, (a+c)/2, and (a+d)/2,
respectively, where (a), (b), (c), and (d) are the values obtained with the respective
materials.
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Fig. 4-13 Effect of AG mince mixing on two step heated thermal gel
production by commercial frozen surimi for gel.

The same sets of experiments as in Fig. 4-13 were conducted by introducing
pre-heating process in thermal gel production. Salt-ground surimi or mince
were incubated at 25°C for 2 h and heated at 90°C for 30 min. Breaking
force and breaking strain of the gels were measured as in Fig.1-2. The
abbreviations and types of columns used are the same as in Fig. 4-12.
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INBER

F 3 EIZBWT, SERMEEAM L~V OEREE RS Y kL LY 2 AW2EE, K
BB AICBEE 72 LAV VBB X 5 2 & & R L7 (Fig.3-1), AF T,
TEOINEAT IV EARRR L, FERRIZAE D SRR LT, 25°C TO TARIEADEAIZ LV
TR & AT A KB I CHM L, RS0 SICI3ER 0 DAL o 7248 0 2h 3 - fife
WD ENTEE(Figs-1), TOFREEMNS, EEFER Y FEE LEITR Y IEEA
T HENTHR D BLEAELE L COEHREIRFCX 72,

FIEIZBWT, & LYFD TGase KiHIE, TORLEINHEBTH D Z &3
ESINTZDT, IF T OREEHOURD 1981)23F8D HAL T\ D VL E h—/ U
£ 5 TGase JHEHIHIIFIZ OV TG LT, & LHFICY Ve h—LE2RINT 5 &
AR E R D TGase JIE M NI S 7= (Fig.3-?), HlEERIR % V= VL e b —dshiak
B G, Ve h—/L 0 TGase KIEMHNEMIZTERINCTHITE 5 Z L bR TE 2
(Fig.3-?), & DAERIZ ZAVE TRHEAMITHIZE SV TN D X A 3 k3 2 DBV M
HEIFFER U THSTDT, X\ EORENRR->TH YL E h—/WEFRERICZE
PRI Z L AVR ST,

WH, WET D HOREETIE, EE LEEKIELAET 52 Lk, ARFICE
FNDKEMES R, RS, TR, AR E OSBRI S
EFRUEC IR & X7 B ORKEC X 2 7 VIERRE DSRILX 53T B (KRR
2003, [dH 5 2008b), F7=, 7NV EIRET 2WE ZRET D 2 & & KNE LB D
BRI CTh D, @EEER Y 7k L L O WEME A E LTSS, Ay rfalics
FNTWOLRETOIDERFE LT EERMRE N ATRENE I DAL ENEETH
D, £IT, YIVE M= VIRINC XV & v 7 @fEEE & LY OmBRE I B
REDSHERF SN D DRFT L7oRER, BSEIRE 5 » AR WT, 10%(wiw) Y /L e h—/L
WINZ X0 A > 7 TGase Kid 1398 < Il L 72 (fig.4-?),

2 N E T IXHRERE IS R ) ATF AT 2 A F 2 F(TMAO) D HEfE ) 45 iR
(ORAT S 200212 L 2V AT VT & RAERMPHA Y R0 BEEESE, FVRAGE
BT D & SN DK 1974), Ry TIIF AT N U X T LRIFREO TMAO 235 £41
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TND Z EDREEK 1964) STV A 720, BFEIRE T 5 BN RE S,
L, EEITORD->720, TMA X DMA IZHKT D206 DR5ITL5 » AMET
TEREAIICERD BT, BT VIR & R FEBROBRERE IR E KT Lgd oz
DT, BAFT 5 TMAO O FRIE = OFFE DS ChHIUTE DREIIME L CHL B
WTHAD LY LT,

RETIL, @EEER Y 7L LY DOIEFITEOIIGELUGTE, 40 B R 2 A0 HH]
TH—=20B L LT, ZORMERy rke LY EZ T VEROK T L7chod v &
IZIRE U, 7 VIPESGE DS B AL D DN OV THRET L 7=, BV L A 1ERR L7358
A LT R OREWIRIE SN 74 S IZE TN ORE TR LN FEOEE R LT
(Fig4-12), T720b, @EEEER Y ke L ZEMET MFIHT 5 A Y v MIR
SN oT=, Ry D TGase 1%, WA "X T, wyrr, FTHYHOTH
MO MF ISR L, RIU X912 4 VG OG & 1 T S H 7= (Fig.4-11),
FERIE, IO HR3ATET D H O WVIHLGEIZB W T, FHIRy 7R T D
B RN LR BT, Y7 TGase BAFEET UL, A4V U ERIG
P Z D ATEEME RIS NS, Z0), ZHHHIRT Y HICk§ D EE s v 7%
& LEDIRAE, ZBINET VD7 W SCE R IRE S 47z, 25°C T 2 RFfE T
IENEVA B A LTz BV LV ClL, THIRD AR > o, A7 MU X2 T30 F & izl
A, TNENOEMTH LIZEL VR 1.2 fFE VW ERSE SNz, = ORI E
W E ODFHITEE LA, I AT OUENE X THZIUTEA LT R 55
NDONDEmbUNETH D, THY HIOTOHITH L TIE I AT o BAEIER IR
BIDDIZK LT, LOIRNBD LNRNDT, TAERKT DI AT O R

FEL ALY R RIS 52 T D ATREMESE ST D

ARG LETERFDRERLNDT, EHICEMER Y 7L LHIZEENTND
i TGase T MEZFIH L7280 hR OB NI 2R LECTH D, ZHET, Fy
IO HIIEVIEREZ RSN LD, A7 NUXTHET O FIZHAR TRy 7o
M E L IESFME SN CE 2, 202 &R, Ry rmmd v HibEcs T 5
JFAOEY, EERRYFPDICESDENNRNWTEZEATLH D, AFRICE N
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T, Ry TARKOET HENTMENT VIERGEEZ Bl & T2 LIZEh L= Z &
Z, MOESET Y HIZRINL, LVREMETDHEVOIFHEDRE L, Ky
FIZIRDT, ZHET, KMz T CTE2flx ORBEICONTE 2D X 5 2ELED
SOFFHBSTHO L MLERHA 9,
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A
LN A 7 X
e =1 Z

vl

B XTI E N, EORMPMENTEIGTH D, YROZ LRND, £
NENOAEFCEDEBERAN LN TWS, EAAOHREL YL Lk
BECEERER S 5, MBEOFEMMETHL AT MUK T, Ry EOKEIC
HWEINDLODMIZ, ~XT, TvA, A1, H=, "NEINE, Fo¥x =i
EHER G L oo T\ D, ZOWRIETIE, TOABRKRIZAER LTV BOM
M2z, ThLUSNOREDIREL WH B CIRET S Z L1k b, BRI M
AN ZRYNE S AWAY Ui G A N & o g Ve /a3 L o1 11 KX SRS SR N S At oY WA WA RN 4
BOLAITZOFE FPICEEWETET) SN TLE Y, M ETORLNZZEM,
M, BENEEEZD L, BIENRINSE BOZ DD, ROIKEEIEFH OB
MOIIRENRZVWEETH D, ZO LD RRPIZENWT, T TICERE L THH I
TWHRARIZBE L TIE, S6hsmERNM%Z, £, BUED & Z AMEIMEV 72 D]
ATV EE CHRE SN D RFAMAREICE L X, Ho7eR2EE LTOARR)
MHAOBLEN S D RO BN TN D,

551 T, BUMEILEE O E RO M 30U THER 2 BIRE S T D 15A)
RfachsroranarbvA, FH4FI, A7 HIHOIMFMEIHONT, ZhbOARA
BT 0 HEEE LTRSS Z EEEL, ZRENORNOF IALEHEZ B 52
IZ L7, RO ZNERIZI AL B TWDN, ORI FNEREEDK T &
FlEEZd, 22T, FEAHADIPEMEICEE L T, 2 b 3D I A OEZEN
, A7 NUE T ERIRICEHME LTz, SMARORELZ KT 27 7 F o LG L4
RO I F o OEEMET, 3L b 2 h U Z T LIZIEE TR E(Fig. 1-1) Th - 72,
I, WIICEBSNIREBEARRT 2 IF T U ZDbDODOREMRIIA T N X T
ERED, FNLL EICRZETH A (Fig. 1-1)Z Ex3booT=, ZhuE, FRADRTES
T HEGER O I A EMEIHENZIEIA S hU X T LRIEORESVETHDL Z L %
RLTWD, MBI AV OBZEROEVE, SEOEEKIBOIAG B S
TW5, 77205, KR TS HHISEREK) TE 2720121E, I B2

108



Kz

BRbE CH /070 il & & M2 R o L )Tl LT B B2 oD, 20X 574
SAVUEABRTEDEIICIA T OT I JBES], FOb LI DEIs RS
D LT OEZ TELONELOBRE TR E - RMICO 2 BREHEICTH D, FHHR
EENEEIZIE, 24 BREOKADEEOKIBZEIZHEIG L TR AR 2 REEEZA
T 5 IA VBB HH173 8 H(Watabe © 1998, Yuan & 2006), ZirpEdS L OFEST
PEFFED I A U ZFAREICE HE, FEEARED I 42 IR SIS & MR
TEPEMNL X, FBHEEAMEDO I ALV IIRLETH D L SN D (FEA D 1982).,
AR THWE ERE3EOABRREIIA T b X T OENICHL L TNDHDT, i
BIATVUDRBEINAT MUK T ERFEROITTEEY OFRTh o7,

T IS, BT AR EIZRREIC LD B2 5 Z LB TV A (EK S 1981)D T,
3 MFEITE DL D REFEAFF ORI oz, Ura AT LA 0TV HIX, Tl
BRI Z X A o v OZERB S35 HAU(Fig. 1-3), TARIIZELDE A L 0 IV LD
YIS BRI T 2L VSRR CE 2 TH D Z ENbo oo, — ), A7
AT H A AT FZONTUIFRMAD R RITZED S (Fig. 1-3), 440 ZhRAHIF
TERWAETH D L iz, e, 4TI O TEPRINEC L v sy
JVIEIZIR T (Fig. 1-2) L, TARMZARIZ I AT v OERREO bz, Zih 2 fflE
TN TR % & £ WEINEV L 2 A 7 ORI, 728 ZIZBFrEIEZ ofele L
TOFANRBZZ bz, ZORTIE, HIBOR Y FOERERE X T, wffEaz
AWTHFMT 2 LER S D,

AN SR OFRD HALTZ T 1 3 A T LA O FAINENREEARAFIEO FEERFE R O, KR
TRKH(72 & 21, 10°C T 24 FFELLEMT 2 AXRKR O Y R 235 5 5 (Fig. 1-4)
Z WMol ZORGRIIAT NUX T30 WSS L ERARIZFE U TH
HIEA D 1985, 115 1992), T A H LA DTV EE 35°C LA F ThiuL, 4D
HEDBBDHNTZDT, TTIZAT hUXTT O HO PN THRASh TS, A
W12 Ll R IR AR INE 3 5 D A3(30°C,  60~120 /) EM I TH S 9,

LA FIIREORMERIINZ, JHRIHEEIHETS RS0, vaa AT LA
SEAT BRI OIRANE L 7e o7, T70bb, WEEEATWD BADE
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IARCHE DR LR D RO DR DB TV HITBA LT, ZORAZDOH DS
JAVERIEICIE & A E B R B2 2o 72D T, 30 5O WARERECES LTI DR
NTEACE 7o, BYORANES TV & OMEFH(R 1993120305 DT, D
HI 2 5T, 2 OfER(Table. 1-1), FEEICL DT X, fERELZTIIE, BT
X, TOHELELCOBFEEVNEL 2D E, ZOTDDONMEENS HITHLELE /e
HZEERBETDE, ZOLDRATIREAT O REFREEREN 2V ERGR LI, &6
2, ALAT0EDOTNAFHEIT T D REHA DR E OB L~ L 2 A, A7 b
U 2T DOEHET O HREECB O THL NI > TV L IS, Bl L7z w7 o R
A NSREE LT3 0 O MERENK T (Fig. 1-5)L TW=DT, @inEOT 0
ZRGET D121 5 XL @EEE OB AT RETH L T L AR LT,

F2 T, TeIdtiE TG SN D A N U H T LIS OBET Y B ORIy %
EOTWDE Y 730 B EHE Lz, FRC, FAOREEN & ORE 7 ALEEICE
BEHZDMIZOWTHRF LTz, Ry 730 H1E, LOEMREOLNT, AEED
B2, BN EIECf Al Y —t =2k, 2RO OMWENRIBEE 725780
FRIZIESTERHENTE T, L, FEDR v 7RO TFIZHED, 30 HDR
B R D RIEDRERDEEL < o TS, £ LT, ZOffiks s LH-L, (KT 0 &
EAEETDLZEARBELS 2o T0D, ZOX I RRIIZBNTE, Ay 7Ty
OB PN EEND, BN TRES L, T5ICHE LT DB O ik v 7 i
T DT MR Z T~ & 2 A, 2k TORMEE Y (85 5 2008, M S 2010),
EOTHHIZE VR 1T3RO LT (Fig. 2-3), BEEOTIVHLEDILH %
N D TH Tz,

Ry T DORIIAT U ZFITHATEL, IpiT b iR OSBLA R L T\ D
ZEMNDL, AT NU X TITHARTEIER & 5 K 9 eHISRZ 52 T ik e LT,
[ U HEERAT LI R AT IUE, Ry T OEFRAT X7 LOHEENINE S 72
5% 5.2 T K 2ICB x5, ZHUEE v r OREEREOT-D DS 1% 185 Z DN
TL—oO0BENE LV, LnL, FEEIIKR Yy FRNEWKT 5 I 4 0 DRE
PZ2 27 N TDOLD LT DL, Ry rOFN I ALETH 5 (Fig.2-1,Fig2-2)
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ZEnbol, ABEEDT Y & T8 TR & U CHLE & T L7 nwbw
L Ta—=Y 78Ry R0 ViR ) RN D /N TRiZ2 b D2 H L T\ 5,
INBIE, TOHISET, MERILEEHEZETIC T v 7 Tk S, EEK
AR %ICT O HITNM SN TWDDOREETH D, ZOMTIAT AN EEH
X, YURENZFEHZE L7230 B O UERRIHERN b D L7 b,

Z DX D AR O£ AV CHLGE LR v 73 0 B OR T AL RRED
Ry TARKOEFE L TWD T EREEZ R L TWD O Th 5, 7TIZ, A7 hY
BT, T EOMEITERIOREE, (R, E TRPOmY iz k-
TIRESND ZENMBATNWDHDT, EDKT LAy FFanbi/liEs 52 &
0, Ry 0 EOMERHE S D BRHR Tl eV EHEER LTs, 22T, g R
GBI LTeAR v e DT U bREZ et LTz, AFZESRITAN L72RRICI3 9T
MENEE TRV, ATP 1HIFIEHEL L TV =(Fig2-7), EBEOT 0 H T THEALT
WD L T UL, R EEEORATH L, TRICHMbLT, £k y /7
MOIRHEL L7230 B, TilROT Y & LR U T, 40 ZhRITHEGR S 7eny o 72 (Fig.2-4),
Z LT, WO PEINEVHEIZ TGase 12 X5 A4V v OEMEESROEA LR S
Do T12(Fig2-5), Z DfEHRIE, Ry SV R EZIFTE 20 EWN S Z 2R LT
Do SHIT, JFEHROMEITR IR e 2 AT VAR (Fig2-6) Sh, =
AUTKHET D X 91z, 1ER L7270 & OEMET L O T (Fig.2-4) L 7= DT,
FEEAR T LRy F 2t e L= 0 B O ALREIMRN E WO FER E L —83 5,
ZOREFE, A7 NUETHETOEHO I A OEWNT O F O IEER T
XD EWVIMEE TR LW NED 1979), F7=, JFANTREIC X 2 7 VKT
IR+ 0T OIEERE (TE 5 1958)0H SO ACKATE (S 1981) TH 3 TIZTHE
Y ANGAYR

2 ETRLNIZRERL, SEEOREBEZEHT2ZLICL-T, Ay s T HIC
S5 D7 bREDM E, FHTR Y DROFBZ T 5O EHTHL Z L 2R L
TW5, #HIETIE, ZOMmISHIFET, ERIEEIZET DO S HIEEEE DR
T EHNT, T0HORDVICHEE LY EZHEHT L2 LI Lz, 70 RLERICE
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LB KB L E KD TR TE Z 22000 LW WEEZHRT 5720 TH 5,
EREETE & LN DIES =A% 25°C TTMMEAT 5 &, ZNETHEL-Z &
RN D BRE LW AT U OBUERILS S RH(Fig. 3-1) ST 3% R U T 7 U AT IR
[05%7 Ha—AF VAR LT, IS4 ORBRIGEBHILIZE 24, IR 1 B
LIMIZ, SDS-PAGE /3% —>1 738 I 43 HC IZiHE L, +XTOIA T HC I3/
JNZEATERWE D RESFRIBIRICEL L TN Z & 20T, 2L, &y 7
WRADNNE C X AL VBBRIGDRH SN D Z E 2R LTI OB TH D, £,
F32 HC ~® MDC DHY iAZ(Fig. 3-3) Ll HLAL= DT, WIEM: TGase 23EM:%
HHLTWDH I LR LT, bRAIZ, RUFy I EE LEZKIBL LEILE7E
T, FEFIZED 2T A O TGase {EMEIL 12 £ T L7z (Table.3-1)D T, /Kif
LIZE D TGase Oiitd D WITRIE DL ST, BLEDORER G, AKIBLIZE D
TGase DIHEDA v 730 HTI AT VBEENRED LRW—20B I Th 5 & il
L7, UL, VEEROFEATE TGase idMEIT 71l m <, Z OWFRD BAES T2 W%
IR L7 E 2 A, RUSHEIZRESEICIR T LW, 4T 4896 )G iR (Fig.3-1)
SNTe, ZTOZ EIE, AROKIGLBEF)IC XK D TGase it OANEE TR\ &%
ALTWD, 7272, By RO TGase 1EMZ & RIRICFIHT2101E, e Lazxz
OFEFFATLHFNENZ EITMEWRY, —#%IS, KFAfROLARHTIET &
COFERLSEHAEND, ZORRIE, TR FITREOFELITRLT, %
ELHELTORMHENIBNELHD 9L NI ZLEZRTHEDOTH D,
EREEDOR y rEE LY TR D I AV OBERENRTIRO S v 730 HFTiEaE
L SHRNONE NI ARREICEE T 5 2 &2 o7, Kl L7210 Cidsi] o
RINST=DT, T HFEE LTOREDE, 720 ARDITEO AN Tl S
iz, BELWI ATV U BUERIG A RT Ry % 5°C Thped 5 &, FREREHIM 1
ENZIE R A Y V2EEIR DI AL(Fig. 3-2)& MDC HLV AL (W 1ud TGase 1&EMEDTR
E(Fig. 3-3)ITRE <L TV e, 512, TGase 1HMEZ D O OWMIBHTED Hiv
(Fig. 3-4), ZNF THELAE L T\ o 72 X ) 23 T TGase JiE AR S 7=,
AU, By SR GHI UTOHEER OiTE T b RS S AL72(Fig. 3-5) DT, Ay D
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TGase Db DNIEFIIRLETHH Z EMAHENT, A7 U X T TGase I&=
A DEEFRITIEARTREETH Y, FAFEIZLY TGase DEEMEITE VR H H Z LAVRS
ALTWDH(REEH 2001), LarL, ZHET, REMAFO TGase 78 ZHUE EANEZEETH
5HENVHFEIT I oT2, BB E LRI EOMEME, HAWITHRRO S NALDT-
DIZBATE S AL R D TGase & & T SUANIIH I BV E M3 < (Ando © 1989),
HIRRFEHARETH D, ZDZ LW, FARAONTENME TGase b AU LL~FUIRNEZET
LH DN, FIUFERLER EBbERN-T-00E Lt SHEEFEOA D Rk
IZOWT, TGase DAZLE SITKAT LT RIEZ B E L CRMRT UL, Biro720%
WIREND Z ENIFEND, TNET, RVIEANRO LRV E NFEEINT
WDHHODOFIE, TORLE TGase NEH THHAMMLFET S0 LIV,
TR LIERBRECMELZAT A% L LY HWTHEFTIUL, ZhETELRN
L EZ 5N TV HDODOHZ TGase DUTENRIA THE SN TV - ARENHND
THA 9,

R FRE O TGase IHTED R 72 K1E, TGase =D b D DAL EMNFIKTH
HEEBEZ BN, ENUAOFREMNE LT, AR e 7 —8I2L % TGase D H D
DHREBHEFRTE 2V, £ 2T, TOAEEMECOWTEE T 17 7 —EBHER ORI
FRNOHER LT, Va7 7 —ElHEAE L TRKEN) YA e X — (B >
BER) , E64 ATA VEER) , XTRZF U A (T AT X UWESR) & VTR,
IR D TGase MO RIG & B9 5 Z & BT 7eh - 7= (Fig. 3-8, 3-9, 3-10), 725,
&j7 a7 7 —EOMERIL TGase IHMEHIBUCKLE R Ca¥ 2 F L— L L, TFEZDE
DxEAET LD, HHLRoT, AR TIZENLINDA e BF—IZOW T
FRET L TR, 7R 7 O TGase IEMEDIIEN 7' 17 7 —8IZ L D TGase HIKAD Sy
R L 5 ATREME IRV & o D,

ZORERIE, TGase TDHLDNARLETHH LV ) alpgErz K& Lz, £I T,
Ry TGase DZZEM# A/ b7 X7 TGase & kT 5 &, MilER ORI CTEVZENMEIZ
EV\(Fig. 3-6))5R D H VT, A v 7D TGase WEBIAREZE T D &) fERIIE N
Molo, E CAEI NI E 2R AT U X T 0 HEEE BT HiZ U,
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B 5 AL 0 W/ NS DB 5 1996), Z AU, FHAH CEADEEF I TGase 2%
EREETNDHZ AR LTERY, KANIZIIAT hUX T THRE TWHEBIRT
boLEbhs, THET, A7 MUK TREE2HE TV HORD GHRIT/PI N END
FREZITAN, ENZn ESELRAIRINTIRDST2D, ZOREND, &
R DR HOHUTHR B0 & L RIS OSEOT Y S E S DX 6 Th
Do AT NUX T HEEECIIR YD, By SR TTEROD, AiLIC
£ % TGase DIEHORREDN/ NS VONE, SHOFETH S,

R O I AV ANZZREN L E 58 9 E TGase iEEOE STz, ETHD
IF TV OWEBIRERFTH D &5 & S (Araki and seki 1993), & 2T, [
E28A VU TTOHIZIEI AT DEERROOND DO BHFET DI END,
Ry rDIF TN TGase DIFHZZ IS WEWI AleE b 25, EN a2 D D
72, [Al—? TGase & <D MR S, ZRESUSAF T & 5 (#7957,
HDHWTARREORELZ T DN ERG LT, TGase 23 L ThiuE, EHo50 Mf
XL TCHEC LS IERT 2 i STz, Ay 730 FFRTHENERZ S0 0
I3 ALV OREENA T "X T DI AT B, TGase 12 L AZEENREE 2L
WD ClEZenWZ &R ST,

INETOMEIZELD, bWt oIS TS aA, vathlr, <3 T
1%, TGase (2L 2% I AT U OBRBEIEHFEO B2V, EDJRKILFE CTiEZew,
I A TIL TGase PRI HIZEW DT, I AT U 481ED TGase DIEH 25T 72 &
DB CH H(FIE D 1991, Nakahara & 1998), —JF, ¥/ Tt TGase {HMEN G &
HERNZ LTz, ARICZEICEENTNDLT I /I THLHT Y A TGase
TEME A THE TS 2 EAEH TH H(Ni 5 1999), v H S TIE CaZ N ARE LTINS Z &M
HHTHY, CEDTBMILVEBNE DL ITEBINTHLEELNTVWAHIFIED
1990), AHFIEDOFERMND, K 730 B CHRENK Z 572V O IR AT O TGase
AN RKE LR TH D LRI,

DX BRBDINE  r T TBEIS N ONEEN L T-D, £ TIEAH D W
(FHEERTORECAFRRE T T2BF(T A T A, rav T, 7V)E T
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D AT VHREIS OB BB LT, 2O X 9 REftE OB E AV E A,
WTHORFEOE E LY TYH, FUERISHRBD LN, L1, Ay TG0 L9
2, TATA, AP HORERIGTTM L B TREHI LI, bL, ZOX
9 TRAREEE DR IO TG RS 2 7l 94U, 22 VIRV SRl SN D 2 L1272 5,
6T, FEDOHLFEIZOWTIEL, &> 7 L EERZED TGase 1T 72 ) REETHDHZ &
B CH D Z ENEHES N, BB LFEICBWC, vaa X b LA 3R R AR
L72Ds, BT RIRNERAT, BABETHNW AT H L8 1 BETHOW - fEILR
RO THEDOWENITERWD, A7 B TPHDOIF VIR VX T L0 Hdve
WREETHDZ ExE2E, Z0 TGase b RNZETHHAREMNH 5, H1ET
W=7 B Hix, FOFHAF D TGase N TITAIE L T\ A FEMA LM L7- lEE
PEDSEI, TR 3 AT LA TEA Y RO G, S DICEEEEDFALZHW
UL, A7 NUX TR ETOE LAV EOHS D GRNMGONL D EHEIND,
BE, ACHEENER T OFENRE X TODR, ARIBHEORETHY, TDOIA4
VUDOREELE, TOX ) RMARETIE, AT OGMERINIEE IR ST
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