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HC : myosin heavy chain
HMM : heavy meromyosin
LMM : light meromyosin
EDTA : ethylenediaminetetraacetic acid
PMSF : phenylmethylsulfonyl fluoride
kDa : kilodalton
SDS-PAGE : sodium dodecylsulfate-polyacrylamide gel electrophoresis
TGase : transglutaminase
MTGase : microbial transglutaminase
Na : sodium salt
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JRMOKEER (2006) O [3RK 17 4R /K EMIIESL
RHER ISk DL, KEMORAEERIL 576 7 b
VT, 2D HA WEIL33 T b rEEDHEER
HRCh D, FHMEESNDA L, YV AD
HIZI®T D AV A A F Todarodes pacificus, 7 71 A
71 Ommastrephes bartrami, 7% %A 71 Loligo
edulis, 77V A 71 Sepioteuthis lessoniana, ¥V A
71 Loligo bleekeri, £7=, 20U A B HIZET L2V
A 71 Sepia esculenta, &= A JJ Sepia lycidas 73
ELZL OFERH Y, TOFTHRHAEENL
DIFAIVAATID 22 T7 T, A FEERD
60% L LE LD 5, AEERLKMTSL91Z, H
ANFA B2l A TES, 1 HHES 72 D EROK
PEMISABORNC LD &, A MTHIC B Z o2
SNTEY, Pk 17 FThob L~ 1 3186g, —
£ 7 = 3170g IZIRWNT, A 71d3061g T3 FHHIC
HEBEDZVVKEY LTa> T D,

RGBSR D AL A A T1F, 12 A 2 A
T CHEA L THRESND D, ZOIREITA 1)
DIRZETZIT TiEe<, EEMER £ oMz B0
THRBAIEI N TS, LovL, KETHHIC
MNT, ANVAAL BREILEPEABNERRZTZ &
(2L~ T, SEER EITENPO TR 25
95, Rl RN D 17 OIGEFRREA ISR L TTT
STEEGHA T, FEEMTEIN D AL A A
1D 3EREEEAZDDH D ANVAAL 1 (A T1 LI
INg) BEOTWDLZ ERbrole, ZDED
(BTN 2V A A T Ofiffa L L C O A
AR 722 2728, AP ESRA KD BT
Do MIERFZ AN A A DMER S BIGUE, EiEHE
HETANAA T 20 L T D AAHER O
HTROLNDBRTH D, GA I LAl THG| &
SNDEAIFSMBLIOEIZ LD D THY, FFEER
EMEAIENFRRTIEARWOT, FHAORE 24
I UTCBMOBRFE BRI S Tnd, 72, it
ELUTHRIHESNADA by, A DRIHPEH R E
DOELERFE TR A s PR S, A2
MHEDBRFED KD 5TV D,

A DR L LR ST LN, R, T
L8, XUV, WINE, W7 SRR 20 L
s DJFEEFE UL THRIH STV D, TRk 17 Ok
IRPEEMI RN TAOEMERIL 209 T ko TH Y,
AR UK PER) % bR T R0 0 T CAEPE &)
KbHZWDIE, 66 5 o) Bl THD (B
IKPERE 2006), U5RDZ L7235, 0 B EE
ITRET D ETH D, A DOFEHEZHR- -1 il
mbTIRKSITNDER, DEOA DRERA LTz
HOR, MENLT-A I RZTIC L CRRIZERIN
L7=2bDOTHY, A4 AZFFEREE Lizian fli,
IERAEZ T B,

AN L7250 & 2 i e AV A A T3 DFZFI
RELT, TN OMEITE L2
DELEERBE 2 Hhvd, 20 BEE, KEDA
2R BOREE T OEH LicBkn 7Kk
LA TH D, a0 WX, KITRE O ERHE
ICEBH A2 CTRBSE T VROBE L, W
WZMET 52 & C, iRV I AT Uiy
N — 7 fEEE AT 5 & O I L TR S
T2 Lo e AT VT D, 10, mil TNz
T HANAKIRC— B FRMET 5 Z & T, ffkm)
RENEE R ESED T4 ) TREMSEAIN
TWAEELH D, TRIENZEY, AT
T ATERTR EE E S BT, WNIENK
TGase (EC2.3.2.13) NI AL UAMERH L, A7
B THDIA T OMERIEEN G ES SR T
(B4% 1990, Wan © 1994, Nowsad © 1996, Nozawa
5 1997, EZEIES 2000a, 2000b), Z DEFEEOMANA
FCO, AR ERBIIAATHLD, A7
FyZ T L, R0 BEEGEICHH S D AR
HOHRIZHIEL TN D, ZDOEEED T VIR
KT HHHAERTED HNDHIZED, ZORSEOM
WIS DAY (B5EW) DO ORBEN SN, K
e (Streptoverticillium J&) (ZFAEIORESE DA
MEH ST (Ando 5 1989), BIfE, &SLERINY
ELTHDLN, RV EZELEESY RV E
BEOER EICHONSN TS, £, AR
Tl Z % I A v DOLRERUS % SDS-PAGE TA )
IR TE B VAT 20, it ST b (58,
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AFF 2000)

—J7, AV AA IINERET S O B E
DFRRIAITR SHVTOD D, BN N o TR0,
RIE 2 N LTV DDIE, AL A A B ACINTE
T AIERITIEEOE T MO R T 2T 7 —
YA, 24T F% HMM & LMM ([Z8)#i4 5
7eb Vbt Tuvs  (Nagashima © 1992, Konno
and Fukazawa 1993, JLJ5L5 1994, £)111999), =
DIEFRIT, thOFEMMERER S v V8, oLz
X, 727F o buRIA T U mE oL e
T, IF DR ENFET DD, IFTT—E
LFREI TS (Okamoto © 1993), I AT UM
TNEAEDITIL, Z OBV FHEED MH TH
HEEZLND, LnL, ZONERERIZI AT
ViR, ZOIKIEHRTEWNT 5720, LR
DIRTIVIER ST, AT N X T EDO—fi%
72D 7 AR D EE LMWL 72 D
(Ayensa © 2002, Park © 2003, 2005), A% Kv
ZT EOMAICH IA VU ENRSEL T e T
T —RIIFET DN, ZHiE 50-60°COERT
ERT 20T, — TR CcIEbEY
M E 72 5700y (BPRS S 1993, Cao © 1999, Tt
5 2006), LorL, A WRFOEET 0T T —E
1%, 5 CREDER TICEWT S mWEEZ R
ZEDRHLNTEN TV D, RBRE N O G T,
EDTA R 0-7 = F 21 ) U XoFx L— MNl%
W+ 22 LT, &a7as 7 —EOiEE b
P72 Zn, Co MUV PR, AMERZILETED
(Konno and Fukazawa 1993, Okamoto © 1993,
Ayensa © 2002), L2>L, ZHHIEEMLESIYE
L CEBORY BIZIMZ D Z LIXTE N, £
7o, —Izan o T4 | TRIZEBWT R
I DAV AT & 29 TGase 1%, Ca® Bk

MZoR3 (B 5 1990, Wan 5 1994, Nowsad 5 1996)

AV A A IIEREFRC G F£ 5 TGase 1E, fFA¥E X

D EDICEEE D Ca® 2 Bk4 % (Nozawa 5 2001,

Park © 2003), ZiuZk, RICERTwT 7 —E%
fET D701, ¥L— MEHEZAT HILEWE
Mz 5 &, [FARHZ TGase DIEMEDLRETHZ &%
RLTWD, ZOMEEZRRT 5720, SESE

AN SN TE 2, T72b0, HAHE
B2 DN INBRTE 3§ D IRER TOME (Park &
2003), BELVY, ZOIRER TOMAEMHIKD
MTGase 72 & T2 (Park © 2005), ZDIZ
DT, B CAHIEEEE MBI 2 B T TR

CAJ111999, [H 2006), MEREIZL DT 0T
7 —E OHilE (Nagashima © 1992, Perez © 2002,
Gomez © 2002, 2003, Hernandez © 2005) 723kt
SINTET,

ATV OO F VI ET 2RI,
T OREMERFORET RSN TE T, FET
boHRN (T05) OREDEEII7R T VIS
WBE G20 WVOBEND, TOHETOIAY
v OEMERRE O M T Ty JIED
1973a, 1973¢c), fEEICHTT 5 FE BN ST
W5 (Koseki © 2005a, 2005b), 9 72dbh, 30
HORED 5 WIS, W AT OE
PEZTRIET A2, 2 UL % il
LEARNREBEZ T THDH, Tz, IAT D
EVEMHUL A ORIRL, WEREEERFREE L
THE->TWD, BIE, GBIV HIIAEHI
TWDEAE, Ve b=y 2 s & OkE
HThsd FiHs 1970, JIIES 1973b), LAL,
ZOHEHBETHY, HkOD72W, HDHWE
HIRDEE MEAY) T OZMEIHNEIL Z 4V E THFE
SNTWARV, ZMEIHIVER 263 2 a0
IEBEE LT, ZVH 2 Uk Na oA HEBRIE A3
HEINTWDR KIRS 1984), B XIRV-EH]
ERZRTHOD, 58 H EREFT 57D
DL, BT AR N &, e
>, BENZRFIFICBWLT, BHCITECT 520058
AT HEEMITRE SITVZR0Y,

AV A A TI FIEREHED M ZIE R IR T h
v, FEMRHEOSS & B BN HE Sh
TW5, T72bb, Calc L 5% LWEESL, NaCl
TINZ X 23 LOBEVEDOEER A3, BB MNIC
STV 5 (Konno 1991b, Konno and Yuasa 1993)
INHOHERFET, AARERCAEEZ L THA IO
BAE, M USRI 2 B0 2 LA BEIR L T D,
ZDEIRANAAL T « IAT U OEVE FOKME:
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b, ANVAAL TIHNEREG B ] A RLET S
Z L ENEHI L CWAHEIR E B,
AWZEL 4 SOFEN ORI, 81 B TIET
TIZHCHEBEERSHALMNZER TN D
EDTA L H#Z L7236, Bandsiiy & U]
HET, & L— MEMDSHIFG C& 25 B AT
DHIING, AL AA TR OH I EZ T 5
IEEW TR L=, #2E T, & 1 = CHHIE
RDH > TALEMICHONWT, a0 B RECYAE
DFBFRHEDTERER OBLED S, W@EHEH I
TV % NaCl &Ll L s, Zofa k2 MEE
L7z, 3725, NaCl BERINCHEA OYERDS FIHE
DE D INERFT LN G, FIRHZH CHE~DF

BERE Lz, H3ETIE, ZbORERIZED
&, FERRCHHEIEE O B AR LT MEV L % 2
VA A DIERERFR SRR U=, Z OB, 40
hEROAHE, F7-, MTGase 2L, ZTORhE
LR, 4TI, R RSERE LToA
RO EBRE L, AHIEED I A 250
PHIERICOW TR Lz, ZOFETIE, AR
A 1 FHIEREHE D VDI MM C o o 1272,
JelT, FEETH D A ORI 9 2 %,
IFTUBIXOT 7 F o DM OB B
HIZRRE LTz, 2Dk, AV A A ik 2
T, CIC R DREMMERZER LN D, 2
PEIIRINC SOV CTRRET LT,
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1. SEERAMA

MBI L7e AV A A T Todarodes pacificus
IRIETROEEME TIREI NI b O T, fEE
BRI L, —SOCICHFSIRE LT\ b
DI 6 » HUPNICEER L7, £72, i
WAHEORBUZIX, & UTEZTEANVAL &R
M U7z, ®EEE L THWE 2 A Cyprinus carpio 1%
FEETWDL DAL, TOBEREMN,
WINER 7 L OFHEICER L7 B 7~ 5 A
Branchiostegus japonicus , ~ A UV I Sardinops
melanosticta, A > & F (7 F) Argyrosomus
argentatus, # F VA Trichiurus lepturus, > 1 7
Coryphaena hippurus 1%, Rl TTS0O EfEE O
bLOEWAL, ZOHAE NN,

2. ERAE

MDA HAREDR— FOFR

AV A A T3 SVENEIN & AP (RS 8k T8 M-22
) TP (FLEE 1.2 mm) L, 0.12 M NaCl, 24 mM
Tris-HC1 (pH 7.0), & 5V M, 24 mM Tris-HCl (pH
70) Wik%E 5 fEREEMLTHREY A X
(Kinematica f1:#¢, PT10-35) L7=DH, F A
Ava (#22) ZEEIE, FEVF—RELT
AL, SEUFR— M LT, FTEORKREE
L7225 X5, NaCl, EDTA, 7 = W% Na, {HEAE
Na, ZNZM0E Na (WT70 s RO TR, Fr
#), v Na (RS TR, ~Lox
ZA), HDHWIPMSF 7~ 2z, 74
WX D EALEM DR ~T-, WTho
LA S THFFIL, 20 mM Tris-HCI (pH 7.0) &
v U CER Lz,

(D) 4 7 & LV AEEHIREHE DR

AIENY L7 AV A A IANEBRER, HHNE, =
AERNG, MEESOHE (1979) (ZHET THR
WA L7z, T7ebh, KKTHEALZN S
0.1 M NaCl (F 721 KCI), 20 mM Tris-HCI (pH 7.5)
DEEBKP THRY bR EY T A Y —
(Kinematica 1%, PT10-35) %M\ C, 30 B

WHIEER 2 B AR D, 30 B30 4 [aldRE Y
FTA X UTe, ZDW%, [RFEERRCORRE & ix 05y
At (3,000 rpm, 5 453) A0 L T, HHIZITE
B 2 BOH—E THE L THELNARE R
JHEE L, FTEREORRA 2bEMEiRE LT
TRREHERREIR & LTz, 7038, ANVAL RN
DORFBHEORENT, FE EAHOTE (1982)
WCHEL T T 7 —RIC LD I AL o a
T 5720, FRIOMEENRIZ S 512 1 mM EDTA, 0.1
mM PMSF Z¥#In L7,
Q) RSN SD I A U DR
FERHNCIIAR & 0515 (1980) ITHEL, Wil
SYHEVEE FNCRI L=, 37005, 0.5 M KCl
(ViR S T = A JEARHEL T, 2 mM ATP-Mg f74E
T, SFRRER T e = LI A 40% BRI 72 %
X oz, mLyEE (20,000 x g T2045H) LG,
BT 7 F o BB\, IAv v EETe b
BT LT, 60%FaFIZ72 5 &L 5 & B IZfafnfi
TR EINZ, HODBEC LY I AT A2 E
LCENX L7z, ZDikE4A 0.5 M KCl, 20 mM
Tris-HCI (pH 7.5) TR L, [RRIZENT L CEH
L7z, ZOIFTATUI e RIAT DR
MR EEN TN, L, 4T oBMER
EREZ B E LIERRCTh-7-0T, Zhbix
WENIPNZ L EfEDTZ BT, FOFEEMEHL

7=
4) 27 U E L UFFRMEHE Ca”-ATPase jETED B
iE

LAV B D NI FUkHED Ca®-ATPase 110.5
M NaCl (F 721X KCl) , 15 mM CaCl,, | mM ATP, 25
mM Tris-maleate (pH 7.0) 7672 % FUGHHAKHE &
W, AV A A T HJEREHEIX 20°C T, A
MEIT 25°CChUG ST, BOME LI Tl 3R % fx
PRI 5%1272 D K 9 MZ TITVY, ATP 2Bk
IROFERAE U= ) Ve tbaE R Lz G5
' &4 1982),

(5) Ca*~ATPase M &;EEE D BITE

FRIFEHED DU NT S A v DOINEEEE, I
2k D Ca*-ATPase DATHHEN ST L7, &
R B IR Y, 8 7R CRRIFIITNER L
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7o ZOBE, FFLEMERNTHZET, Z0O
EE DIV RS DB A et LTe, InE%,
KA TME A 5 1k &, §idk o LT
Ca’"-ATPase IEMEZJIE LT, STEEEI, 5N
T IEMED RIEREAD —IRBUSITHE D LAREL, 7%
FAEME DBl A AR LT ey R LT
EROEZ ORI Lz IR D 1981),

(6) BFEILEWIC K MBS &K CERFEE MEINHIE
FAD T

ERERED DU NE S A T & RIBEO(LE
WAz, AR X 5 (BRI 2 F L,
ZLTC, REbOHE (1981) IZiEn, Hohi
IR E DR 2 UM U7 b AR EE IR LT
Ty b LT, RIS ORI AR S
LILDHDT, ZOEMOMEE, 7005, MO
I K 2 ZNEEE O BAE ORI =R % = DvE
WO HEMHIVEA, E-value & L CEE LT,
(D79 FoORIRMGIEE M & ZHEINHEERD
iR
FREFRE ClE S Qb ik GEREE
B 1984, 1985, 1986) ITHEVY, A & DHNEA
IV A A TFHIRHELZ 3 LT, #Rx eI ED NaCl
HDHWNEZ U Na 200z, KB F T (9
12 BFf#]) LR LT, 20tk 77 F ANk
IOV (34 TIL 05 M, AVAA BT
02M) FTNaCliREZHN L=, 77 F 0%
PEIT, Z O U 72 it 2 B L 7= & & o,
Ca’"-ATPase DANEIITARR ) SRENT LT, 3724
L, TIFUNERICEESNAUE, IS4
X7 7 F o OE#EE R, AV O L 0O
RIGERRDO B, T7F o DREMOEETH
L, IATV T I F Uk o TREILEZT
TWAT, o< D& LIERIENEZ S Z &0
IS (Yasui 5 1968, L5 1978),

8) A L DIERLAIL R U/ BDRIE

A TTRRE D F— b 3D\ I FREHERRETRIC
BRx IR IRE LS Z TN L, JKHC 30 Sy e e
L7=t%, w00k (20,000xg, 30 43) L7z, |
PBICEUL S ND X R EREARE L, il
OYBIERT ORI D & 77 BRI 63 5 & A]

407  20144F

WIEE (%) & LTHLE (5% E EH 1989),
¥, FUNVEIREOWEL, MY 7w aiER
TH R B RS, FEAERRE L CHLE
L72®H 1 MNaOH Tifig L, Eo Ly METH
BER L, £, (LEMORINTEMHL, LE
RGBT N7 BRG71X, SDS-PAGE (2 &

0 it L7z,
9) FADETRLAEIEIE L L TORERDEEA
E

Konno &Mk (1997) IZHEVy, AhRkiERRE
W (F X7 BHREE 5 0.6 mg/ml) 35 \WNEA D
REYFR— RO 350 nm (2T HWEEARIE L
THEEL L, ZOEDOHDZEMORREE L,
(10) & T >4 Na DIEHT/ER DRSS

A BRI (¥ X7 EIRIE ;3.0
mg/ml) |2, 7 =R Na ZATEDIE L 725 X9
WINUT=, F D%, 2 SOHFET 5 HIHR LT,
F—DIEY, BPOZNTND Y = Na J#
JEEEAFITHIRUTZ, FE_OHFIETIE, LR
FEIZH D0 BT 7 T Uk Na JREA T 025 M
ERDBEIIHIR Uiz, 2 DOIFIETHR LG
JFHEHERRIRIR O 350 nm CTOWEZHIE L, =
72, e DoyEfE (20,000x g, 30 23M) THELNE L
B 75y % SDS-PAGE (Tl L, [l S iz # oo
7 B RGY E AT LT,

(11) SDS-PAGE

NTERERIC L 2 B I Z T T 5720 D
SDS-PAGE AEEHE, L FD X 512 LTI L7z,
A HARETF— b DHWITIEATRE D I L7200
BT, 8M JRFE2 %SDS-2 Y% A/NH T R X
/—/L-20 mM Tris-HCl %% (SDS-UM #ik) N
2 C, WL T 2 I L7 GHA D 1985),
ZOEET, BBtOWEE L SDS AR Z [FIRFIZA T -
oo ZAVAENR T 30 Rt L Tl L7zd Bl
LB (4,000 rpm, 60 43fH) L, REICAREE L
WEbrE, L% SDS-PAGE (2t L7, 7%
H CHEARAT D SEBRIZ I N TR L 72 o T ilidr
%, a7 UHkREBDNAFEE Y R E
T, FFEHER RO T TR T L T D 2
& ZHENNDT-, SDS-PAGE 1%, 0.1%® SDS %5
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77 VAT R RRE 7.5%D AT 77 % v
TiT> 7= (Laemmli 1970), &5KEI%, Coomassie
Brilliant Blue R-250 T L, 50% A % / —/v-7%
KIS Clita Uiz, £72, T E~—I—I%
GE ~VAT T NA FH A 0 A48 SDS-PAGE
H LMW BEXOHMW ~——F% v M & H -,
VKB I AF v — (v —7H JX-330P) T
Eifga =YL as B a— 2 —|ZHD AR, &
LIKE S VISR 7 b (GE ~IVAT T A
A A = A4, Image Masterll) TH/ 2 K
DOYLFRE T L, 2 TD/ ROMYhsRE
KT D53 ROYEERE ZFEIRHE (%) &L
Tl GBAD 1989), —MxAvIZ, FJEHO HC
SfEME, HC &7 7 F v ORIZIKEY S5 sy
DI CTHDH X1 oy e LTRfrshTnsd (A
A5 1990, S 1993), LarL, A WRICIESY
& 100 kDa D737 I AT U E E4L (Tsuchiya
5 1980), HC O Epi# (100 kDa Wrfr) & 53
BECE 2o 7=D T, LT XIPM)FT & L
TEEL, Thx, ZOEIENG, fiE
DX LD bEVEE 725,

(12) 7 Hin—X %&3 SDS-PAGE

HC OREERIC L DL EERZ T 25613,
L8 L AR OJFE (2000) (2R, 0.5%7 A a—
ATTHEIC LTz 3% KR Y 727 VT 2 RaEFFR
ETHAT TN 9x8em) AL, ZDH
A, Bl OEEFS LU SDS LB 25 72 D D
HATOT, |IRT—BEHRT 2 2 & T S E T,
ZhUE, MM XD ms T A HC ZBE0 0
S LR IR AR REE AT 5720 Th
Do TOAOIERRIT, £, BEXIKEHAT Ta—=2
(FHT7A4TAIBL PG-36) %7 /UARENRIZ
K CIRfR STz, ZDk, 7 v — A EEHE
L7240 CE TRARFTHEILT=, 24Uz T 27V
VTR R (Fetige 260 SEAUKENA HG,
B AL 20:1), EAFIZEG L TRINL, BEHIZ
W T A7 L— F ORI LiAdr, 32— L& AR,
TI7IUNLT I REEGS®EE, 7Z7IALT I RO
HAE®, TIVDERESNT=H T AT L— % 20C
A ORI L, THa—AZEE S, =

MO BEXIKENOBMEIL, Rk J71k & FERIC
1T-7,

(13) U T Na D L— FEEDBIE

50 mM CaCl,, 0.1 M KCI, 5 mM Tris-HCI (pH 7.0)
IRk 2 TRIREE D 7 = U Na ZIRINL, =0
& XD Ca™ PRI Z YRR BT RS Ao A — 4
—F-55 (Ca®"&#i 6583-10C) THIE LT, F£7-,

FL— MATEZHAV, —TERED Ca & ¥ 1L —
N D7D B 7 = 18 Na JRE % EDTA &
T 5 Z b FxL— MR HIE LT, 3720
B, Ca ERIEICHE L T (AASEESHR 1995), Ca™*
TREEDY 0-1.25 mM (12725 &L 5 FHEL L 7= CaClL IR
100 ml (2% L, 20% NaOH 1 ml, 10% KCN 3 ji,
10%EfEE R v 22 3 (Wbt
P T 3R 2RI 2 TR, 5 fTERE L,

R—% A N NN AR (FHoRHEFZEET) 01 g %
Mz T, wfgsH7-, 21z, 0.01 MEDTA, 0.1 M
J T UM Na, HDHWNE, 01 M ZLafENa &
R LTCWE, fEroanfinbHIc2B ks
TDICE LR REE RO, ZOREND, T
FROWRED Ca¥ % % L— b D DITHE 25
BYOPRE AT LTz,

(14) )L A A ANVERERD S DINERT )L DFRE

BN L DFHBRUT AL A A F1 SN % KAl L
THZ e, TOEEEMN L, T7bb, A
IV A A T1 DINVENEER 2 PR C 2 R (FLEE 3.2
BLOM12mm) L, @#T ¥ — (AT 77 4L
RUM-5 1) T3 offREE Lz, 7ok, fRIEOR
W CHTE 0D NaCl, EDTA, PMSF, 7 = i% Na,

HAHE Na, 7V g Na, HDHWIE, BEMH
D MTGase (B D FEHY, 1,000 unit/g, Ando & 1989)
ZUNINL, Ft2 0 1 43 [EIEEIE T (400-500 mmHg)
THPEAT > T2, 3 DT PRI ITES 42 mm O
fke=VF o Fa—7IZFE (W S0 gk, it
D AT —T VM F11em) L, EHIZ90CT
30 SyHEN (BB V), HDHWIE, PrED
TP L 7=D5 90°CC 30 ZoffhnEh (—
BE V) LT, SRR S Bz, IENT
P HEEAME R TITD, MR T, EHIOK
KHTC 1R AI LT,
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(15) INEA )L DTSRI E

INEVT VKRN HERY HE L, 23R4T 2 Rk
& L7=Db, FAmEoEIC L, i,
MTGase ZNZ T PARIEADHAT > TIER S BT
FINTHONWTIE, SIRICHEETE B 7 Vi
ORECHE Uiz, JEE, IV L% 25 mm @I
fREIVIZ L, 5 mm ORET Ty —wHEL
T2 LA A —%— (RE) TR NRM-2003)) % HW»
ToRErERERIC L 0 T o 72, BUEHE O EAGEET 1
S 60mm & L7z, ZLC, [Fl—3EHIk LT
bR 4 8 BTV, 15O T-RITRE (gw)
F ORI A (mm) OFEEEZ R LT,
(16) I E K UHIIEAS LD pH B ETIEDBRED
HIE
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FEFE LTINS L 7o 13RI, 10 f5 B D7
HAKZMZ THRED T A X (Kinematica 157K Y
fa ) LizDb, pH A—# (Y RIWERTHRL F-22)
T pH ZWE LTz, £z, ZOAMRDESRENL
Horat (AT 345 Sumisalt 300) % VN CHll
EL, MRATORTOREITHE LI,

AN BNy EBREDAE

KRy R IIAMIE 7 V7 2 Fraction V
TREMESR R LTty Ly METERL
(Gornall & 1949),

(18) #ratnsE

~A7wa Y7 MED Excel Z2fEH L,

DIIEIHTE L TN Sheffe test
0.05) DIREZEIT o7,

— oL E
i aEEE (P<
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ESSEES

F1E REAHRBIENRILAMHADOBCHEIL
[CRIZTTEE

AV A A FIERFNTIE, AT EEIR Sy
i+ r48E7uTr 7 —ERNEEL (Konmo and
Fukazawa 1993, Tajima © 1998), #V fih7e &~
DA AA FTROFNFIERZ Wi TS, RERE
NOEBRFERNS, Z0o7a77—8iX Zn 7z
I% Co #ERTHEETaT T —EBTHLZ LN
BASNCENTWSD (Okamoto & 1993), ZiLw
%, EDTA £72iF o-7 = FAn ) Uia P DF L —
MEIOBIMZ LV, BOiEbEHIcE 5 (LR
% 1992, Konno and Fukazawa 1993, Park © 2003),
LirL, o LA E S~ i IE

FIZRR BTS2, F720E, FFaf S Tunen
ft&<cdhHsd, 2T, ﬁnn{fﬁ)u%& L CRRAr s
U, TBAVVEMICHIA S TV A HHEREE O X L
— MERIZER L, MMV REEE AT 5
FHEATEIRIED, AV A A DRICNET D4R
077 =Rk D I AT DONREET S E
Rt L7z,

£, R AAL DFHREOE CIELE EEICH
T AT ODET IV AT LERESL LT, RIZ,

A INEREFO R T T — MR R DA
ARERIE AT LIZDG, FrEDIRE TIRE L,

A RSN S5 7> SDS-PAGE L2 L V) i
Hri7e, £72, NaCl OIRINEI AT > D7 4 F A
v NEEMRL, Ui ARESEAZ LT, A
CIH b EE S5 Z EAHLNICEN TN DD
¢ (Konno and Fukazawa 1993, Konno & 2002),
NaCl DS H g CTiat L7,
(MWSCIZHITB AL OIS T DEHEIED
B

A BRFEYF— b (0.1 MNaCl) % 5C THAF
L, B kDO 7% SDS-PAGE /34— DAL,
MHIBR L7, FFEZ, 5 mM EDTAICLZ2HE
THILIHIER 2GR L, EOREHE% Fig. 1A 1R
L7=. F£77, 55472 SDS-PAGE /X% — b,

REVEZ R L 72 20V A A SVERR A O BRI B9 % 58

LR SHUTICERIE L T D HC ORI AR
E (Fig. 1B) ZHH L, HOHLOEITHEEDH
e L,
RECHDHA DHFED R — FZDHDOD/HF
— AT, ERIREM SO B RE A DN T I A
> (PM, Tsuchiya & 1980) HI3D5r 1559 100
kDa ®/3> K23 HC &7 7 Fofjiciiti s T
WD, PREFRFR ORIV HC I3 L, £
ERIRHZ, 150 kDa {287z 72 HC Sy A= pli)
DEBERRBDOLND L )2l oTz, ZONRVRIZ
Mz, PM OREEHE & XBIITE 7220 100 kDa f13T
DN ROEINEFRL, IAT 13150 kDa 35
F U100 kDa (ZERAIZOIEr STV D Z & A58
DOz, ZORRIE, TTIZ25CICBITHHEA
L OIFZE T SN TV DY 2 — 2 LRI T
Th Y, ERIIZENZIVHMM 35 L O'LMM
W Cchsd ERIESNTUVWS (Konno and
Fukazawa 1993, Yoshioka & 2005), 9725, 5C
FHEDIKIR TS, Eﬁﬁ%fbtﬁm,m:m
HMM & LMM IZ53fSid 2 & ZEi Lz, 7
,HCUﬂﬂw\/%;ﬁthﬁb%%Mm%oto
—J7, EDTA Z Mz TEIFIX, 5CT 20 ReELrE:
L C% SDS-PAGE /3% — N2 UIFRED BT,
W%4ﬁw¢®éﬁ7m77—k®¢%

EDTA TR TEH T &%@abto
myB_r¢i9 , A TTRARET R — FHOHC
DEDHEEIL33% TH o720, B ORLGEIZ L

Vﬂ&b 20 FFEIFZICIEZ 13% F TIKF L7z,

ZTHWEA BRFAEYR— M, HOHE
@%TW/XTA&LTﬁﬁf%é L affEd L
7o DT, I, AR ORI O TGS LT,
FEVR—MI05M E725 X9 NaCl, 7 =g
Na, 408 Na, F720%, 7V B Na 2%,
S5CIZRBNT 20 FFHIE TIREF L, XA DR
O L7z,

{17+ D SDS-PAGE % — >33 L OVHC OAH%}
Yeta R 2 = h, Fig. 2A 3 X OV Fig. 2B (278
L72, NaClEEZ 0.1 M 25 0.5MIZ B85
L, IFTVogRIHMEES N, ZhuE, BER
DOFER L —F L T\ % (Konno and Fukazawa 1993,
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A

without EDTA with EDTA

HC i e makm e e,
1460k Da

P 100k Da
B s e ———

0 5 8 20 4] 8 20

Imcbation tirne (b
B

40

HC content (%)

0 1 1 1 ]

0 5 10 15 20
Incubation time (h)

Fig. 1 Effect of EDTA on the myosin degradation in squid meat homogenate incubated
at 5 °C. Squid meat homogenate in 0.1 M NaCl (pH 7.0) was incubated at 5 °C with (X)
or without 5 mM EDTA (#). (A) Changes in the SDS-PAGE pattern upon incubation of
the homogenate with or without EDTA. (B) Myosin heavy chain content was estimated
from the SDS-PAGE pattern in (A) revealed on 7.5 % polyacrilamide gel. HC, PM, and
Ac stand for myosin heavy chain, paramyosin, and actin, respectively. The 150 kDa and
100 kDa are the degraded myosin heavy chain fragments produced.
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Konno © 2002),

—7J7, 05 M DV = F#ENa,

IS )Y LAOLEERMEEFIH L2 AN A 4 AAVERGROEERFICET 20758

AW TR T ORI IR S A3 3R D

Ll Na £/ 7 Vv a B Na 2RI L7256, 2 THEERN D D Z Lo T-, HC 23EA L7

FU U DGRRITIEE AR Z > TV o T, F WD LT, HC O3 Tod 5 150 kDa D
OO/ —20F, Fig 1R L7 EDTA 23 AR LR bven-T-, £ 2T, HESDREH
L=G6a s, FERLUTHY, ZNHO/END 795728, Fig. 2A OFESNG 20 RefElfREF L
A 0.1 M NaCl 0.5 M Na-citrale 0.5 M Ma-gluconate 0.5 M Na-succinale
HE | W W — ——— A p—
160 kDa
PM 100 kDa
Ac - - —— — S R w— R p—
5 5 8 220 5 8 22 5 8 220 5 8 2
Incubation time (h)
B
40 r

HC content (%)

0 5 10 15 20

Incubation time (h)

Fig. 2 Effect of NaCl and several organic salts on the myosin degradation in squid meat
homogenate incubated at 5 °C. Squid meat homogenate was incubated at 5 °C with 0.1 M NaCl
(@), 0.5 M NaCl (), 0.5 M Na—citrate (O), 0.5 M Na—tartrate ([1), and 0.5 M Na—gluconate. (A),
SDS-PAGE patterns for the incubated homogenates. (B), Remaining myosin heavy chain content

was estimated from the patterns in (A) as in Fig. 1

. The same abrebiations as in Fig. 1 were used.
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72HF? SDS-PAGE /¥ — > & ZH L, Fig 31Z
LTz, JEARNK (B) (28BW T, HC O
KOV 150 kDa T /X ROAER D BHIFRIZZED 5
iz, EDTA ZMx 72856 (O 1En6NIEE
A EERE N2 -T2, EDTA O izr =
f2Na (D), A% Na (BE) 3L /L= Na
(F) ¥4 %L, HC O%5f#, 150 kDa %5 D
ARSI 4Tz, 2 ORERD D, 5CITHBW T,
W OAEERE 2 AV Z5ATH 05 MULET
bUE, BE7 T T —YE oI TE Lz
Lotz

Z 2 THWE 3 EOFIEEIL, A ImRICE
INd&R7TeT T —EOMEEHEZETHZ &
DRBH L7200 T, F 6 DOMHEDR X & il L=,
ZDT, Hex LI ORI %2 R E VR —
MWL, 5CT20 FFffRFF L7, £L T, 5%
17 HC OFBRI a8 2 ik OFFHE & LTRD,
Fig. 4A (TR L7z, F72, HC 25 DO %
X1(PM)Rks7 & L TER L, Fig 4B IR LT,
THREE DA HWREY X — FPo HC B
33% T o723, SSCTREFT 5 Z & 1IT L » THER
I T 13%IZE TR T L, 7 =% Na, 8
AAENa B IO 3 U ENa DWTETIL T
b, WINRENE L 725120860, I AT D5
DN S, 77 HC &M L7, 7 =% Na
DAL, AW/ NRE TH 5 0.1 M OEINT
b, A7 HC &3 29% Zffefs U, HLiARIRE T
b I AT OREIHT D Z LD b,
Z LT, 03 M T ClRFREICEL T,
— 5, A Na B IO /L a UENallBn T,
oM a7 7 — BB AR T 2 &2V
ofc, LML, ZvafiENald/ = Na KV
RIS <, E HITIEATE Na ORFITRD -T2,
ZUZ, Fig. 4B O X1(PM)RSy DEEN S b FF
STz, LorL, WO d 0.5 M LLEDOTRIN
TlE, AV OO IZT BRI L7=D T,
RAWDIRE S 2 HacmitiuE, 3 e b HEOH
fenfifb e & LT CE 5 &l L7z,

A JTRZNTET % B I EEESRTE, NaCl iz
KO IATVUDNERTLHE, FFHLST 2%
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(Konno & 2002), % ZC, NaCl{F{E F D5 iR
RHE SN D RMHITBNT, A HAKREY R — MZ
BAWREZ N2 725612, FHEERZFEC X 9
IR S D 0N E D EfET Lz, AL 2 A
T O IREZRE LT & Z 5, NaCl #LR
TO0.13 M Tholz, £I T, ZHUIX LT NaCl
Z05M ETIRINL, RAIRED 0.13M 225 0.63
M & LIEREDR— M EERLTZ, Z® NaCl ©
HMzT=bOEFBEL, IR LT 5 mM
EDTA, 0.5 M 7 = Na, 3LUN05 M 7 /L=
> Wk Na Z2 MR 72ikBh 2R L, 5°CIT 20 FFfHEIPR
L2, BonizAT Y 3r— M osEFE HC O
RV BRI A Fig. 5 12~ L1z, §5 &, NaCl il
OEAO A kI, 03 MNaCl (FT TRk & 72
D, BEROFESR (Konno and Fukazawa 1993, Konno
52002) &R U TH-72, 0.1 MNaCl Tl, IA4
VUMNTATAVNERERTHZETTRT T —
VI L 29I (HMM/LMM) AME#E ST
D720, RO NINEE X B, 7,
ZOBIGUET 4 T AL MREEOEKH I AT O
HMM/LMM EBAZ7S, FF Y 7 ic k> Tl
LS 255G LB LIZBIR TH D (Weed
and Pope 1977), 723, 0.3 M LI NaCl £ C
%, WA HC E&ITm< ey, a7 7 —
BIEMEDY NaCl 12 & > CRE S A EAFED
iz, Z#UZ, EDTA, 7 = fENa HDHWNELT L
aLFENa 25 E, NaClIEREEIZ b 5Ty
fiflZ &% HC OANTFRD HT, FEVR— b
FHREL (34%) LT AfE (31-33%) &72o
Teo ZORERIE, ZO AR O EEMIL,
NaCl (Z X 2 EEMERZ LAY, SCOMRLRTT T
TlE, NaCl (2 & 5 NTERESE Do IEEDSEE = 24k
RRIZIRW T O ot ER 2358 L, 05 M O
T UM Na B XL a U fE Na L, EDTA &I1EE
[FFEEE D B CAH IR R 2 7R3 Z & A b g
ol
ZZTCTHWE 3 ORI, WTnh AL
AA RO E I bEIHI L7223, £ofTr =
VT Na (3 b RRE CHRER 27732 &£ 238
binkigole, ZNOHAMEBEIZ L 28R 7 v T
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HC Y ——

150kDa
PM 100kDa
Ac -

Fig. 3 SDS-PAGE patterns of squid meat homogenate incubated with
organic salts at 5 °C. Squid meat homogenate was incubated at 5 °C for 20
hours as in Fig. 2 with 0.5 M Na—citrate (D), 0.5 M Na—tartrate (E), and 0.5 M
Na—gluconate (F). (A), (B), and (C) are the homogenate before incubation, one
incubated without additives, and one incubation with 5 mM EDTA,
respectively. The abbrebiations as in Fig. 1 were used.

A B
50 r 50 -
40 | &
240 }
_ 2
S 5
= 30 ¢ 2
o C
£ g 30
S B
% 20 5
=
20 |
10 [ =
X
0 1 1 1 ] 10 1 1 1 ]
000 025 050 075 1.00 000 025 050 075 1.00

Concentration (M) Concentration (M)

Fig. 4 Concentration dependent suppression of mysoin degradation by
organic salts. Squid meat homogenate was incubated at 5 °C for 20 hours
with various concentrations of Na—citrate (O), Na—tartrate ([1), and Na—
gluconate (A). The homogenate without addidives () was also studied.
(%) denotes HC content before incubation. (A) and (B) are changes in
myosin heavy chain content and X1(PM) component contents, respectively.
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40

HC content (%)
N
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0.4 0.5 0.6
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Fig. 5

Suppresive effect of organic salts on myosin degradation in the

presence of NaCl. Squid meat homogenate was incubated at 5 °C for 20 hours
with either 5 mM EDTA (X ), 0.5 M Na—citrate (O), 0.5 M Na—gluconate (A)

together with various concentrations of NaCl.

NaCl alone.

7ML, IS OEMIc L ¥ L—
MERDSHTF Ch 5 L HEHI S -, £Z T,
XL — MERAZHERT D720 Ca¥ 2T Ve EA
Fr b L TR L2, 50 mM CaCl, (pH7.0) ¥k
WXL, L7 = Na sz Nz, 0

L X DOWFRED Ca* T 2 Ca?" M CTHIE L7-,
CaClL AHRIZ 7 = Tk Na ZiRa lIcinzZ T &,
el Ca JREEIIREBICIE T L, 7 =2 Na 121X
¥ L— MERRH D Z & 2D, 7B, /=
VENa 72 10 mM O & & Ol Ca™ PN D, Ca®™
LI U Na OFEGEREZRDIZE A
1.94x10° (M") LRSI,

(@) denotes the result with

WIZ, FL— MEEEICLY, 7= Na O
¥ L — MEA%Z EDTA 5L OV L= U Na &bt
WLz, 2ZTH, ETAAAUIE CaTe Lz,
B TRIREED Ca™ & BTV A 7 = L Na, 7 /L
2% Na BXO EDTA R CHEL, HW-
CaClL IEFEICH LT, FL— T 570ICE L
fbEmOlEEZ 71y ML, #ik% Fig. 6 (TR
U7z, T U723l o Ca” PR LSS V2
BB OPREE & OMIZITERRBIRDG b iz
DT, MEITERMZRESE LTWD T & D3R
Sz, 7 Nal, 7V Ul Na |l 5
S MNITIRIEE T Ca A F L— b LA (Fig
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6A), EDTA (ZHA2 EBA OB 2 03 b
L7 (Fig.6B), 7=& 21, 05mM O Ca* & & L
— M2 DI E 2 EDTA J2FE134 0.5 mM Tdh
HDIZXK LT, 72 e NalX8mM, 7 /Lo i

A
50 r

Concentration (mM)

Concentration (mM)

Concentration (mM)

Na TS DICEBRED 37 mM 205 E Lz, 55
NEEBOMEE NS, FL— MEFAOKRE &%
EDTA Llbigsd 5 &, 7= Nald 117, Zv
2 PR Na 1% 1/114 Toh-7= (Fig. 6C) ,

0.0 0.5 5 1.0 1.5
Ca®" (mM)

0.5

1.0 1.5

Cca? (mM)

Fig. 6 Comparison of the chelating ability of organic salts with EDTA.
Calcium ion at various concentrations were titrated with 0.01 M EDTA (cross
marks in B and C), 0.1 M Na—citrate (circles in A, B, and C) and 0.5 M Na-—
gluconate (triangles in A and C). Concentrations of titrants required for a
complete chelation were plotted agaisnt calcium ion concentrations.
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D 2CIZBIT B AL VBRI T S EHKEEE

A
DL

BFEAIEEIY SCORIRTCIE, 7 1EL
AN AL TDRARED R — NI AT D5 fR%E
FIEFERITHHIT D Z RO E T, 2
T, RFEEE 25Clc EHR- &8, 2o OFEE
Mz L, mEYFR—MIZ05M DY = UM%
Na, A Na B IO /v a VR Na, HDHVNES
mM @ EDTA %Mz T, 25CICREE L7550
HC &0 ZA{b% Fig. 7T \R Uiz, 2 AT v Do fi%
BT 2728, SCOYFETX 20 K E TR E B

40

HC content (%)
N
o

BRg 2 M BERH 7203, 25°CTIL S Bl £ con
IRHIC HC EORD R E, SROMEAINDZR T
1£32%7°5 6%IZFE TIK T L7z, SCOEE, 0.5M
DY W Na, AN Na BLOZ /L2 B Na
13 I ZTFERITHC EOW 2 i L7275 (Fig. 2),
5CTIEIN S OWBIFIFITR R o T, 7 =P
Na |Z EDTA & [RZEOMIE- 27~ L, HC O
Ze iR <P L7223, AR Na B ROV L= g
Na %, MIHWEARROLNDHDD, 0.5M D
ECMATh, BHIERIZA OIS Do Tz,

1 1 ]

0 1 1
0 1 2

3 4 5

Incubation time (h)

Fig. 7

Suppressive effect of organic salts on the myosin degradation in squid

meat homogenate at 25 °C. Basic procedures were the same as in Fig.2
except the incubation temperature. Squid meat homogenate in 0.1 M NaCl, pH
7.0 was incubated at 25 °C without additives (@), with 5 mM EDTA ( X ), with
0.5 M Na-citrate (O), with Na—tartrate ([1), or with Na—gluconate (A)
respectively. Decrease in myosin heavy chain content was estimated from

the SDS-PAGE pattern of the homogenate.
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Wiz, 7 B Na, 27 NaBLOI Lz
1% Na D 25CTOMEWERICOWTIREZZE X
TR L7z, 22Tl EAEE Na (22 C, [A
C 2D VR U TEH D a7 FE Na 7 Ve,
25°CC 5 WA DARE VR — b EREELTEIRO,
¥%{7 HC &% Fig. SA 12k L7z, Fig. 5 OIFLRAEE
5, TEEFED NaCl 1332 A b &2 335
T EWRBR ST, EIREICER LR
Nz Tz, 25CIZBW T HIRRTOMELF T &
212, NaCl JREEAS 0.3 M fHr Chie h B CiH b
., HC IJEBMREIZ E TR L7z, & 512, NaCl
REZ10MMEECTER IS E, HOICH
O bRl Sz, 7 =28k Na 1L, 220K
VNRFEEOUSINT G I A iz misi L, 59025
M L EOFINT, HC &IFINRRTOMEICIT O X,
FEACHCMEITERD Bl oz, Fva
MR Na OYFA1E NaCl 2RI L 7-4854 SRl L,
I E DTN TIE N 2 > TH Wb AR S5
HENFRD BN, £9035M Tl b A CiM Mg
SNz, TNLLEOREIC/RD & IRERITANCE
EDVHBD O, HEAEEZSIEHT7ZD1I2E, K
1.0 M fHEET EASELMERH T, T,y
Fi Na DAY 72 EERAFMEI X NaCl DA & [FlER
T, #102M ThRRfFE R LTz, LT, 02M
DI iENa &I 2 7- 573 NaCl &z 7256 &
DELWI AV U DN T2, L B
FETIE, B ER-E L HICH O EOMHIVER A
RDHLITEN, FTORRELT =R Na /v =
VEENalZlhRD E/hE <, 1LOM £ T EA-SET
HERRIHITRD LR T-OT, HfIER
TN &I LT,

— AN, BAICEI E N2 5865 1L EE %
TIIN&EN 5, £ 2T, Fig. 8A THHIL- 3 fED
AR X OEIROEN 2 %R EEICHAE L Fig.
8BITR LT, EDORER, YRETIHMiL Thr =
VB2 Na O HCIHEmHIERIE, 712 Na
RLa Vg Na L0 HEWZ ERHALINTHD,
1 8% D7 T g Na OFINTH ML ZIRIERE
AITHIHI LTz, 7 v a U fig Na B8 L2 N7 fig Na
OYEHIZFE CRETH Y, #lIZIX 20% OB

VETH o7, £7-, NaCl D4 Fig. 8A TiX 1M
FETLAVRERD TN, SLIRES L&+
TREMICTAANTRE R, 20% 2RI F CIRES 5
SHDE, ACIHEEDRVIHIT S Z RS
e, £z, EFITEREORIEE MR 54
L, 2L 23, Dot ORGEFIZIE, A
HD 7 a7 7 —BIZ L D03 & Tund
AREME L R ST, ETe, EIRED NaCl Off
A M EIHFEDO—2>TH D Z L 20D T
RLTEDS, TR EORENI TR0 o T,

() 35CIZH T3 2 H L U RRICHT HEHERIED
FE

AV A A T RO B CIEEOBZE S 35CT
L, @R er7r—8iamz, v e rr—
BIZ L D0 BEICHREEND Z L3mbiT
% (Konno and Fukazawa 1993), = ZC, A T
REVFR— N 35°CICREF LTI E O ARSI
WIMZ K% A o ER 23 ~7z, 35°C
TS KMETIMAELIZEEDOREYX—FD
SDS-PAGE /X# —>%sx L7 (Fig. 9), F£7=, 1%
DAVIZUKEN N2 — b5 HC & (Fig. 10) %
Kbiz, 7ok, ZOFEERTIEIT w7 7 —BHEA
& LTCTEDTAINZ, BV > 7 a7 7—EiE
FITdH D PMSF HEM L7, Fig. 91TRL7=LD
2, ZOWRETIE25CED b EIBITIAT D5y
TR 72, AT Y R — hTO HC &
IR CRE B L, T%ITE L=, LI
VLR UEBRE & 2p oz, £72, 5CR 25CT
ILHC 76 D4R R & LT 150 kDa<° 100 kDa
DRy R SN2, 35CTIEZEN D OEM
ITERD B 7o Te, ZOMRRIE, &7 eTr T —
BIZE VAR LI 2 BE A S HICNE Tl
SN L EBRET D,

EDTA LT 25C L1382, HC Oy
Rl E VIR SN2 oTe, LT, AEkLT
Wr A HEIR DS A & #7220, 190 36 LUV 55 kDa £+
WO T-723 R ThoTz, ZO0ME, &V
TaT TR DI AV UNRERM EE 2D
U7~ (Konno and Fukazawa 1993), #ilZ, U 7
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Fig. 8 Suppression of myosin degradation by organic salts. Squid meat
homogenates in the presence of various concentrations of NaCl (cross marks),
Na—citrate (circles), Na—succinate (squares), or Na—gluconate (triangles) were
incubated at 25 °C for 5 hours. Remaining myosin heavy chain contents as
estimated from the SDS—PAGE patterns were plotted as a function of the
concentrations of salts in molar (A) or percent (W/V) bases (B). The closed

circle in (A) denotes heavy chain content for the suspension before
incubation.
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0.1 M NaCl 5 mM EDTA 1 mM PMSF
HC o 190 kDa
150 kDa
PM 100 kDa
55 kDa
Ac
0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
5 mM EDTA and 1 mM PMSF 0.5 M Na-citrate 0.5 M Na—gluconate 0.5 M Na—tartrate

HC

PM

Ac

i 2 3 45 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Incubation time (h)

Fig. 9 Myosin degradation at 35 °C and the suppression by organic salts.
Squid meat homogenate in 0.1 M NaCl was incubated at 35 °C without
additives (0.1 M NaCl), with 5 mM EDTA, with 1 mM PMSF, with 5mM EDTA
and 1 mM PMSF, with 0.5 M Na-—citrate, with 0.5 M Na—tartrate or with 0.5
M Na—gluconate. The myosin degradation pattern was analyzed on SDS-
PAGE. HC, PM and Ac stand for myosin heavy chain, paramyosin and
actin, respectively. The 190 kDa, 150 kDa, 100 kDa, and 55 kDa are the
degraded myosin heavy chain fragments produced.
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DORREFDAFET H Z ENHEINTNELHDT,
V¥ HAEHRM (Konno and Fukazawa 1993) [dt
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Fig. 10  Effect of organic salts on the myosin degradation in squid meat
homogenate at 35 °C. Myosin heavy chain contents in the pattern shown in
Fig. 9 were estimated. The incubation medium contained no additives (), 5
mM EDTA (%), 0.5 M Na-citrate (O), Na—tartrate (1), Na—gluconate (A), 1
mM PMSF (4+), or 1 mM PMSF and 5 mM EDTA (H), respectively.
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Effect of temperatures on the myosin degradation in the presence of various salts.

Squid meat homogenate was incubated at 25 (circles), 35 (triangles), 45 (squares) °C in the
presence of either 0.5 M NaCl (A), 0.5 M Na—citrate (B), or 0.5 M Na—gluconate (C).
Decrease in myosin heavy chain contents was estimated from the SDS—-PAGE patterns of

the homogenates.
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Fig. 12 Solubillization of squid meat homogenate with
NaCl. Squid meat homogenate was incubated for 6 hours
at 5 °C with various concentrations of NaCl (@), or with 5
mM EDTA (X). The mixture was centrifuged at 20,000 x g
for 30 min. Protein content in the supernatant was
estimated and the ratio to total protein content was
calculated as solubility.
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Fig. 13 Time dependent solubilization of squid muscle
proteins with 0.5 M NaCl. Squid meat homogenate was
incubated with 0.5 M NaCl at 5 °C for various time. The
procedures to calculate the solubility was the same as in
Fig. 12.
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Fig. 14  Turbidity of the muscle homogenate as an index
of solubility. The muscle homogenate was suspended in
various concentrations of NaCl as in Fig. 12, and their
absorption was measured at 350 nm. The same mixtures
were centrifuged to estimate solubility as in Fig. 12, too.
The absorptions were plotted as the function of solubility.
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Solubilization of squid myofibrils with some organic salts. Myofibrils suspension (0.6

mg/ml) was added by various concentrations of NaCl (cross marks in A, B, and C), Na—
citrate (circles in A), Na—gluconate (triangles in B), and Na—succinate (squares in C).
Turbidity of the suspension was the index of the solubility.
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Fig. 16

Protein composition of soluble fraction of myofibrils with organic salts. Squid

myofibrils suspended in media containing 0.1 or 0.5 M NaCl (NaCl 0.1 and 0.5) and 0.1 M
Na—-citrate (A 0.1), 0.5 M Na—gluconate (B 0.5), and 0.25 M Na-succinate (C 0.25) as in
Fig.15 were centrifuged at 20,000 x g for 15 min to obtain solubilized proteins in the
supernatant. SDS—-PAGE patterns of the supernatants were compared with the pattern
for the homogenate before centrifugation (Whole).
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Fig. 17 Two different effects of Na—citrate on the solubilization of squid
myofibrils. (A), Solubilization of squid meat homogenate with various
concentrations of Na—citrate as measured by using the centrifugal method
(open circles) and the turbidity measurement method (closed circles) as in
Figs. 12 and 16, respectively. (B), The supernatants obtained at 0.1 and 1.0 M
Na—citrate were analyzed on SDS-PAGE.
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Reversible solubilization of squid myofibril upon reduction of Na—

citrate concentration. Myofibrils were suspended in the medium containing
various concentrations of Na—citrate. The mixtures were dilluted by 5 folds in
two ways; keeping the respective original concentrations (circles) and
adjusting the concentration to 0.25 M (triangles).

NaCl (2 K %A 71 PR ERIHE O EfRIERIS T LT,
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Fig. 19  Solubilization of squid myofibril by organic salts in the presence of

NaCl. Squid myofibrils were suspended in media containing various
concentrations of NaCl together with 0.05 M (diamonds), 0.1 M (circles),
0.25 M (triangles), or 0.5 M (squares). Sodium citrate (A), sodium gluconate

(B) and sodium tartrate (C) were used.
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Fig. 20 Solubiliation of carp myofibrils with NaCl or Na—citrate. Carp
myofibrils (0.1 M NaCl, pH 7.5) were further added by various concentrations
of NaCl (cross marks) or sodium citrate (circles). Solubility was estimated by

using centrifugal method.
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Suppression of myosin degradation with organic salts in the presence of NaCl.

Squid muscle homogenates were incubated at 25 °C for 5 hours in the media containing
various concentrations of NaCl together with no (cross maraks), 0.1 M (circles), 0.25 M
(triangles), or 0.5 M (squres) of Na—citrate (A), Na—gluconate(B), or Na—succinate (C).
Myosin heavy chain contents were estimated from the SDS—PAGE patterns of the incubated

homogenates.
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Fig. 22

Temperature and myosin degradation of heating process with salted

squid meat paste. Squid meat paste ground with 3 % NaCl was stuffed into
polyvinyledine tubing (diameter 27 mm), and heated in water bath of 90 °C.
Internal temperature was monitored by using inserted temperature sensor
(dashed line). Temperature raise was simulated by assuming the step—wise
increase of the temperatures (solid line) to follow myosin degradation. Meat
pastes stuffed into small pouch (thickness 0.6 mm) were heated in a step—
wise manner as programmed. The pastes were taken out after incubation up
to planned temperatures from the water bath. The meat paste was dissolved
into SDS/urea/mercaptoethanol solution by shaking overnight. Myosin heavy
chain content (diamonds) for the incubated pastes was estimated from the

SDS-PAGE patterns.
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Fig. 23 Effect of preheating on the gel strength of the thermal gel prepared

from squid meat and the myosin degradation. Squid meat paste was prepared
as in Fig. 22. The paste was preheated for 20 hours at 5 and 10 °C , or for 2
hours at 20 and 30 °C. The preheated pastes were further heated at 90 °C for
30 min. The thermal gels were sliced with a thickness of 25 mm, and their gel
strength was assessed by measuring breaking force and strain on a rheometer
equipped with a spherical plunger (diameter, 5 mm) with a raising rate of the
sample table at 6 cm/min. The breaking force for the gels was estimated
(bars). The thermal gels were also dissolved into SDS/urea/mercaptoethanol
solution, and applied to SDS-PAGE. Myosin heavy chain content (closed
circles) were estimated. Diamond indicates the HC content in salted meat

before incubation.
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Fig. 24 Relationship between breaking force
and myosin degradation for the thermal gels.
The results in Fig. 23 were used for producing

the graph.
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IZ PMSF %1z % LA NaCl J2£ Cl, EDTA H
MOLE & TR DAL > 727238, NaCl 23 0.2
mol/kg LA FIZ72 % & EDTA Bl TR 5 -l
FENE T D T DAL 720, T NaCl
RETH R CHEHRE 2R3 L 2 IlkeoTz, 2D
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PMSF CREEFETIUXZ AL BRI 52 L &R
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Fig. 25 Effect of EDTA and PMSF on the breaking force for the
thermal gel prepared with NaCl. Salted squid meats with various
concentrations of NaCl containing no additives (open circles), 5 mM
EDTA (closed circles), or both 5 m mol/kg EDTA and 5 m mol/kg
PMSF (closed triangles) were heated at 90 °C for 30 min. The
breking force for the gels produced were measured as in Fig. 23.
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THDOT, ZORICACIHEPEZ > TLES Z
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2) AHERIEZ AL TRILA A DAL SRR LT
BEEMETILOFFE

WIZ, 1 ETEOE RS Z R L
AR ORI OV TG LT, ZDFEBRTIS,
NaCl & AR H N2 T /Z0iEl 0.51 mol/kg
® NaCl Z Nz 7=k 5 m molkg ™ EDTA %/l
AT BH R & Lie, SARREREE S 7 VIR
LMAF TR T 5720, BEZ 0.5 molkg F
TOREL 2D K5 7 = 0 Na, A2 Na B K
O v g Na ZI0Z CHS U7 i 4 B
9 CTMELNL THNVEAERLL, L6 DMET v
DHEMTHRE % Fig. 26A (2~ L7z, 7238, 0.5 mol/kg
7 = Na ZiRIN L7256 OMEVF Wi, &L
B LT RE 72 7N CTh - T T2 D IIE D B RS
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Fig. 26

L7es, ZORKEIE, FH2ETHLIILIEED
2, BIREDO Y T8k Na 12 X 25 i FiHE & o3
7B OHEHHEFNC X~ T, — B U7 ki
BN TEBEE LT T8, TR BT
EEBEZ NS, ZORERIE, WO VIEEL
(Z1E, ¥ 70BN 2 2 i RUHE O VAR A U E
SMECThHDHZ L AERL TS, Fig. 26A 1255 &,
ISR INEN /L OREMTIREL IS 410-424 gw Z 7R L72,
# 0.5 mol/kg @ NaCl I%, 7>z » T/ NEEZ IR T
S, AR 1 350 gw SARVMEZE R LTS, — A,
®R7mT T —EBAEHET 5 EDTA 2T 5 &,
501 gw FCER L=, A Fig 25 OfER &
—HL Tz, I3 RO FKBE -~ 2 Eh
WINT 25 L, WIS IR AN 713 CilEres
FENE L IR DMEHE Z R LTz, Z D TY T Na
DT VRN R A e b K& <, 0.34 molkg T
HRAE 680 gw (ZEE L7, ZOffIX 5 m molkg D
EDTA 2N L7256 L VL ICEVMETH -

B

0 2.5 5 7.5 10
Concentration (%)

Effect of several organic salts on the thermal gel formation of squid meat. Salted

meat of squid was prepared by adding various concentrations of NaCl (diamonds), Na—citrate
(circles), Na—gluconate (triangles), or Na—tartrate (squares). The paste with 5 mM EDTA was
also prepared (cross mark). The other procedures for the production of the thermal gel were
the same as in Fig. 23. The concentration of the compounds added was expressed in molar

concentration (A) and weight % (B).
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7oo —77, 1EAEE Na TlE 0.5 molkg T 600 gw D
R 2R Lo, Zhbllths L, Zrayr
2 Na WIS L 2 akrm s A3 hs<, 05
mol/kg C EDTA ¥R & A% D 500 gw Th o7z,
R B OREESISCIX, IRIIZEE% TN
2D EDZ\N, & 2T, Fig. 26A 127K~ L 72 mol/kg
DFER%E %R EITHE LT Fig. 26B IR LT, 72
B, NaCllZ 10%ETE L, NaCl OUSIEHET
(2> THWrRES TR < 72 0, 8 38 L TF 10%NaCl
EWINUTGE O, RNk a8 (P
<0.05) (Zf&D o7, HEWN TR LTS, Fig 26A
EIRIT & 9127 = U Na 13/ NEDTRINTTROR
DHRDFEEND Z &R Tz, SAEBE L
10% RN L 723555 ONNENT )V ORBIETR L 4 b9
HE, 7T W Na, BEARENa B IO v g
Na OREWrHRE X, £ 240679, 569 35 KL TN497 gw

40

20

HC content (%)

ZRL, WG EDTA IS L [R%H D0
FENU EOEWEE 7eoTe, ZRHOEE, H
PENEN L ORI & Ui Hamv METH 5,
72383, 10%D 7 = 1 Na, {EAHE Na B8 L O v
3 PR Na ZINZTEV LD pH 1, ZiEi
6.8, 6.6 BLV65 THVY, KERMETHST,
pH 7% 6.5-7.5 fHEOH/ N pH DiEWT, NTERE
FIZL D HC 3~ BTz L A E N %
REVR— N THERLT=DT, Z OREWHEREEDE
VN, e pH OEWC XD B O LIHI R
DETIEHZWEEZ X B,

% ZCFig. 26B THEIEIE 2 £ 10%I1 %
TV VD HC & &% ROT, BHOHRE
DEDITHEBSN TV D RETL, #EF% Fig 27
\ZR L=, £9 EDTA 2012 CHEE L7ZE%OA
TR HC 81X 34% TH DD, TN LT

Fig. 27

Myosin degradation in the thermal gels prepared with

various compounds. The gels prepared in Fig. 26 were used for
analysis of the myosin degradation. The procedures for analysis are
the same as in Fig. 23. HC content in salted meat before heating
(A), one for the gel with 5 mM EDTA (B), with 3 % NaCl (C), with 10 %
Na—citrate (D), with 10 % Na—gluconate (E), and with 10 % Na—
tartrate (F) were estimated from the SDS-PAGE patterns.
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1£26% & 720, MR OSEIPHER ST, 1
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L7222 & (Fig. 10), BIOEEEIRTINET S
BaOFIRIBR CH CHITE T2 2 & (Fig.
22) 7175, EDTA Z Nz CTEHIZ 90°CTHMEAL T
b, HOMEZZERIIIMZ 5 Z L3k oT-
bLorEZONS, £72, 3%0 NaCl 21z 7200
7o HC 81T, EDTA IRNOBAE LY &5
W27, 8% Tholc, TNHIZKLT, 7=
VR Na, 841 Na, F72157 V3 Na Z 0
ZCHBL L7270 0 HC &%, FhTh 33, 28,
FX 24% ThH o7, TRHOEIE, Wb
NaCl Z 1z 7= 0EV7 100 HC B L D EVVET, X
D) EVOTIREE 2R LT INEV U & HC BT
SHEFF SN CQUZ, ZOHTY, 7 U Na I
EbEVMEZRL, EDTA 2278850 63
F O fRENR Lz, 72, H1FD35CT
filr L7z H CiE bbb (Fig. 10) &, 22T
R LTZERINEV L oFE HC B L1, [FUIE
FCholeZ &b, FERERTHCIH b HEST
T2 EHIMET AP OFAFE HC &L, &F 7 1
T 7 =BT/ 35 CULETIERT A E® Y
777 —t (Konno and Fukazawa 1993) # 5 <
B LTWb EFEZ b,

Fig. 26 & 27 OFERIL, BREOETH 503, 3 fE
DOEFEI TN TS LAV v DR E T 5
Z & CIENT NV OREWTREE Z1h) LS D 2 &R
XNz, 7=, 7T 8 Na 2N L7-ngEvr
VTN, HREZ ORI L FFREO HC & &2
L72Z &M D, SIRINET HERO FIRIERIZ W
TH I AT ONREIIEZETIHT 5 Z &0
B CE Tz, 7235, BURL TS, AT
XTI OMEZ M T HEELL L7 (7 mm
Aitk) & LTz,

WIZ, WINT 27 =8 Na JREZEZT, B
BENEV L 288 L, % SDS-PAGE /¥4 — 1 7)»
5, HOWM b S Wb et Lz (Fig
28), ¥7-, #® SDS-PAGE /3% —> 5 HC &
B4Rz (Fig. 29), KIRED 7 = U Na
(0.05-0.15 molkg) TiE, HC DAFMHIER0

R4 TH Y, 150 kDa (HMM) <° 100 kDa (LMM)
Wi st S, HC OfEnsiEed biiz, Ln
L, 0.25 molkg LA D7 = Ui Na Z TRIT 10U,
LAV OGRTIRFEERICIE STV, AR
B, 2D 025molkg 135 2 ETHH/NILIZ LD
(2, AR 2 o0 R DIREE CTH D,

Q) RREDEEMEAT ILIRICRIFT I T8 Na
DEE

7 TR Na HAOWRINT, ZivE THILVEE
NREETEH D & WbIUTE T2 AL A A I IERRRS
W BN T NI E B3 D IEEENEVT L3
b xR, 2T, 2OV =W Na
A T3 IS D TR O 7 NAKIT b 1 S 412 DT
Mz Tz, ZOBE, @HF#Y NaCl &L TR
& LTI L i LT, O TR RIRT
FCHREINZT~HA, ~( VY, JF, ZF
U, AT THY, ZibiTan fEsEE L
THE TR SN TV AAFETH DL, ZnboK
il L L7=fmIC, 7 = Na & 5\ NaCl Z 1
Z TP HEEENE S LV EFRELL, o=y
JVORGEIHRAE S X ORI A% Fig. 30 (2R L7=,
728, 7 T Uk Na 8 XU NaCl OUSIEEE, W
T b PRHEZ T 5 3% & Lz,

R L > TR S D TR D ZE13580 B
7273, NaCl &7 = & Na iIIoRIzIE, 1ZE A
EENRD N oTe, 7220, BN )
REFTDHZENMBNTNE T T (5K 1974)
2R L CIE, 7 = R Na ¥R U1 NaCl dsin s
AT, BIGNTEN IV tEE R LTz, 7
F D NaCl WINTNOEELE, M FARINEL
HIZREFIDFEBLL, 420 | WA DEINT-H D
EBEZ B, 7 U Na X TAAY | 2h 3% 4
L7z &b,

4) 9 T Na R RILA A HDMEST LR
I RIS FliEmEnE

Fig30 CZ/ = & NalL, 7FRAMD 140 | %
P35 2 LR ST, 7 2R Na 2%
HZET, ANVAALTNRFDI AT D53z
HL, DB L ORWRE ) B2 Z &2
L72is, ZOTMTEENE S LV Th b, —7,
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Fig. 28 Myosin degradation in the thermal gel of squid meat prepared with Na—citrate.
Salted squid meat pastes was prepared by grinding with various concentrations of Na—
citrate, and were heated at 90 °C for 30 min. SDS-PAGE patterns for the thermal gels
produced were compared. (A) and (B) are the patterns for the squid meat used before
salting, and just salted before heating, respectively. 150 kDa and 100 kDa are the
degraded myosin heavy chain products.
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Fig. 29 Suppressive effect of Na—citrate on the degradation of
myosin during the heating. The myosin heavy chain content in the
pattern shown in Fig. 28 were estimated. Open diamond denotes HC
content for the sample before heating.
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Fig. 30 Comparison of the gel properties of some fish meat prepared with Na—citrate
and with NaCl. Fish meat was ground with either 3 % Na—citrate (closed bars) or 3 %
NaCl (open bars). The meat pastes were heated at 90 °C for 30 min. The breaking force
(A) and the breaking strain (B) for the gels were measured. The fish species used are
japanese tilefish (a), sardine (b), croaker (c), hairtail (d), and dolphinfish (e).
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A L RIBRIC AL A A DFFAIC S Ca IKAFED
TGase NFAEL, AL OBEERIGET S D
T ERHEINTVWSD (Nozawa © 2001, Park
52003), LovL, 7= Wk Na ¥ L — MER%
AT HDT, ZOWNIENE TGase DIEMEALZF| EiE
T CEESZLICRD, Thbh, JTUEE
Na Z I L7235A 1 ENTENE TGase 1I2 L5 I A4
Y OBERIGIIHFCE RN ERTEIND,

T, 7R Na ZEEH LIz ALV AL A
WIC, TRIEADFEEE (TH4Y) | Zh5R) 2l L7,
0.25 mol/kg D7 = g Na ZUSIN LTZ AV A A Ta
P2 20°C 5 40°C (SCRERR)  C 2 WERE T
BT, BBV VAR LT, T ok
FBLOMET Lo HC & &% Fig. 31 [~ LT,
¥, XL LT, EEIEAS VLR LT, K
WrlHlZ~%, 30°C T 2 KPR L7255 23 B
L0 HOREVMEE R LIS, BRI T
BAEATo CHORBEIFEAEED LT, FnEL
DNENFRD HIehoT-, £72, HC G&ILT
MM L > TUFE A BT, BOHEbNIE
EFREAEICHH S TS Z L, EHIZIATY
HC OZUESIEIHEIT L TWORNWZ & s Lz,
Tbb, TAEY 7 g Na 2012 7T
%, IATVUOLETERO LT, FuiE
HERL RS2 otz

RO NTENE TGase 1 mM A — & —0 Ca® Tl
MALZ 2T D08, AV A A TIZNFET % TGase I
10mM LA LD Ca®" 2B L5 2 LGS T
WDHDT (Nozawa & 2001), Z DIRFED 7 = ik
Na O, 72 & 235O S TGase BFAE L
TWTYH, IEHEERBITE b L Bbh s,
(5) ¥ T Na RV =RILA A HDMEST LT
BIZRIFd MGase & FiEmEneEsE

WIZ, 7T Na AT AN A A F7PINEN
FIZ, FlEEC L5 T4 | R E2RISE
HHMT, C' e MEL LaWRAEYH KD
MTGase Z VY, & SI27 UVMEDE BT 500
S L72, Park 5 (2005) 1L AL A A B AINEVT L
OYYER EIZIE, 5 unit/g Bif% D MTGase & RI19
LIEDAMTHLERELTVWD, £2°T, H

CH b 5580 L7z 0.25 molkg D7 = % Na
BN UT2PIRIC, & 51210 unit/g TP MTGase
ZNNZC35°CT 2 FH O FnEE 7> C, B
DB VAGREL U, 15 DTV v oWt %
HIE L, Fig. 3212/~ L72, MTGase fERINODE
INEF A Z T, MTGase 212 C 35C T
NN U 7= 7 v D 57D MRS, Fr A % o
L 72, MTGase FRNINEAS 2.5 unit/g TR AAEHHRE
THD 709 gw A3, 1 unit/g THRAMHIATH D
83 mm MFH AT, & HIZEED MTGase & ¥l
L CTHZDORNRITIRD HAVT, WA A 38
DD Y, Hal, SRR S e hFE
LLABRWT L TohD LH LTz,

I BT, HEe TS AR D120, T
TNENEEE DB Z et Uiz, TAmINBGERE % 20°C
M5 40°CE LT, PlhnBsfiz 2 BEff & Lz —
BB VAR L, BV L ORENEREE  (Fig,
33A,B,C) B L UMK (Fig. 33D, E, F) %]
E LTz, ZOL X L7 MTGase I, Fig. 32 ®
FERNOEEE B Z O 1 BX 25 unit/g, F
7=, 0% L &7 5 unitlg & Lo, Tl
TMEGREE 3 20CH 5 35°CE TR 2R DIZHE- ¢,
O NVOBKHEEE TR < 72572, 40°CTIE
KR T L7=D T, falil 1 35°CTdh 5 &l
L7z, 35CTOMIMrRE 2 9% &, Fig.32 T
RLTZEL DT, MTGase SN 2.5 unit/g 23V MiE
Zos LTz, —J5, Sunit/g & H %50 MTGase %
WNT 2 &, RIGHENRKE S Rolzizdh, 1
BHDHNE 2.5 unitlg TRED DAV SOGIREERATE
WFBD B Tro Tz, WA HIRIETREE & [F
BR7eZ b ZzR L, 138 LON2.5 unitlg D MTGase D
Wi 35CCiebmaVMEEZ R LTz, LT, 5
unit/g 12722 &, FUNREEIC X 2EWITEEO b
72K 7277, 5unit/g O MTGase TIE, B bk
I Z D728, FROGREE DE NS K D B s
SNV HolBbihb,

T IMET N DR A BT 0 T RER (P
1993) OHIWT L7, TARIMESIECE DL 5T,
2.5 BEOYS unitlg Z 0N L72A0EV W, 2 o3
D T2NTBELTLE D 1) &V RWVFHIET



Rl LR BERRBR S ey 25407 20144

A 5002———_./‘\'/1 10.0
400
7.5
3 3
E E
o 300 =
o o
£ 150 @
= o
€ 200 | £
3 g
@ @
1 25
100
0 L L L 0.0
20 25 30 35 40
Setting temperature (°C)
B 40
% E\./.\./.
9
5
£ 20
(]
(&)
@)
T
10
0 1 1 1 J
20 25 30 35 40

Setting temperature (°C)

Fig. 31 Effect of preheating on the gel properties and on myosin degradation.
Squid meat paste ground with 0.25 M Na—citrate was preheated at various
temperatures for 2 hours, and further heated at 90 °C for 30 min. (A), The
breaking force (circles) and breaking strain (triangles) for the gels were
measured. (B), Myosin HC content (closed squares) was estimated from the
SDS-PAGE patterns for the gels dilsolved into SDS-UM. Open symbols in (A)
and in (B) denote the results for the gel without preheating process.



ZE— 7 T VRF MU T A DOSEEEVE R AR L7z 20V X A A HVEIR A O & EER AN S 5 078

900 1 10.0

\% 600 g
S =
S S
> k7]
£ £
X 4
o 3
&5 300 | 5

41 25

0 L L L 0.0

0 2.5 5 7.5 10
MTGase (unit/g)
Fig. 32 Promotive effect of MTGase on the thermal gel formation of squid

meat prepared with Na—citrate. Squid meat paste ground with 0.25 M Na—
citrate was added by various contents of MTGase. The pastes were
preheated at 35 °C for 2 hours, and heated at 90 °C for 30 min. The breaking
forces (circles) and strains (triangles) for the gels were measured.

HoT=DITHREL, 1unit/g TiX, 2 10 TRR%E
A5 2] OFHMECH -7, L, AATEN
=L E NN TG T4), 5] OEWEHEiD 4
TR T E 2R o7z, ARWTR ORI M - i
BT CE WS VR R BET 5 &
MTGase DUSIEIZD 720 (1 unit/g) 773, Hoifig
HILIRRONTR TNV ETERLCE D LB X b, £
7z, HEEL~NVCOERARE LI2GE, Fk
W CHEA T 2 SOG 2 HlE 2 DIZREETH 5720,
IR TR CMARAG b O ThHIUL, IKRE
(2 U TR IR B A A T S8 2 7 A3l &
Ko EHZz, LT ORERCTHINT 5 MTGase 1 1
unit/g & L7z,

RIZ, 0.25 mol/kg 7 = I Na & 1 unit/g MTGase
AU UT=A D E 35 B 5\WNT 45°CTRIG &
H, @ENEEITOR, Whipd T4 ) Fu
DYEDEA 2B LT, 35CTTinE L7235
BUE, TRINEN 180 43 £ TORNT, AMrIREE I
200 gw £ T, I L OWHSIMAIL 8.5 mm £ T LF
L7z (Fig. 34A), ZAUZK L T45CTIL, ms
FEFR O 2 & 12, FAmINEL 30 43 & Tl
TR ERZR L, ZOBOBITREE & 7o T,
TR X 35°C LV &< 300 gw, AEMIIAIE 9
mm & 7257 (Fig. 34B), 723, fEFIFnI720n
25, MTGase ZHNZ TN, WFHLOIRE T 3 K
HEEL TH A UL Lo T,



Tl UL oK B SR BR F TE

407  20144F

A B (03
800 - ]/D/D/D\D
L
600 F 4 -
T
2
o C
e
€ 400 - -
(@]
£
X
©
o
m
200 | - -
0 1 ] 1 ] 1 1
20 30 40 20 30 40 20 30 40
Preheating temperature (°C)
D E F
9 - — —
c 6 | . |
£ 6
£
S
»
{®)]
£
X
(0]
o 3t - -
M
0 1 1 1 ] 1 ]
20 30 40 20 30 40 20 30 40
Preheating temperature (°C)
Fig. 33 Effect of MTGase on the gel properties of the thermal gel of squid

containing Na—citrate. Squid meat pastes containing 0.25 M Na—citrate
were added by 1 unit (A,D), 2.5 unit (B,E) or 5 unit/g meat (C,F) of MTGase.
The pastes were preheated at various temperatures for 2 hours, and heated
at 90 °C. A, B, and C are the breaking force, and D, E, and F are breaking

strain for the gels.
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Fig. 34 Promoting effect of MTGase on the thermal gel formation of squid meat.
Squid meat paste contianig 1 unit/g MTGase and 0.25 M Na-citrate was preheated at
35 °C (A), or at 45 °C (B) for various time. The breaking force (closed circles) and the
strain (open triangles) for the gels were measured.
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RIZ, Fig. 34 L [AERIZ, MTGase % 1 unit/g & LT
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BN EL 2o T, Bkl eotz,
BN AOH T, 35°CT 120 S FEhnEl
L7270V oRn, #ro skt 12) <, Z2oft
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HE%) 1%, 35CT 120 2 TRINEL 727 LT
3 12%F Tl LT,

PLED X 912, MTGase 137 = g Na 2 /12 T
B O bAH L7z 20 A A AR O S A
LRSI EG L, FtEm EEw
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L UM Na OFFHIC K - C, A TR 8L
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Fig. 35 Myosin cross-linking reaction induced by MTGase in squid meat
paste. Squid meat pastes containing 0.25 M Na—citrate and 1 unit/g of
MTGase were preheated at 35 °C (B), or at 45 °C (C) for various min. (A) is
the sample before preheating. Myosin cross—linking reaction was revealed on
agarose/polyacrylamide gel. HC, PM, Ac are myosin heavy chain, paramyosin
and actin, respectively. HC with numbers are myosin HC polymers.
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Fig. 36 Decrease in the solubility of proteins in squid thermal gel
into SDS-UM solution. The same preheated gels as in Fig. 35 were
dissolved into SDS—-UM solution by shaking overnight. The recovery
of the protein in the supernatant by centrifugation at 4,000 x g for
30 min was estimated by measuring protein concentrations.
Samples preheated at 35 °C (circles), and ones at 45 °C (triangles),
and one without preheating (cross mark) were compared.
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Fig. 37 Promotive effect of MTGase on the thermal gel of squid meat. Squid meat
pastes containing 0.25 M Na—-citrate was added by MTGase (1 unit/g) and preheated at
35 (A) or at 45 °C (B). The preheated gels were further heated at 90 °C for 30 min. The
breaking force (closed circles) and strain (open triangles) for the gels were measured.
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INBER

BT E TO ANV AL DRAKRET R — bz
T IVRBROFER N D, 7T U0 Na 1%, HOW
kDl K ORI DR OMER 2 & 5 2
EEBONI LT, ZRHORERIE, 7 = Na
A RO BRI, FEFIZE LAY T
HHZLERLTWD, £IT, AFETITFHEEIZ
AN A A THNERERRRAD SIS VR, %
DR RZREE LT, 7 =l Na ZUSIN L7 hnEk
FRTCIEE CIHEDNE Z > TN 2 & 2R
L, ET VR TORERNBEEDOIET LT EH RN
THZEERM LI, 2L, 5 HC BExm<
MERFT D2 LIk 0, BN R T Tv
DR NPFID THREE e o7z, T2 THRLNES
VIR, 600 gw Z#EZ TRV, eV b
HIRED D ThHoT, 72721, 7= Na (Z
L2 I AT oA I LEIIHIT 28 6 ) e iE
%, &7 u T 7T —EoEHEINTThLHEeR
(Okamoto & 1993) ZFx L — 452 LI2HDHD
T, TMENZ LD T4 | SR HIRF T 720,
FE, 7T UBERNUZ BBV L CIE, W
b D FAEINEINT X 5 7 vt Ehs (T4 )
I MNEST-RE ST, T4 | I
WZBHRT D I AT UEHEIRD AR B IR H AR
STz, TORERIT, CaRFRIDO AN A A T1HA
WNAENE S A4 4R RE R (TGase) 12 & 2 &
(Nozawa & 2001) 73, 7 = f# Na |2 K-> CIHE
S TWDAREMEZ RIE LT D,

BIE, PIEME TGase |\ ZHFANERL L 7= oh ket
TGase (MTGase) 73, BN T8 CIAL FIIH &
NTWD, HEREO—FEN BRI NI Z OfFERE
1%, IA T OBRERIS A AT D &S ORI
PNAEM: TGase & [ U Tdh 578, Ca BsRibi LM
DOHFHATH S (Ando 5 1989), Z DEEFR Thil
X, 7T W Na TCa ¥ L — S Tn5H5%
RZBENT S, PIEVT 52 &ick 34T
BEEALESH, FRE L TAILAL DI LD

Wk S D AIREMEN B D, BiA IRIRETORSE
B, BHZ, LS VEED -0, @Yl
IR, PONIREE, PSR OBRENEE TH
D, s MTGase (1-2 unit/g) AV, Fowih
£ (35C) T 12 KW PARIENS 5 &, 7 Vit
Em Tz EEHOMNI LT, £, MnEE
REfH CHEEIT S H 5 728, 80D MTGase DS,
i (72 & 21X 45°C) CTRRFMLSHE D Z L1,
MRS THE L RWWTFNLVEIGR ST D Z L &R
L7,

AKRETIE, A DRI TiE/e<, 7= BENa
RO T NIRRT T TR i Lz, i
L 72BN BT, NaCl & ST 8k
TRIEVTERD DIV Do Ty, A0 BRI E
R LTI, SR EHR S YT, £
Z, MO ERE VAR, ez ey
I TcEL EEZ D, ZDEHI,
7 MR Na ZfEH L7V U 3Ae 0 Ao
ERNENIT ATy bRHY, THEAM DI
MTGase NV THDH, LnL, BEEZF-7=<
Mz7e< &b, AR EZEETEH L0 Th
FTITRWENTREEZA L T D, ZHUT LD,
Wk Z B IR L7zda ) N BGERTEECh 5,

ABZETHEM LA BRI, RADEED LD
WKl L A2ET, A DREZOEErD BRI
TLTWb, BRI, A IHRZKIBLT 2 &,
AHIIKICREE T o D13 T O HRHED KFNIZ &
DA L (Katsumi and Matsumoto 1969), AV
BIOF NI EREMET T 5, E6I2, 47
MEFOWRN KON TLE S, ZOX D RBLEND
AR EZOEEMFEH LN, A TOBEFIHL
7o B RS U250, EEEIEZ T AN
bbETRIND, 2D, AFRERICES
WERBZRIHT 22 LT, ZNETHRAMRETH
STZAIV A A TN G DI B ORTE DN ATHE
Tpole T EIE, EENICEHEELRE®WNHDH LEZ
TW5,
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FAE SAVUBLUVTIFUOOEMICRITT
9 T g Na DFE

AN A A DHNERER L ORAE R E LT
T DI, b BEREF 2 RT3 O
Med LR, BRI AT THD (Samejima ©
1969, 1981, it 1970, Kawakami & 1971, &
+: 1973, Yasui 5 1980), Zidpx, 1 FE T,
AV A A TINERETH D X A 2 DRI iR <
L% H O EZ WS 2 282 DWW TR L,
BRI & U TR AIEE72 7 = U8 Na DN
T, (TR IHIAATRE CThH D Z L AR LT,
EHIT, H2ETIL, AL AL IHEBTGR O
DR~ OFIHEZBEL, FBICBE R I A
> DOVRFRDS, 7 T Na OIRIICREEE 720,
NaCl M CHIRECEH L AR LT, 3 &
T, 27T Mk Na DR 2 SO EEEREAF
ML, 7= F Na ORERINT 5 &, BIETIE
FATREZR L~ULC, RV A A DANVEREA DS
B AR CE D 2 LR LT,
WO, ANAA BRHRO 7 MO LR Z
VIBTHDHI AT DEMIT, 7P Na
XEDL I REBEHZDmEVI B THD, T
72oh, UMW Na (X34 o BMEEEET S
DNy, HIHIT DD, HDHWNE, DRSS H-x
IRONDNEVWIRIETH D, THET, IAv
DOEWEBLIET 57280, %< ORA, RN
SNTND, IAVUDRIEFIIRLERTD,
AR DARTAI IR TTRE T - T2 A F 7 X F D
RLEESERRLIZON, VILE h—1L0y 2§
OUWIMTH S S 1970, JIIE S 1973b) , HEHE
DIz LY, 0 HFOREMM OB A6
L0, ANEORANLET- 2 BNEMTH D
2 NUZ T THET 0 &) BERE S, BT
D& IXERERZKERE & 720, SURIMI (X%
DFEFHFEE LTHEATE 2RI > TV D,
FOHY, IA T OEMEE RN D1k
BWOBR, FFENLI, ZHETHREINT
WDEMERIREEIIE, BEE, BT v — U
Nz, HHMEOT I M, B LOERBEN
GENTND KIRD 1982, 1984, FATH & 1984,
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Noguchi and Matsumoto 1970, 1971), ZSMHAlD
FEEE IXUINP) OPRFE VAR5 Z &0, KIRD
(1981) |2 K 285 LB % AT E BRI 72 AT
M, PRI~ b, £ LT, kAL D
ZPERIHIER ORE SITENENEG TH L0 D,
T LB ORI xR bhiuUE, WIFFT
X DEMEMHFIER SR TE 2 Z L3 ST,
Z D%, ik Na, filEh Y v LB X OWEET >
=y L EOESEY, IA T OEEEIHIT S
Z EDHIE STz (Torigai and Konno 1996, Konno
1998, Hayashi and Konno 2006) , W\ 1LDEE T,
RIHED X Ao v DEMHBIR L LT, EEA7R
RTINS 72 Ca*'-ATPase 1EMEDRIENFIH S
TW5, ZOMEE, 90 & OA LS R
WCHEAIN, T0HFOIF T AEORREN
T HONWEZ T 5 L) &z IS
T HETH S (IED 1973a),

B EOREND, J U Na (ZANVAAL T
HWOEE T aT 7T —PIZ kB I A4 ozl
P2 L ERRC, BRHITDN G- 7208, &
Vo 7maT7 T —RICLo0MbIfl Lz, 2O
RELTZ = Na B, 777 —BoREHEL
125 AT ATEENT, DEEZITIRNE DI
R L WD ATREMEAHEZZ LTz,

ZHET, AVAA T IR IRRHME DB Z B
TG, FIEMEEHEIC S, BFET D
NaCl X° KCI {2 X 2BZEMHREERARE <,
REZ bR-SED L, ZVED 300-500 £5 b ek S
N5 &, Fio, RREMWEEZS| X 3R
FEDIADY S ORIy (0.75MEREE) ThoD Z
EDH BN > TV D (Konno 1991b, Konno and
Yuasa 1993), HEREDOHIIMNZ L ->TT 7 F &3
T U DOFREERIO B, FERELTT 7 F I
KD ZECER D i 2 RIC DWW TITASE L [F]
CTHDHN, A DHERP TIEERARA A
SREE TR, TV F L OREMERREDILS
ZLEERLTVD, S6IT, A DMFROMEET,
Ca™ 1A FCITMIFakHE, A v v ORELDIE
ZHZETHD, Tbb, CFEIET, EDTA
{F1E T CRIFMEHEZ B L 72 & & 0 Ca”"-ATPase
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DUIEHEE % g4 2 &, Ca™'fFfE F Tl 17100
RENSL Y, FEFICLENEZITDHZ N
BN TWS (Konno 1991b), Z D X 9 72 Ca*'Ic
K DRE AT, A ERE IR Hie
W (RS 1986, 1989),

ZOX IR AR E 2, 4T TIEA DR
WHERS L O A U OBMEICKIEFT 7 =R Na
WINOFBZRFI LT, 7=V Na lf, AkoD
TVE~DHEL L B2, TOFL— MEAICLD
Ca"#fREL, REE(LS LM EETD &
MTRIND, 2 DOREE RN 5 DIX
WEETH D70, Jle, BN Ca O EEZ T
IRV (2 A) FlRER VT, 7 =2 Na
ISAFATT % A A~ DEE T LT,
ZD T, CHOEBEZT DA DIHEMRE,
A DM DB A T LT,

(1) 9 T Na 7T T Ca*-ATPase SEMEDE
E

7 T Na OF L— MERIE, Ca*-ATPase i
PEDRIE IRk # 7ot B 5.2 5 Z LIS TRRI LD,
F£7°, ATPase IFHERIED =D DMK D L ERDF (4
WX LT, RBEAENS DO ERE LTz, RE
BEADMERE Y iR A kfk % 7RIREED 7 — U # Na
FHE T CRASYE, WOtE~ORBELRH~T, £
DOFER, Ca*-ATPase SUSHHALIZ 025 M LA B~
T UWE Na DMEET D551, bR EE
DRH LD LR SN=2%, 0.1 M LLFThi
1T, FEMAESEZ LRV L EHEIDTE (R
B9, RIBRTIE, RIGHKIZ 1/10 EOFfEHkHE
R AN L THEEREZTT> TWD DT, v
% AR 0D 7 = L Na JREEDS 1.0 M L
TTHIUL, FO~DORE T & LT,
WIZ, Ca*'-ATPase IEVEIC K4 2 B A Mt LT,
7 TP Na 1355 2 ECTH LN L2 X 91T Ca™
ZX L — M5 DT, Ca®'-ATPase DIEMEALKET- &
LT Ca Z USRI LI b, 1EEEILES
HAREMDN DD, £, IAT AT IFEDOA A
> (Ca*', Mg”, K") TiHFMAL &5 ATPase 3388
HILDHN, b L, KSRIZEREE (0.5 M )

D KCl NEFENTWIUL, 7 =08 Na 2 iRN9
% Z &% EDTA Z¥I0 L C K -ATPase /&35
DEFRUL X HIZ, K-ATPase DREHAEFHRL, iR
BIdEmIc#E L <2 b & PSS, 2T, 05
M KCI & %\ M NaCl ZF e OSHAHRIC, #kx
RIRED 7 TR Na 1z, 24 fhEkHED
Ca’-ATPase (5 mM CaCly) ZHIE L7, FEiE%
Fig. 38 (T L7278, KCI T% NaCl T, 7=
Fi Na JEFE AN 5 < 72 AT, Ca'-ATPase IHPEIT
KFL, HENRD N, UL, Ca*-ATPase
DORAFEFEEE, NaCl ZfEH L7257 KCl ZfEH
LEBELID b RED-T-, B L, FL— MEA
128D Ca" REDID DB Z > TNDHDTH
UL, mEIER L2 bE T 515 ThH 5, KCAF
T T, BNTD Ca*-ATPase DIHEI/NE WD
1, REBIZ K-ATPase iR LT\ A 728 &
HEE STz, ZOORERMND, SOSHHEKIZ KCift
3 _& TRV EHIE LT,

& 512, Ca*-ATPase IEPEDK FAY Ca” D% L—
MERTH D Z & 2D D78, Ca*'-ATPase
(0.5 M NaCl, 5 mM CaCl,) ZMIE 37 = £ Na
& EDTA & O 8% i U7, ff % Fig. 39 | R
L7273, Ca’*-ATPase iEMEI, Sk o> CaCl, i
FELFFEED 5 mM EDTA FRITCIRIEHE LTz,
—J7, 7T Na O IXIRIXEEICHET S
7212, 100 mM FREEE CIREA EA W5 03
NHoT-, ZORERIE, 7T Na OF L— |k
TER2Y EDTA (2T IRV E WV H B 1 FD
EREIFTHHLOTHoT,

wIZ, 7T g Na ok D Ca'FL— MER %
Ca’'-ATPase D Ca”™ JEEEERIE~DREN G, Eh
WINHRNT L=, 724D, Ca®'-ATPase iHMEIT G
FAIC B Dl Ca” REEIC L » TIRESND
LHRE L, 7 T W Na MFET 5 &, Ca*'-ATPase
OIEHEAIZLEE 72 Ca PRENS E D K 122 bT 5
DRAT L=, D72, OM, 0.05M, 0.1M D7
T Na f7/E T, CaCl [ 22 2 T Ca®'-ATPase
EMEZRIE L, #EH% Fig 40 (IR LTz, 7 =R
NalZXk v Ca¥ 3% L— h&niuZ, [F L CaClL i
EOWMTH-Th, WD Ca RENKTT 5
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Fig. 38 Inhibitory effect of Na—citrate on the Ca—ATPase activity.
Ca—ATPase of carp myofibril was assayed at 25 °C in a medium
containing 5 mM CaCl,, 1 mM ATP, 25 mM Tris—-maleate (pH 7.5) and

0.5 M either NaCl (circles) or KCI (triangles) in the presence of
various concentrations of Na—citrate.
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Fig. 39 Comparison of inhibitory effect of Na—citrate with EDTA on
Ca—ATPase activity. The aasay medium contained 0.5 M NaCl, 5
mM CaCl,, 1 mM ATP, 25 mM Tris—maleate (pH 7.5) together with

either EDTA (cross marks) or Na—citrate (circles).
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7=, EEDKTARZ 13T CThs, £, &
TBED CaCl, ZINZHUE, TSI ND &5
ZbN5b, bbb, 7T U8 Na it Ca2loxktL
THPUIITTEME A BRET 5 L HEE S D,

Fig. 40A (TR L72 K 912, 7 = ik Na BESINC
1349 6 mM D CaCly £ TR AIEM LA Z Y,
50% DIEMELIZIZK 0.6 mM T+ Thoiz, &
AN, 005 MDY T Na BFEET D L, 10
mM % T CaCLEEE FH ST, HAIEHEE
FFONReh 0Tz, RAIEMWDE 72 & RE LT
50%IEMEGIC 6B e CaCLIREZ R D L, 4mM
Tholz, £z, 72U NaN0IMIZ/RD L,
0.05 M OHA J 0 HIEHE LD #IHFHIFEL DN 2
D, EHEGICITIE HITEIRED CaCl, Z LB L L
T2o 2O Ca¥lZ X HIEMAL IR DOZAIL, Ca¥ %
IAT LT D UHHG L TEVG S TN Ll
R RAEHLE DKL &5 2 bild,

ZZ T, OMBLUN0.05M 7 =% Na fF7E F
T CaCLIEFER X N Ca®"-ATPase IG AL Ok &
71y LT, ERIEM R LU 50% 5 RTE AL
B CaCLREE AR L, #5534 Fig. 40B IZ
RLTE, Y i ORZRRIXIFIER L TH D720,
CaCl, Z MR KIC L7z & 21555 e RIGMEEIE
AU ThHote, T LT, X DA 1/2 i
KIEMA LD T DT EE 7R CaCl IREZRD D &,
7 P Na FEFAE FC09mM, 0.05M f7EF T
6mM & L&A, Fig. 40A TROIZAER & IFIZH
CMED S Bz,

EBIC, HETHEHLIZZ U Na & Ca™
EOFEATER (1.94x10°) & FWVT, il Ca™ %
Kb, Fig. 40A D7 = ERIEFRNNE L TV0.05 M s
INOLEE OIEMHAEZ TR CaCl, FEEE D 0 (Ziff
Bl Ca® e DRSS L LT, Fig. 40C (TR LT, &
5L, 2 DOMBRIT—ARE BT ENTE,
INHORERMNS, 7T U Na )Y Ca¥ e FL—
MEEEERC L, fiFe L TR icERTX
% CaBENME T L2 ENEAMIT b, fEo
T, 7T W NafifE FICBW\ T, Ca®-ATPase %
HIET AT, IEMHLD7=DIT CaCly JEEEMA
T HZENRALNTHY, I CaCl IRE% 5

mM 225 15 mM IZ EFHZ LicLe, 2T
Fig. 40 OFERNOIATFT D 7 = UK Na RN
DIUTRRIEM LIS LN E R TSI NITZ,
UL, AHWFFET Ca*'-ATPase iEMEAIET S H
L, IATCOBMEREEZRDD Z LIZHDHD
T, MENCAE S MR TG ANEEF T &, s
7 T P Na (2 X0 882 32 72 AU RT3 72
WeEEZ T,

% ZC, ATPase I&HRIE D72 8O D SUSIRIRIZ 7
TUWE Na BNEENTWNT S, RKdHID KRR
ENRRICTHDLINE I Eat Lz, £7, /7=
> T Na HEAVINOD =1 A i JFiHE 2L 42°C TRERFAVIC
ENU 7=, F D Ca®*’-ATPase DKL AT+ 57~
DOJHARRIRIZ 0.05M 7 =B Na Iz, <
UL > TEDOTEHIESE & T, KIGEE
IR T 7200 E 9 DN OG5 & i L
7= (Fig. 41), 7= & Na (0.05 M) MFIET D
&, Ca’"-ATPase IEMEZ D DIFBHEEZ T, 82%
FCIEMEITE N U722, ool (RIGHE)
ERCTHoTTeD, HEZDHDO~DFEILR
WEHIT U7, FE7z, A USEBR 2 ROGSKIE IR I
NaCl DRV IZKCl ZfEH L THTo 7, 375 &,
7 T Na DMFET D & BT OSTEEE /]
ELlpol, TIZF VLA LEIA YYD
K™-ATPase 1%, IEMENESIND Z ERHESN
TWLHDOT (FHHBEEHFH 1984), ZORERIT,
MES 2% Z &C, 727 F 2L 5D K-ATPase [
PNSL 72D, fERE LT K -ATPase HH DTN
PRFIZHNTETHDEEZONTZ, D=0,
ZOENL S, KCHIHEHTE a0 &l LT,
DItk DFEERTIE, 0.5 M NaCl, 15 mM CaCl, %
Ca*"-ATPase JHIE DFUSHRLIE & L=,

(2) 24 AR DRE MRS 59 T U Na D
#E

7 T P Na (2 X DEHER LI Ao
BIMEHIER 2985729, Hepl 21 T
M W THE LT, FTEDRIRE L 725 K5 7
T UM Na &N Z 72 =2 A fhJRHE % 42°C CREFERY
WL T, Ca®'-ATPase K15 % — kUi & L CHig
Bri, ZOBENORMUEMEREL, L
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Fig. 40 Effect of Na—citrate on the
0.08 Ca ion concentration dependent
activation of Ca—ATPase. (A), Ca-
ATPase activity was assayed under
0.06 the same conditions as in Fig. 39
except that CaCl, concentration was
varied and that the media contained 0
0.04 M (cross marks), 0.05 M (circles), or
0.1 M (triangles) Na—citrate. (B), The
data in (A) were analyzed in double—
0.02 reciprocal manner. (C), The data in
(A) were plotted as a function of free
Ca’* concentration by assuming the
0.00 . . . ! binding constant of Ca to Na—citrate
0 25 5 75 10 as 1.94 x 10°.

CaCl, (mM)
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Fig. 41

Effect of Na—citrate in the assay medium on the estimation

of thermal inactivation rate. Carp myofibrils in 0.1 M NaCl, 20 mM
Tris—HCI (pH 7.5) were heated at 42 °C, and their Ca—ATPase was
assayed in a medium containing 15 mM CaCl,, 0.5 M NaCl, 1 mM

ATP with (circles) or without (cross marks) of 0.05 M Na—citrate.

7o P Na BEICRHL Ty h L7z (Fig
42), 7 TP Na D EFATHE- T, LMOEE
DOREAEITEARAN NS 72D, 7 =8 Na IZ
ZHERHIWERN S D Z EDRA LN o Tz, £,
INFETHE SN TV DA L kR, 72
it Na b EERTNARETHH Z L ERLT
W5, £ZT, 1 M 7 T Na OFRINCTENER
FEDOXEAEN EDL BUVVNEL B0, T72b5
KIS (1981) O$EZE L T % E-value ZHH L

7oo ZFOMEITK 14 LEE S, 1 M ORIT,
#9025 (52D S 2 Ebio T,

@V TN C&DaA - A DOEZEMD
HER

ATEI O EERIIANFRRMEZ TV H 0T, I
VAIT I FUEREAELTRY, TI7FUIICLD
ZEILZEZIT TWDIRIETO I A o D2 TR
T, 7 T BENa O Z LT\ Z 812725,
T, TIFrOEEEZT TN RN A
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Fig. 42

Concentration dependent suppressive effect of Na—citrate

on Ca—ATPase inactivation of carp myofibrils. Carp myofibrils were
heated at 42 °C in the presence of various concentrations of Na—
citrate. The inactivation rates were estimated from the slopes as in
Fig. 41. The rates in logarithmic values were plotted against Na—

citrate added to the heating media.

VDL DOBEMIIRT D, 7 Tk Na D%
TEALER Z Mt Uiz, SO HBIDZD, 75 EHE
Z 1.5 M NaCl C 12 R L, A 220
S LR, TIF OB EBERENIGEM:
SRR AR U7 G B B & 1985, 1986)
Z OV FREE L A Db VIR L
T, IAVUHMOBEMIZKIET =k Na
OIEHZFRNT L7223, FRSIBRICT 7 F 2 DRk
TERZ K-> TNDOT, MEVEEZ 35CIZ T,
Ca*"-ATPase JEMEDRIFHRE 2R T=, T OFERE,
I REHED A L Rk, 35735 7 = Na

DNE L 72 HIEE ATPase DITEHRE T/ NS L 720,
AT EDLOOBIENEA I LTz (Fig. 43A),
7 T B Na JREE & ZEVERREE CofBdiE, FRxHiE)
& DORAR%E Fig. 43B IR Lz, ZOHA b EHRE
BRRHFE LI, 7= Na 3R EKFIC
Ca*"-ATPase DIFEAEAHI L, I AT OEIEM: %
425 Z EDBHLMNTH -T2, E-value 1 1.7 T
HY, FHFEHECE LR (Fig 41) L0
RREVMEE R LT,
DX, U Na lICXAEENE, T
JF AL > TRENEZIT TNDIAT LD
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b, IATVUBMISKT 2EEDTTN, REWD RISELMEM MDD Z ENTREN, ARD%E
LIRS NT, Thbh, TI7FACKLLEl ke, 77 F L ORGEDHK L DGR LT-RR
FIAF T DHRE DB LT 50T, 72 BEATHLEZEZXBND, §TITH 2 Tl
NalREDEmS RD L, T FATKDLEIEH 72X 918, 7 U Na (ZI3m A ER 2 &

Ln ATPase
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Fig. 43 Suppressive effect of Na—citrate on carp myosin denaturation.
(A) Carp myofibrils treated with 1.5 M NaCl on ice overnight was used as
myosin. Myosin was heated at 35 °C in the presence of 0 M (cross marks),
0.1 M (diamonds), 0.2 M (circles), 0.3 M (triangles), 0.4 M (squares), 0.6 M
(closed circles) or 0.75 M (plus markes) of Na—citrate. (B) Thermal
inactivation rates estimated in (A) were plotted against Na—citrate
concentration.
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Fig. 44 Comparison of the suppressive effect of Na—citrate with
other compounds. Relative inactivation rate of carp myosin in
logarithmic values estimated in the presence of various
concentration of Na—citrate (open circles), Na—glutamate (closed
squares), sorbitol (closed triangles), and Na—acetate (closed circles)
were plotted against their concentrations.
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Fig. 45

Selective actin denaturation by salt treatment of carp

myofibrils. Carp myofibrils were treated with either 0.5 M NaCl
(closed diamonds) or 1.5 M NaCl (closed squares) on ice overnight.
NaCl concentration was adjusted to be 0.5 M, and heated at 35 C to
analyze ATPase inactivation profile. Myofibrils without treatment
(open diamonds) was also used as control.
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Fig. 46 Effect of Na—citrate on the actin denaturation in carp

myofibrils. Carp myofibrils were incubated with 0.1 M NaCl together
with 0.25 M (circles), 0.5 M (triangles), and 1 M (squares) Na—citrate
on ice overnight. ATPase inactivation profile of the treated
samples (closed symbols) after reducing the NaCl concentration to
0.5 M was compared with those without treatment (open symbols).
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Fig. 47 Suppressive effect of Na—citrate

on the NaCl-induced actin deanturation in

carp myofibrils. Carp myofibrils were incubated with 1 M NaCl together with 0 M (A), 0.1

M (B), 0.2 M (C), 0.4 M (D), and 0.67 M (E)

Na—citrate on ice (closed symbols). ATPase

inactivation profiles were compared. The samples without treatment but containing the
respective concentrations of Na—citrate and NaCl (open symbols) were also analyzed.
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MPHRIFICH D, FZT, JILE R—LLT 7T
¥ DM Z G DRESI0138 2 DD E D R
AFY D Z LIZ LT, Fig 47 LREEDHIET, 7=
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Fig. 48A (TR L7= K 912, NaCl AL L7=35 05
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Effect of sorbitol on the NaCl-induced actin denaturation in carp

myofibrils. Carp myofibrils were treated with 1 M NaCl togther with either 0
M (A) or 0.82 M sorbitol (B). ATPase inactivation profiles for the treated
samples were studied after reduction to 0.5 M for heating (closed symbols).
Inactivation profiles for myofibrils without salt treatement (open symbols)
were also analyzed as control after adjusting sorbitol concentration.
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VEIEFICEEILSED Z L MR LT (Konno
1991b),
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Fig. 49

Stabilizing effect of calcium ion on the thermal inactivation

of Ca—ATPase of squid myofibrils. Squid myofibrils in 0.1 M NaCl, 20
mM Tris—HCI (pH 7.0) were heated at 35 °C in the presence of 1 mM
either CaCl, (circles) or EDTA (cross marks).
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Fig. 50 Effect of Na—citrate on the inactivation rate of squd

myofibrils in the presence of either Ca®" or EDTA. Squid myofibrils
were heated at 35 °C together with 0 M (cross marks), 0.05 M
(diamonds), 0.1 M (circles), 0.2 M (triangles), 0.3 M (squares), 0.4 M
(closed circles), or 0.6 M (closed triangles) of Na—citrate. (A) and
(B) are the media containing 1 mM CaCl,, and EDTA, respectively.



ZE— 7 T VRF MU T A DOSEEEVE R AR L7z 20V X A A HVEIR A O & EER AN S 5 078

Fig. 50 T LA/ Ca* 8 5 VT EDTA f74E F C
DYIEHRE DX HAE % 7 = 1k Na RIS LT
“a v kL7 (Fig 51), Ca¥f#(E£ FTIL0.15 M,
EDTA 1#/E FCI£ 0.05 M 7 =% Na T, 2
PEIEHEDSTRD BT, ZD K 5 RGBT oA HIE
WHEZ WG E 3R bR 72D T, A7
P RHEHE P OB T A 5 LRIl LT, &5
<, A DFRIFRBHED S G XTI RHE L b,
IBEED NaCl TT 7 F o DL ELIN RIS Z

Log Inactivation rate

L, Fo, TOEMBERENE LI RENI L
ICHSRET 2HL L Bbh b, Ca' 171 FCOZLM
BWED S, ZEEOTZDIZIRM L 1 mM O
Ca N/ = URRIZ LY T L— b &h, LEER
PHR LI ERFERREEZ bILD, FL—b
ERICINZ, +4CE N EEED 7 = % Na 00
Z 18560, EDTA H-COZMEMGIER & [FZED
ZERIRIERI A RIE S D &5 2 B, EiREE]
DEMEHE DA T RZIUTHIE LTV 5,

1 1

0 0.2

0.4 0.6

Na-citrate (M)

Fig. 51

Na—citrate concentration dependent thermal inactivation rate of

squid myofibrillar Ca—ATPase. The incativation rates in the presence of either
1 mM CaCl, (circles) or EDTA (cross maks) were estimated from the slopes

obtained in Fig. 50.
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Fig. 52

Thermal inactivation profiles of squid myosin Ca—ATPase.

Squid myofibrils were treated with 1.5 M NaCl on ice overnight for a
selective deanturation of actin. The system was used for studying
the myosin denaturation. Myosin was heated at 30 °C with 1 mM
either CaCl, (circles) or EDTA (cross marks).

— 100 —



ZE— 7 T VRF MU T A DOSEEEVE R AR L7z 20V X A A HVEIR A O & EER AN S 5 078

SESERPEDO I T U Na ZIRIIL, Ca' B &
Y EDTA TFE FCHIZAL, Ca*-ATPase DIFED
Bk7% Fig. 53R LTz, WINOEETH (Fig.
53A,B), IIL7=7 = Naf2ED ER L &4
I, KIEOIHINFRD B, X DR ERITK
L ThEL 7o,

T 2T DAV ERR O X 7> 5 28 M A R HY
L, INL7=7 = U EENaBEICR LT ey R L
7= (Fig. 54), M&EE S, TFGHHECRRO bz
£ 5 e BMERE D FERIFRO ST, Bk ER
BRGSO NT, ZDZ &1L, HEEHETE LN
T ML, 7 U ENalZ L DT 7 T DR

Ln Remaining ATPase (relative)

0 30 60 90 120

Incubation time (min)

Fig. 53 Suppressive effect of Na—citrate on
myofibrils were treated with 1 M NaCl as in Fi

HNFEADEENRENZ L, BRY, C¥lck
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DA, EIRED 7 = U FENafE T b=
EDREHLULZME 3.68) LIZERLCTHoT-,
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squid myosin denaturation. Squid
g. 52. Thus treated myofibrils were

used as myosin. Myosin was heated in the presence of 1 mM either CaCl, (A) or

EDTA (B). The heating medium contained 0.1
M (triangles), or 0.6 M (squares) Na—citrate.
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M (cross marks), 0.2 M (circles), 0.4
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Fig. 54 Suppressive effect of Na—citrate on squid myosin
denaturation. The inactivation rates with 1 mM CaCl, (circles) and
EDTA (cross marks) in the presence of various concentrations of
Na—citrate were estimated from the slopes in Fig. 53.
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55A), £7o, oA

kK, Fig. 55B 1w L=,
Fig. S5A (28D &, A A EREGHER KK T CaL
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Actin denaturation in squid myofibrils by NaCl treatment. (A),

Squid myofibrils were treated with 0.1 M (cross marks), 0.5 M (diamonds),
0.75 M (circles), 1.0M (triangles), and 1.5 M (squares) NaCl on ice overnight.
After adjusting the NaCl concentration to 0.2 M, ATPase inactivation
profiles were compared. (B), The inacitvation rates estimated in (A) were

plotted against NaCl concentrations.
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Fig. 56

Suppressive effect of Na—citrate on the NaCl-induced

actin denaturation in squid myofibrils. Squid myofibrils were
incubated with 1 M NaCl together with 0 M (diamond), 0.1 M (open
circles), 0.2 M (triangles), 0.4 M (squares), and 0.6 M (closed circles)
Na—citrate on ice overnight. The treated myofibrils were heated at
30 °C in the presecne of 1 mM EDTA after reducing the NaCl
concentration to 0.2 M. Untreated myofibrils (cross marks) were

also used as control.
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Fig. 97

Suppressive effect of Na—citrate on actin denaturation in

squid myofibrils by NaCl-treatment. Squid myofibrils were treated
with 0.1 M (cross marks), 0.5 M (diamonds), 0.75 M (circles), 1 M
(triangles), and 1.5 M (squares) NaCl together with 0.6 M Na—citrate.
Thermal inactivation profiles of Ca—ATPase at 30 °C after adjusting
NaCl concentrations to 0.2 M was compared.
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FEASMHAMHIVER & bl UTe, = A R IR
TRk % 7RI OB G AN Z T—20CT 1 7 H
RS IRAE LTz, 2 O MR O SRS 28 M A 5% A7
Ca™-ATPase {EMEXHHITE L, Fig. 58 (R L7z,

1 1

100 150 200

Additives (mM)

Fig. 58 Suppressive effect of Na—citrate on the freeze
denaturation of carp myofibrils. Carp myofibrils (0.1 M NaCl, 20 mM
Tris—HCI (pH 7.5)) containing various compounds at various
concentrations were frozen stored at —20 °C for 30 days. The
compounds used were Na—citrate (open circles), Na—glutamate
(closed squares), sorbitil (closed triangles), and Na—acetate (closed
circles). Remaining Ca—ATPase activities were plotted against the

concentrations added.
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T CIZ, MBADGAIT A CTHAE T, Z2MEH]
(BRI NE LK T 5 2 EnmmbiuTn
HOT, HHLZRETRKNT02M & Lz,
TINORGFHRMED Ca® -ATPase JEMEIZIZ & A 1Y
KLTEBY, ZOHBOHEZEIYFELNIAY
VOEMENEE TSI ERALNTH-TZ, =
LT, KA ERNT 5L, Wi
BINEAENT 5125 T, A7 Ca’'-ATPase i
PRIXEVEZ R L, SBRICHAW T holbEY
S EMERISIER N 5 = & 258072,

T2 h, 7 U8 Na [IWilEA 4> DL 57
BREAMHEEER 2R 2N 2 R Lz, &
WEBAAHEE A HERF T2 72 D DAL B DOYREE % Lrilik
T 5L, L0 EREORINMALEL DX, B Na,
WNTYILE h—/LTHY, 7T Na &7V
2 3 P Na O, FERFITIRIRE TRy s
BVEIIHIER 278 Uiz, 2Ll B0, ERARHF
FeHATIOIRMMNS T2, 7 = U Na OBREZEMER
FIVERIZ Y VB R— U B IR E L, A
TR DBFERAFIZ S LT HZEMEISIER O &
DENTZRICHD Z ENHLNE 72T,

INER

hEMEHE S R RO R A R, T
F UGG DO BEZET DUNEND DT, T
WEHEZ T2 D, Tbh, IA VT ITF UL
FEET 5 2 & CIEWITLE LIRBIZ R Tz T
% (Hayashi and Konno 2006), Z D7 7 F > D
HEIERZ KW DR ED, RiRE CoMEL
HCThHD, 1.52MFEED NaCl TUHET 5 &, K
BCOLRGIZT 7 F o OEENEE D GEHEE
B 1984), ZOFEEMES Z& T, IATUE
HEES 22 L7 LIS, IS4V OBEMERTTX

%, FETERHERS X O Ay ATkt o A
HIER NG, 7 = Na 13A < Z2HEHH]
Fle LTRIHENTWD Y ILE h—1 LD H58 0
EHIHIER 27" 2 2L L,

—J7, Calc o T REIEZTHANLAAL
T FHIEREHE 6 L C Y =8 Na 1E, TDFL—
MEH D728, (IR TOEMAEEDFED H vz,
UL, 72z Caic X R EUER KT
by, ARARMNZIEF TR EIIIER 253 5 7=
D, A HOYE b+ IdIER DD B,
H2 TR L HIZ7 B Na 1, NaCl LY
HIELD DN FEHEO R ER 26 3 51bA
MTHHZHLEDLT, T F U OEENER D
KW E AN, TIOFUEEEL, BERED
NaCl |2 KX DM 2l 2/ 2R Lz, 20
BRI, a4 BIXOAS DO 5 TRD L7290,
BN I AT, T F O ERELSE
LEMEAT2ILEWMTH D Eitim LT,

ZIVET, T FUEMIIKRT DRI o
ZEERNCHFZE L7272, Y ve h— Uiy,
T F o OERIEHEIHIER D8 H R o 7o d
T U Na T2 AVETHLNZSTHRN
EHEMHIER 28 L WA BRI TH 5 &
AT L7,

£7o, ZZUWE Na ZREI AT OB I
WM, 52T 7 F oA AR L0
T, ZANVAALTZRGT, HCOHLORMEZR -
TWRWEE~DIGH LB 2 bivd, 7 = Na
(2 K DBHEAMIHNE, 3%RECRO L, 1A
R DFEL L R DTV H~OFH e L, W&
A IRWHT RN E L oAb B %
Y LR

— 107 —



Tl UL oK B RRBR S A T

WEER

TEEMESE T AN AL T PIE S DB, Mo
TRV AL FRILEDBEHAEGNERZ T Z LT X
> T, HNEE R EITEMP O TARIER S HOEAE L,
ZNGEIT S ENCHET D CEYLTIFNZE),
BREMNOIL, EfETHHICHLEDLLT, £0
SMBLIN DR & LT OB s AR < 72 D 2
5, MEA 77 Offifira B2 B g LB OB
HRE S TS, A I &R LTKPEN TR
X, Mo, 75D, SXWVy, WAME, W7
EEREFIC O, TN ENOHNLZ ST LT D,
LU, ZoHicidha fiGixEEncn
R0, EEEETCH Y 72 BRI TH D AL A A
A ORNREEDTHMNERED—2 & LT, Rk
DIMB A IR T E 200 /E~OFHNRE 2 bl
Do A TNIARNEFENTODKEHDTHY,
ATDOBNLE, HDOWTRKREZEDOEEIEHL
T 7e a0 B ASBRF CE AU, MEA B OF|
TN T <, AR OB ARERA 170 E DR
HEFA G IAND EE %2 51D (Konno B 2003),

A AR O B G HGEZ KEHZ LT D 0
D, ANVAALTTRNAFAEL, IAT U0 TEED
L (HMM/LMM) G, FRRMICET 5=
v RO ET T T — (S4B LS
ns) OoETHL, ZOEET T T —EI,
WEOCHRE 2T 7 F U 34RELThH, T uT
T —RBREEMENIERF IS E O AR = B
JEUHERE R & X B 2L R, I AT
2T 20k 5 & 5 FERICEE R SRR Dy
FTHHZEDNHALMIEN TS (Okamoto &
1993), ZOBERIZ L D I AV OnfRE, I A4V
YINT 4T AV N L CUIWRENL MR S
TIREEL D b, WML CHEMRMELZIA T O
FFHNEFITHE Z 5 72 (Konno and Fukazawa 1993),
BN L % BT B BRSPS TH A0 T
2 (WO 1L, A4 BAOEEITY 78
Do EAEET DiEfE L 725 (Fig 21), X 5IT,
ZONRIE S3SCORIEFTHERZDHDT
(Figures 2, 11, 21), 1 8L ip#LECEA ST
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WD PRIV T AR,
DIk & 72 %,

INETOIA T ATL DB VIERIZEIT 2
IERIFFEE IR G, B VBRI TR VR
DIF TGN, MBI VEEL, Laen
Fy NI — SRR 5 ENEETHD
EWVDbITWDD, AT R T &
U, TRV 11 & LTO I AT v OffED
KONTLEIDT, fERELT, IATUITE
LAy MU= HEENER LR 12D Z & 3R
b, RBENERND, Zo&RT 0T 7 —
BiL, 1L — MITHD EDTA R EEMZD &,
PRECX 2 (TS 1992) Z LBl S Tnd,
L22L, EDTA (F4a 0 BT 5 2 & 13E3Fa]
SITWRNWDT, BUEMRRRR IR, £
SOMFFENRH Y 7236, BUEE TIZ, ANVALT
RN D7 NAVELEL OBIZEIT AN L TR0
INEHETH D,

R BERLEIZ BN TY, T T —ER
DO LIELEEGE LT, [RY | BENLL
HHITWD, Lo, ARTEZS R B
Z1E, 50°CX° 60°C7e & Ll s CIE M 2 F6 487
57077 —RBIZLHHDTHY (Cao 5 1999),
SO, G DR,
077 —BDEA TDENG, A HROTaT T
— B OB & IAREMNCR 2585 ThH D,

AMFIETIE, ANVAAL BHRIFET S 7 a7
T—EOREAEBE L, 20 BRICIRINATEER A
IR OH NG, SEXL— MERERT 560
HEREHLICE B L, AV AL AOH C k& i
TERW), 1 ETHR Lz, ZORE, AR
L= B (7 =288 Na, 27k Na, A
% Na, 7 /L2 Ul Na) 1213, FREEOZEITH 5753,
WL H A BRI 5 B CIEb A 9 5 /EA
EHLTWAHZ EZALMMNCL, BARIIC X
S>TA OB EEFIITE 5 Z L 2O TR
U7z, Hfx 72250 CH CYM bBmIER 2 bk L 7=
LA, 7T UM Na M bR B S bmsifE
METRTZEE2ET VERTHLMNI LIz, 3 i
DINVRETHDH 7 T8 Na 12, FL— ME

771

AL DR T S
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ARHD Z L1Z L <MmBTnADT (Francis ©
1992), Z OFRITEEILHHN TE AR TH
%, FEBIT T TR Na Db Ca¥'loxd 5% L
— MEH% EDTA & Bl % &, ZO/E0MS
X100 1L FTH D Z & %, KFEHITED DR
L7, ez, B CWH LM 07=5Hi213 EDTA
DAY 5-10 mM THOTH 2R, 7 Uk
Na TIXZ D 10 {520 EOPREE (0.1-0.25M) % 2402
L7, LrL, 7= 8 NalZlX EDTA (21372
WS DOIER N B 5 Z L A R L=, 3 72bb,
KETIIERE 7 a7 7 —BDANEE IR S,
EDTA &7 = Na R UKL 9 IZH IH LA
Ml L7z, HESMIEIR 35°C) [22d s, &E~7u
FT—RIIzt) v 7uerr—EbiEE LS h
57, EDTA X2z < HE Loz, Zi
WXL T/ =08 Na i, BV 777 —FIC
KD IF T DL B LT,

PHIOET EBRETIE, £H LTH ZolRE
HaEEEnTo0T, vV rr—8izks
AR TR LT iU b2V RETH 5,
NPk i) I = Bty s o N RV S o [
BENCOWrT 20T, afsiiud, Fubkor:
HOEHTORIE & B COREN SN D =
LB, TS, I AT EEES, R HETEAL
TORSENPLETHIUE, 7 VbEicEO 2%
Gz efitgshg, B a7 —EiX
EDTA (2L - CREI NN Eovb, FL—Fh
TERLIAN D 7 = i Na OFEREDS, Z OBHENEA
EHIEEZLTWDHOIIMEETHD F15), 7
07 7 —EB~OERIENY T, Y5
I AN DE bR DM ERH D &7
ZHND, ZOREEEIC OV I I EOR
FEATRRbiR o T2, FERWICITIER I EE R
HATH D Z OIHEMEOMRIN LA % OB TH
HEEZTND,

F2ETIE, IA T UROREICNE IR
(0.1-025M) D7 =i NalL, Milshkiea g
SELZ R LT, EOWMEM% NaCl &
T oL, AONURRETEZ o7, 34
DT 4T Ay MU EEOREIIE, A

¥R REN RN AT 5 1E & AD BRI
G- L TR, FHFE/EN I AT Mol UL,
T 4T A NERRNEZY, A HERkOEE
ADA Fr LoTRIE, AT DnTiEs
2%, 7T Na SRR 2 &, 3ioBaA A4
ThHDHI T UA A EIED Na A A2 w4ERT
LN, FHNDHA A FREEIX NaCl O 5 {FFEE T
&%, FALDY, NaCl LA EIZHR M RHHE O AR F
H& 7 2 ENa DR TR ThH D EHEE S,
Z LT, TOBMRIERIZ, NaCl & HRIC/ER L
7= (Fig.19), 7 = FENa 7215 T, AhFHEHED
VEIRITATRE CH D3, Abh e L TEROBLEND
RIGHIRINT D5A1E, S35 T Na JRIE
HIRTFSELZENTED, £/, 55 1 # T, NaCl
OEINTA CIH LA REST 5 2 L 2R LD, &
& B O M SV DIREED NaCl 2FAEL T
Wb, [FRRIC B OV I ER 2 R S 7z o
T, 7TV Na [HRESCEHE & W o 7oKEN L
THICHE LT 50 RIcib o 72 <,
H O b2 28N Ch 5 L fkim L
7
BHIOBHBIE, 7 =W Na INIIC X 5 B2
LD T - 7203, AT L CTUNRDN T2 5
MEOTRFRERM R S =0T, BIEZRINL7
W OFTIRNFIRETH A 9 EBX DIZE ST,
Z T, #3ETIE, FEERZ NaCl oo ics
TP Na ZURIN LTI G, [EREINEV V%
FAELLU 7=, FP, FARICHELT TR L 72 NaCl iR
NP2 EEEIR TIAA L Ch, RE ERFIS
NHDIFTPRREND Z &b Lic, Z
NS, EEEMEV LV ORLEEARALTY, A
WD EE DR Y B NREETE W T
boEBbniz, £1=, IA4 T O0f#EIE EDTA
TN CLROLN=DT, &7 nT7 77—
P OETIIAH S THL Z E bR LT, —
75, 7 =Wk Na CHREL7ZWBIOGAIE, &Y
v, R a7 7T —EOREREZRIN LT SE
CLRRBEE TIA T Ut sn Ty, Z
DT LlE, BT NVFEBROMERD, FERORY 1,
DOHTHHFIHHTE LI 2R THDOTHY,
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U Na 12k 5k 7 uT 77— ERERE
(IFRATH LN, EEREIETHD Z & & PR
L7z, £L 7T, Fig.26 \TRL72L DT, 7= R
Na I X0, 8% D NaCl 24 L Cifl L7
IME 3 h B A A, EDTA USHIINEV L o¥it
Z LOENTYEO S VR CE T, £,
ZoWtEm FRVRIE, BT AR DI AT D5y
i3 7 TR Na ([Z K-> Tl SN2 Th b
Z & &, NEVF L0 SDS-PAGE 7% — > DA
Offed L7,

728, AMFFECIIMEHRAT L TR W2 AL A A
T KB L5 Z L LICERICH L, Zof
HIX, ZIVETOA BHR S 7 EOMZEN G,
A IR EREKRGEST D &, Rk ZRAR L,
mODEECEIN SR e, FhEkMEY v Xy
BobafahsnizZ &, KilLIEAE 5
T2, 2 EREOFE LUWME T 25 &L,
AT NVIERICIIARTH D Z &, £z, KilLZE
LThH, ACIMEEREDERRRFITH LN &
(Konno and Fukazawa 1993) % #aA I L7
7O Thbd, IBIZ, A IOBENET VTFET
72OIZiE, Kl L2 T2 0 RV &b,
B CIE LG O 72 DI L2 7 =k Na R
ThHiuL, 1FLAETERTHST=DT, A IO
WX HERENIRED HIVT, A DAKDREK A
PREF LT MR oA Tk B 23BRRTX
HEEZT,

A O 0 B RS T, SR TIEYT DR,
SRR CPnET 2 TAED | LIRS T
BAEASINTWD, REDMH, Z OBE) R
DEE, TR IR FETHH E L
THSG THIH S TETZ,1990 725 1991427
T, TIRIEF OFEER)E (TGase) 12X - T,
AV UCOBELEPEIEEI SNSRI SR
7= (B351990, Kimurat1991) , Z DE#FHIFCa™
ISR DT, B OB BN SN T
W5, BIETIE, AROKIE LIS HT 5K,
HARDFGTIMEILTND EFOITWDN, ZiUl
I, KIE LEOBKD Lo STz, Fluingh
P DOTGaselZ L5 2 A v DL EALKG A etEd
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HI2ODCENEENTNDIHFRINENS Z L
Z, PEERAHET LT R Th D bbb, L
ML, ANAA JISEE, (Nozawa2001, Park
52003) HE®D, FAAFOTGaseDIEHEAIZ LT
72Ca" 1L, 7T UEENallF L— FENDHDT, T
DOTNINET WV PEOFETRIZ 6 U CTIEAFE L < 7220
B IRTZ ENTREEINS,

—J7, JHOkRE (Streptoverticillium/Jg) 7>5 FLH &
N7=TGase (MTGase) 1%, IHMAKICCa® Bkt
RER (Ando51989), F72h, Ca® 3L
THIEH LS D &) NTEMETGase & 13572 5
Rtz B LCWD, B e L TRATSNLT
WAHMTGasels, A 2RI TS,
Y 8 CIENEMETGase DR JE 24 9 720,
HDHWNE, Z U ERMTIZRDREAE D7
CIZHWHN TV D, T7bb, ZhETOHNM
I%, MTGase DCa” FEERM: &\ FEEIEH &
NTWRNT &b, ZOMTGaseZ HW UL,
7 T UWNaZ A2 CCa BB LI-SMEThH, 15
PERBNHIGFCE, PRINETHZETIAFT
DEESISDHEITE, ZORERELTD T4 |
RO LI S, MTGaseZs & CTIIORFE
ZICH LTERIHEE S 25,

% SE UK C & 5 MTGase DFR NN R % e KIRIC
SlEHdiciy, AR, BE, L, G
HEATICRESEEEL G2 AN 2R L TR
ERdDH, ZIVETOMEND, HE D EIRED
L, Dz o TIEV L OPEN D Laein S
EE, NZTONWEEO SNV EEoTLE
9 EWV ORGSR STV D (Asagami B
1995), ZD & 9 iz 5L LT, MTGase®D
SRR LT, 2 0f5%, 025M7
TUTENa TR L 7= AL A A DRICXT L C, b
A0 EOMTGase (1 unit/g) ZEANL, ERLH)
iR 35°C) ¢, WEEEZRMERH] Q) PARNES
HZET, WERIAYCOLRNIGAEX
L, ROERANRET 254 AT Z &N T
X7, FORER, 7 UBNaDT AV v M &R
U727 Vi ot T — B L % i3 B 1
WrSHENL T & 72 (B3 ),
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%72, 025M7 T UEENafffE F T35 C D2
ML, FAREDMIERERN D, I AT OB D
ORI SR THD Z R EESND, T
bbb, A BHERICITEMMOME 38 T
BHDT, Ca MEE LT keI 7 = %
NaZ M TEMBSEISERIL TW b EE X bR
%o FIUZ, 025MD 7 = UENaZzTsIIL, 35C
TMEAL 7= & 374U, Fig. 508 X UFig. S1DFER
D35, 2R DN T50%F2FE D ATPase K L 7
IHRWEEHR IS, A8 E AR (2000) 13,
2 N7 BT ARIZ25C TR L7 L & D
U UM L AEROG A B L, ZAUDIE 1R
FREDMELT, HAdC I TL TN D 2 &
WA LTS, Thz, AUFEOThMES
TR, BRI AT VAN Z Y 2N h,
L DBERIGE Z > TV D ERMETH D L
Wrcxs,

ZIZET, ANAALIHNEEHRNZMEH L=
D B BLE IR AT D Z LN TE L, AW
TIHET VD7D, BEETFTUETEHLAT T
7 OB v F—a A LT, 2O v
B —ZERATIUL, A D OHFERIEND, A h
W H SO 7217 C, NaCl ZEFSIN o InEN7 L % filik
TEHZ ENFEINTHD (FI1999), Zi
I3 ECTHMER LT, LoL, BIGTIAL b
NTWDAERYA Lo by &2 —% =il
DSAREIZ 72U, B S BITIAN 2 ATREMEN &
5o AEEM S TA DHE O RMZ TR L X
2ETHE, RO TTHZ EBTER,
ZDT, VSR ATR L Lo & L
T, NaCl 28 L T b RIS 26t 5 =
TR DN, 1 E TR LS, NaCliE 4
DR IRET D, S HIT NaCl 1X, 77 F
AN D IFV U DREIMERZHRSE, I
T DEWEET S, SR D ORHIRLE O
F &5 3%FEFED NaCl OFINE, Al (A7 k
T T) OEE, BERRED I AL AR D
FRLBIXRI SRV, A TOBAE, FL
IREED NaCl TZMHELIT 300 {52 FH-1 5,
IO OGN, TVt E St ST AR T &

Z bbb,

W0 O ORI A< 725 B TRE%
ENT-DON, HEIRE TS VAERI L L. [
) Th D, £, B L7z NaCl BRI
DIENVT LV 2 SORMBEE TG D kL LT
ASNTn5, Wb, Fekiefissa nzms
T LHEINT, — AR FELITE RV B L,
7 T UM Na 2002 T, LTINS 92
HRISEM 2B & UL, |0 ICEE D v ¥ —
B LT, KBNS N2 8GET 5 2 &7
AREE 72D, ZHURSHATREDNE 9 DNE, A DI
T % Na Z IR LI PO ORI Cd 2,
Thebb, JT U Na fIcky, IS4 ro
BTS2 &5 ThIuX, 2ok 9 7R
MOBRIZIARREE 725,

T THAETIE, IAVERCHTL 7
VB Na OB AT VR THRF L, ALAA
T DFFFEREHE, 2 A T Calic k- TriEflbE
ZT D LWV R N B D T2, 7 TR Na
OUENINE Ca* I LD REMEM & by, I4v
VOREEERISER T ENTREIND, £
2T, ST Catliz X D REMERTRD Hiian
3 (21) OfEEEE I A E2HNT, 7
TP Na ODIER &G LTz, £z, 7= Na
FRPCRIAT 2 2 L 2 BETIUE, Ak
BHEEG A 57N L TRWZ AR LW &Il Lz,
ZIVET, ALY X7 EOEMERHIF & LT,
BT HIZHO B D PEEORE Y L 2 — LD
E<HBATNDDT (KRG 1984), b L
i U7z, S50, % 3 Uk Na o REisTE
(FEfE Na, Z /L2 Na 72 &) (2 K DM
TERNHE S THWADT IFFS 1999), 7=
2T Na (& Z I ER 238185 S v,

ERANCHH LIZE 25, 78k Na 13A<
RIS TS YL E =L LD &R M
EHZRL, ZHETHESNTHLH THRLIA
WAEMEINHIER 27" 70 2 X Uk Na (KRIRD
1984) VLT 220 2[5 Z L Rbhoiz
(Fig. 44), Z OFERMNE, 7 = Na ITAKRO
AT BB YT D AR TS 2 LR
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B OMNE o7, T TR~ X 512, 0.1-025M
FHED 7 = Na IS, FhERHEO A% 5|
TRITN, 2O X5 RRELIZ) D LT,

AT OEMNEIEIT S Z LB BN E 0T,

WIZ, AIVAAL TIGERHEE > T, Ca'lck
HEENEZIT TV DA &, EDTA #1% Ca™'
\Z L DLEIMER b TE L D 2 SOt
2o CRERT L7z, 9%, EDTA 2% Ca®'lo &
DLEEANER &2 IO T5A0E, A e &
ML X2Z, 7= 8 Na IBEO LRI, &
PEREEDS/ NS < 220, 5RUVEMEIRISTRD b,
Z OIHWERNZ = A fFRITRHE T 258 LD K
&<, EVEHIHERIMEEMERE TH DL LD =
NETORRERLD LD THST2, LvL, Y
e N — /L OZEEIRIVER & A o ke A F
THIE L7 E1E00E 0 REWDT, A IITHHE
LIRS TR AR T L O Th D, ZOBHIX
FHTH D,

—J, ClZ kA RENMEZIT VDS (1
mM CaCL 1#(E F) 1%, #4127 = ik Na 2 %
FREELE, 02 M BEE T, B2 edEd
HEIHER L, AU, 7= Bk Na lok 5
XlL— MERICLY, Z0nb Ca ko, Ca*
IZ R D LEALDBEFEITIHR L TN AT v 7 & A
TW5 EZEZ b, ZLL EOIREETIL EDTA
HONMEVEFARL L7 X C, IMIRED L5 &
BICEMHEIER RO bz, LinL, 7=
% Na SEFIIFO Ca™'lC X D2 E(LIEFITRI 100
L IEFITREL, Ca¥'F(ET, EDTA £ F T
0.6 M 7 =M Na Z N2 72355 ORI,
Ca® fFE FD V7 = % Na HERITIE L= & =
DEEFELI LT, 728, 4« IA4 T TR
E, CalC LD REMREIN/ NS WO T, Ca
(& BT, RERZEMHEIHIER D Hizd T,
7 T P8 Na ARDOZENEIHIWERIZA 13 LT
HLIFFIIRENHLDTH D,

B2 BEOEND, 7T W Na 3RV E L
TYER L7z728, NaCl <> KCl @ X 5 |2 ki
HDT 7 F o IR S GEH M &t
1984), = DfESE, M I A2 v DZEM Atk
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THZELEXON, LML, ERROfERNS,
FERD FRHE O NIV IZ BV C, 7 =% Na
DU X A VMRS 5 L 5 2R B8 358
D BRI TZDT, ZOAHEMITERN EHEER L
Too EBRT, A0, aA0TOMEMEL H
723 TY, SMNaClLIZAHY 35 A A L 38 &R
TIM 7T UENaZIRINL TS, 727 F O
B i snihotz, iz ki, 7
T U Na 37T 5 &, mIRED NaCllZ L 57
7 F BN ERICIE SN S Z LR R L,
T7pbb, 7 T UENalT I A 30 T,
T 7 F o OHEZEMEIHEER b2 T\ H 2 &
R L, ZHET, ELEMOT 7 F oD
VRT3 D BHIWER A et L7 B b 72 AU,
77 F U EHMHIER 2R LA OIS B e
DT, T F v OEEVEHNZEET 2 5O
Thd,

LAV DOEMEIEWER AT D bEmCThiL
1, HEEST 7 F L OMRISHEIHEIER 230 5
NHAEEME L B D, 2T, BT &
LTHIBILTWA VL E h— L& {fi > THEE LT-
LA, BTV T OEEMMEIERITRD 5
Niginote, Ve h— LSOOI TlI5EsR
TR T2DT, oA OIERIZOWT
%, SOITHETTORERH LN, 7l Na
IR BN TSI ER 2 AT 2bamTh
HZEBHLMNE RS, EBIZ, ZOV U
Na Z Nz 72K (025M 7 = i Na FLE DRI
TIXPIRAEIZ 72 5 & TRAS D) ZHEURERTEC
D, TRbb, FERHE R L 7OIRRE T
AU, BTESATREDNE D ERGRET H720, 7
TP Na 782 A 3 v OWFEEMEZ 345 D)
EIDERE Uiz, AT OMEGEMIZ T LT
FEHNIRIEIER 2~ il 1 A 1L, BREZS
MaEE<IME LN ERMEIRL TS
(Konno 1998) , [7] U < # T & L COER 27
7 TP Na bEREEA 4> DX D1, HREZerEm
Hlo> B BT T AW ATEEMEA A E SN b
Thbd, T, 24 FEGELZET L& LT,
7 TP Na (2 X200 ER 2 b8E, 7
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IR E LR LTz, BEANINTIL ATPase 1514
MIRTFERRIET D L 0 RfEERETH, 7=
iz Na #USN9° % &, JGEIESERI I Sz,
PRI LB R PR LI IEE S LR L K o1, Yov
Eh—A 0 BIRRETHSTHY, TAF I
it Na LRI THoT-, ZORRNG, 7=
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