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Abstract

Ability of tofu-gel formation is one of the most important qualities of soybeans. Tofus were prepared from 11 varieties of soy-

bean with MgCl2 and “nigari”, a conventiona tofu-coagulant, and the relationship of tofu gel strength to fluorescence labeled

intensity of disulfide bonds in protein was examined. Nigari-coagulated tofus prepared from eight varieties showed higher rup-

ture stress by more than 40% compared to MgCl2-coagulated ones, which would be attributed to the difference of concentration

of MgCl2. Among them, four varieties including Sachiyutaka and Tamahomare lacked subunit II aof 11S globulin. Fluorescence
labeling of disulfide bonds indicated that labeled intensity of acidic polypeptides of 11S globulin significantly correlated to the

rupture stress of nigari-coagulated tofu.

SIETFNERIERIREOEESRFEEROOEDT
HO, TIVIREMN SR = S JE B W 1037 )V I
DIEEER> TS, KEEABEOTIVEMRIZIDONT
< oBgEs TN Y, ZOAAZLLELT
EHENMBAZEL, BUKEGEENEL TRIRESE
REBRL, HWTI I T 1 REERICX B0k
BRIMNS 2y U= &2 DL 5 T ENHS MR
STwa? 1Sy Yy (FUy =) BEROY
ZIVT 4« RiEGE S, BIETZIVERICHBIT 5 EEME
MO OREHERE 2 HWEEN S biEfsnTn
2° BAZTNETIC, SHECHBRENALEAET
JF7OENA A1 >mBBnY P &, 1Sy >
HRD 2V 7 ¢+ REEGOHOCER®RE S, ZI)Va /5

WH S N > E 7 O R RS ) O RN TE O M R
BgA B 5 &2 RHLEY. AR TIE, TEMNTE
MBS AR TORBETE FHINTWS, ik
RO FIIABE NI 2 EEH & LTS
L, 2050 TIS/a 7Y >E&RIXRTFROY
AV T 4 1 R R S LI N TSR RV 0D g &
1205 BB L.

KERTTE
1. REM#

TEMIRRER (RIIE D <1ET) DG TERRI4EIT
HEELERGUGE ok FY, 72850, ¥

20064F10H 1 HZ24F, 20064F 1221 HAzM
¥ %% 4 (Corresponding author) michiko@affre.go.jp



FFHAN, T2LA, ODHADD, HHE/NKL, Harosoy,
KXV, YFAYH, TrAYH, TTHEED)
EHEMEIE U, KEEENTEMERAKRICH T2 O
ho—)bEULTHRHEREZ# AL,

2. SDSEUTIYINT I RFIVERXE
(SDS-PAGE)

AT EIE L T RT 1092 /NE K bk (SEH
SCM40-A) T30k, 60X v 2 2 DEICNIT S
BlEZ AEROR UM AR E L, MK E T—20C
TREL 2. ¥ Ralk500mgZ 10ml®100mM HEPES-
NaOH (pH7.00& & Bt 23 b B > (HFEHE NS-50)
T1HMAEYF A XL, 10,000X gT 205 iz O
L7-. i & 51210,000X gTC00 MmO aREL, &
O EiEEREARE Lz, Laammlio /535”1266, 5
20%7 YL N I)V(PAGEL NPG-520L, 7 b—)% il
WT20mAE B C0 VKB L 7=, kBN D7 IV &2 2
—xP—=TJUUTY >N T —R250IZL DG L 7=

3. EERAR EWEEHORIE

KE100giC 3 fEE DK EMA, ZEiR TLKRHRE%
SoEEFEL, MREROG6FELDEDITK
ENMAl., ZhzEIFH—7T1oMEHRL % H—
YTTEHAZKD LD, HRTTLOHNBIMBBKS L 2.
SFE60MIZ100m DN 5 A E—=H—IZ AN, THITERK
BEE0.3%DIEL~ 7 %2 L R/KFIH (0.189/0.6ml),
FEFHERDITND GREFEAEEE “KRITHD” Mg
1520 mg, Ca 3.4 mg, Na 665 mg, K 331 mg, Zn 47 1. g/
100ml) 3.6mlZ i AiEA L, 70°CT605: HEkEER L 7=
BEFEOTANS TN FNORBEFHN T=HTDOOTE
MUz, GO )VIRE & 5 LR ERIE &R (1L E
TPU-29)IC K DHIE L7z, E— I —BEH DT IV ED
HEEIEDD, REGEOP RSO 2 FHTTK
2cmOEIFEZZEF TEZSMMD 75 > ¥ v — 2 EH)
2.5mmOIEE TI7TmmE A L THBEREZHIEL, 0
SESfED S W] & SR 7z

4, BREBREBRICLDIT AT 1 FEADHRE
i AR GUEHS00mg & fill H FREHTR (1mM 7 = Z)L A%
S ZIVIRZIV T IVA T A R(PMSF), 0.02%7 Pk kY
7 2\, 30mM ~ U ZEEETR, pH7.9) 10mi& EHIZkE X
~o> (HEEHEINS50) T1oMEEYFA XLk
%, 10,000XgT207fEL L. EiEEI S
10,000X gT205 i 0o L, 2O bk 2 alBHA R &
L7z, ilBHAE®I01Z, 0.5mMYF A AL A1 h—)b

(DTT) 2 & D FEEK (30mMTris-HCI, pH7.9) 2R L.
FRT200BE, DRI T7 1 REsEEZRTLE. KIC,
20mMmBBrz 5 p iz, =ii T157HPH =, 100mM
B-AINHTNITH ) —)LZ101], 20%SDSZE5 110 %
RO ZEEEL, 0.005% 7 O0E7 ./ —)LE&180%,7
Jto—LEEMLAE. a>bhbo—)LELT, Bl
HaE L TWARWEE 2 FEEICMBBrCiZ# L 7=. mBBr
ARl E, 5-20% KU 77 U7 2 RF)I (7 h—
JNTY TIV520L) MW, 907 f20mAE Bt TE&IK
Lz, &7 THER—HE (B T>11) %
KEIL, 7V OEEREDBRAZRHIEL 2. k#IE
DI, i (40% (viv) A% J—)b, 10% (viv)
Fefg) hC2MRIR &S L, @EZmBBrERN 1%,
365nm®dD T > AA IV F—4F ETHEBEAE E R
U, N2 ROWNCHEE & WG SR ONM ATy R
ELFa2aTF7—A A=V % —, TIVRYZ1000) ITLD
FHEIU 72, 80GREaR g 3 mfT WSl ZE & o /.

KRERBLUVEER

1. (PN BECEEYTROY LRBEEEDH
WS 77
MAEIRELRMEN S, BT R T LEIIND T
BEXE-EE 2R UMK 2 ELE (K1),
HEMNZERT S0 ICHkoBEREZa > hOo—
WICHER L, ot Fy, 2o, 77347,
TTBEDOEHIL, WTNOREATHLEL -5
EEZ2R Uz, T2 LA OITH D EEREE)E OIS
NIEWITEL, 71707 D aBiPa’ Y T12y
k2R U 7= D0 B D D O TR DMK o
2. SHHETIERDEEOWMIEHNEL, v¥F1%
B (TS0 B THEAL~ 7 32 0 LBE D2.54F%), %
~hv L (FAL72f%), T> LA (A1591%) THEMK
Emoz. FFFHN (1.371%) ©Harosoy (1.411%)
THRRENKEN D2, T FIF HEDHFETIZ,
SIS A RK I A R R R E I BT A
BT 32 LAOWERE N ERREIN TS,
SREOERT, IZHADEBOBEICEML < 7
R U LEIT. SNAKIPRE To46gl LY TR
LERBEZONROEN S ENFEREEZ SN,
EBRICHEA L 21O RKE0EABMKE K 2 12
AUz, L= 100208 EEOFHEICH W RKET
L— 2137051678, 11S7 07 ) AR KERMTH 5.
H11S7 07 ISEER KRR Y X TF Ry
SHEREN, Z)—7 1 (A1aBib, A2B1a, AB2) & 7)1



300

250

200

150

100

SERESA (102N/m2)

50

7
KERE

1 Y TR ILEIVICY ) REZED
TRHAIE S

O, bt~z 3o ; W, 25D

1 vatyF); 2 84F28H ;3 ZFFHN; 4 T4
5 WDADY 5 6 MG/ ; 7 Harosoy 5 8 #~vsih~vL ;9 4

%naw;w7alaw;n?fﬁam:mﬁ%éﬁkﬁ(:
viha—J)

GRS F O B 2E A N — TR L 72

— 7 la b (As A4Bs, AsBa) D5 FEMEDYT T 1= b
AEasnTns'Y, 7 —704 722y ML, 7L
—F 1Y 72y MTHART, SESNBENICH D
TER, BREENEVI ENHSENCINTNS
Y GRS CEE R R S N 5 SO S
b5, YFFHN, T>LA, KT, ¥FI157%
D4REICBNT, 1S/ 07U D EERYXRTF RO
56, HakmpHKDOND RBAREL TV, H/i#ll T
1S/ 7U > ERRERFETRBOERZToE D
A, UUSHTIAZy R I HDVWETDOEE SMAREL
TVWBRKT, TEBBIENOERKEN>72Y. &
WIFEICBWTH, 1S/ a7 >, 721w 1,
TaB L UCIObAMN S5 & E1E, TS D=
NSNS, S FAYHE, FTaZy MR
U, BHERD DI RIT B &, BEES 5 020
KELBRDEWSHMMH o=, GETIVIERIZB N
TENRESCEBLOMEED R 511S7/ 07 Y > ks
MWRIETHZET, BELEWMEOEENER NS
DTREBVWNEEZ LN, WOAHRDDIZT LIV >
WEEET 220, 7s707)>0abiPa’ 7
IZy hERERIEEMETH D, THET I DOIBKIC
ST O T > DHFEGPRENZENS, DDAHDD
DEIEWWIE NI I ERLEEZZTRVWbD ETHES
Nz, LML, M1IRLELDIZ, ODHHDDTOD
SIET VR o BRI R TEL <KL, £
TEIRE DIRNTST O T Y > OEFEEMNLE U 7= Bl
ISR T D DICREEEZ 5N

]
BOM 1 234567 8910 1112131415618

: ﬂau:_nnjgnuuzzz
SEEsRRR==Rase

‘!I ",.!
'
K2 XENMREOCERHEMEMK
1 yuavryrV ;2 25F248%8 ;3 2FFH/)V; 4 TV

4.5 ®DHADYD ; 6 FE/K; 7 Harosoy; 8 # vt~
L, 9 HF28h;10 72224511 $FBE® ;12 1ilk
FHKE (3¥ ba—i) ;13 11SERKE100 (Mab% K
Je) 5 14 1ISERKTG010 (1, TbAEKRJK) ;15 11SEFRAE 001
(I, Daz/x%) ; 16 Hi11205%5 (11S42/K %K)
«11S7a7) v lar72=y b

15-
10-

2. BABRERICELDT XILT 1 FEEEDHBE
INETIZ, ZIVa /sy o7 s REFREGE
IZBWT, 11S7 07U >O P27 1 REEEHR RN

HEAFEMBBrIC K 2 EEakis I & RIS 1 DRI

BB B D Z e aRLEY. JVa ) FNy T R

BEIZHEBRENLSERNES TH 5D, EEOEK

13, WAL TR TR0 EREOFNENTNS,

Z T, WY T 32U ABIOHIRKICTATO ik % Kb

FELTEREZFHBL, D27 1 RiEH e

ELOEmEORMRERFLE. 1. THEAHALZKE

IZDWWTLIST 1 7 U > plidyr ORISR AR BR B & G D

W% 70y b Uz N R A B BRI D 51

oz KIS, —RECTEIN ISR E NS ko

Hpk, WREROKEELT, OHAD DB I THIE /N

DA D9 RBFEICDOWTHEHRHFLZ. ZO/RE, T

BEERICBNT, 11S/0 7 D BERYXRTF RO

P2V T 4 RGO E & T8 O BN 71T IE

OB (r=0.89, p<0.005) AR 5M/= (K3). 7S

D —HZERETDHDHAHADD &, M/NRLORE /N

KiTlE, PAIVT ¢ REEFRTREED 5 DL ko & W il 2R

L7=h, SEESH3FRETH- 2. Bl &

me, Wb xI oAk pBEOSE, Zva s

FINE T NN B E, 11S7/0TY P AT 1

KRG & OHIE#EE N SO T ET 5 Z &3

WMTHDN, BESKMECEI > TREErHZ2HDE

EZHNT.

AITRC11S/ 0 7Y YARKE O, 11S/071) >0



250
(@] [ ]

&

200 -
5 .
%10 © &3 .o
~— 50 e}
~ ogo AAA ® A
R A
+2 100 A AMA
B A A

A

Esof
g
I

0

0 1 2 3 4 5 6 7

HACRHRE (%vol)

X3 11s/O7U&HYJTaA=y DY R
7 4 NEAEBRE & SEOWHIICH

it~ 2 vy AREGE A 11S7a 7Y VEPER ) XT 5
B A NSHEEER)RTF P LA HE @ 11Sr/u 7Y
VIBYER Y XTF N O 1S u T Y VIR Y XS F R

DZIVT 1 B REE TR EE & O RS 7\ B R & R
U, FOMBEEGESSZEaRLEY. BRAT
IZHBNWTH, 11707 o3 TaA=y MRGDINT >
2, BEEICEEE L TWD ZEMRBI NG ST
a5, TLA, ZRTUIEEIENLTE: TR
Wi sZ D& EETH SO Y. 4%, 5
JEPETINC & N TG 2 R L TWa kT
EREY 1=y PR OEEEZEL TW L
T D 5.

C N

TNV IR T OEERFEER DO ED
THhd. WMFHEOKRENS, HE TR UABLY
RO ZERAWTEREZRBL, P71 RiEEHEt
FESR AR & TS T OBR AR L. 8 D
KET, HIETF 2 TAREOREWIZNDEET,
BWBBIS 2R L, BICHF YN, FXERYLT
TNEN254F%, L72fEDENNH 2. T 5 O
INTDEDRENAFFEORKETIUS/OT Y >D1a
RAMREL TWiz, KAV RESETIX, 11707
UEBERURTF RO 2T+ RECEHEE &
SRS OMICIEOMBEMERNH D, P2 T 1
RAEERERIT K 5 ST O FTREMEDVRIZ S 7z,

X

1) Mori, T., Nekamura, T., Utsumi, S., Gelation mecha-
nism of soybean 11S globulin: Formation of soluble
aggregates as transient intermediates. J. Food Sci., 47,
26-30 (1981).

2) Ono, T., Katho, S., Mothizukki, K., Influences of calci-
um and pH on protein solubility in soybean milk.
Biosci., Biotech., Biochem., 57, 24-28 (1993).

3) Fukushima, D., Recent progress in research and technol-
ogy on soybeans. Food Sci. Technol. Res., 7, 8-16
(2001).

4) Kohyama, K., Sano, Y., Doai, E., Rheological characteris-
tics and gelation mechanism of tofu (soybean curd). J.
Agric. Food Chem.,, 43, 1808-1812 (1995).

5) Sao, K., Kgjikawa, M., Watanabe, T., Food Processing
Characteristics of soybean proteins. Part II Effect of
sulfhydryl groups on physical properties of tofu-gel.
Agric. Biol. Chem,, 35, 890-898 (1971).

6) O Keefe, D.O. Quantitative electrophoretic analy-
sis of proteins labeled with monobromobimane.
Analytical Biochemistry, 222, 86-94 (1994).

7) Wong, JH. Yano, H., Lee Y.-M., Cho, M.-J,

Identification of thioredoxin-linked

proteins by fluorescence labeling combined with isoelec-

Buchanan, B. B.,

tric focusing / sodium dodecy! sulfate-polyacrylamide gel
electrophoresis. Methods Enzymol., 347, 339-349
(2002).

8) MMIET T, BIAT, PHEEHCK, #tE#EE/ 70
ENA AL VERICK D REY NV BEP AT 1
Ri& & O, HARRBFISETAREE, 51, 406-412
(2004).

9) Leammli,
the assembly of the head of bacteriophage T4. Nature,
227, 680-685 (1970).

10) Toda, K., Ono, T., Kitamura, K., Hajika, M., Takahashi,
K., Nakamura, Y., Seed protein content and consistency

U.K., Cleavage of structural proteins during

of tofu prepared with different magnesium chloride con-
centrations in Japanese soybean varieties. Breeding ci.,
53, 217-223 (2003).

11) Nielsen, N. C., The structure and complexity of the 11S
polypeptides in soybeans. J. Am. Oil Chem. Soc., 62,
1680-1686 (1985).

12) Mori, T., Maruyama, N., Nishizawa, K., Higasa, T.,
Y agasaki, K., Ishimoto, M., Utsumi, S., The composi-



13)

tion of newly synthesized proteins in the endoplasmic
reticulum determines the transport pathways of soybean
seed storage proteins. The Plant Journal, 40, 238-249
(2004).

Lakemond, C. M. M., de Jongh, H. H. J., Gruppen, H.,
Voragen, G. J.,, Differences in denaturation of genetic
variants of soy glycinin. J. Agric. Food Chem., 50, 4257-

14)

15)

4281 (2002).

MEZET T, Reofish, 11S707) D ARKE
B2 ERMTEMEE S 2V T ¢ R G 8
i, BB GITHE, 70, 13-17 (2006).

R, EEKGOSERMEEE DT TR O RF

B, AARMBYT

N
¥ = A,

39, 122-133 (1992).








