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Abstract

Optimum reaction conditions for gel formation of rapeseed, Brassica napus, protein catalyzed by microbial
TGase(transglutaminase) were evaluated by measuring breaking strength and deformation of gel. The
polymerization of the protein gel was ascertained by SDS-PAGE and content of GL crosslinkingle-(y-
glutamyl)lysine]. In the reaction between rapeseed protein and TGase at 45°C for 60 min, the breaking
strength and deformation of the gel was the maximum at the ratio of 1:40 of enzyme to substrate. 10%(w/
v) of rapeseed protein concentrate was optimum for gel production. The maximum breaking strength and
deformation was shown at 45°C. The breaking strength increased linearly up to 90 min of the reaction time
and remained unchanged. The breaking strength and deformation by TGase treatment was pH dependent and
pH 7 was optimum for 10% rapeseed protein solution. SDS-PAGE analysis indicated that new band of high-
molecular polymers were formed by the enzyme reaction, with disappearing the original bands of rapeseed
protein. According to HPLC analysis, the content of GL crosslinking was increased from 0 to 7.14 umol/g

gel for 90 min of the reaction time.
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Table 1. Reaction conditions for gel formation of rapeseed protein catalized by TGase

Ratio of enzyme to substrate ([E] : [S])
Protein concentration(%, w/v)

1:100,1:80,1:60,1:40,1:20
4,6,8,10, 12

Reaction temperature( C) 25, 35,45, 55, 65
Reaction time(min) 30, 60, 90, 120, 180
Reaction pH 4,5,6,7,8,9
e W oy A 32| Gin-Lys (GL) mXIZEf B2k 24
A&e] AXels Lee 5o WS ozt Wl
W= A A3k, AJB.E  pronase (2 unit/mg  protein),

Streptoverticillium mobaraeused) X WA EAEA
o] 1unitmggl v E TGase (ACTIVA TG, Ajino-
moto Co. Inc. Japan; 10% TGase-90% dextrin}g
3l ARgEl e, A AFA AN F2 A
WiEl= Brassica napus (Youngsany5-g- TUskd 7 %
o] upy@of ube} falul 2ollA 65.6% (dry basis) T
WAl geks P ARl B, A sl 7]
Ak ARgaisio)

TGase X{2|0f 2|8t FATHEZS| Asiet dZie &5

TGasedl| 23F f-Achfzle] AA FHHz27e& A
7] fall Ay E, 78R, 2%, A3k pH 5%
gejst dAHAIZE ubSAIZ] & A FFF ol
H3keh(Table 1). ZF A3} 27300 23l wEAA
Aetuia A9 FA-S rheometer (COMPAC- 100,
SUN#}3}, Japan)2. 2A3lgc)h 47] <ol e d4A
3 FAE7 20mm, Eol 15mm)2] AEEF AA
10 mm®] 73 plungerg o83k &FAslgon, &
2 A8 37t deld WY FE A7} (breaking
strength, g)&, o]wje] Zlo]E- M3 (deformation, mm)°-
2 episie.

SDS-PAGE &4

Hhgo] Erd Al8.(0.2g)yE 0.0625M Tris-HCl 54
HpH 6.8), 2% SDS, 10% glycerol, 5% 2-mer-
captoethanol, bromophenols &-#3F $3~4-4 10 miel]
HeAZl £ 100°Col M 1F 3027 hEslal, Bess
Eo|A YA AH SDS-PAGES A&Z &c}. SDS-
PAGE (sodiumdodecylsulfate-polyacrylamide gel
electrophoresis)® Laemmli®] ¥hy®e] wbe} 12.5%
polyacylamide® A A|AZ 8lod Palgic). £ A8
2 20 uelH AR @ SmAY AFE ARSsl A7
T AeddA AN H7ldE F A" AL
Coomassie Brilliant Blue R-2502.% dAsl1, F7
D Folekg - alzARe] B3IV 6:3: 1(viv)e] £
L2 el

leucine aminopeptidase (0.5 unit), prolidase (0.5 unit),
carboxypeptidase A(0.5 unit) 9] W] 7] hF AT
d&xe g 7lpids & R&E AEE 05um
Millipore filter® i3} ¥ EAAZAIA GL AT
g 549 AlgE AMsigich AlRe] $4-& HPLC
{Spectra-Physics Co., USA)E. AAJ3ldth. Altech C,
column (250X4.6 mmy& A8l 5 7}x] folE F
Mg 89 Al2wlollA methanol@l B)o) TS 20%
ANA 95%7b7] =Helste] 7]-&7] -8-2l(gradient elution)
& F3lgd. §BAE/E AHS-Eled intereference
excitation : 334 nm, emission : 440 nmel| A EA S
o, B 4087 AAEgH
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Fig. 1. Effects of ratio of enzyme to substrate on
breaking strength and deformation of rapeseed protein
gels formed by transglutaminase at 45°C for lhr. The
concentration of rapeseed protein was 10% and the pH of
reaction mixture was 7.
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Fig. 2. Effects of protein concentration on breaking
strength and deformation of rapeseed protein gels formed
by transglutaminase at 45°C for 1hr. Ratio of enzyme to
substrate was 1:40(w/w) and the pH of reaction mixture
was 7.
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Fig. 3. Effects of reaction time on breaking strength and

deformation of rapeseed protein gels formed by

transglutaminase at 45°C The concentration of rapeseed

protein was 10%. Ratio of enzyme to substrate was 1 : 40
(w/w) and the pH of reaction mixture was 7.



TGaseol| )3+ i hal 4 23} 1265

ZHT7} 908 o F A WXl g gle] ] o4
WAls BAzke] ubgo] ofFoiX|A] ¢ SJHL A
z2hgr 4 glc}, o]g} e A olwlE HA FHulz)
45 4o £ oy A gy Eel s
90%- Fotoll A2 Hhgoll FedstHAL, Hae] Ho
o5k A% mx chulale] IwiXe) o3t 2H8r]Ee]
7154l 9 Aoz AztEc} Sakamoto FNE
ol2] 712 TGasex®] e o] ubgA|Zkel w2 A%
E 2R olA Ha|Fdel A4 30%, caseinate
9} Agleiel 79 120~25080M Fd S b
ohi Buspil glo] 7|H iAol FFol wel mi
- Al Afolx B4 vk xe] vl
Hul 28-S el Alzde] #A3] dEE o4 5 8
o} Al A HEe Agwele ge] vks 308
ol vt uk-g 180% FollAut A2l k] FelE Hol
A k3l gle] FAchulA ubgAzE 90L& kst A
£ A =S FUIE shi Al = 3Rl
o] oA 4 v|HA g ALE g7
Fig. 4ol 7|A szl TGaseE H713F ¥ 25°C~
65C2] HeollM ubGAIZHE de] Azl T 2=
o)&AL Vehiiglel. TGase Melshr] ok whg 4
AL A} o] Foix)R)= Yster}t B4 AlEY
750l A2 (25°Cl M= TGase H7IHe 2T it
Wl Aol A= Qo] viztdAtE A A Ee] AE
off FANAS S8 T U WA "HeAA A
2 7idEc) =3 sldzate) wWaoeg izl A
Aol F7Ee] WM 45C7HA] A7kEs) WY
< Hh-2 o] uwiEiste FUIEE Helx gid) g
v ool A} ub2 oA Al EAe] #HAEHA A

60 9
—@— Breaking strength L 8
~O— Defarmation 7

E

1
0

50

i

-
.

Breaking strength, g
8 &

-2
o
4

©

2 30 ] 50 60 70
Reaction temperature , °C

Fig. 4. Effects of reaction temperature on breaking

strength and deformation of rapeseed protein gels formed

by transglutaminase for 1lhr. The concentration of

rapeseed protein was 10%. Ratio of enzyme to substrate
was 1:40(w/w) and the pH of reaction mixture was 7.
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Fig. 5. Effects of pH on breaking strength and defor-
mation of rapeseed protein gels formed by trans-
glutaminase at 45°C for 1hr. The concentration of rapeseed
protein was 10%. Ratio of enzyme to substrate was 1 : 40(w/
w).

e gle] EhBA o] FE3] FhhEa 9ok A
£ o 4 3} Ando FE FA7|AEL )83 TGase
B4 Ao A TGase BA9] #A2%E oF 50°Col L
(pH 6, 1087F #2]), pH 7oAl 1087 40°CE A2
3l di= 100%84 ] del glglend, 50°C, 108
uhg Al 27|84 25%F AMAEI L, 60°C, 5B ub
& Al EAAS 93] deiwgick Barsly g
o AEchilal g 7)A R AMEgE S Al VA
ol FHE gl o RS fie] dA¢AHA
of AL vjXH, gNE Hiel ddAiide] Fuiy
B Age] gl ALR BaioEy gi)

whg-galo] pH7} whiA-FAuk-dol o8] PAHE=
Ao 7z o} Wy o] p]x)= <GS AR (Fig 5),
pH 4, 5, %llM¥= Aol A=A sk, pH 6, 7,
ol Al FaZulof os) Ao| A E A=} ¥
32 pH 7olM WS Bolxl gloj Faighwal A
Azo 7F H313 pHelAl A2 pH 5= fA
o] 44 BFoz chilzlel Hiae) Ao o
ofi} FaAel HhEE 4 gl 27| Eo] HolA B
Zofjulgo] A o] FojA)R] Rale] A} o 7
o7 F23 4 qloh o|9h= ] pH slME fA
chia] gofo] Ay} uiwH A o]-poix} Ut
Aol A frafdale] Aelo] o] £9i=j 11 Fwjz} v
e A wFe] F5He HE T o uks-go
o] pHy 4 Ho] AHgE Hoez Agaxd.

M Hs A0t
TGase Fvl2 FAI WA EAhH2] glutamines}



1266 Al E 3R] Al 31 DA 5B (1999)

(A (B <€ (D

Fig. 6. SDS-Polyacylamide gel electrophoresis patterns of
rapeseed protein incubated with transglutaminase at
various reaction times.

(A); rapeseed protein solution, (B); rapeseed protein
solution incubated without TGase at 45°C for 60 min, (C) ;
rapeseed protein solution incubated with TGase at 45°C for
30 min, (D) ; rapeseed protein solution incubated with TGase
at 45°C for 60 min, The pH of reaction mixture was 7.
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Fig. 7. Changes in e-(y-glutamyl)lysine content in
rapeseed protein gels as related to enzyme reaction time
at 45°C. Protein concentration was 10% and pH of
reaction mixture was 7. Ratio of enzyme to substrate was
1:40 (w/w).
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