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Abbreviation

TGase transglutaminase

GL e—(v-glutamyl)lysine

Tris tristhydroxymethylamino)methane
SDS-PAGE sodium dodecyl sulfate polyacrylamide

gel electrophoresis

SHMP sodium hexametaphosphate
S-S disulfide
SPI soy. protein isolate
CBZ glutaminyl-glycine N-a-carbobenzoxy-glutaminyl-glycine
BSA bovine serum albumin
OPA o-phthaldialdehyde
(E] enzyme concentration

(S] substrate concentration



Summary

The optimum reaction conditions for gel formation of rapeseed,
Brassica napus, protein catalyzed by microbial TGase (trans-
glutaminase) were evaluated by measuring the breaking strength(g)
and deformation(mm) of the gel. The polymerization of the protein gel
was confirmed by SDS-PAGE, microscopic observation and content of
GL crosslinking [e-(v-glutamyDlysine] .

In the reaction between rapeseed protein and TGase at 45C for
60min. The breaking strength and deformation of the gel was
maximum at 1 : 40 of enzyme : substrate ratio.

The breaking strength of gels proportionally increased with
substrate protein concentration(4~12%). 10%(w/v) was optimum for
rapeseed protein gel production in terms of deformation of gel. The
maximum breaking strength and deformation was shown at 45C.

The breaking strength increased linearly up to 90 min of reaction
time and afterwards reached a plateau. There was no change in
from 30 min to 180 min.

The breaking strength and deformation by TGase treatment was pH
dependent. pH 7 was optimum in the case of a 10% rapeseed
solution.

In SDS-PAGE analysis, it was observed that high-molecular

polymers were formed when bands of rapessed protein was



diminished or disappeared in enzyme reaction.

Microscopic observation showed that protein coagulation was
appeared in addition of enzyme to see the difference between reaction
solution of adding enzyme and non-adding.

In HPLC analysis, GL crosslink content was detected from Ou
mol/g gel(0 min reaction) up to the maximum of 7.14pmol/g gel (90
min reaction) according to reaction time. Although this confirmed that
polymer is formed by TGase, GL crosslinking showed the tendency

of decrease after the maximum content.
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12 o AR} (Chanyongvorakul %, 1994). &3t 55 #2819 TGasee| H
d dol HU} FAstar, 28 pH WX HojA AE7FE EokelA o
& Zo] FEA FE3 E4hHT YWol(Tsai 5, 1996, M S, 1997),

gl ol weld AEes 2rEA =
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Z1]‘0—1
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TGase®] AT+ 2E  casein, ap-lactoglobulin, albumin, myosin,
soybean protein, surimi, & - oSl Ay e FA A Fo g9
GLuwA A e P& Fojste] dids AsiA7]aL, 1 7sds #st
AtE BarEe] tk(kura 5, 1984; Motoki &, 1983, 1984; Nio %,
1985, 1986(a), 1986(b); Matheis®} Whitaker, 1987; Tanimoto®} Kinsella,
1988; Kim &, 1993; Chanyongvorakul &, 1994, 1995, Kang &, 1994;
Dickinson®} Yamamoto, 1996; Kuraishi &, 1997; Fukuda &, 1998;
Nonaka &, 1989, 1992; Sakamoto &, 1994, 1995; Tsai ‘&, 1996;
Fukuda %5, 1998). T3 & o]l methionine, lysine¥} #Z& A3k d4=
ofr]mAte] S Fulste] kA F Al Fol(Ikura 5, 1981, 1985) ©]
45 7% 3Fa, milk casein® soybean globulin(Motoki &, 1987a),
casein¥} ovomucin(Kato %, 1991) myosin¥} soya protein, casein ==
gluten(Kurth¥} Rogers, 1984), whey protein¥ casein(Traore &, 1992),
whey protein?} soybean 11S globulin(Yildirim¥} Hettiarachchy, 1996,
1997)5 2 #Zo] A= v dWAte] waAgte]l JA4S FHulfste], of
9 7leAE MAANNGL Bausa Qv o9k wEd el ot
= 2o A Sol ol&stes Ay A3V RuHdd
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1. A%

Streptoverticillium mobaraeuse?| < A +E G4 g o] 1 unit/mge!
n A& TGase (ACTIVA TG, Ajinomoto Co. Inc. Japan)E T 3}o]
AFESEYG o, 712 2% Youngsan & Al (Brassica napus)ol A w2
S Eg3te] A3l Pronase(53702, Calbiochem, U.S. A), leucine
aminopeptidase(L5006, Sigma), prolidase(P6675, Sigma), carboxypepti—
dase A(CO261,Sigma), 3%Ale—(v—glutamyl)lysine(G5136, Sigma), o-
phthaldialdehyde(P0657, Sigma), methanol(270474, Sigma), tetra—
hydrofuran(270384, Sigma), potassium acetate(P0657, Sigma)E T %3}

of g, UAE 248 Aoke AHgsHaTh

Brassica napus(Youngsan®)& Az oA FYste] FAsta &3}
Ad Fdol oeto] AAS AASL ALoA FAA 1 kegoll dist

n-hexane 2/¢ % 7}slo] 24A)3F B2 5 43] vtE & dHs, Ax

e 9

do

AUFS Al 60 mesh® FE3ste] A ukE

o
rlj
il
M
o)
<y
=
©
O
S

1o
m

Fol wheb(Fig. 1) Aol v 3heF 656981 fAlG

2o, GAlste] N ABMAR AL§ o
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Defatted rapeseed meal

Extract with 196 SHMP two times at room temperature
1st extract for 90min(meal : buffer, 1 : 20 w/v)

2nd extract for 40min(meal : buffer, 1 : 10 w/v)
centrifuge(10,000 g, 10 min)

Supernatant Residue

Adjust to pH 3.5 with 2N HCI
centrifuge(10,000 g, 20 min)

Precipitation Whey

Washing with dist. water (pH 3.5)
Centrifuge(10,000 g, 20 min), two times

Dissolving and neutralizing in dist. water(pH 7.5)

Ultrafiltration(100K dalton M.W. cut off membrane) concentration

Freeze drying

Rapeseed protein

Fig 1. Preparation of rapeseed protein.
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1A A 2 go| Tris—HClI &ZA(pH 7)ol 20 mE 713 F wwks}
o 10%(w/v) €9 e 7)o 245 002 g1 @ &4 =1 :
N

100, w/w), 0.025 g(71& : &4 =1 : 80, w/w) 0.033 g(7]14 :

fol
B
I

1:60, ww), 005 g(71d : &2 =1 : 40, w/w), 0.1 g(7] & :

fol
B
I

1: 20, w/w)s 7tsle] 45TCol A 60 &< vH-gAlZ T

7149 d 08 g, 1.2 g, 16 g, 2.g, 24 gol MpH 7) 20 M=
WS o 79

T 005 g(&EA 0 71" =1 140, w/w)S ekl 8% 45TelA] 60

o

%8
7bgk F mrakel 4,6, 8, 10, 12%(w/v) FEe| &

1A 2 go] dEEAPH 7) 20 ME 71t 10%(w/v) BE°
Sl S WEI o7 &4 005 g(&4 0 71E =140, w/w)E #7}

gk & 45T A 30, 60, 90, 120, 180+ &<t WH-&- A A T

71dgaid 2 go] &8 ApH 7) 20 ME 7t 10%(w/v) &
fAS W= 7)o & 005 g(&A 0 71E =140, ww)S H7b



goll &8 ApH : 4~6 ; citrate &ZF &Y A4S, pH :
7~9; Tris-HCl $+%8& ) ALE) 20002 7hsko] 10% (wiv)5Ee] &oe

TS o7l EA 005 g(EA  71E = 1040, ww)S F7EsE ¥ 45

4 ARES &4

A7+ Sakamoto 5(1995)e] WS 2k7F W EHEo] rheometer=

Table 1. Conditions for texture analysis of rapeseed gel

Instrument SUN rheometer(COMPAC-100, Japan)
Crosshead speed 60 mm/min
Chart speed 120 mm/min
Plunger type spherical(10 mm)
=, &7kl = A AAEA 20 m, Eo] 15 m AEE
27 10 me] 7% plunger® =% W HE=2 37t dojd o o}

A7) % (breaking strength, g)&, ojuje] Zo]E W& (deformation,
m) o2 e AT A Eet Mgk 33 whE Sk ghe] HdEA =

A3kt

of
ftlo



5. SDS-PAGE &4

SDS-PAGE(sodiumdodecylsulfate-polyacrylamide gel)+= Laemmli(1
970)e] Wl wet A1 5(0.2 g)& 0.0625M Tris-HClI €358 (pH 6.8),
2% SDS, 10% glycerol, 5% 2-mercaptoethanol, bromophenol blueE 3t
3k kol 10 meoll FEAIZ 5 o] EFES B =olA 1E 0%
At Feow WHAAA AEgE ARSI, A0 130 x 1 x
120(mn, W x D x H)¢l slab gel(3% stacking gel, 12.5% separating
gel) S "H=o] SDS-polyacrylamide gel A7 % 48 sttt Al
dol= 10 emolW A7) 52 pH 7002 245kl A&t 9
AN g 20 wolw AlE" 5 mA°e AFE AR 33X &<k AL
oNA AMEAT. 1719 %F F SDS-PAGE gelsS coomassie brilliant
blue R-2502.2 M3 & SHF 1 FFoekE |6 3 : 1, v/v)
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7. A T GLuAZEY TF £4

D Al=e] A

S F TA7xHE AE20 mg)E 0.IM potassium borate % (pH

80) 3 meell &afAI7IaL AlxtdA S WAsH7] fl8] A% thymols

7}8k itk Pronase(2 unit/mg protein)E o] EgEo] 7}sle] 24A17F F

[*]

b RESAIZL $(23] WEE), 100TColA 10237F 7FE3te] pronases =&
A3t AlZ T} Leucine aminopeptidase(0.5 unit)9} prolidase(0.5 unit)E
o] Mo Hrlsta, 24417+ HES o] Jeucine aminopeptidase(0.5
unit) & TAl H7bskar 24413 o RESAIF T WA O ® carboxy-
peptidase A(0.5 unit)& 73t § o] HESES 24A17F WES-A]7]3L 100TC
ANA 1087 dHYE EAE B AT S E kel o3 Tt
e B 37CAA ekt #all¥ AIEE 05 g Millipore filter=
o3 ¥ F

zd el A5¢E mgel 05 m TFTFE 7HEE ¥ 50 wE Fsal 500

AAEANA GL aAF FF F49 AR AEAT 2

w =S Aoz Ao 287 AEd T FA o] HHS-E 100 ul
E HPLCo FY3stgrt #+F o7 tAe—(r-glutamyl)lysine 1 mgS
2 ml SF5 o] 10 w HeA 100 p =FF9 E3ste] 310 w &

=AsE Aok Algel 22 oA WHEAIA

at

FEA e pH 10491
0.4M potassium borate 1 mée] F<5 o-phthaldehyde(OPA) 6 mgS =
of(o] &M wjd w5 ZF o Hysof ) A=t WEEAI7]7] wf
2 Aol methanol® 1 : 1 H] &2 3]43}3L 2-mercaptoethanols | F &=
7} 2%7F W= 7hsto] Az



2) HPLC® #+4 =4

Table 1. HPLC conditions for analysis of €-(r—glutamyl)lysine

Column Altech Cg column(250 X 4.6mm)
Solvent system Solvent A(20mM K-acetate(pH 5.5) with 1%
tetrahydrofuran)

Solvent B(methanol with 1% tetrahydrofuran)

Detector Fluorescence detector (FL 2000)
Injection volume 100 wl
Flow rate 1.5 m¢/min

Column temperature 40T

HPLC(Spectra-Physics Co., USA)E Al&3tdon F 71# Sz
T8 &Y A ="l X methanol(-&m B) FHFs 20%°l A 95%71A]
gt 71&7] &8 (gradient elution)E 3ttt EA 6 ALg3st= A
=71+ FFHZ71(FL 200005 AF-83ke] interferance excitation : 334

nm, emission : 440 nmolA A& o, E= 4087 A A A

o

19} 2o Ao wel ¥5F GLEZE S A=3% =42 Fig. 29

2.



Retention time, min

Fig. 2. HPLC profiles of standard e-(v-glutamyllysine. An arrow

indicates the position of &-(v-glutamyl)lysine.



FaEsbge] Awade) A FAo nAL JFL AR 99
71 A d Fx7t 10%Q] WHg8 NS pH 7, 45TCA] 1A &<t o
3 TR &A4¢ wksA7l 3 A AL (breaking strength, g)of W
(deformation, mm)< =74 3} tH(Fig. 3)
40 7
—@— Breaking strength
35 1 —O— Deformation 6
© 30 4 £
<
=) -5 £
5 5
% 25 =
g £
3 48
Q20 1 =)
is)
- 3
15
10 : 2
1:100 1:80 1:60 1:40 1:20 1:10

Ratio of enzyme to substrate ,w/w

Fig. 3. Effects of ratio of enzyme to substrate on breaking strength

and deformation of

rapeseed protein gels formed by

transglutaminase at 45C for
rapeseed protein was 10% and the pH of reaction mixture

was 7.

1hr.

The concentration of
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Fig. 7. Effects of pH on breaking strength and deformation of
rapeseed protein gels formed by transglutaminase at 45T
for 1lhr. The concentration of rapeseed protein was 109%.

Ratio of enzyme to substrate was 1 @ 40(w/w).
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Fig. 9. Microphotography(x 400) of rapeseed protein solutions
incubated with transglutaminase at 45C for (A) O min, (B)
180min. The concentration of rapeseed protein was 1094.
Ratio of enzyme to substrate was 1 : 40(w/w) and the pH



of reaction mixture was 7.
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