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Fermentation Process Optimization of Transglutaminase and Its Enzymatic Properties

WANG Xing-ji, LIU Wen-long * ,GUO Qing-liang et al ( Shandong Long Kete Enzyme Co. ,Ltd. ,Shandong Province Key Laboratory of En-
zyme Preparation Fermentation Technology ,Linyi,Shandong 276400 )

Abstract [ Objective ] To investigate the optimum fermentation conditions of TGase produced by Streptomyces lanceolata 1D195 and explore the
enzymatic properties of TGase. [ Method] L, (3*) orthogonal design on media and culture conditions of Streptomyces lanceolata were optimized.
[ Result] The best medium: Na,HPO, 2.0 g/L.,MgSO, - 7H,0 1.5 ¢/L.,KH,PO, 2.5 ¢/L.,CaCl, 3.0 g/L. The optimal culture conditions; culture
temperature 30 °C ,bottling capacity 25 mL, agitation rate 200 r/min, inoculums size 10% . The produced TGase exhibited optimum activity at
50 °C and pH 6.0. It was stably incubated in 40 ~60 °C for 30 min and the remained enzyme activity was above 85% dealed with pH 5.0 ~7.0

2+

for 30 min. The enzyme was strongly inactivated by Fe’* | Cu

,Zn’* . [ Conclusion ] TGase produced by Streptomyces lanceolata 1LD195 has good

acid resistance and heat resistance ,and which has broad prospects in commercial production.

Key words Medium; Streptomyces lanceolata ; Transglutaminase ; Enzymatic properties

A & Wk W %% % B ( Transglutaminase. EC2. 3. 2. 13,
TGase) , XFREEAT AL (TCase ) , E—FhELIEILA RS S
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1.2 gEFEREML
1.2.1 JEREREIRAE,
L2.1.1 RUEEFRE, 238 3 o/ L BEEE 4 o/ L, #%HE
4 /L, Bifgks 15 ¢/L,pH 7.0,
1.2.1.2 FhpiiaRbt, #AghE 30 o/ L, AR S o/ L, SR R
20 /L, R &M 15 /L, B IR —4M 2. 0 o/L, B2 — &4
2.5 /L%t 1.0 g/L, 54645 5.0 ¢/L,pH 7.0,
1.2.1.3  REadt. %30 o/L, RS S o/ L, BB Ak
20 /L, KM 15 o/L, B R A —4h 2. 0 o/L, B2 — &4
2.5 /L Bilast 1.5 o/L, 5 4k453.0 ¢/L,pH 7.0,
1.2.1.4 7RI, 2 x YT 85383t
1.2.2 AR A IE S A . B Ly (3%) IE3C R,
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Table 1 Experimental factors and level of orthogonal design of inor-

ganic salt optimization /L
KGR =R E i tal fact
KT iI6 R & Experimental factors
Level A. Na,HPO, B.KH,PO, C.MgSO, - 7H,0 D. CaCl,
1.0 2.0 0.5 1.0
2.0 2.5 1.0 3.0
3.0 3.0 1.5 5.0
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1.3.1 k.

1.3.1.1 ZhHEAhFHE, R 32 CHEIRRFET do
1.3.1.2 AR 3. U1 A K AF R At im 5 52 4, B2
FhZE2 A7 100 mL Fl 745 32 5 19 500 mL =i 1,30 C
200 r/mind%F 24 h,

1.3.1.3 PIRAERRES . HEME 10% ¥ F T T4
£ 25 mL KPR SR LR 250 mL =i, 30 °C 200 r/min
}:3: 45 h,

1.3.2 SRR BRI AR . % Ly (3") IE5E
201317 R A T — IR OE A R TR, AR e
R B i R A IR R R SR LR 2,

x2 EREFHAUEZRIHIEEZRRAE

Table 2 Experimental factors and level of orthogonal design of cultural condition optimization

5K Z Experimental factors

{ev A SEFRIRE B4 it C. R PRA D. $ERh bt
Culture temperature // °C Bottling capacity // mL Rotation speed //r/min Inoculation amount // %
25 20 100 10.0
2 30 25 150 12.5
3 35 30 200 15.0
1.4 EEMNEFE WEENEBFE" " Ma-NA- 2 ZHRE5HF

CBZ - GLN - GLY JYERIEY L - RER - v - H20m (L
- glutamic acid y — monohydroxamate ) fARHERNZE . 1 1~ Bf7
TGase [EFE 1 min LA 1 pmol L - 2R -y - o
FRRGTR () i 4 (U/ml) o B 0 2 45 4237 °C 4644 N i
10 min, {7 A :# 100 mg JEY o« - NA — CBZ - GLN - GLY
TV T 2 mL 0.2 mol/L NaOH w1 K ¥ il A 4 mL
0.2 mol/L pH6.0 [ Tris( =¥ H R FLHF be) - HCl iR
2 mL 0.1 mol/L LR 5% .2 mL 0. 01 mol/L i JR AU Bt H
Jik, Jl NaOH [ {4 pH % 6.0, %] B:3 mol/L HCI. 12%
TCA.5% FeCl, - 6H,0 iX 3 FalFRILL 12 1 HRABCH

HERS 0 ~ 12 pmol/mL [ L - BER — v — HFILRLRRARE
VW40 WL FRUEAE T 1.5 mL EP &, i1 100 WL 5]
A7 CAR-E 10 min, LA 40 WL 357 B £ 1k hy . 72RO
525 nm FEEATHCG, 20l HbRERZE . 2L 100 CAnE 10 min
JEBO I ERAE R
1.5 TGase HEFF 14 RNZE
1.5.1 TGase WY fiG il . 1L 83830 24T BE
UESE I S M e 2 , %o L2 R B A T

Bralif 5 BB AE pHS. 0 4144 F, 43 B i & F 20,30,
40.50.60.70 °C ik 30 min ] 7 I , LA A ST 6 VA 10 TS
2} 100% A3 AT BT , DA T8 5 feddi S vy T
1.5.2 TGase IV B fcid pHo H4 S e 4 43 5% T pH
3.0 ~5.0 ) 50 mmol/L fEEERZE vl ,pH 47 6.0 ~9.0 1Y
50 mmol/L Tris — £hfz 5% i b, e pH 3.0.4.0.5.0.6.0,
7.0.8.0.9.0 H:7 ANBERE K atiAb 5 R ZE pH 4 3.0 ~5.0
19 50 mmol/L (& 2% v, pH 7 6.0 ~9.0 [ 50 mmol/L
Tris — $RFRZZ 0P AL BE, 4357 50 °CF BCE 30 min, 540 R
B pH TR A5 I 2 WG , DA A 38R R A S R 100%
A EINAH X B o
1.5.3 LJEBETX) TCase fiffiF 0952 m . 4 2ifik )5 B RER 5
SIMA—E B (5 mmol/L) 1) 45 Fh 42 J& 85 1, 7€ 37 C F I
Tk 30 min, I SIS ) 42 )8 B8 1 )5 1SR AR G , AAS 24k
TP R B K 100% , 75 B FH R

2.1 RUBEFEEZRBERSNT MR ATLASN,IE
eV Y 4 DR ZR R TR A & T TR S WS Sk S b A 2243
BT e SR T A i3 v 4 DR 4 RE XTS5 e 5 Fh R 380 /)N
A Na, HPO, \MgSO, - 7H,0.KH, PO, .CaCl, , R 1A %k 182 7= iy
(i 26 A, B, CyD, , BIV G A 8 7 il e e 1) TCATL R 20
£33 Na,HPO, 2. 0 g/L.MgSO, - 7TH,0 1.5 /L. KH,PO,
2.5 ¢/L.CaCl, 3.0 g/L.

[FIRST 38 520 TE A 30 A LA L DA X 45 2 - A A s e AN
WA R YR B TGase (MTG) AR 45 55 F 12 1E, 5
SRR TCase S22 R . ¥k Y TGase 731
NG, T B B U S M 0 e B s PR R R
SIYRIEN TGase DL K BRI TGase (GTG ) BF 5% 5 M IR
A IZEGE 5 F5 R 90 kD, JLEGAR S W 7 L4 B 0 , X
SRS L MTG X4 85 1 Ak RS 4 S
%, B L4 8 7 A e R 5 A0, T A X HP S T 1) T
JNMBIGIE T 3% — o
22 EFEHAHKBRERSHT NER4TLUFEN,
A,B,CD, MM G, BIEFRIRE 30 °C, M i oA 25 ml,
FEIRHELH R 200 +/min, 28 5k 10% B, B 74 & 19 7= il e
o RIS, AR 2240 Hedss T LA HE 5 5 4 1 3ok v 4 P i
M) ) S R Ry il B e o RV PR IR, KR
T PR A K S M B K, BT R R AR R R /N I
XA RN
2.3 PR
2.3.1 TGase i iYfeili il B Sda e vk ¥ alifb s i i
W53 i B AE 20.30.40.50.60.70 Ci#FATHEEE M E . HIE 2
ALH1,50 CHT, TGase AHXT BT e , B2l 100% , 2Bl 1) i
SRR 50 CLEAT o £E 40 ~60 C R, AHRTFE N 75% L)
e URPATE R BE VO R Y I R
2.3.2 TGase IV 1 icid pH KAZE M 1 g B N i 4 43
ST pH k3.0 ~5.0 (1 50 mmol/L (¥l R 2% #h itk , pH Ky
6.0 ~9.0 /1 50 mmol/L Tris — £ R 2% vpif  , I 2 BEAEAS 7]
pH T HYEEIS . HE 3 Al %0, TGase idE [ i pH Ky 6.0 42
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fio TGase 7EAN[A] pH T 50 Ci & 30 min J57, M 7E pH o 45.0 ~7.0 WEGFEFXELE

5.0 ~7.0 ERAGE , DU % 85% LI I, BLII%AE(E pH
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Table 3 Results of orthogonal design test of medium optimization

e K Z 7K Factor level TGase fi§iE
B b . . L Enzyme activity of
Test number A. Na,HPO, B. KH, PO, C. MgSO, - 7H,0 D. CaCl, TGase // U/mL
1 1 1 1 1 14.230
2 1 2 2 2 14. 450
3 1 3 3 3 15.053
4 2 1 2 3 15.150
5 2 2 3 1 16.320
6 2 3 1 2 15.787
7 3 1 3 2 14. 656
8 3 2 1 3 13.987
9 3 3 2 1 13.874
K, 43.733 44. 036 44. 004 44. 424
K, 47.257 44.757 43.474 44. 893
K, 42.517 44.714 46. 029 44.190
k, 14. 578 14. 679 14. 668 14. 808
k, 15.752 14.919 14. 491 14. 964
ky 14.172 14. 905 15.343 14.730
R R, =1.580 R, =0.240 R, =0.852 R, =0.234
F T Important order A>C>B>D
7K Optimal level A, B,/B, C, D,
P44 Optimal combination A,B,C,D,
x4 BEREHRACEZEITNHAKRER
Table 4 Results of orthogonal design test of cultural condition optimization
e K Z /K- Factor level TGase ﬁﬁ(ﬁ
Test number A SRR B. 3t C. 4% Ht D. efhi Enzyme activity of
Culture temperature Bottling capacity Rotation speed Inoculation amount TGase // U/mL
1 1 1 1 1 14.310
2 1 2 2 2 14.450
3 1 3 3 3 14.053
4 2 1 2 3 15.750
5 2 2 3 1 16.420
6 2 3 1 2 16.087
7 3 1 3 2 15.656
8 3 2 1 3 15.287
9 3 3 2 1 15.874
K, 42.813 45.716 45. 684 46. 604
K, 48.257 46. 157 46.074 46.193
K, 46. 817 46.014 46.129 45.090
k, 14. 271 15.239 15.228 15.534
k, 16. 086 15.386 15.358 15.398
ks 15. 606 15.338 15.376 15.030
R R, =1.815 R, =0. 147 R, =0.148 R, =0.504
F WG Important order A>D>C>B
7K Optimal level A, B, C, D,

et 4H 4 Optimal combination A,B,C,D,

2.3.3  GJEE TR TCase G AR 5 J8 B 1 X G B9
B0 5 B3 WO A R PR R 3 s T,
Na® Mg™" K" Ca®" X 2 W v P 30 A5 W3 fud 1y 00 0 496 7D, i
Fe' (Cu®™ \Zn®" 23 SN HIBEA G P, B0 i 4R B 7
PR, 5 R B T A R B SR, 0 TR B T 4
Ja8 B B P FE G AR BUE
3 #Hig

i 3k T AR AR i R 1 VR B R A SR AR R LR A

ik 41 4 A Na,HPO, 2. 0 g/L. MgSO, + 7H,0 1.5 g/L.
KH, PO, 2.5 g/L..CaCl, 3.0 g/L, i Ui i i ik R e 4%
PR EEFREEE 30 °C M 25 mL $2 K% 200 v/ min 4%
FiiE 10%

AT ST Wi T 8 1) e 3 BN I B O 50 °C L AE 40 ~
60 C 4 T LRI 30 min BTG AERFLE 75% LA b5 5ol I pH
H}6.0,7E pH 7 5.0 ~7.0 £ F 4547 30 min {/4HLA 85% L)
LA Fe' (Cu®™ Zn®" ZamZ U IR A T
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Table 5 Effects of different metal ions on relative enzyme activity

s - AR R
Serial ?\%ilﬁal%i Relative enzyme
number activity // %
1 o HE 100.0 0.7
2 Na”* 98.2+0.6
3 Mg 93.2£0.4
4 K* 96.2 +3.2
5 Fe'” 10.0+0.9
6 Ca’* 99.0+0.7
7 Cu’” 2.3£1.6
8 In”* 6.2+0.9
9 Mn’* 72.2 £5.2
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