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Improvement of TGase Thermal Stability through Site—Directed Mutagenesis
Based on Analysis of Folding Free Energy

TONG Liming'*, LIU Song'*, LI Jianghua™*, DU Guocheng'?, CHEN Jian'?
(1.Key Laboratory of Industrial Biotechnology , Ministry of Education, Jiangnan University , Wuxi 214122, China;
2. School of Biotechnology, Jiangnan University , Wuxi 214122, China )

Abstract. Transglutaminases (EC 2.3.2.13,TGase) is an industrial enzyme widely used in several
domains that include food processing and textile industry. The amino acid sites that may reduce
folding free energy were predicted by using PoPMuSiC-2.1 to improve the thermal stability of
TGase,and the corresponding mutants were then constructed. As indicated by PoPMuSiC-2.1
analysis, mutation at P132 revealed the highest level of decreases in folding free energy of TGase.

Based on this prediction,the mutants with decreased folding free energy was thus contracted,
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including P1321,P132G,P132M,and P132Q. The analysis of enzymatic property showed that the
half-life of P1321 can reach 5.0 min at 50 ‘C which was 31% higher than that of wild-type TGase,
and the other mutants also exhibited enhanced half-life. Moreover,P132I and P132G showed 24%

and 12.4% enhanced specific activities in contrast to wild-type enzyme,respectively;while the

specific activities of the rest mutants did not change significantly. And the structure analysis indicated

that P132] mutant formed additional two hydrogen bonds as compared with wild-type enzyme. These

results suggested that site-directed mutagenesis based on analysis of folding free energy is an

effective method to improve the thermal stability of TGase,and newly formed hydrogen bond may be

one of the reasons for enhanced thermal stability of P1321.

Keywords: transglutaminase, folding free energy, site-directed mutagenesis , thermal stability
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Table 1 Primers used in this study

51944 B 195 5°-3

P1321 kil ATTTACCCGACGAACAAATTGGCG
P132Q ki CAATACCCGACGAACAAATTGGCG
P132M L3 ATGTACCCGACGAACAAATTGGCG
P132G ki GGTTACCCGACGAACAAATTGGCG
P132 Filf  GCCCGAATTGACCCAGGTGA
122 gl PRANT I 2 W a5 & Y =

SB35 (TAKARA A#]) .,
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2 wL B8 F i dispase (0.1mg/mL) , IR & 3457,
37 C/K ¥ 10 min"?,

Pl 8,325 000 7 WIS 1, L-48 2 R —y— TR R R R AR
HbndE 2% ,a-N-CBZ-GLN-GLY MJik¥. 1 A~
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Fig. 1 Catalytic reaction mechanism of TGase
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WE 2, — AN AAG (B HE /N SRR 45, 2848
J X i 43— PR E MR R B B ] R S T R
TGase J¥ 5 AAG Z Flfs /NI AL P132 /S il i
B DU 3 R e M . B EEARTR] AAG T
fitf A E PER RS, UK P132 20 B84 N 58 A R
(P1321) A & Btz (P132Q) (H &R (P132G) L EHA
2 (P132M) % | H AAG RSN, W32 2,
2.2 TGase REMAH 53l Fik

AT I BF 58 % B, TGase LA )5 pro—TGase JE 2\
TERERE A Rk L N B T3 KX TGase KM 1A
MIERR T & A BB e AR B R D, K
R SRS I AL B V) #) pro-TGase 1l 5 KT
13 B LA TGase ", TEABIFH, LB pro-TGase
1% R AE K ¥ E. coli BL21(DE3) g 45 3 43 i
F ik T TGase M % 7% f& (P132Q P1321,P132G .
P132M) , 48 MBS 1k, 3k P132Q . P1321.P132G
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Fig. 2 AAG value in S. hygroscopicus TGase sequence

P132M ) 5 20 B i 7 TGase Bt 335 43 591 458 28 7% A $i2
T 115% 85% T1% K1 94% , WLIK 3(a), 25
VKA HT iR, FRIB RN EH W L IE R pro-
TGase 2% (42 500) %5 el 15 1 (1) 8 21 b B g 3 A,
WK 3 (b), bERZERFW, EAH P132Q P1321,
P132G # P132M ¥ pro-TGase 1 K J7 ¥ 5 H & &
%2 TGase REMEH AAG E
Table 2 AAG value of TGase mutants

P1321 -1.62
P132M -1.43
P1320Q -1.13
P132G -0.06
5 -
4 -
£ ol
2
1F
ot— =— == . e
1 2 3 4 5
TGase 271k
(a)

M 1
188 000

98 000
62 000

49 000
38 000

28 000

17 000
14 000

6 000
3000

M: EA FEAE; 1. BEMTGase; 2: P132Q;
3: PI132M; 4: P132I; 5: P132G

(®)
M ;85 [ 50 AH X 43 7 BT An 12 B A2 B TGase;2:P132Q;3:
P132M;4:P1321;5:P132G
B 3 ZE4E. coli BL21 (DE3) Rash TGase R EiE R
SDS-PAGE H ik 43 #7
Fig. 3 Activity and SDS -PAGE analysis of TGase
mutants in culture supernatant of recombinant
E. coli BL21(DE3)
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AR SR (& 4) o0 1 2l Y 2 M D 25251
s, AR P1321.P132G . P132Q i1 P132M 7£ 50
CT A 1 BUF AR R T 2%~31%, b
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1 P132G 1 K, BHF Al FEAK, T Ao B $2 055
P132M 2 P132Q M2tk tasi e, kg5 SRR,
P1321 Fl P132G #AFG 7 Pk AV A0 16 PR A L B 2R il A
BRI AR 2D SR TR SR R DL
TR

1 2 3 4 5 M

62 000
49 000

38 000

28 000

17 000
14 000

6 000

M. H B X4 BT s AR 5 1:P132Q;2: P132M;3: P1321;
4:P132G;5 ¥ E pro-TGase
4 #@1 pro-TGase & H 3R E & SDS-PAGE 43 #7
Fig. 4 SDS-PAGE analysis of purified pro-TGase mutants
%3 TGase R RT K EFER
Table 3 Enzymatic properties of TGase and its mutants

LRI/ K,/ e
(U/mg) (mmol/L) Teal S

T B tp(min, 50 °C)

l

ngfzse 3.8+0.4 20.1+2.1  54.14+1.7 17.07+2.1
P1321 5.0+0.6 25.0+1.9 422519  22.1+3.0
P132G 4.3+0.4 22.6+1.8  4526+£2.0 20.08+2.8
P132M 4.4+0.5 19.3+2.0  58.38+2.8 17.05+2.5
P132Q 3.9+0.8 19.0£2.5  59.30+1.8 16.86+3.2

2.4 P1320 BT E W HLH o H7

WF5E 2 B, 2 11040 F I AE T i R 28 Rt
Xof g o3 F- AR MR T M A R T Oy
it AT TGase & A2 K P1321 B9 4r FHL#, #ET
S. hygroscopicus TGase AU ZEH I 40 #7 1 40+ W AE
3284k, P132 &b i 531 R loop 45449 |
Hn P132 5 H e B BVE A R TR S loop 45
P W i s Bl o - i AR E M . TER 4
Mrigsn, 7E 4 TGase H,P132 {5 S130 I Y127
T LA~ SR 5 I 2R AR IR P1321 H L1132 5 S130
MY127 BT 4 A28, WE 5, SRR T
FE M E BN 22—, — ] R B 4Ry
$2iE 0.6 keal/mol Y fE RS, KL, P1321 A48 4
R 1 D PR 2 — A T R PR SRy R A 38 e

5 S. hygroscopicus TGase #1254
Fig. 5 Modeling structure of S. hygroscopicus TGase

Bt 2 Ah  #E 28 A8 R P1321 v, 132 {7 552 R
B A g P R I R B K M R R RIS
7 WAV AR 1 5 2 T ) 3680 7K P 8 Jon 2 1 5 PN Y
B KM BERS 4R & & 1 A AR E M2 A B
¥ Tk BRI G B (acetylcholinesterase ) % 11 i 7K % 3
R LAT1 5878 R KPR B g B iR 4 R, i BAVAR A 1
E7y =TI I e P P T A s o L1 S G DR Y = I AT
AEJE 2 P1321 IVAS E $ e 19 o5 — I A

S130 3130

Ko P&
P132 “{:2
Y127 Y127

()17 TGase

(b) P1321

Bl 6 TGase RREESFH 12 EEBREANEE
Fig. 6 Hydrogen bond formed by amino acid 132 in
TGase and its mutants
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B i P132 1 28 207 a5 A 42 R TGase #A%R 8 M 1978
TEAL AL, TEAS AT B I 288 fR v P1321 9 50 °CF:
T R LY I A S A B AR R R 3190 R 24% , XA
SRR LTI & BB 4 BT ) A A 28 A8 SR I BE AT 4K
B2 5 TGase WA EME . 78 F — W50 fift
FHFEE P1321 Ak ik R4, LU S i
SEPE RN AL TG E TGase Tl Ab /L=,
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