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Progress in expression and molecular modification of
microbial transglutaminase
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Abstract: Microbial transglutaminase, which could catalyze the cross-linking of many proteins or non-protein materials, has
been widely used in food, pharmaceutical and textile industry. To enhance the yield of the enzyme and establish corresponding
platform for molecular modification, the researchers of Japanese Ajinomoto began to construct the recombinant strain
producing transglutaminase in the 1990s. So far, the enzyme has been successfully expressed in different expression systems.
Some of the recombinant strains are more productive than wild strains. Recently, progress has been made in the molecular
modification of microbial transglutaminase, and the activity, thermo-stability and specificity of the enzyme are improved. This
review briefly summarized and analyzed the strategies involved in these studies, and noted its trends.
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7 R BRI el (Transglutaminase, EC 2.3.2.13,
TGase), et b M B ikEE 45 B e iR 5Ly y-
22 W Jle o 5 % T I R 52 A i A R W B e R T g, T
W e-(y-A AL MR B AR AN
[, TGase fitfb /sy 328: 1) MK/ : MHET
TR TR e- A AL Z AR, I I
e-(y-HAMAL) AR S BEE B B Ny
TFlRIEASCE, WML (F 1a); 2) HEHRN:
AR E IR EEZ AR, AE R e (v-2 2 AE)
R S B a5 B 1 B (K 1b); 3)
BRI . UAAELEAARERS, KU R Z 14, TGase
PR BT A 2 R AR 1Y) y- R R B 2o 2 e
AT E BRI (K] 1),

TGase fe ] A\ sh B A 4 4 R i, 7
X, B AE . 1989 4F, HAKZ AR HIKTE
TR E R TGase bR, KRB ZTE
Streptoverticillium mobaraense S-8112"°', M5, W5%
HAW S BB H TGase L= #RE, BiGHik it
22714 Streptoverticillium ladakanum®® , 1% /K 4% 25 4
Streptomyces hygroscopicust” , ¥ 4R 2 it #1  Bacillus
circulans®, A% 28 i F1 14 Bacillus subtilis®4, 5
HARUER) TGase ML, MAEY) & EEA 1) TGase
BATE Ca™ fikigibk mrat, HA =R, AR
PR, HRT, 855 W TGase ) ZH T &M T,
I E N TGase A &k 2 A 45 S £ B 1 s 1Y D) g
PEBCRVE FROME, TS B L6 e . K™
FLE S M E AR S EN, A, TGase fE—u2
FEE it Tl Sl b B R AT R, anZHg TR |
PR Tl B AW ge 2 SR, RS S B R
BRI A Ge S B R X TGase 7= i
AR, AREN TSR

ikt m e, HARZ R AR R
T TGase B AWM EM TAE. M5, fEE
Martin-Luther University . 55 & & Tl & B #F 5%
B B ENL PR PRI RE o L AR
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BT R Keov M 7 (P ) o 25 BR A W) 4F
HH S AF FT LAY B Al A 44 338 T F 41 TGase #) il
B, B, HEF W TGase O KIAHATFH . B2
BE B R T XA SRR AT I S e b R R
(F 1), Hor, F4 A2 M WIS TGase 1 )
KE 16.3 UL, 5z o TR R = i KT

SR, A A0 4 T il T e 3% Ak L o) 304 o 25 7
TGase 75 557 Eh AR B EE L M8, G,

b . 5 IE e i S I 1A% . A SOt
IRBIFFE V5 B I B 1 B SRR SR A T T (AT 44T
IHEZE T TGase 4 FHGE BT MR , B7E i
A=W TGase 1 SEMFoE S LA FUIE AL AL I D) B
R gl Sk s RIS %

1 E4 TGase k&

e 2 fris, SR TGase /&—FhdsNdEE, L
JCIGEPER S (pro-TGase) JEZ434, pro-TGase #
DIBR N-SGR IS X5, B AL s v TGase™, 7843
T, £EEAM (TAMEP) K2 %R EAMS
57T TGase HyTHLI1, BEFE T TGase [ (52 4%
TLAGAE i 155 IREE DA . il it DX PR] R ol 22t g 56 R 2
RGeS0 R TGase 335 £ 4t By M [ 42
TGase } pro-TGase ki 1r, 4T TGase 3
5 23K JE P FRIB PP BL o

¥l o 9

Glu-C-NH, + H,N-Lys = Glu-C-NH-Lys +NH;

(b)
0 | ﬁ

Il
Glu-C-NH; + RNH; —» Glu-C-NHR +NH;,

|

(c) o
| Il

- Glu-C-OH +NH;

i
Glu-C-NH, + H,0

|

1 TGase kR EM
Fig. 1 The catalytic reactions mediated by TGase!™.
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F1 #BHE TGase ERFEHRRPHFIE
Table 1 Expression of Streptomyces TGase in heterogeneous system

Year Gene resource Host strain Promoter  Yield (U/mL) Remark
199419 Streptoverticillium Streptomyces lividans 3131 mel - Complete ORF of TGase was expressed
mobaraense S-8112 pomy P P
Synthesized mature TGase gene for yeast
1994 sy mobaraense S-8112 Escherichia coli JA221 Ipp, lac - ynines : 9 y
expression; ompA signal peptide was used
Synthesized mature TGase gene for yeast
19971 Sv. mobaraense S-8112 E. coli JM109 (DE3) T7 - ynfnes| _gene v
expression; 100 mg/L TGase inclusion bodies
nthesi mature T ne for E. coli
20007 Sy, mobaraense S-8112 E. coli IM109 lacz, trp 1350 Synthesized mature TGase gene for E. coli
expression
2002 S, cinnamoneum IF012852  S. lividans 66 TGase - The complete ORF of TGase was expressed
Corynebacterium glutamicum Co-expression of pro-TGase and SAM-P45;
2003 Sv. mobaraense IFO13819 cspB 3.27° ) .
ATCC 13869 P the cspA signal peptide was used
. Co-expression of modified pro-TGase and
2003 Sv. mobaraense IFO13819  C. glutamicum ATCC 13869  cspB 3.43° . .
9 P SAM-P45; the cspA signal peptide was used
. Co-expression of modified pro-TGase and
2004 Sv. mobaraense IFO13819  C. glutamicum YDKO010 cspB 16.30° . .
g P SAM-P45; the cspA signal peptide was used
2004 Sv. ladakanum B1 S. lividans JT46 TGase 1.46° The complete ORF of TGase was expressed
Co-expression of TGase and its pro-region; the
20042 Sv. mobaraense S-8112 Candida boidinii BUL Aox 1.83° pres _ pro-region;
a-factor signal peptide was used
20061 s, platensis M5218 S. lividans JT46 TGase 2.20° The complete ORF of TGase was expressed
200617 S, fradiae S. fradiae ermE up 3.20° The complete ORF of TGase was expressed
M T fol
2007 s, fradiae E. coli BL21 (DE3) 7 7.88° ature TGase was expressed and refolded by
an on-column strategy
2007 S, mobaraensis DSM 40847  E. coli BL21Gold (DE3) T7 1.47° Pro-TGase was expressed
Corynebacterium
2008 Sv. mobaraense IFO13819 . cspB 51.10°° Pro-TGase was expressed
ammoniagenes ATCC6872 P P
Pro-TGase fused with a thioredoxin at
20085 S, netropsis BCRC12429 E. coli Rosetta (DE3) pLysS ~ T7 2.42° .
N-terminal was expressed
Pro-TGase was expressed and activated by an
2009%  S. mobaraensis E. coli BL21 (DE3) 7 8.00° b y
on-column strategy
Co-expression of modified pro-TGase and 3C-
2010% S, ladakanum E. coli BL21 (DE3) 7 - p P
protease
Mature TG d; the PLD signal
201089 Sy, cinnamoneum . lividans 1326 PLD 2.77°¢ allire Toase was expressed, the FLD signa

peptide was used

a: the TGase activity value was calculated from the amount of inclusion bodies and its activity recovery rate of refolding in vitro; b: the TGase activity

value was obtained after pro-TGase activation in vitro; c: extracellular TGase activity.
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TAP
D..S ,
(41 aa peptide) l Ca’*  FRAP

D...S-FRAP-TGase —A> FRAP-TGase —A> TGase

LS-like
lipoamino acids

2 $EEH pro-TGase j& L #l#H%
Fig. 2 The mechanism of pro-TGase activation™,

1.1 TGase RYIEFMFRIX
1.1.1  FA TGase MM

Fik TGase Ji2 B HE A2 AR 15 H 4H TGase fix H.
R I FERIAF I, N-swfl 5 (55 Ik TGase
Al R SR s ), (HRE RS RRAL, H LR
T AR T B A O e A RS s TR NS
A FEIR IR 5 BHL Ry 85 R0 - O G- A 2 8 T 42
A, H TGase A LI AIE X AAAE. (HH
R E R T7 05 sh FAR JC L D T Gase W AR £E
KIGFFE Ay Rl e AT & AN, BLAR
TGase JiL A 75 BF b 2 or i = MLA0 A ik gk
AL TE RS M, FREEL TGase 75 &t A4k
A BRI TG PE o RS R R E A B Y
TGase LU S Al ik BIEF A B KSF-, SN BES 70k
IR F) 509% B, B (RIS pH) A M
[FIAET] IS PE TGase, R, &AM E
AARF|TF TGase Tl B A 72
1.1.2  ZA pro-TGase

5 TGase BUATG M F BN, 2555 55 H R IR Y
pro-TGase 3 1] 7 A T B P im0 n] %5 Feak P80, R
JH i 255 B T S m AT 2H TR Y R R R
pro-TGase & i FH#E P, 45 LW, TGase )5
X7 AE ] REHE W T TGase 7&K M kT i Hh 0 % it
M. [FBE, pro-TGase JR U] fE4E BB | Beht AFEFT B
HE R IR . TEAREY T AE R I Streptomyces
lividans 66 ', pro-TGase 7t A & 5 3h 1 & A5 5 ik
SR RPAT E R W DR SR AT R N i
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pro-TGase N7 7E N-Jiii il & 15 £ 15 5 kA RE Bl 3 W
Z i 4p2029) 3R AE pro-TGase 43 W0 e A5 2 Fil .
1) &M pro-TGase ffJFIX; 2) RALfESIKE1E £
B4 E BT ATl pro-TGase 4 b £ &5 25% 12,
J5 49 ] i L 4k pro-TGase fJ 35 %] 2 500 mg/L, &
SIGIE SR =Y & S

Pro-TGase ik /& s £ VIR B It IX 5 A e f% 1k
BIE Y TGase. T pro-TGase {ifi {1k i 25 (i 7] M7
TGase 9 ¥ 4 B (40 Sv. mobaraense 743 b i
TAMEPP®) o HC i B 25 B8 (I 11 vk UK BE A A
Streptomyces albogriseolus 43 # #) SAM-P20 .
SAM-P26 % SAM-P45 %) rhifly, — sy ihik
() 4E H B IR AE 1% AL pro-TGase, 41 Hh 85 A il & i &
PRS0 SR, & AR R B AR R T AR AT Y B
TG 1 AT RE R SL B R TG P TGase, ASFI T H AR A7 A
FHBOL, Sy TR R ARG AT B AR AR R, SR
OIS B 5 TR R AR TG AR 1 5 TGase 435,
TGase V77 fav o 2 42 = Y,
1.2 TGase BIFEMERIE
121 ZFFEHAI T

TELKF R0 b, TGase 75 B H: 5 5 4 4 B
AREE AT RIL . SR, FEE M TE E P
AT LLEBR TGase X il J52 DX A i Al 4R o f5c I O 41
R, fE R BER 22 W Streptoverticillium
cinnamoneum 5§ D (PLD) Jii 3+ M HAF 5 ik
/-3 F Sv. cinnamoneum TGase S ZAMEEEH A 7E S.
lividans 1326 sk (230 mg/L), FE¥)or b=
R4k L S 745 5 A w24 B2

TEH 43 W % Ak 2 B A 15 £ R I pro-TGase
S EARA I TGase W —Fh . CkBEAAR
TGase {H L8 FIEG MY 1H 32 B2 RS A, 145 S.
lividans3113"9 % s, lividans JT46!%1, M, DL s,
lividans JT46 >y 3&ik1E £/, TGase ME MR KK
2. Sv. ladakanum!® & 7§ # 1 Streptomyces
platensisi*® 5 (1) pro-TGase 7&H N I kS 8 F M (5
o R I I I /Y NP T i 2
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bR iEPE TGase (1.46 U/mL) ifii J& 3 W 58 4 1% 1k
(2.2 UImL)., {HARCR AN 2: 5 AT & H T pro-TGase
IR T AN AR RN, 5 3 R X Y0 E L )
RETE 5 Tolkfs R E BT U . Bk, fERRIX S
TGase BUAZIAIGIAME £ FARIRE R IO A
HI G TGase iy/= &, FHL L, 7ERIIX C-i
IMATERE Kex2 BREE N VIBE NG 555, pro-TGase
TERERE Hp 3k 5 o) B BUE M TGasel®®, fE15
FEREARE, 4 pro-TGase vl 2 JFIA R £L,
5 BT A TR AL R G AT IR AR —Fh 4 5 TGase /™
B O,
1.2.2 LA IGHE 1

5 H A SRR RN AT L, AR O LA Y 1
Hi 3k 63k pro-TGase Jz H i b 2 (B 44 21 0%
TGase J= (a0 TEAF 2RI AT T Hh 3 3K 23 3l il
B IMESIKE SAM-P45 J pro-TGase, K itk
TGase RIAT /330 2 MO AN24 s Sl B IRIX. -3, 1%
TR R VAT 24 KR N-35 Y TGase®), 4k, 4t
FIk N ST 3C BRGSO A 3C A A R A
() pro-TGase [ml#F A] 75 K W FF 1@ o B 4275 2096
TGasel®, SR, FLFIAIRFR 77 A 175 1k 2 1 A7 1E
FREEWF TG VE TGase AT RERY, [l i 2 (4 g I ) %t
TGase 7= it 1) 1 AL 1 WA I 52
1.2.3  HXAMIRIX

WRGHTIE, 7ERBFE P XX TGase 1]
VPR B A AR TS P A B ] o X b B VR FH AT s ot
T EAE RS2, Bk pro-TGase; Al il
o FIRAHEAE B, RIILRGARER X 5 TGase
B, EFGAEE X 5 TGase JWZA B — > E 2
RHRELTFIHEMEAMS SRR EEE TGase,
A kA AL R IA TG AL TR RS R A o B H TR R,
L FULE BB 2R 40 v s St o)

2 TGase o Fiki&

SRR BB 7 E T 25 TR E R
KRG AR AT BRI T vk . BT TGase 731

o 1 335 R G0 R R AT PSS R A R R AT
WRGEN, i T oA R Y TGase 1% J1 K 5 k&
RN g i 7/ JRT RN AN Dl 421 PN e '
BRI (1 5 T AR R (ELT) MR RE S 9R 1: B% &
SRS IR T (SPA) ZEBA Ak, 1 R i HPLC
2 IR JE I H ARl TGase HUEHE J1 A4 4t 1
P rl SR R, B, s R LUK R
FETH Streptomyces mobaraensis (Bl Sv. mobaraense)
KR TGase MWFFRNTL .
2.1 Mt
211 HT BTN E R TE

SRR TG (HSQC) ] A& I g 7y ¥
R DX A IR e 2 B S A X HE AL T P DA B Y
SO A iR OO AR R T B O TR R T B (H B
TR PO 4, MIRBNZIX B EA —E W
FWIE L AT R oo 0 H AR KRB, i g R B,
N- i gl 2 8 — A~ & R (Asp) B9 TGase
(Ser-TGase) 74 g HAT B i A HEAL T H1 0%, 3L F
I, it HSQC #f %€ N-Jiit& TGase i — bk X 3k
SRR, 3 BRI SRR SR N-dif Z R i 1
P TGase MYMEALIE PP, 12079k il %t k45
AR o3 5 EAT PR R, (H 2R DI A I AT
BAMERE, 25— WO el
2.1.2  FE Tk #x TR AT X B GE AR
(WASH-ROM)

WASH-ROM L0y, o1 HAT s v ok
A (SAS) H. 5 AL M b i T Y 28 R
AT RS R Tl S ) AR A, A e R X M G R T

TGase 7rFHyMGE B, FIHAYE B 2284,
4N Discovery Studio (Accelrys Software Inc.), 158 H
B TGase fEALTHHE L 15A LANEY 90 AN LR 7%
BERYAIXS SAS, BEHCH H 40 S HA EAHRXT SAS 1Y
FILRTEIL AT 1~6 FhE LR Y B 5 T
1 B 0 5 AR R I ey FU S 1353 41.7 Ulmg, 2 74

Journals.im.ac.cn



1686 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

December 25, 2011 Vol.27 No.12

TGase HLiG J7 A 1.5 15, ek i SR W 4 Al 0 i R,
RO L Nl 53 0 db AR 254
22 EE#HK

PP GE TGase BYZEARIATH L TAE & /D,
R BRI AR IR A SR AT B o B DL 58 A% 14 i 6 T4
K, HFTLIST TGase £ Jy 1 i fi Ak itk BB A 7Rkt
PUEAY S Vg d o o LS L TR T =4 1 B ) B 3
TGase [y JCHHE I £ 7 28748 JiE o 3l Rk 7 i o DAK
J ¥ T 3R 1R R R RS- 5 i, AR . TGase
F T35 1 B I 0 G 3 7 22 LA b 5 i 0 i s i
PLAEAR , IE 875 M FAFa 5 Mk ik 3 B2k TGase 1Y 2.7
5, 10 AL 2 A5 (AN AL B8 T 10 "C~40 °C i) 1Y 4
PPV, DA R AT 1 N O 8 7 & B, TGase
GARRIEA Sy W F ML AL, TOT A0 MLk e B TGase
TG A6 RO AT 7E 2 FL AR b o8 UG MR e, ARG
WERE; P8 TGase 1E &R = Lil J1 ik
42.9 Ulmg, JEBFA:EAY 1.7 £557,
23 BEMZItEERHAKNES

PRI S R AR L5 G 0 SR A AU R
B 1504 0 0 T 3 8 il 4 R X IRk AT B L 58
AR, TEAS R 5 A8 A5 A T2 T AT 5% A8 P A ARASE
AL G R R T AR . I TGase IR & —
PR, & N-vH A #5 Gly K Pro ) TGase
(Gly-Pro-TGase) *F AFAK I+ GInl4l fitfbfEH
BEF A TGase HA B 1 & —1EP; SikEi g 43
FW] Tyr62 J Tyr75 RGN TGase MIAEALTE JT,
HPiERERRAE (Tyr62His K& Tyr75Phe) nl
TGase *f GInl41l & —, Tk, X Gly-Pro-
TGase H Tyr62 & Tyr75 43 W4T 17 Fl bz 12 Fhad 3k
BRILAR, AL AN JE AR o | Je & i 145 1] 5 4> TGase
AN GIn141 HA ) & — kP,
2.4 TGase MM 5IN8E

mnikSE o (B 3), S. mobaraense TGase i

THREEET op AL, E 114 a-IBE N 8 4 BT
T AT REREERIFEA 28, WA loop R
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(Aspl-Alal0 5 Asn276-Met288) ZH i 4 4% Ao ke, —
A~ loop 3£ (Asn239 % Asn253) £H il 24 4% 47 BE ; i
AT ML A Cys64 . Asp255 K His274 ¥4 T4 1
BTN Bl 4 T el O 5T A HEE . TGase
3 v S e g 27 M T Y R A5 A X A B ) D
N, AL

1) TR e REX R . 1% X3P N-% loop
I B XS TGase fE bt AT KM . 3 JiE Bk
g N-SRE LR R (1~3 ) W5 TGase MY/
PRREA, AT AR T R SE MR A SR R E TR Y
S HEALTE P O fi 1 7S TR AEBH . N3 SR 244 1Y
RIERREUR (Ser2Arg 25) PR {3 T4 72 i 1A P
TR IAY (Ala10Ser 45 )BTV a2 1k 41 i R IR AR
(4n, Glu2sAsp 25)BIEy A4 2 TGase MIMEALIEE .
BEAR, N-Ji i B 28 AR IR W $2 5 (Ser2Phe 45) i
1§ (Pro9leu %) TGase 1y #hfa & 1Y,

2) 4y TS ZEEIG I X8R, 12 X AL 4G SR
S FRYIEE RIS . 4 FIEH (GIn74Ala 5§) K
I (Ser299Phe %) B /K M B IR BUC R AR & T
TGase HEALTHPERT, WAz 20+ 1E i 5 S48 16 30T Y
Tyr62 J Tyr75 (U ZE A8 i AT 4 2542 5 TGase HYJIE
Yy te— 1R,

N-lerminal_ ‘ ~

3 S. mobaraense TGase @A+ (E @)
Fig. 3  Crystal structure of S. mobaraense TGase (front
view) !,
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3) I3 AR AT P AT 30 ) X, A
TG A Asp25 Il Gly257Ser 5 Lys269Glu
TS TGase MY E MM, A F NI BK MR
FEFRHU (Tyrd2Phe & Ser199Ala) X4k i et A
BOR R B A, NS IR
Phe-Arg-Ala-Pro fii Ser199Ala Ry AL 1%k — 41
T TR T A S R R X S NS X
PRI RONE o G AR AR b AR 45 4 3 Aok A B T i
FEIX ARV -

T, 4 FXHESCE (Molecular docking) £
U TGase S5IEMMLs &7 X0, AU FIRY
CBZ-GIn-Gly £ TGase 4> 72448 h gl i, %A
il s KA B 5IRY 45 24 TGase 5 K4>
TIRY (MEAYE) 25460, TGase MJKYI BN
NOBTE PRI LY, KR TR
TGase XY HYIE N PE. B2, X TGase 45#5 1)
REMVIR AT el A B TR0 73 F BOE i #E A, 4205
HUERBOR

3 RELHEZ

KREMAITERY], HE%TE TGase 1£ 2 8+ ifE
F v O] U A T B L R X A R By, X e B
VEFRA T TGase #8004 A [A) 14 5 A4 il
R E RS, B X AH TGase Jo/7 48 ™
AR FERERERIBAR T, 0 TGase 451R 4T
B RO R s AR AT R, U
TGase P& M mifE st H W, fxiL pro-TGase
ARSI 2N, SRyt — 25 A H IR X A )
REFR Mt T 45 LA . FEC A PRIR R, JEERE
TGase A2 il S g i DX A Al 3 38 S m AT 1 i
Py, ST 2 TGase Tl MR AR P iy 3R 42
FERL ST b TGase Jos IR X 7R AT = 85000 b
I, e Al L R s TGase ML K (91 £ K
{55 IRV RE I 52 2 A

HAET, #EY TGase 43 el M fF 58 K& 43 LA
P& TGase HYMEALRCE AT E M HiR, XK

Yyt —VE R O W G e . 2 b, MUZE Y TGase
SHEY EA B E L —E . RYIMmELn Ry, K8
W H A S T e 7 5 A W T R 2 ST R e
4% K O X R ) TGase AL [ i A B B 5%
Wi, B A ) TGase M4 B, KW F
MZREE S TGase IR & — TR T 5 ¥ H#i oS i .
R, Bk —AH, 7E3im TGase MABERRE TEM
[RIEE, R BONvEEX) TGase ¥ & —MEmed . T
ARk, HRPEECTE S AR S G R el R R
AW R, NEEHFZEAE (ISM) R4 GG
TWANZEAE (CASTing) 251 oKl TGase Ay ik 2 13t
HHTH.
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