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AR 22 TGase A XMHE TR FIUE
IEY WAt wWENT IWEC TR’

1 WALV R fn Rl 2E st B Wdb AKX 050024
2 HEPFEEEBEMAEYR T dbat 100101

B O [F 5] SR8 R B2 —F LS AL BRI A B RS 6 B, AL BT R G 5F X R R
NEERIKB L, B, fbthoh, EHFABREA TZNHAEMEL. [B0] Lkl iy
B (Sreptoverticillium ladakanum) B1 &9 42 Btk 4% 2 B (TGase) & B JHaf Lt /74 Foag, A AEX
WAt o RAF @ AR ARE . [ i 1 0 AL & B 3234 5,46 2 B 5 BB 45 249 B 4 37 % 4K (pro)
Fa PR AT 5 IR VA S b 64 Bk 5 R BL I 5% R B (TGase) A B, A pET-22b 4 KA B ARM 2 pro. TGase £&
K Anfh o AR AT R AAEX, EX B E AR 0 Kk Eik—F A 2 &R K ey 7 ikt ik TGase N
SHAT 4 MNRABRBATHE, BN AR A XBEXUR R BB ENYH. [ER] SKATFKRS
TGase 3+ A B, 7Tl H4E1F 575 MK X4 TGase, tbBE A %] 37.71 UImg. fakb R iAw ot b,
¥ TGase N s# 47 3 /&AL # DSD ¥ % H AAA, HWEEEA S| 14.04 UImg, #848 T /R44 R A4 X 4R
57 14.05%. [4#]) 15 kY TGase £ A A T HiE 7 A 7E M TGase, * Fakb R AKX, 4iE
12889 REH A TS TGase B .

M olecule evolution of TGase from Streptoverticillium ladakanumin
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Abstract: [Background] Transglutaminase (TGase) is an enzyme that catalyzes the acyl transfer reaction,
which can catalyze cross-linking reactions between or within various protein molecules, and has important
potential value in the food, cosmetics, medicine and other fields. [Objective] Molecular engineering and
site-directed mutagenesis were carried out by cloning glutamyl transferase from Sreptoverticillium
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ladakanum B1 to obtain efficient heterologous expression in E. coli. [Methods] The gene of pro and TG
from Sreptoverticillium ladakanum were cloned into pET-22b to generate co-expression and fusion
expression, respectively. Based on these two expression patterns, the first four amino acids of the mature
TGase N-terminal were modified by site-directed mutagenesis to detect the effect of different expression
patterns and mutation on enzyme activity. [Results] When co-expression of the pro-peptide with TGase,
the active form of TGase can be obtained directly, and the specific activity reaches 37.71 U/mg. Based on
the fusion expression, the first three amino acid DSD of the N-terminal of TGase were mutated to AAA,
and the specific enzyme activity reached 14.04 U/mg, which was 14.05% higher than the original
expression pattern. [Conclusion] The co-expression of pro-peptide with TGase can directly produce the
active form of TGase. For the fusion expression pattern, the mutation of the appropriate site is beneficial to

increase the TGase activity.

Keywords: Transglutaminase, Expression pattern, Site-directed mutagenesis, Enzyme activity

4 % Tk e %% %4 ¥ (Transglutaminase, TGase)
I AR T DL e, B RE A A
SERERS RN, A M 4 A A AR B 2 1 R
AT ERRIR 1 S8R PE U FLAE B i . R 2GR
Y AR AS R )z P A S AR
it SHe WEAS [] AT A 43 oy A 24 T e % % it (T ssue
transglutaminase, tTG) Fl ¥l A= 1) 4% 2 Wk i s 4 it
(Microbial transglutaminase, MTG)"®, i MTG /&
TN, o7 B WENARSN, FHEST (TG /B4l
fegefaig, BfUEwREsANL ., FkE, Bid
BRI AL TGase it 3= ok 59

HETC ZM A &4 TGase LA, fil
U B 2 A FF 7 (Bacillus subtilis)!” ik skt 22
(Streptoverticillium ladakanum)® #1546 56 22 16 (S
mobaraense) %45, Hirbsf [ AL 22 T Y TGase
B Iz W ok A 55 I 10 TGase L pro-TGase
T A BRI AL, At Y] & N S AT K (pro)
TE A TGN TGase, A HFFE FKBATE R AT i
Mk TGase WHY LIALER AR IE XA, #
pro-TGase G257 LIRS R nl stk &, 8
o JE AL BEYIBRFT S IR ARATE P () TGase, X UiAH
BT IK AT LA 85 TGase 76 KM FF i v it g st
Liu 58 & IHT ST LS B TGase 7 RIAFF 1A
TS, Wi R P AEE T7 B 8h 7, U
pelB 55 ik$i I8 pro. TGase ity L ik, af
DL NP AR A TG YRR TGase, HETE 55
0.13 U/(ML*ODgoo)™, X FhFIE5KM ) T TGase

A

AR, BIVFZITRE N AW W T
Threl, VIBAIS s RS 0 TGase, HrJEA
FEARSRALH W) —FP 5 Tk o Shimba 55 F1] FH Fifi L
5378 N GEAR JE i 81— BR 2SR T M 16T, AR (A
B AT AE Y 1.6 £5 0 Chen 25 PR A28 2844
HI K o425 H) 37G-42S #iffe ly 3 NH &R E 34~
N, HEPEHA Y S5 EM, Buettner 2437
T X} TGase #ka e A 252 i 2 JEFR A 0, 40
e S2. S23 Al K269 i fzeAy, Hirpzeas
& S2M | S23V il K269 [rHia & A I B4 it
AT L T Gase 1 N i DX 3o HA AT A 45 S5

AR ERG T— RS 5 TGase i % U Hiik
IR 2214 (S ladakanum) B1, Jf- DAL E DNA kiR
TifE T pro-TGase F:H, DAIKIGHF B A0 £ #
FAEE T PIFPAS [ ek X 1 A, SEL T TGase 7E
KIGAF R PR Rl E IR RS, FFFE RS A
2 JTORL PCR X PR SR U i 2848 o3k
ST DA B A A T TGase, ERl A Fik I
fith 4% TGase N ¥iifiij 3 M2 LR DSD 2878/ 34~
AR, MHEAHERER, X R XHZE 5T 24
E T A
1 ME5HE
1.1 #Hd
111 EEHKRFAERAL

S ladakanum B1 i H ER} 2 B i A= Yt o5 i
FFD S = it Escherichia coli TOP10. E. coli
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BL21(DE3)lg H KARAEAbRHE AL ) A RRAE]; %
IKE A pET-22b A S0 28 AR A7 .
1.1.2 EFEMEFEG

FFAEEAH TR E. coli TOP10 #FhF
LB #7319 (4 100 mo/L &K 8 %), 37 °C.
200 r/min ¥EIREEF . SAHEARAA E coli
BL21L(DE3)E:AH T TB 15 #3119 (4 100 mg/L 445
HR)HTRERFR, KigiacMFR 37 °C. 200 r/min.
1.1.3 FERFIFLEE

FRAIVENVIEE . T4 DNA % 3:0F . pMD19-T %
&, PrimeSTAR DNA RAMEIN AL R/S A8
RN Bk /MG & Ak & A
Omega /A F); Ni-Agarose His Fr2 & 14tifbid &
W A bR A 22 AR R A R 2 W . PCR AU H
RS GRS RABRA T EAMTT WA IR T
A At A AT A BRA F

F1 ZWBEFASIY
Tablel Primersused in thisstudy

12 A&
121 HWEREREE

M A5 5 14 PTG-F FI PTG-R (% 1)
LI S ladakanum B1 JE[FZH DNA Shbiti, f#MH
PrimeSTAR DNA ZREHH S A AKX 1Y TGase
(pro-TGase) It 3L, PCR WA Z (50 pL): #
#z 50 ng, 2xPrimeSTAR 25 uL, F. FiEsI¥&
400 nmol/L , %5/ ddH,0 % 50 ul ., PCR [ 614 -
94°C5min; 94°C30s, 50°C30s, 72°C50s,
30 MIEHR; 72 °C 10 min, K LR A BER T 1% 31
JEMEEE M, HiEE pMD19-T #Hifk, 52IA955E
Hi proTG-19T fdt st B AR .
122 FRIFIEERRRAIE

PL proTG-19T MMz Y 1 TGase A,
PET-22b S FRiLHUA , H BRI FRIEHI proTG-22b
il pro-pelB-TG-22b. I Nco | il Xho | [

ElkY B4 Gk el
Primers name Primers sequence (5—3')
PTG-F GGCCATGGCCACCGGCAGTGGCAGTGG
PTG-R GTGCTCGAGCGGCCAGCCCTGTGTCACCTT
pro-Ncol-F TGGCCATGGCCACCGGCAGTGGCAGTG
pro-BamHI-R TCGGATCCGGGGGCCCGGAAGGACGGACCG
TG-Ncol-F TGGCCATGGACTCCGACGAGCGGGTGACTC
TG-BamHI-R TCGGATCCCCCGGCCAGCCCTGTGTCACCTTGTCG
gTG-F GGTCCGTCCTTCCGGGCCCCCTAAGGATCCCTTGAAGGAGATATACATATGAAATACCTG
gTG-R GTGGTGGTGCTCGAGTGCGGCCGCAAGCTTGGGCCAGCCCTGTGTCACCTTGTCGGGG
AAA-FO1 GTCCTTCCGGGCCCCCGCAGCAGCAGAGCGGGTGACTCCTCCCGC
AAA-RO1 GCGGGAGGAGTCACCCGCTCTGCTGCTGCGGGGGCCCGGAAGGAC
DSD-FO1 GTCCGTCCTTCCGGGCCCCCGAGCGGGTGACTCCTCCCGC
DSD-RO1 GCGGGAGGAGTCACCCGCTCGGGGGCCCGGAAGGACGGAC
ED-FO1 TTCCGGGCCCCCGACTCCGACGACCGGGTGACTCCT
ED-RO1 AGGAGTCACCCGGTCGTCGGAGTCGGGGGCCCGGAA
AAA-2FO1 TGGCCATGGCAGCAGCAGAGCGGGTGACTCCTCCCGCCGA
AAA-2RO1 TCGGCGGGAGGAGTCACCCGCTCTGCTGCTGCCATGGCCA
DSD-2FO1 TGGCCATGGAGCGGGTGACTCCTCCCGCCGAGCCGCTCGA
DSD-2RO1 TCGAGCGGCTCGGCGGGAGGAGTCACCCGCTCCATGGCCA
ED-2FO1 TGGCCATGGACTCCGACGACCGGGTGACTCCTCCCGCCGA
ED-2RO1 TCGGCGGGAGGAGTCACCCGGTCGTCGGAGTCCATGGCCA
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proTG-19T, WU T i | Bri% #:31] pET-22b, #HEAS
FNE—Fh F BB A TR proTG-22b; i 514
pro-Ncol-F Fil pro-BamHI-R Lk proTG-19T Aty
14 HBE pro, KRB pro iE 453 pET22b, 4 ATk
pro-22b. [aif LA proTG-19T Witk , {54
TG-Ncol-F #1 TG-BamHI-R ¥ 3 TGase, i% 4%
PET-22b, 133N H kA4 A TG-22b, FiL TG-22b
M, FHE 4 gTG-F fil gTG-R ¥ 1445 21|14 %5 pelB
5K TGase F B, f#H BamH | #1 Sac | XU
Yl BE AR pro-22b J5 1 T4 DNA VE 2 3z
o B — A3 iR AR 0 JikE pro-pel B-TG-22b.,
123 SREFAAE

PL proTG-22b Jtsit, R4k PCR 7457
NGB p o fg 3F5EAE K, F TGase N ¥iiHif
3N FEMR DSD K725 A AAA BLAHRERS , ¥ N I
54 NEIERR E RN D, 5 IH%T AAA-FOL
AAA-RO1. DSD-FO1/DSD-RO1. ED-FO1/ED-RO1
BEF P4k PCR, % PCR P41k 7 Dpn | I 4LALHE,
alifbJ5 %51k E. coli BL2L(DE3), #kisk B s Bl FE i ,
18378748 Foki AAA-proTG-22b, DSD-proTG-22b #il
ED-proTG-22b. [l pro-pelB-TG-22b Wikt , i
1% AAA-2FOL/AAA-2ROL, DSD-2FO1/DSD-
2RO1, ED-2FO1V/ED-2RO1 X 4 ik PCR 5| A
5 ERA R 5 AR, 15 5 1Y 58 A8 BTk f 44 8
AAA-pelB-TG-22b, DSD-pelB-TG-22b il ED-pelB-
TG-22b,
124 FJHEEFBABFTIEFMLAL

PRE—FR &4 YL FORLAY E. coli BL21(DES3)
BEFRE%E4 50 mL LB (% 100 mg/L AR H & RN
250 mL i, 37 °C. 200 r/min $RGE RIS
DL 196HEREEA 100 mL TB 19 250 mL =i .
i ODgoo 5% 1.0-1.2 BN ALY B 0.5 mmol/L 1
IPTG, 20 °C. 200 r/min $iz% 55 5% 48 h J5, 5 000 r/min
B0 10 min WCAE T 1A

FH 20 mL WiREh 2% vhik (PBS, 0.1 mol/L , pH 7.0)
BRI, B, 5000 r/min £.0 10 min,
WCAE 13 FH 6 P T 0 R B alifb o e

TEAEASTHHAARRS HisTag, Kb
Ni-Agarose His #7342 124k il G alifh . life
TS RO & T AT o Je B T YRR T
(pH 7.9 Tris-HCI 4 mmol/L, Bk 60 mmol/L, NaCl
0.1 mol/L)#ATEME, H A& B I (pH 7.9
Tris-HCl 4 mmol/L , Bkm 300 mmol/L , NaCl 0.1 mol/L)
e LT ) R A AR | W4 5 T80 °C {47
WA 45 B BL Y BRI E 1T SDS-PAGE (13%4) 5
JE, A%k 4 K¢ ) i Uk FR 25 By 5 i (R-250) 24 4,
VAR T

1.25 BE§ESINE

2 IR vk O E W, TGase Bl E XN -
37 °C MR, 1 min 42 1 umol &5 HR T s
LB o ARV LI T A 1 Y B AP T
REL RV P 0 2 L D G . 4k e R R
L, SR Bradford Jrikit B EAWE., WT
B BRF TGase H:3iE M LN A LW H
0.08 g/L 4kt 37 °C 4bHE 20 min, FHFEHE
HOHIIFTS
2 HR54W
2.1 proTGase HJ7=[&

WIEREE LN 4] DNA %3514 PTG-F
PTG-R. Ll S ladakanum B1 5:[F2H DNA Syt ,
PRI/ NG B EEA S B, FBK
/NfE 1 200-2 000 bp Z[], ZFRikEiz Bl
proTGase (751, #HES] pMD19-T ZiAk -y
53 Bk proTG-19T, fR1FEFTkL,

22 EHERKNIIE

Il Rk R pET-22b 9 T7 JRsh 7/
pelB {5 5 Ikt a7 WA ik (& 1), proTG-22b
PL T7 JEshFH pelB {5 5 ikl &35 proTGase,
pro-pel B-TG-22b L) T7 Jii 5l F4% pro. TGase HIifF
HFIk,

2.3 SDSPAGE #&MBHER

AN [ BB ) F 2 Bk LA S 58728 ks 53 1)

%1k E. coli BL21(DE3)i#f 1715541k . | Ni-Agarose
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A
T7

rbs |— pelB [ pro_]

TG >

B
T7

b5 | pelB 90| rbs [ pelB | G >

1 TGase HYA#PRIZEN
Figurel Two expressionsof TGase
Note: A: proTG-22b; B: pro-pelB-TG-22b.

His tfr& & A aifbik il Gt &E maitb. FIH
SDS-PAGE frillztifb 5 H . MIEEEEE, §i
SIRAN TGase ik iy 8L 1 LA K AR IL SRR T H A
N 3P RARE IR/ 42.3 KD 247, HiFK
1 TGase fil A 235 1 26 1 LA SCFE Bl A 2R Rl 14
Y 3 FPRASAE R/ NA 46.3 KD A4, MK 2
ATLAE H B R/ NER, RSl )5 r 8
FHF 5 BA RS 0 2
24 FMRIERAX TGase FE MR

WFFE LB FT AT LU TGase IEHHT S, H2
BIERRIIAETEIN ] T TGase RUEMIINSS A, Btk
PYIHRRT S IEA fE (S TGase K IEINfE. MYE Liu %
HIFFE 25 At it T Rl R A proTG-22b Al
pro-pelB-TG-220"2, 45 1 fhgeik r=rhr, RT-SARAN
TGase fil ik, BfFS LB B= ], FHE
B BB E I BINMAL s 7RSS 2 FhRas Ty, A
SR T Gase 43 1Bk 455 Wik 21 & Bz (], 764
[ s [A] T KT B TGase IE #4773 TGase JE i,
TEPETE . A0 ARSI S PR 2 SR A5 X L P A1 ) i
G (& 2), EMAT T TGase LR XMIEX
(pro-pel B-TG-22b) 7EMu N R B AL m A TS, Lol
A% 37.71U/mg, &5 1 s =y 3.06 £,

#z 2 FREFEHRN TGase BERIF M

12345678M kD

- —60.0

--_m. —45.0

- —27.0

2 E{HEH SDSPAGE ##h
Figure2 Analysisof purified proteinsby SDS-PAGE
Note: M: Protein marker; 1. pro-pelB-TG-22b; 2: AAA-pelB-
TG-22b; 3: DSD-pelB-TG-22b; 4: ED-pelB-TG-22b; 5: proT G-22b; 6:
AAA-proTG-22b; 7: DSD-proTG-22b; 8: ED-proTG-22b.
XA XA IE TGase HHERI G
X, BATEEHIVIER N smFi ik, X i Tk ik
Ay TR
25 ZRLXIFLE FRIAEEEAIFT

AR CR AT S KA TGase kB 1B X
(pro-pel B-TG-22b) i] LA 15 245 2 A 16 M) TGase,
AR FLRLEMEN . Chen SEXK [ WK BE R 14
TGase i N iy XI5 1 Hif 4 > 552 DAAD ATk
SR, RIS 5 AR E 9548 D, 153548
A Del1-4/E62D HURFS JBPA: Fi 1.8 509, DtEFe

Table2 Effectsof different expression patternson activity of TGase

Mo

L PR

i Extracellul atic activity of Intracellul atic activity of HRv
- . racellular enzymatic activity of ntracellular enzymatic activity o - o
Expression plasmids TGase (UML) TGase (U/mL) Specific activity (U/mg)
proTG-22b 1.07+0.60 1.34+1.20 12.31+0.30
pro-pelB-TG-22b 0.42+0.40 2.27+0.80 37.71+0.90
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IR Chen SFRFFEAESS 1 A0 SEah T
T 3 FhRAE MR, ¥ TGase N ST 3 N2FEMR
DSD %754 3 PNNZR (AAA-proTG-220) 5 4
45 (DSD-proTG-22b), ¥ N % 4 MEIERR E RAF
4 D (ED-proTG-22b) . il if FL A PN A MK (3 3),
RINGEASAR AAA-proTG-22b i N SN TE #8345
o, MR R IR RSy X IS 4 T 14.05%, T
HoAth P 2 AR 1A LU TG 8 5 FAARG, (LA IMEEG I A
ZEFM, XA RESE H FRAERIN T TGase & 111
Gy, HARBLRA T LS ST
26 FRELXHRIAEGENF

TERNG FeIR A EAY I RAR R AAA-proTG-
22b HLE AR TR A 2k g T 14.05%, 1A
SRR T FRERE S T2 S
FEFL IR LAl 1T 5 A 2 A [ A7 a5 1 28
A5, ME TGase MG (F 4). SalG FBRAENRN
(2, B TGase N il 3/~24 L2 DSD 2878 /1 AAA
152 R AR (AAA-pelB-TG-22b),  HL i AL 3%
AR, ROmUh F IR ILFR IR 56.4%, HE
Liu ZMpgpsy, 7ttt Sk TGase
438 pelB 155 i 1 K B A v 14 )8 2 (], 78

*3 REMEMAERIE TCGase BEIERIF M

JE s 6] PR RS RS B TGase IERAT S, (HHEA
TEPE o JE I 5 A 58 AR T 2 AT BEAS A1) T i 5 AR HS Bl
TGase 78 iz M IERAT S, LhZE TIETEREL.
3 WiktE4w

A 2 e i A ARy — A E A BN, A
1993 AERH L Tl Hisg LIk, i ae K ikt ik
R o AR IR B A 2 ot Y Al 2 T Gase 2R HX
() EBUEE , SRRV 2R BT T R
PR, I IEAT AR B RO R TR AR )
FHELPR TS REIL TGase. RMIALHFIHRIGH
A ERE, BREREAS &ERED, A
LR T AR AR NI AT DA X —[n) i, (FJ2: H AT
e e g 5 PR A T Tl 1 AR B R Mk A K-
AR LD AR EOR E 4 7 il i AR AR SR TR AT 5T
R

AT I valE T hidk i 2216 (S 1adakanum)
B1 M4 AWk MG A ML 5, f T i & Rk Al
KRR, AT S B AT R P AT
PERIE . TERl G RIAE A, TGase b proTGase
I RAE R h Al s ek, (HRRT AR A7

Table3 Effectsof mutation on enzymatic activity of fusion expression of TGase

ﬁﬁ}ﬁﬂ . Extracellul afifiyﬁiiic activity of Intracellularﬂfnljz\]ygrii]{ai c activity of - ttﬁ.@?ﬁ
Expression plasmids TGase (U/mL) TGase (U/mL) Specific activity (U/mg)
proTG-22b 1.07+0.60 1.34+1.20 12.31+0.30
AAA-proTG-22b 1.14+0.80 2.08+0.70 14.04+0.90
DSD-proTG-22b 1.01+1.20 0.83+0.60 10.63+0.50
ED-proTG-22b 1.07+0.50 0.77+1.30 10.83+0.80
F 4 RTEIHRIK TGase BEERIFMN
Table4 Effectsof mutation on enzymatic activity of co-expressing TGase
Sk ok H@%E@?ﬁ_ B H@W@@‘Iﬁ B He B
Expression plasmids Extracellu_lracr; ;u;z;(/LrDar::E)actlwty of Intracellu[ra(rz‘ ;z;zslartrl] E )actlwty of Specific activity (U/mg)
pro-pelB-TG-22b 0.42+0.40 2.27+0.80 37.71+0.90
AAA-pelB-TG-22b 0.25+0.80 1.09+0.90 19.91+0.50
DSD-pelB-TG -22b 0.42+1.20 2.01+0.60 36.54+0.80
ED-pelB-TG -22b 0.30+0.60 1.98+1.30 36.32+0.80
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FESANTT TGase HOTE T, 21 )5 1/ Hs Ak PR i S
JIKUIRE, i TGase HASIE L. TERIA AR IERY Ay
R7EAR AAA-proTG-22b He G A% 14.04 U/mg,

FHAL T I b Rl G RIS 5 T 14.05%. 7EHT-F Ak
Fl TGase kB, i T IKH TGase KUK Bk 43
WEE FEEs |, TGase 7ERT S AKAIHT B B 45406
PEFYRL, 4k A9 FLES A %) 37.71 Uimg, TiiESE
FERFER_ L P RERE AR , X ATREE T
TGase N 5t 5285 1 i A RT3 X T Gase (90
T, M EEIE AR . ASHIFZEF A P o R i A X
BISCEL T TGase [ nI ek, [alih A LR TR
FARPEE T TGaseliff i, M LAG IIBFFY BEAE T Hh .
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