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B E: A THEABEZAEIKRDNAS S (IDNA), ¥ % 3 N 5 2 B 5% e B A B & & 84K pPICZa-rDNA-
mtg, J 44 2] kA AT-F Ik (Pro peptide 2 pro) #)4 £ # pGAP9-pro/GS115, #F %] 3 & iX # #& pro/rDNA-mtg
(GS115). %8 % %2 % PCR(QPCR) 5477 4tk A X H T mg AR E N K, ##—FHEL T RE AR
FNHAEARABEE BV ARG TAREILABBEIEELME. £RAY, WA 4RFEHEE
KEARF mtg # N4 A 4 2.21. 3.36. 5.72 = 7.62 (mtg-2c. mtg-3c. mtg-6¢ F= mtg-8c), I & B F B4
H Ao & AL KF A mtg-3c>mtg-2c>mtg-6¢>mtg-8c; & F AL BMEAMRKAKR HH N L AKREA mtg-3c F»
mtg-6¢, KB E#F e R S8 E LA AREEE 5% A 3.12 U/mL. 52.1 U/g i 4= 2.07 U/mL. 36.5 U/g i%
&, L B3 HREEE mtg-3c £ mtg-6¢ 49 1.4 4%; mtg-3c ALBEEH R S BEE XS] 7.21U/mL, B A RE A
437.2 ug /mL. @ id AT N AT EaA KB T ERG A, A I mtg-3c 4 pro/rDNA-mtg F pro = mtg
E R, MTGC B E 5 HMRKR G &aR X.

D REE N R, BAEBE, SRBuUEHE R, HOER DNA

Impact of gene dosage on recombinant transglutaminase
production of Pichia pastoris
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Abstract: Based on the rDNA sequence of Pichia pastoris, a multi-copy gene expression vector of transglutaminase
(pPICZa-rDNA-mtg) was constructed and transformed to the host strain (pGAP9-pro/GS115) expressing pro peptide, to obtain
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the co-expression strain pro/rDNA-mtg (GS115). Real-time fluorescence quantitative PCR (qPCR) was used to analyze
transglutaminase gene copy number in the 4 positive strains. We further studied the effect of gene copy on the enzyme
production of recombinant Pichia pastoris as well as high-density fermentation of higher expression strain in a 3-L fermenter.
The mtg copy numbers of the 4 positive strains were 2.21, 3.36, 5.72 and 7.62 (mtg-2c, mtg-3c, mtg-6¢ and mtg-8c),
respectively, and the enzyme production capacity and protein expression level were mtg-3c>mtg-2c>mtg-6¢>mtg-8c. Mtg-3c
and mtg-6¢ of high-density fermentation had the highest enzymatic activity and enzymatic activity per unit wet weight in the
supernatant of 3.12 U/mL, 52.1 U/g (wet weight) and 2.07 U/mL and 36.5 U/g (wet weight), respectively. In terms of enzyme
activity per unit wet weight, mtg-3c is 1.4 times higher than that of mtg-6¢. The activity of purified enzyme (mtg-3c) was up to
7.21 U/mL and the protein concentration was 437.2 ug/mL. By analyzing the effect of mtg copy number on the enzyme
production of recombinant strains, mtg-3c is suitable for the co-expression of two genes (pro and mtg) in pro/rDNA-mtg, and

its enzyme activity is related to higher protein secretion of the strain.

Keywords: gene dosage, Pichia pastoris, transglutaminase, ribosomal DNA

A= W B 4 5 Bk M ¥ e i (Microbial
transglutaminase, MTG) HFHAGMKEH S F=.
Ik CaP HMPE . A JIS T R A O i
B, WrZ TR, A Eest | g
TRl E P e R PR B 2 W
AR AR 2§

HAET, HFMEY &R o] T R A =5
A MG e I, T DA 2 S B T b AR AR
FEERL A MTG ks s . S8 T IRBE 25 A 10
HEALPERE S IH AL MTG 75515 T2 Bk
FikBFNE L R FERERE R Ok MTG A
PG, TCHEPRAREE MTGEO il 3 % i )
SRR (Pro-peptide) FIBZARE MTG {E WA T
IR, AT HiEEERIRIETE MTG, 200 mL $#EfA
Ji L3 MTG BTG il 1.83 U/mL, 2 HEiiiE
(R A BRI P B — A3

A DR 48 DLESGE H R B R IE EA FR
kR ZE B4 AN L DR (4 35 D1 BORE 4R v AR 2R
ek 0 R B R R e 5 & A R B AL 1
L R EE P IIE N BARRNIR AL AR
HINJ L DR 7 T R L DR 2 v 9 DL B A s e
1A DNA (Ribosomal DNA, rDNA) J&45 %t
R RNA B — B S B 1) DNA P41, HEE
90 £ % s X R AR e s I AL ML B o g
GS115 KL [HZH ) 4 Fh rRNA 2: X445 18S. 5.8S.
255 1 55 M1 Fh 185 5.8S Fl 255 rRNA it

http://journals.im.ac.cn/cjbcn

R ERERTE— 219, f#1E 100-120 PEH K741,
B rDNA [JAE#E 51X (Non-transcribed intergenic
spacer, NTS) B&JTMO, 5 L) BE ok i 1 4R 4 %
rDNA J¥4I(rDNA)K H B RE R G0 i, g b
] AR F] 100-120 4> H fJE R 5 D1 113144718

AW I T L AR EERE IR 5 5% rDNA J3 51 44
mtg 5 DUEOE R R IK#A pPICZa-rDNA-
mtg, IR R R IERT AR (Pro-peptide) Y
MMk pGAP9-pro/GS115, 415 73t ik i bk
pro/rDNA-mtg, 47 T Fk PR 551 2 %) 25 41 B s e 1
Fik MTG MM, JHWF5E T8 B M RTE &
T B v v 9 I R T o

1 MRE7E

1.1 RWE. RFFnEFE
111 PR ERL
Tk A& pGAP9-pro £l pPICZa-mtg 12 pGAP9-
pro/GS115 PR A A LI A HE
1.1.2 &5
N-carboxybenzoyl-L-glutaminyl-glycine  (N-
CBZ-GIn-Gly) Hl L-4% & & -y- 1 5 Wi TR W B
Sigma-Aldrich 22 ; i RIS B T kI A 236 4=
Y TARABRAE; anti-MTG g [ Eurogentec 2%
H . JGE = PCR U H Applied Biosystems 2%
H) . AKTA Pure & H = Hralifh R AEAEE A
GE v, HAt ] 24y [ 7 73 Ml
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113 g

KWFFE Escherichia coli 5555 5E: LLB; e
IREERERE IR 3L . YPD, MD, BMGY, BMMY,
BLJr B4 Invitrogen A E)EAETFE, EEaREER:
PRI 28 °C, VS 25 CPM
12 FHiE
121 ERE. 51986 BA DNA F5)E

519 350 eh B a4 B de A R A BRA R G
B, DNAWFHEAEM ARG (Z8) ARAH
FEI o
122 ZHENEHRXHERMOHE

ZP DU (mtg) KHFTFAEEE (pro)
HFGR MR R RN A 1 FTR . B E B
EE B R SR I (pro) 5 EAEF LR (mtg)
(R 2 4143 514 A %1 pGAP9 1 pPICZa i Xho T
Not T {355, #EEA5 £ Z%5A ok pGAP9-pro Fl pPICZa-
rDNA-mtg., fi ki pGAP9-pro H1 pPICZa-rDNA-mtg
S G A AR LA (HIS4) F1 rDNA EH A
LR, 43[R IR EE 4L %) P. pastoris (GS115) 1
FENAH hisd X FAESRS rDNA 5] (- 1), 3
3B T pro A1 mtg JEKFE P. pastoris [A]—{
) P EE 2 AR, B AR mitg &2 ] #8531 P. pastoris

*1 XHHASIYEFII*
Tablel List of primer used in this study
Primer Primer sequence (5'-3)

P1  TATGCGGCCGCCAGCTTTCTAGAACAAAAA
CTCATCTC

P2  CTTAAATATTAGGAAAAACGGTAACCTTATC
TCACTTAATCTTCTGTACTCTG

P3  CAGAGTACAGAAGATTAAGAGAGATAGTT
AGGTTACCGTTTTTCCTAATATTTAAG

P4  CGCGGATCCCTTCCACCAACAGTCAACCAC

P5 CAGTC

P6 GGTATTAACGGTTTCGGACGTATTG

P7  GATGTTGACAGGGTCTCTCTCTTGG

P8 TGAAGAAAGAATTGGCTAACGG

AGCTGGTCTGAAAGCATCTGG

Remarks: The underlined sites (__) and the double
corrugated underlined sites(____________)are thoses for the
digestion of restriction enzymes Xho I and BamH I,
respectively. The overlapping segments of the AOX1
terminal-rDNA fusion gene is marked with the bold
underlining(__).

&: 010-64807509

ff) IDNA JF41, {1E mtg () 245 11 24

P BRI

B—2, i (DNA A0 28 05 Z ki
AN (mtg) Rik#Eik, HE, ES PCR
P 1s AOX1-rDNA f A HEE : 45191 AOX1-
terminator (% 1: 54 P1 #1 P2) #i1rDNA F B (3%
1: 5|%) P3 #1 P4), Hr AOX1-terminator 55|
A Not I fEII0zs5, 3351 A rDNA overlap F B,
FF 5 rDNA JEFE P2, K/ 410 bp, rDNAS
wia] A AOX1 terminator F & ¥4, 35| A
BamH I fVI0i &, %47 Spe I BAEGYIN. &, K/
1.2 kbo PR W oR R AR B DR £ ]
W, fREIFIA 1.6 kb B7=4, LR 7 4 9
AR F Not I F1 BamH I W ¥ 7 5, w4 M
AOX1-rDNA. A5 , #3£15 1) 1.6 kb AOX1-rDNA
DL A& pPICZa-mtg (2502 fiAr) 440 A FR
PP YIS Not 1 1 BamH [ WY1, B 9% H
PCR iR & i, DT A F= 4 % A T4 DNA 3%
FERGEHE, 1452 E. coli TOP10 Bz 28410, Y975
WAE|E 50 pg/mL Zeocin HLiE) LLB SEAR I,
37 CHEFRIIK . L AW PCR ¥ %28 P ek
8 TEA 1 B e B N Y, I I B 1 5 P
%% pPICZo-rDNA-mtg.,

B, BAE IR EIA pPICZo-rDNA-
mtg FH Spe T k1AL IfHiL 5% {51 pGAP9-pro/GS115
(S8 %A, R 515 T MD+Zeocin
(200 pg/mL) AR I, [RIEFise B BH X RE, 28 °C
i3t 3-4d, HEKHMERE Imm Ak, EH
8 il T H % PCR %7,

YWEIERI B TE GS115 (pro/rDNA-mtg) $%
A 24 FLAR I S BH 25 wi k%, BMGY (pH 6.0)5%
FIRZ 2 mL, 28 'C. 200 r/min & E53%, 24 h
J&5 M ODggo=5-6, E5.L:IEERIA, H 2 mL BMMY
(1%HBE, pH 6.0) hEEFIKFEH TR, 25°TC
PR, BE 24 h #Mn— KB BERZWRE N 1%
(VIV), 55 48 h, KM 12 000xg #5.0» 10 min,
UE W ¥F 1T Western blotting 6 W, #Hi {K
Anti-MTG, FAMERIEFEREIRAET-20 C.

B<: cjb@im.ac.cn
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GS115 genome

TT 5'pGAP

His4 pro His4

GS115 (pro/rDNA-mtg)

T 5'pAOXI1

rDNA mtg rDNA

E1 ETF rDNABISHERERE (rDNA-mtg) RERSKER (pro) EREFHKHEE
Fig. 1 Principle of co-expression of multicopy gene (rDNA-mtg) and its precursor peptide gene (pro).

1.2.3 EHFEKS mtg ¥ I EERT

EE AR AN 4 AR, S2atwe
JEE i PCR (QPCR) H2 AR M E mtg B K 7E HE AR I
BERLPRIZH i+ DU, FHAE KR gap 1945 DAL
FAEAFAR P LN 2 Ak i 7 DB o, A
5 gap 1 mtg AR E R £ gap A mtg AR
HiZk. SRJG, 26 & PCR RAGAE AR gap F1
mtg 1 Ct {8, K52 Ct {2 5L A gap Al mtg
ProfErh e, SR AR T gap JE AT mtg
PR f 2 B A Al 7 DL 419200 mtg LR 7R BE R T R
FE R AL 5 DU T DI ) mtg S PR R LR AR 75
ULSCS gap JE R R G REHFE DU SR o2
BRT e $EIC 4 A A v BB 2R T B TR PR R 1A 4
DNA fE R, 35514 P5/P6 F1 P7/P8 (3
1) #1795 0E | PCR, RAAE M E R 3 1K,

http://journals.im.ac.cn/cjbcn

BRUCHEA T ST ) ORI R T2 & PCR i 72,
VAR Z : 10 pL, H 4 $E SYRB Green Realtime
PCR Master 5 uL, DNA B4 1 uL, 54745 0.5 uL
(10 umol/L), dd H,0 3 uL. KR4/ 37 CHRIE
2 min, 95 ‘CZ&4: 10 min, 95 CiEk 10s, 60 C
FEMf 30s, 72 °C 1 min, 2t 40 AMEFREY,
1.2.4 ¥ DUBCT TS ME AR IX

W bR SIS ARAT AN [ 95 DU D ik B2 b
YPDZ (Z: 200 pg/mL) [ FEHRp, 28 CRi %
2-3d, HEK R, BREURR Y T 5 mL YPD
WARSE SRS, R ARG % , &% %) 50 mL
BMGY (pH 6.0) fy4&i T, 28 “C . 200 r/min ¥55;
7%, 24 h J5 1 ODeoo, 24 ODeoo %% 6 i, K3k
BRI, 200 mL (9 BMMY (H 2 1%,
pH 6.0) EREE K5 EFRKIE, WU ODeoo=
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1.0-1.5, FESIEE 25 C, HkE 24 h #Min—kH
P Rl 1% (VIV), FFEURE, B 72 h,

B 72 h KB pH AR 7.2, 12 000xg 5.0
10 min, EBRWEATIIE, B B, BAEmEERE,
A AKTA E A 4L . $ IR : P —
R —Wash— et . A WCF-# (50 mmol/L
PBS, 0.3 mol/L NaCl, pH 7.2), B i it (50 mmol/L
PBS, 0.3 mol/L NaCl, 20 mmol/L Bkm, pH 7.2),
C &L (20 mmol/L PBS, 0.3 mol/L NaCl, 200 mmol/L
BRI, pH 7.2); WA BEN . R 0.2 mol/L
PBS (pH 7.2) &b A BRIKmE, BT A & R AR
)5 SDS-PAGE i, ReHeRs 10%, 4fL b
20 pL, Western blotting %% HAr& 1, % Ht
& Anti-MTG.,

SRBREGENE MTG G, HES%
SCEk AR Dy ek AT . MTG B E X . TR
37 CE&MT, MTG Har4p iy (N-CBZ-
GIn-Gly, Sigma 2~ a4 1 umol A& MR-H.5%
Melg (AMEIR) b 1 ATETE AL, H vk B
K H Brandford 77k, ARMEER ARG & A
(Sigma)#t,

1.2.5 mtg-3c. mtg-6c M 55 B R B

PEM R NI A2 58 T ¥ DLEOs MTG Jilgis
BEARIBWZW, N T i —225 54 DUEO Rk
2 7 AN AR AR KA AR AR R, o g R
AR = 45 DU IR T (mitg-3c. mtg-6¢) if
T g KW, EARIERBEA I —BUY AT T,
Fb 5 & W B ) AR AR I L o K% 100 mL YPD Ffi 7
W) 1.2 L BMGY (pH 6.0) REER: 5L, Wtk
WHREHAN: 1.2 L BMGY (4% i) +150 mL
YNB+150 mL PPB, KEESHE N : pH 6.0, £
KR 28 C, $HitdE4 % 600-800 r/min, i< &
10 L/min, 5N AT C G, A STERE
[N BT, SEEFaE bR, 50% HYH (7% 12 mL/L
PTM1)) fHEAMEF 25 mL/(L-h), Y4 1AIE A5
35-40 g/L Bpf5E 1AM, JFaR#M I 1009% H B
5 (HEE 12 mL/L PTM1), HESE SR =440

&: 010-64807509

b (R Y e AR R AR BSF T] 1), 55— 254 B
A 3.6 mL/(L-h) (KZH55E 4-6 h), 55 kM
AR 7.2 mL(L-h), 5= HHEE 10.8 ml(L-h),
SRR T HE . 5 IREE NI N 25 °C . BA KR
w4 i v UK O 25%-30%1, A5 12 h BURF I
FE AT B AIEEE , 5T 72 ho KRB TN PR L
MTG #fifb i fe 2 i 1.2.4,

2 BEREAH

21 AREHENHEHLEFBBERNWE

$LHL GS115 (pro/rDNA-mtg) 8 4> Tl it 5L A
H, R E RN pro #1 mtg 89 F . RS
YIEr T PCRYESE , 4314344 Hi 100-200 bp A1 1 000 bp
LA (B 2A), PCR 453 %75 pro F1 mtg
FE R 43 4G B S ARl B e R AN R e, T
Ao EIER (& 2A).

A
M Clonel 2 3 4 5 6 7 8

mitg
pro

Clone 1 2 3 4 5 6 7 8

e T —

B2 AR NEELHEFREZF K pro/rDNA-mtg HY
= iva

Fig. 2 Establishment of pro/rDNA-mtg with different
copy number. (A) Detection of GS115(pro/rDNA-mtg)
expression strains by PCR. M: DNA marker; 1-8: the 8
clones of pro/rDNA-mtg were amplified by PCR with the
primers of pro and mtg, and the products were 1 000 bp
and 150 bp, respectively. (B) The transformed clones of
pro/rDNA-mtg were screened by Western blotting
(Anti-MTG).

. cjb@im.ac.cn
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TEFEMEIER T 8 ok, I 24 fLikp) 2L i
VPR ok, %A S 48 h i & B I JEAT AR
ZERANE 2B fiR. 2K 8 AN ve A B
Tk, Hrhrape 43, #4. #6. #7 RIAEE.

22 EHBFEFRDH mtg BEE#E N
¥ MTG Rk EBm AT RIEE (#3.

#4. #6. #7) PTHLHZEHE R PCR (QPCR)
K, mtg 35 R B8 % T R 35 R 4 o 0 5 D0 K
RILE 3 F1% 2, gap Al mtg BERbRAERZE N . y=
~3.754 6x+39.663 (R>=0.998 5), y=-3.363 2x+37.131
(R?=0.997 8) (Il 3A. B). Hrfk &k iy Sz i Rk 2 A
S RRCR T E F l AR E=10 (V1)1
THECRH gap Al mtg 3 A A B B RCR 4 50 R
86.66%7F11 94.88% , UiHH I & M4 3G S W AT AL,
T2 AR B2 T F S B ik b mtg S R 45

A

y=-3.754 6x+39.663
5.00 b R2:0998 5

2 3 4 5 6 7 8 9
Log template plasmid copy number
Standard curve of gap

3 gap (A) 1 mtg (B) EEHIRMEMZ
Fig. 3 Standard curves for gap (A) and mtg genes (B).

R 2 LK TE PCR M gap #1 mtg FE#% NP

5 ¢8

PRSI B 4 > 58 T vk L R 40 v mtg #5 D
Honze 2P R, 4% 5 R B A% 09 AR P mitg
FEA DL 3.36 45 DL IE XA 7E TR RE N A
44 h mtg-3c. Hifth 3 S BEREH mtg FE [ #5 01 %L
Sy 9k 2.21.5.72 F17.62 (fir44 4 mtg-2c .mtg-6¢ .
mtg-8¢). LIRLEIR KM, AFFE K mtg HEH
FE M F| P. pastoris TR rDNA i 5, Bk
B AR 0 fi o 7% DL Bk mtg-8c, {HJE KA E A M
filg 35 #R R I fe ik . mtg-3c WHE” MTG i
=1
2.3 ERAFENHENERRIEFEEFE

T SRR P DB B T SR GA Y 5E
M, 3 3 X & A A O S B B A [R) B ) BB
FIIE, S5 UK 4, 5 15k 3 Fis.

B 3500
30.00 |
25.00 |

2000
N
15.00

10.00 y==3.363 2x+37.131
500 R=0.997 8

0.00 - : . : : - !
2 3 4 5 6 7 8 9
Log template plasmid copy number
Standard curve ol mtg

Table 2 Copy numbers of gap and mtg gene detected by real-time fluorescent quantitative PCR™

Strain Value C; Gene copy (10") Number of copies of mtg gene in P. pichia
mtg gene gap gene mtg gene 9ap gene genome (mtg copy number/gap copy number)

1 14.14+0.27 16.49+0.17 5.58+£1.02 1.66+0.19 3.36+0.24

2 14.93+0.28 16.67+0.22 3.29£0.50 1.48+0.18 2.21+0.11

3 14.97+0.30 18.23+0.23 3.20£0.63 5.60£0.71 5.72+0.35

4 15.30+0.41 19.05£0.17 2.56x0.55 3.36x0.31 7.62+£1.11

Datas are presented as X £ S of triplicate observations. strain 1: the clone with the highest enzyme activity. strain 2, 3, 4:

another three positive clones tested.

http://journals.im.ac.cn/cjbcn
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MW 4FH, 5SS 24 h, 25 e R
T Bifi 52 DR 48 DL B i 18 i 34 m, BP R AERON, (B
NHCA#EIL 6); 55 48 h, mtg-6¢ Al mtg-8c F# Fk
FE IR S e e g O Bl SR N B 5 15 72 h,
mtg-3c PR 4 I 1Y A 28 Tk Jie e g BTG ) fevma s W
iKF] 1.41 U/mL; #5015k 2.6.8 (mtg-2c, mtg-6¢,
mtg-8c) PR R B AR B IE  (B S 43 5 R
0.75. 0.32. 0.19 U/mL). HiBbHEM, 75—+ 0l
BN IR 6), HeaREERERIAE A
A 2 T g B P it ) B 7 S bl B g e IR 8 DL 5y 34
hnmisgAn, SN ERG L DGR — e R
I (# DLECH 3), W2 R B

T ABRPSEASTAREN, SEAK
JE AN e L5 S iP5 DO B 2R RS2
I, XS 72 h 5 kK slifl, ik A ag Dk
gE L L 5, M 5 7] L, mtg-3c . mtg-2c Al mtg-6¢
TE 43 kDa Zb A IR R R 1, R/N3 iR
38 kDa FiI 40 kDa, 435 Ky AL WEHEAL A5 4HF FOAE S AL
ot AR A TN, A R AT T
T PSR IIE), S OCEHGE 1 1-3 SR
gE A — P G H R Al

AN DB AR R R I B 45 5 - mitg-3c>
mtg-2c>mtg-6¢c>mtg-8c (% 3), ZEHR L, mtg-3c
Rk =8 DAL (mtg-8c. mtg-6¢) P& 17
BF ] A SE G, H Y R 1 R0k 2 el s e A e
H 0 28 VR BE A9 7T, DA T 365 E 1 4 2 I e e

1.6 ¢
14| —e— mig-2c

121 —=— mig-8c
1.1 | —& mig-6¢c
08| O mig-3c
0.6t
04
02}

0.0 . .
24 48 72

Induction time (h)

4 TE¥ERE mtg X & S BERREE RRERIE 1 RIS I0
Fig. 4 Effect of different gene copy number on
transaminase activity.

Enzyme activity (U/mL)

&: 010-64807509

kDa M mitg-6¢c mtg-2¢c mtg-3¢ mitg-8c Positive MTG

55

43
38 kDa

5 FRFENHHEKRREIEGNAELER
Fig. 5  Purified protein expressed by different copy
number

® 3 ARERENHANASBMBRERBERRE
(4 1L )

Table 3 The MTG protein concentration of different
gene copy nhumber

Strain Enzyme activity Protein concentration
(pro/rDNA-mtg) (U/mL) (mg/ mL)

mtg-2c 0.75+0.04" 51.3%3.24°

mtg-3c 1.41+0.08% 89.13+5.85°

mtg-6¢ 0.32+0.03° 21.18+3.21°

mtg-8c 0.19+0.03¢ 16.35+2.51°

Datas are presented as X *S of triplicate observations.
Values with different superscripts are significantly different
(P<0.05).

MG T AR . XS TES 72 h IR A A BERL 5
W35 1 2 25 A — 2 (I 4).

2.4 pro/rDNA-mtg (mtg-3c, mtg-6¢) BIEZE
E Rk

FERAIE & B 5% 1 — B T4 T, mtg-3c,
mitg-6¢ [ & B4k SR LK 6, 5N S FERRSE 72 he
G5 RH], mtg-3c 15T HT 60 h, KB FIHEEE 2
P ETHES, 55 60 h 5 IS A 4RSI,
WHHR B RIS 7 3.12 UimL, & B2 EE Rk B a1
iK% 59.4 g/L, mtg-3c (1 FAL A RETE A 52.1 Ulg
MBE . 1 mtg-6¢c 7EI5 AT 48 h, K L IE S 2
BT, 48 h )R B A ) 2.07 U/mL(E
FKF), SRR R AR B AT LIk #] 56.7 g/L, HA
PR IS 36.5 U/g B HE; 48 h J5, IS Pk %
% 1.12 U/mL. MKl 6 AT LIF i, mtg-3c F1 mtg-6c

. cjb@im.ac.cn
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—— Wet weight (mtg-3c)
—&— Enzyme activity (mzg-3c)

—— Wet weight (mzg-6¢)
—%— Enzyme activity (mzg-6c)

70 35
—
60 30 2
5, 50 ¢ 125 2
= 40 | {20 &
g:;o. 115 2
520 | {10 2
10 t 105 =
(S8

0 0

12 24 36

48 60 72

Induction time (h)
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Fig. 6 Analysis of growth and enzyme production of strains with different copy numbers.

T e T O ST PO TR AR R B 23, {HUJR mitg-3c 1Y PR
BB 2 mtg-6¢ 1Y 1.4 1%, 535 3 iR LGy
Wi 5 22, Tk Jrie % e g 2 1 WAk R T 48 R — 3, 4
mtg-3c Y i T 5 T RR AR R I LA G .

X} mtg-3c # 72 h A& B FIE AT 24k, K 2k
ATt 1 T 9% B AR F 7.21 UimL, B EE R
437.2 pg/mL,

3 Wit

ER SRR N AN A P A R 15 3 A SR AR
AR 3T AOXL, Rk . B HREE
R RS RIS, EmEERIA T T
MR, CHFRWEERTHUE . WIS BERR I |
AN, Pk, RIEE AL ZMINEE P,
AR A ER T AN AR W D) N a5 S Sy i
HEERE MTG, {HE MTG M= Bk A2 Tl
PSR O A ST rDNA #2045 DL 48 24 15k
JHe e R W TR AR, ARASSE DB DU 5k 2, 3. 6
8 M TARE, JFERRH ALY E 5 T H#
B (2. 3. 6 F18) X} MTG i fldE £ E M
M, FEMCILAN -, X 3 #5 ULUR 6 #5 DR R ET T
R, WE—20 5T DUKIO TR A 240 Jf 7 il
AN A K AT R BFSE S5 SR R mtg-3c
mtg-6¢ i i M 1 I Y A T8 D A vk BE AL, HLE
mtg-3c [ g B0 R ARG 2 mitg-6¢ Y 1.4 %,

http://journals.im.ac.cn/cjbcn

5598 DU i) 4 5 Tk P B e T 8 11 W T 5 2R —
e, HEM mtg-3c 1 =BG 5 B RRER S o I R A
Ko mtg-3c AL EFRGIS f ik F] 7.21 U/mL,
B HWE R 437.2 pg/mL.

WEFT 2B, HMIE L R 45 D1 550 52 i A1 5 2R
IR E BN E 2 —, @t 4%
LK AT DL AT RCHR i SR P i 2k e
ForFRBMEN, MEREIECH 4-9 A 47,
REEINHSEAREZIEMX, —HEIHBEH
XAEE, FRBAKE MBS, AR H T =4
DUAMIEIE R g SRk s R A AR G, AT sZ w1
R B R T R e T R,
T R R R R A 8 DUR, L 1 I
B, FEARJEYE DU £ et a7
FIRHAK pPICZo-rDNA-mtg, X A#MAALHE H Y
FEH mtg DK E FLW R E Ok B fE F GS115
rDNA IERE SEIERI ARG X (NTS), 5T rDNA
E G mtg FEDH 4 DR, AT mtg A[RI$E DL
B T2 ARS8 B a0 B PCR AR
B 20 R PR mitg 48 DUES, e D ) BE M s b v
mtg FER4ANLL 2. 3. 6. 845 D1 YTE A7 16 T L
AREERE L A b, fEAH R B R & F T (200 mL
BMMY), AS[Rl#% D1 mtg X 25 1 43 Rl 6 P 14 52
Wik . mtg-3c>mtg-2c>mtg-6¢ (35 3 FIE 4)., %5
T, 7E mtg BERPE DIECN L 3 AERL T, =
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2 AR 7 A T A TR R, 2 Bk R 4 DL 0k il
A7 A B R R . (U Y 3R N LR T 3
W, BRI PRI TR, L, TR R
BEorib ik MTG, 3 #501iE A pro/rDNA-mtg
Hopro A1 mtg (yAEFRE, — BB 31,
PURF L3 DU 2R T MTG bk iy £
BRI, mMEABME. IR BImAEA
O AR P 8 o i 226 5 2R 11 2R B IR0 1T B B R M)
o E e,

B, X 3 ¥ DU 6 45 Dl kA TR A
e, EMIRIRG IR (pH . T A . PR
=4, mtg-3c Fll mtg-6¢ kI I B B
T3 FIL B, PR AR 495108 3.12 U/mL ., 52.1 U/g %
F 2.07 U/mL . 36.5 U/g {25 . 258 %W mtg-3c
) BT B AT S mtg-6¢ 9 1.4 1%, mtg-3c A2 77
F 2 AL B S Fe i s 3 7.21 UimL, B E N
437.2 ugiml. 16 % R W R, Jl ) e As 4
il pH. A . W R EE S AR, BT DR K
JEIRE MTG 177 i,

R, 7E mtg SL#E DLECA L 3 11
LT, DB ULBOG B 7 A B s, SR
] 300 2ok B a3 o e DT ) 5] o 2 oo 2 1 R T 4 v
Bl 16 AT BRI o A4 B o 1 E AL s AR5 58 A8 il
TR R 4 T S R e e R b
BAB T, XA RS
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