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[(WE] AEBRE T (GS) Z2HTA M L- 2B (L-Gln) i 2 b B CHER S8 1M GS BIBHE Z R ZF N R
R S ECUEEIG AR P2 L-Gln J AR, AWFSELL GS B A BF 5T 6 4 | ¥ AT S R 18 IR AT B ( Corynebacterium
glutamicum) W EFRIE RS, FIA C. glutamicum T PIFISRIE BT tac J& 8+ (Ptac) F122 285 8l F (Pmal ) , L
BRFJA S FIPERT GS BB 1 Hk o8 TR R BRI X C. glutamicum W9 GS BYAIRIVERT, ¥ GS Y B H Bt
AT 13 5EAE RPN 2R ( Tyrd05Phe ) ; [FIR B TAS RE 2F AT 187 ( Bacillus subtilis) 1) GS AN3Z B BEALAT I B2 00 , il
¥ Bacillus subtilis 1) GS RS A C. glutamicum PIFRRGH , LB P AP LR R IEASE] GS BTG =A%, LAk
FIE " L-Gln B9 H 8. AFGTTEE— R Bacillus subtilis JUR % GS 1E C. glutamicum MRS FRIE. A RE
W1, 7E C. glutamicum BFRIERGEH  Plac b Pmal BYRCRTELS > H Bacillus subtilis 1 GS R A C. glutamicum 1) GS
it 7 S . EAH TR BJ2 A e BTG 1A i L-Gln B2 ik 3 32.5 g/ L.
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Glutamine Synthetase of Bacillus subtilis is Applied to Corynebacterium

glutamicum Fermentation System to Produce L-Glutamine
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Abstract : Glutamine synthetase ( GS) is the key enzyme responsible for L-glutamine ( L-Gln) synthesis. However,
enzymatic activity of GS is influenced by many factors, leading to the low enzyme activity and the low production of
L-Gln. In this study,in order to improve the yield of L-GIn,a high-effective expression system was constructed in Coryne-
bacterium glutamicum with glnA gene. We tested two different strong promoters, promoter tac ( Ptac) , and promoter mal
(Pmal), for a comparison of the activity of GS. After then, for avoiding the adenylylation in C. glutamicum, we
constructed plasmids containing the point mutation of ginA,in which Tyr405 is replaced by a phenylalanine residue.
Since the glutamine synthetase in Bacillus subtilis is not regulated via adenylylation,we also compared C. glutamicum GS
activity with Bacillus subtilis’s to detect the enzyme activity in the given system. Light point of this study is to express GS
of Bacillus subtilis in C. glutamicum expression system for the first time. The results reveal that promoter tac was more
capable for producing L-Gln in C. glutamicum system. GS enzyme from Bacillus subtilis had the higher activity than
C. glutamicum’s. The recombinant strain BJ2 has the highest GS activity and produce 32.5 g/L L-glutamine.
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AN R 25 2T T TR 0 R A, DR, FRATT 2T —Fh S S R T LA s A= M TR . 45 2
FERFF T ( Corynebacterium glutamicum ) J2 5% [GFHPE TR, AEBOR B H A=A+, KLk —EH T Tk
R LOREIEIR' . BAERZYA 700 000 t Y L3 2FR 1 300 000 t 14 L 2 R Al 2 1 45 2 FR bk
FFEE & A r= kB9, A M Corynebacterium glutamicum ATCC13032 Fil ATCC14067 H 43 PR 20 7 52 Al DA
Jei , AR Tl A = AN R TR )y T A 1o R e e — A Bl g

TEL 2, AT R i) 22 ML B ML A8 B R ROR 6 1 7 L-AF 2B ( L-Gln ) B BRI , X Fh 7 7 T
YRR BEHLME AN ATV SR AR T . 5 R AT B L-Glu 5% 728 i L-Gln , 3 J7 325 1) fift 55 02 B
A i  MELASE— 2 R 5 — A I ATP AR I RS PRI, S TR A v R R R B G o7
HEWIRER R MR L-Gln () TRERRE .

R T SEEL L-Gln 1 TolARAE 7= R & L-Gln (977 5 AR R LR S 240 T Bty dt 7 2R s A E bk, 1
BT B A AN 3 2l F RS [ VR 1 4 22 0k e 5 ol 6 %) 2 20 TR 76 R IR T ) R . e R SR 45 SR R 0
SR BT tac SRR ZFARAT I A ARG G AL G A S B AT B2 AR MR, TEAF R ARAT R Y
PR R i %, B T B IS A S0 19 L-Gln P i, ARBIFSE A J5 P 1 7= B R I T & 5 0 FH 28
IR ST LAt

1 MRSk

1.1 ##y
LI.1 E#HL Rk

C. glutamicum ATCC13032,E. coli DH5« A S S AR TR s E. coli-C. glutamicum R TR pEKEX2
SR BB R M T AR R 58 5 pET-3C Sk F AR S50 28 A7
1.1.2 &A= E

Prime STAR HS DNA Polymerase , DNA R il P4 P VD . T4 DNA 3% $2 [ . DL2000 DNA marker 141
TaKaRa 2] 3 Bk MR H] & FE F R F) & PCR 4iifbiRX 7] &4 Axygen 2 7776 PCR 51410 [ I
BERAEYHAR T 30% N IE TR A AR AEY AR RIBR R R A4 FibedEe A LA TA
5 4B R A B GRS [ AE R RARAE AR A BRA B A b & S ( GS ) il 136 I X, ) 46 A
IR, A S et & 2 1 A Rt i U E R A BRZA WD Flag Uik, 286 HR 10 i H Cell Signaling
Technology ; IR AR [ B REA A i 1 2 Ar 4l , HeAxislin 359 Sk [ 7= o M 4l s l % 46430 Bio-Rad /A Y Gene
Pulser” ; PCR 1%} Bio-Rad 2y H) 4 S1000; 35 [E 52 4% Bio-Tek 2E 7= FUBEARY ; T [ Sanyo 2 &) A4E 77 Al HE 7 %
WA (Soniprep150) ; Agilent 1260 Infinity HPLC il R 4.

1.1.3 DNA 05

F e R 4 2 2 W) SE B )

1.2 A&
1.2.1  JFrrewgtysd

ARSI I (e FERIAS S 0 JFORE AN TR B RR IS 91 36 1, PCR 51481 T35 2. L) C. glutamicum ATCC13032
M FE R AUARRR S A5 5 1 434 bp A ZIBERE A R SE P glnd , WD C. glutamicum WA ZEHE A
G2 B MR AL VR R e ) BT E AR AR S| s S PCR MYJT IR B glnA 405 057 (1 1% 2 R
(Tyrd05) 2875 K R (Phed05) ) L Sal 1 -Sac 1 B§VI)G , #35] E. coli-C. glutamicum ZHR # ik
Ak pEKEX2 I+, 318 pEKEX2-Ptac-glnA™ ; A SCHRHIE , A 50 28 fFF B8 0 GS AN A2 IR 1 mE A A FH 1 52
Mgt 12 | D) S 2 (A 1Y) E 4 Bk pET3C-glnA™ AAEAR , ¥ 48 R IRT Bacillus subtilis B4 2 LG A BB 3
ginA™ JJH Sal 1 -Kpn 1 XUEFYI 2 )5 36 A2 pEKEX2 H, 3545 84 ik pEKEX2-Ptac-glnA™ .

2% 2F B (mal) 5 3 702 C. glutamicum F3k R 3R )G 2h 71, AT E T pEKEX2-Pmal-glnA™,
pEKEX2-Pmal-glnA™ . B 56519505 mal Ji 2571 glnA™  glnA™ $E47flG PCR K 3RAS MRl & F Bt
Pmal-glnA™ F1 Pmal-glnA™ F| Apa 1 -Kpn 1 D], 24k J5 4 A 204K pEKEX2 1,

i WA ( Vitreoscilla ) 75 A MZLAE 1 (VHD) | BEASARDAH PR AE 20 AR A T A AR R IR AR S50 2% 1l )
7 I B0 T 194 10 2175 11 5L TR (ugh ) SRRV C. glutamicum KI5 FEh AE S A28 R JE A ERT AT 42 25 L-Gln
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By S Bk T pEKEX2-Ptac-glnA™-vgb-Flag . pEKEX2-Ptac-ginA™ -vgb-F . pEKEX2-Ptac-glnA" -
F-Ptac-vgb-F 1 pEKEX2-Ptac-glnA™ -F-Ptac-vgb-F.
®1 AHFROE R
Table 1 List of strains and plasmids used in this study
B A BORE &I pi HUE
F-,A(lacZYA-argF) U169, deoR , recAl,endA1, phoA , supEd4

E. coli DHS ayrA96, relA 1, \-, thi-1, hsdR17( RK—, MK+) A AT
C. glutamicum ATCC 13032 Wild-type ARSI RAT
pEKEX2 E. coli-C. glutamicum shuttle vector, Km" ALY AT
BJ-1 C. glutamicum ATCC13032/pEKEX2 EN TR
BJ-2 C. glutamicum ATCC13032/pEKEX 2-Ptac-glnA® AN
BJ-3 C. glutamicum ATCC13032/pEKEX 2-Ptac-glnA™ B G AL
BJ-4 C. glutamicum ATCC13032/pEKEX2-Pmal-glnA®S AT
BJ-5 C. glutamicum ATCC13032/pEKEX2-Pmal-glnA™ AT
BJ-6 C. glutamicum ATCC13032/pEKEX2-Ptac-glnA™ -ugb-F AFIAE
BJ-7 C. glutamicum ATCC13032/pEKEX2-Ptac-ginA® -vgh-F A I
BJ-8 C. glutamicum ATCC13032/pEKEX2-Ptac-glnA™ -F-Ptac-vgh-F AT
BJ-9 C. glutamicum ATCC13032/pEKEX2-Ptac-glnA® -F-Ptac-vgh-F ENTEAgiafE:
x2 AHARERKSIY
Table 2 List of primers used in this study
5149 F3(5 t03")
Primerl GCGTCGACAAGGAGATATAGATATGGCGTTTG(Sal T )
Primer2 CTGGTGGTAGTTCGAAGAGGTCCTTGTCCAC
Primer3 GTGGACAAGGACCTCTTCGAACTACCACCAG
Primer4 CGAGCTCTTAGCAGTCGAAGTACAATTCGAATTCCTGCTG (Sac 1 )
Primer5 GCGTCGACAAGGAGATATAGATATGGCAAAGTACACTAGAG(Sal 1)
Primer6 CGGGATCCATATTGAGACATATACTGTTCGCGCTC ( BamH 1)
Primer7 GGGGTACCTTGACAATTAATCATCGGCTCGTATAATGTGTG (Kpn 1)
Primer8 GGTTTGCTGGTCTAACATATCTATATCTCCTTCATGCAAGCTTGGCGTAATC
Primer9 GATTACGCCAAGCTTGCATGAAGGAGATATAGATATGTTAGACCAGCAAACC
Primer10 CGAGCTCTTACTTATCGTCGTCATCCTTGTAATCTTCAACCGCTTGAGC (Sac 1)
Primerl1 GCGGGCCCCCTCTCGCCTGCCCCAAC (Apa 1)
Primer12 GTTTCAAACGCCATGAGGTCCTCATCTT
Primer13 AAGATGAGGACCTCATGGCGTTTGAAAC
Primer14 GGGGTACCTTAGCAGTCGAAGTACAATTCGAATTCCTG (Kpn 1)
Primer15 GCGGGCCCCCTCTCGCGTGCCCCAAC (Apa 1)
Primer16 TGTACTTTGCCATGAGGTCCTCATCTT
Primer17 AAGATGAGGACCTCATGGCAAAGTACA
Primer18 GGGGTACCTTAATATTGAGACATATACTGTTCGCG(Kpn 1 )

1.2.2  RBEA L-Gln 09355150 A 5 WM& AR HEEAE 20
1.2.2.1 KBEAE P L-Gln B335 41

C. glutamicum WFhFHIEFRH LBG #5372 5L (#4505 5 o/ L, REE A MK 10 o/L, BN 5 o/L, AL AN
5 g/L, BRREFEI P AN 1.5% B IE N ) 3 A2 25 20 L 1) il 2% A H 5 A0 ] LBHIS 5973k (AR 5 o/L,
FALEN 5 o/ L BERHEIY) 2.5 o/L, I OIZ R 18.5 o/L, INALEE 01 o/L, BARKE SR BRI A0 1.5% B B 0g
W) s REERE S (A 100 o/ L, BilREE 70 o/LU7 ") FKH 12 o/ L, BALSN 2 o/ L, BEIR A — 41 8 o/ L,
R — S 2 o/ L, IREE 0.5 o/L, BildE 1| mg/L,2EWE 6 pe/L, L% 0.4 mg/L, PUBNAREH 0.04 mg/L, i
FR870.1 mg/L, BRIR WAL S /L)) . &4 Pmal RYFALE , 22 2FRHAE KBRS 77 36 b REVERR IR , SUAEI S5
FERHT 7RSSR 50 peg/mL B RARE R (Kan) , Ji R 5, 82 20 mL 0y & s g kb flig)
i OD {HZ°H 0.2 MBI K B XE0h G IR A 0.5 mmol/L 1Y IPTG i GS Fik ; A LBt rp | 55
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FRUREE 30 °C, I NH, - H,0 J##% pH, i &K BER IR 3 pH 457 6.0~6.5177".
1.2.2.2 Kb & 09 Fn gk A B oA

PEHL B 4 B BJ1 ( Wild-type/pEKEX2 ) | BJ2 ( Wild-type/pEKEX2-Ptac-ginA™ ) Fl BJ3 ( Wild-type/
pEKEX2-Ptac-glnA™ ) £ & T 5 5 FE h 85 5%, M1 46 9 OD {524 0.2, 7 &K BERT A 32 h, BF% 2 h il — ik OD;
32 h J5, &% 4 b I— OD. FH MRS 5 AR BB A IR 2 ) I SK 1 g 2 A O 3, DU e e 3 9 2 v 3
PN R ik e
1.2.3 BREAERATE ATCC13032 B % 2 4 it 64 %) %A i 3541
1.2.3.1 A AFBERATE ATCC13032 & % A 40 J, 0y 4] %

MA—80 C UKAE TP I R AE BT 2R B C. glutamicum ATCC13032, 76 LBG A 3538 F R0 78
30 CHFEF PRI 24 h. S5, BEBUATE TS 2 4 mL 19 LBG ARRE FE 3R | 7E 30 °C AIFEIR T, 220 r/min £
7716 h. #25% , ¥%4% % 160 mL 1Y LBHIS WA SR 3 F B 1 C. glutamicum 1) ODg, EIXF 0.5 72
A, 5 000 g,4 °C &0 20 min, 3 3, FH 40 mL B9k YA (9 TG 22 vk (1 mmol/L Tris-HCI 28 w1
pH 7.5, 10% Hil) FoKIV% B 109% H 2 55 BETTVE R 2 I, 555 11 500 wL 1Y 109 1 vk v i H b Es
DU, /7% 7E 1.5 mL 19 EP 4 545 100 L, 7E-80 °C vKAH IR fF.
1.2.3.2 ®E#NF &

M—80 CUKFHHU C. glutamicum ATCC13032 R AZ A5 40 L, HCAE VK b fil gl , B o AR i 7 vk I 3%
W1 WL (2 TR 2 Bz S i rh O WRE IR A5 4 G i AR rh I O REA M, A
$E4Y Gene Pulser" B 7,25 F 12.5 kV/em 200 Q; i /57 215582 5] 1.5 mL 9 EP 457, il A 800 plL #Y
LBHIS WA R; F: 5L 46 CKIEH PG 6 min; BTAE 30 °CAYFE IR 200 r/min, 5535 1.5 h J5I& A 7£ LBHIS [#
REEFRIAE 1,30 CTFEiFR 1 d~2 d.

1.2.4 Western blot % & 20 7%& & 9 & ik

FHAEE RS BRBCH SO 41, 2 3 4 mL B9 LBG WA R 3730 (574 50 wg/mL Kan) ,30 C
220 r/min FEZHEFR 12 ho BRI 20 mL B R R R 56D )R ODgy, 4 0.2,30 °C,220 r/min 72
TiRigR 5 OD g (K F) 7~ 10 B, iNA LMK EE 0.5 mmol/L 1 PTG, % Fid 7. B 5 mL 55 4 CF
12 000 5.0 2 min WL, TR 1Y PBS #EIRVERS 2 IR, B¢ J5 HH 200 L PBS i EE AL, A 14.3 mmol/L B-%i
JEZEF1 0.5 mmol/L PMSF J5 HEA T AR . 4 °C7F 12 000 g 25,0 30 min EFRAMIFEH | E I ENTS
TR EFH 2, FHARUE Western blot J7 26 & 4H 26 HyFeik >
1.2.5 B2 Bl B0 By & 71 69 4m)

FEL TG H2 S0 25 () 1.2.4 1) R e e 5 U ( GS ) Tt i X G A Ei 2 7 v GS Tl
1.2.6 HPLC ## L-Gln # =%

ARSZEGVE ] Hypersil NH2 #(4.6x150 mm, HAE 5 pm) , LA ZE-50 mmol/L W2 — V81 2% vl ( FH %
%37 pH (% 4.0) ,70:30 NS ; TN 1.0 mL/min; 22FMEG I N 215 nm; FEE K 40 °C.

2 g5

2.1 EAKHEHNEMEEIEEEENEN

A TR 2 240 L %o A= B i oS e TG T ) B AR bR, AR S0 R i X A A R
PRARFF B A K th £ nyil 2 , vl LIS 2 S 20 BI1.BJ2 BJ3 HEARTEA K Aka 20 p sk a). 4niEl 1(a) Fis,
FA AR ML S & 2 EAARM X IRTE BT SEAHR] , 3% 156 B 52 A SIMIR 2 38 4R AN 2 5% ) 5 21 41 119 1
WA, HALE BJ2.BJ3 7E 4 h~13 h AXTECERK Y] 15 h 25k AFa Sl & 25 R IR BI1 A Xt
BAERIW N 4 h~16 h, 7€ 18 h LUG#E ARSI, 8%, A 47 s S 1l 1) 58 T 2 B Kb s
WA 0.1 mmol/L~1.0 mmol/L IPTG, K MG 1 (a) Frzs , 75 H 4 B A K 28 K i v s 290
7 h~10 h B, i) & s a5 oA 0.5 mmol/L 1 IPTG.

kK B 00 o 5 R o A AW 1) B i S R T A v A Tl R R L PO AR S B R 4 A L A
JE. W 1(b) iR, BT 24 b, BIEIBE) & SR TR, DAIIFESE AT EUE K2 G, IRRR I K THFER
T R IR AERFRETE  7F 24 h B, FRC AR KBRS, M4 M 09 R 2974 30 mmol/L;24 h~60 h, #i%j
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BEI) T REAE PR 60 h I # AT ATE AE I R, R, o T RIE & B R R K B B 4 QI RE % T 78
24 h HIAMINE S B K A2 JF7E 24 h 36 h F148 h 434NN 10 g/ L By %5 24,

60 - - %0 -
50 ,1‘/‘\'!’ ..g 70 —=— B2
r"r g = 60 . --+- BI3
Za . - [renva—
g “f & 5D\ BJ8
S 30 —— BJl £3 40p S e BIO
o 0l i -=- BJ2 § g3 ::.::.:,:'f' .
Vi ke B]3 § B o0l -
s 5§ 10
8 . L | | [ T o=y
0 10 20 30 40 0 24 36 28 P
Time/h Time/h
® (®)

Bl1 ERKMEMEEH/OEERE
Fig.1 Growth curve and the glucose consumption tendency
(a)BJ1.BJ2 #1 BJ3 KIEEE TR e PR A M 2. S BOE 37 IO 3 WO B BB iF A I SR, S W) 4R ODgoo 4 0.2, 75 32 h Z i 5
B 2 h I — YK ODgoo MW EAA , Z )5 B3P 4 b ill—¥X OD {E; (b) BJ2 . BJ3 . BJ8. BI9 35 3= I sk h i (10 2 , I\ 12 h JF AR50 12 h BURE I
— WA i
(a) Growth curve for BJ1,BJ2 and BJ3 cells in MS medium at 30 °C. The overnight culture was diluted to an ODgy of 0.2 in A medium , incu-
bated and ODgywas measured every 2 h( before 32 h) or 4 h(after 32 h) ; (b) The graph shows the consumption rate of glucose by C. glutamicum
ATCC13032 BJ2/BJ3/BJ8/BJ9 through whole fermentation
2.2 AREEEREEHERERN
GS MBS g FH R 5t AR W) HOR 2 B A 77 B 43 B E I 5 Ul ( GS ) Bigs I Gl ke 2 (a) Fi
7N, GS [REE JI7E 60 h AR E. BI2 BES 71 K2y x5 BZH BI1 BEE 709 10 £5 2247, BI3 BTG )
KR35 BJL B 109 5 %74 FEAH TR BJ2, BJ3 #RZAE Prac T /Y, 5 [F1E Pmal 1T ) BJ4,BJ5 1Y
R JIHI L, B2, BI3 (9 GS WIS J1L i i T BJ4 BJS. 45 REM, Bib R # Bacillus subtilis 1) GS 3£ 7
C. glutamicum 1 GS,Ptac % 5335 GS HIRCRARE L Pmal PR GF | v] GE R A 7E 51 20 A8 & IR IR AT 3 10
KBS, AT Pmal B2 G AT A BRSNS 500 11 00 22 250 , 22 2PV IR A RCR AN Uin i 2 B 4
A FRE SRR RCRALIZ AN IPTG &5 HoU, eATEM RS 8 AR TR, AR GS i ) =ik,
BJ2 HBEE 11 RZI0N B3 19 2~3 4% ;BJ4 FI BJ5 AH L, 76 A I R IRES I AHZE T 5,60 h Z )5, BI4 HO T
ETF, BT BIS. 45 R W, EMES sh FAER R, Bacillus subtilis 1 GS BIE 71 8 =, vl RE K A o PR
Bacillus subtilis 1) GS A2 3Z BIR T BEALME RS20, RIS C. glutamicum W GS Shysi Gt fif 1 It AL 19 52l 4

~ H4oor 0 BJl ~ 23007 0 BJl
§ 1200 O B2 55 2 000 O BJ6
S 1000 ® B33 s ® BJ7
£ 800 " 2 1500 -
T 600 W BJS S 1000 W B9
g 400 é “00
L% 200 E
0704 36 48 60 7 0 0 36 48 60
Time/h t/h
(@) (b)

B2 AEE#E GS BEELiEYE
Fig. 2 Catalyzes activity with different promoter and different GS

(a) HUJR B T RHE . BTEEE AL AR BN B S A 20 mL A BEESRIEA) 250 mL AHEZ I ,30 °C,220 r/min 22355597 60 h, pH $ I 7E
6.5, 45 12 h BRI — KA 5 (b) 29 THIFSE VHD 28 FD6T GS B A9 RE M , K087 6635 1L 1Y) BJ6 ~ BJO TR RRE AN I &5 A 20 mL %2 BE S IR HE 1)
250 mL HEJEHiT,30 °C,220 r/min FEFHFF 60 h,pH 5 HI7E 6.5, 5/ 12 h BRI — XS

(a) Cells were grown in 250 mL Erlenmeyer flasks containing 20 mL of MS medium at 30 “C for 60 h with shaking(220 r/min). The data
measured every 12 h. pH was controlled at 6.5; (b) To understand the effect of vgb’s loci on glutamine synthetase activity, BJ6 ~ BJ9 strains were
grown in 250 mL Erlenmeyer flasks containing 20 mL MS medium at 30 C for 60 h with shaking(220 r/min). The data measured every 12 h,pH

was controlled at 6.5
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glnA Tyr405 575 i, Phe405 , A GS B IR I ROCR 4F. L IRATHE Bacillus subtilis 1) GS N FH T4+
RAIRBIRFF M FRIE R G R BEA " L-Gln A1 EE NS MMA.

R T BUE vgb FEFUERAE L-Cln 1Y R EEAE b BAEAER, AT A& T 4 DSEA R, 7 564 4
BJ6.BJ7. .BJ8 FIBJ9(F2). BT Pmal FIVEFIBEA Prac FUREF , K EE BJ6 . BJ7 . BJ8. BJ9 Hif 3%k 4 5 5
FHRIE Prac. BJ6 BJ7 &R BT, RIAREG 5 M 5 BI8 (B9 RS s Fikit, 43wl #ik GS Al VHb, H
H EEAN VHb 2 (X GS BTG S L-Gln P AR, A vgb FEH S (& 2b) , S EAHE GS A
JIBEAG 25 5 0 ELEE S T R, SRR AL BI1 AOBEE ARARL, AR VHD & X GS iR IA A T, 5
FOLREGHE TR, PTRE P Ry —A~ 2 A 1 [ s 2 58 W 0 25 11, 1 LB AT 0 B AH 0 o) DA TG 5 S50 T e
2.3 Western blot ¥ EHE K FRIX

T SR B A DU EE ZH A BJ6 ~ BJ9 H, HAWER T VHD A1 GS BYFRIR NG AL, RATFEA LR T B 9 5
glnA™ glnA™ Fl vgb FIFRILSHIN T Flag—Fr%E (3 1), FH Flag HUAA(1:1000 ) #0520 5 14 1 2 38 7K LA
KAgaE k. & 3 froR,GS Fl VHD 8 I RE IR F iR ik, HICH g, RUIFEE 4T BI6~BJ9 1, GS il
6 TR R R AR Rl — 288K pEKEX2 I, [Ali 2635 2 A~ VHb #1 GS, VHb X} GS BT A 3 il
YEM.

pEKEX2-Ptac- pEKEX2-Ptac- pEKEX2-Ptac- pEKEX2-Ptac-
ginA"-vgb-F glnA®-vgb-F glnA"-F- glnA™-F-
Ptac-vgh-F Ptac-vgh-F

T —
—
— . —

anti-Flag

G o W, 16 kDa

B3 JHZRRFRIEEN
Fig.3 The expression of recombinant protein

Flag bR BRI BI6~BJ9 A9ZE I HRIOR T LS 8 F #3K N5 0L BI6 3K C. gluamicum #) GS FEA VHb HIFLE E 11 (69 kDa)
BJ7 363k Bacillus subtilis #J GS B§H1 VHb fFh4 4 (67 kDa) , BI8 43 3%k C. glutamicum #Y GS (53 kDa) F1 VHb & 14 (16 kDa) ,
BI9 431315 Bacillus subiilis B GS (51 kDa) F1 VHb #H (16 kDa) (3%)

We used Flag antibody to examine fusion expression of the exogenous proteins,BJ6 for the expression of C. glutamicum GS and VHb fusion
proteins( 69 kDa) ,BJ7 for the expression of Bacillus subtilis GS and VHb fusion proteins( 67 kDa) ,BJ8 for GS of C. glutamicum (53 kDa) and
VHb( 16 kDa) ,BJ9 for GS of Bacillus subtilis(51 kDa)and VHb protein( 3 )

24 #5E HPLC MASBEIIXENNEASSRERTELBE™ L-Gn N2

A E2H TR AL T [FIRE B BRI SR A B S T e rh 4 K. 255 HPLC FHAS 2 It e I 4k
&, KEEAE " 60 h 5, FAH B BJ2 ) L-Gln &= fci, 4 32.63 ¢/L(#3) ,BJ3 4 25.7 ¢/L. BJ2 BY/=im kK
2yt BRAL BI1 1Y 3 £i%5, BJ1 197~ 5k 10.13 ¢/L. BALE BI6~BJ9 1 L-Gln L= BJ1 JEAAHH].
REER LI | L-Gln 1572 A1 GS WS S UE LY, H. Bacillus subtilis SRR GS B r= & kb C. glutamicum 1Y
GS AR, R T WA ZA0EA 2hFXF L-Gln P& By 52 0, FA T WA 1 544 & B3 Fl BJ4 1Y A& B
oL A RR Y], L-Gln W77 5 350 & S ar , X R W1 22 2P0 )3 2 7 n] BB SIS T T 7E 48 2 MR B IR AT T4
KL L-Gln, 3X 5 WG 2 v A 1.

Fx3 AEBRNKXERNEEA C. glutamicum #H L-Gln 7= £

Table 3 Production of L-GIn by recombinant C. glutamicum g-L7!
Strains and plasmids L-Glutamine Strains and plasmids L-Glutamine
BJ1(pEKEX2) 10.13 BJ6( pEKEX2-Ptac-glnA™ -vgh-F) 8.99
BJ2( pEKEX2-Ptac-glnA®S) 32.63 BJ7( pEKEX2-Ptac-glnA®S -ugh-F) 15.41
BJ3( pEKEX2-Ptac-glnA™ ) 25.77 BJ8( pEKEX2-Ptac-glnA™ -F-Ptac-vgb-F) 10.13
BJ4( pEKEX2-Pmal-glnA®) 9.57 BJ9( pEKEX2-Ptac-glnA® -F-Ptac-vgh-F) 12.77
BJ5( pEKEX2-Pmal-glnA™ ) 9.89
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Fig. 4 HPLC analysis of commercial glutamine

HPLC #2454 Agilent 1260 Infinity ; (1% 5% 4F 9 (35 4% . Hypersil NH, £ (4.6x150 mm,5 wm) ; FEhA : 205 -l — S0 2% b
(50 mmol/L,pH 4.0) ; ik : 1.0 mL/min, 8% : 215 nm. (a) L-Gln A5 & H 0B FE] 11.421 min, L-Gln FR7E S B9 E N 2 mmol/L.
(b)HPLC K T 20 14 BI2 KEGH KL, R IERTI] 46 h, MM ] 11.419 min, BEGHEE N 2 mmol/L

The reactions catalyzed by C. glutamicum were monitored by HPLC according to a known protocol with modifications. Briefly, HPLC analysis
was carried out using an Agilent 1260 Infinitysystem with the Hypersil NH, column(4.6X150 mm,5 pm) at a flow rate of 1.0 mL/min. The mobile
phase was a mixture of acetonitrile-KH, PO, (50 mmol/L,pH 4.0). Production of L-Gln was detected by UV absorbance at 215 nm. The retention

of L-GIn was around 11.421 min,the concentration of L-Gln standard was 2 mmol/L. (b) The production of L-GIn of recombinant strain BJ2 for

46 h was monitored by HPLC and the retention of L-Gln of BJ2 was around 11.419 min,the concentration of L-GIn of BJ2 was 2 mmol/L
v \A
3 Wi

A5 He3sE Pmal A1 Ptac W Ml—AN 858 H F 725 IR PR IRAT T A K38 R b ik GS. W Pmal 3
iK GS, & Z B SCHk A R IE IS A (H 2R 5 0% Pmal I 8EE 7E5E R0k GS M FE ih & HE58 5 3h 7 i/
FH, ATRER N & Pmal B EZH TR BJ4 \BJS HYRE L rh Al FH A BRI 22 2R 0. DROR il Rl , 2> A Se
A, 2 A SC R, B LA B4 BIS (55 77 SL R0 JE AN S0 1 00 22 250 & Prac B F 41T BJ2.
BJ3.BJ6~BJ9 FH IPTG i 33, 3 HAATEVE B IR. 22 2 A0 A ) f0 2 | 460 20 W 2 s RURR VR, 22
ZERH R BRI, TR AR A= K 8 5 R e R P A A T B8 SR T B AR B4 AR R P B B
SBAE S Pmal 4T 20 T8 9 55 37 B b B A A VE R U, Pmal 7T E R REAR L7 0358 S 3635 GS, PR I A SE 86 0F
FEAE SRR, Prac Ht Pmal BE B4 76 45 SRR ERARAT 1 Hh Fab A i GS AR 7.

KIET Bacillus subtilis B GS BIG J18 T C. glutamicum W) GS RARK A 5 E— 18 1 3L TR By
AR KA 7= L-Gln 5T AR 47 B Al 4.

FE R BRI RTIVIB B B R 5 bt o, & F RS S K, AR TR A K KB, B & i ad o, B
IREUREEA K AT TA AT =4 3 BT AAR SCE0 R BRI RN 5 58, A R T R A = i FRL .

BJ6~BJ9 JIA vgb FERG , GS MRS 1 St B, vl BEDR 7 Rl — 84k L, [Fpd 363k 2 AN E L2 A
FLE ARSI, S50 GS BEE R, b T REZE EE4LR P &% VHD IZhRE, 7645 BOBFE b, ol e vgb DK
RS C. glutamicum ATCC13032 fR3E R 2H v ) b T A i) A 4K B -4 S I i 114 S 1 2 7 B2 31
FOR B A2 A .
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