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Efficient Synthesis of L-Glutamine by Corynebacterium glutamicum
Promoted via Rational Metabolic Engineering

QIAO Zhina, LYU Qinglan, LI Xiangfei, WANG Qing, XU Meijuan, RAQO Zhiming
(School of Biotechnology, Jiangnan University, Wuxi 214122, China)

Abstract. L-glutamine is the most abundant semi-essential amino acid in human fluids. It has a
variety of nutritional and pharmacological functions and is widely used in medicine, food additives,
nutritional health products, feed and other fields. At present, microbial fermentation is the main
method to produce L-Gln, but its industrial application is seriously limited by the problems of low
fermentation acid production efficiency, many by-products, and lack of bacterial performance. In
order to solve those problems, the L-Gln production strain CGQO3 constructed early in our laboratory
was used as the starting strain in this study. The synthesis of precursor L-glutamate was promoted by
enhancing the expression of glutamate dehydrogenase and the supply of cofactor NADPH. The yield
of L-GIn production was increased by enhancing the intracellular content of cofactor ATP,

overexpressing the dissolved oxygen-related protein VHb to improve the oxygen carrying capacity of
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cells, enhancing the catalytic activity of key enzyme glutamine synthetase, and optimizing the

fermentation process. The final genetically engineered strain CGQO8/pDXW10-glnA *-gdh® was
fed-batch fermented in a 5 L fermenter for 66 h, and the yield of L-Gln was up to (94.5+1.8) g/L, with
the sugar-acid conversion rate of 34.8% and the production intensity of 1.43 g/ (L-h). This study could

provide an important reference for the industrial production of L-Gln and its related compounds.

Keywords: L-glutamine, Corynebacterium glutamicum, glutamine synthase, NADPH supply, ATP

supply, fermentation process optimization
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FERATEEIR E L-Gln Tl Ak = B S AR X,

75 & TR B AT 2 FDA NIE B & e
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RS —glnA* —ppk®™ F1 Jiz ki pJC1 —tac —vgb .pDXW10,
pK18mobsacB : ¥ A V525 FIT 12 52 50 28 TR
1.1.2 XA S ICHEE PhantaR Max (p515) DNA
polymerases , [r] ¥ 5 20 % #2120 57 & . 2xEx Taq DNA
RA WG W T r o v MERE AR MR A IR R BRI
N U1 . DNA Marker 85 15 Marker , K % T 154 /8%
ZAH AT & W A Takara 28 7] 15 32 IE T OB .
W T E 2 A
1.1.3 34K LB} 5L NaCl 10 /L & F1 K 10
o/l BERERY 5 ofL, AR F5 L 7R N 1.5~2.0 g/dL
M BEHE A 5 10%1LBGS H5 95 4k . LB ¥ 3R 5L | w48 5
/L HEA 100 o/L; BHI X5 5% 5 . ik .0 IR WA v T8
38.5 /L, [EREEFREEM TSN 1.5~2.0 g/dL /) B g
B3 5 4% 2 TR M AT 1T F A SR 2 8 15 3R 55 . NaCll 10 ¢/LL.,
FEEWF 10 oL Bk 5 oL E S o/l H &%
30 g/L. i 80 fAFH 434 0.2% ; B+ 15 57 ik . 45
B 30 /L JR % 6 ¢/l MgSO0, 0.5 ¢/l KH,PO, 0.5 ¢/L.,
Tk 30 mL, WItH pH 7.0; KEEEFEAEL. A4 b
120 o/L B R B 40 /L JRE 2 ¢/L. MgS0, 0.5 ¢/L,
ZnS0, -7TH,0 71.2 mg/L. FeSO, -7H,0 146.4 mg/L. |
MnSO,+H,0 44.8 mg/L . L-JiZ % 0.5 ¢/L.. E K 10
mL, ¥4 pH 7.0 FEIH & IERG 95 5L . R W RG 37 B b
A 30 g/L CaCO; F1 0.1% 7 My £L 5 Wk (2. (4,5, 22 4,
JLIE N 6.8~8.4, B B 20 ), T pH J& ¥ ; #h R} 85
FrHk 1.800 o/L A0 ; #MEHEFREL 2. KK 50
mL K,HPO, 12.5 ¢/L. MgSO, 5 ¢/L &% 200 ¢/L,
1.2 XWH*
121 FTaRkaHhE

1) pK18mobsacB #& & Bk kg & DIAG # i
KL pK18—P,,—vgb N4 . FI 51 % 31/51 %) 32 M\
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B Py G 8740, RIS 33/5149) 34 N JBTk:
pJCl-tac—vgh ™4 3 3 VS I [ U508 A vgh FEI, 43
S LA 51 29/51 9 30 #1514 35/51% 36 A CGQO3
BEDRVZH h 1 1 4 5 R R % A2 I GInE LR ginE
Ty Bl e 7 o5, A2 AT AR I RV (9 R i 500
bp, SRJE M54 29/51%) 36 17 & WA PCR, fil
AR BES % EcoR T M BamH 1 18 1k 19 2% M f kL
pK18mobsacB #t 17 [m] J5 B 44 4K 154 Joi kL pK18—P,5—
vgb. 2 Jit ki pK18 -P,, —icd .pK18 -P,,, —gapA .
pK18-P,,—gapAm .pK18-P,,—pyk 1 pK18-P,,.—pgk
[) A A< I R JH TR S SE AR PCR 1 5 ik F A7 44 1
(gapAm WY BERNCN AF ZIRR A 7 Bk C. glutamicum
GOl JEPAH , A JE 4L P & B gapA 5 K Y 1%
7 8 & 4 A% A8 7 s D35G L36R \T37K Fi
P192S),

2) pDXW10 & 33k Bk iy - 43 51 L 41 i
L pXMJ19-R5-glnA*—ppk®™ F1 C. glutamicum ATCC
13032 K& PH 4 R AR, A 5190 37/51 %) 38 .51
40/51%) 42 HE4T PCR 47 14 3RAT U 0 7] J508F 1) glnA >
Il gdh BN R B, gifb s 20 315 4 Hind 111 Al
EcoR 1 i V] 1Y) pDXW 10 £& 4 b Jo ok 47 [] 5 7 21
HAE . T A 3RS pDXW10-glnA* F1 pDXW10-
gdh®,

20 KL pDXW 10—glnA *—gdh () 8 ] 2 L)
4 JFK pDXW10—glnA> Fil pDXW10-gdh® A 5
M, R B 37/51 9 39 ME51Y 41/519) 42 #E17
PCR 4" 84 AR A5 V5 I W) J5 R 1) glnA S FNE tacM i 3
T gdh® B A B BB M 518 37/519) 42 38
it 5 & E i PCR P2 5K M4~ DNA JrBel G, 2lifk
J5 1) glnA>—gdh® il & i B 5 28 Hind 111 Fl EcoR 1
it DI i) pDXW 10 2 Ak SRz 347 1] 5 5 4 3% 42

&1 AHRAMASY
Table 1 Primers in this study

Bk 514 24 75

pK18-P,,~icd-LF
pK18-P,—icd-LR
pK18-P,—icd-MF
pK18-P,,~icd-MR
pK18-P,,~icd-RF
pK18-P,,—icd-RR
pK18-P,,—gapA -LF

N O AW =

514175

CAGGTCGACTCTAGAGGATCCGCGCGCATCCTCGAAGACCTCG (BamH 1)
AGCATCGATCGCCCACGTGAGTCTCCTTGGTTGATG
CATCAACCAAGGAGACTCACGTGGGCGATCGATGCT
CCAGATGATCTTAGCCATGCCGTACTCCTTGGAGAT
ATCTCCAAGGAGTACGGCATGGCTAAGATCATCTGG
TATGACCATGATTACGAATTCGAATCTGCAGACCACTCGCCCA (EcoR 1)
CAGGTCGACTCTAGAGGATCCTCGCAGCCGGCGGCCTTTCAAC (BamH 1)
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pK18-P,,—gapA-LR
pK18-P,,—gapA -MF
pK18-P,,~gapA-MR
pK18-P,,—gapA -RF
pK18-P,,—gapA -RR
pK18-AproB-1F
pK18-AproB-P,,—1R
pK18-AproB-P,,—2F
pK18-P,,—pyk-2R
pK18-P,,—pyk-3F
pK18-pyk-AproB-3R
pK18-pyk—AproB—-4F
pK18-AproB-4R
pK18-ANcgli221-1F
pK18-ANcgl1221-P 4~1R
PK18-ANcgl1221-P,,~2F
pK18-P,,—pgh—2R
pK18-P,,—pgk-3F
pK18-pgk—ANcgl1221-3R
pK18-pgh—ANcgl1221-4F
pK18-ANcgl1221-4R
pK18-AglnE-1F
pK18-AginE-P,,~1R
pK18-AglnE-P,,—2F
pK18-P,,,—vgb-2R
pK18-P,,~vgh-3F
pK18-vgh—AglnE-3R
pK18-vgh-AglnE-4F
pK18-AginE-4R
pDXW10-glnA*~LF
pDXW10-glnA*-R
pDXW10-glnA S—LR
pDXW10—gdh®F
pDXW10-gdh“-RF
pDXW10-gdh®RR

pDXW10-F/R
pK18-F/R

AGCATCGATCGCCCACGTAAAAAGTCCTTCACTGAC
GTCAGTGAAGGACTTTTTACGTGGGCGATCGATGCT
CTTGTGGTTGTGCGTCATGCCGTACTCCTTGGAGAT
ATCTCCAAGGAGTACGGCATGACGCACAACCACAAG
TATGACCATGATTACGAATTCACCAGGTCTTCTTCACCATTTT (EcoR 1)
CAGGTCGACTCTAGAGGATCCAACCGAGCACTTTTCAGGTCTA (BamH 1)
AGCATCGATCGCCCACGTGCATGAGGTGAACTTGCC
GGCAAGTTCACCTCATGCACGTGGGCGATCGATGCT
CTTAGTTCGTCTATCCATGCCGTACTCCTTGGAGAT
ATCTCCAAGGAGTACGGCATGGATAGACGAACTAAG
CCGCTCATCGAGTCGGATCTTAGAGCTTTGCAATCCTTG
CAAGGATTGCAAAGCTCTAAGATCCGACTCGATGACGG
TATGACCATGATTACGAATTCGAGGCCTGCACGAACTTGATGT(EcoR 1)
CAGGTCGACTCTAGAGGATCCAAATTCCCACCCCCAAAACTCC (BamH 1)
AGCATCGATCGCCCACGTTCACCCACGCCGAATTGC
GCAATTCGGCGCTGGGTGAACGTGGGCGATCGATGCT
GAGGGTCTTAACAGCCATGCCGTACTCCTTGGAGAT
ATCTCCAAGGAGTACGGCATGGCTGTTAAGACCCTC
CAACAGGGACGTGCTCATTTACTGAGCGAGAATTGC
GCAATTCTCGCTCAGTAAATGAGCACGTCCCTGTTG
TATGACCATGATTACGAATTCTGGGTGAAATTTTTCGGAAAGC(EcoR 1)
CAGGTCGACTCTAGAGGATCCTTGATCAAGAGATTCGCCAGGA (BamH 1)
AGCATCGATCGCCCACGTTGAATCAACCGGCTTTTC
GAAAAGCCGGTTGATTCAACGTGGGCGATCGATGCT
GGTTTGCTGGTCTAACATGCCGTACTCCTTGGAGAT
ATCTCCAAGGAGTACGGCATGTTAGACCAGCAAACC
CGGCTACCGGCTCGCATATTATTCAACCGCTTGAGC
GCTCAAGCGGTTGAATAATATGCGAGCCGGTAGCCG
TATGACCATGATTACGAATTCCGACGTATTGTGCAGCTCCGGA (EcoR 1)
TTCACACAGGAAACAGAATTCAGGAGGAGGGTTATTAGATGGC (EcoR 1)
CATCCGCCAAAACAGAAGCTTTTATGAAGATTCTCTTTCAAAT (Hind 1)
GATAAGCTCCTTATGAAGATTCTCTTTCAA

TTCACACAGGAAACAGAATTCAGGAGGAGGGTTATTAGATGACAGTTGATGAGCAGGTCTC
(EcoR T)

ATCTTCATAAGGAGCTTATCGACTGCACGG
CATCCGCCAAAACAGAAGCTTTTAGATGACGCCCTGTGCCAGC (Hind 1II)
GACAGTTTTATTGTTCATGA/TGGGGTCAGGTGGGACCACC
GCGGATAACAATTTCACACAGGAAAC/GTTTTCCCAGTCACGACGTTG

T T R0 R BRI PR T D) 407 8BRS 278 RBS 7471

122 Ea@kHEL R

1) KGR BRI E  E.coli ]M109 H fL b B Ak F V% PCR BT 514 3@ FH 5190 (519
T % & K pKl18mobsacB .pDXW10 —glnA* 43 B 44), SR INGE 4 TE R Y BI h BH P AL T
pDXW10—gdh® F1 pDXW 10-glnA ¥ —gdh® 15 - 1 . BRI 5G Ak 7 JEAT 9 38 35 R 00 4 OBk 6 4 v (vh

B 1.2.1 B3 (03 35 7= W) AL e 22 R A 1 2 25 4
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[, J7 M) Sanger M, W 7 56 4= 1E 6 BY K% #F 56 &
ZH TR ARG L)

2) BARBEATH T L RBEROEE K
A pDXW10-glnA ¥ pDXW10-gdh® FipDXW10-
glnA ¥ —gdh H 20 JiURL HL % 28 4% 2 IR W AT TR 2 A8
Y f v BREBUE & IE 00 0 546+ R 519 43 dEt7
B 7% PCR B, 4571 K/ IE B B 3 20 7% S R AR AT B4
PR

3) BREMRBEF P ILF LS HRME
DU IE 80 0 & 8 A R B pKI18 JBUkE HL 5% A 43 24 1R
BT R A7 A5 40 B, L AAR T 246 7 vk 2 RSk 14, 5
WEFT S R 519 15190 6 5190 7/51%0 12 514
13/514 20 5149 21/514) 28 1514 29/5149) 36,
123 Eeyis 5 &k GS M GDH By i 5 £k
J5 4% 8 S B SCHR 157 60T
124 FABHREH

1) AR B8 2 R EFF T BHL P
M b HEAT Z2 IR Ak, e B OSCHR[ 14 B 38 % 8%y 95 1F
TTHRI R %

2) 5 LOREEREAME L R BE 4% RSk 1457

W RIATFE R S L R BERE (oK, -
T ) AR R 8 b R I R P pH(E A R 2
3 [ 3 L5 EL 509%/100% K LB , i)
73R B 40 i A K38 (0~20 h)pH (E 3 E o 7.0~
7.2; 7R (20 h X DLJE ) ff pH BARA T2 6.2 IF
Ae+F pH fEE WAy SR I8 A 6] 1 7 22 047
WE,
1.2.5 AaX Adom e AR A B GS B v
B 2 2 BESCIR[ 14109 77 75 5 4 208 i 2 B GDH
T R 2 B SCHR[16]; LN NADPH/NADP 22 R
NADP *NADPH Quantification
(BioVision, Inc., Milpitas, CA ) i 71 & il & U7 Jfd 4
ATP & 52007 R H ATP 12057 &9,

% W 3 P T R B ODgy 18 1 UV-VIS 40566
BT (Aoesh, T [ ) I %2 45 25 B AR P29 L-4%
G I A WAL S SBA—40E (1L R B B2 Be B9
WF 5% BT ) W 5E L -Gln F &l ok = 20 AH 3
HPLC-OPA 75 21,

RN

21 GEUEE L-BEEERERZREE L-Gln
L-B AR e L-Gln A=Y 6 B B2 TR R

Colorimetric  Kit

A2 T A S 56 25 i 09 3 2o R A SR G o 0 1B AR
F NCel1221 3/ T L-4 2R 0 40 ARt 345 1
M - &R R, W% T L-Gln Y4 R,
B RN A GDH 1E R L-47 2R & A G 5l il
HA Al a—BR % R AR L% E R A R e Y
FEH P F NADPH,,

RUEADT % & B0, 3l 3 ) B R 4 % 4 000
AU 58 RBS J¥ 51 I8 ¥ 6 2 A 45 H 5 #4 i§ PGL
(pai 4 Ti) BEAS W 2 52 5 N NADPH (97K F-, fie 3
LK AR AR e S0 EMP & 12, e 7F —
SE R L2 40 40 i A A K09 1T Zhang 25 PR 5Y
KB, oA NADP S Y S5 Fr A e 6 =08 1CD (ied
i B ) F1HE IS 3 R i U GAPDH (gapA ) #23k
F, AT & C. glutamicum ML Y NADPH 7K F-Jf i
HE 5—F B —y— Wi SRR (M)A W, HLAS 23 52 ) 241 i A= 40
i, Shang SFPURFSE &I, LA B F P, R GA
SR H P, 2 1.35 45 B IL, A 5% T o Ak 3 1R
PR BEH Py R8T

it — LRI N -8 2R &, 7E CGQO3
() 3 Al 1, AT 4k 28 S B F P, ¥4k ICD Al
GAPDH M3k, IF¥% 4 A~ =7 45 D35G L36R |
T37K 1 P192S # 4 %] GAPDH | (GAPDHm) , 43 %
T TR CGQ04,.CGQO5 Fil CGQO6, LK 1,

pgk

CGQo4 ——E-— SR

ICD

SR

P k
CGQ06—_—|: |.gapAm-:

ICD GAPDHm

1 EBE#k CGQ04.CGQO5 1 CGQO6 HE R EE
Fig. 1 Schematic diagram of the construction of strains
CGQO04, CGQO5 and CGQO6
i oE I AE TR R CGQO4,CGQO5 FI CGQO6 Jifd i
NADPH 1Y i & B /K ¥k B2 & 3, CGQO5 .CGQO6 FI
CGQO7 Mg NADPH iz 5 J58 /R vk B 34 7 £ &, 43 5
7(0.78+0.05) . (0.92+0.04) . (0.98+0.06) pmol/g., H
i CGQO7 MW NADPH JiT i B /K ¥k 5 45 CGQO4 11y
(0.62+0.02) pmol/g #27 T 58.06% , Ui ICD FI
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GAPDH 13 fb BE WS AL E il N NADPH 97K F, 4%
IR A GDH #2407 4= iy Bl K5

PEOM & W A5 R UL K 2, CGQO4.CGQO5 Al
CGQO6 FAZ L-Gln /KB Mg, 43514 38.1 /L.,
38.4 o/L F1 39.3 ofL, H 201 A 1y £ LA Ko ) % 0 )
RIEARBAARK,

50r
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& 10t

~
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t/h

(a) L-1¥ 2 Wi i AR it
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(b) 25 FEH %

A 2B TR R /(g/L)
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(=)
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—=-CGQO3
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(o) WA KHEZ0D,
2 &4 NADPH i % GDH %i£EXf L-Gln & BRI %M
Fig. 2 Effects of enhanced NADPH supply and GDH
expression on L—GlIn synthesis

T fE CGQO6 iy I 14 5 GDH % ik , 4%
pDXW10-gdh® Jit ki L5 CGQO6 I~z 45  fg gt T &
Bk CGQO6/pDXW10-gdh®, SDS-PAGE 437 #l
NN GDH R I E 25 R 7, 1E 49 000 B i Ay
Sty L, BP CeGDH BG 1) =ik, WL I 3, H A% K
(275.42+2.54) U/mg, FEIMH KL EE 60 h,L-Gln =& ik

F (42.8+2.3) ¢/L, PR K K 4G M FE AR fb R
Ko UL 25 R W] s Ak it oy i 5 NADPH 47 &
GDH 235 AE % 3 50 B 1A L—725 202 1Y M 9 AR BT
{3t L-Gln W& 1,

180 000—
140 000—
100 000—

75 000—
65 000 —

45000—

35000—

25 000—

M: [ fiMarker; ¥kiti1: CGQO6/pDXW 10-gdh T AAN BUMAE -3 s
VKiE2: CGQO6/pDXW 10-gdh =1 #k 41 M i i T3¢ s Ik 18 3
CGQO6/pDXW 10 R KRN LA 1359 o

3 CGQO6/pDXW10-gdh® E# SDS-PAGE 4 #f
Fig. 3 SDS-PAGE analysis of strain CGQ06/pDXW10-
gdh®

22 EIEMK ATP AR # L-Gln &K

ATP ALRE 2y 240 M A= A B2 RE & | W] ) s 23 52
W M9 T i 0 £ 1) TR, DT 52 el 7= ) A AR 5
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