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RO N E— AR LR G T SRR T ERERILAE, HBRABRBATR RN TARZGERE T 20Kk,

AR BBEAE, SRB, LB T A, o-FX =87 L, CRISPR/ACas9, AZABIK 4 A 1% & 41k

Effect of key notes of TCA cycle on L-glutamate production
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Abstract:  Glutamic acid is an important amino acid with wide range of applications and huge market demand. Therefore, by
performing transcriptome sequencing and re-sequencing analysis on Corynebacterium glutamicum EO01 and high
glutamate-producing strain C. glutamicum GO01, we identified and selected genes with significant differences in transcription
and gene levels in the central metabolic pathway that may have greatly influenced glutamate synthesis and further increased
glutamic acid yield. The oxaloacetate node and a-ketoglutarate node play an important role in glutamate synthesis. The
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oxaloacetate node and o-ketoglutarate node were studied to explore effect on glutamate production. Based on the integrated
strain constructed from the above experimental results, the growth rate in a 5-L fermenter was slightly lower than that of the
original strain, but the glutamic acid yield after 48 h reached (136.1+5.53) g/L, higher than the original strain (93.53+4.52) g/L,
an increase by 45.5%; sugar-acid conversion rate reached 58.9%, an increase of 13.7% compared to 45.2% of the original
strain. The application of the above experimental strategy improved the glutamic acid yield and the sugar-acid conversion rate,

and provided a theoretical basis for the metabolic engineering of Corynebacterium glutamicum.
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Fig. 1 Glutamate biosynthetic pathway in C. glutamicum.
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Table 1 Primes used in this research

BA PR R T RNA-seq F1E I T 4317

15 FHEHMMESRIX
151 IREEHRMHEREGRE

L C. glutamicum GOZ1 JEPH 2 At , LA
S kR PCR 93845 & 2L K By, iR S
22 EcoR I Ml Hind TG VI 4R45 1Y pDXW-10 £k 14
AR T FIR A, %3 W5 Ak
E. coli BL21(DE3). ffiit/5, #REEA KT
PCR BiiE, 3% 75 4 MER AT BRAA /A 700 5 431

Primer name

Primer sequence (5'-3')

Restriction site

pDXW-10-ppc-F  TTCACACAGGAAACAGAATTC-Sequence of Synthetic EcoR I
RBS-ATGACTGATTTTTTACGCGATGACA
Sequence of Synthetic RBS
1: AAAGGAGGTGCGC
2: AAAGGAGTTGCTT
3: AAAGGAGCGGTCC
4: AAAGGAGGGAAATC
5: AAAGGAGGTTGTC
6: AAAGGAGGCTACT
pDXW-10-ppc-R  CATCCGCCAAAACAGAAGCTTTTAGCCGGAGTTGCGCAGCGCA Hind IIT
pDXW-10-gltA-F  TTCACACAGGAAACAGAATTCAAAGGAGGGAAATCATGAGTGACAGCCAAGTC EcoR I
CGCAAAGGACTC
pDXW-10-gItA-R  CATCCGCCAAAACAGAAGCTTTTAGGTTCTCTCCGAAATGGGC Hind III
pDXW-10-icd-F TTCACACAGGAAACAGAATTCAAAGGAGGGAAATCATGGCTAAGATCATCTGG EcoR |
ACCCGCACCGAC
pDXW-10-icd-R CATCCGCCAAAACAGAAGCTTTTACTTCTTCAGTGCGTCAACG Hind III
dCas9-F AGGAAACAGACCATGGAATTCAAAGGAGGACAACTAATGGATAAAAAGTATTC EcoR |
CATTGGCCTGGCA
dCas9-Py.-R1 TGCACCGTGCAGTCGTTAGTCGCCACCCAG
sgRNA-F AGGAAACAGACCATGGAATTC-N20-GTTTTAGAGCTAGAAATAGCAAGTTAAAA EcoR I
TAAGGCTAGTCC
N20 Sequences:
1-TAGTACTCGGAGCCGGCCCC
2-CGGATGCACGACAATGACCC
3-ACACCTGCATTTCTGTGCCC
4-AAACACGTATCCTTGAATGC
5-ATGGAAAACCAACCGCACCC
sgRNA-R TCCGCCAAAACAGCCAAGCTTAAAAAAGCACCGACCGACTCGGTGCCACTTTTT Hind III
CAAGTTGATAACGGACTAGCCTTATTT
dCas9-Py-F1 CTGGGTGGCGACTAACGACTGCACGGTGCA
dCas9-Py.-R TCCGCCAAAACAGCCAAGCTTAAAAAAGCACCGACCGACTCGG Hind III
16S rRNA F GCCCAGGTAAGGTTCTT
16S rRNA R GGTGTAGCGGTGAAATGC
Ipd F CGTTGGAGGCGTTCATTA
Ipd R GGAGACTTCAGCATCTTCAT

Note: the underlined line indicates the restriction site, the bold is the RBS sequence.
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U9 UE 1F B 19 #5 B4 Bk o il L% C. glutamicum
GO1, WA RARE R AR Tk, S0k (EAf Y T
MR T4 o

P A 1 45 AL A RO FE I R Ak
C. glutamicum GO1 7¢ LBG A& -4 b X<k id 1k
5, PRBUARTEHEA 10 mL LBG WA/, T
30 'C.180 r/min §53% 16-24 h J5fi 1% Rp R 1
% 50 mL LBG WA EF 2, 30 C. 180 r/min 1557
4-5 hJ5, Wi IPTG 2L N 0.5 mmol/L, 4
2% 30 C. 180 r/min Tk 8-12 h )5, 4 C
TELDUCR TR . AR Ao 5 PBS 42
YR (0.1 mol/L, pH 7.4) Y% 2 K5, HHEIF
T PBS Zenpit, IR AR E —BUTELL T,
FH R 75 B RSB R , BRI AE 4 °C T 5.0 20 min,
W i, HE1T SDS-PAGE 43, P S-HLG
T 5 2 I Tl I D
152 WSERRIHE

DL i ki pFSC-dCas9 A ## )t , dCas9-F #lI
dCas9-Py-R1 A5 ¥ iE1T PCR, §74 Hh 1% Prac #0453
Fr Bty dCas9 KL H B .

PR 1 g5 (519 B AEE) PCR 974
PAF AR N20 FEFHY sgRNA F B, BE RN E 5
25 EcOR | MU 351 pFST LM AL AR IEA T [F) Y
HBEPI PI935 AL E. coli BL21(DE3).
Lk s, PRI R T PCR B, ff 4
K5y Bl 44 N pFST-S1, pFST-S2 ., pFST-S3 ., pFST-S4
I pFST-S5, RIR[A] sgRNA ZiAckise i,

Z 5 VA Prac 73 i B dCas9 BL[A B Al
pFST-S1 (pFST-S2. pFST-S3. pFST-S4. pFST-S5)
L FOR AR TRA PCRI 6755 dCas9-Py.-
sgRNA RELA R B, PG & a BS54
EcoR [ FlHind TIIAFYIZRAS Y pFST Lt A kit
FiRR AL b 2 E. coli BL21(DE3). i
Wie, $RBGEA R PCR BIF, W E 4Lk
4y 5 iy 4 4 pFST-dCas9-S1 . pFST-dCas9-S2 .
pFST-dCas9-S3 . pFST-dCas9-S4 Fl pFST-dCas9-S5.

% : 010-64807509

% JF ki pFST-dCas9-S1 . pFST-dCas9-S2 .
pFST-dCas9-S3., pFST-dCas9-S4 Fl pFST-dCas9-S5
73 C. glutamicum EO1, fifi 46 i %6 1k 1F 4 Y
HE R Bl a4 CG1,CG2, CG3, CG4 #l CG5.

1.6 +HKERHYEGE N E

Tt R s X, P T T R0 Tl it 0 U+ SR PSR
i ot SR B T I 7, T A U AE 30 C TR B4y
B4k 1 pmol NADH I ity 1 Ul

FrAE IR BRI I E - @ 4L 5,5 - AL (2-
FHEA I R) W 7E 412 nm R AIOBAET.

S A T G T T S N . WS T e K
30 CF &SRS NADP ™/ 1 pmol
NADPH fir i it i

LPD BEHE AYIE : T 30 CF kAT, B 5 min
SEER 1R, LRI 15 min, FETEVERAA S SURTE
R RN A5 R B AR AE 1 umol NADH T iy
Bl 1 Ul
1.7 RT-gPCR

WA R SR 2B B 4 L, AR 48 FastPure
Cell/Tissue Total RNA Isolation Kit ft i F it HH 45
F2HL RNA., ffi ] HiScript Q Setect RT SuperMix for
gPCR i) 4, % RNA (1 ng) %% cDNA. f#
ABI QuantStudio™ 3D i1 5L PCR &7 #). X
MIEEY) (20 uL) %4 10 uL 2xChamQ Universal
SYBR gPCR Master Mix f14% 0.4 pL JEH (1) T it
1% (1), LI RNase-free ddH,0 1 Ky [ YL % IE
B iE Mix FG 1A Joi5 9 . LISEF 4] DNA fE 4 FH
PEXTHR, DR UFHRHUA cDNA A JEi5 4L,
1.8 EHEHAZE

PR 2 ARG f T, BREBCA B 75 2 4 A&
10 mL A 7153380 50 mL #EIiH, 30 C.
180 r/min #ZKH55% 24 h & ODgoo 294 20.0 1EH
— R F I .10 mL — Rl 44 A& 200 mL
FhFREFRILM 1.0 L Pt =kt , 30 C.
180 r/min #&AK ;3R 18 h & ODggo 29 30.0 1E N
TYF T R T AT ACEG 2.0 L ZRER

. cjb@im.ac.cn



2118 ISSN 1000-3061 CN 11-1998/Q A4 T #£244f  Chin J Biotech

FRILN) 5 L LR . KRR BERIE 30 C, fiE
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Fig. 2 Difference map of gene expression in central
metabolic pathway.
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Table 2 Re-sequencing alignment results
Genes C. glutamicum G01
Ipd K67R, 1108T, L1221, T125A, 1134T, D154E,
F162Y, E295D, D305P, T341A, S359F, E370Q
icd 1372V

gltA AAT, S79C, S156T, A243E, A252D

ppc Q14R, Y85H, G241D, E267G, H274R, K303E,
A310E, K383T, A408S, A433T, A441E, Q542R,
D549G, R634K, A704T, L773F, T829R, R840H

VL b oM i 22 Sk K 3 247 T TCA Jg#h
BLRE R SR o SRR AR AL, AT,
X AT AT SRR LE M BN .3 I Thp
THESE o

22 BRIV SAEHSIBRETENME

B 2R OAA 7 RUTEA E IR & s A h 4 1
HEEME, NI, IR OAA 1T H AL K
SR RKE 4 %4 T 280 ppe F gitA JERIAE
C. glutamicum GO1 HrXt Az 7" 43 2 W2 i 52 i) B A
2.2.1 C. glutamicum G01/pDXW-10-ppc F¥k IS
B S0 E

H5E, HSHECER[22) PR BTE RBS ¥
ST ppe BRI RIS, WHEEAF RBS ¥
Y1y PEPC i F iKW (GO1-ppel. GOl-ppc2.
GO01-ppc3. GO1-ppcd. GO1-ppc5 F11 GO1-ppe6, Jit
AT GO1 £7R), Wik PEPC Ji TG /K- LA &
i RBS J#41.,

BRI E 55 o, GO1-pped FEkERY PEPC G
(172.89+7.23) U/mL, #JFURTERY (38.52+2.87) U/mL
RET 3.54% (K 3), RBS-4 J¥ 4l () R BHOER
UF o >R RBS-4 Jy 4 44t (Y 20 TE bk A 44 h
C. glutamicum GO1/pDXW-10-ppc, RBS-4 J3:414
T AL R i ik
2.2.2 C.glutamicum G01/pDXW-10-gltA BikkEHa
g, RESHENE

¥ RBS-4 FH T gltA JER ARG Fi5, PCR
YK RE AA B, SR/ 1146 bp, 5
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gitA &[] R/NA A7, BPB & C. glutamicum
GO01/pDXW-10-gItA #EJ AL E o FEFE il e AR vk i —
HHEMTF, C. glutamicum GO1/pDXW-10-gltA %
Phrp CS MRk 4 I 5 TR RETE R, HA/ MY
“k 42.6 kDa, HJ} CS £ C. glutamicum GO1 H1 1%
ik (K 4B).

il 15 0 5E 45 % @ o, C. glutamicum GO1/
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Fig. 3 Enzyme activity level of PEPC overexpression
strains.

Ay B
10 000 kDa = M
200.0 — s
7000 el ==
4000 )
66.4 - 1
2 000 44.3 — .
o 29.0 —
500 20.1 —
250

4 C. glutamicum GO01/pDXW-10-gltA B #k& PCR
BELER (A) MREFR (B)

Fig. 4 PCR results (A) and expression (B) of
C. glutamicum G01/pDXW-10-gltA strain. (A) M: 10 000 bp
nucleic acid marker; 1 and 2: PCR results of gltA gene. (B)
M: protein marker; 1: crude enzyme solution of control
strain; 2: crude enzyme solution of C. glutamicum
GO01/pDXW-10-gltA strain.
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pDXW-10-gltA [#tk CS &N (148.36+2.56) U/mL,
% C. glutamicum GO1 1 (18.87+1.68) U/mL 2/
7276945, BPgltA E:HTE C. glutamicum GO1 H:
M3k Fik#15 C. glutamicum GO1/pDXW-10-gltA
H CS WG 215 o
23 oI ZEEREI T R EHSRRETERN
M

AL ODHC & A TG ME2AG o % — R 8
L ] B E R A T A 2 BRI CoA & i
— P A AT RO R odhA BLRSEANTH
Fr T ODHC 751k, {HIZZ:FHIBr TCA fE¥F, ™5
Wi g AR KB A Rge it il RBS R P
B A Y, s A odhA K RNAP
1 odhA 1418 11 OdhIPS2L 4 (i, ODHC & 1k .
A, B E SATERNCAR ICD Al RE S AR
o S R AR AR, ICD BTSSR E
AT o-BR RRREM, Wik, TR
Xof SRR R I S A ODHC By E3 W7 L R FFgY,
PRI A SRR A 7= 5 )
2.3.1 CRISPR/dCas9 Z4 A F C. glutamicum
EO0L A Ipd ZEK 554k S 55 402 Bk

NG sy 45 1, C. glutamicum EO1 itk
 LPD SRR AR, B, SRk
HEAT Ipd JER S5 105058, ik X Ipd FE R 554k
R B A 5 1 sgRNA J5 H7E C. glutamicum GO1 H5E
5, DASRASAamR - aidt— i .

FE I E LS R B8, LPD RS @itk CG1,
CG2. CG3. CG4 #i1 CG5 H LPD [iff i 43 1| %% i
AH R T 3.1%. 5.4%. 21.1%. 3.0%F1 6.0%
(K 5A, JFAH R CGO #75). RT-qPCR 4%
WoR (Bl 5B), bRtk Ipd HH M5 %K
VR B E R AR, CG3 kR Ipd A A
B S AKOFAi, HAH T A sgRNA, sgRNA-3
Xfolpd SEHER S ARER . FEESEH
sgRNA-3 K528 Ipd 2K 7 C. glutamicum GO1
Y1 .
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Fig. 5 LPD enzyme activity (A) and Ipd gene transcription
level (B) of Ipd knockout strains.

2.3.2 C.glutamicum DLO1 FEkkHIHEE

4 pFST-dCas9-S3 il 55 BTk HL4% C. glutamicum
GO1, BTk dCas9-F Al sgRNA-R 5|4
1T PCR B, Z55 AN 6 fis, vkl A& K
/WA 4 467 bp 24, 5 dCas9-Py.-sgRNA fili i Bt
K/NFAF, Bl dCas9-Pyc-sgRNA J Bt pFST Jiiki
HAENE, B Ipd BRI AR bR C. glutamicum
DLOL # & A2
2.3.3 C. glutamicum G01/pDXW-10-icd BRI
2. RESHENE

# RBS-4 J¥ % T icd J& A 7£ C. glutamicum

GOl hiyi ik, PCR ¥Eai R, KB4
WRANAR 2 217 bp, H5FHEE icd K/PHFF, B
C. glutamicum G01/pDXW-10-icd ¥ 83 (& 7A).
TE 5 1 AR R B — B 45, C. glutamicum
G01/pDXW-10-icd HFkH ICD HIFRik R34 W i &
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TR AR, HK/NSh 80.1 kDa, RPFICD 7E
C. glutamicum GO1 H a2k (K 7B).

g 3G W e 45 B 8 ok, C. glutamicum
GO01/pDXW-10-icd FFtkH ICD FfE R (506.45+
4.81) mU/mL, #JFIATE Y (60.87+2.57) mU/mL &
& T 7.31%, B icd ZE[H7E C. glutamicum GO1 Hf#
115425 T C. glutamicum GO1/pDXW-10-icd H
ICD RS 1 .

24 AEBENAEHEKRSBRERKE

& 8 Al %1, & 1% 48 h J5 , itk C. glutamicum
GOl A& ik 3] (93.53+4.52) g/L, WEMRFEAL
Kk 45.2%; C. glutamicum GO1/pDXW-10-ppc #l

2 1 M bp

10 000
7000
4 000

2 000

1 000

500
250

6 C.glutamicum DLO1 B #kHJ PCR £ E 4
Fig. 6 PCR identification results of C. glutamicum
DLO1 strain.

A
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7 000
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2 000
1 000
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250

7 C. glutamicum G01/pDXW-10-icd E #k B PCR %
EER (A) FIREER (B)

Fig. 7 PCR results (A) and expression (B) of
C. glutamicum G01/pDXW-10-icd strain. (A) M: 10 000 bp
nucleic acid marker; 1 and 2: PCR results of icd gene.
(B) M: protein marker; 1: crude enzyme solution of control
strain; 2: crude enzyme solution of C. glutamicum
GO01/pDXW-10-icd strain.
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C. glutamicum GO1/pDXW-10-glItA B4 1 3
AW AR R BRI R A TR L VT RE R
PEPC i i 114 412 oy 1 o 1 B8 1R s 1t =X PN M R Xof
OAA FIMIERL, TR T TCATEER, AR F ka4
K, MR MR 1 CS B Y45 55 B
Bl T e A TCAPEIR, (HA5 B A4 4 A
MY FE RIS ; C. glutamicum GO1/pDXW-
10-ppc Wik X 48 h /AR RIEEE
(108.31£1.72) g/L, #JFtrTETER T 15.8%, AIfE
JERAENL BRI RBS HALffi1% PEPC J 515 5] — &
PR, AR eSS 2 M " &; C. glutamicum
GO1/pDXW-10-gItA B A KB PR A 2 SR T
KA RN RPN RE, AR itk 5
(90.23+3.64) g/L, EMUEEE CS il IFAREHE s 4
AR A e 1112730, C. glutamicum DLOL B #k i {4
AR R RS, HRAHR AR 5k
(123.86+4.75) g/L, HIFLAPETES T 32.4%; FHIR
AN 56.1%, BISIATEEER T 10.9%, AL,
Ipd FE K 55 b FaR 08055 T o~ 3 — B8R T et
i, UM TR AR, BT R, T
WRL AR, R R EZN ol A T4
RAMRE I, BAR B8, C. glutamicum
GO1/pDXW-10-icd B i A= 4 3 4 1 26 A 11 6
FREFEWAE, BAER7 = BiEm, B
NI LB A T, HLAR ed SRR AR X B B g o
FRBEWHE & TAEMR S H C. glutamicum
GO1, fHZX BB HRAY 2 IR ™ m ARG, Xl
— UL T ICD A2t 223K 1T RE XA 2R 5 L )
AR X HZATHPFFOZAEAFN, ZHT Shimizu
FEUER AR AT LFRIET ICD, & T ICD
G Sy, (AR E R A o-KG 7 s AR
R A BC WA ARSI, A R I o &8
%%[31-32]0

WAk, ik — 2B e gltA Fl icd HERIXS A2
FR A= PR RS2, ¥ gltA F1 icd 5L PRI LE X BE A Bk
C. glutamicum EOL1 H b7 T 2 ik, H 41 i bk

% : 010-64807509

KEEBIERY, KA/ &S5 C. glutamicum
EOL WFRAHIT, WA H B m BdakER), B
gltA 1 icd LR 13 635X 42 R AR P IR A A

LA

140 |
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t(h)
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120 F
90 -

60
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B8 EHADMBFEMIES M AR

Fig. 8 The fed-batch fermentation of recombinant
strains. (A) L-glutamate concentration. (B) Sugar
consumption rate. (C) Cell growth rate. C. glutamicum
GO01 (black lines), C. glutamicum GO1/pDXW-10-ppc
(red lines), C. glutamicum GO1/pDXW-10-gltA (blue
lines), C. glutamicum GO01/pDXW-10-icd (green lines)
and C. glutamicum DLO1 (purple lines).
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25 RABSTEEMKIGE
2.5.1 ppc ZEFEFE C. glutamicum DLO1 H 53 Fik
PR EE LT pDXW-10-ppe T 20 i ki L 51k &
C. glutamicum DLO1 #, PCR % @45 AN 9A fir
N, UKEH ST K/NA 2 759 bp, C. glutamicum
DLO1/pDXW-10-ppc B4 E T 5 74 il PR 1A vk
JE— % 44 F, C. glutamicum DLO1/pDXW-
10-ppc FtkH PEPC [k HE¥ B m T X BT
¥k C. glutamicum DLO1, H:K/NZj°k 103.2 kDa,
HI PEPC 7£ C. glutamicum DLO01/pDXW-10-ppc H*
L (# 9B).
252 AEBMEFET PEPC 1 LPD HIENIE
% C. glutamicum DLO1/pDXW-10-ppc
Phrh PEPC #I LPD RYMETE, 45 REHIZH kT
PEPC B 1525 £ (162.64+5.18) U/mL, i J5th
B (38.52+2.87) U/mL #%& T 3.2 £, HI ppc
JLHFE C. glutamicum DLO1 Hfdak 23k, #m T
C. glutamicum DLO1/pDXW-10-ppc 5 PEPC f i
71, LPD [i% FF&A 58.7 UmL, 5 4R 1H Y
72.3 U/mL FF&T 18.8%, AfER: CRISPR/dCas9
AE ML T Ipd X ALE C. glutamicum
DLO1/pDXW-10-ppc H 55k, Kk, LPD Wi 2
M—E R TR

5 B kD M 1 2
bp M1 2 2003__
|9888 116107 —
4000 M- v
1 000 29.0 —
500
250
20.1 —
=

9 C. glutamicum DLO01/pDXW-10-ppc ¥k ##93E
ZR (A) 5FREER (B)

Fig. 9 Construction results (A) and expressions (B) of
C. glutamicum DLO1/pDXW-10-ppc strain. (A) M:
10 000 bp nucleic acid marker; 1 and 2: PCR results of ppc
gene. (B) M: protein marker; 1: crude enzyme solution of
C. glutamicum DLO1 control strain; 2: crude enzyme
solution of C. glutamicum DL01/pDXW-10-ppc strain.

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

253 KRERABWNAAZARE T HEKEEAR
K

# C. glutamicum DLO1/pDXW-10-ppc & ¥k ik
175 LR, R8BI R HIZ A AR i AR
L FR ARG AT FEAIK, FTREE Ipd JE 5y 551k i 15
o 8¢ — R T A R a5 5 L # . C. glutamicum
DLO1/pDXW-10-ppc itk & 48 h J5, AR
0 (136.095.53) g/L, #IFEHAHEER T 45.5%,
1E& PEPC PG M4, 14 2R w1
C. glutamicum DLOY FF kB FE Al I F-2 5 13.1%;
AN, PRI AL 58.9%, B A e
& T 13.7% ASCH SRR, B2 i
93.53 g/L #£E & (136.0945.53) g/L, HMERH{L
RIE T 13.7% (B 10), X — R I A a4 ™
PRI e SR AL P48 5, At — kA8
o RPERREL LR I Tl b A s R A - F bk, (6
B 2 IV i R FR A0 i T S R =i 1E
A7 b R H
3 itk

S0 5 A o AR POE A TR AR B T — bR
AWML M C. glutamicum GO1, ¥ H 548 &M
A PR R C. glutamicum EO01 #£4742R) RNA-seq 4
BRI DU 4307, Pk Hh rbc AR AR i S /KT A
FERIKF- AR 22 S SE R EF TSR, DAatE— 2ok
ERETRN R . T OAA 5 S A o I — R Y
MERRAR G M EEE M6, F, 3%
T ORGSR OAA L Fry B R M st = AT i 1R A g
OAA 15 LA MIFTIEIR G . o 5 R 19 S5 AL 1Y
SRR I S ODHC &2 & 1A E3 I KX 48 2 R
AL sh R . ST LA RS R R A TR AR
BAMRTEHIET T 455%, BRELRIEST
13.7%, TE—EMAE EREAR T DoA™ A, ey
SR T R A 3 [ T ARG R T B E , A
A R S E AL = S AR 7 B T A

7 SEE T RBS J¥41551k odhA ik, (154
LR g 16.8%; [FBIAFSE T rhu R g 42
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Fig. 10 The fed-batch fermentation of recombinant strain
C. glutamicum DLO1/pDXW-10-ppc. (A) L-glutamate
concentration. (B) Sugar consumption rate. (C) Cell growth
rate. C. glutamicum GOl (green lines), C. glutamicum
DLO01/pDXW-10-ppc (red lines).

pyc. ppc. gltA il icd & R X 45 S R A r= 152 il
ZER R A AR R RS eEM, i, R
ZW R T B AR RT T R AR = I
P, (AFFARE— 20 Z R = P LB, A0 A i 2 3
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I XRG4 22 5 7 B R E A T R s R AL
HAR 5 120.3 g/L $E =2 135.6 g/L, HiFktk
ALK b AR I B4R Ry
63 2o s o) A TR VR R S AR v % T Ao A R Y
T EE e, SE LT AR R AR R A4 g 1) 45 R
TR e i, SEBL T AR BRI = =, Ho=
Fik 181 g/L, Sy H AT R E R e R Ao
EEkiA L SERUR S SR R )5 o TR E Pt TP £
PRI DL iR 43 22 = 7 Bk C. glutamicum GO1 7™
A AR LI (B AL 0 A A 25 57
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