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Rational metabolic engineering of Corynebacterium
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Abstract: L-glutamic acid is the world’s largest bulk amino acid product that is widely used in
the food, pharmaceutical and chemical industries. Using Corynebacterium glutamicum GO1 as
the starting strain, the fermentation by-product alanine content was firstly reduced by knocking
out the gene encoding alanine aminotransferase (alaT), a major by-product related to alanine
synthesis. Secondly, since the a-ketoglutarate node carbon flow plays an important role in
glutamate synthesis, the ribosome-binding site (RBS) sequence optimization was used to reduce
the activity of a-ketoglutarate dehydrogenase and enhance the glutamate anabolic flow. The
endogenous conversion of a-ketoglutarate to glutamate was also enhanced by screening
different glutamate dehydrogenase. Subsequently, the glutamate transporter was rationally
desgined to improve the glutamate efflux capacity. Finally, the fermentation conditions of the
strain constructed using the above strategy were optimized in 5 L fermenters by a gradient
temperature increase combined with a batch replenishment strategy. The glutamic acid
production reached (135.33+4.68) g/L, which was 41.2% higher than that of the original strain
(96.53+2.32) g/L. The yield was 55.8%, which was 11.6% higher than that of the original strain
(44.2%). The combined strategy improved the titer and the yield of glutamic acid, which
provides a reference for the metabolic modification of glutamic acid producing strains.
Keywords: Corynebacterium glutamicum; glutamate; transcription analysis; ribosome-binding
site (RBS) sequence optimization; glutamate transporter
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SO AT w2k, fEREa . EME BT E
A, B BN (pyroglutamic acid
sodium, PCA-Na), B4 EIRE HE M E NN
T GER, RIS L-AEBR &7 Wik
BWE ., L-AARF L WEY LA,
HAE 45 % W2 15 T 17 (Corynebacterium  glutamicum)
WA BGERWE 1 iR, BREAREEZE—F
B Z Rk, V&l H A A 51518
R B —Fh - AR J R A, BATE R

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

KA @SR Ee T, ©&) ZMHT&F
BIELRR A TP BEBRBEF R EER K
SRR AER AR, 1EAEY R WA it sl iE
gk 40 ECE G RGO T A ES
MR, SR A 2 HE A EH AR, U
R h T 4 A R B AT 7 (Corynebacterium
glutamicum) EO1 1 Ji¢ & 240 i 0 6 1 17— #R A
LRy R R R C. glutamicum GO1, Hij™
WAHN 96 g/L, fERIE FRAMRKAE™ -G
PR 08 77 o

TEABREFFEF , =R (tricarboxylic



A BB TSR A TR ERRAN A HE

Glucose

s,

—

pvk
pck

pyc
Acetyl-CoA

o Oxaloacetate

Malate
=8 k._\_{r_cef’ Acetyl-CoA

e

B R A A A A L LT LT AT LY ‘Illllhf
¥,

JumC )
Glyoxylate <

Fumarate

sdhAB

Succinate

sucCD

\\{h“ull‘lll“\‘ I A L T A LT
X

AL I IR B e B L I.I.# FLACL L B e e e e e e e B e e i B e e B e i e e e e e i | -\.l.w,,"”

P
Fructose-6-phosphate — Fructose-1,6-bisphosphate

PEP <+——-<—— 3-phosphoglyceraldehyde

Pyruvate me= = ——» Alanine

Citrate

/
aced”

. A7 Ipd
*—___Succinyl-CoA

y
SRECL

w-oxoglutarate

\J

acn

Isocitrate

X
X
L T R T A AT A T \'H”!

icd

LRI LT R

lid;cC_G ‘

"/”
T R AR

i

Glutamate
2 odhA
7 acelF

1 AEREAEIREBETETHNENSRIER
Figure 1 Glutamate biosynthetic pathway in Corynebacterium glutamicum.
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dehydrogenase complex, ODHC) /Y {5 1 XF 4+ & ik
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&: 010-64807509

carboxylase, PEPC), H ppc &H 4wt , 7£ TCA
AR OCHER], RBREINRIEA TCA TEIHY
WA T, ¥R & Wl (citrate synthase, CS), H
olitA JEH R, & TCA 1P SR —A I, 25
TCA JRFR ARG S, 13k CS AT IR A
TCA TEF BRI, AT BEXT L-#F 2 BRI & 1A i
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5, MHEEA AR TE, o
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A IR m T A AR SMRRE T, AT
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PEFFTE B A QI s At T PR A
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1.1 M
1.1.1 E#k. RARIERE
BRI E C. glutamicumE01 ., A2k 5
7718 C. glutamicum GO1. KH#FT 1 (Escherichia
coli, E. coli) BL21(DE3)fl ffi ki pXMIJ19 .
pK18mobsacB., pEC-XK99E 4y 5256 25 {55 .
LB {i (/L) BERER 5, B 10, &
bl 10, FEAEEFRIEEIN 1.5%-2.0%%E,
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o EEAS INAH L TR B P AE

BHI 55 3 (g/L): MR N # 38.5,
AR FR LR 1.5%—2.0%F08, AT ST
TIAE R M BE B AE R

KR T HE 92 5 (g/L): Hi%IHE 25, K,HPO,
1.5, MgS0,4 0.6, K 30, FeSO47H,0 0.005,
MnSO4-H,0 0.005, FRZE 2.5 (5 HAth w243 1K
115°C, 20 min), pH 7.0,

RS FR A (g/L): HAIBE 140, KoHPO, 1,
MgSO, 0.6, E K3 5, FeSO47H,0 0.005,
MnSO,-H,0 0.005, JRE 7 (5HAMAS 5T K
& 115°C, 20 min), pH 7.0,

1.1.2 5|¥

ARSI 1 R,
1.1.3 EERXF

TN B I [l R)  L /Da JTR 4R GaK
& UL M MultiF Seamless Assembly Mix = ZH i
FI0 YT 95 B by 20 A W B4 ) A PR
EcoR I. Hind M5 PR M A% F2 N DTG . DNA R
41 N Marker ¥ty H TaKaRa 23] .

1.2 EHERNAEE

T ISR R AR T N A AT 2R 1 i
PEHER , AHFGY I FRIE T 48 SR R TR ok Y
ppc. gitA. pfk D& pyk [, [ T 554k
ODHC MRk, iRk T AR E AL &
{37 15, (ribosome-binding site, RBS)¥ 41 i) a-filil %
TR A& A R (ODHC) E1 E 3 45 5 5 [R]
odhA, A[a]5E R RBS 41 1 RBS Calculator
(https://salislab.net/software/) N 15 2| . LIAC S
K= A7) pXMI19 Fl pEC-XK99E JFik: A 3%,
B, DI AR AL 4o, a2 1
P51 53 P L R R B . P o [R) R 2
e, FE pXMI19 Fil pEC-XK99E #H5& i ki

pK18mobsacB-AalaT ki pyt & . LU
C. glutamicum GO1 JERZ A, LGPt
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Table I Primers used in this study

Primers Sequences (5'—3')

AalaT-1-F TATGACATGATTACGAATTCCGATCTGGCTGAGAGAAAAGTAGACA

A alaT-1-R CCCATCCACTAAACTTAAACAATGTTGTGTCCGTCGAGCT

A alaT-2-F TGTTTAAGTTTAGTGGATGGGACCCGAACGTGTACGAAATCC

A alaT-2-R CGACGGCCAGTGCCAAGCTTTGAAGCCTAACCCAGAATAGAGGAC

A odhA-1-F GGAAACAGCTATGACATGATTACGAATTCATCTCACGACGCGTTGTT

A odhA-1-R CCCATCCACTAAACTTAAACATAGCCAATGATGTGGGT

A odhA-2-F TGTTTAAGTTTAGTGGATGGGCCCCGAAGTCCATGCTGC

A odhA-2-R TTGTAAAACGACGGCCAGTGCCAAGCTTTGATCAAGTTCTGTGATGATCTCCTGC

p19-gItA-F AAACAGAATTAATTAAGCTTAAAGGAGGGAAATCATGTTTGAAAGGGATATCGTGGCT
p19-gItA-R AAAACAGCCAAGCTGAATTCTTAGCGCTCCTCGCGAGGAACAA

RBS10dhA-F AAACAGAATTAATTAAGCTTCTCCGCGTCTTACAGCTAGTTTTAACGTGAGCAGCGCTAGTACT
RBS20dhA-F AAACAGAATTAATTAAGCTTCTCCGCGTCTTACATCTAGTTTTAACGTGAGCAGCGCTAGTACT
RBS30dhA-F AAACAGAATTAATTAAGCTTCTCCTCGTCTTACAGCTCGTTTTAACGTGAGCAGCGCTAGTACT
RBS40dhA-F AAACAGAATTAATTAAGCTTCTCCTCTTCTTACAGCTAGTTTTAACGTGAGCAGCGCTAGTACT
p19-ppc-F AAACAGAATTAATTAAGCTTAAAGGAGGGAAATCATGACTGATTTTCTACGCGATGA

p19-ppc-R CAAAACAGCCAAGCTGAATTCCTAGCCGGAGTTGCGCAGTGCAGT

p19-MscCG-F ATTAATTAAGCTTAAAGGAGGGAAATCATGATTTTAGGCGTACC

p19-MscCG-R CAAAACAGCCAAGCTGAATTCCTAAGGGGTGGACGTTGGCGCAA

p19-MscCG-A100V-F GCGATTCCGGTGACCATTGCGTC
p19-MscCG-A100V-R GACGCAATGGTCACCGGAATCGC
p19-MscCG-A106V-F GCGTCAGCTGTGATTGGTCTTG
p19-MscCG-A106V-R CAAGACCAATCACAGCTGACGC
p19-MscCG-A120V-F GGTCTTGGTGTGCAGTCGATTGTTGC
p19-MscCG-A120V-R GCAACAATCGACTGCACACCAAGACC

CAGGAAACAGACCATGGAATTCAAAGGAGGGAAATCATGGAAGACATGCGAATTGC

ACAGGAAACAGACCATGGAATTCAAAGGAGGGAAATCATGGGCGTGGATAGACGAACTAAG

99¢-pfk-F

99e-pfk-R CAGGTCGACTCTAGAGGATCCCTATCCAAACATTGCCTGGGCAG
99¢-pyk-F

99e-pyk-R CAGGTCGACTCTAGAGGATCCTTAGAGCTTTGCAATCCTTGTGT
pfk-pyk-1 CTATCCAAACATTGCCTGGGCAGTAACC

pfk-pyk-2 GGATCCTCTAGAGTCGACCTG

pfk-pyk-3 TGCCCAGGCAATGTTTGGATAGTGTTGACAATTAATCATCCGG
pfk-pyk-4 CAGGTCGACTCTAGAGGATCCCTATCCAAACATTGCCTGGGCAG

The bold sequences are different RBS sequences and the underlined sequences are restriction sites.

AalaT-1-F/R Fil AalaT-2-F/R 435139 H KA alaT
B F R i EJE R, L EcoR A1 Hind TITRR il
LIt X} A S 56 % AR A7 1) pK 18mobsacB (pK 18)J5
KBLEAT R EAL . B 38 7= 5 e kb 28
K DNA HHE:EEH:, KWEE"YELE
E. coli IM109 J&Z 40, F-RARE Z Pt Pk
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Re e, Tl FIRIE IEA AT A LB B 3%
F, 37 Cil R IR A AR ok, A 41T
i3k 2R AR A PR () A7 BR 2 /1 DL
INE4L TR pKI18-AalaT &7yt sy o>,
pK18-AodhA , pK 18-Amscsg . pK 18-MscCG-A 100V
JEURL A8 A TR 5 2R
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13 BREMTSEEANF

WIS AR C. glutamicum E01 5 C. glutamicum
GOl 430l iAT 5 L REERER I, 76 R RS 8%
oA K (18 h)IFEURE, 4 °C. 8 000 r/min 5.0
10 min WAERF A, WA THE 10 min JFET
—80 °CykFh, ik ZE M MER A YFH AR
N AL HEA TG s 4 A A 5 R R )
14 FEEKOHESRK
1.4.1 C. glutamicum E [E £k 5 RE #RHIH

C. glutamicum 1y % A & B J7 2k H
pK18mobsacB it fi i 17. LA alaT K gk
B, R ESEE pKis-AalaT L&
C. glutamicum GOl JEZB4ijEH, 30 °CHiFE
2-3 h R4 Kan $T1E BHI AR, 5535 48 h J5
| 3R A B#4% X 5 (polymerase chain reaction,
PCR)E TS — 40 ve, PRICPHMES: b+ T
A Kan HUtkn) BHIBA S R 55597 12 h )5,
WHC 100 uL BRIR AT T35 A 10%EE4 ) BHI
ToprtE A b, FEATEE Rk, REVLPkIEEE
b7 #E4T PCR %5E, ik alaT KAk w
P GOlAalaT J&$i B R R 20 2% 22 R R AE WAk
Fo (TR A B2 w00 e DATIE B 25 DR 21 e 53 o
142 SBRIZEHRBESRIE

W b ST LAY pXMI19-gItA 25 Tk R FH H
ZFfL LR C. glutamicum GO1 857 2541 fitg
b, B R T IR R A 44

¥ C. glutamicum GO1 M ¥ H#E 4 1 4 R IR iR
MR EAFHAAERYME BHL B -2k
AL, PRBCREVEHEA 10 mL A& Rl BHI
BRI, F 30 °C. 180 r/min £55% 12-18 h
Ja LA 1% R 2R 2 50 mL BHI AR 3%
H,30°C. 180 r/min £53% 6 h J7, ¥4I 1 mmol/L
LY B 1) 5 N -B-D- AR 2 FLBE A (isopropyl-
B-D-thiogalactoside, IPTG)i%5 5, 4¥Z:T 30 °C.
180 r/min #%3% 12-16 h )5, F 4 CE.OUIER
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& . FH Tris 2% W% (50 mmol/L, pH 7.5)36% 2 KA
)5, F 5 mL Tris 22 s EHTF , FHEG W
R 7 R A SO W i 254 7 50 20 min (12 000 r/min,
4 °C), WM B BRI Mg W, "I T
SDS-PAGE 43-#7 VA K J £ i B I 5E o
143 BHASTERSTEHKRNEE

Z U FRBSH G, ESEX C. glutamicum
GO01-AalaT %4 RBS ##t1%%] C. glutamicum
GOl-AalaT-RBS40dhA , % GDH #% & 15 3
C. glutamicum GO1-AalaT-RBS4o0dhA::An-gdh,
XFH AT MseCG R A8 1% 3] C. glutamicum
GO1-AalaT-RBS4odhA::An-gdh-MscCG*'%V |
v M C. glutamicum AO 01, ZJ5 328 pfk,
pyk DA}z ppe 13RIk L e 245 3 C. glutamicum
AO 01/99E-pfk-pyk/pXMJ19-ppc, ¥ H x4 H
C. glutamicum AO 02,
1.5 FHXEEGENE

N 24 FR 2 L 5 7% [iff (alanine aminotransferase,
ALAT)J 77 B0 5E A T AT 5 PRSI 5 20
FE, A I TN AR s B RIS )
T4 B4R 1 mmol/L P9 2 i 7 oy e 11

Py IR G B 1 1 DN AE <3 2t 5,5 - aRAR
AL (2- il FE 7K H R ZE 7E 412 nm T BYMOBAE, H
5 CWEATG A N2 ROV AR R TE 412 nm ALY
W AR S o — AR TG R G BTG ) SR
BB EEAL 1 mmol/L Z.1-CoA Fr i Ay filHE ),

Tl 1 s it X P T 72 422 b T Tl 95 7 A T
T A SRR I S AR R, — A Y
TR e Tt A VT 2 2 1 T B 0 e SCATTE 30 °C
A8 4E AL 1 pmol NADH 5 i il 17

ou- P 13 TR ISR S T P T A sl DA
NAD Wi, MELE 340 nm 4b ODHC fi#Efk
oA 36 PR A BUBR AT AT A SO I IR O JEE AR
o — BN o 3G R 5 SR TS ) R L
HAEAE AR 1 pmol NADH 5 NAD™ (s iz
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TSR ) T A U

T i R W A T 7 B9 2 . S Blangy
B 5 20 5E 340 nm ABWROEAE AR AL, — A~ FAA
RS 11 RSB 4k 1 pmol NAD T s i
S

A AR AR I IE . 10 mmol/L 4
fit NADH, 0.5 mol/L #iFRE& % , 0.1 mol/L
PR 5% B (pH 7.5) 0 12 BRI 3 I 7 AR 2 i 1 2 i
VW o B BAL(U)E L. FE BRI, Ba
A RS 1 pmol L-BLEL B P ER A

PRI A R S I G 15 . BB Jetten 1)
)5 0 5E 340 nm AW OGIE AR fk , — AN
ity 1% 1€ OB AhEE 4L 1 pmol NADH JiFfg
fitg 1 £
1.6 EHFELE

MR AR TR LIS, PRBCR R R A
10 mL 1 BHI Wifk3Ea 5L, S IssE Ll 1%
P4 R 10 mL FpF355R2E, 30 °C. 180 r/min
B A% 24 W JGVEN — PP A5 —FFh 430
AZERA 200 mL A FREFEIA 1 L K
H, DIR853 35 12 h AR 2R Tk,
W AR AT 1.8 L RIS LR
PG . RIS AIRE . HiIIH) 30 °)CA 1%, 10 h
(ODgoo 2924 30 BH)FF i FHE 2= 32 °C, J5 & [alfE
2h7J}2°C, FF2 37 °ClafHilf & ¥ ; §%53# 600 r/min,
WA =N 4 vvm, pH 7.0 (N 50% 2 /K#E ),
M AR EERE R 20 g/L 2 AT BN 80% 1 2
WA . AT A S RRTEREE 12h )5,
ODgoo 2120 20 B INAZHKE R 1 mmol/L (¥
IPTG #175F
1.7 ZEEIEHEXSEONE

Xof e TR R U B i 3 4 s A, I LA
600 nm ALY GEE ODgoo, i 4 W AT 2 R 1)
W B2 SR A W 4% 1293 A { SBA-40E 2 o

&: 010-64807509

2 EREGHN

2.1 HRAREFBBEIRSH
Xt C. glutamicum E01 5 C. glutamicum GO1

(4% SR WL B 438 v R 56 32 DR R A 7 2 s 4
ZE5E T B 2 TR R IR R A Y 22 AN AE G
FEN | BEER IS AR Y 18 AN SERE IR DL K =
RIRIGINN 20 AAH KL R 175 SEKF- 22 5
AT, SR odhA.| tpiA K& R EE K- i
T, ppc. gItA. pfk. pyk 3 K% 55K i .

R T BRSO 25 S5 AR A 2 R SR TR R
MAESE IR AL & AR AR Ak, JEAT T R 4 40
P A3 AT, Gl S 30 5 i A DU A ) FE I 45
REFEFKFE F 2SS, g0 R 20 X
HE R 58RI (0 AR 5T B0 35 TR 2 72 S5 il 91 ) 5% i
AR, JFEEELK4:7E C. glutamicum GO1 FRHF5Y
GEAR BRI A3 B R G A 5% ) o
22 AERISEZBEAMRERE IR
IR E

T A3 3 %) C. glutamicum GO1 T8 ¥k &
) A s LR & AT I e B R B, TN R
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Figure 2 Difference map of key genes expression.
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Table 2 Genome sequencing differences

Genes  Descriptions

gltA A4T, S79C, S156T, A243E, A252D

pfk V263A, S317R, E325D

pyk S327A

odhA  EI1220K, E1180A, N1093D, 1967V, L449F,
N424S, N413S, N413D, A238T, T84A

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

J kB REP EER Y, WER
(8.13+0.550) g/L, HUZMZIR(E 3A), ik
T X R YN R A R R A R A
SEHE R GG AL N alaT HEAT mR LA S5 A1 )
FEMIRY SR . FRIR 1.4.1 (007 B EAT B DR B
PCR % EZ5 5K 3B s, &5 HbRac
1 400 bp R/h—2, UEBAZEIA alaT Mok
X} GOl-AalaT 5 GO JE k4 5l b5 32 H BUM
fitg W J5 A5 . GOl H ALAT (Y Eb i 36 0
(80.0+4.43) U/mL, M7 GO1-AalaT HAk

Concentration (g/L)

o TL I R e g

ME) ALAT FOBEE M, #E—2uEi LA alaT #
W5 AL 5 BT FR 2 10 mL BHI /ML K
BrgR b, RPN FREFRIE AT S L R e
AN R L . &I alaT BB E 5 R Al A
Fe, AR & & 1 (8.13+0.550) g/l T & &
(2.23+0.092) g/L, FFET 72.57%, W/ T /@l™
YINZR R, 520 GOl-AalaT w@ikk i
BT R SRR MGE
23 L-BEEAERAEL

2.3.1 5 o-Bik ZERR S E & E MR
AEBRE

FEfk ODHC & &G PE 5 m A 2 iR ™
I — R RO EPY, B RS RRE L B AE RBS
75 2Ua 5 i odhA #IRIEE 11 Odhl 3K FEA%
ODHC i PET2 2, #7208 1.3.2 B M d s
PRAS R B4 E #k CG1, CG2. CG3 Ml CG4, 7E
RBS T g _F 1045 2] 1 45 58 2R GOl Jiih
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Figure 3 Metabolic by-products (A) of Corynebacterium glutamicum G01 and PCR identification results of
alaT knockout (B). M: 5 000 bp nucleic acid marker; 1 and 2: PCR results of strain GOl1Aalat; 3 and 4: PCR

results of strain GO1.
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Figure 4 ODHC enzyme activity level (A) and odhA gene transcription level (B) of odhA weakened strain.
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Figure 5 PCR (A) and expression (B) identification results of Corynebacterium glutamicum GO1/pXMJ19-gItA
strain. A: PCR identification results of C. glutamicum GO1/pXMJ19-gItA strain. M: 10 000 bp nucleic acid
marker; 1, 2: PCR product of the gItA gene. B: Expression identification results of C. glutamicum
GO01/pXMJ19-gltA strain. M: Protein marker; 1: Crude enzyme solution of C. glutamicum G01/pXMJ19-gltA;
2: Crude enzyme solution of control C. glutamicum GO1/pXMJ19.

A

bp M 1 2

15 000
10 000
7500

5000
2500
1 000

6 Corynebacterium glutamicum G01/pXMJ19-ppc B PCR (A)%£ E FMFRIA(B)

Figure 6 PCR (A) and expression (B) identification results of Corynebacterium glutamicum
GO1/pXMJ19-ppc strain. A: PCR identification results of C. glutamicum GO1/pXMJ19-ppc strain. M: 15 000 bp
nucleic acid marker; 1, 2: PCR product of the ppc gene. B: Expression identification results of C. glutamicum
GO1/pXMJ19-ppc strain. M: Protein marker; 1: Crude enzyme solution of control C. glutamicum
GO1/pXMJ19; 2: Crude enzyme solution of C. glutamicum GO1/pXMJ19-ppc.
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Figure 7 Expression identification results of Corynebacterium glutamicum GO1/pEC-XK99E-pfk (A) and
GO1/pEC-XK99E-pyk (B) strain. A: Expression identification results of C. glutamicum G01/pEC-XK99E-pfk.
M: Protein marker; 1: GO1/pEC-XK99E-pfk; 2: GO1/pEC-XK99E. B: Expression identification results of
C. glutamicum GO1/pEC-XK99E-pyk. M: Protein marker; 1: GO1/pEC-XK99E; 2: GO1/pEC-XK99E-pyk.
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Figure 8 The enzyme activity of different enzymes
overexpressed in Corynebacterium glutamicum GO1.
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A
E. coli 100.00%
B. subtilis 38.91% 100.00%
A. xylanus 39.48%  56.13% 100.00%
A. niger 63.98%  38.67% 38.78%  100.00%
C. glutamicum 65.77%  44.10% 42.28% 61.96%  100.00%
E. coli B.subtilis  A. xylanus ~ A. niger C. glutamicum
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9 A [EIKIRE GDH FHILL X4 R(A)S Aspergillus niger KR GDH B4R 43 it & B2 (B)

Figure 9

Results of GDH sequence comparison between different sources (A) and the fed-batch

fermentation of GDH from Aspergillus niger (B). Residual glucose: C. glutamicum GO1 (pink),
G01/pXMJ19-An-gdh (blue), GO1/pXMJ19-Cg-gdh (orange). L-Glu: GO1 (green), GO1/pXMJ19-An-gdh (red),

GO1/pXMJ19- Cg-gdh (yellow).

R 1, Nakayama Z£PY%F MscCG A T3
P X EA 758 5225 (A 100V . A106V)FTHf A%
SR AU T MsceCG LR, TR T
BHEBR 5. HTHA MR X2 E AW &S
IRZEF , AT FE Alphafold2.0 Xt H: =2k 2%
FFEA TN , B IS R FHTEZR I 55 7% (https://saves.
mbi.ucla.edu/), il TEMT 250 REEAT $143 B9EUE
X 2 2R A AR L o B E A TVE A . REEAT 47
530 92.44 (>85), IERHAEIZE R ATEE(E] 10A).

MscCG #ARZEH 5 KT MSCs 23 18 A
L, {H MscCG F77E 4 M5 IR, 11 MSCs {7

#3 TREIKIE GDH HESZE MR
Table 3 Enzymatic properties of GDH from different
sources

Source Optimum pH Optimum Specific
temperature  activity
) (U/mg)
E. coli 7.5 55 60.0+£2.8
B. subtilis 7.5 65 65.0+5.0
C. glutamicum 7.0 45 170.0+£3.2
A. xylanus 8.5 50 172.0+3.6
A. niger 7.5 50 275.0+4.3
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Figure 10 Homology modeling of MscCG (A) and the fed-batch fermentation of MscCG mutant strains (B).

GO1

(black line), GO1/pXMJ19-MscCG*'*Y (red line), GO1/pXMJ19-MscCG*'*Y (green line),

GO1/pXMJ19-MscCG*'**Y (blue line), GO1/pXMJ19-MscCG (purple line).

2.6 AEEIGIFEHEKRTASERKT
A&l 11 /%41, & 1% 84 h i , Ak C. glutamicum
GO1 AR 5 ik 3 (96.53+2.32) g/L, HHIR ¥
A6 H 44.2%; C. glutamicum GO1/pXMJ19-ppc
5 C. glutamicum GO1/pXMIJ19-gltA fi¥ B kK A4
K 3R 5 ) 0] 8 A PR TE AR R A e
C. glutamicum GO1 A tb A fir$2 5 , v fE )& PEPC
il T PO 4R S B T R BE L BR RN, SRAE T
TCA FE¥, I HE & T A A M FE R 5 A K
R i CS WA e = B AL T EA TCA 16
RGBT, R A KR 5 FE
BRI, FEikE C. glutamicum GO1/pXMJ19-
ppc TERTE 60 h Ab L-25 % & ik 3 i Al
(108.33+2.08) g/L, B AWML ™ EPE S T
12.2%, TMiE#k C. glutamicum GO1/pXMJ19-gItA
{UR AR B B e, 7 i o] B AR 1k
L-2 G R 77 &M (90.33+£2.26) /L, PiHI#E t
P CS WS I AN REHE = - AR e 0,
C. glutamicum G01/pEC-XK99E-pfk 5 C. glutamicum
GO1/pEC-XK99E-pyk it 4= K 38 2R 458 U4 1 A HE

&: 010-64807509

FEWIARAR T IRUATE , FTREZ pfk iYL 2k
ST TR AT, (A5 R TR R A K AR08
I B R 3850 T EMP R 42, o458 28 B 3 e
R T pyk BYINSRINE T AR ffr, H
PYK # il & N ERR R s, Al R e 2
iz 519 C. glutamicum GO1/pEC-XK99E-pfk
L-D AR M (107.66+1.89) g/L, JmHRE T
11.6%; C. glutamicum GO1/pEC-XK99E-pyk i%
- AR i 4(106.3342.45) g/, FPRiRE T
10.2%. C. glutamicum GO1-AalaT BHETE 72 h &b
L-ARAIRB B R R (101.33£1.67) g/L, $25
T 5.0%. HAZR-aARA U EIgK, TReell
@A AE AR, C. glutamicum GO1/pXMI19-
RBS40dhA A4 K IFARSZ BB B2, 76K
H 173 24 R G BRI 5 T IRIR T PR, T 72 h &b
K E i KA E IR (119.67+£1.98) g/L, S5
WAL, L-AREARMERER T 24.0%. IE
W -l 156 TR 1) BRI A G A AR A2 09 AR 43
MRS M T -2 M MA B, ODHC i
PR REARRB G2 A 3G N T L-A 2B i)™ i

B<: cjb@im.ac.cn



3286 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

60 3
. \- . ::\‘? 3 ¥
g e =3
3
36 48 60 72 84
Time (h)
B
120 - s,
100 f /‘ G
¥ 7 -
S 80t
2
= L
6, 60
—
40
201
0 12 24 36 48 60 72 84
Time (h)
[
160
140 |
120 F N\
a
= 100 |
2 80}
E
5 60
L L.r_J-/.
20
0 12 24 36 48 60 72 84
Time (h)
B 11 EHFERBAR S M LB
Figure 11 The fed-batch fermentation of recombinant
strains. A: Cell growth rate. B: L-glutamate

concentration. C: Residual glucose concentration.
Corynebacterium glutamicum GO1 (black lines),
GO1-AalaT (red lines), GO1/pXMJ19-gItA (blue lines),
GO01/pXMJ19-RBS40dhA (purple lines), GO1/pXMJ19-
ppc (yellow lines), GO1/pEC-XK99E-pfk (green lines),
GO1/pEC-XK99E-pyk (orange lines).
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Figure 12 Fed-batch fermentation of recombinant
strain Corynebacterium glutamicum AO 02. A:
L-glutamate concentration and residual glucose
concentration. B: Cell growth rate.
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