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Abstract: Phosphoenolpyruvate carboxylase is a key enzyme that performs the catalytic synthesis of oxaloacetate, an important
metabolite, in the tricarboxylic acid (TCA) cycle of Carynebacterium glutamicum. In this study, C. glutamicum GDK-10 was used as the parent
strain, and homologous recombination was adopted.to-modify the pepc gene. The promoter Py, of GDK-10 was replaced with the strong
promoter Py to obtain strain GDK-11, the pepc double-copy strain GDK-12 was constructed, and site-directed mutagenesis (N917G) was
conducted on the pepe sequence of GDK-10 to yield strain GDK-13. Real time quantitative polymerase chain reaction (RT-gPCR) analysis
indicated that expression of the pepc gene in GDK-11 and GDK-12 strains were about 47.50 and 2.03 times the expression in strain GDK-10,
respectively. Fermentation experiments showed that the acid yields in GDK-11 and GDK-12 strains were decreased by 45.50% and 13.90%,
respectively, compared with the parent strain. However, the yield of product/substrate consumed (YP/S) in strain GDK-12 was increased by
38.59% when compared with GDK-10. For GDK-13, the a-KG yield was not significantly different from the parental strain, but the YP/S and
the conversion rate of glucose to 0-KG were increased by 21.14% and 8.97% respectively. Therefore, both the appropriate overexpression of
pepc and mutation of the GDK-10 pepc gene (N917G) to remove aspartic acid feedback inhibition can increase the YP/S of a-KG, and the point
mutation (N917G) into the pepc gene can significantly increase the conversion rate of glucose. These results provide a basis for the further
genetic modification of o-KG.
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Table 1 Strains and plasmids

Bacteria and plasmids

Characteristics Source

Strains
C. glutamicum GDK-10

L-glutamate producting strain with gdh mutation

Stored in this lab

F,p80dlacZAM15,A(lacZYA-argF)

Escherichia coli
DH5a¢MCR

U169recAl,endAl,hsdR17(r,,m."),

Grant et al. 1990

deoRsUpE44,)" thit,gyrA96,relAl

C.glutamicum GDK-11
C. glutamicum GDK-12
C. glutamicum GDK-13

Ppepct-Piut This work
Agdh::pepc This work
pepc(N917G) Thiswork

Plasmids
pK18modsacB
pK18-pepc(N917G)
PK18-Pyepc::Prut
pK18-Agdh::pepc

suicide vector Schafer et al. 1997

pK18modsacB containing the pepc  fragment with point mutation of N917G This work
pK18modsacB containing the pepc and tuf fragment Stored in this lab
pK18modsacB the pepc and gdh fragment This work

=2 519

Table 2 Primers used in this study

Primer name Primer sequence (5'-3')

PEP-S 5-GCTGGCAAAGTTGAACTGCTCTT-3'

PEP-A 5-AGCTTGTAGTAGCGCAGCCCTACT-3'

GO01-S 5-GCGCGGTCGACCAACTGGTCTCATTCGCTGGT-3'(Sal I)
GO01-A 5-CTTCACCGGATTTCCTCGTTCCCATCTCG-3'

P02-S 5-GGAAATCCGGTGAAGCATTCGCCAAG-3

P02-A 5-CGGCGTAGGCCCACCTGATTTCGAATAACT-3'

G03-S 5-GGTGGGCTACGCCGACGAAGTTGAAGG-3

GO03-A 5-GCGCGTCTAGACCACCAGCCACCAAGATGC-3'(Xba l)
dp01-S 5-GCGCAAGCTTGTGGAAGATTTGCGAGCCATCCCAT-3'(Hind I1I)
dp01-A 5-“CCGGAGCCGCGCAGCGCAGTGGAAAGACCGTTC-3?
dp02-S 5-CTGCGCTGCGCGGCTCCGGCTAGTCCAGC-3'
dp02-A 5-GCGCTCTAGATGGGGAGACAACAGGTCGACAAAAC-3(Xba l)
pepc-S 5-TTCAGGTTTTCGACGGCATTAC-3'

pepc-A 5-GGCATCAAGAGTGCTGTCCG-3'

16S-S 5-GTGGTTTGTCGCGTCGTCTGT-3'

16S-A 5-TGCCTTCGCCATTGGTGTTC-3'

AL AR A R B,

14 F4AFEH GDK-11. GDK-12 #2 GDK-13

B A 3

HUE LR FE ) pKL8-Ppepe::Pus FF HLEEILE C.
glutamicum GDK-10 HLFEIRZZ . K IHEtl
JEBEIRAT T & RIREZR (10 pg/mL) LB [EfAss
FRHSPAR b, 32 CEIERFR 36 h /5, PRIEmTE T

A JEHREUILIE R4 DNA 3347 PCR %55 o K PH %
AFAE 1000 EREY LB #5% h RREAEAS, TiiLfE LB
BEIERAK S 10 pg/mL RIBEEHUER EAL
KRBT, $RHULFER ] DNA #H7 PCR 361, 3K
R EAHE R GDK-11.

R4E Genbank H ¥ 4 2 R #e A 1R BF AR Y C.
glutamicum ATCC13032, R H ik i 4 it =X A ) I 2
el gmAL LR pepe RIS 2R M S B4R D 2L R gdh
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GDK-13,
1.5 HPLC 2#r o-Bf X — B by & &

il &4t EARAR I Agilent 1200, {fi
# Bio-Rad Aminex HPX-87H (300 mm>7.8 mm,
LxI.D.) , 7E 215 nm ARG R B o-KG K HoAth
HHLRRM & &P, Wsii: 0.005 mol/L HS0,, it
#7y 0.50 mL/min, HEFEEN 20.00 pL.

16 % RNA B3R B 5L i %0 & PCR AR

oy EEEREE

M4 pepc /%C. glutmicum 13032 16S rDNA (N
%) EWFA, KA Primer 5.0 %4 3HEEIH T
RT-qPCR 15|47 pepc-Ss pepc-A. 16S-S 1 16S-A.
& RNA (I VEZ B RNAIso Plus #2571 15
B, R B RNA  3E 1T S 5% e B3R A5
CDNA . ¥ J7 %2 Bk x|l f &
PrimeScriptTM RT reagent Kit with gDNA Eraser
(Perfect Real Time) . RT-PCR 1k & K =S
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BRI 45X SR R R PR g
1 d
&%=y g (@)
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FHE 5 K.
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PEP-S il PEP-A), H. =Wt 4> T8 1317 bp. 1317
bp 1 1717 bp LA K% 1717 bp. 4R A 4 (a)fw,
PCR #8745 1 & S ERSAE AT, [FII 0 P 45 2R
# U GDK-11 4 ## s Th . K F A R 1 77 i xf
GDK-12 #4738k (FIFH 514 GO1-S #1 GO3-A), 455
RUNZBERA R )

a M 1 2 3

2000 bp 4000 bp—

1500 bp

1000 bp 2000 bp—|

4 GDK-11 F1 GDK-12 PCR I&1iF
Fig.4 PCR products of GDK-11 and GDK-12
7E: M: 1kb DNA marker; al. bl: st EHARIPCR™
4; a2, b2 FAL S R ARES AR bk E AR A AR
WA HEGIPCR™ 4; a3: vAGDK-114 B 28 4484547 3% 49PCR
41, b3: vAGDK-124 R 48 A Bis 47 3 49PCR = 4.

22 EHEHGDK-13 WA ®

FIH B SPCRIE AR AT pepc R, W5 (a)
FioR, L PCR=ME U (WA s %42 B sl iR
PMD19-T J£ it 47 I F> , W e 45 SR 3% 9H Bl 2 3R A5
pepc(N9L7G). FRHL b iR H 2Lk, K H PRl i
VIgHind 111F1Xba 18§ 1)E 28 sk I D1k B i
P 2 40 [F) B U i pKi8modsacB, 451k I 2]
U6 IF 1F B 5 10 5 41 5 KL 4 N pKd8mobsacBpepc
(N917G), 45 (b)Fr7m. K 2 415 kL o 5% N B Bk
GDK-10/8Z75 H, 18I ik < PCREGIE (FIH 514
dp01-SF1dp02-A). Il f £ SR A 7E H His At -k 4
T RRAS B, A Hd 4 NGDK-13,

23 B TAE pepc X KA B H AN K

AR R BRI
231 RRIZAFTARA pepc #9Aaxt KL E
Ao

K H 520 2 2= PCRIN 52 A [A] = 2H B # - pepc
H 5 KT, 2R 6HT 8. GDK-11f1GDK-12

o pepc i % K3 R B R GDK-1073 Jll $8 & T
47.50f5 F12.03F%, KW T Py 3T 3G ¥ Ul
H 35 B B2 1R pepe 5 /K 7 LT A 14 0 (¥ 58 B R
K, 1M # Mk GDK-13 pepc ) # ik &I B84k .
232 BRI KL R ST

K H 7.50 L R FEGEEAT oy ARl R B DL 25 5 5
R &R o-KG KRR, LLH R FE A GDK-10
ENXTIE, SR 7. K8 3R 3 Fraw.

a M 1 2 3 | M 1 2 3
8000 bp
6000 bp
1000 bp
500 bp 1000 bp

5 F{AR pK18mob sacBoepc (N917G) BIHIIE
Fig. 5 Construction of the plasmid pK18mobsacBpepc(N917G)
JE: M: 1 kb DNA marker; al: pepc_bi# k BDP0L;
a2: pepcTF # K FADP02; a3: & &PCRAFDP12; bl. b2:
Hind Il F=Xba, |5-B&47 /7 #2pK18mobsacBpepc(N917G) /= #7;
b3: Hind lllIF=Xba |3 E%+7 /i #:pK18mobsacBpepc(N917G) =
.
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g 40t
£
3 30
g
v 20t
£
L)
2 10
O—0DK-10  GDK-1l __GDK-12 __ GDK-13
Strains
& 6 GDK-10, GDK-11. GDK—12 #0 GDK-13 & pepc BUEEF K
S'Z

Fig.6 Relative mRNA level of the pepc gene in GDK-10,
GDK-11, GDK-12, and GDK-13 strains
H & 7 A3 3 A5, KR Hk GDK-10 fi KA
YIEoN 1948 g/L, FERREAN 43.93 g/L. i F
GDK-11 HI GDK-12 e KA B K B R T B
T 26.83%/ A, IXAIRES pepc # K TG 0,
Bl AR PR LE AU 52 B RE I AT K
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Table 3 Parameters of the different fed-batch a-KG fermentations

S i
GDK-10 GDK-11 GDK-12 GDK-13
A B R Hilh 30.0 26.0 30.0 30.0
R K mlieF£/(g DCWIL) 19.47 14.26 14.26 17.54
a-KG RE/(g/L) 43.93 23.94 32.45 42.03
HEBREEAL R % 26.33 22.18 15.27 28.69
45 B4R~ B /(glg DCW) 2.98 2.33 413 361
L- 25 B R /(L) 11.21 10.34 12.87 9.98
TEREN(GIL) 9.33 7.47 19.42 10.12
FLER R E/(gIL) 031 0.32 27.19 0.45
SRIBRSEN(Q/L) 13.42 5.46 17.61 13.89
aL 250w GDK-10 | -+ GDK-10
‘:‘L - GDK-11 - GDK-11
= 200F % GDK-12 4l “* GDK-12
8 -+ GDK-13 _ -+ GDK-13
g. 150 @ 3k
£ 100 o 2f
2 b
g 50
o orF
3 5 10 15 20 25 30 5 10 15 20 25 30
Time / h Time /h
% -10. -11. - - J Qe
b | +GDK10 [E'8 GDK-10, GDK—11, GDK—12 F1GDK-13 & q,1&
5 [ «GDK-11 Fig.8 Specific a-ketoglutaric acid formation rate (c|,) among
2 40 - v GDK-12 GDK-10, GDK-11, GDK-12, and GDK-13
= -+ GDK-13 = - “tean -
2 s0p (& 8 u[ %1, bk GDK-10 7E KM 15 h IFf, ik
gl BBk qp 8 3.42 g/h, TEMF M GDK-11 1 g, {4
& N N,
k 0 TEREAN R B AR T R B bR, % o-KG (1)
& PR 23.94 g/L, BUH R EMR NI T 45.50%, iX
% 5 10 15 20 25 30 Al RE 2R PPC i PER I B 5E, 3 EMP &%
Time / h AR L, 2T o-KG E sl Gmas
C 15 = GDK-10 Wy, REAZEXS PPC HumZi i fEM, L 0.50
o mmol/L &RV T i PPC A% 12 2% 929604 11,
20+ -

--GDK-13

Biomass / (g DCW/L)
>

Time /h
7 GDK-10, GDK-11, GDK-12 1 GDK-13 A% EHTFRhL
Fig.7 Glucose consumption (a), a-ketoglutaric acid production
(b), and biomass (c) of GDK-10, GDK-11, GDK-12, and
GDK-13
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1M H B P GDK-12 fR B Rml A, 2RI 125 h
i, IEF 5K g 1E 4.73 g/h, 14 h B P2 R E ik 5] 21.64
olL, MLLHKEKE 14 h B RERS T
44.01%, {H 14 h ZJ5 qu (EIT I SURI N I%, KB 20 h
i, o-KG U= &ik®] 37.82 g/L, ZJGFILRE,
HHUL UL, AT S Bk GDK-11, fik#% UL pepc
W ZH B Mk GDK-12 ] DATE K B I — 52 I 2
o-KG W& s, (HIERIE G, I RehE KA
TR, H T PPC i, % a-KG 1Z IR
[O12 e hh, Bikk GDK-12 HIAEWIE BRI &
WAk N BT 26.83%, {HFEREEIFE K
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A, RMINT 9.02%, [FI£E & B ik A rhAG ) 21
T REMRIFIRMN ORI, VT REG
W, BN CO, [l & s AR M i & skl v A4
B B T AR B RE R R R ) T A R R 1 S BR AR
o EOR TR Ak GDK-12 I A B A4 R B 4.13 /g,
B R RIS T 38.59%, {H RN AR T
TR, EARIPCERE N 32.45 g/L, BHUKERR T %
T 26.13%. EIRE L GDK-13 (1) a-KG FIEI=¥1&
BRAH PN, HERERREI R 28.69%, FHXS
FHRERIES T 8.97%, 76K 8 h F 12 h ) qp
BB 2 T R H bk GDK-10. 164k, Htk GDK-13
(PERAL AR R B KRR T 21.14%, 45
WREALR . WIRED R, FPRESEZAN KESEL,
YLIAZ 2 R B A FT a-KG HIH R R .

3 Zhip

31 AW TR AT GDK-10 J9H K
P, FIAFRVEEHEAR, M 7 GDK-11. GDK-12
1 GDK-13 =R EM R, B7EiEd B eE
BTS2 5 IR AR EE R, LS o-KG IR
R SRR, HBERE )T P BRI Ppepe
JAENT, BIME pepc M FK i T 47.50 fi%,

EIEARIEGIN a-KG /=8, [ 22 KR S H
PRIPFERERE 17, XS BRI AE KA ANH] . A2 XY
¥ pepc WIHEMBEME, 7RI DLEE RS
o-KG W& 2R, Uil iE = 5% pepe B LLIG TN
o-KG FIRHIE B H 247 B . ¥ GDK-10 2 [F
H pepc &AL N ik B Ok A& S R R ot AW i Y1 pepe
(NOL7G)J5, 2342 i B Ao i PRI = R &

3.2 A/ TR pepc S KR kA K

o-KG 77 & & EERI YGRS 458K, &
I 50 PPC I IE 14 n] LR $2 8 o-KG 1A U 2,
BB BIREIRFF E R a-KG HIFHICHT St T —
EMZ%,
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