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Effects of oxaloacetate anaplerotic reaction mediated by
phosphoenolpyruvate carboxylase (PEPC) and phosphoenolpyruvate
carboxykinase (PCK) on amino acid etabolism of Corynebacterium
glutamicum V1

ZHANG Dan-Dan' QIU Ai-Mei'’ BAO Yong' DOU Wen-Fang' XU Zheng-Hong®"

(1. Laboratory of Pharmaceutical Engineering, School of Medicine, Jiangnan University, Wuxi, Jiangsu 214122, China)
(2. National Engineering Laboratory for Cereal Fermention Technology, Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract: [Objective] Corynebacterium glutamicum is the main industry strain for production of
amino acids, to explore the effects of oxaloacetate anaplerotic reaction mediated by phosphoenolpyruvate
carboxylase (PEPC) and phosphoenolpyruvate carboxykinase (PCK) on physiological characteristics
and amino acid metabolism, the valine producing strain Corynebacterium glutamicum V1 was studied.
[Methods] Overexpressing of pepc encoding PEPC and pck encoding PCK in Corynebacterium
glutamicum V1 by means of genetic engineering, the changes of key enzyme activities, fermentation
characteristics and main amino acids accumulation were discussed compared with the original strain.
[Results] Two recombinant strains V1-pepc (enhanced oxaloacetate anaplerotic pathway) and V1-pck
(weakened oxaloacetate anaplerotic pathway) were constructed, both the growth trends were delayed,
the total biomass and the consumption of sugar and ammonium basically unchanged; Overexpression
of pck, the activity of PCK has 22.8% increased, the yields of alanine, valine, glutamic and arginine
were increased by 11.8%, 17.2%, 27.8% and 19.5% respectively; Over expression of pepc, the activity
of PEPC increased by 27.5%, while the activity of PC decreased 12.9%, the overall flow of aspartic and
glutamic-family amino acids changes little, while the flow of alanine-family reduced by 14.7%.
[Conclusion] Alanine-family amino acids are greatly influenced by this pathway while aspartate-family
not.

Keywords: Corynebacterium glutamicum V1, Phosphoenolpyruvate carboxylase, Phosphoenolpyruvate

carboxykinase, Oxaloacetate anaplerotic reaction, Valine
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Figure 1 Oxaloacetate anaplerotic reaction
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Table 1 The strains and plasmids used in this work

BIRRANBURL it B3
Strains or plasmids Characteristics Source

E. coli IM109 Stored in this lab
C. glutamicum V1 L-Valine producer Stored in this lab
C. glutamicum V1-pck V1 with pck overexpress This study

C. glutamicum V1-pepc V1 with pepc overexpress This study
pMD19-T vector T-vector, 2.7 kb, AmpR, lacZ TaKaRa
pJCl-tac Km®, Mobilizable E. coli vector Stored in this lab
pJCl-tac-pck pJCl-tac with pck fragement from V1 This study
pJCl-tac-pepc pJC1-tac with pepc fragement from V1 This study

1.2 FZERFIMNEE
T4 DNA %30 . ExTaq DNA AW F 54
Y TRRCKGE) A FRZS 7l (TaKaRa); A FR il 25 11
K. 45 4] DNA $BGRF & /N Bk R G
e K Bie g i IR &, s TR
FRE]; SRR ARG, [ S AR IR A A
NADH. ADP, PEP %, AT A TR A
BRZAE] oA itk s e e i ali A Ak
B RIG RS0 . BEA P 1Y, Bio-Rad AH];
A R B0 PL(5430R) , 2 Eppendorf 231 ;
FRORAE Y, EEEE A E]
1.3 EFEFEFEY
1.3.1 1EFRE: (1) C glutamicum V1 B A BERS
Fid(g/L): HAME 125.0, (NH4),S0435.0, KH,PO,

4.5, MgSO, 0.5, FeSO4 0.01, MnSO, 0.01, VH
1x107*, Mz 2x107, it 25 mL/250 mL, pH
6.8-7.0, (2) KIAFFH . C. glutamicum V1 JE&3Z 354
L. C. glutamicum V1 FhFE:FE5ER 535 WL SCHR[2]
1.3.2 EFEMH: KR 37 °C. 200 r/min [1]
R EEFRFEEE SR 12 hy C. glutamicum V1 FIFEH
PRTE 30 °C. 120 r/min IR G FRAEREFE 68 ho
1.4 DNA ##1E

KT H DNA #4525 R3], HEFFRER
41 DNA (HRICR - i5ESss A= PrHe AR\ w40 A
LRI 2R BRI & 5 RIAHFF IR 1% fb R T CaCly ¥
1.5 ZHERIME
1.5.1 HBIER pck F pepc BIY 1. s NCBI I
NA ) Corynebacterium glutamicum ATCC13032 )
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pck F pepe FEH 75 43U 1T858 R 15 1 R Ui
1. 1w EEsERG A TREAT BR A vl 6 .
P1: 5-TCTAGAATGACTACTGCTGCAATCAGG-3',
Xba 1; P2:5-GTCGACTTAAGCGTGAGCTGCTGA
AAT-3', Sal1; P3: 5'-GCTCTAGAATGACTGATTT
TTTACGCGAT-3', Xba 1; P4:5'-GTCGACCTAGCC
GGAGTTGCG-3', Sall,

(1) LA C. glutamicum V1 FERZ AR, P1, P2
JE1, 54 pek FEL, FHER R (50 pL): 10xExTaq
DNA A2 i 5 uL, dNTPs (2.5 mmol/L) 4 pL,
514100 pmol/L) 2 pL, Fii#514(100 pmol/L)
2 uL, #EHg 2 pL, 10xExTaq DNA polymerase
(5U/uL) 0.5 pL, ddH,0 34.5 uL; P854, 95°C
4 min; 94°C45s, 57°C45s, 72°C2min, 301
E¥; 72 °C 10 min, (2) LA C. glutamicum V1 FEH
MMM, P3. P4 N5, P71 pepc HH, i
RZRF(1); P15 : 95 °C 4 min; 94 °C 45 s, 60 °C
45s, 72°C2min30s, 30 MEH; 72 °C 10 min,
Frts 5 ) R BOM s Xba 1T Sal 1 BRSIPERFYIN &S
1.5.2 FHRNAEE: () By a2 pck
pepe SEHF M ER 2 pMD19-T ik, #EHARR I
%1422 TaKaRa pMD19-T Vector Cloning Kit 151/
Py BEREYIFEALE E. coli IM109 Y, 28305 FIBE
Fiiie . Xba 1 Sal 1 WEGVIRUE, SRA5 FAMER AL T
FRECE A FUki pMD19-T-pck . pMDI19-T-pepc, 54
TAY TR R ARAFT . (2) FERED
J kL pMD19-T-pck . pMDI19-T-pepc I % 182 J5i ki
pICl-tac, 53R FHFRGIMEN VIEG Xba 15 Sal 13
ATREY), I8 b T S A A B w e [l i
& SOGFaifb et R Bt pck. pepc il pICl-tac,
B pck F pepc 433 B TR pICl-tac, EHEIKFR
K457 TaKaRa T4 DNA SRR, 48
FEEALE E. coli IM109 W, Xba 1l Sal T ALY
UE, RISPAYERAL T E. coli IM109 pICl-tac-pck;
BamH 1 YL, S5 A AL T E. coli IM109
pJCl-tac-pepc,

1.53 EHEEREL: FEIEA R pJCl-tac-pck

K pICl-tac-pepc, W FHH AL (O 2 WGk [4]),
AR C. glutamicum V1 JE&ZASMMH, Bk
B, $RBUTOR, SR VIRIE, S8 HEAR
C. glutamicum V1-pck Fl V1-pepc.
1.6 FEIES
1.6.1 HAEIES# (LEE(PC). MBS HRE N ARSIk
ER(PEPC): il 752 WLSCHR[2]
1.6.2 AR IGEE SN R EREL FR G : K Tl R AR
FEREER T, EK36h)5, BUEER, 4°C.
10 000 r/min #.0> 2 min WEERFIK, A pH 7.5,
0.1 mol/L WEFRERZEMIRIEY 3 IR, EEIG KIS
e, 4°C. 10 000 r/min E5.0> 2 min B E WG T
BETEME o 3 mL ROWARR e 2.3 mL BEIRERSE vl
(0.1 mol/L, pH 7.5), 50 mmol/L MnCl,., 0.5 mol/L
NaHCO;. 0.5 mol/L NaPEP. 50 mmol/L ADP .
5 mmol/L NADH . 500 U/mL F 3% 5% I A0 4%
100 pL . FeJr I AKLEER 100 uL JE 3, F 25 °C.,
340 nm Ak, %30 s ME—REEE, F72E 3 min.

G JIBALE L — NG J1 5L (U) Ry R g ik
PR N AT, AE0 80 4#E 1 pmol NADH i
() it o
1.63 MERTRELSSHNE: K% DR
Wbl
1.7 AEE&RPRERRENE

SR FH AR i 2B A3
171 FERTACER: BOE YRR A FIEH 200 pL,
A 20 pL IESE 2B AR, S/ A 100 pL —
LIECTEMFMERAIRCNE, RAEERHE
1 he AIRAB A 400 uL 1IEC ke, KIZURD,
i F#E 5-10 min, 12 000 r/min 2> 15 min,
WBCR 2, F 0.45 um A AL/ INERG IR 2,
BT
1.7.2 GBS (1% VensusilAA , 4.6 mmx250 mm,
5 um; FishHl A: 0.76% /K ZBREN, 0.7%Z 0 ;
Wtk B: 80%ME; MMM : 254 nm;
e 40 °C; UEREARRL: 10 pL. FSHHIGE B Ve
J¥: 0—4 min, 100%JiatH A; 4-16 min, 97%Vis)
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M A; 16-17 min, 89%iisAH A; 17-32 min, 79%
WEAH A; 32-34 min, 66%EIHH A; 34-38 min,
100%3Z4H B; 38.01, 100%KEHH A

2 ZR50H
2.1 FEYHE C glutamicum V1-pck FA V1-pepc
B

Y44 C. glutamicum V1 1) pck 1 pepc FEH, 43
&R UK pMD19-T, R&3 V5L 2 E. coli
IM109 H, 28 FIBERTEE . FORIBEIRE, $Ef
YA T E. coli IM109 pMDI19-T-pck (&l 2A)H1 E.
coli IM109 pMD19-T-pepe (&l 2B).

R PR okl pMD19-T-pck . pMD19-T-pepc
K3 Gk pICl-tac, 53 AIAFRRGITEN VIR Xba 15

A ML

Sal 147 AEFYT, [IRGHFalitb 24 BE pek . pepe
1 pICl-tac, ¥ pICl-tac 53535 pck #1 pepc & 5
BT EHRR PR, ERTWHRILE E coli
IM109, £l BohiigbsnE, 1521 L
F E. coli IM109 pICl-tac-pck (] 3A)FI E. coli IM109
pJCl-tac-pepc (&l 3B), KW 4 Tk 4 &2

R4 J5okr pJCl-tac-pck 2 pICl-tac-pepc,
DREEALZE C. glutamicum V1 JEZ S0, PRI
AT, RMURRL, SiYIEIE, HBBEHEAR C
glutamicum V1-pck Fl Vl-pepc., ZKiill, THHE
Vl-pck B PCK BEHEHH LRSS T 22.8%, &
U Vli-pepe B9 PEPC P65 H A HRIE = T
27.5% (£ 2), RYIEHEMENRI.

3 M3 bp
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1 000
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2 pMDI19-T-pck (A)F1 pMD19-T-pepc (B)EE 154 iE [El
Figure 2 Digestion patterns of plasmid pMD19-T-pck (A) and plasmid pMD19-T-pepc (B)
: M1: DL2000; M2: ADNA/Hind 11I; M3: DL5000 7 F-HpniE; 1. EAFR pMDI19-T-pck Xba 15 Sal 1 XEYIF=¥); 2.
Hi pMDI19-T-pepc HREYIFEY); 3. kL pMD19-T-pepc Xba 15 Sal 1 WEELIF=4).
Note: M1: Markers of DL2000; M2: ADNA/Hind 11I; M3: DL5000; 1: Digestion products of plasmid pMD19-T-pck by Xba 1 and Sal 1; 2:
Digestion products of plasmid pMD19-T-pepc by Xba 1 and Sal I; 3: Digestion products of plasmid pMD19-T-pepc by Xba 1 and Sal 1.
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Figure 3 Digestion patterns of plasmid pJC1-tac-pck (A) and pJC1-tac-pepc (B)
¥: M1: DL2000; M2: ADNA/Hind IlI; M3: DL5000 7 Fihnifl; 1: B FBR pICl-tac-pck Sal 1 Fl Xba 1 WEFY F Bes 2: kL

pICl-tac-pepc BamH 1 [/ ATV F=4).

Note: M1: Markers of DL2000; M2: ADNA/Hind I1I; M3: DL5000; 1: Digestion products of plasmid pJCl-tac-pck by Sal 1 and Xba 1; 2:

Digestion products of plasmid pJC1-tac-pepc by BamH 1.
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Table 2 Specific activity of key enzymes
PCK (U/mg PEPC (Umg PC (U/mg

Strains . .
protein) protein) cell)
C. glutamicum V1 0.350+0.013  0.400+0.012  1.860+0.073
C. glutamicum 0.430+0.011  0.390+0.015 1.930+0.059
Vl-pck
C. glutamicum 0.300+0.016  0.510+0.018  1.620+0.034
Vl1-pepc

22 HHFMHRRAEFETL

DL R TR VI Bt AT 28 BB TR V1(pICl-tac)
X R X E A FE kR V-pek 1V -pepe P THEHRLE
FERRPEDTSY, 25 (B HFRM: (1) WA 28 ORI T
R V1(pICl-tac) 5 R VI B4R #HaHE .
TRFREL PITHAELL I LSz iR AR R T B 22 5%,
Rz ORI AR V19 AR BRAR T B B e (Bl ok
TR (2) PIRRE LB AR BRI &
PIMRRIZE, (AL RKIRH R EMRAER T 8 h
(M 48 h #EK-F 56 h, [ 4A), HE AR E W Ay
FEYRE 145 g/L oA, WIS AR 2 (&
4C)orHT, HA T FENE R R R AR, (HE
IRFRUE IRV AE ) BBE AR 5 (3) L-Ai 2R R
MR (K 4B)K W . K 40 h I R -8 &2 R E
HAGK RN KA R, M EHEAFETE 4048 h 4k
FHGEARKI, JE R R LA, LA
48 h i}, THRE Vi-pck () L-4iEZ R B 557
32.9 g/L, BHILHEEQRS.] /L& T 17%; M
HE Vi-pepe BT RII L-SE MR AT BN %,
48 h i L4 w0k 23.9 g/L, BRI
KT 15%. & B A 41 B 78 B R AR K B X B0 3
(5 8 hyII AT R4 2R .
23 EBZERE4MNERTEM C glutamicum
V1 TERERNKHHIZ M

PR B 2 T 0] g A2 0 a2 3 1R A 1
oM, LUK 48 h BYTRERE S Al 42, e
RS EA W F AR R, 45REE 3)
3 FH 398 5 RO £ TR ] R A O S T 1 T A ek
ARER Iy A FERRACHI ] . (1) H§58 PCK & L R] {2 itk
FE R 0] PEP Ak, BN mRR R R, dE iy
I TCA I, A LA R R A A B TN 2

L 1 1 1 1
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7 (h)

L-Valine (g/L)
) w
S S

(=]
T

0 20 40 60 80
1 (h)

Glucose (g/L)
(=)
<

0 20 40 60 80
t(h)

NN
(=R
T T

Ammonium (g/L)
[

—
(=]
T

S W
T

0 20 40 60 80
¢ (h)

B4 TERBEKRERETRERZ

Figure 4 Fermentation curve of different strains

Note: o: C. glutamicum V1; A: C. glutamicum V1-pck; o: C.
glutamicum V1-pepc.
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Table 3 The amino acids analysis of fermentation broth

Amino acid (g/L) C. glutamicum V1 C. glutamicum V1-pck C. glutamicum V1-pepc

Aspartate-family  Agpartic (0.324+0.046) E-2 (0.364+0.036) E-2 (0.293+0.051) E-2
Lysine 1.23+0.091 1.121+0.035 1.299:£0.072
Threonine 0.045+0.002 0.042+0.003 0.045+0.003
Total 1.278 1.166 (18.76%) 1.348 (15.47%)

Alanine-family Leucine 0.106+0.007 0.135+0.016 0.124+0.003
Alanine 1.872+0.080 2.088+0.130 1.63120.06
Valine 28.094:1.020 32.932+0.340 23.913+0.24
Total 30.072 35.155 (116.9%) 25.668 (114.7%)

Glutamic-family  Glutamic 0.181£0.020 0.232+0.0140 0.217+0.018
Arginine (0.869+0.043) E-2 (1.038+0.031) E-2 (0.892+0.031) E-2
Proline 0.239+0.017 0.259+0.011 0.212+0.027
Total 0.429 0.501 (116.7%) 0.438 (12.4%)

PRI S LR . LA ol T — R AT S R 45 2 R
R IR A i R AR, PN 2R | SR
BHER . KGR Z W R, s T
11.8%. 17.2%. 27.8%H1 19.5%; (2) 1tk pepc,
PEPC &4 27.5%, [AE; PC {HHEREML 12.9%
(3 2), Bl PEP #| OAA Ui sy Ry, 55—
MR BN EIRR 2] OAA FOACISHE FFRA%, alfd
OAA [lkbigf WAL f A 7 — R K, 3
ol R A& SR R RN A S R Tk 2 SE 1R 1 AR i i B 4k
K, TWibE#E PEP FEAL, NERRRHEZ R, F80N
PR A IR VA R R T 14.7%.
3 Wik

T PR BIAMEAR E iR TCA PRI IE N 8%
EE RN Z—, MR . A, JEREAL
PR B EEAIMER . AR SCLASI 2R =
MRS IR V1 RS, il iRk
pepc Fl pck W75, #RITH PEPC /%1 OAA [H]
#MEEFIH PCK A5 AR 4 X R A BRI L
T SR RN R 1 . 254 B eI
3 PSR pepe FEPRIXT 4 KT 1 2B K s )
B &P, 1k pepe X 15 3 H A Y1 EE TG
A IREHERR ok A2 s AR ey, B R T

EERAER, HEREFECYEHE TR Rh
T B PV SRR I pepe FEIN, KRB
GRASRRI A K TR T B 5 UL pepe 16 (1A SRR X BRT
PRI RAT —E I VR, (R 335 pepe X TR
ER N 0) AL

PR ARV SIS T PEPC 15
ST R BREFF R AR IAFF A TCA JEFRPIRI=41
SR, G5IRIGFRIIIEGE PEPC I, OAA [MIh&1R
P ACIHE RN, TCA JREFRE I, o R
R MR T R B e m . AUF5eh &3, PEPC
IS B E MR T AR, PC A B
AR, BLRHERIT DA 7E AR A B e 52 1
it A %N, PEPC F11 PC AT LIFHE RN, DA
PEFU 5 OAA [RIEN&RAR A S 42 i 7
—EIEE, AT RER R A AR I SRR A5 2R
T R 2 WS AR I MY SR N 2 — o )
L4 A A LT, A RIK pok T B R
PR, Al X L S S R P B R A —
E B SE R

2 % X #
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