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Effect of Overexpression of Bacillus subtilis Phosphoenolpy-
ruvate Carboxykinase on Succinate Production in
Escherichia coli
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(State Key Laboratory of Materials-Oriented Chemical Engineering, College of Biotechnology and Pharmaceutical Engineering,
Nanjing University of Technology, Nanjing, Jiangsu 210009, China)

Abstract: Both of the phosphoenolpyruvate carboxylase (PPC) and phosphoenolpyruvate carboxykinase
(PCK) could catalyze the reaction from phosphoenolpyruvate (PEP) to oxaloacetic acid (OAA) in the path-
ways of anaerobic mixed acid fermentation for E. coli. In addition, the reaction catalyzed by PCK generates
ATP, which is more beneficial to the growth of the strain and the succinic acid production theoretically. In
this study, we constructed a ppc defective strain using A-Red homologous recombination system with the E.
coli W3110 (Apfl, Aldh) as the parent strain. Based on that, Bacillus subtilis pck was overexpressed. The
preliminary anaerobic fermentation experiments showed that both strains partially recovered the ability to
consume glucose through the overexpression of pck. Besides, the ppc defective strain showed the most ex-
cellent performance, the rate of glucose consumption and succinate production were 4.2 and 15.3 folds as
much as those of the parent strain, respectively.
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Fig. 1 Pathways of anaerobic mixed acid fermentation for
Escherichia coli'®
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FrAm R R R AR 3.5 4, Tiad i R IK pek Xk 1
LEIREA N, (BAE ppe BEFEE R, pek BT mEE
KRB IR IR EIR MY . I, PPC AT RES2AiE ML
PEP & OAA I MW, 14 ppe BFEET, PCK
Al AL IZ W . San Yup Lee % PMWE K AT =
IR E. coli pck, H5RRY B IR H HCOy HYHKEE
I, A0HE R A R Ak S i PPC S8, 1 HCO; ¥k
FE R, FEH PCK S8 UL o ]85 7= FH i in
20 g/L ) NaHCO; B, 41 3R HIIR ™= it HL B A
W T 2.2 %,
Y%F 2 PCK AL 1 B PG BE AR Ak, ]
B AT BRI B 3R KR = W) TR R B AR, AR
5T LLSEIG = B B R E W3110 (Apfl,
Aldh) W R R, R A-Red FIIREH R 410, %
W #ET ppe BB W3110 (Apfl, Aldh,
Appc::apra). [ HE T Bacillus subtilis pck ) H
ZHRIKFRL pTre99a-BSpek, 12 vkt HAT T 52 & ik
PRI RE S o BFRAI A #5212 ik PCK Xf
FLH RIAFFE W3110 (Apfl, Aldh) K W3110 (Apfl,
Aldh, Nppc::apra) DK BE ™= 5% R 19 72 1)

O S ¥ DR

1.1 #7#l

1.1.1 BEHRFARRAL: KIBHHE W3110 (Apfl, Aldh)
WA B EME IR, Bacillus subtilis 168 I
B A TR P R Oy, AR 5 rpop A 1 At B
W% 1 froR . KL pTre99a. plI790 K plI773 iifh
i R 2 U (i A TS R ) B, 3R 2 P

R1 AMRBHEMNEARK

Table 1 Recombinant strains constructed in this research

A PR

Name Character

YL1 W3110 (Apfl, Aldh, Appc::apra)
YL2 W3110 (Apfl, Aldh, )/ pTre99a-BSpck

YL3 W3110 (Apfl, Aldh, Appc::apra)/ pTrc99a-BSpck
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1.1.2  514: PP fi s Ko M5 19 Pl
P2 J3 il PR A LAl . 23R S T X2 7 51
ppe FERPIEFHNEIR, SEIL 3/ mA N T Q207
G5 JFOkE pld773 b Bl 4 B 2 B 3 8 0 81
o TERMFFRGEIK b ppe BEIH [R5 8 4 X 40
M, &it5149% P3. P4, HFRIEH Fik, § 44
Bacillus subtilis pck &5 9120 P5 F1 P6, kX
L0750 53530 Ry BRI N VT Sac 1T Xba 1G]
B BB TEANFHI AN 3 BTN

F2 KW AR R BURL

Table 2 Plasmids used in this research

BUAERWE (ug/mL)

Concentration for E. coli

ZFR R/ (bp) Ptk

Name  Size (bp) Resistance

(ng/mL)
plJ790 6084 Chloramphenicol 30
plJ773 1382 Apramycin 50
pTrc99a 4176 Ampicillin 100

®3 AHRTBETANIY

Table 3 Primers used in this research

EAS Fr31(5'—3")
Name Sequence

ATGAACGAACAATATTCCGCATTGCGTAGTAATG
TCAGTATGCTCGGCATTCCGGGGATCCGTCGACC

P1

AGCACGAGGGTTTGCAGAAGAGGAAGATTAGCCG
GTATTACGCATACCTGTAGGCTGGAGCTGCTTC

P3  CAGGGCTATCAAACGATAAGATG

P4  AAAACGAGGGTGTTAGAACAGAAG

P5 CGAGCTCATGAACTCAGTTGATTTGACCG
P6 GCICTAGAGCATTCCGTCAATTAAAACAAG

P2

113 EZR: KR DN A B2 G50 6 R0 B i W e
DNA [l a5 £ [ b st RARA AL R A BR A A
JERE /N PR B IO AR) & h bE HRE MR A R L
A BRAE] ™ 5 DNA B o7 & . BRI 1)
fiti . Pyrobest DNA Z A T4 DNA %4505 h K ik
FAWARAE 5, L-BHAREE A Sigma 22 H];
FERESR B AR ZE (IR Oxoid 23 \) 77 i HoAiat
Ay 7= oy

1.1.4  $FFE: AR LB Bige bk, DA
FRIEA LB AN 10 g/L BlaCEREREER 12 g/L %)
Wi, HEAEEEFRE, PR ER. @AEREMEATYE
B R AR IR L TAE R BE 2y By 50, 30 FI
100 pg/mL, %S5 IPTG LMK E H 0.5 mmol/L,

1.2 A
1.2.1 PCR #38: DIFKL plI773 MM, P1, P2 K
19, FEATER F BTG, RO AR 94°C
10 min; 94°C 45 s, 50°C 45 s, 72°C 90 s, 10 MEFF;
94°C 45 s, 55°C 45 s, 72°C 90 s, 15 MEH . LR
i 16 0 P BH P BB 9 O ASAR, P3 P4 B, HE—2
KR 75 PCRYEE, [N AR 94°C 10 min; 94°C
45's, 55°C 45's, 72°C 100 s, 35 MEFR; 72°C 10 min,
L Bacillus subtilis 3N 2] DNA A4, PS. P6 K
519, #E4T pek W BRI HE, RS R 94°C
5 min; 94°C 45 s, 53°C 45 s, 72°C 100 s, 35 MEFE;
72°C 10 min,
1.2.2 ppc EEMBRR: PKECW3110 (Apfl, Aldh)/
plI790 [ FA B P& R TR B LB G FR (T EE R)
H, 30°C R B R G #4547 50 mL #5575, &5
FRE Agoo = 0.2-0.3 B, JIWA L-FaIHifribiss T, dhs:
FiFR R Agoo= 0.5-0.6 IR & KB H 15-20 min )5,
T 4°C. 8000 r/min Z5FF T 25.0> 10 min, H 10%/7C
P HIPE A AR 3k, AT R T 0.5 mL
il R Z S A . BB EIR R bR PCR =4 5 Jk
ZARMMRA, BiEEMA 1 mL B4 LB £ 3%
JE30°C K% 2 h, BEL 200 pL B i THHATE
FBA - H1 8 R B LB 4 b, 30°C 5535, Ok PHE
AL F.
1.2.3 ppc SREHBEERRRL plJ790 HIHRR:
43 S LAAS 2 1) BH A 55 A6 7 R0 G BECBR A 1Y) 7 75 R AR
Me, P3. P4 N5IH3E4T PCR ¥ 5, FZUIE SR B
KA PCR 724

kL plI790 ARG RbiM:, HEHFHA R
FERRURE, S AR T IR K it K e
MR T LB 85373, 42°C IR R SR G,
TE 37°C 550 T HEATRIZ 43 B 15 5%, WA~ B 7% F
TR RMBTE PR R, Phikxt s R
BRI T BT 3t 2 K B U i vE R, A5 B BR
AL plI790 FY EE 4 B K
1.2.4 pTrc99a-BSpek b AYHIFE: FH I G L
Bacillus subtilis A4 DNA, UL P5.P6 N5 |9kt
PCR §'#4, 4ifb/5H) pck FEE Y pTrc99a JFii )
2 Sac 1 Fl Xba 1 WY J5, F T4 DNA % 2%
JEEEAL W3110 (Apfl, Aldh)EZ 400, A&
HERHBEREN LB AR, Pkt ek, #2850kt
T AU V) S8 o 55 5 I TR B A W3110
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(Apfl, Aldh)i ppe SRFERE, FIHTERE W3110 (Apfl,
Idh, Appe, pTre99a-BSpck), H5 HAr 44 Mk YL3.
1.2.5 BgELN: BEAKEZEESH IPTG
0.5 mmol/L [ LB }EFREEr, 30°C #iki%155% 6-8 h
Ji, R MR B3 BRI T PPC R PCK S
WIE o R IR N E R A Bradford 3£, A4 1ML
T A (BSA) MFrHEE A -

25 T DU A 1 S I A4 2R DL SCRR[12] o 3k

FEHTE 340 nm Z5 00 N S AMEOGAE, RN 1A R
H NADH f /0 15t I 400 530 s il 0 55 PR A o il 06
J9 1 min NAEAL 1 umol NADH %4k ) NAD Jir s &
Myl 1 U,
1.2.6 ABZGRREFEMHN: IWHIMGEAE
BEWEIRZE LB 55373, 37°C. 200 r/min } 55 %5,
Fit 10% M He R i e G AR 2k, 37°C. 200 r/min
K 9% 6 h G4 10% M R B FE R ARG 77 38, I CO,
P28 0.22 um 25 L uE AR I BE SR A i CO, &Y
2.5 min,

IRAUR TSI, 43 SR ) 52 14 TR M 4% 38 4 1
) TR A T B R R IRV T R BRFATR . LR i AE . A
ZRE T A WAL AL (SBAAOC) KN, A HLIR /& S0k
AH € 3% 2k (HPLO) & U, 3% 4E 4 Prevail Organic
Acid, JBIAHN 25 mmol/L KH,PO,, pH 2.0, ik
1.0 mL/min, 284MGMIHAE 215 nm.

2 HBRE5WR®

2.1 RiFRF PCR K ERRYHI&

PUFCRE plI773 MAEAR, P1. P2 A514, ¥4 H
Wi 5 ppe B2 BTN RE,  Hba] S B 4 2
RPUMESE ) DNA J B, S IR BE I ik 56 & 2
1500 bp, HFIS(EH—E, WK 2 PR,

2.2 ppc HEFEFRPEIRAIEE

43 LA A G0 B 2 B3 7 5 2% Al L O
TE B (1 e AL UG R B RE 1 TRV AR, P3. P4 H
519, PE4T PCR ¥ 3, X r=Wyahd s B g e e v ok
R, L AR SN2kt DNA K E R
1465 bp, 1M ppe B BB R 2766 bp, [FIIEEAH 5
) F Be K 240 1500 bp. A&l 3 iR, PR LT
PCR W24 1500 bp, il FHAE % £k K X6 BE TR P
PCR j=#1 %2k 2700 bp, 5Tt HESEAST . 1
EHR AR R ppe FER O 29k BT EHr 5 R
FEIR T HUR, ppe FE DY 30 w5
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2 BR pl773 WM E N SRR R PCR 718
Fig. 2 PCR amplification of apramycin resistance gene in
plasmid pIJ773

#: M: DNA 2 FEbrifE; 1: HAZER PCR 7=4)(1465 bp).

Note: M: DNA marker; 1: PCR product of the target gene (1465 bp).

B3 ppc EFERFEBER PCR £ &

Fig. 3 PCR identification of ppc mutants

TE: M: DNA - FBArdE; 1. 2. 3 2% bk . PR S 2
R IR B 1 5 20 R Rk 19 PCR 724 (R/N43 531 4 2766 bp L1552 bp
2766 bp).

Note: M: DNA marker; 1: PCR product of ppc gene in the host
strain (2766 bp); 2: PCR product of ppc gene in the mutant strain

(1552 bp); 3: PCR product of ppc gene in the false recombinant
strain (2766 bp).

2.3 Bacillus subtilis pck & 855 f&

&l 4 b M\ Bacillus subtilis X R 4 444 H 19 pek
F B, KNSR 1600 bp, HSFIS(EMT ., E#EE
pTre99a 5 MY E 4 Bk 52 il 5 o, AUEET) 4
EMLERSH—8., AR RNIEAZR
pTrc99a H,
2.4 FHEFKAY PPC #1 PCK BEEENE

Xof HH R TR AR R S ) 45 4 DR R 2R A T REL TR 1
FEOE TR 05, 15 R A EL S, A5 Bk
4 IR o

& 4 ATLIAEH, HEREKD PPC & J1E G,
1M PCK {6 JJARAK, Ui FAEIE #0022 PPC it

© PERZFRMEDARAATIKSHES http://journals. im. ac. cn



NS s HRIK Bacillus subtilis B PR 5N R ORI I AT 197 % HA IR B4 5 329

1k PEP A= 5 OAA [N o 3 1 423K Bacillus subtilis
pek J5, PCK 3% J11 0.032 U/mg FF% 0.63 U/mg, [l
TEHE S TR 20 %, T PPC {E 15t & B AR AR e U
FoA T %o iR ppe Jaid B3Rk Bacillus subtilis pck,
PCK i T W AR KR IE R, H 0.56 U/mg,
25 BEMHMRKESABERDH

DL R TEARAE X IR, 54845 A AR IR SR

Y (T\“[" ) é:t IS e
4 Bacillus subtilispck % PCR *r_ig @F%ﬂa@&ﬂﬁ rﬁ{ﬂto *JUJ Tﬁﬂkﬁ% ﬂﬁiﬂj‘k@{'ﬁl

Fig.4 PCR amplification of Bacillus subtilis pck gene F AR T EE(DCW) . pH., AR i BRI IR
i M: DNA 4> F&4rifE; 1. 2: Bacillus subtilis pck 3 H (1650 MR &, SR NE 5 iR,

bp). N N g -
Note: M: DNA marker; 1,2: PCR product of Bacillus subtilis pck 'LHZ{E_E]H%%@%%T Pﬂ %ﬂ ldh %’ Jﬁﬁiﬁ‘jmﬂ
gene (1650 bp). TR AR 3R, A5 A A A 2 A 1 i i o g

B RKIE Bacillus subtilis pck 7E—EFREE FWRE T
H A R AR A B Y BE T, 72 h YAl AE 8.25 /L
HEIRE™ 2.21 g/LIRIIR, 7 RRAE S A R BIHR T 6
T, RIS T AR R, DCW 8 & itk
T2 1.5 /5 @bk ppe Ja il 533K Bacillus subtilis
pek, BRI AR AE Ik — P4 %, 72 h Y
FE 10.5 /L HiAHE " 5.52 o/L BRHIMR, F=BRRE ) 1L
A TEMRER R 720 15 A%, SRR X 4 B i B &
5 JR%I pTre99a-BSpek KW EEH & & ik 54%, HEZY) R, UIHZH
Fig. 5 Identification of pTrc99a-BSpck by restriction en- PCK 4%, PEP %] OAA 4 2 v X Bk B9 4 & Rl P2 i

donuclease digestion
7F: M: DNA 2> T EARME; 1. 2: BHAFK pTre99a-BSpek Sac 1 EbSEEp e

Hl Xba T SUEFEI =45 (KK 4159 bp Fll 1647 bp).

»
Note: M: DNA marker; 1,2: Products of pTrc99a-BSpck digested by 3 %'Iﬁﬁ
Sac 1 and Xba 1 (4159 bp and 1647 bp).

AT LSRG % F B B ORI AR W3110

4 EEWRA PPC. PCKBBE L (Apfl, Aldhy Yy R TR, R A-Red [ 5 8 41 5 5%

Table 4 Activity of the enzymes PPC, PCK in crude ex- N e s
tracts of the recombinants R T ppe FEEH, Fid®mFRIA T Bacillus subtilis pck
—_— PEC i PCK i LN, T —RAVEH R, WIBER TR
Strains e GOl ik pek XERIFF PSR L REP SRR . L5
W3110 (Apfl, Aldh) 0.29 0.032 Fe: T HRIE pek AT LA /K A T RE TR MR R AEL 2%
YL2 0.16 0.63 AR AR RE ), Horh )LLL ppe SFERRIRH
YL 0 056 Wik, JLHRERERE AR EE 1430 R R R AR Y 4.2

x5 BEKMREABER

Table 5 Anaerobic fermentation results of the recombinants

A I ] BT MR 1
[EER7S iy X _ DCW e e
Strains Initial glucose Time Residual glucose (g/L) pH Succinic acid Acetic acid
(g/L) (h) (g/L) (g/L) (g/'L)
W3110 (Apfl, Aldh) 11.75 72 9.25 0.712 7.52 0.36 0.37
YL2 12.00 72 3.75 1.730 7.09 2.21 0.52
YL3 11.25 72 0.75 1.780 6.98 5.52 0.07
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153 %, HEY SRR RARK

YF PCK XY HCO; 2 FIfE J1 it e (X T
PPC, A i iof #F — 25 5 S At ffa P B i L VR B2
PCK Xffikfig S R M1 &R, vk — L&
25 AL TR PR 1 A A R FR R AR . B 5 Sk R R TR
TR FBf — Ll R A 7 BRI R 25 ¢ T
Fer .
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