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B R B RATH ATCCL3032Aldh 49T — 8 = 2 Fe st 55485 T 94.9%F= 32%, FE
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Construction a metabolic engineering strain to produce
succinic acid from Corynebacterium glutamicum
by gene deletion mutation

LIU Xue-Sheng JIA Quan-Dong ZHANG Wei-Guo”

(Key Laboratory of Industrial Biotechnology of the Ministry of Education, School of Biotechnology,
Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract: [Objective] In order to improve the production of succinic acid and decrease the
accumulation of by-products under the oxygen deprivation by Corynebacterium glutamicum
13032. [Methods] From the C. glutamicum ATCC13032, firstly, the gene of lactic dehydro-
genase (Idh) was knocked-out and the single deletion mutation strain C. glutamicum
ATCC13032Aldh was constructed. Secondly, we interrupted the pathway of pyruvic acid flux
to acetic acid by marker-free deletion the E1p gene (aceE) which encode the essential part of
the pyruvate dehydrogenase complex (PDHC). [Results] The production and yield of succinic
acid of recombination strain improved 94.9% and 32%, respectively, compared to the parent
strain C. glutamicum ATCC13032 and what’s more, the main by-product lactic acid was
eliminated to none from 63.5 g/L. The inactive of the pyruvate dehydrogenase complex could
not prevent the formation of acetic acid absolutely, but the production of acetic acid decreased
37.9%, compared to C. glutamicum ATCC13032Aldh and the production of succinic acid im-
proved a little. [Conclusion] This recombination bacteria has a potential in industrial applica-
tions, and this study methods could provide reference for microbial metabolism breeding.
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Escherichia coli. Mannheimia succiniciproducens.
Actinobacillus succinogenes LA J Corynebacterium
glutamicum 45, 2 S BRBIRFT B —Fh 48U
A, HA P E IR 1S B R 2 R LA A
TSR, TSRS A RRPRIRFT TR AR T
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SN D A G R MR R T A SR A Y
At A S sk ) U EE 4 A O i e R T
R FR PR IRFT T ATCC13032 N4 -3
P 1ot S g 56 D] (1dn) T T 7 i 20l R aceE 3k
[l (aceE) ., 4 f T 4 2 e e R AT 1A e ik 1Y
BALERR TR R A R A ARAT TR ATCC13032Aldh
DL R BB R B Mk A & R OB R T
ATCC13032 AldhAaceE ., %5 R =T R
TR B ASANAE [F) 2  F A F S i i K7, T HL
R TT 1  A  RR  TRAT B b B A P
P M ILRARA T BE IR L T 5%,

1 MRENE

1.1 #l

1.1.1 Bk BRoAnsem: R0 L.

112 FERFIRAEE: &AM AEE Y,
OXOID 7~ wl; &0 H T 53 F A W R i)
&, DA TAY TRAR/AR, SBA-40E 449
FRIEGTHTL, IWARAFHFBE AT, PCR X,
Bio-Rad; &R AH (%Y, Diamon A F]; FRlPE
UG . DNA A& T4 #4420, TaKaRa /A 7;
fitH71%, BIOTEK.

x1 AMRFAEAOERKR. RAFI514

Table 1 Strains, plasmids and primers used in this study

L7 SN TG L)

Strains, plasmids and primers

GBS Rl

Relevant characteristics or sequence

R A

Source or purpose

E. coli

JM109 recAl, endAl, gyrA96, thi-1, hsdR17, supE44, relAl, Stratagene
A(lac-proAB)/F, (traD36 proAB" lac® lacZ AM15)

C. glutamicum

ATCC13032
ATCC13032Aldh

ATCC13032AldhAaceE

Pucm-T
pk18mobsacB
pk18mobsacB/Aldh

pk18mobsacB/AaceE

Oligonucleotides
Idh-L-F

Idh-L-R

Idh-R-F

Idh-R-R
aceE-L-F
aceE-L-R
aceE-R-F
aceE-R-R

Wild-type C. glutamicum ATCC
Derived from ATCC13032 with deletion of Idh This work
Derived from ATCC13032Aldh with deletion of aceE This work
Amp' pBR322 ori 2.7 kb Sangon, Shanghai
Integration vector; Km" oriVg oriT sacB Schafert®
pk18mobsacB carrying a truncated Idh gene This work
pk18mobsacB carrying a truncated aceE gene This work
5'—3' sequence

CCGGAATTCTTTCATACGACCACGGGCTACC EcoR |
GCGTCGACCGGCCCACACAACACCATG Sal |
GCGTCGACAATACGGTGAGGAAGACATCTACATC Sal |
CCCAAGCTTAAAACCCTGGTCACGGTGAATGCT Hind 111
CGCGGATCCCAGGAGTCAACACCCAGATAC BamH |
GAAGCCATCGAGATCGTCTTC
GAAGACGATCTCGATGGCTTCCCCAGGCGACTA
CCCAAGCTTCTTGACCCCAACGATATGAAGG Xba |

5 IPIRIZFR o R I7 5, 5 1P BB AAFR 4 T cross-over PCR A9 S [n) B2 &35 43

Note: The underline primers were the restriction enzyme cutting site, the bold part of the primers were the part of reverse the overlap

during cross-over PCR.

http://journals.im.ac.cn/wswxtbcn
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1.2 A&k
1.2.1 $EFE: LB (g/L): EAM 10, EBERHERW)
5, Afkih 10, pH 7.0, TR RBATE AR
FRARIRAT A

Epo (g/L): FH M 10, BErEEEE) 5, Fibah
10, SHHRE 4, H& R 25, Tween 80 1, pH 7.0,
THEFRBR AR RS A L RZ S

LBHIS (g/L): Fii.Coi#e% 185, &Ik 5.0,
FEREPE Y 2.5, EAksh 5.0, ILALEE 91.0, R
% 30mg/L,

Fh ¥R dk(o/L): Hi%HE 25, FoKJK 35, IR
% 5 K,HPO,3H,015  MgSO,7H,0 0.4,
pH 7.0-7.2, HTHEFRAE T R TR, ARAS
MR ARFELS A K BT BRI 0.5% 1 LR B
R BT

BB R WA B 56.0 g/lL, KH,PO,

0.5 g/L, K,:HPO, 0.5 g/L, MgSO,7H,0 0.5 g/L,
FeSO,7H,0 6.0 mg/L, MnSO4H,0 4.2 mg/L, 44

# 0.2 mg/lL 4% B1 0.2 mg/L, pH 7.5, [A] &k
FIR BRI NaHCOs, FIT2E= T 2.

122 RZAFERBELAZE KWTREEEZ
Bl s i (O Frakniss) P, fAmE
PRAT R L % AR 2 5 1 il %52 7% (Handbook of
Corynebacterium glutamicum ) "%, H1 4k 4 14
100 Q, 50 pF, 1.8 kV, 5 ms.,

1.2.3 Idh #0 aceE EE B RRIHIMIES
sk Idn 3 PR R R TR 20 4o W 1 92K TR
V5 21 0 A AT T R R AR % 231 pk18mobsacB
b AT, w59 1dh-L-F. 1dh-L-R LIEY
RIS FRRERIRAT I ATCCL3032 3L H 41N
BEMREATH B PCR SRAFZE R (1 175 bp), #%
pk18 Sk A1 AE [A]YE F EcoR | Fl Sal | XUV )5,
W2 R R B ok L . 514 1dh-R-F | Idh-R-R
DLBT A= RU A R IR I ATCC13032 2L
ARG T R L PCR #4547 [A] 5 (1 155 bp),

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

W5 3 B A 2 R) RV %) T 4L SR AN A TR R R A
Sal | 1 Hind 111 BUGY) 5 #EA7REE, 2RI EH 4
#i pk18mobsacB/Aldh U 1A Fis .

H T aceE 2t N &t Fx W & 4 ok
pk18mobsacB/AaceE Jif it Cross-over PCR 5,
ZE[RJRE (1 519 bp)5 |4 aceE-L-F, aceE-L-R FI
A7 [ (1 226 bp)514) aceE-R-F, aceE-R-R 43
LR A RIS IR PEIRFF I ATCC13032 AAsiti
HEFTH L PCR 20 il AfAS 2247 AR . 4lifb s i A2
A7 [l R SR IR A iR, aceE-L-F. aceE-R-R
A5 T Cross-over PCR, 3454747 [l JE
HAEFH|—HLH aceE WEPABLRH B, ¥iZ A
Bt2: BamH | 1 Hind 11 XD I -5 AH R BEDI 4 o
#i pk18mobsacB #4142 . $As H TS bR Y
4 [kl pk18mobsacB/AaceE I 1B s,
1.2.4 BREHEIRTE ATCC13032 & Idnh #0
aceE EE BB A E: &4 R E R H
ATCC13032 1 Idh il aceE & mil i A id i W vk
RS B, KSR 2 Fin, i dgh
1k %6 ¥ pk18mobsacB/Aldh i 4 Ji ki #5 A
ATCC13032 MRz AT EATHE . 75 LBHIS
AR R 2 i o — W [ 2 YR IR R B
Tal, B pk18mobsacB/Aldh ik ik [ 5 B 2H %
A5 ATCC13032 FYFEHFA I o Kl b k425 LB
WeRREFAL, 32 °C ., 100 rimin IR 535514
AT 10%E0EY LB P b, it EERESOE LA
(sacB FEH) ik Zeid 55 2 YRRV EL A 0 T
WAL T3 2R &8 30 mo/L FAREE RN LB
SERRAN LB S b, REFE LB P A K, (EXFR
TR Z AR R R 2200358 2 IRIFIVR 4L 5%
Bt o 205 2 YR IAIR ELZH A AR — e SR R B ) 58
A5, AT RERIRE RAT, T EEX B i — 20
PCR HiF . 2 RPIRATF IR ATCC13032AldhAaceE
UK RS AR IRAT I ATCC13032A1dh
BAERR RSER L HET, kRl B A
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A
/{( x’dk—L—F_b Idh Idh-R-E_5 /
I
/ < ldh-L-R l < 1dh-RR //
1175 bp iz | 155 bp

pk18mobsacB
5721 bp

pk18mobsacB/A Idh

8051 bp

L-arm L-arm A /dh R-arm
B aceE-L-E aceE-R-F
// = acek —
<«— gceE-L-R

1519 bp
L-arm
acek-L-F

Cross-over PCRl

/
l “—aceE-R-R” /

e | 226 bp
R-arm

NN

(kan]
pk18mobsacB
5721 bp

L-arm AaceE R-arm

SacB
EcoR I+Xba | (pk18mobsacB/A aceE
—_—
8 466 bp
00

L-arm A gceE R-arm

1 EERNAZERR
Fig. 1 Strategy used for construction the recombinant plasmid
W A 33 P9I T % M 8 E 4H kD pk18mobsacB/Aldh; B: i@ i Cross-over PCR #7541 A Bt #4 & & 41 J& 4

pk18mobsacB/AaceE.

Note: A: Construction of the recombination vector pk18mobsacB/Aldh by twice ligation; B: Construction of the recombination vector
pk18mobsacB/AaceE through the recombination fragment from cross-over PCR.

1.25 BHEREEEA R WA R Pk B
WFFpF5 335, 7£ 30 °C.100 r/min §53% 14 h;
BT HCES.C (5 000 r/min, 4 °C, 10min), WA
I, BRTERALIR TR R 1 IR, DRI R
B 30 g/L (WAiAf T+ i) SR RIFE bR 7R3,
32 °C BAANRGEEFR . TR R I R v (Al EE b
IR R A 0

1.2.6 SHh7AE: wikille: RHAUV2100 B1A] I
LA, #IAIRN A SBA-40E =41k Ik
1 FLER . LR . T e R ROHAH £ 3% (B
L ERRAH & 48, KromasilC18 250 mmx4.6 mm,

FEIR 30 °C, 210 nm 4G, BIAH 20 mmol/L
KH,PO,, i 0.8 mL/min),

127 BEEEMEFE: LDH B e 78
37°C T, JimA 1.0 mmol/L DTT, 100 mmol/L
R4 22 wh W (pH 7.2), 10 mmol/L P i 2 4,
0.3 mmol/L NADH, HIE#HK 100 pL (& EER FE A
ZoE0 VRV A PR L IE ), WIXE ODago
WeCAE . AR AARN 1 mL A
(RRiRZRH 1 mL), K5 R L dE T,
530 5 s Kk, D HE] 10 min, BETG B
SE A A{E 37 °C, pH 7.0 i}, &0 4k 1 pmol

http://journals.im.ac.cn/wswxtbcn
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AN —
L-arm Aldh R-arm

=
L-arm Aldh R-arm /
The LDH deletion type

kan
pk18mobsacB/Aldh
N

L-arm /Jdh R-arm
The restoration type

2 RIEXNXZRFEEREE
Fig. 2 The theory of double allelic exchange schematic diagram

1) NADH Jit g &4 1 U,

PR R P 3 S G 2 4 72 30 °C F, A
A 50 mmol/L ERRHIZZE v (pH 7.2), 1.0 mmol/L
MgCl,, 0.05 mmol/L CoAS-Na, 3.0 mmol/L Bt
fiz £t , 0.2 mmol/L TPP, 2.0 mmol/L NAD,
2.0 mmol/L NEARRHHN, B 100 pL (% JriE
k). BEEEANIE XN 30 °C, pH 7.2 B, &§44p
fEAEAE B 1 umol () NADH s iy 1 U,

VOB o SOy a2 S AR 11 T R TS B
fi2(U/mg). HH AR AR I e B Bradford
W, PRAEY A S FEH .
2 HREWR
2.1 AT EERFRAVELRRR pk18mobsacB/Aldh
X pk18mobsacB/AaceE RI¥TE

3 328 R FH 1) 5 B 2H i B ARG B B B A T
VR, T ST R A A T 2 R T RE 1) A TR
pk18mobsacB/Aldh i i filf 1) 4 7 7 A7 W) Y5 2
WS EA TR b, ZEFIJEE N Idh BRI
1 000 bp #| Idh 2455655 175 bp ByTr, HE
KA 1175 bp. A FUEE A Idh FEP T iERY

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

1000 bp #| Idh Z %52 )5 155 bp, FEtk
1155 bp, H#H Fiki pk18mobsacB/Aldh £¢ EcoR |
1 Sal | XUEFDI I R/INA 1175 bp 72 W] I 7
B HK/NR 5 721 bp £kIEAL pk18mobsacB 4%ir
(K 3A, 11H). T FEE 328 EcoR | i
), Fr Lk pki8mobsacB/Aldh Y B iiF 2 i i
Hind 111 F1 Sal | XUA§VIE BRI 1155 bp 471
TR P51 L K /INA 6 896 bp %A 22 [R] IR [ 260
P 5 (K 3A, 2 i), aceE #t ki Br & it
Cross-over PCR #5158, 5 pk18 4% 5 (1) T 2H [k
pk18mobsacB/AaceE ifi i BamH | £ Xba | XX [ifi1]]
k. ZIFNRMREERC IR L 2 745 bp K/NK
aceE BRI FBLLL K K/INA 5 721 bp KIE
pk18mobsacB Jki2kH7 (41 3B, 1 iH).
22 BEEEIKITFE ATCCL3032 H Idh #n
aceE E[Hfy PR E R IE

HRAEEL 2 AIH, 2856 2 U (Rl 40 0 i H
) BE PR SR A P AT B — o R R 58742,
AT — PR RIRE R4S, AR EEXT 405 5 2
YR [R) 5 i 20 1 9 AR AR IEA T i — IR B B iE . AR i
NCBI & & IR IRFT i ATCC13032 KL K 2H Y7
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A B

3 pk18mobsacB/Aldh (A) X% pk18mobsacB/AaceE
(B)BEY & ETRBEHE SR A K E

Fig. 3 The agarose gel electrophoresis of the
pk18mobsacB/Aldh (A) and pk18mobsacB/AaceE (B) by
digestion with restriction endonuclease

E: A: M: DNA marker DL15000; 1: pk18mobsacB/Aldh EcoR

I+Sal | ¥ XLAEET; 2: pk18mobsacB/Aldh A4 Hind 111+Sal | X
1], B: M: DNA marker DL10000; 1: pk18mobsacB/AaceE )
BamH I+Xba | AL,

Note: A: M: DNA marker DL15000; 1: Digestion

pk18mobsacB/Aldh by EcoR I+Sal I; 2: Digestion
pk18mobsacB/Aldh by Hind IlI+Sal I. B: M: DNA marker
DL10000; 1: Digestion pk18mobsacB/AaceE by BamH I+Xba I.

FIAl% 1dh Al aceE J¥FIK/NTHIC 945 bp.

2769 bp. X SEASRIE PRI A, Ze [ UV Y
LS 1 YR R IR R S 1 e A5 5 Rt
Idh 1 aceE 3K #EFT PCR Ji5 28 Byt g WA 6 JiC 360 F
(&1 4) e i A e 0 5 1 e X 360k o 37389 1) 7 4
£14% 1dh #1 aceE |- i 1 000 bp & Idh #1 aceE
B 55 B, BTN 1dh A aceE M4 %
AERRY B EE 23 1 24 0 2 900 bp (&1 4A, 31H |
4 3H)F1 4 700 bp (& 4B, 3 3#), Xt A9k 2875
PREED AG PR B2 L1290 o 2 300 bp (K] 4A,
13iA ., 23iA)F1 2700 bp (Kl 4B, 1iE . 2i8) A4
SRR B e Hh UK S G AR (R 20495 B )
gL AT LSS LR 1dh i aceE 3t PR LTk
Bro Jf HIGF SR B Bea A (45 2R s Sk
KWtk ATCC13032AIdh 5 =2 J5ihs Hh & T A= Ko
AR 2, BB Ok BBk A B R IR AT

ATCC13032AldhAaceE 7EUFA S A KAF 4

Jird & B Sl 9 o

23 SHLAMLAEET R

AR A AT ATCC13032 AHILAL,

BRI MR IR IRFT I ATCC13032Aldh
A ZIREIRFTH ATCC13032AldhAaceE A=K
FHXT 4%, I HAEAUGE AR Y B bR AP 35 372 2 h
it ZEUS I/ 1) SR (0.59%) AE < SRl IRE S . i
T R OB A € A IR S A5 T A R BRI AT
[ ATCC13032 KTk HHFLIR . T R LR
e 4351k 63.5, 22.1 F19.8 g/L (K] 5A), LR
o R R 7 A =W 3 I N S
ATCC13032Aldh BB T MR . LFRAHREE
439k 395, 22.5 g/L (K] 5B), KM ILF%
AR BN FLRR IAFAE . T R I ™= B e bR
Ay IEE T 94.9%H1 32%., i 56 4k i WA LR i
ARGE A AR R B E R A5 M b FL R
AR R, JF B AR TR, ks
A A FLIR & BT

B

bp M1 2 3 4 bp M1 2 3
7000

2322 2000

2027

Bl 4 PCR WIEGRARTF0E S R T IRASHE AL FL K E
Fig.4 The agarose gel electrophoresis of identification the
defection mutation and the restoration mutation by PCR
I A M: A-Hind TIT digest DNA marker; 1. 2: ldh &5 Gk
275 PCRYH; 3.4 Idh B:[A [ &2 5875 PCR 444 B: M: DNA
marker DL10000; 1.2: aceE FL[H G2k 28745 PCR 4714: 3: aceE
FE[A 152 987 PCR 4734,

Note: A: M: A-Hind III digest DNA marker; 1, 2: The PCR
products of Idh deletion mutation; 3, 4: The PCR products of
Idh reversion mutation. B: M: DNA marker DL10000; 1, 2: The
PCR products of aceE deletion mutation; 3: The PCR products
of aceE reversion mutation.
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LIRS S ) 2R TG AN BHLBT 1 LR i A= B, i L
PE T T R R, BT Idh SRS T
BRI AR P B IRAR I & AR, A A R AR = 4 A
&, &m0,

g it — 2 B AR R = ) TR ) A, BT
R R O 1) S BRI A ORISR, g ek
PDHC fi#:fk, aceE HrfA AR PDHC 19 E1 2K
AR PIER R AN BRI 1) L IBEAHRG A, HEMIBHET T 2
BRI A SR . 76 1dh BRPa R B RS it
IRFFIE ATCC13032Aldh FER 1 8 o) WUk s 154
B RRAS E B IR AT B ATCC13032AldhAaceE BH Ht
NERRR 0] 2 IR A BRI . AR EIR, &
R 1A =5 21.9 g/L B3 13.6 g/L, T —fRI™
i F] 45.5 g/L, FLERMw=ATIA LT R 0 (K
5C). ELAE 5 IR R T IR AL B,
S5 SR W I P e 2k TR B 7 AR ARG R v = R
PERBIRFFRRE GR 3)o L T IR IR A 5514 T ek
TV Z [FZE SR AL T OE 8ok, Rl B
N AV R S35 N
I aceE i PAw R A 45 P i e A S Bl 2R 114 2R3,
FEARRETE IR R4 . HIE TR T

AR 7 it 25 (PDHC) 118 25 3% £ 445 DAY R 152 7 4
L P R A SRR, T P R R ) o R AR A B
) TR TR 7R - TR AR AL 3 R B (PQO) TE AR ER T
PDHC B35 E, 78 PDO Ak P B iR S AL I PR IE
LA COM,
3 Wie

RSB B T B S H R R
B, PR IR [ AR RATRAR Y, s R e 5
(=W I = STTBOR AW I 0 0 B A 1 G /=R G
R N A2 B R A s o SRR BB AR T 4y
FRIRE AL, A KTE A RNAT R ERREAR
AR SCIR 584 G R R RAT TR v 1) 5 i 4 %) %
RIEAT R, SO AN A R )3 AL R o g A
PR i 53 58 A L DBIr 2 2 1 A bR T v 40
S, AR HAY =4y P e i 0, i 4E
KX BRAT R R s L T 5 . AR S5
TR EERN [, SO ERIRAT T 09 2L 8 TR A R0
T RSP SR,

ALV ATRPRIRT R ATCC13032 i &k
B, WHRESE T T R sl = LR A

F2 AEMBEKITE ATCCL13032 & FE ik EERE LR

Table 2 Comparison the enzymatic activities of C. glutamicum ATCC13032 to the gene deletion strains

Ji1% Enzyme activity (U/mg protein)

ik Strains
PDHC
ATCC13032 0.934+0.044 0.086+0.034
ATCC13032Aldh 0.083+0.054
ATCC13032AldhAaceE ND

Note: ND: Not detectable.

#x 3 EHRASERERITE ATCC13032AldhAaceE AYE{ETAE M

Table 3 Stability of descendiblity of C. glutamicum ATCC13032AldhAaceE strain

o
ety . ) s . ]
Passages

T % Succinic acid (g/L) 46.6 43.6 47.7 49.3 47.4

L& Acetic acid (g/L) 14.6 13.3 15.6 145 125

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



XS T

PR A A PR AR IR 1 25 DR e S A Ol TR B R PO g 2

747

A

A T at g | — el |
70 _ T = Lacuc acia — i Ulucose

Succinic acid

oncentration (g/L)
w b
o [e=]
e :

L K
5 20 F / \m o——90
A et
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5 REFHTOHAFMIREE =BT IZh%E
Fig. 5 Fed batch bioconversion curve of organic acid production under oxygen deprivation conditions
E: A, B, C 43514 ATCC13032, ATCC13032Aldh, ATCC13032AldhAaceE RS T PR i<k

Note: A, B, C is the curve of bioconversion organic acid under oxygen deprivation by ATCC13032, ATCC13032Aldh,

ATCC13032AldhAace E, respectively.

IR . BIR ZTRE MAE W AR B2
BEL BT, Mkﬁﬂ¢l RIS DL IR PRI .

L DR BB 1 T B BH T FL R £ 1R 1 5 R
%,#ﬁﬁﬂ%T%ﬁﬁﬁﬁ,%mTﬁ%F

YT IR R, O3 —T5 D Tk RO
OYESHYRI R S IR A TR T
(18 A 7 AR

2 % X M
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