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Effect of overexpressing isocitrate lyase on succinate
production in Idh™ Corynebacterium glutamicum
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Abstract:  Corynebacterium glutamicum SA001 is a mutant with lactate dehydrogenase (IdhA) deletion. In order to increase
metabolic flux from isocitrate to succinate, and to improve the production of succinate under anaerobic conditions,we transducted
the gene aceA coding isocitrate lyase (ICL) from Escherichia coli K;, into Corynebacterium glutamicum SA001
(SA001/pXMIJ19-aceA). After 12 h aerobic induction by adding 0.8 mmol/L of IPTG, the recombinant strain was transferred to
anaerobic fermentation for 16 h. Succinate reached 14.84 g/L, with a productivity of 0.83 g/(L-h). Compared to C. glutamicum
SA001, the activity of ICL of the recombinant strain was increased 5.8-fold, and the succinate productivity was increased 48%.
Overexpression of isocitrate lyase will increase the metabolic flux of glyoxylate bypass flowing to succinate.
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TEREAVIENNE (THF), 14-T 8, y- TN
B EE B2 A IR, BAT RAFAIZE T FIEREEAL
25, TIZEHI2 245 000 VAE, B 2T AIEE
2y Tl AE AR PR RE O OB R B T R
A VAR BEFEAC ., 155w HRBRTE — S ki
Wl R RN AR R CE SRR T L
T T 2R, (B R ZHE R s s b oo A
K, HTFEFRENURIR L B = aiif b i g st
VERTS el s, AU AN R e 2 i
Escherichia coli™, £ FENAMNCRAIIFZETAE, Al
E. coli /T ARG Bk KT, {ALE. coli X
WEEIRH) (UTZE0EFN NH, 55 o™ Wizt zs, &
e T R PR B4R NapyCO; 5 MgCO;
SR NASIRIRER , AN T AR A RIS S BRI
F LB BA A il TR, ARG R4
PRI, Tz . R BT R R R Y
Pl T OCHRE R8T, 23 2 R AR T P — Rl AR ROk,
KRRk, BT MBI . mobl . Sk sz
1, RERE A Z KA G IIVE R K B
FCPHYER, )z n AT A = IR AT RS,
AN T R TE5%, ARHEMMN
P R LA P 5ER, HESh T
FEPR TR 1) IO A S R R AT T i AR, HAR
B2 Yukawa W57 & P C. glutamicum R 7EJRE 5%
T, B AR T 2 M,
RERS R ARG ELR . T Ao, #atit
T A s R el , feaim T il
C. glutamicum =221t H AT UL IR i
iz (PEP) FINEHAR, 7ERIEHVEH T & M L1
A ZIRIRIGEIR, VIR s IR, RN T
MR, et RE b 2RI K 2 8 NADH {41,
SFPETRAAERG (ICL) ZVF2 VA CRREEFRRNITR
SRR BRI T C R A PR ek 2, Sy
RSB EAS SRR IRAT B R TS PEARAR™, e
E. coli FRAYIEMERGE, AL AP R R SRR AN
CPETR , USRI, HUHEA CRERIERR, i
CTRAAR, FEHEE 2 mol [ ZIEHME A A1 1 mol AYHE
T2 R4 1 mol {9 T —JRAN 1 mol AYSESRR, SERIR
O T IR, BRRERE S T ™%, agmib
FRIE. 1 mol BIAMHEM A GSRE (R IR-

SERRIBIEFN L REIRIEAR) Sl UACA A, AT RESE
B 171 mol T AR =S T2 iR E 4t
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C. glutamicum SA001 " S:&ikk A RN F47
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1.1 ##l
1.1.1  BARRFERL

KW AT " DHSo HAS 5200 % O K ;o1 kL
pXMJ19 AL =4 ; C. glutamicum SA001
P A% S 6 % R o
1.1.2  EERF

FHER . FEAIRBGAN & . BUEHEE . DNA
[T G | ok N PR R IGR ok i R
R AR BRA R =0 DNA R B EoH &
PRI UIEG . DNA SRETHGF T4 DNA 8 R
B RAEYABRAE b BRI R
Oxoid A A=y HACHE =4 Hr4ti
12 Fik
1.2.1 ICL EEETLE

1% SHIIET E. coli K12 FENZHAY ICL
RPNt i A PR A R A A .
o E B R UES 1900 S5 T Hind TIDFI Smil T (%)
DI o PCR SWAAZR : #5i4 DNA (50 ng/pL) 1 pL;
dNTPs (1 mmol/L) 4 uL; - FiE5 149 (100 pmol/ul) 4%
1 pL; DNA 47 (2.5 U/uL) 0.5 pl; 5 558 ik
10 puL; ddH,0 32.5 pL, BAFL 50 pLo ATt
98 CAME 5 min; 98 ‘CAEPE10 s, 55 CiBk 45 s,
72 CHEMF 90 s; )5 72 CHEMfI 10 min, 4 CHEFE,
1.2.2 EHFR MWL

afifbf5 0y ICL R Bl ok pXMI19
Sma I F1 Hind TDSEGYTT, A5 210 Y7E
16 ‘CT4 T4 DNA EHEHEMZE: 12 h DLE, fEE
coli DHSa AV EEEE 20 Tkl pXMJ19-aceA., 4751
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SA001 i RRIE

FIFH L SR LTR IR TR AR Ak A R 30 C L
220 r/min ¥ HAZ] ODgoo 24 0.9 2245, TA IPTG
BN 0.3 mmol/L,30 C.220 r/min 5 10 h,
1.2.4 WEERW

FLART AR IS 25 S0k [13].

125 3GFEHE

LB B53R3 . MRk 5 g/L, BEEME 10 g/L, &
fb#h 5 g/L, pH 7.0, AER . AN HERMAKK
43504 20 pg/mL . 100 pg/mL.

FhF S Rk R SR 3k . #ARE 20 g/L, IR
% 2.5 g/L,K,HPO,-3H,0 1.5 g/L,KH,P0,0.5 g/L,
MgSO, 0.4 g/L, Mn*" 0.02 g/L, Fe*" 0.02 g/L, ZnCl,
100 pL, CuSO4 20 pL, CaCl, 20 pL, 4=4% 100 pg/L,
VB, 200 pg/L (400 uL), pH Jy 7.0,

KA &S 92 3L . # &b 20 gL,
K,HPO,3H,0 1.5 g/L, KH,PO, 0.5 g/L, MgSO,
0.4 g/L, Mn*" 0.02 g/L, Fe*" 0.02 g/L, ZnCl, 100 pL,
CuSO,4 20 puL, CaCl,20 uL, ¥ 100 ug/L, VB,
200 pg/L (400 uL), pH H 7.0,

1.2.6 F{HRFMHSHE

F AP T : WO RFN T LB AT SR
ik, 30 CHEFE 24 ho #4528 500 mL #2fiH, 30 C.
220 t/min JRFHESF 12 ho 3% HRAEFF 500 mL £
H, A 0.5%0 IPTG, 30 °C. 220 r/min #E%5555% 12 h,

IREFER AT : MRS EREY,
7 000 r/min &.0> 3 min, 7 B, AREAKEEREFEIE
BEIR TSRS, A 100 mL #HP, TARS,
I 28 g/L BREREAM, 30 C. 220 r/min k%, IR
AREFE 16 he

PRAANE TR : AMBFRE SRR 20 o/L Hi
vk, 28 g/L IRIR AN, FELL Rl EA T4 E}
1.2.7 RERE>=WA5H

PR % R S R A T DL e O B T A B K
600 nm ALIOEREE(E, 40T (DCW) J&i DCW
55 ODygoo Ml IFRERMZARTTIFH], 35 AAN: DCW
(g/L)=0.4xODggoo HEFRHEHF I HIZI DNS A5,
A LR = B0 A (3 e (HPLO) A, 35 4T Ry
Thermo Organic Acid, #ish#H>% 50 mmol/L KH,PO,
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(pH 2.8), Wi 1.0 mL/min, Z24M&GIK 210 nm,

2 BREM

2.1 FTIERREERE (ICL) WimiESRE

¥ PCR ¥ 34509 H W IER B aceA FIZk{k
pXMI19 43541 EcoR I /Hind TR, BELIF=4)
afifbJ5 H T4 DNA &R z, RSB EMAE
pXMJ19-aceA.

TR AR e, SR 5 —%. &
WA E H R P S5 A TP SIVERLEER 100%.

FHRE S HMEZ IPTG B IFASEFENE
FH 1 SDS-PAGE 43#r & 1 frs. mILAA H ICL
EHMINFRIE, K/NY 43 kDa, 51—,
2.2 ICL Bg5&NE

30 ‘C. 220 v/min ¥FREAEZE ODg=0.9, MA
IPTG L 0.8 mmol/L, 30 “C. 220 r/min S
10 h JEXH & AR AT B A T2 RO KL A
TGN , 3 R ELREES , 25534028 1 PR,
23 RE A

B R AR IR 24N T EA % 9.6 g/L,
VRS AR (AT 22950 9 /L),
A 28 g/L kRSN, WA, 30 'C. 220 r/min K5
I%, WATIRE L IE. DAL 16 h, BUEEN ODgg
R . TRV I BRI A MLRR B o il AR TE 16 h,
HEFHEFE N 1484 /L, T WX 10.38 /L,
T RIS EN 0.7 g/g #iE, T BREA R
7 0.83 g/(L'h), K4 16 h 5, H&RHE ICL HIRHS A
0.13 U/mL, HE§E N 0.12 Umg; B4 ICL AURETS
IR FFAE 8= (KSR 075 U/mL,  HCEETG N
0.45 U/mg, 210 E RN 5.8 1% (3 2).

2.4 AR HEIREIT C. glutamicum SA001/
pXMJ19-aceA [RE & BEHEFE IR R AY 211
HIEREAME R AR A KPR, IR
A T R R bR IR . DR AR S R AT 71 X
AP R R SFERUCR B S T R R A
HHRMSITFASFE 120 )5, ZVEE G40 T8k
9 g/L, TELEMMEENREIZMT, BATAEAR
[FIRAEE (10, 20, 30, 40 1 50 g/L) FIFEIMRH,
WAZSK, 30 C. 220 t/min 35, HEATIRA L,
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R B HORE, AR R, RN A A LR . 255 B A AR RIAEARR 2 g/L, o-fH% R 2 g/, ZEEHR
Bl 2 ATAL, SRR B X B MR % . R 1 g/L, WEHE DR,
BRI AN KB ., AR AR YRR 9.6 g/L; KDa 12 M~ kDa
A B e R R R 20 /L, HATREAO I AL @16
W N 0.93 g/(L-h), T EREYF=HN 0.65 g/(L+h).
25 KEMBIoHt AR

B WM ESFE 12 h, &% EE4ET Eik
9 g/L, ¥ AMF, BARESK, 30 'C. 220 r/min
Kige, UATIRE R 45 8 B[R] R MR 2200 Ak ik
SN, TRAUKREESEE 96 h, BUREI ODgg. FRIHIFER
FEIATHUR & k. MRS 96 b, didgike B 1 BERSHREERARKER 0
h7esa oL, CMRIBES] 1 g, ToRoRIEE L0 SOVTOE e S i
F|55¢/L, TMMISHEN 0.73 g/g wiEbE (Kl 3), original strains.
1 WRESEAFENEERE. ICLEERLEE

Table 1 Concentration of protein, enzyme activity and specific enzyme activity of ICL in the control strain and in the
recombinant strain

W — 66.2

.— 45

Enzyme activity Specific enzyme activity

Strains (U/mL) Concentration of protein (mg/mL) W)
C. glutamicum SA001/pXMJ19 0.1353£0.016 1.257+0.046 0.108+0.044
C. glutamicum SA001/pXM1J19-aceA 0.8433+0.025 1.112+0.098 0.758+0.056

% 2 C. glutamicumSA001/pXMJ19 A& SE#EIK#T & SA00L/pXMJI19-aceA RE A B2 H ICL BEiE. BEHEMN
BERE, TIRS5ZERMERIENT ZBERNEFREIT

Table 2 Comparision of enzyme activity of ICL, glucose uptake rate, succinate titre/acetate titre and succinate production rate
between C. glutamicum SA001/pXMJ19 and C. glutamicum SA001/pXMJ19-aceA in anaerobic fermentation process

C. glutamicum SA001/pXMJ19 C. glutamicum SA001/pXM1J19-aceA

Enzyme activity (U/mL) 0.13 £0.01 0.75 £0.02
Specific enzyme activity (U/mg) 0.12+0.02 0.45+0.03
Glucose uptake rate (mmol/(g CDW-h)) 0.67+0.04 0.78+0.06
Succinate titre/acetate titre 1.33+0.03 2.18+0.04
Succinate production rate (mmol/(g CDW-h)) 0.62+0.03 0.83+0.07

2020 w g u . 1103 2

2 . 19 £ 2~ 5

S 010f ¢ o o Jg E 23

2 ;& 52, —+-DCW
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(®) FOFEBR IR & (A) AR ARIETHMEETE. GERESYRE

Fig. 2 Effect of DCW (m), sugar consumption rate (4) and Fig. 3
the production of succinate (A) in C. glutamicum
SA001/pXMJ19-aceA anaerobic fermentation process.

DCW, the concentrations of glucose and the
organic acids in C. glutamicum SAO001/pXMJ19-aceA
after anaerobic batch fermentation. DCW: dry cell weight.
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AW T HAA DR EIRAF B SA001/
pXMIJ19-aceA, A4S TEHE L AWES T 7
7, HERAE L B P R R — e v e, &
IREAKTE 16 h, H#ZAIMEINFE 14.84 g/L, T RIKIE
KH 1038 /Lo T RS LFRIEE/R R 2.2, AHXT
THEREKIERE T 69%, Uil EFRkFAEmRE
F AT LASE Nt £ SRR AR I T R AR

IR T Bl R MR N2 B2 0.8 mmol/L 1Y
IPTG i 7 5 7 15 12 %4 A Tl AE 4% 2 TR A IR AT 1A
SA001 H3kik, TEIRSA KB 16 h 5, HEAWHH
ST IR SR R IEG 2  R AR 6.2 15, RET
TR RIS IR R O N S A TR R il AT — S A A o
YU, 4 A R AR AN 2 B 96 h FLR T
TR 55 g/L, X THAERERMKER T 15%; 4L
WA 11 /L, HAPLERE R 15.5%, S8l
SN 68.8% , U BA{GHE 1 1 i R T R A R
RGN, ANREAEINE Y &, &%
R EAM IR Y (2R SRR, HE—
A A, BT R, R T =
fig = U A o A S R L A Tl BB
TG R IRAT 582 CIERIG IR, %t
R IAE R R A T 8 A ORI, A
T BEAR R =) R S

A 3 R AT R 2R W A T IR A Kk
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