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The Progress of Recombinant Escherichia coli
for Production of Succinic Acid

JIANG Min® MA Jiang-Feng CHEN Ke-Quan WANG Yi-Na YU Li

(State Key Laboratory of Materials-Oriented Chemical Engineering, College of Pharmacy and Life Science,
Nanjing University of Technology, Nanjing, Jiangsu 210009, China)

Abstract: Succinic acid is regarded as C4 platform chemical, which has a huge potential market with wide
applications in biopolymer, food, medicine, and so on. Production of succinic acid by microorganism fer-
mentation has attracted much attention in recent times. By fermentation, succinic acid could be produced
from renewable resources in place of petroleum with low cost and low pollution; especially CO, could be
fixed by microorganism to form the product, which is a promising way to deal with the green gas. Some E.
coli have been chosen as good succinic acid producing strains because of their clear genetic backgrounds,
convenience to be modified and controlled, and good growth properties with low nutrients requirements. The
progress of genetic engineering strategy and metabolic engineering technology for construction of succinic
aicd producing recombinant E. coli has been introduced in this paper with the discussion of the future re-
search in this area.
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Fig. 2 Pathways for the formation of the fermentation
product succinate in Escherichia coli K-12"*

Note: 1: PEP carboxykinase; 2: Malate dehydrogenase; 3: Fumarase;
4: Fumarate reductase; 5: PEP carboxylase; 6: Aspartate: glutamate
transaminase; 7: Aspartase; 8: Succinic semialdehyde dehydrogenase;
9: y-aminobutyrate: glutamate transaminase; 10: Glutamate decarboxy-
lase; 11: Isocitrate lyase

1 By A RUOR AT B 7= 3R SRR AU 3 M 4%

>

, E. coli ) ,  1mol 2 mol NADH, 1
TCA , ; mol 2 mol NADH,
, ) 1, Imol NADH
(5] 2 ; NADH, , ,
[9,10]

2 ERIHBRA AT B B P o SR g

1/2 Glucose
L 2.1 HESRIRERRABHEE h X GEms
TZGGP 211 BERIENFEMHEEHR-:
LNADH 5 StOlS[“]
G'f'P K 0.4 mmol/L, K
PEP 16 mmol/L,

y Lactate ,
/N "
chruvate NADH NAD

CoA

OAA L ,
dh

(oS -0
Malate i NADHNAD®  NADH NAD*

NAD? l AcetaldehydeA—A Ethanol sfcA, E. coli

Fum Acetyl-zmmetate NZN111 :

pp

Fumaratef—r> Succinate
NADH NAD* [12]
1 KBHEREEBEERABERE

Fig. 1 Pathways of anaerobic mixed acid fermentation for

Escherichia coli " PEP (ppc) PEP (pck)

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



122 g ER

2009, Vol.36, No.1

PEP (OAA) Millard"?!

ppc pck,
ppc
, 35,
pek , ppe
2 ka b b
PEP

PEP OAA , ppe
[14]

, PEP

, HCO;™ ,
PEP , HCO;~ ,
PEP

>

[15]

Goldberg!'!
Wang!'”! E. coli

, 93%
2.1.2 SIANMNEMEERE:

E. coli ,
( pye )

PEP PEP
, Kim!"®
Actinobacillus succinogenes PEP pck,
ppc
) 6.5 , Millard
pck , Lin"”

E.coli YBS132(AackA-pta, N\IdhA) Sorghum

vulgare PEP ppc  Lactococcus lactis
pye,
[24]
(adhE), (ldh),
(pta-ack)
SBS990MG Bacillus subtilis
(cs), ,
1.58 mol/mol [20]

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

Bacillus subtillis168  pyc ,

s 1.2 mol/mol,
0.33 0.6 g/L'h Vemuri
Rhizobium etli pyc AFPI11
AFP111(pTrc99a-pyc),
99.2 g/L,

110%, 1.3 g/L-h,

22 WREBURBERARTE FIRETREE

Chatterjee >

NZNI111,
ptsG ,
AFPI111, 36 g/L, 67%,
, , Christian %
C600(ATCC23724) ,
3 . AFP184
, 48 ¢g/L,
104%
Sanchez ** (adhE),
(ldh),
(pta-ack), aceBAK
(iclR) ,
SBS550MG,
1.6 mol/mol, 10 mmol/L-h
Lin(25:26] ’ ’
3 )
S E. coli
(sdh) (poxB)
(pta-ack)
aceBAK (iclR)
(ptsG),
TCA
, 59 h
58.3 g/L,
0.85 mol/mol, s 6.1 g/L
3.0 g/L 27

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



123

Glucose

PEP |
Pyruvate

G-6-P

G-3-P

8
PEP iclR

|

2
Pymvare—I—>Acetate

aceBAK

5
3
Acetyl-CoArI—'Acety]-Pﬂi'Acetate
OAA Citra
Malate 9B Glyoxylate <L isocitrate
Acetyl-CoA 6
ace. 2-ketoglutarate
Fumarate

. Succinic-CoA
Succinate

B3 ARTIEBREFPMERER. TCA FZERZRE
BB
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