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Abstract: Succinic acid has received a great deal of attention as an important green chemical stock for the manufacture of synthetic
resins, biodegradable polymers and chemical intermediates. In this paper, the breeding mechanism of Actinobacillus succinogenes
based on metabolic flux analysis was demonstrated to improve the yield of succinic acid by fermentation. After the NTG treatment,
mutants from A. succinogenes CGMCC 1593 which were able to grow in medium containing concentrations of about 50~100
mmol/L of sodium monofluoroacetate were obtained. Among them, a mutant SF-9 was selected for producing more succinic acid and
less acetic acid. When fermentations were conducted in a 5 L bioreactors, the final succinic acid concentration of SF-9 (34.8 g/L)
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increased 23.4%, and the mass ratio of succinic acid/acetic acid increased from 3.3 to 9 compared with those of the parent strain.
Based on the metabolic flux analysis of A. succinogenes, PEP was found to be a key node which has an important effect on the pro-
duction of succinic acid, and the flux ratio of by-productions (acetic, formic, lactic acid) was influenced by PYR node. Compared
with the parent strain, the flux to succinic acid of mutant (A. succinogenes SF-9) was significantly increased, while the flux to
by-productions had an obvious decline. Therefore, PEP and PYR are not rigid nodes in the metabolic regulation of A. succinogenes.

Keywords: succinic acid, breed, monofluoroacetate, metabolic flux analysis
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50 g/L , SF-9 (8 h) (20 h)
37°C 48 h(100% CO,), « b,
1 7 75 8 85 9 19 195 20 205 21 h
1 , A. succinogenes ,
CGMCC1593 , , 8h 20h
/ (W/W) 3.3:1, (mmol/gDCW/h), 2 2
SF-9 (35.2¢g/L) , A. succinogenes CGMCC1593
21.8%, / 8:1, SF-9 , (8 h)
, 67% 83% , ;
; ( 20N
R 100 mol s 2
102 mol 129 mol, , 100 mmol/gDCW/h
, A. succinogenes CGMCC1593
%1 RIEHERTREBERERL S « 2
Table 1 The fermentation results of mutant resistant to >
monofluoroacetate (8, 9]
Mol products/100 mol glucose consumed Succinic , A. succin ogenes
Strains » Succinic Acetic Lactic Formic ¢4
Biomass " e acid acid acid | Yield/% CGMCC1593 SF-9 ,
ccl}sl\ggjc 3622 102(28.9) 60(8.7) 7(1.6) 51(3.7) 67 @8 h) ’ mol
112% 116%
SF-9 45 (2.7). 129 (35.2.) 3145 0 32 (2.2). 83 ; C 20n
* Cells were grown in anaerobic bottles, and each value is the mean
l?Et;f:npca::rlll;cl)ii%lii:lit:;')orated into the cells was calculated using
the cell composition formula CH,0 5Ny (24.967 g/mol)[”’]. mol 90% 104%’
¢ Carbon compound in succinic acid was calculated as 3 mol carbon/mol
product because of CO, fixation during succinic acid formation™®,
4 The concentrations of products(g/L) were shown in the parentheses 110% 141%;
22 BHEEEESMER ’ ’
5L A. succinogenes CGMCC1593
SF-9 ’ A. succinogenes , PEP
1 ) , PYR
4~8h ’
, A. succino- 3 ’
genes CGMCC1593 40 h
28.2 g/L, 8.5 g/L, 1.7 g/L, 3.8 g/L;
66% SF-9 A ( 8h), PEP PYR
succinogenes1593 , 32 h 34.8 g/L ’
39gL L 18gL , ; ( 20h PEP
23.4% / (PYR) (r5) 35.3%
9:1, , 50% 13.9%, (OAA) (ri1)
2.3 A succinogenes CGMCC1593 & SF-9 4} #t % 21.4%, 5
B Y B4R I5H 2 PLER PYR ’ 0,

A. succinogenes CGMCC1593
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% 3 A.succinogenes CGMCC1593 #1 SF-9 #£ PEP #A

PYR ¥ & 4k M H 17 8 575 ° 4 SF-9
Table 3 Metabolic flux partitioning at PEP and PYR nodes ’
in the fermentation of A. succinogenes CGMCC1593 and NADH,
SF-9 : GA3P—PEP (rs)
Flux at PEP node Flux at PYR node
Strains Time (rs=100) (rs=100) NADH ’
I's I 13 ] )
36.9  63.1 45 843 112 %= 4 A.succinogenes CGMCC1593 #1 SF-9 & B2 AT
COMCCIR 0 353 ear 99 833 68 NADH =4 g 2Ry £ 57 B °
3 35.4 64.6 92 908 0 Table 4 Flux distribution of NADH generation pathway
SF-9 with different strains
20 13.9 86.1 213 787 0

Time  Total NADH flux Total NADH flux ®

“Cells were grown anaerobically in the batch fermentation of stirred Strains h (mmol/gDCW/h) 100

bioreactors
Iy 2r¢ Io
’ CGMCC1593 8 188.0 84.3 3.4 12.3
3 . 20 2253 76,5 5.1 184
SF-9 8 208.0 78.2 5.1 16.7
’ 20 266.6 61.2 4.3 34.5
5 “Cells were grown anaerobically in the batch fermentation of stirred
bioreactors.
’ *Total NADH flux=r, 2rs T
, PEP PYR
AL
) , 3 éu %
> NTG S 50~100 mmol/L
SF-9 SF-9  MFA , A
) NADH succinogenes ,
s 4 .
b
, 1 mol
2 mol NADH, , ,
, SF-9 , A. succinogenes
MisR: AREEIEZR
Appendix: Abbreviations and Symbols
AC (e) extracellular acetate NAD nicotinamide adenine dinucleotide
AcCoA acetylCoA NADH nicotinamide adenine dinucleotide, reduced
ADP adenosine-5'-diphosphate NADP nicotinamide adenine dinucleotide phosphate
ATP adenosine-5-triphosphate NADPH nicotinamide adenine dinucleotide phosphate, reduced
CoA coenzyme A OAA oxaloacetate
E4P erythrose 4-phosphate PEP phosphoenolpyruvate
ETOH (e) extracellular ethanol PYR pyruvate
FoP fructose 6-phosphate RSP ribose 5-phosphate
FOR (e) extracellular formate RuSP ribulose 5-phosphate
GoP glucose 6-phosphate Sed7P sedoheptulose 7-phosphate
GA3P glyceraldehyde 3-phosphate SUC (e) extracellular succinate
GLC glucose X5P xylulose 5-phosphate
a-KG a-ketoglutarate BM biomass
LA (e) extracellular lactate LEA life maintaince, energy and amino acids, etc
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