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Effect of Different Carbon Sources on Succinic Acid
Production of Actinobacillus succinogenes and
Metabolic Flux Analysis
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Abstract: In anaerobic bottles fermentation, glucose, fructose, xylose, lactose, maltose, sucrose and sugar
alcohols could be used to produce succinic acid with Actinobacillus succinogenes. When sorbitol was
utilized as the carbon source in the batch fermentation, more succinate and ethanol were produced compared
with those using glucose, while producing less acetate and formate. The metabolic flux analysis results
showed that the flux partitioning at PEP node was stable when glucose was replaced by sorbitol, but the flux
partitioning at PYR and AcCoA nodes changed a lot because more reducing power (NADH) was generated
to meet the more requirement the synthesis of succinate and ethanol.
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6 g, Na,HPO, 12H,0 1.5 g, NaH,PO,2H,0 1.5 g,
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6.5
1.2 A&
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( 50 mL), 5%, 100% CO,,
1x10° Pa 15 min;
Na,S-9H,0( 0.02%),
100% CO, 37°C 24 h
122 REFWIH: HPLC
g 660 nm (ODge0),
ODgso 510 mg +18 mg
(Yield) lg
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Table 1 The utilization of different carbohydrates by A. succinogenes CGMCC1593°

Carbon Biomass Residual carbon Succinic acid Acetic acid Formic acid Ethanol Yield
source (ODss0) (g/L) (g/L) (g/L) (g/L) (g/L) (%)
Glucose 4.6 0.3 13.9 SN/ 1.8 NDP 71.5
Sorbitol 4.2 0.2 14.7 1.8 1.6 2.1 73.5
Fructose 43 0.7 13.6 3.5 1.8 ND 70.5
Xylose 3.7 1.8 12.6 3.6 1.7 ND 69.2
Xylitol 4.3 0.8 13.5 3.9 1.6 1.5 70.3
Maltose 4.9 ND 14.2 4.0 2.0 ND 71.7
Maltitol 34 ND 14.6 1.6 1.9 1.8 73.0
Lactose 5.0 0.2 14.3 43 1.7 ND 72.2
Sucrose 4.9 ND 14.4 4.1 1.9 ND 72.4
o 150 mL , 20 g/L, 6 g/L, 24 h;*: ND, , 0.2 g/L.

Note: * Cells were grown in 150 mL anaerobic bottles for 24 h with an initial carbon source concentration of 20 g/L, and the yeast extract
concentration was 6 g/L; °: ND showed that there was no product detected.

R2 RELXHTEGEX A succinogenes CGMCC1593 % F I 147 B4 £ M

Table 2 Fermentation balances of A. succinogenes CGMCC1593 grown anaerobically with different carbon sources

Mol /100 mol

b c
Mol products/100 mol glucose consumed )
Carbon - Carbon recovery Electronic
source (%) recovery (%)
Biomass Succinic acid Acetic acid Formic acid Ethanol

Glucose 102 104 56 54 ND 98 101
Xylose 90 103 54 60 ND 97 98
Sorbitol 96 112 28 50 32 102 96

* 510 mg/OD R oy CH,0.5No.» (24.967 g/mol); ":

s % ( (C3He02) 3 mol ron;

, % .
Note: *: Cell carbon was calculated with CH,O, N, ,!""; ®: Mol of C per mol of consumed carbon source(Succinate was counted as having
3 mol carbon/mol product, and a structure formula of C;HO,); °: Mol of H per mol of consumed carbon source.
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Fig. 1 Metabolic flux distribution of A. succinogenes CGMCC1593 grown anaerobically with glucose and sorbitol
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Table 3 Abbreviations

Abbreviations Fullnames Abbreviations Fullnames
AC(e) Extracellular acetate NADH Nicotinamide adenine dinucleotide, reduced
AcCoA Acetylcoa NADP Nicotinamide adenine dinucleotide phosphate
ADP Adenosine-5'-Diphosphate NADPH Nicotinamide adenine dinucleotide phosphate, reduced
ATP Adenosine-5'-Triphosphate OAA Oxaloacetate
CoA Coenzyme A PEP Phosphoenolpyruvate
E4P Erythrose 4-Phosphate PYR Pyruvate
ETOH(e) Extracellular Ethanol R5P Ribose 5-Phosphate
F6pP Fructose 6-Phosphate RuSP Ribulose 5-Phosphate
FOR(e) Formate Sed7p Sedoheptulose 7-Phosphate
Go6P Glucose 6-Phosphate SOR Sorbitol
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
NAD Nicotinamide adenine dinucleotide

< 4 A.succinogenes LA & % #EF0 L BLES A WRiE & B2 BT £ PEP. PYR #1 AcCoA B mbm R R EN

Table 4 Metabolic flux partitioning at PEP, PYR and AcCoA nodes in the fermentation of A. succinogenes

with glucose and sorbitol

Flux at AcCoA node

Flux at PEP node

Flux at PYR node

(rs=100) (rs=100) (re r;=100)
Carbons resource
Is M I'e Iy ) I's o
Glucose 35 65 7 93 0 100 0
Sorbitol 34 66 20 80 0 42 58
5 FABEMENLSRESHAER NADH PEP ,
R AR B NADH,

Table 5 Flux distribution of NADH generation pathway
with glucose and sorbitol

NADH NADH  *=100
Carbons Total NADH flux Total NADH flux = 100
resource (mmol/g DCW/h) I ry 2rs o
Glucose 212 0 78 4 18
Sorbitol 311 32 56 8 4

Note: *: Total NADH flux =r; ry 2rs ro.

32%, GA3P—PEP (rq) NADH

56%
s 2 mol NADH,
1 mol NADH,
1
106 mmol/g DCW/h  0;
116 mmol/g DCW/h 32 mmol/g DCW/h

3 it
Actinobacillus succinogenes CGMCC
1593 ,

, 1 mol NADH,

PEP
NADH,

>

PYR AcCoA

( )

A. succinogenes
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