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Breeding of ammonium-tolerant mutants of Actinobacillus
succinogenes for succinic acid production and effect of
ammonium
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Abstract: An ammonium-tolerant mutant of Actinobacillus succinogenes, YZ25, was obtained in the medium containing
61-242 mmol/L NH," after DES mutagenesis. Succinic acid produced by the mutant YZ25 reached 32.68 g/L when the medium
contains 50 g/L glucose and 121 mmol/L ammonium, which was increased by 180.5% compared with that of the parent strain. The
effects of different ammonium salts on the growth of the mutant and its metabolic response to high ammonium concentrations were
investigated. The results showed that low ammonium concentration could improve the specific growth rates of the mutants, while
high ammonium concentration inhibited cell growth. The ammonia-nitrogen half-inhibition constants (X;) for different ammonium
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salts were as follows: 215 mmol/L for (NH,),SO4, 265 mmol/L for NH4HCO;, 235 mmol/L for NH4Cl, and 210 mmol/L for NH4NO;,

The process of ammonium inhibition on the mutant YZ25 was investigated in 3.0 L stirred fermentor. When NH,OH was used to

buffer the pH, cell growth was not inhibited. However, production of succinic acid and consumption of glucose gradually decreased

when cells entered the stationary phase, and the glucose could not be utilized completely at the end of fermentation. The possible

ammonium inhibition mechanism was discussed based on the metabolic pathway of 4. succinogenes.
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NaH,P0,-2H,0 9.6, NaHCO; 10, EK¥ 5, pH 7.0,
121°CK T 15 min, iBICH 100% CO;.
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15 min,

1.2.3 ML BE 7R FE (g/L)

MRS (431H) 50, LFREN 1.36,NaCl 1,CaCl, 0.2,
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Table 1 Comparison of fermentation results between
mutants and 4. succinogenes NJ113*

Biomass Acetic acid Succinic acid  Succinic acid

SUains - (Hpe) (g/L) (g/L) Yield® (%)
NJ113°  4.7+0.8 15.83£0.06  11.65+0.1 233
YZ8  9.6:0.4 13.1740.08  32.17+0.15 64.3
YZ21 11.040.7 12.374#0.13  31.3240.18 62.6
YZ25 117403 12.87+40.11  32.68+0.19 65.4

a: fermentations were performed in anaerobic bottles containing
121 mmol/L NH," and each value is the mean of three parallel
replicates; b: succinic acid yield is defined as the percentage of the
concentrations of succinic acid in initial total glucose; c: growth in
batch culture of wild-type strain NJ113 was inhibited seriously, and
18 g/L glucose was residual with initial total gulucose concentration
of 50 g/L.
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RADREEAR VA MHIVER, HrhoEkk YZ25 ¥
RORBWIR, BRI & (32.68 g/L) Ll &R Etk
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Fig. 1 Effects of NH," on batch culture specific growth rates
of mutant YZ25.

Spesific growth rate (1/h)

R2 FRBSEIBIREN YZ25 BF I E L
Table 2 Ammonia half-inhibition constant (K;) for mutant
YZ25 in batch culture

Ammonium source Half-inhibition constant (K;)(mmol/L)

(NH,),80, 215
NH,HCO; 265
NH,CI 235
NH,NO; 210
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B PR, ARAECRE, R B K
MIEAT, BB T ASBBL R, 4 A2 H A il ok ik i
B, KR 16h, BIRAYRIR AR R E KT,
ERRC AR, KFEE 24 h, B TFHER
i Uik 338 mmol/L, 4G B . v WL EUKAE
hy pH IR, AR A 2 AR AT B AR AN 32 B 15
TR, RERS IE W A KT B A Y mT LAGK ) I R
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Fig. 2 Effects of different pH controller on mutant YZ25 and
A. succinogenes NJ113 in 3-liter fermentation. (A) Fermentation
by NJ113 with NH4OH as the pH controller. (B) Fermentation
by YZ25 with Na,COs as the pH controller. (C) Fermentation by
YZ25 with NH4OH as the pH controller.
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Fig. 3 Pathway of 4. succinogenes to glutamate synthesis. @:
aconitase; (@: isocitrate dehydrogenase; (®: gutamate
dehydrogenase; @: succinyl-CoA synthetase; ®&: oKG
dehydrogenase; (©): aspartate:glutamate transaminase; @:

glutamate synthase; ®: glutamine synthetase.
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