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Table 1. The growth of cell at low pH values

Initial pH Final OD Final pH

6.6 0.634+0.010 4.68+0.01

6.2 0.560+0.014 4.70+0.01

5.8 0.502+0.020 4.72+0.02

5.4 0.388+0.022 4.76+0.03

5.0 0.228+0.019 4.87+0.03

4.7 0.030+0.003 4.72+0.02

4.5 0.028+0.001 4.51+0.01
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Figure 2. The changes of intracellular pH values
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Figure 4. The protection of glutamate to CGMCC1593
under acid stress. pH 4.7+0 mmol/L glutamate means
without the addition of glutamate, cells were treated at pH
4.7. pH 4.7+20 mmol/L glutamate means with addition of
20 mmol/L glutamate, cells were treated at pH 4.7.
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Table 2. The response of GDH to acid stress
Adaptation pH GDH/(U/g) K,/(mmol/L)
6.5 (Control) 35.36+0.90 0.890+0.022
5.0 42.48+0.75 0.619+0.017
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Figure 5.

Summary of the fold change and the functional classification of DEGs. A: The distribution of genes

according to fold changes in expression levels. B: DEGs in response to acid stress, classified into functional categories.
a: Stress protein; b: Oxidative phosphorylation; c: C4 transporter; d: Amino acid transport and metabolism; e: Carbon
transport and metabolism; f: HlyD family secretion protein; g: Hypothetical protein; h: Aminoacyl-tRNA biosynthesis.
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Table 3. Acid-induced DEGs
Gene ID Gene name Description Fold change
Stress protein
ASUC_RS05750 dnakK Molecular chaperone DnaK 3.99
ASUC RS10415 clpB ATP-dependent chaperone ClpB 3.86
ASUC_RS04340 htpG Molecular chaperone HtpG 3.46
ASUC_RS09625 cdaR CdaR family transcriptional regulator 2.90
ASUC_RS04130 merR MerR family transcriptional regulator 2.27
ASUC_RS00435 lysR LysR family of transcriptional regulators 2.19
ASUC_RS00870 dps DNA starvation/stationary phase protection protein 2.55
ASUC_RS02325 rpoH RNA polymerase factor sigma-32 2.49
ASUC_RS07115 gseB DNA-binding response regulator 2.08
ASUC_RS04605 grpE The nucleotide exchange factor GrpE 2.07
ASUC_RSO07535 cspD Cold shock domain protein CspD -2.54
Transporter
ASUC_RS00975 tC.DASS Anion permease 31.62
ASUC_RS10240 ndh NADH dehydrogenase 3.48
ASUC_RS04745 scrd PTS sucrose transporter subunit [IBC 5.94
ASUC_RS09600 tctd Tat pathway signal protein 2.89
ASUC_RS00765 dcuB C4-dicarboxylate ABC transporter 3.14
ASUC_RS10085 aBC.PA.A Glutamine ABC transporter ATP-binding protein 2.21
ASUC_RS10080 aBC.PA.S Amino acid ABC transporter substrate binding protein 2.08
ASUC _RS09585 gntP Gluconate permease 3.12
Metabolism
ASUC_RS09620 garD Galactate dehydratase 3.21
ASUC_RS09640 garL 5-keto-4-deoxy-D-glucarate aldolase 5.27
ASUC_RS09580 gudD Glucarate dehydratase 4.61
ASUC_RS09630 garK Glycerate kinase 6.58
ASUC_RS00985 asnB Aconitine hydratase B 30.98
ASUC_RS00600 wbpD Serine acetyltransferase 2.68
ASUC _RS09635 garR 2-hydroxy-3-oxopropionate reductase 5.85
ASUC_RS03700 metE S5-methyl  tetrahydropropionyl  triglutamate-homocysteine 2.49

methyltransferase

Aminoacyl-tRNA biosynthesis
ASUC_RS03960 tRNA-Pro tRNA-Pro —7.62
ASUC_RS03540 tRNA-Arg tRNA-Arg —2.86
Hypothetical protein
ASUC_RS00980 Hypothetical protein 5.12
ASUC_RS11025 Hypothetical protein 5.83
ASUC_RS06940 Hypothetical protein —4.76
ASUC_RS09590 Hypothetical protein 4.15
ASUC_RS03635 Hypothetical protein 3.99
ASUC_RS00745 Hypothetical protein -2.82
ASUC _RS11020 Hypothetical protein 7.04
HlyD family secretion protein
ASUC _RS06005 aBC-2.TX Hemolysin D 2.48
Aminobenzoate degradation
ASUC_RS01120 mdlA Mandelate racemase 3.03
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Figure 6. The relationship model between differentially expressed genes. All genes shown were up-regulated
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Physiological and transcriptional responses of Actinobacillus
succinogenes to acid stress
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China
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Abstract: [Objective] We explored by physiological and transcriptional responses of Actinobacillus succinogenes
CGMCCI1593 to acid stress. [Methods] We studied the effects of different initial pH on cell growth, activity of
H'-ATPase and intracellular pH before and after acid stress as well as the protection mechanism of glutamate on
CGMCCI1593. The transcriptomics technique was used to explore the differentially expressed genes under acid
stress. [Results] Cell growth was inhibited and the activity of H' -ATPase decreased with the decrease of initial pH.
After acid stress at pH 4.7, the cell membrane was severely damaged. Glutamate had a protective effect on the cells
under acid stress. In total 39 genes were differently expressed altogether under acid stress, of which 49% were
stress and transport proteins, and a small part was related to metabolism. [Conclusion] Understanding the
physiological and transcriptional responses of Actinobacillus succinogenes to acid stress provides references for

improving acid resistance of Actinobacillus succinogenes.
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