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Physiological adaptation of Serratia sp. AXJ-M to high
temperature stress

WANG Liuwei’, WANG Yanlin®, HUI Shuyu, FENG Qiqi, CHENG Milihan, FENG Rui,
LUO Wenyi, LI Yating, CHEN Yaoyao, AN Xuejiao™

College of Bioscience and Bioengineering, Jiangxi Agricultural University, Nanchang 330045, Jiangxi, China

Abstract: [Background] The microbial treatment of paper wastewater or the polluted
environment is of great practical value. However, studies remain to be carried out regarding the
physiological adaption mechanisms of microorganisms to the high temperatures of paper
wastewater. [Objective] To investigate the physiological response of Serratia sp. AXJ-M, a
thermophilic lignin-degrading bacterial strain preserved in our laboratory, to high temperature
stress. [Methods] The bacterial cells were cultured at different temperatures, and the bacterial
cell morphology, cell membrane fluidity and permeability, trehalose content, and activities of
antioxidant enzymes were observed and measured. Illumina HiSeq 2000 was used for the de
novo sequencing of AXJ-M, and then GO, COG, KEGG, and NR were employed to annotate the
functional genes in the genome. [Results] Strain AXJ-M can survive in a thermal stress
environment of 50 to 80 °C, of which 50 °C is the optimal growth temperature. However, its
growth was significantly hindered when the temperature was rises above 70 °C. Strain AXJ-M
exhibited marked morphological differences and augmented surface roughness at high
temperature stress. Strain AXJ-M cultured at 80 °C experienced a decline in cell membrane
fluidity, an upsurge in membrane permeability, and a rise in trehalose content. Moreover, the
activities of catalase (CAT), superoxide dismutase (SOD), and peroxidase (POD) associated
with oxidative stress increased by 50%—-80%, 30%—-47%, and 24%-31%, respectively, as the
culture time was extended. By genomic analysis, strain AXJ-M contained the genes associated
with the response to high temperature stress. [Conclusion] The culture at high temperatures can
induce strain AXJ-M to develop heat tolerance and modify the cell morphology. Additionally,
the increased trehalose content and antioxidant enzyme activities can protect the cells from
external stress conditions. Moreover, a comprehensive analysis of the strain genome provides a
basis for exploring the molecular response mechanism of thermophilic bacteria in
high-temperature environments.

Keywords: thermophilic lignin-degrading bacterium; high temperature stress; physiological
response; genome analysis
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Figure 2 Cell morphology of strain AXJ-M cultured at 50 °C (A) and 80 °C (B) for 7 days.
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Figure 3 Cell membrane fluorescence intensity of
strain AXJ-M cultured at 50 °C and 80 °C. **: P<0.01.
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Figure 4 Relative conductivity of strain AXJ-M
cultured at 50 °C and 80 °C. **: P<0.01.
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Figure 5 The trehalose content of strain AXJ-M
cultured at 50 °C and 80 °C. **: P<(.01.
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POD activity (C) of strain AXJ-M cultured at 50 °C
and 80 °C. **: P<0.01.
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A GO classification
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Figure 7 GO function classification map of strain AXJ-M. A: Chromosome. B: Plasmid.
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Figure 8 COG function classification map of AXJ-M strain. A: Chromosome. B: Plasmid.
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A KEGG classification
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Figure 9 KEGG function classification map of strain AXJ-M. A: Chromosome. B: Plasmid.
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Table 1  Prediction of enzymes related to strain response to high temperature
¥ 4514 % Sequence name JFHIHF Sequence length (bp)  NR %4} 4 13 B NR database annotations
chr_gene2016 292 Heat shock protein HtpX
chr_genel680 105 Heat-shock protein HspQ
chr_gene378 209 RrmJ family heat shock protein
chr _genell 137 Small heat shock protein IbpA
chr_orf1334 628 Sigma54-dependent transcriptional activator SfnR
chr_gene24 131 Superoxide dismutase (SOD)
chr 3300 478 Catalase (CAT)
chr 2560 395 Peroxidase (POD)
chr 821 818 Acyl-CoA dehydrogenase
chr 1821 434 NADH dehydrogenase
chr 2348 622 NADH dehydrogenase
chr 3328 915 NADH dehydrogenase subunit G
chr 3330 183 NADH dehydrogenase subunit
chr_3332 224 NADH dehydrogenase
chr_953 112 Cytochrome o ubiquinol oxidase subunit IV
chr_954 172 Cytochrome o ubiquinol oxidase subunit III
chr_955 663 Cytochrome ubiquinol oxidase subunit I
chr_956 265 Cytochrome ubiquinol oxidase subunit II
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