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napF 3 regulates thermophilic mechanism of
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Abstract: [Objective] To study the role of napF3 in Thermoanaerobacter tengcongensis at
different temperatures. [Methods] We constructed AnapF3 from T. tengcongensis by
homologous recombination and observed the growth of AnapF3 at 50 °C, 60 °C, 75 °C, and
80 °C. Transcriptome sequencing was employed to identify the differentially expressed genes
(DEGs) between AnapF3 and the wild type (WT) at 75 °C. real-time PCR was conducted to
measure the transcriptional levels of 13 genes and 3 sRNAs in WT and AnapF3 at 50 °C,
60 °C, 75 °C, and 80 °C. [Results] AnapF3 was successfully constructed, and it showcased
suspended growth at 50 °C and 80 °C and slow growth at 60 °C and 75 °C. A total of 899
DEGs between WT and AnapF3 at 75 °C were identified, including 363 genes with
up-regulated expression and 536 genes with down-regulated expression. These DEGs were
mainly involved in the biosynthesis of valine, leucine and isoleucine, ABC transporters,
two-component system, fatty acid synthesis, thiamine metabolism and other pathways. The
transcriptional levels of 13 genes and 3 sRNAs related to the thermophilic mechanism
changed under specific temperatures. [Conclusion] napF3 plays a role in the thermophilic
adaptation of T. tengcongensis.

Keywords: Thermoanaerobacter tengcongensis, napF3; thermophilic adaptation; mechanism;
transcriptome; differentially expressed genes
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Table 1 Experimental oligonucleotide sequences were used

Primers name Primer sequences (5'—3")

P1 CCGCTCGAGGGCAAATCCTCAAATTCCAGA
P2 CCCAAGCTTTACCAGTTTTTTCTCCAATAT
P3 CGGAATTCGTTAATGCAGGGAAATGAG
P4 CGGGATCCGTCCACTTCATAGTATAGCTGC
P5 TCTATTGTCCACCCGTCTCC

P6 ACTACCCTGTCCACTTCATAG

P7 TTGCGGTATCTGTGTCGAGT

P8 TCATCTCACACAGTCCGCAT
16S-F CGTAGGCGGTTTAGCAAGTC
16S-R CTACGCATTTCACCGCTACA
tte2227-F GTCCATTTTCTGAGCCCACT
tte2227-R ATTTTACACGGAGCAGGCAG
thiE-F GCAAATACGGATCCTGCTCC
thiE-R GTTGGCGTTGTGAGGAGAAT
thiD-F AAGTGCATCCTGTCCCATGT
thiD-R GTTTTGGTAAAGGGCGGACA
tte0620-F AGAAGGGGTTTTAGAGGGCC
tte0620-R TCCTCTAATGAAAGCTCCGCA
tte0003-F GTGCGATACAGGTGGACAAG
tte0003-R TCACAAAAGTCTTTCCTTCCACT
tte0272-F GCATAATAGCATCTTTTGGGTGA
tte0272-R CCAGGTGACATTGCCGAAAA
rnhA-F GGATGGAATTAAAGGCAGCCA
rnhA-R TGCCACTTTTCAATCCATCCC
napF3-F TTGCGGTATCTGTGTCGAGT
napF3-R TCATCTCACACAGTCCGCAT
CCMA2-F GGTGAGGGATTGGTTTTGGT
cCmMA2-R CAGCACCATTTTCACCCAAA
1te2763-F CACCTCCCAGACACTGCAAA
tte2763-R GGCGCCATTTTGATATCTTCG
galU-F CCTTTCGCAGTGCTTTTAGG
galU-R CATCCTCTTCAGGCACTTCC
nanE-F CAACAACTGCATACGCTCCT
nanE-R TGGAAGGCCCAGATTATGAG
tte2411-F CGGATGAAATAGCCCTCAAA
tte2411-R CGACTGAAAGCCCAATGAGT
sRNA49-F CGTAGCGATACCTGAAGCCT
sRNA49-R AGTGCCATTAAAGCCAAGAGT
sRNA103-F TTCGTGTGACCCGGTGAAA
sRNA103-R CCTCTTGGCAGCTTCATGTT
sRNA104-F GAGAGCTATGGGGTAGGCAG
sRNA104-R CCTAGCCTCTTTTGCAACCC
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Figure 1  PCR identification of AnapF3. M:
DL5000 DNA Marker; Lane 1: PCR amplification of
WT genome as template; Lane 2: PCR amplification
using AnapF3 genome as template.
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Figure 2 Growth curves of AnapF3 and WT strains at different temperatures. A: Growth curves of AnapF3
and WT strains at 50 °C. B: Growth curves of AnapF3 and WT strains at 60 °C. C: Growth curves of AnapF3
and WT strains at 75 °C. D: Growth curves of AnapF3 and WT strains at 80 °C. *: P<0.05; **: P<0.01; ****;

P<0.000 1; ns: No significant difference.
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Table 2 Ten up-regulated and ten down-regulated genes with the most changes

Rank Gene log, fold change Function

11 TTE1340 7.5334 Pyruvate:ferredoxin  oxidoreductase and related 2-oxoacid:ferredoxin
oxidoreductases alpha subunit

27 TTE1692 5.6354 Ribosomal protein L35

31 TTEO0016 5.028 3 Isopropylmalate/homocitrate/citramalate synthases

41 TTE0018 5.016 7 3-isopropylmalate dehydratase small subunit

57 TTEO0019 5.014 3 Isocitrate/isopropylmalate dehydrogenase

61 TTE0020 45185 Dihydroxyacid dehydratase/phosphogluconate dehydratase

71 TTE0017 4.463 9 3-isopropylmalate dehydratase large subunit

81 TTE1229 4.062 9 Hypothetical protein

91 TTE2551 3.9610 Spore cortex-lytic enzyme prepeptide

101 TTE0954 3.8835 Molecular chaperone GrpE (heat shock protein)

1] TTE0421 —6.180 4 Hypothetical protein

2] Novel00341  —5.303 5 Hypothetical protein

3] TTE2082 —4.742 0 Hypothetical protein

4| TTE0883 —4.5947 Soluble lytic murein transglycosylase and related regulatory proteins (some
contain LysM/invasin domains)

50 TTE2072 —4.470 0 Hypothetical protein

6] TTE2099 —4.4315 Hypothetical protein

71 TTE2049 -4.290 8 Hypothetical protein

8l TTE0504 —4.1897 Uncharacterized flagellar protein FlaG

9] TTE1719 —4.188 6 Hypothetical protein

10} TTE2060 —-4.181 1 Hypothetical protein

1: Up-regulated gene; |: Down-regulated gene.
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Figure 3 Transcriptome analysis of WT and AnapF3 strains in Thermoanaerobacter tengcongensis. A:
Volcano plot of total DEGs in AnapF3 compared with WT groups. B: GO functional enrichment pathways of
DEGs. C: KEGG enrichment analysis of selected DEGs. D: The PPI networks of selected DEGs. E: Clustering
diagram of major differentially expressed genes. F: Validation of DEGs by real-time PCR.
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Figure 4 Analysis of relative expression of specific genes in AnapF3 and WT strains at different temperatures.
A: Analysis of relative expression levels of specific genes in WT strains at 50 °C, 60 °C, 75 °C, and 80 °C. B:
Analysis of relative expression levels of specific genes of AnapF3 and WT strains at 60 °C. C: Analysis of
relative expression levels of specific genes of AnapF3 and WT strains at 75 °C. ND: Not detected; NS: No
significant difference; *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.000 1.
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