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[ Abstract] Objective To investigate the effect of Mycobacterium tuberculosis (Mtb) higBA on bacterial stress
response and intracellular infection and immunity. Methods The target gene amplified from Mtb H37Rv genome was
cloned to the vector and then transferred to Mycobacterium smegmatis (Ms) to construct a recombinant strain. Stress
response experiment and Raw264.7 mouse macrophage infection was carried out with Ms_higBA, the recombinant strain,
and Ms_ vec, the vector strain. Tests were conducted to measure bacterial colony forming unit (CFU) and transcriptional
levels of cytokines, including interleukin (IL)-1f, IL-6, IL-10, IL-12p40, interferon (IFN)-y, tumor necrosis factor (TNF)-a,
and inducible nitric oxide synthase (iNOS). Results The recombinant strain, Ms_higBA, was constructed successfully.
According to the findings of the stress response experiment, higBA could indeed enhance bacterial survival under certain
conditions of in vitro culture. Intracellular infection experiment demonstrated that higBA enhanced bacterial survival in
macrophages and influenced the transcriptional level of cytokines. Conclusion The higBA genes from Mtb play a role in
bacterial stress response and intracellular infection and immunity.
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Table 1 Primers used for amplification

Gene Primer nucleotide sequence (5'-3')

Product size

higBA-F CGGGATCCGTGCCGCCCCCTGATCC

higBA-R

1411 bp

CGGAATTCTCAATGGTGATGGTGATGATGGGGCGTTCCTCTCGTTG

The underlying residues are restriction sites, BamH | (F) and EcoR I (R).
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Table 2 Primers used for cytokine gPCR

Cytokine Primer nucleotide sequence (5'-3") Product size
IFN-y-F CTTGAAAGACAATCAGGCCATC 93 bp
IFN-y-R CTTGGCAATACTCATGAATGCA

TNF-a-F ATGTCTCAGCCTCTTCTCATTC 851 bp
TNF-a-R GCTTGTCACTCGAATTTTGAGA

IL-1B-F TGATGTGCTCACTGCCTGGTTTC 81bp
IL-1B-R GTTGATGTGCTGCTGCGAGATTTG

IL-6-F CTCCCAACAGACCTGTCTATAC 676 bp
IL-6-R CCATTGCACAACTCTTTTCTCA

IL-10-F TTCTTTCAAACAAAGGACCAGC 243 bp
IL-10-R GCAACCCAAGTAACCCTTAAAG

IL-12p40-F TGAGAAGTATTCAGTGTCCTGC 772 bp
IL-12p40-R CTGTGAGTTCTTCAAAGGCTTC

iNOS-F CGGACGAGACGGATAGGCAGAG 121 bp
iNOS-R CCAGACACGGACAAGGCACAC
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Fig 1 Amplification of higBA from Mtb and Western blot of the expression of the target gene in Ms

A: Amplification of higB, higA and higBA from Mtb (M: Marker). B: Western blot using anti-His tag antibodies in Ms.
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Fig 2 Bacterial colonies, growth curve and biofilm formation

A: Bacteria colonies of vector and recombinant strains after incubation at 37 °C for 3 d; B: Growth curve of the two strains showed no significant difference (n=3);

C: Biofilm formation after incubating bacteria with Sauton's fluid medium at 37 °C for 1 week.
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Fig 3 Bacterial survival under stress conditions

A: Recombinant strain could survive significantly better than the control after heat shock for 3 hours; B: When the bacteria were treated with lysosome, Ms_higBA
could survive better after 2 and 4 hours; C: Ms_higBA showed better resistance to acid environment in 24 hours, but it could not survive much in 48 hours; D: The vector

and recombinant strains showed no significant difference in survival under nutrient limitation condition. n=3, * P<0.05.
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Fig 4 CFU and cytokine transcriptional changes after infecting macrophage

n=3, ¥ P<0.05, ** P<0.01, *** P<0.001.
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