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The transcriptional regulation and functional identification of
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Abstract: [Objective] To study the transcriptional regulation of nirS encoding nitrite reductase and the
function of nirS involved in the denitrification process of Pseudomonas stutzeri A1501. [Methods] The
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nirS-lacZ fusion vector was constructed and transformed to A1501 and rpoN mutant strains by
triparental conjugation. The B-galactosidase activity was detected to analyze the expression of the nirS
gene in A1501 under different concentrations of oxygen, nitrate and nitrite. The fusion vector was also
transformed to the rpoN mutant to investigate the effect of RpoN on the transcription of the nirS gene
through B-galactosidase activity analysis. Furthermore, we constructed the nirS mutant strain by
homologous recombination and investigated the function of nirS as it is involved in the denitrification
process. [Results] Expressional activity of the A1501 nirS promoter under anaerobic conditions was
four-fold higher than that under aerobic conditions. Nitrate significantly induced the expression of nirS,
while nitrite showed only slight induction of the nirS promoter. Compared to the wild type, one fourth
of the nirS expression was observed in the rpoN mutant. No conserved RpoN binding sites were found
in the nirS promoter region, suggesting that RpoN regulates nirS expression through an indirect pattern.
The denitrification capability of AnirS was reduced by about 20% compared to the wild type when
nitrate was used as the sole electron receptor, while the AnirS had little denitrification with nitrite as the
sole electron receptor, thus the utilization of nitrite was apparently decreased in AnirS. Compared to the
wild type, the nitrogenase activity of AnirS was increased under anaerobic conditions with nitrite.
[Conclusion] The transcription of nirS in A1501 was influenced not only by anaerobic conditions and
nitrate, but also under the control of RpoN. The nirS played a key role in the denitrification process of
A1501, which is involved in nitrite metabolism.
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100 —Pseudomonas stutzeri A1501 (YP_001174002.1)
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Figure 1 Phylogenetic tree of NirS from Pseudomonas stutzeri A1501 and related strains
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Table 1 The activity of B-galactosidase under the conditions of A15 medium with different nitrite concentrations

Concentration of NO, (mmol/L)

Culture conditions

0 0.5 1.0 5.0 10.0
Aerobic 530+30 648+12 680+24 678+30 660+48
Anaerobic 2 015491 2 575+102 2 399+73 2 404+54 2 336+89

R2 WHEREBFSTHP-FIARERES

Table 2 The acrivity of p-galactosidase under the conditions of A15 medium with different nitrate concentrations

Concentration of NO;  (mmol/L)

Culture conditions

0 0.5 1.0 5.0 10.0
Aerobic 530+30 1 307+50 1 165+25 1 613+48 1299+10
Anaerobic 2 015491 5974+125 12 900+214 6 443+117 4 470+131
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Figure 3 p-Galactosidase activities were measured in
wild-type strain A1501 and ArpoN carrying nirS-lacZ
transcriptional fusion on pGDP under anaerobic conditions
with 1 mmol/L nitrate in A15 medium
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Figure 4 Growth of A1501 and AnirS under anaerobic
conditions with 10 mmol/L nitrate or 5 mmol/L nitrite in LB
medium
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Table 3 Nitrite utilization of A1501 and AnirS under

anaerobic conditions (mg/L) A1501
) Time (h) nirs

Strains 0 4 6 10

A1501 0.385+£0.007 0.201+0.003 0.050+0.002 0

ANIrS  0.385+0.005 0.341+0.003 0.312+0.005 0.29+0.003 3 iig
AnirS Al301

A1501 NirS
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Table 4 Nitrogenase activity of A1501 and AnirS under anaerobic conditions with different concentrations of
nitrate and nitrite

) Nitrate concentration (mmol/L) Nitrite concentration (mmol/L)
Strains 0 0.5 1.0 5.0 0 0.5 1.0 5.0
AnirS 4853+43.0  556.0+32.0  178.0+15.0 16.0+3.0 485.3+43.0 386.0+24.0 28.0+5.0 0
A1501 65167 69059 98+2 0 651467 1946 0 0
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