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Antimicrobial actions of reactive oxygen/nitrogen species
(ROS/RNS) derived from products of NADPH oxidase and
inducible nitric oxide (NO) synthase in host phagocytes
inactivate various bacterial macromolecules. To cope with
these cytotoxic radicals, pathogenic bacteria have evolved to
conserve systems necessary for detoxifying ROS/RNS and
repairing damages caused by their actions. In response to
these stresses, bacteria also induce expression of molecular
chaperones to aid in ameliorating protein misfolding. In this
study, we explored the function of a newly identified
chaperone Spy, that is localized exclusively in the periplasm
when bacteria exposed to conditions causing spheroplast
formation, in the resistance of Salmonella Typhimurium to
ROS/RNS. A spy deletion mutant was constructed in S.
Typhimurium by a PCR-mediated method of one-step gene
inactivation with . Red recombinase, and subjected to
ROS/RNS stresses. The spy mutant Salmonella showed a
modest decrease in growth rate in NO-producing cultures,
and no detectable difference of growth rate in H,O,
containing cultures, compared with that of wild type
Salmonella. Quantitative RT-PCR analysis showed that spy
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mRNA levels were similar regardless of both stresses, but
were increased considerably in Salmonella mutants lacking
the flavohemoglobin Hmp, which are incapable of NO
detoxification, and lacking an altemative sigma factor RpoS,
conferring hypersusceptibility to H,O;. Results demonstrate
that Spy expression can be induced under extreme conditions
of both stresses, and suggest that the protein may have
supportive roles in maintaining proteostasis in the periplasm
where various chaperones may act in concert with Spy,
thereby protecting bacteria against toxicities of ROS/RNS.
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Table 1. Bacteria strains and plasmid used in this study

Strains Genotype Source

IB1 Salmonella enterica serovar ATCC
Typhimurium 14028s

1B3 Nhmp : KM [8]
1B1006 ArpoS ::Tn10dCm [33]
1B1026 Aspy :: CM This study
FB127 pTP233 [19]
Plasmid
pKD3 cat cassette [19]
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Fig. 1. Construction of spy mutation in S. Typhimurium
chromosome. (A) PCR products were obtained after PCR
reaction with chromosomal DNA from WT and spy mutant
using DNA oligomers as described in Materials and Method.
The representative result was visualized after PCR products
were electrophoresed in an 1% agarose gel and stained with
ethidium bromide. M; a molecular size marker. (B) The strategy
used for the construction of spy mutation. P1 and P2 refer to
priming sites for PCR to obtain DNA product containing
antibiotic cassette and FRT (FLP recombinase recognition
target). The figure was modified from the paper of [19].
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Fig. 2. Susceptibilities of S. Typhimurium strains to ROS/RNS stresses. The growth of mutants was measured by the Bioscreen C
microplate reader observing optical density (O.D.600.m) of bacterial culture in minimal E media containing 0.2% glucose treated with
varying concentrations of GSNO (A) and in the LB media treated with varying concentrations of H,O, (B). A representative out of

three independent experiments is shown.
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Fig. 3. The effect of ROS/RNS on spy transcription. The levels of spy mRNA were measured by quantitative real-time RT PCR, using
total RNA purified from bacterial cultures under nitrosative [GSNO (1mM), 1 hour] (A) and oxidative [H,O, (ImM), 30 min] (B)
stress conditions, respectively. The mRNA levels of a housekeeping gene gyrB were used as the normalization standard. Data shown

are the means +/-SD from three independent experiments.
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