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ABSTRACT

Salmonella enterica serovar Typhi z66-positive strains have two different flagellin genes, fliC:d/j and
fljB:z66, located on the chromosome and on a linear plasmid, respectively. To investigate the mechanism
underlying the expressional regulation of fIjB:z66, gene deletion mutants of the regulators FliA, FIhDC,
and OmpR were constructed in this study. The expression levels of fliC and fIjB:z66 were analyzed by
qRT-PCR in the wild-type strain and mutants at high and low osmolarity. The results show that the
expression levels of both fljB:z66 and fliC were greatly reduced in fliA and flhDC mutants under both
high and low osmotic conditions. In the ompR mutant, the expression levels of fIjB:z66, fliC, fliA, and
fIhD were increased at low osmotic conditions. SDS-PAGE and western blotting analysis of the secreted
proteins revealed that the FljB:z66 was almost absent in the fliA and fThDC mutants at both high and low
osmolarity. In the wild-type strain, the fIjB:z66 was more highly expressed under high-osmolarity
conditions than under low-osmolarity conditions. However, this difference in expression disappeared in
the ompR mutant. Translational expression assay of FljB:z66 showed that the FljB:z66 expression was

decreased in ompR mutant at both low and high osmolarity. These results suggest that the expression of

fliB:z66 in S. enterica serovar Typhi is dependent on FliA and FlihDC, and OmpR can regulate the

expression and secretion of F1jB:z66 in different osmolarity.
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INTRODUCTION

Flagella are the structural and functional basis of the
motility of Salmonella enterica. They are composed of three
substructures: the basal body, the hook, and the filament. The
basal body is the rotor of the flagella motor, embedded in the
inner membrane; the hook is a flexible joint between the basal
body and filament; and the filament, which is approximately 5—
10 um long, acts as the propeller of the microbe (23). About 50

genes are associated with the structure, assembly, and function

of the flagellum (17). However, the filament is constructed of
only one kind of flagellin protein, which is synthesized in the
cell and secreted from it through the central channel of the
basic body and the hook of the flagellum and polymerizes
automatically at the top of the filament. The filament of a
peritrichous flagellum is composed of approximately 20,000
subunits of flagellin protein (1). All flagellar genes can be
categorized into three classes based on their transcriptional
regulation. Class 1 genes, including the master regulatory gene

fIhDC, are necessary to activate the transcription of class 2
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genes. Some class 2 genes encode the proteins of the hook and
basal body. A class 2 gene, fliA, encodes the flagellum-specific
sigma factor FliA, which transcribes the class 3 genes involved
in the motor and chemotaxis functions and filament structures
(13, 18).

More than 90 kinds of flagellin have been identified in
Salmonella by screening with the corresponding antisera (6).
Flagellin genes are about 1500 bp in length, with two
conservative terminal regions and a highly variable central
region. The corresponding domain of flagellin is located on the
surface of the filament and constitutes the flagellar epitope
(20). Most S. enterica serovars are biphasic strains, which
contain two different flagellin genes, designated fliC (phase I)
and fIjB (phase II), located at different loci on the chromosome
(11). After treatment with anti-flagellin antiserum, the biphasic
serovars can express FljB and FliC alternately, which is
referred to as “phase variation”. Salmonella enterica serovar
Typhi is an enteric pathogen that causes systemic infections in
humans, and is traditionally considered a monophasic strain,
only containing fliC, which encodes the d antigen or j antigen
(18, 27).

In 1981, Guinee et al. first identified the H:z66 antigen in
the S. enterica serovar Typhi strain, which was isolated from a
patient who had traveled to Indonesia (8). Subsequent
investigations show that z66-antigen-positive strains were only
distributed in Indonesia and Southeast Asia. After it is induced
with anti-z66 antiserum, the z66" strain can alter the expression
of the flagellar antigen to the d/j form, but the d/j" strain never
expresses the z66 antigen after induction with anti-d/j
antiserum (24). We previously identified the flagellin gene
encoding the z66 antigen in z66" strains as a fIjB-like gene
(fliB:z66) (10). Recent research demonstrated that the fIjB:z66
gene and fljA-like gene are located on a novel linear plasmid in
the Typhi z66" strains (4). The promoter sequence of fIjB:z66 is
different from those of fliCs and fIjBs of other biphasic strains
(10). The regulation of fIjB:z66 expression is as yet unclear.

To investigate the regulation of fIjB:z66 expression in this
study, we first generated deletion mutants of the flagellar

regulator genes (fliA and fIhDC) and an ompR deletion mutant.

Expression of fIjB:266 of S. enterica

We examined the expression of fIjB:z66 and fliC:j at the
mRNA level and the secreted proteins in the wild-type z66"
strain and mutants at different osmolarities. We found that the
expression of fljB:z66 is dependent on FliA and FIhDC, and
that OmpR regulates the expression of fIjB:z66 and affects the
expression and secretion of FljB:z66 in different osmotic

environments.

MATERIALS AND METHODS

Bacterial strain and cultures

A z66-antigen-positive wild-type strain of S. enterica
serovar Typhi GIFU10007 was used in this study. The bacteria
were grown with shaking at 37 °C in Luria—Bertani (LB) broth
(pH 7.0) containing 50 mM and 300 mM NaCl, representing
low- and high-osmolarity environments, respectively. The
bacteria were grown overnight at different osmolarities, and then
grown in fresh LB to log phase (ODgyy of 0.5) at the same
osmolarity to extract their RNA and secreted proteins. In this
study, Escherichia coli SY372Apir was used to harbor the
suicide plasmid pGMBI151 for the construction of the targeted

gene mutants.

Construction of fIhDC, fliA, and ompR deletion mutants
Mutants of fIlhDC, fliA, and ompR were generated by
homologous recombination mediated by the suicide plasmid
pGMB151. The primers used to prepare the recombinant DNAs
and to investigate gene expression are listed in Table 1. To
generate the ompR mutant, a 1.8-kb fragment including 720 bp
of an ompR-homologous fragment was amplified with PA/B
from the wild-type strain and cloned into E. coli DH5a with the
pGEM®-T Easy vector, pGEM-T. A 297-bp fragment of the
ompR gene (nucleotides 100-396) was deleted by treatment with
restriction endonucleases NspV and BssHII and an exonuclease
(TaKaRa, Japan). The fragment was then transferred into the
suicide plasmid pGMBI151 and transformed into E. coli
SY372M\pir. The suicide plasmid carrying the deleted ompR gene
was transferred into the wild-type strain by electroporation, as

described previously (14). All plasmids were extracted with the
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QIAprep® Spin Miniprep Kit (Qiagen) in this study. After

selective incubation on LB plates with ampicillin and
streptomycin, the bacteria were selectively incubated on LB
plates with 5% sucrose. The completely recombined strain was
selected by PCR, confirmed by sequencing analysis and defined
as the ompR deletion mutant. To generate the flhDC and fliA

mutants, gene-specific upstream and downstream fragments

Table 1. Primers used in this study.

Expression of fljB:z66 of S. enterica

were amplified and ligated to form recombinant DNA fragments
lacking 471 bp of fliA and 689 bp of fIhDC, as described in
Figure 1. These DNA fragments were then separately cloned into
the BamHI site of the pGMB151 suicide plasmid. The positive
suicide plasmids were then transformed separately into the target
strain by electroporation. The selection and identification of the

mutants were performed as previously described (9).

Primers Sequence(5'-)

Purpose

P-ompR-A(Bam HI)
P-ompR-B(Bam HI)

P-fIhDC-1A(Bam HI)
P-fInDC-1B(Bgl II)
P-fIhDC-2A(Bgl 1)
P-fIhDC-2B(Bam HI)

P-fliA-1A(Bam HI)
P-fliA-1B(Bgl IT)
P-fliA-2A(Bgl TI)
P-fliA-2B(Bam HI)

TAGGATCCTCAGGCACAACGGTGTCGCAA
TAGGATCCGGAGCGGCGGTTATGTTCTCA

ompR mutant construction

TAGGATCCATTATGTGATCTGCATCGCA
AAAGATCTACTAACTGGTTCGTCTCCGC
TTAGATCTTTTGTTGAAAGTGGGTTGCT

TGGATCCGCCAGTAAAATACCGAGGAA

flhDC mutant construction

TAGGATCCGGCGAAAAAACAATCATTCA
AAAGATCTCCATTACACCTTCAGCGGTA
TTAGATCTCGTTACATCAACTGCTGGAG
TGGATCCATGTTTTGCTCGCTGAGGTA

flliA mutant construction

P-fljB-1A(Smal)
P-fljB-1B(Kpnl)
P-fljB-2A(Sall)

P-fljB-2B(Smal)

TACCCGGGGGTAGAAGATCACTACAAGAA
GGGGTACCGAAGACTGAGATTTGTTCAG
GTGTCGACGGTAATGGTACATATGAAGC
AACCCGGGGCGACTTACCTACATACATA

pGMBYljB::lacZ
construction

P-flhD-sA GAGATGGCAAACACACTGGG
P-flhD-sB CCGTATCGTCCACTTCATTG
P-fliA-sA ACCAACAACAGCCAACTTTT
P-fliA-Sb ATTCAATCGCATCCATTACC
P-z66-sA CAACCGCTAGTGATTTAGTTT
P-z66-sB CTGTCCCTGTAGTAGCCGTAC
P-j-sA GAAACTGCTGTAACCGTTGA
P-j-sB CAACGCCAGTACCATCTGTA
P-lacZ-sA CGTTACCCAACTTAATC
P-lacZ-sB TGTGAGCGAGTAACAAC
P-gyrB-sA GAACAGCAGATGAACGAACT
P-gyrB-sB TTTTACCTTTCAGCGGCAGA

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR
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JiD.C Figure 1. Primer design for construction of gene-
.% 1 199 1;2%" 932 1708 deleted mutants and the recombinant plasmid
| | K pGMBI151(fljB::lacZ).
P1B 4928 b #28 Specific primer pairs (P1A/B, P2A/B) located up- and
down-stream of fIhDC and fliA were designed to
JiA amplify homologic fragments that were then linked as
-113%4 1 34 l::.%" 720 1155 the gene defective recombinant fragments. Primer
‘_| — pair P1A/B specific to the sequence up- and
F1B A 4Tib P28 downstream of ompR were designed to amplify the
homologic fragment, which was digested by NspV
onpR and BssHII and linked as the ompR defective
%1’ 1 99 398 720 1542 recombinant fragment.
| | Primer pairs (P1A/B, P2A/B) specific to the sequence
NPV 4 2970p B PB up- and downstream of fIjB were designed to amplify
two homologic fragments that were directionally
linked with the promoterless lacZ cassette as the
P1A SUB::lacZ p2a recombinant fragment. Recombinant fragments were
445 71 835~ 1138 1467 individually cloned into the suicide plasmids for
‘E|B P construction of gene-deleted mutants and the
e facZ (3350bp ) L recombinant plasmid pGMB151(fljB::lacZ).
RNA extraction and real-time quantitative reverse Four pairs of primers specific for fIjB:z66, fliC:j, flhD, or

transcription—polymerase chain reaction (qRT-PCR)

The bacterial cells were cooled on ice for 10 min and
harvested by centrifugation (4000 g for 10 min at 4°C). To
destroy the cell envelope, the bacterial cells were resuspended
in 100 pL of lysozyme-TE buffer (0.6 mg/mL lysozyme, pH
8.0), transferred into an NA extraction mini tube (AMR, Gifu,
Japan), and vigorously shaken for 3 min at room temperature.
Total RNA was then extracted with an RNeasy Mini Spin
Column (Qiagen), according to the manufacturer’s instructions.
The quantity and quality of the extracted RNA were checked
with  an  ND-1000  Spectrophotometer  (NanoDrop
Technologies, Wilmington, USA). To remove any traces of
DNA, the extracted total RNA was treated with 1 U of RNase-
free DNase I (TaKaRa, Japan) at 37 °C for 10 min and then

incubated at 85°C for 15 min to inactivate the DNase.

fliA were designed for qRT-PCR, and are shown in Table 1.
Reverse transcription was primed with random octamer Ng and
the SuperScript II kit (Invitrogen), was used according to the
manufacturer’s instructions. Each 20 UL reaction contained 2
pg of total RNA and 10 nmol of the random octamer. Each 1
UL of the reverse transcription product was subjected to a
quantitative PCR assay, which was performed with primers
Pz66A/B and PdA/B, as in the previous method (26).
Fluorescence was measured at the end of the synthesis step in
each cycle. Serially diluted plasmid DNAs encoding fljB:z66
were used to construct a standard curve at the same time as a
reference from which to calculate the mRNA copy numbers in
the samples. qRT-PCR was performed in duplicate for each
RNA sample. The expression level of each gene was

normalized by the expression level of gyrB, which was
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assumed to be a steadily transcribed housekeeping gene in
Salmonella (2). Data was expressed as the mean of expression
ratio. After homogeneity of variance test, the Student’s t-test
was used to assess the statistical significance of differences

between the groups.

Sodium dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS-PAGE) of secreted proteins and proteins in whole-
cell lysates and western blot analysis

The wild-type strain and the mutant strains were incubated
overnight in 10 mL of LB broth containing 300 mM NaCl at 37
°C. The secreted proteins were extracted as the previous
method (10) and dissolved in 20 pL of loading buffer. For the
whole-cell lysates, mid-log phase (0.6 OD600) cells were
harvested, resuspended in PBS. Equal volume of 2x loading
buffer was added into each protein sample. After denaturizing
at 100°C for 10 minutes, proteins were separated by SDS-PAG
electrophoresis on 15% gels, and visualized with Coomassie
Blue staining. The separated proteins were transferred by
western blotting onto nitrocellulose membrane, which was
probed with rabbit anti-z66 antiserum (National Institute of
Infectious Disease, Japan) as the primary antibody and anti-
rabbit Ig antibody conjugated to horseradish peroxidase (anti-
rabbit Ig—Fc, described

AP Conjugate, Promega), as

previously(29).

Transformation of wild type and ompR mutant with the
recombinant plasmid pGMBI151(fljB::lacZ) and J-
galactosidase assay

To acquire a translational fusion of fIjB::lacZ, primer pairs
P-fliB-1A/B and P-fl[jB-2A/B were used to amplify fragments
F1 including whole promoter region of fIjB:z66 and F2 located
downstream from the fIjB gene (Figure 1). A Smal site was
added to the 5" termini of primers P-f/jB-1A and P-f[jB-2B, and
a Kpnl site and a Sall site were added to the 5 termini of
primers P-fljB-1B and P-fljB-2A, respectively (Table 1). The
two fragments were amplified from the wild-type strain and

digested with Sall and Kpnl, respectively. To obtain the

promoterless lacZ cassette, the plasmid pSV—f3-Galactosidase

Expression of fljB:z66 of S. enterica

Control Vector (Promega) was digested with Kpnl and Sall.
The lacZ cassette was purified with the Wizard® SV Gel and
PCR Clean-up System (Promega), according to the
manufacturer’s instructions. After digestion with Kpnl and
Sall, fragments F1 and F2 were ligated with the promoterless
lacZ cassette by T4 Ligase (TaKaRa, Japan) as the recombinant
fragment, F1-lacZ-F2, which was then inserted into the BamHI
site of plasmid pGMBI151 to form a recombinant plasmid
pGMBY(ljB::lacZ. The wild-type strain and the ompR mutant
were  transformed  with the recombinant plasmid
pGMBY(ljB::lacZ by electroporation. Transformed strains were
grown in LB broth to an ODgyy of ~0.6. When required, the
media were supplemented with ampicillin (100 pg/mL). The -
galactosidase assays were performed as described previously
(29). Each experiment was performed with three independent
samples in duplicate and the values were recorded as [3-
galactosidase units (nanomoles per minute per ODgso unit per
milliliter). The activity results were normalized to the plasmid

copy numbers identified by qRT-PCR (lacZ gene).

RESULTS

Expression of fljB:266 and fliC in ompR, flhDC, and fliA
mutants

Flagellar gene expression is typically activated by the
regulators FIhDC and FliA (16). The z66-positive S. enterica
serovar Typhi is a special biphasic strain in which fIjB:z66 is
located on a linear plasmid, the source of which is unclear (5).
To investigate whether fIjB:z66 is regulated by FIhDC and FliA
like other biphasic S. enterica, flhDC and fliA mutants were
first prepared with a homologous recombination method
mediated by a suicide plasmid. Sequence analysis
demonstrated that the fIhDC and fliA mutants were constructed
successfully in this study. To show how flagellin expression is
affected by the osmotic environment, an ompR mutant was also
prepared. The expression of fIjB:z66 and fliC in the ompR,
fIhDC, and fliA mutants at low and high osmolarity was
analyzed by qRT-PCR with specific primers. The results are

shown in Figure 2. The expression of fIjB:z66 was higher at
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high osmolarity than at low osmolarity in the wild-type strain,
and greatly reduced in the fIhDC and fliA mutants at both high
and low osmolarity. Compared with the wild-type strain, the
expression of f[jB:z66 in the ompR mutant was increased at low
osmolarity but not at high osmolarity. In the ompR mutant,
there was no obvious difference of fIjB:z66 expression between
incubating at low and high osmolarity. The expression of fliC

was more than 10-fold lower than that of fIjB:z66 in the wild-

Expression of fljB:z66 of S. enterica

type and all mutant strains at both high and low osmolarity,
whereas the patterns of expression were similar to that of
f1jB:266.

These results indicate that the expression of fljB:z66 is
dependent on the regulators FIhDC and FliA, like the
expression of fliC, and that the expression of fIjB:z66 at low

osmolarity is associated with the negative action of OmpR.
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Figure 2. Expression of flagellin genes fIjB:z66 and fliC in ompR, flhDC, and fliA mutants.

qRT-PCR was performed to investigate the expression of fIjB:z66 and fliC in wild type strain (Wt), ompR mutant (ompR-), flhDC

mutant (f/hDC-) and fliA mutant (fliA-) incubated at high- and low-osmolarity. The expression of f[jB:z66 and fliC was normalized

with the expression of gyrB. Values reported represent means of three independent experiments carried out in duplicate. Bars

represent standard deviations. Student’s t-test was used to assess the statistical significance of differences between the groups. **

P<0.01 for a comparison with high-osmolarity in the same strain; ** P<0.01 for a comparison with the wild-type strain at the same

osmolarity.
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Expression of flhD and fliA in the ompR mutant

We previously found that the expression of the flagellar
genes of Salmonella was strictly reduced early in the period of
hyperosmotic stress and then increased after 2 h of stress (9,

26). Under the

stationary high-osmolarity conditions,
expression of fIjB was higher than under low-osmolarity
conditions, which seemed to be attributable to OmpR(9, 26).
To clarify whether the expression of fIjB is regulated by OmpR

through the regulators FIhDC and FliA in different osmotic

Expression of fljB:z66 of S. enterica

conditions, the expression of fIhD and fliA in the ompR mutant
was investigated with qRT-PCR. The results are shown in
Figure 3. The expression of fIhD and fliA at low osmolarity was
higher in the ompR mutant than in the wild-type strain, but
there was no obvious difference under high-osmolarity
conditions. These results suggest that the lower expression of
f1jB:z66 at low osmolarity is associated with the inhibition of

the expression of fIhDC and fliA by OmpR.

Wi

Figure 3. Expression of flhD and fliA in the ompR mutant.
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Expression of flhD and fliA in the ompR mutant was investigated by qRT-PCR. Strains were incubated at high- and low-

osmolarity. The expression of fIhD and fliA was normalized with the expression of gyrB. Values reported represent means of three

independent experiments carried out in duplicate. Bars represent standard deviations. Student’s t-test was used to assess the

statistical significance of differences between the groups. ** P<0.01 for a comparison with high-osmolarity in the same strain; *

P<0.01 for a comparison with the wild-type strain in the same osmolarity.
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FljB:z66 in the secreted proteins of the ompR, flhDC, and
fliA mutants

Abundant flagellin monomers are synthesized in bacterial
cells and secreted from the cells through the central channel of
basic body and the hook of the flagellum, from which the
flagellum is automatically polymerized (18). Flagellin in the
bacterial secreted proteins may reflect the expression and
secretion of bacterial flagellin (10, 28). In this study, the
FljB:z66 in the secreted proteins was investigated by SDS—
PAGE and a western blotting assay. The results are shown in

Figure 4. F1jB:z66 was greatly reduced in the secreted proteins

Expression of fIjB:z66 of S. enterica

of both the fIhDC and fliA mutants relative to that of the wild-
type strain. These results are consistent with the observed
fliB:z66 expression confirmed by qRT-PCR and discussed
above. The amount of FljB:z66 in the secreted proteins of the
wild-type strain was greater at high osmolarity than at low
osmolarity, whereas there was no difference in the secreted
proteins of the ompR mutant. There was also more FljB:z66 in
the secreted proteins of the ompR mutant at low osmolarity
than in the wild-type strain. It is likely that the expression and
secretion of FljB:z66 is predominantly inhibited by OmpR at

low osmolarity.
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Figure 4. SDS-PAGE of secreted proteins and western blot probed with anti-z66 antibody.

Wild type strain and mutants were incubated in high (H) and low (L) osmotic conditions. Secreted proteins were extracted from cultures

with trichloroacetic acid, separated by SDS-PAGE. Western blot was performed with anti-z66 antibody to reflect the amount of the

flagellin F1jB:z66 in secreted proteins.

There was significantly more FljB:z66 in the secreted proteins of the wild-type strain at high

osmolarity than at low osmolarity. In the ompR mutant, the amount of FljB:z66 in the secreted proteins did not differ significantly at high

and low osmolarity. The amounts of FljB:z66 in the secreted proteins of the fIhD and fliA mutants were greatly reduced compare with

that in the wild-type strain.
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Translational expression of fljB:z66 in the ompR mutant

Vi polysaccharide synthesis in S. enterica serovar Typhi is
promoted by OmpR, especially under low-osmolarity
conditions (19). The Vi polysaccharides play a major role in
protecting the pathogen against attack by host macrophages
and are thought to act as a physical barrier to secretion in
Salmonella (3, 19, 28). To investigate whether the elevated
levels of FljB:z66 in the proteins secreted by the ompR mutant
are the result of overall increased secretion, the level of
Fl1jB:z66 inside the cells of the ompR mutant was investigated.
The proteins in whole-cell lysates of Salmonella were
harvested and the amount of FljB:z66 was analyzed by SDS—
PAG electrophoresis and western blotting. The results are
shown in Figure 5A. FljB:z66 in the ompR mutant was lower
than that in the wild-type strain in both high- and low-

osmolarity environments.

z60
S51IKD—

Expression of fljB:266 of S. enterica

To further investigate the translational expression of
fliB:z66, the wild-type strain and the ompR mutant were
transformed with a low-copy-number plasmid that contained a
recombinant fragment of fIjB inserted with a promoterless lacZ
gene for a translational fusion. After incubation under low- and
high-osmolarity conditions, the bacteria were harvested to
analyze the activity of B-galactosidase. The results are shown
in Figure 5B. The B-galactosidase activity of the ompR mutant
was significantly lower than that in the wild-type strain at both
low and high osmolarity. These results suggest that the
translational expression of FljB:z66 in the ompR mutant is
lower than that in the wild-type strain, which is similar to the
previous western blot results for F1jB:z66 in whole-cell lysates.
These results revealed that OmpR might regulate translation of

fljB:z66 in S. enterica serovar Typhi at different osmolarity.

Western
766
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Figure 5. Translational expression of fIjB:z66 in wild-type and ompR mutant strains.

A: Expression of FljB:z66 was investigated by SDS-PAG electrophoresis and western blotting in whole-cell lysates of the wild-type

strain and ompR mutant incubated at high and low osmolarities. The expression of FljB:z66 in the ompR mutant was slightly lower than

that in the wild-type strain at both low and high osmolarities. B: Assay of [-galactosidase activity in the wild-type and ompR mutant

transformed with a recombinant plasmid was performed to reflect the translational expression of fIjB:z66. The translational expression of

fljB:z66 in the ompR mutant was lower than that in the wild-type strain (* P<0.05) at both low and high osmolarities, which is consistent

with the results of western blotting.
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DISCUSSION

The motility of S. enterica serovar Typhi depends on the
structure and function of the flagellum. The z66-positive S.
enterica serovar Typhi is a special biphasic strain containing a
fliBA-like gene on a linear plasmid, which encodes the flagellin
z66 antigen and a fliC repressor (4, 29). The expression and
regulation of fIjB:z66 is interesting because the promoter of
fljB:z66 is different from the promoters of the fIjBs of other
biphasic S. enterica (10). Whether the fIjB:z266 gene is a class 3
flagellar gene has not been clarified.

To investigate the characteristics of the regulation of
fljB:z66 gene expression in this study, we constructed mutants
fIDC and fliA” in which the flagellar-regulator genes were
deleted. With qRT-PCR, we first found that fIjB:z66 gene
expression is dependent on the regulator genes fIhDC and fliA.
This was confirmed with a western blotting assay of FljB:z66
in the bacterially secreted proteins. The cascade of flagellin
expressional regulation in Enterobacteriaceae are well known
as that the central regulator FIhD,C, activates transcription of
class 2 flagellar genes and fliA, which then promotes
expression of FliC and other class 3 flagellin genes. Therefore,
we believe that the fIjB:z66 gene is also a class 3 flagellar gene
in S. enterica serovar Typhi.

The flagellum is an important pathogenic factor of S.
enterica serovar Typhi (12, 21). During the invasion process,
the pathogen encounters osmotic upshift stress in the small
intestinal tract. We previously found that the expression of
fljB:z66 is clearly reduced in the early stage of osmotic stress
and increases under stationary high-osmolarity conditions (9,
26). OmpR is an osmoresponsive regulator, which forms a two-
component regulatory system with EnvZ, an osmosensor
located on the inner membrane of the cell (7). The previous
research found that phosphorylated OmpR was a negative
regulator for flhD expression in E. coli in the high osmolarity
condition (22). Another research found that inactivation of
ompR promoted fIhDC expression and swarming in
Xenorhabdus nematophila incubated on LB plate with middle

osmolarity (15). However, inactivation of ompR did not affect

Expression of fljB:z66 of S. enterica

fIhDC expression in S. enterica serovar Typhimurium (16). The
relationship between OmpR and the expression of fIjB:z66 was
first investigated in this study. After the preparation of an
ompR mutant, the expression of fIjB:z66 was analyzed by qRT—
PCR. The results showed that OmpR inhibited the transcription
of fljB:z66 at low osmolarity but not at high osmolarity. This
also occurs in the expression of the phase-1 flagellin gene
fliC:j. Combined with the results of fIhD and fliA expression
assay, we consider that nonphosphorylated OmpR may inhibit
the expression of fljB:z66 indirectly by repressing the
expression of fIhDC in S. enterica serovar Typhi under low-
osmolarity conditions. To investigate whether the inhibition of
fIhDC is direct, we performed the gel shift experiment with an
expressed OmpR ;¢ and a DNA fragment of the upstream
region of the fIhD (-286 to +199 bp). We did not find the
positive result comparing with a positive control with the
upstream region of the ompF (data not shown). So, we
speculate that OmpR may indirectly regulate the transcription
of flhDC.

Flagellin monomers are secreted by the bacterium and are
easily detected among the secreted proteins. Experiments have
suggested that Vi capsular antigen is a barrier to the secretion
of flagellin in S. enterica serovar Typhi (3). Other research has
demonstrated that TviA, an activator of Vi capsular antigen,
reduces flagellin secretion (25). Vi capsular antigen is a
negative factor for S. enterica serovar Typhi invasion into host
enteric M cells. When entering a high-osmolarity enteric
environment, S. enterica serovar Typhi can increase its
expression and secretion of flagellin and SPI-1 Sip proteins by
reducing the expression of Vi capsular genes (3). In this study,
we also found that large amounts of FljB:z66 appeared in the
secreted proteins at high osmolarity. In ompR mutant amounts
of FljB:z66 appeared in the secreted proteins at low osmolarity
almost same as that at high osmolarity. However, translational
expression investigation of fIjB:z66 revealed that OmpR did
not repressed the synthesis of FljB:z66 in S. enterica serovar
Typhi both at high and low osmolarity. Large amount of
FljB:z66 in secreted protein in ompR mutant at low osmolarity

was predominantly the result of the increase in secretion by S.
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enterica serovar Typhi. It is interesting that the translational
expression of fljB:z66 was not significantly different under
high and low osmotic conditions, although its transcriptional
expression differed. It is likely that regulation of FljB:z66
secretion is major response to osmolarity and expressional
regulation of fIjB:z66 by OmpR is happen not only in
transcriptional level but also in some posttranscriptional levels

in S. enterica serovar Typhi at different osmolarity.
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