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ABSTRACT

Key words. Klebsiella pneumoniae; two-component system (2CS); kvgASQR; kvhAS,
Electrophoretic mobility shift assays; LacZ reporter system; activator; anti-oxidation
and/or anti-stress regul ation; RpoS; 2D-PAGE

Klebsiella pneumoniae is a common opportunistic pathogen, which often causes
suppurative lesions, septicemia, urinary and respiratory tract infection in
immunocompromised patients. Two gene clusters, kvgASR and kvhAS have
previously been isolated from a highly virulent strain Klebsiella pneumoniae CG43
and identified as two-component systems (2CS). According to sequence analysis,
KvgS and KvhS are sensory histidine kinases which alow bacteria to sense and
respond to the changes in their environment. KvgA, KvhA and KvgR are responsible
for regulating the expression of the signal induced genes. Both kvgAS and kvhAS have
been demonstrated respectively having an operon structure by RT-PCR and southern
blot analysis. Electrophoretic mobility shift assays (EMSA) have shown that the
KvgA is capable of specifically binding to not only its own promoter, but also the
putative promoters of kvgR and kvhAS. To investigate the roles of the two component
systemsin Kp CG43, the experiments had been finished in the past year are:

Therelated publication:

Identification and characterization of KvgAS, a two-component system in Klebsiella
pneumoniae CG43. 2003. FEM S Microbiology Letters 218:121-126

® Southern blot analysis demonstrated the deletions of the kvgA,, kvgS, kvgR,
kvhA', and kvhS obtained in the first year. However, no apparent effect of any of
the mutations on bacterial virulence was observed in a mouse peritonitis model.

® A LacZ reporter system was constructed in K. pneumoniae CG43 which included
placZ15, a lacZ reporter in pY C016, and lacZ16, a K. pneumoniae CG43 lacZ
deletion mutant. The LacZ16-derived mutants kvgA™ (A18), kvgS (S01), kvgR
(R16), kvhA" (HAO1) and kvhS (HS01) were also obtained.

® Both electrophoretic mobility shift assay and in vivo assay using the LacZ
reporter system suggested that the KvgA acts as a positive autoregulator for
expression of the kvgAS and also as an activator for that of kvgR.

® Paraquat and EDTA affected both kvgAS and kvgR promoters by increasing the
reporter LacZ activities which implied that the two-component system is
responsible for an anti-oxidation and/or anti-stress regulation in K.
pneumoniae CG43. However, the signals for the KvhAS have yet to be
identified.



® The global stress protein- RpoS mutant was then constructed which allowed to
demonstrate that the RpoS acts as an activator for kvgAS expression but as a
repressor for the expression of kvhAS. Whereas, the RpoS mutation did not affect
the promotewr activity of kvgR.

® Moreover, we have tried to employ 2D-PAGE for a comparative analysis of the
protein patterns among the parental strain, kvgA, kvgR, and kvhA mutants.
Preliminary results revealed that the proteomic technology is promising for us to
identify the targets under control by the 2CSs.

In the last year (the third year), we will determine the target genes that are
regulated by kvgASR and kvhAS with both a promoter trap using LacZ as a reporter
and the proteomic technology. In the mean time, the mutants kvgAkvgR, kvgAkvhA,
kvhAkvgR, kvgAkvgRkvhA will also be constructed and their phenotypic properties
anayzed. Taken together, the regulatory circuits and functional roles of kvgASR and
kvhASwould be identified.
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INTRODUCTION

Klebsiella pneumoniae is an opportunistic pathogen which often causes
pneumonia, septicemia, bacteremia, suppurative lesion, wound infection, burn
infection, and urinary or respiratory tract infections in chronic acoholics and
immunocompromised patients (9, 23). Two-component systems (2CS), consisting of a
sensor histidine kinase and a response regulator, act to recognize specific signals and
convert this information into specific transcriptional or behavioral responses (6, 10, 11,
12, 16, 20, 21, 24, 25). We have previoudly identified a novel two-component system,
kvgASQR ( Klebsiella virulence gene ) by PCR-supported genomic subtractive
hybridization from a highly virulent strain K. pneumoniae CG43 (1, 17). In the
genome of K. pneumoniae strain MGH78578 (Genome Sequencing Center of
Washington University, http://genome.wustl.edu/gsc/ ), a sequence exhibiting high
homology with the kvgAS was identified by Blast analysis. The sequence was then
isolated by PCR-based cloning from K. pneumoniae CG43 and designated kvhAS

(Klebsiella virulence homolog ) (2, 4) .On the basis of sequence analysis, KvgS and
KvhS are sensory histidine kinases, KvgA, KvgR and KvhA are response regulators,
and the orfQ is likely a transmembrane protein (2, 3, 4). The kvgAS and kvhAS
especialy the residues near the biological active sites, were found to be the homologs
of bvgAS and evgAS which are the two-component systems for regulating the
virulence gene expression of Bordetella pertussis and Escherichia coli respectively (3,
4,5,7,8,14, 15, 22, 26, 27, 28).

In the first year, we have used RT-PCR analysis to demonstrate that the kvgA and
kvgS are expressed in a transcription unit (19). Electrophoresis mobility shift assays
(EMSA) have shown that the KvgA is capable of specificaly binding to not only its
own promoter, but aso the putative promoter of kvgR. These results suggested an
interaction is likely present inbetween kvgASR and kvhAS.



RESULTSAND DISCUSSIONS

To investigate the roles of the two component systems in Kp CG43, the experiments
had been finished in the second year of the project are:

Related publication:

Identification and characterization of KvgAS, a two-component system in Klebsiella
pneumoniae CG43. 2003. FEM S Microbiology Letters 218:121-126

(1)

2)

3)

A good reporter system is required in order to investigate the respective functions
of KvgASQR and KvhAS. Since K. pneumoniae is a lactose fermenter, K.
pneumoniae CG43 lacZ deletion mutant LacZ16 was firstly constructed. The
LacZ reporter plasmid placZ15 containing a promoterless lacZ gene in pY C016
was obtained subsequently. Using the reporter system, we were able to
determine the signals that are likely sensing by KvgS and KvhS. A seria
LacZ16-derived mutant strains including kvgA (A18), kvgS (S01), kvgR (R16),
kvhA" (HAO1) and kvhS (HS01) were aso generated for the following analysis
(Table 1).

The previous study by gel mobility shift assay suggested the presence of a
cross-talk between kvgASQR and kvhAS. The LacZ reporter system allowed us
measure the activities of p-kvgAS (pAP16), p-kvhAS (pHAO1) and p-kvgR (pRP5)
respectively in LacZ16, A18 and R16. As shown in Fig. 1, LacZ activities of
kvgAS and kvgR promoters were found to decrease in the kvgA" mutant (A18).
However, disruption of KvgR had no apparent effect on the promoters. The
results suggested that the KvgA acts as a positive autoregulator and also as an
activator for the expression of kvgR. Whereas, the kvgR promoter activity
increased in the kvhA" mutant (HAOL) suggesting a negative regulation of the the
kvgR promoter by KvhA. No apparent changes of the activity of p-kvhAS in
LacZ16 and the kvhA" mutant implying that KvhA does not control its own
promoter (Figure 2). The interaction circuit between among KvgAS, KvgR, and
KvhAS will be determined while more mutants are available.

The possible signals sensed by KvgS and KvhS were aso identified by measuring
the promoter activity with LacZ as the reporter. As shown in Figure 3 and Figure
4, we have found that 0.2 % paraquat and 2 mM EDTA are likely the inducing
signals for expression of either kvgAS or kvgR. However, the chosen signals were
not sensed by p-kvhAS suggesting the signals are yet to be identified. Paraquat



(4)

()

and EDTA affected both kvgAS and kvgR promoters by increasing the LacZ
activities implying that the two-component system is responsible for an
anti-oxidation and/or anti-stress regulation in K. pneumoniae CG43. The
possibility will be evaluated in the next year. Interestingly, both the kvgSand
kvhS mutations did not affect either promoter under these effectors implying that
signals for the sensors are yet to be found (Figure 5). Thus, either paraguat or
EDTA might be an indirect signal conveyed by other regulatory system for the
expression of the kvgAS and kvhAS,

The alternative sigma factor o° plays a key role in the survival of bacteria under
stress conditions, which is a likely regulator to interact with kvgAS or kvhAS. In
order to assess the role of the global stress protein RpoS on the expression of
kvgASR and kvhAS the rpoS deletion mutant was constructed and activities of the
promoters p-kvgAS, p-kvgR, p-kvhAS were measured in the mutant. The p-kvgA
activity decreased significantly in the RpoS mutant suggesting a positive control
of the RpoS on the expression of kvgAS On the other hand, the activity of
p-kvhA increased apparently in the mutant indicated that the RpoS is likely a
repressor for kvhAS Whereas, disruption of RpoS had no effect on p-kvgR
activity (Figure 6).

In order to explore the fine map and interacting circuit of the two 2CSs
KvgASR and KvhAS, two approaches including promoter trap analysis and
proteomic technology to help for identification of the target genes under control
by the 2CSs will be applied. Total proteins of the parental K. pneumoniae strain,
kvgA mutant and kvhA mutant grown in M9 medium were respectively isolated
and resolved by 2D-PAGE (Figures 7 and 8). The preliminary results indicated
that the proteomic technology is promising for us to identify the target proteins
under control by the two 2CSs. In the coming year, we should be able to
determine not only the functional roles of the two component systems but also a
constructive map of the regulatory pathways.
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In the past year, we have established the promoter-trap assaying system and 2D-gel
electrophoretic technology which is a big breakthrough for us to explore more
concerning the map of the KvgA SR and KvhAS interacting circuit. We’ve also
published part of the result earlier this year (FEMS Micro. Lett. 218:121-126) and a
manuscript isin preparation. It is apparent that we have accomplished 100% of the
work as we planned.
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Table 1. Bacteria strains and plasmids used and constructed in this study

Bacterial strain and
plasmids Genotypes or relevant features Source
Bacterial strain
K. pneumoniae
CG43-S3 rspL mutant Laboratory stock
Lacl6 AlacZin Kp CG43-S3 This study
01 AkvgSin LacZ16 This study
Al18 AkvgAin LacZ16 This study
R16 AkvgRin LacZ16 This study
HSO01 AkvhSin LacZ16 This study
HAO1 AkvhAin LacZ16 This study
RpoS07 /A\RpoSin LacZ16 This study
Plasmids
pY C016 IVET selection vector Ref. 18
placZ15 Contained alacZ gene in pY C016 This study
pPAP16 p-kvgAS.:lacZ in pY C016 This study
pRP5 p-kvgR::lacZ in pY C016 This study
pHAPO1 p-kvhA::lacZ in pY C016 This study
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activities of kvgAS (pAP16) and kvgR (pRP5) in K.
pneumoniae CG43 lacZ- (lacZ16), lacZ-kvgA- (A18) and lacZ-kvgR- (R16). (A)
The plasmid pAP16 (which carries a p-kvgAS-lacZ fusion) and (B) plasmid pRP5
(which carries a p-kvgR-lacZ fusion) were transferred into LacZ16, A18 and R16
respectively by conjugation. The cells were grown in LB medium for OD600
about 0.4, and the level of B-galactosidase activity was determined as described (J.
H. Miller, 1972). The values are the averages of four independent experiments.
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Figure 2. The promoter activities of kvgR (pRP5) in K. pneumoniae CG43 lacZ-
(lacZ16), lacZ-kvhA- (HAO01) and HAOL that contains a plasmid with kvhA (pA415).
The plasmid pRP5 was transferred into LacZ16, HAOl and HAO1[pA415]
respectively by conjugation. The cells were growth in M9 medium till OD600 of
about 0.4, and the level of B-galactosidase activity were determined.
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Figure 3. Identification of the signaling factors that affect the promoter activity of
kvgAS. The B-gaactosidase activities of pAP16 in K. pneumonia CG43 lacZ16 was
determined under the indicated condition. The overnight-growth cells were transferred
into M9 medium and the cultures grown at 37 ‘C for 2 h. The signaling factors
including 25 mM MgSO4, 10 mM Niacin, 2 mM EDTA, 0.2 mM dipyridyl and 0.2 %
paraquat were then added respectively to the cultures and the mixture incubated at 37
‘C for another 1 h. The temperature effect on pAP16 was aso determined by
transferring the M9-grown cells carrying pAP16 to 44 °C incubator and the cells
cultured for 1 h. The values are averages of two independent experiments.
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Figure 4. Identification of the signaling factors that affect the promoter activity of
kvgR. The B-galactosidase activities of pRP5 in K. pneumonia CG43 lacZ16 was
determined under the indicated condition. The overnight-growth cells were transferred
into M9 medium and the cultures grown at 37 ‘C for 2 h. The signaling factors
including 25 mM MgSO4, 10 mM Niacin, 2 mM EDTA, 0.2 mM dipyridyl and 0.2 %
paraguat were then added respectively to the cultures and the mixture incubated at 37
‘C for another 1 h. The temperature effect on pRP5 was also determined by
transferring the M9-grown cellsto 44 °C incubator and the cells cultured for 1 h. The
values are averages of two independent experiments.
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Figure 5. The sensor KvgS (S01) and KvhS (HS01) mutations do not affect the
p-kvgAS (pAP16) and p-kvhAS (pHAOL) activities under the indicated conditions. The
overnight-grown cells were transferred into M9 medium and the cells grown at 37 °C
for another 2 h.
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Figure 6. The activities of p-kvgAS (pAP16), p-kvgR (pRP5) and p-kvhAS (pHAPO1)
in K. pneumoniae CG43 lacZ16 and lacZ-rpoS (RpoS07). The plasmids (pAP16,
pRP5 and pHAPO1) have been transferred into LacZ16 and rpoS mutant respectively
by conjugation. The cells were grown in LB medium till OD600 of about 0.4, and the

level of B-galactosidase activity was determined.
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Figure 7. 2D-PAGE patterns of the proteins isolated form K. pneumonia
CG43-U9451 (A) and K. pneumonia CG43-U9451KvgA (B).
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Figure 8. 2D-PAGE patterns of the proteins isolated from K. pneumonia
CG43-U9451 (A) and K. pneumonia CG43-U9451KVhA (B).
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