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Abstract:
Key words: Iron-acquisition system, capsule polysaccaharides, Klebsiella pneumoniae, Fur,

FURTA
Iron-acquisition system and capsule polysaccaharides (CPS) are important virulence factors in
Klebsiella pneumoniae (Kp) infection. Most clinical isolated of Klebsiella strains produce large
amounts of to protect the bacteria from phagocytosis and prevent from killing by serum factors,
and develop several iron-acquisition systems for sequestering ferric iron from the environment to
promote the growth and infection. In Gram-negative bacteria, iron-acquisition genes are
negatively regulated by ferric uptake regulator (Fur). Due to the regulatory roles of Fur in Kp
remains large unknown. We have demonstrated that the fur deletion mutant rendered the bacteria
more mucoid phenotype and slight reduced the LDsy using mouse lethality assay suggesting an
involvement of Fur in virulence regulation. To study the functional role of Fur in mediating cps
and iron-acquisition system gene clusters, we had been finish the experiments in the past six
month are:

1. The construction of the fur complement strain was performed. The fur deletion mutant slowed
the Kp precipitation rate and reduced biofilm formation, while the fur complement stain could
restore the phenotype.

2. The putative promoter regions of K1 and K2 ¢ps gene cluster were constructed and detected
the E. coli Fur binding affinity by Fur titration assay (FURTA). The preliminary results
showed that all the cloned promoter of either K1 or K2 c¢ps gene cluster showed
FURT A-negative phenotype.

3. The promoter regions of rcs4A and resB in cps regulon were constructed and detected by
FURTA, the results exhibited FURTA-negative phenotype implying RcsAB is not involved
in Fur regulating.

4. The iron-acquisition systems containing the putative Fur boxes were constructed and detected
by FURTA. The cloned promoters containing iroN, iroB, entC, ybtP, fecB, and kfud showed
typical FURTA-positive phenotypes. However, the clones containing the promoter fepA, fepB,
fyud, and fhuA exhibited negative phenotypes.

In next year, we will employ the 2D and real-time PCR to demonstrate the regulatory roles of Fur
in CPS biosynthesis. However, the typical Fur box in Kp will be further analyzed and
demonstrated by bioinformatics, FURTA, and EMSA. Take together, we hope to understand the

functional role of Fur in Kp pathogenesis.
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Introduction:

Klebsiella pneumoniae (Kp) is a common nosocomial pathogen. As an opportunistic
pathogen, it often causes pneumonia, septicemia, bacteriemia, suppurative lesion, wound
infection, burn infection, and urinary or respiratory tract infections in immunocompromised
patients [1-4]. However, the wide spread of extended spectrum p—lactamase producing K.
pneumoniae (ESBLKp) has prompted the search for new drugs to intervene the bacterial
infections [5, 6].

Klebsiella usually have well developed polysaccharide capsules, which make their colonies
characteristic mucoid. CPS is an important virulence factor in Kp infection to protect the bacteria
from phagocytosis and prevent from killing by serum factors [7, 8]. Apart from their
antiphagocytic function, Klebsiella CPS have been reported to inhibit differentiation and
functional capacity of macrophage in vitro and mediate the resistance to antimicrobial peptides
and proteins by limiting the interaction of the agents with membrane targets [9, 10]. The capsular
serotypes of Kp have been classified as more than 77 recognized capsular antigens [11, 12]. In
Taiwan, a high prevalence of K1 and K2 serotypes of Kp was documented in liver abscess of
diabetes mellitus patients [13].

Many bacteria have evolved iron-acquisition systems for sequestering ferric iron from the
environment. The iron/heme acquisition systems in bacteria can be separated into two general
mechanisms. One is a direct contact between the bacteria and the exogenous iron/heme sources.
Another one is compounds (siderophores and hemophores) synthesized and released by bacteria
into extracellular medium to scavenge iron or heme from various sources [14]. The transport of
these compounds across the outer membrane involves outer membrane receptors. The energy for
siderophore transport is delivered from the inner membrane by a TonB-ExbB-ExbD complex [15].
Analysis of the genomic sequence of Kp NTUH-K2044 have found ten putative iron-acquisition
systems, seven of ten putative iron-acquisition systems contain putative TonB-dependent domains
[16].

To avoid iron overloading that would lead to the formation of hydroxyl radicals,
microorganisms have tight regulation of iron uptake. In Gram-negative bacteria, iron-acquisition
genes are negatively regulated by ferric uptake regulator (Fur) [17-19]. Under iron-replete
conditions, the Fur protein functions as a dimmer with Fe’" as cofactor to bind to a 19-bp
consensus sequence, called the Fur box (GATAATGATwWATCATTATC; w=A or T), in the
promoters of genes requires for iron uptake, thereby preventing their transcription [20]. In Kp, the
functions of Fur on mediating the gene expression remains large unknown. However, we further
have constructed the fur deletion mutant in Kp CG43S3 to observe Fur function in Kp.
Interestingly, the deletion rendered the bacteria more mucoid phenotype and reduced the LDsg
implying Fur has diverse regulatory functions on mediating CPS and iron-acquisition system.

In order to demonstrate the regulatory functions of Fur, the experiments we have finished in
the past six month are as following:
1. Investigation of regulatory roles of Fur on mediating the cps expression in Kp;

(1.)The fur complement in pRK415 was constructed, the comparison of wild type, fur
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deletion mutant and the complement strain in the viscous phenotype, biofilm formation,
and CPS content were performed.

(2.)We have constructed the cps promoter region containing K1 and K2 serotype of Kp in
pT7-7 vector respectively, and transferred into H1717 (fhuF::lacZ)to detect the direct
binding affinity of Fur by Fur titration assay (FURTA).

(3.)The promoter region of RcsA and ResB were also performed the construction in pT7-7
vector and transferred into H1717 to detect the direct binding affinity of Fur by FURTA.

2. Investigation of regulatory roles of Fur on mediating the gene expressions of iron-acquisition
systems in Kp;

(1.)The promoter regions of five putative iron-acquisition systems containing the putative Fur
boxes in Kp NTUH-K2044 by bio-informatics analysis were constructed in pT7-7 vector
and transferred into H1717. FURTA was also performed to analysis the Fur direct binding
affinity.



Results and discussions:

The phenotype of fur deletion mutant in Kp CG43. In this study, the fur complement strain was
performed the construction and compared with wild type (CG43S3), fur deletion mutant (F0401),
and fur complement strain (the entire fur gene in pRK415, named pCYO011) in the viscous
phenotype, CPS content, and biofilm formation. During low-speed centrifugation, the fur mutant
strain exhibited much slower precipitation than the parental strain. While the fu» mutant and wild
type stain supplied with the plasmid pCYO011 respectively, revealed that faster precipitation via
low-speed centrifugation (Fig. 1). Subsequently, the CPS production in CG43S3, F0401, and
F0401 containing pCYO011 will be quantified by measuring the glucuronic acid content, the core
component of the K2 CPS. The production of extracellular polysaccharides in bacteria is
important for the maturation of biofilms. In Kp, the interaction of CPS and fimbriae was able to
modulate the bacteria biofilm formation [21]. Therefore, the biofilm formations in CG43S3,
F0401, and F0401 (pCYO011) were detected in polyvinylchloride (PVC) plates by staining 1%
crystal violet, which could be quantitatively measured at 595 nm for the absorbance. As shown in
Fig. 2, the biofilm formation was significantly lower in F0401 than in wild type, and supplied
with the plasmid pCYO011 restored the ability of biofilm synthesis. These results implied that Fur
is involved in the regulation of CPS biosynthesis and affects the biofilm biosynthesis in Kp
CG43.

The regulatory role of Fur in mediating cps gene expression in FURTA. To investigate the
regulatory functions of Fur on mediating cps and iron-acquisition system gene expression,
FURTA is a good reporter assay for examine the in vivo Fur binding function in the promoter
regions of target genes. We asked for FURTA indicator strain, Escherichia coli H1717, from Dr
Hantke to perform this study. H1717 contains a chromosome fhuF::lacZ fusion, and the low
affinity Fur box in fhuF has demonstrated. The introduction of high-copy-number plasmids that
contain Fur-binding sequences in the multiple cloning site causes removal of Fur from the fhuF
Fur box [22]. The resultant expression of LacZ is visualized as lactose-positive colonies on
MacConkey agar plates. In this study, the promoter regions of Kp K1 and K2 cps gene cluster
were constructed in pT7-7 vector respectively and transferred into H1717 to assess the interaction
of c¢ps promoter regions with Fur. As a result, all the cloned promoter of either K1 or K2 cps gene
cluster showed FURTA-negative phenotype, which suggests that non-direct binding of Fur on
mediating the cps gene expression (Table 1). Furthermore, the clones carrying the promoters of
resA and resB also exhibited FURTA-negative phenotype implying ResAB is not involved in Fur
regulating (Table 1). The concentration of ferric ammonium sulfate and the incubation time are
critical for Fur regulating the target genes. However, the different concentration of ferric
ammonium sulfate and different incubation time will be detected in this assay. The
[-galactosidase activity will be detected to quantify the binding activity.

The regulatory role of Fur in mediating iron-acquisition system gene expression in FURTA. To
investigate the regulatory functions of Fur on mediating iron-acquisition system gene expression,
five of ten putative iron-acquisition systems containing the putative Fur boxes were frist detected
the direct binding affinity of Fur by FURTA. As showed in Table 2, the cloned promoters



containing iroN, iroB, entC, ybtP, fecB, and kfuA showed typical FURTA-positive phenotypes.
However, the clones containing the promoter fepA, fepB, fyuAd, and fhuA exhibited negative
phenotypes. The results implied that Fur regulate the target gene is not dependent on the Fur box.
We will attempt to align the promoter regions of iroN, iroB, entC, ybtP, fecB, and kfuA to find the
conserve domain or residue for affecting the regulation of Fur. The B-galactosidase activity will
be detected to quantify the Fur binding activity.

Fig. 1 Comparison of precipitation speed of Kp wild type (CG43S3), fur mutant (F0401),
and the strains carried the complement plasmid (pCYO011).

F0401 F0401 CG43S3
(PRK415) (pCY011) (pCYO11)

CG4353 F0401

Fig. 2 Biofilm formation of Kp wild type (CG43S3), fur mutant (F0401), and the strains
carried the complement plasmid (pCYO011). CG43S3-pRK415, CG43-pFur, Afur-pRK415,
and A\fur-pFur (fur complement) strains were grown in LB broth at 37 °C for 48 h, and then

measured ODS550 with crystal violet strained.
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Table 1 The binding ability of Fur on the promoter regions of K1 and K2 cps gene cluster
and rcsAB in FURTA. The promoters were constructed to pT7-7 in E. coli H1717, and 5 pl of
overnight grown bacteria were spotted on MacConkey agar plate containing 30 uM [Fe™] for 16

h. + means positive result. — means negative results, and ND means not detectible.

Serotype Promoter region FURTA
pT7-7 plasmid

CG43 pYS003 ORF 1-2 - -
pYS004 ORF 3-15 - -
pYS005 ORF 16-17 - -

K2 NTUH-K2044  pYS006 CPS-1 - -
pYS007 CPS-3 - -
pYS008 CPS-5 - -
pYS001 RcsA 2 -
pYS002 RcsB = -



Table 2 The classification of siderophores in K. pneumoniae and the Fur binding ability via
FURTA. The promoters were constructed to pT7-7 in E. coli H1717, and 5 pl of overnight grown
bacteria were spotted on MacConkey agar plate containing 30 pM [Fe™] for 16 h. + means

positive result. — means negative results, and ND means not detectible.

System Promoter Localization | Putative FURT
Fur box pT7-7 plasmid

Fe3+
Salmochelin iroN Pion Outer Plasmid + +
membrane
transporter
iroBCD P.op Biosynthesis Plasmid + +
Aerobactin iutA Piia Outer Plasmid - ND
membrane
transporter
fucABCD Pica Biosynthesis Plasmid - ND
Enterobactin  fepABCDG Prepa Outer Chromosome + -
membrane
transporter
Preps Biosynthesis Chromosome + -
entABCDEF P, . Biosynthesis Chromosome + +
Yersiniabactin fyvuA Pfymq Outer chromosome + =
membrane
transporter
Yersinia HPI Pypep Biosynthesis Chromosome + +

pT7-7  plasmid

System Promote Localization | Putative
r Fur box
e
Ferric citrate  fecABCDE Pfem Outer membrane Plasmid - ND
transporter
Precs Innermembrane Chromosom + -
transporter e
Ferrichrome  fhuABCD Pihua Outerand inner Chromosom - -
membrane e
transporter
Ferriciron kfuABC Piun Ferriciron uptake Chromosom + +
e
Fe2+
Ferrous iron feoAB PfeoA Ferrous iron Chromosome - ND
uptake
Ferrousiron  sitABCD Pia Ferrous iron Chromosome - ND
uptake
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