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Abstract

The capsular polysaccharide (CPS) plays important role in Klebsiella spp pathogenesis. Capsular types K1 and K2 of Klebsiella
pneumoniae are considered most virulent for humans. The capsule biosynthesis region flanking genes ga/F and gnd from clinical
isolates and reference strains of K. pneumoniae were screened for polymorphism. Nucleotide sequence analysis of gal/F and
gnd revealed a high heterogeneity. However, deduced amino acid sequences demonstrated that the majority of mutations were silent
implying GalF and Gnd are strongly conserved. This may suggest importance of these /oci in the CPS biosynthesis and may argue for

their potential usefulness in Klebsiella genotyping.
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Introduction

Klebsiella pneumoniae, an important nosocomial
pathogen, causes suppurative infection, pneumonia,
urinary tract infection and septicaemia in humans,
especially immunosuppressed or suffering from un-
derlying diseases like diabetes mellitus (Podschun and
Ulmann, 1998; Fung et al., 2002). This bacterium
is also known as an etiological agent of community
acquired bacterial pneumonia occurring in chronic
alcoholics and people of low social status, which is
often fatal if untreated (Podschun and Ulmann, 1998).

Generally, clinical isolates of K. pneumoniae pro-
duce abundant capsular polysaccharide (CPS). The
thickness of capsular layer was shown to be an im-
portant factor for high virulence, since poorly encap-
sulated isolates, however appeared into the alveolar
epithelial cells, were avirulent in mouse model of
pneumonia (Lai et al., 2003; Astorza et al., 2004).
Capsule production, is a general prerequisite for viru-
lence since it protects the bacterium from phagocytosis
and killing by serum factors. The genomic organisation
of the chromosomal K. pneumoniae cps region respon-
sible for capsule K2 synthesis in strain Chedid was
determined by Arakawa et al. (1995). Although this
cluster contains 19 open reading frames (orf5), 15 were

found to be indispensable for capsule production.
These orfs, numbered from 1 to 15, are transcribed at
the same direction from two promoters located up-
stream of orfl (galF) and orf3. In addition to the
nucleotide sequence of the cps region of Chedid
which is deposited in GenBank (http://www.ncbi.nlm.
nih.gov) under accession number D21242, correspond-
ing sequences for K1 capsule biosynthesis pathway
of K. pneumoniae strains DTS and NTUH-K2044
have been recently added: AY762939 and AB198423
respectively. Moreover, the complete genome sequence
of strain MGH78578 K. pneumoniae K52 became
available at Genome Sequencing Center at Washington
University Medical School (http://genome.wustl.edu).

The Southern hybridisation experiments performed
by Arakawa et al. (1995) shown that upstream section
of the ¢ps region from orfl to orf3 and downstream
section from orf12 to orfl5 (gnd) were present in all
tested Klebsiella capsular reference strains. The results
of PCR screening performed during previous study
(Gierczynski et al., 2005a) and results obtained by
Brisse et al. (2004) generally confirmed findings re-
ported by Arakawa et al. (1995), however suggested
that the downstream section is likely limited to sole
gnd. The galF and gnd genes are present in a homolo-
gous cps clusters of K. pneumoniae K1 strains DTS
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and NTUH-K2044 as well in K52 strain MGH78578.
In contrast, the inner cps cluster flanked by orf4 and
orf14 was shown to reveal genetic heterogeneity that
correlated to capsular type of Klebsiella reference
strains (Brisse et al., 2004).

Studies on genetic diversity of genes flanking the
¢ps region in Klebsiella are rather limited. Most of
them were conducted on a limited number of labora-
tory strains and their mutants. Previously a single
strand conformation polymorphism (SSCP) in selected
fragments of galF and gnd was tested in 56 clinical
strains isolated from infants in six nosocomial out-
breaks (Gierczynski et al., 2005b). Eighteen and ten
patterns were distinguished for galF" and gnd respec-
tively, that suggested a high nucleotide polymorphism.

The main purpose of this study was to determine
the nucleotide and amino acid diversity of galF’ and
gnd fragments previously tested by the SSCP and
to check whether these genes may be useful for
genotyping and phylogenetic analyses of K. pneumo-
niae. In addition, a comparative phylogenetic analysis
of the galF and gnd gene variants found in tested
strains and data from GenBank was performed to
trace eventual co-evolution.

Experimental
Materials and Methods

Bacterial isolates and database nucleotide se-
quences. Twelve strains of K. pneumoniae represent-
ing different SSCP haplotypes of galF and gnd de-
scribed previously (Gierczynski et al., 2005b) were
examined (Table I). Biochemical properties (biogroup)
of tested strains were determined as described by
Kaluzewski (1965). To eliminate occurrence of delayed
results of biochemical tests, development period was
reduced to 24 hours. The O-antigen serotyping was
performed as described by Katuzewski (1968) using
unencapsulated variants of tested strains. Moreover,
database nucleotide sequences of galF and gnd from
strains Chedid (Genbank accession no.; D21242),
DTS (AY762939) and NTUH-K2044 (AB198423),
MGH78578 (http://genome.wustl.edu) and their ho-

Table I
Characteristic of tested strains of K. pneumoniae

Phenotype | SSCP-genotypes®
. Sample type .
Strain . Bio- | galF | galF
~ O-t e d
(localisation) ype group| 355 | 366 gn
A5054 | Reference O1:K1 | Ol 3 Al | A2 | A2
B5055 | Reference O1:K2 (0] 10 A A A

30 Blood (Warszawa) | 02 13 B Al B
478/02 | Blood (L6dZ) 03 11 A2 | Al Bl
234 Blood (Poznan) Ol 8 B C B3
57 CSF (Warszawa) (0] 8 A B A
11 Lung (Warszawa) | Ol 1 Al A C
145/02 | Nose (Zamo$¢) NA 18 Bl | Cl Cl
222 Stool (Warszawa) | O3 14 Bl | DI A2
5 Stool (Warszawa) | Ol 2 Al D C
216 Stool (Warszawa) | O3 3 B | DI C2
273 Stool (Poznan) NA 11 B2 E Al

* — SSCP genotypes distinguished in previous study
(Gierczynski et al., 2005b),
NA — not assigned

mologues from Escherichia coli strain E69 K30
(AF503613) were used for phylogenetic analysis.

PCR analysis. Genomic DNA templates were pre-
pared as described by Gierczynski et al. (2004) but
the lysosyme treating was omitted. Primers listed
in Table II and 7ag DNA Polymerase (Fermentas,
Lithuania) in (NH,),SO, reaction buffer with 1.5 mM
MgCl, supplied by the manufacturer were used for
amplification. PCR was performed in 25 ml volume
using Mastercycler 5333 (Eppendorf, Germany) as
follows: 3 min at 94°C and 35 cycles for 30 seconds
of each denaturation at 94°C, annealing at 58°C and
elongation at 72°C. DNA synthesis was completed at
72°C for 3 min.

DNA sequencing. PCR products were subjected for
sequence analysis using automated fluorescent DNA
sequencer 377 and BigDye Terminator v3.1. (Applied
Biosystems, USA) in accordance to manufacturer’s
instructions. Both DNA strands were sequenced. The
determined sequences of tested loci were compared
to sequences deposited in GenBank database using
BLASTN (Altschul et al., 1997) software utility (Na-
tional Center for Biotechnology Information, USA)

Table 11
List of PCR primers
Locus Primer Nucleotide sequence AmPlicon Amplified
signature Forward primer Reward primer size region
galF |or1355 |gctgecgatcgttgataagee |gttatagegeagegggtcage 355 90 — 444
galF |orl366 |tggtcctgecggatatcatce  |actgcettcttcgecagttegg 366 389 - 754
gnd |or15343 |gttgaatccctcgagacace |caccgatataggtcacacacg 343 181 — 523

The amplified regions were counted from the initial nucleotide of the coding scquencce of appropri-
atc gene of strain Chedid (D21242). The amplicon sizc was indicated in basc pairs.



Evolutionary trees. Phylogenetic and molecular
evolutionary analyses were conducted using MEGA
software version 2.1. (Kumar et al., 2001). The un-
weighed pair group method with arithmetic means
(UPGMA) was used to generate dendrograms of
genetic diversity of tested strains. Neighbour-Joining
method with p-distance parameter was applied to gen-
erate dendrogram reflecting phylogenetic relatedness
of tested strains based upon the deduced amino acid
sequences of the analysed genes. Kimura 2 parameter
model was applied to both UPGMA and Neighbour-
Joining methods.

Results

All tested strains yielded PCR-products of selected
fragments of galF and gnd. The size of amplicons was
in agreement to expected size calculated from the
nucleotide sequence of the cps region of strain
Chedid. The nucleotide sequencing of galF and gnd
fragments previously tested by Multitemperature-
SSCP confirmed genetic diversity of the SSCP geno-
types (Gierczynski ef al., 2005b). Obtained nucleotide
sequences were compared to the reference sequence
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of strain Chedid. Nucleotide substitutions within ana-
lysed fragments of gal/F and gnd from tested strains
versus strain Chedid are shown in Table III and IV
respectively.

When compared to strain Chedid, a number of
61 single nucleotide polymprphisms (SNPs) was de-
tected in tested strains for both analysed genes. It
is noteworthy the nucleotide polymorphism in gnd
was about four times higher than in ga/F (Tables III
and IV). In this case, 43 SNPs were found in 343 base
pairs long DNA fragment, whereas seven and eleven
SNPs were detected in galF fragments 355 and 366
respectively. In spite of the high nucleotide sequence
diversity of gnd, only two amino acid substitutions
were found. Three amino acid substitutions were
observed in gal/F fragment 366, whereas no one was
detected in galF fragment 355.

The nucleotide sequences of galF and gnd deter-
mined in this study for selected representatives of
tested and reference strains were compared to the
homologous database sequences of strains Chedid,
DTS, NTUH-K2044, MGH78578 and E. coli E69
to determine phylogenetic relatedness of tested iso-
lates (Fig. 1). Dendrogram generated by the UPGMA
based upon combined sequences of galF and gnd

Table IIT
The nucleotide sequences of SSCP-genotypes of the galF gene fragment 355 bp (A)
and 366 bp (B) compared to the galF sequence of K. pneumoniae strain Chedid

A

Position of single nucleotide polymorphisms

Strain (SSCP)

153 | 210 | 213 | 261

297 | 345 | 381

Chedid (NA) | ¢ c

A5054 (A1)

B5055 (A)

478/02 (A2) t

|
-
ocjololo |~

234 (B)

273 (B2)

222 (Bl)

B

Position of single nucleotide polymorphisms

Strain (SSCP) 537 | 551

585 | 609 | 618 | 633 | 709 | 717 | 729

Chedid (NA) | ¢ t | ¢ c

A5054 (A2)

B5055 (A)

478/02 (A1) t

145/02 (C1)

234 (C)

216 (D1)

|
e ||

57 (B)

5 (D)

olololo|lo|o|o|» [~
|
oclo|loflols oo |~

- a

Position of a single nuclcotide polymorphism (SNP) was indicated as the number of nuclcotides counted
from the initial nuclcotide of galF coding scquence of strain Chedid (D21242). Nucleotides identical to
sequence D21242 werc indicated by dashes. Amino acids substitutions are shown in capitals. * — Alanine
instcad Valinc; ® — Glutaminc instcad Proline; © — Cysteinc instcad Argininc; NA — not assigned.
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Table [V
The nucleotide sequences of SSCP-genotypes of the gnd gene fragment 343 bp compared to the gnd sequence
of K. pneumoniae strain Chedid

Strain (SSCP) Position of single nucleotide polymorphisms
204 | 207 | 233 | 237 | 240 | 243 | 252 | 261 | 273 | 276 | 282 | 300 | 303 | 306 | 309
Chedid (NA) t t c c c c t g t t c c c c c
A5054 (A2) c - N B - ] =1 ¢ I D e e
B5055 (A) c - - — - — c - C - — - - - —
478/02 (B1) c - - - - - c - c c t - t - -
145/02 (C1) c - - - - - c - c - - t - - -
30 (B) c - T - - t c t - - - - - t -
5(C) - c - t a t c - c - - - - - t
324 | 339 | 342 | 345 | 351 | 375 | 381 | 387 | 390 | 396 | 399 | 417 | 426 | 432 | 435
Chedid (NA) c t a c c ¢ t c c g c c t c g
AS5054 (A2) - — g a — - - t t a g - - g -
B5055 (A) - - g a - - - t t a g - - g -
478/02 (B1) - - - g a - - t t - - t - t -
145/02 (C1) - c - g - a - t t - g - a t a
30 (B) - - g g - - - t t - - t - t -
5(C) t - - - - - a t t - g - a - -
450 | 451 | 453 | 456 | 459 | 462 | 471 | 474 | 477 | 480 | 486 | 489 | 498
Chedid (NA) a c g a a a g g t g g t c
AS5054 (A2) g t a t t g - - - t t - t
B5055 (A) g t a t t g - T - t t - t
478/02 (B1) g t a t t g — - - t t - t
145/02 (C1) - - - t t - - - c - t a t
30 (B) g t a t t g - T - t t - t
5(C) - - - t t - a - c - t a t

Position of single nuclcotide polymorphism (SNP) was indicated by the number of nuclcotides counted from the initial nucleotide of gnd
coding scquence of strain Chedid (D21242). Nucleotides identical to sequence D21242 were indicated by dashcs. Amino acid substitu-
tions arc shown in capitals. * — Valinc instcad Alaninc; ® — Histidine instcad Glutaminc; NA — not assigned.

divided tested strains into two main clusters. However,
these clusters appear closely related when compared
to strains Chedid and MGH78578. The phylogene-
tic reconstruction (Fig. 1.B) exhibited that strains
MGH?78578 and E. coli E69 are significantly distant
from the other strains tested. Moreover, two topologi-
cally significant branches represented by strain B5055
and Chedid were distinguished. The distant position
of strains MGH78578 and E69 was also reflected
by dendrogram based upon the deduced amino acid
sequences of tested strains (Fig. 1.C). The majority of
tested strains together with strain Chedid were placed
at the same branch while strains (30 and 57) isolated
from fatal cases were grouped closely to strain B5055.

Discussion

In this study we determined the single nucleotide
polymorphism (SNP) of ga/F and gnd in clinical
strains of K. pneumoniae belonging to three O-anti-
gen serogroups. Although a relatively high polymor-
phism was observed, neither specific genotype nor

cluster of genotypes was found to be exclusive for
epidemic strains. Nevertheless, the high nucleotide
diversity found in analysed fragments of ga/F and
gnd may suggest that these loci are potentially useful
targets for the multilocus sequence typing (MLST).
The significant disproportion of the SNPs in galF
and gnd observed for clinical and reference strains
implies that these loci are exposed to different evolu-
tionary pressure. Nelson and Selander (1994) found
that the nucleotide diversity in gnd (orf15) is surpris-
ingly high in both K. pneumoniae and E. coli. In the
last species recombination at gnd has occurred with
such high frequency that the indicated evolutionary
relationships among strains are not congruent with
those estimated for other housekeeping genes. This
was attributed to a horizontal co-transfer of gnd with
adjacent locus rfb mediating O-antigen synthesis,
whose activities are subject to diversifying selection
because of the host immune response (Nelson and
Selander, 1994). Moreover, Rahn et al. (1999) ob-
served exchange of large portions of the ¢ps cluster
between various strains of Klebsiella as well between
Klebsiella and E. coli K1 group strains. In this light,
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Figure 1. Results of the phylogenetic analysis of the nucleotide and deduced amino acid sequences of galF and gnd from tested
strains and selected database sequences. A — genetic diversity shown by UPGMA; B — based on nucleotide sequence unrooted
phylogenetic tree of tested strains; C — based on amino acid sequences phylogenetic tree of tested strains.

application of the sole gnd for the phylogenetic analy-
ses of K. pneumoniae may lead to false conclusions.
On the other hand, the amino acid sequences of both
GalF and Gnd were strongly conserved in tested
strains that together with ubiquitous presence of these
genes in K. pneumoniae (Gierczynski et al., 2005a)
may argue for their important role in capsule synthe-
sis. This thesis is supported by results of mutagenesis
experiments performed by Arakawa etal. (1995).
Insertion of Tn5 in gnd abolished capsular synthesis
in strain Chedid, while the lack of galF resulted in
unstable CPS production characterised as the mixed
capsule phenotype. Taken together results presented
herein and conclusions made by Nelson and Selander
(1994), the high level of nucleotide diversity of galF
and gnd appears to be protected from evolutionary
bias by the strong evolutionary pressure. Therefore,
these loci may be useful markers for strain distin-
guishing or subtyping.

Interestingly, in spite of the apparent nucleotide di-
versity the majority of tested strains revealed amino
acid sequence of GalF and Gnd typical for strain
Chedid. Hence, analysis of both the nucleotide and

amino acid sequences demonstrated that two main
branches represented by strains B5055 and Chedid
can be distinguished among K. pneumoniae K2 iso-
lates. This finding is in accordance with results of the
restriction fragment length polymorphism (RFLP) of
the cps inner region obtained by Brisse et al. (2004)
who distinguished five RFLP profiles (C-patterns) for
K. pneumoniae K2 isolates. In contrast, a single pro-
file was observed for all tested K1 isolates.
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