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Analysis of the capsular
polysaccharide biosynthesis
locus of Porphyromonas
gingivalis and development
of a K1-specific polymerase
chain reaction-based
serotyping assay

Brunner J, Crielaard W, van Winkelhoff' AJ. Analysis of the capsular polysaccharide
biosynthesis locus of Porphyromonas gingivalis and development of a Kl-specific
polymerase chain reaction-based serotyping assay. J Periodont Res 2008,

43: 698-705. © 2008 The Authors. Journal compilation © 2008 Blackwell
Munksgaard

Background and Objective: Porphyromonas gingivalis is a gram-negative obligate
anaerobe that is strongly associated with severe periodontitis. Previous reports
showed an association of P. gingivalis capsular polysaccharide with virulence. The
K1 capsular polysaccharide was found to be more immunostimulatory than the
other serotypes. Our objective was to explore the genetic background of the
capsule biosynthesis (K-antigen) locus in a representative group of K1 serotype
strains.

Material and Methods: We used restriction fragment length polymorphism,
polymerase chain reaction (PCR) and DNA sequencing to study the capsular
polysaccharide locus in P. gingivalis K1 strains. For serotyping by double
immunodiffusion and PCR we used 32 strains of P. gingivalis, including strains of
all six known K serotypes.

Results: All tested K1 strains showed high conservation of the capsular polysac-
charide locus, although a DNA re-arrangement was found in two strains. Based on
this information a K1-specific PCR-based serotyping assay was designed. The
specificity and sensitivity of this test were confirmed using non-K1 P. gingivalis
serotypes.

Conclusion: The capsular polysaccharide locus of P. gingivalis is conserved but
may vary slightly among K1 strains. The new K1 serotyping assay presented here
is much faster than double immunodiffusion and can detect K1 strains in a very
selective and sensitive way. This method may therefore be clinically relevant in the
detection of the virulent P. gingivalis K1 serotype.

© 2008 The Authors.
Journal compilation © 2008 Blackwell Munksgaard
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Periodontitis is an inflammatory dis-
ease of the tooth-supporting tissues that
is caused by dental plaque bacteria. The
disease is characterized by inflamma-
tion of the gums and loss of alveolar
bone. It is a multifactorial disease in
which host genetic traits and behavioral
factors, such as smoking, are consid-
ered as risk factors. Periodontitis has
been associated with cardiovascular
diseases (1,2), preterm low birthweight
(3,4) and pre-eclampsia (5,6). Among
the great number of dental plaque
bacteria, the gram-negative, often
encapsulated, strict anaerobe, Por-
phyromonas gingivalis, is strongly asso-
ciated with the disease (7,8). The
pathogen displays a wide variety of
virulence factors, including Arg-gingi-
pains and Lys-gingipains, fimbriae,
haemagglutinins, lipopolysaccharides
and capsular polysaccharides (9).

Mouse model studies have shown
that encapsulated P. gingivalis strains
are more virulent than nonencapsulated
strains (10-14). Encapsulated strains
cause spreading infections, whereas
nonencapsulated strains tend to cause
localized abscesses (13). The capsular
polysaccharide is believed to function
as an immunogen (15,16) because mice,
immunized with purified capsular
polysaccharide, are protected from
oral bone loss after a challenge with
P. gingivalis.

To date, six capsular serotypes (K1—
K6) have been described (17,18), which
have been examined for prevalence in
periodontitis patients and for virulence
in a mouse model (11,19). A seventh
serotype (K7) has been suggested by
R. E. Schifferle (personal communica-
tion). Currently, little is known about
the differences in capsular polysaccha-
ride between serotypes.
A recent study reported on murine
peritoneal macrophages that induced
more chemokine expression when
challenged with P. gingivalis K1 sero-
type capsular polysaccharide (W50 and
W83) than when challenged with cap-
sular polysaccharide of other sero-
types. In addition, it was shown that
these chemokines also contributed to
the migration of polymorphonuclear
leukocytes (20). This demonstrates that
the K1 capsular polysaccharide plays
an important role in host—pathogen
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interaction. Previously, Farquharson
and co-workers, and Schifferle and
co-workers, showed that the sugar
composition of K1 (W50) and K3
(A7A1-28) serotype capsular polysac-
charide is totally different (21,22). The
K1 strains may therefore have a
capsular structure that is more immu-
nostimulatory than the other P. gingi-
valis serotypes.

Little is known about the genetic
background of capsule biosynthesis in
P. gingivalis, but publication of the
genome sequence of the K1 strain,
W83, has provided new insights and
has revealed at least four potential
capsular polysaccharide biosynthesis
loci (23). Further genetic information
was obtained from a comparison of the
encapsulated W83 K1 and the nonen-
capsulated ATCC33277 strains by
whole-genome analysis. Strain
ATCC33277 was found to lack a clus-
ter of open reading frames (PG0106—
PG0120) that is believed to be involved
in capsular polysaccharide synthesis in
W83. This finding is the first evidence
to indicate that this set of open reading
frames is a potential genomic capsular
polysaccharide biosynthesis locus (24).
The experimental evidence came from
a recent study in which Aduse-Opoku
and co-workers (25) identified the
capsular polysaccharide locus of
P. gingivalis by making mutants that
lacked several genes from the PG0106—
PGO120 locus. These mutants lack a
capsule and no longer showed reactiv-
ity with the KI1 antiserum (25).
Restriction fragment length polymor-
phism of the capsular polysaccharide
locus suggested that there is strong
variation between serotypes, but only
little within serotypes. This potential
variation in gene content between the
serotypes in the capsular polysaccha-
ride locus may be used to explain the
differences in sugar contents of the
serotypes.

The genetic locus for capsule bio-
synthesis has been described and the
first functional studies of the genes
have been performed (25,26). Little
variation in the capsular polysaccha-
ride locus within a serotype was sug-
gested.  Considering the clinical
relevance of accurate K1 serotyping, a
more detailed knowledge of the cap-
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sular polysaccharide locus is war-
ranted. Therefore, the aim of the
current study was to examine the
homogeneity in the capsular polysac-
charide biosynthetic locus of a signifi-
cant number of K1 serotype strains by
restriction fragment length polymor-
phism typing and gene-specific poly-
merase chain reactions (PCRs). This
detailed examination of the K1 capsu-
lar polysaccharide biosynthesis locus
allowed us subsequently to develop a
PCR-based serotyping method to
identify the K1 P. gingivalis serotype.

Material and methods

Bacterial physiology and
maintenance

Strains that were used in this study are
described in Table 1. All P. gingivalis
strains were isolated from patients with
moderate to severe periodontitis. These
strains were grown either on 5% horse
blood agar plates (Oxoid no. 2; Oxoid,
Basingstoke, UK) or brain—heart infu-
sion broth, both supplemented with
hemin (5 pg/mL) and menadione
(1 pg/mL), in an anaerobic atmosphere
of 80% N,, 10% H, and 10% CO,.
Escherichia coli DH5a was used for
maintenance of plasmids. E. coli
DHS5a was cultured in Luria—Bertani
broth or on solid medium (Luria—Ber-
tani broth with the addition of 1.5%
agar). Ampicillin (Na™ salt; 100 pg/
mL) was added to the growth media to
select for pUC-derived plasmids.

Genomic DNA isolation from
P. gingivalis

Genomic DNA from P. gingivalis
strains was isolated from plate-grown
bacteria using the DNeasy tissue kit
(Qiagen Benelux BV Qiagen GmbH,
Hilden, Germany). The DNA concen-
tration of all samples after purification
was between 20 and 60 ng/uL.

Restriction fragment length
polymorphism

Genomic DNA from P. gingivalis K1
strains was isolated as described
above. DNA was purified by an extra
ethanol/NaCl precipitation to yield
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Table 1. Strains used in this study

Porphyromonas

gingivalis

serotype Strains

K1 W83%,W50%, 22KN6-12°, HG1633, HG1634, HG1636, OMGS1577¢,
OMGSI1578°, OMGS1746°, OMGS2104°, 165Pgl

K2 HG184, ATW5¢

K3 ATA1-28 (ATCC53977), CLN17-6-1

K4 ATCC49417, HG1703, 103Pg2, VAT22.051, VAT22.800,
VAT23.032,23.457,VAT24.674

K5 HG1690, HG1704

K6 HG1691, HG1705

K7 34-44

K~ FDC381¢, HG1638, HG1695

All strains were from our own collection except for:
?A kind gift of H. N. Shah (NCTC, London, UK).
°A kind gift of A. Nagata (School of Dentistry, Tokushima University, Tokushima City,

Japan).

A kind gift of G. Dahlén (Laboratory for Oral Microbiology, The Sahlgrenska Academy at

Goteborg University, Goteborg, Sweden).

9Isolated in collaboration with the Department of Oral Biology, School of Dental Medicine,

SUNY at Buffalo, Buffalo, NY, USA.

°A kind gift of S. S. Socransky (The Forsyth Institute, Boston, MA, USA).

concentrated DNA with a 260/280 nm
ratio of 1.9 or higher. Extensor
hi-fidelity PCR master mix (ABgene
House, Surrey, UK) was used to amplify
a 15.4 kb DNA fragment, correspond-
ing to the capsular polysaccharide locus
region PGOI06—PG0120, using the
primers PGO106F3 and PGO117R3
(25). The PCR was performed in a Dyad
Disciple thermocycler (MJ Research,
Waltham, MA, USA) using the PCR
program 92°C for 2 min followed by 10
cycles at 92, 55 and 68°C for 10 s, 30 s
and 12 min, respectively, and then 20
cycles at 94, 55 and 68°C for 10 s, 30 s
and 12 min (+ 10 s/cycle), respectively,
followed by a final step at 68°C for
7 min. Amplicons were purified and
concentrated by ethanol/NaCl precipi-
tation and dissolved in TE (10 mM Tris,
I mM EDTA) buffer (pH 8). One
microgram of DNA was restricted with
10 U of Bg/ll. (New England Biolabs
Ltd., Herts, UK). The restriction pat-
terns were then analyzed by electro-
phoresis on a 1% agarose TBE
(100 mM Tris, 1| mM EDTA, 90 mM
boric acid) gel in the presence of ethidi-
um bromide.

P. gingivalis serotyping

Serotyping of P. gingivalis was based
on the detection of the six described
K-antigens (17,18). In short, serotype-

specific, polyclonal antisera were
obtained after immunization of rabbits
with whole bacterial cells (27) of the six
P. gingivalis type strains. Bacterial
antigens for double immunodiffusion
and immunoelectrophoresis tests were
prepared as described previously (17).

Gene-specific PCR reactions

In addition to the restriction fragment
length polymorphism analysis, we used
gene-specific primers (Table 2) for the
13 genes in the capsular polysaccharide
locus to confirm the presence of the
expected genes in the K1 test strains.
A standard PCR setup was used, in
which Tag DNA polymerase (Fermen-
tas GmbH, St Leon-Rot, Germany) was
used to amplify genes from 100 ng of
genomic DNA. The program started
with an incubation at 95°C for 5 min
and then 30 cycles of incubation at 95,
55 and 72°C for 30 s, 30 s and 2 min,
respectively, and ended by one incuba-
tion step at 72°C for 5 min. The ampli-
cons varied in length from 0.5 to 1.7 kb.

DNA sequencing and analysis

Two, 2.4-kb Bg/ll fragments of the
PCR amplicons of KI1 strains
OMGS1577 and OMGS2104 were
isolated from a 1% TAE (40 mM Tris-
acetate, 10 mM EDTA) agarose gel

using a gel extraction kit (Qiagen
Benelux BV), purified by ethanol pre-
cipitation and ligated into a BamHI-
digested pUCI9 cloning vector using
T4 DNA ligase (Fermentas GmbH).
The constructs were transformed into
E. coli DH5a using a Electro Cell
Manipulator 600 (BTX Instrument
Division, Holliston, MA, USA; 25 uF,
2.5kV, 200 Q). The plasmids were
isolated using a QIAPrep spin mini-
prep kit (Qiagen Benelux BV). The
inserts were completely sequenced using
the primers MF, MR, PGO114FW Seq
and PGO114R Seq. Sequencing was
carried out with BigDye 3.1 terminator
chemistry (Applied Biosystems, Nieu-
werkerk a/d 1Jssel, the Netherlands)
and resolved using a 48-capillary ABI
PRISM 3730 (Applied Biosystems)
DNA sequencer. Analysis of the
sequence data was performed using the
VECTORNTI software package (Invi-
trogen, Breda, the Netherlands).

K1 serotype-specific PCR method

Eight primer combinations (Sero0116-
F2 x Sero0117F3, Sero0116F3 X Ser-
00117R2, Sero0116F3 x Sero0117F3,
Sero0117F1 x Sero0118R2, Sero0117-
F1 x Sero0118R4, Sero0117F2 x Sero
0118R2, Sero0117F2 x Sero0118R3
and Sero0116F3 x Sero0118R3; Table 2)
were designed in the variable 3’-region
of the P. gingivalis capsular polysac-
charide locus at PG0116, PGO117 and
PGOI118. The shortest expected frag-
ment was about 0.3 kb and the lon-
gest was 2.0 kb. A standard PCR
setup with a 72°C elongation step of
3 min was used, in which Tag DNA
polymerase (Fermentas GmbH) was
used for amplification from 100 ng of
genomic DNA. The positive control
used in this experiment was a 68 bp
fragment of the 16S rDNA of
P. gingivalis (primers PgF and PgR,
Table 2). The PCR products were
analyzed by electrophoresis on a 1%
agarose TBE gel in the presence of
ethidium bromide.

PCR-based serotyping of K1
P. gingivalis strains

We designed a primer set — PGO117F2
with PGO118R3 (Table 2) — on the
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Name Sequence (5-3")

PGO0106 F CGGGGATCCATGGGGTATGTTATTGAAG

PG0106 R CGAAGTCGACTCAGACACATCCCCTTTTGC

PGO108 R AGCCGTCGACCGTTTTTGGGAAGATATTTCCTTATT
PGO108 F GCAATGAATTCTGCCAAAAGTGGAATAGAAGTATTAGGG
PGO109 F CCCAGGATCCATGAGAGGCTATTTAGGTTA

PG0109 R TGGGGTCGACCTAAGCCCCCGATAAAAAGC

PGO110 F GATAGGATCCATGTATCAATTGCTTTTTATC

PGO110 R GTATGTCGACCGGTAGGAGGCATTATTAAGCA
PGOI111 F GAAGTGGATCCATGCTTAATAATGCCTCCTACCG
PGOI11 R CTATAGGAATTCTCATCAGCACACGATTAGCC
PGO113 F GATCTGGATCCATGTTCCTAAAGAAACTTTC
PGOI13 R CCTGGTCGACTGCCATACAGGCTCATATAGTCCA
PGO114 F TAGATGAATTCGATGAAGCAGATACTATGCACAC
PGO114 R CTACGTCGACGAGCTTCTATGAACTAATTACAAACCA
PGOI115 F CATAGGATCCATGCTTAATGCAATTTATTTTTAC
PGO115 R GTTCGAATTCGGTTTTAAGTTTGAGGAATGATGC
PGO116 F TAAGGGAATTCCATGTTAGCATCATTCCTCAAAC
PGO116 R ATACTGTCGACTGCACTATTGGTCGTTCGAG
PGO117 F GAAAGGATCCGTGGAGACTTCTCGAACGACC
PGO0117 R GAGTGGAATTCGGATGCTTGTTGTTCATAGGG
PGO118 F TTAAGGAATTCAATGATTATCCCTATGAACAACAAGC
PGO118 R TACATGTCGACTTGCCTATTTTCTAATCTTCTTCCA
PGO119 F GAGAGGGATCCATGCAGCAGATATTATTAGG
PGO119 R CAGGGAATTCCCAACATCACTTTTTTCATGG
PGO120 F ATATAGGATCCATGAAAAAAGTGATGTTGGTC
PG0120 R CTATGAATTCATCTTCGGCTAAATGCATCG
PGO106F3 ATTTCAGGGATGGGCAGAAG

PGO117R3 GCATCGAGTAAGAGCATCCG

Sero0116F2 AAGAGCTAACGGGGGACATT

Sero0116F3 CAAATGAAGCCTGGCCTTAG

Sero0117F1 TTTTTGCTATTTGCGCTCCT

Sero0117F2 GACCAAAGGGCTACAGATGG

Sero0117R2 CTGCAAAGATCTGGGGGATA

Sero0117R3 CCGTAGCTATCCCCATCTCA

Sero0118R2 ATCGCAAATCATTCCGCTAC

Sero0118R3 CCTTGCGTAATTTGGCTCAT

Sero0118R4 GCATGGTATTTCCCAACAGC

MF TTTCCCAGTCACGACGTTG

MR GGATAACAATTTCACACAGG

PGO114FW Seq

CCGTTTTGGCGGAATAAGTA

PGO114R Seq TCGTCGATTCTTGAAACGTG

PgF GCGCTCAACGTTCAGCC

PgR CACGAATTCCGCCTGC

basis of sequencing results which  started with an incubation at 95°C for

showed that the combination of
PG0117 and PGO118 is only present in
K1 strains (W50 and W83) and not in
AJWS5 (K2), HG1703 (K4), HG1690
(KS) and HG1691 (K6) (24; J. Aduse-
Opoku, personal communication).
This set was used for all strains to test
the sensitivity and specificity for K1
strains of P. gingivalis. A standard
PCR setup was used, in which Tagq
DNA polymerase (Fermentas GmbH)
was used to amplify fragments from
100 ng of genomic DNA. The program

5 min and then 30 cycles of incubation
at 95, 55 and 72°C for 30, 30 and 90 s,
respectively, and ended with a final
incubation at 72°C for 5 min. The
expected amplicon size was 629 bp. A
P. gingivalis-specific  PCR on 16S
rDNA was included as a positive con-
trol using primers PgF and PgR. The
expected size of this amplicon was
68 bp in all P. gingivalis strains (28).
The amplicons were analyzed by aga-
rose gel electrophoresis in the presence
of ethidium bromide.
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Results

Homogeneity of the capsular
polysaccharide locus in K1 strains

It was possible to amplify the
K-antigen locus from all K1 strains
tested in this study using the primers
PGO106F3 and PGO117R3. Each
strain yielded an amplicon of about
15.4 kb (data not shown). After Bg/Il
restriction of the amplified DNA
fragments, the restriction fragment
length polymorphism patterns of all
K1 strains were similar to that of the
sequenced W83 strain (Fig. 1). Strains
OMGSI1577 (Japanese periodontitis
isolate) and OMGS2104 (Chinese
periodontitis isolate) showed a slightly
different pattern in that both strains
seemed to have one shifted band.
Because both strains showed reactivity
with K1 antiserum (Fig. 2), these
strains were expected to contain the
genes found in the capsular polysac-
charide locus of W83.

Presence of capsular polysaccharide
locus genes in K1 serotype strains

We performed gene-specific PCRs on
each of the 13 potentially functional
K-antigen biosynthesis locus genes to
study if all genes of the sequenced W83
strain (Fig. 3) are present in all K1
strains. Almost all genes could be
detected by the gene-specific PCR
method (Table 3). Only in the case of
strains OMGS1577 and OMGS2104
was additional evidence needed to
examine whether all expected capsular
polysaccharide biosynthesis genes were
present. The small restriction fragment
length polymorphism difference
detected (Fig. 1) was caused by the
presence of a 2.4 kb fragment instead
of a 1.7 kb fragment found in the
typical K1 strains (i.e. strains W83,
W50, HGI1631, HGI1633, HG1634,
HG1636, OMGS1578 and OMGS1746
that display matching restriction frag-
ment length polymorphism patterns).
The organization of the capsular
polysaccharide locus of  strains
OMGS1577 and OMGS2104 was elu-
cidated by extra gene-spanning PCR
reactions and after cloning and



702

Brunner et al.
bp

6000

4000
3000

2000

Fig. 1. Restriction fragment length polymorphism analysis of the 15.4 kb capsular poly-
saccharide loci of ten K1 strains. The figure shows a 1% agarose gel of Bg/ll-digested
amplicons of strains W83 (lane 1), W50 (lane 2), HG1631 (lane 3), HG1633 (lane 4), HG1634
(lane 5), HG1636 (lane 6), OMGS1577 (lane 7), OMGS1578 (lane 8), OMGS1746 (lane 9)
and OMGS2104 (lane 10). M denotes the lane containing the GeneRuler™ DNA Ladder Mix

(Fermentas GmbH, St Leon-Rot, Germany).

OMGS2104

Empty

OMGS1577

Fig. 2. Double immunodiffusion analysis of autoclaved supernatants of Porphyromonas
gingivalis strains OMGS1577 and OMGS2104, and K1 strain W83 (outer wells), with the K1-

specific antiserum (central well).

sequencing of the shifted 2.4 kb
restriction fragment length polymor-
phism fragment. The analysis revealed
that the fragment consisted of part
(746 bp) of the PGO113 gene, the com-
plete PG0114 gene, an unknown 122 bp
fragment and a 570 bp fragment with
high homology (> 95%) to the capsu-
lar polysaccharide biosynthesis locus of
strain FDC381 (25) (Fig. 4).

K1 serotype-specific PCR

The combination of primer Sero0117F2
with Sero0118R3 was chosen from the
eight primer sets because that primer

combination yielded the best ampli-
fication of fragments in a small pilot
experiment with K1 strains (data not
shown). This PCR reaction yielded the
expected 630 bp product with all 11
tested K1 serotype strains but not with
any of the other P. gingivalis strains
tested (Fig. 5).

Discussion

The aim of this study was to investigate
in more detail the capsular polysac-
charide biosynthesis locus in Kl
P. gingivalis strains. Our interest was to
study the homogeneity of the previ-

ously described capsular polysaccha-
ride biosynthesis locus in strains of the
K1 serotype of P. gingivalis and to
explore the possibility of developing a
K1-specific PCR method.

A significant heterogeneity between
different P. gingivalis serotypes was
found in a previous study using
restriction fragment length polymor-
phism (25). The data suggested, how-
ever, that the K1 serotype locus may be
relatively homogenous. To establish
the homogeneity of the Kl-capsular
polysaccharide locus we used restric-
tion fragment length polymorphism to
type a significant number of Kl
strains. We found that all strains tested
had an identical restriction fragment
length polymorphism pattern, except
for the strains OMGSI1577 and
OMGS2104. The small difference that
was observed in these strains was
caused by the presence of a 2.4 kb
fragment instead of the 1.7 kb frag-
ment typically found in K1 strains.
This fragment was further analyzed by
sequencing. The analysis revealed that
the fragment consisted of part of the
PGO113 gene, the PGOI14 gene and
part of the PG1205 gene. This latter
open reading frame was identical to the
PG1205 gene that was found previ-
ously in the nonencapsulated strain,
FDC381, and the protein is homolo-
gous (59% identity, 77% similarity) to
DNA-binding proteins of the histone
family. It was suggested that this gene
might disrupt the transcription of the
3’ end of the capsular polysaccharide
biosynthesis locus, thereby having a
negative effect on capsular polysac-
charide expression (25). However,
when we combined the results from the
restriction fragment length polymor-
phism and sequencing, it was found
that in strains OMGSI1577 and
OMGS2104, PGI205 is located
between genes PG0114 and PGOI115.
So, our data indicate that in these
strains the locus arrangement is the
same as in strain FDC381, which does
not support the suggestion that
PGI1205 interferes with downstream
transcription, as both strains display a
K1 serotype. Besides insertion of an
extra gene, a restriction site was lost in
gene PGOI17 in these two strains. As
the inserted PGI205 carries a Bglll
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Fig. 3. Gene-specific polymerase chain reaction (PCR) amplifications of K1 serotype Por-

phyromonas gingivalis strain W83. The figure shows a 1% agarose gel of fragments amplified
from genomic DNA. The numbers 106-120 refer to the amplified capsular polysaccharide
biosynthesis genes with TIGR identification code PG0106-PG0120. M denotes the lane
containing the 1 kb marker (Fermentas GmbH, St Leon-Rot, Germany).

Table 3. Amplified DNA fragment lengths using gene-specific primers of capsular polysac-
charide locus genes of Porphyromonas gingivalis

Gene fragment

Gene fragment Gene fragment

Gene in length of typical length of strain length of strain
locus K1 strains (bp) OMGSI1577 (bp) OMGS2104 (bp)
PG0106 1150 1150 1150

PGO0108 1100 1100 1100

PG0109 1200 1200 1200

PGO110 1050 1050 1050

PGO111 1250 1250 1250

PGO113 850 850* 850

PGO114 1150 1150% 1150*

PGO115 450 450 450

PG0116 1200 1200° 1200°

PGO117 1600 1600° 1600°

PGO118 1050 1050 1050

PGO119 700 700 700

PG0120 1150 1150 1150

The typical K1 strains are W83, W50, HG1631, HG1633, HG1634, HG1636, OMGS1578

and OMGS1746.

“This was concluded after combining results from polymerase chain reactions (PCRs) with
primers for genes upstream and/or downstream of the target genes (thereby spanning these
genes), restriction fragment length polymorphism analyses and DNA sequencing.

This was concluded from PCRs with primers for genes upstream and/or downstream of the

target genes.

restriction site, the restriction fragment
length polymorphism pattern, which
actually changed significantly, appears
similar to the typical K1 strain pattern.

To study in greater detail the cap-
sular polysaccharide K1 locus, we
performed gene-specific PCR reactions
on ten K1 strains of P. gingivalis.
These PCR reactions supported the
restriction fragment length polymor-
phism results and endorsed the previ-
results in finding only little
variation within the K1 serotype. All
genes that were found in the capsular
polysaccharide biosynthesis of the

ous

sequenced K1 strain, W83, were also
found in the nine other strains.
Having established gene structure
homogeneity within the K1 strains we
proceeded with the development of a
PCR-based serotyping method for K1.
Based on differences that can be found
in the 3" end of the capsular polysac-
charide biosynthesis locus (25) in dif-
ferent serotypes, we started with eight
primer sets in genes PG0116, PGO117
and PGO118. The selected method is
specific for the genes PGOI17 and
PGO118 positioned next to each other
in the same orientation. We have
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shown that the sensitivity of this PCR,
using primers Sero0117F2 with Ser-
0o0118R3, is optimal as our PCR
detected all K1 strains. We analyzed the
specificity of our method by PCR
amplification reactions on the DNA of
32 P. gingivalis strains. The primers are
optimally specific, as none of the non-
K1 strains showed any reactivity.
Interestingly, the nontypeable strain,
HG1695, was included in this experi-
ment. Our K1 PCR method did not
detect this strain as a K1 strain, al-
though in previous studies it was shown
to have a restriction fragment length
polymorphism pattern identical to the
typical K1 strains (25). This finding, of
a similar capsular polysaccharide locus
organization to the K1 strains but a
difference in PGOI117-PG0118, might
indicate that either PGO117 or PGO118
genes, or both, are specifically impor-
tant in the biosynthesis of the K1 anti-
gen. PGO117, a flippase involved in
polysaccharide biosynthesis, was ab-
sent in strains HG1703 (K3) and
FDC381 (K7) (25), and thereby
potentially K1 specific, but a mutation
in this gene did not alter the serotype.
PGO118, coding for a glycosyl trans-
ferase, is absent in HG1703 and has less
than 65% identity with PG0O118 (W83)
in strain FDC381. These observations,
combined with the specificity of the
PCR based on PG0118 presented here,
suggest that this gene is essential in
defining K1 serospecificity.

It was demonstrated in vitro that the
K1 serotype capsular polysaccharide
has a more challenging effect on mac-
rophages and polymorphonuclear
neutrophils than other serotypes (20)
and hence plays an important role in
host-pathogen  interactions.  The
deduction of PG0I18 as Kl-essential,
and the availability of an uncompli-
cated Kl-specific serotyping assay,
may be of clinical relevance. It will
allow screening of patients’ samples for
the presence of Kl- P. gingivalis,
which, in combination with analyses of
severity and progression of the disease,
will not only yield further evidence for
the importance of the Kl-capsular
polysaccharide in  host—pathogen
interactions, but may also lead to fur-
ther development of the Kl-specific
PCR as a diagnostic instrument.
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Fig. 4. Schematic representation of the capsular polysaccharide biosynthesis genomic locus
of Porphyromonas gingivalis W83. The grey arrows represent the genes found in typical K1
strains. The small black arrows depict the primers used for amplification of the 15.4 kb
fragment of the locus. The Bg/II restriction sites are shown as small vertical lines below the
horizontal line that indicates the amplified fragment. The fragment sizes are shown in base
pairs.

In the box: the differences found in strains OMGS1577 and OMGS2104. An insertion of gene
PGI1205 including upstream sequence was found in these strains just upstream of gene
PGOI115. Also, the Bg/ll restriction site in PG0117 was absent.
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Fig. 5. Serotype-specific polymerase chain reaction (PCR) for K1 strains of Porphyromonas
gingivalis. (A) Amplification of a 630 bp fragment using primers sero0117 F2 and seroO118
R3 of 32 P. gingivalis strains including all serotypes. W83 (lane 1), W50 (lane 2), HG1631
(lane 3), HG1633 (lane 4), HG1634 (lane 5), HG1636 (lane 6), OMGSI1577 (lane 7),
OMGSI1578 (lane 8), OMGS1746 (lane 9), OMGS2104 (lane 10), 165Pgl (lane 11), HG1695
(lane 12), HG1638 (lane 13), HGI1 (lane 14), HG184 (lane 15), HG1644 (lane 16), HG1025
(lane 17), HG1648 (lane 18), ATCC49417 (lane 19), HG1703 (lane 20), VAT22.051 (lane 21),
VAT22.800 (lane 22), VAT23.032 (lane 23), VAT23.457 (lane 24), VAT24.674 (lane 25),
103Pg2 (lane 26), HG1690 (lane 27), HG1704 (lane 28), HG1691 (lane 29), HG1705 lane (30),
34-4 (lane 31) and no-template control (lane 32). (B) Amplification of a 68 bp 16S rDNA
fragment using the primers PgF and PgR as a positive control. Arrows point to the expected
fragments sizes of 630 and 68 bp for A and B respectively. M denotes the lane containing the
GeneRuler™ DNA ladder mix (Fermantas GmbH, St. Leon-Rot, Germany).
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