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In this study a second endogenous Porphyromonas gingivalis insertion element (IS element) that is capable
of transposition within P. gingivalis was identified. Nucleotide sequence analysis of the Tn4351 insertion site in
a P. gingivalis Tn4351-generated transconjugant showed that a complete copy of the previously unidentified IS
element, designated PGIS2, had inserted into IS4351; in Tn4351. PGIS2 is 1,207 bp in length with 19-bp
imperfect terminal inverted repeats, and insertion resulted in a duplicated 10-bp target sequence. Results of
Southern hybridization of chromosomal DNA isolated from several P. gingivalis strains with a PGIS2-specific
probe demonstrated that the number of copies of PGIS2 per genome varies among different P. gingivalis strains.
Computer analysis of the putative polypeptide encoded by PGIS2 revealed strong homologies to the products
encoded by IS1358 from Vibrio cholerae, 1SAS1 from Aeromonas salmonicida, and H-rpt in Escherichia coli K-12.

Insertion elements (IS elements) are discrete genetic se-
quences capable of transposition to new locations within the
prokaryotic chromosome, its bacteriophages, or its plasmids.
These elements, which vary in size from 0.7 to 7.1 kilobase
pairs (kb), contain little or no genetic information beyond that
required for transposition. The terminal inverted repeats and
duplicated target sequences are characteristic features for
most IS elements. In spite of its relatively low frequency, trans-
position of IS elements is essential for their propagation and
survival in a bacterial population (1). Transposition of IS ele-
ments also results in a number of genetic effects, including
disruption of gene function, polarity effects, and activation of
nearby genes or DNA rearrangements, all of which may con-
tribute to the genetic diversity of a bacterial population (2).

Porphyromonas gingivalis, an obligately anaerobic gram-neg-
ative cocobacillus, is an important pathogen in human peri-
odontal disease. However, genetic analysis of P. gingivalis has
been slow due to the lack of naturally occurring plasmids,
bacteriophages, and efficient genetic transformation systems.
Genco et al. (4) reported previously on the development of a
transpositional mutagenesis system for P. gingivalis which uses
Bacteroides fragilis transposon Tn4351. The high frequency of
transposition, together with the observed stability of the inser-
tion, indicated that Tn435]/ mutagenesis would be a valuable
tool for examining a variety of mutations in P. gingivalis. How-
ever, further characterization of P. gingivalis Tn4351 transcon-
jugants indicated that Tn4357 had inserted 60 bp upstream
from endogenous P. gingivalis IS element 1S7/726 (10). In ad-
dition, two additional copies of IS/726 were found in transcon-
jugants compared to the wild-type strain, indicating that
IS1126 was capable of mobilization in P. gingivalis (14). In this
study, we have identified a second endogenous P. gingivalis IS
element and have confirmed the transposition of this element
within P. gingivalis. The new IS element, designated PGIS2, is
predicted to code for a polypeptide with strong homology to
the putative transposases of IS71358 and ISAS! from Vibrio
cholerae and Aeromonas salmonicida, respectively (5, 15), the
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predicted product of H-rpt from Escherichia coli K-12 (16),
and a hypothetical protein encoded by a long open reading
frame (ORF) downstream of the dhliA gene of Xanthobacter
autotrophicus GJ10 (9).

Bacterial strains and growth conditions. P. gingivalis A7436,
33277, W50, and HG66 were typically maintained on anaerobic
blood agar (ABA; Remel, Lenexa, Kans.). Seventy-two-hour
cultures were used to inoculate tubes containing 5 ml of An-
aerobic Broth MIC (Difco Laboratories, Detroit, Mich.). Cul-
tures were incubated for 24 h and then were transferred into 45
ml of fresh Anaerobic Broth MIC. P. gingivalis Tn4351-gener-
ated transconjugants were maintained on erythromycin (1.0
wg/ml)-containing medium. P. gingivalis cultures were har-
vested from Anaerobic Broth MIC at an A, of 1.5. All cul-
tures were incubated at 37°C in an anaerobe chamber (Coy
Laboratory Products Inc., Grass Lake, Mich.) with 85% N,,
5% H,, and 10% CO.,.

Identification of PGIS2 in P. gingivalis MSM-1. Tn4351 was
introduced into P. gingivalis as previously described (4). To
identify the insertion site of Tn4351 in P. gingivalis Tn4351-
generated transconjugant MSM-1, Southern hybridization of
HindIII-digested genomic DNA was performed with Tn4351-
specific DNA as the probe (8). A first HindIIl fragment con-
taining the partial erythromycin and clindamycin resistance
gene (ermF), the entire tetracycline resistance gene (tetX), and
IS4351, attached to the chromosomal junction fragment (11,
13) was cloned into pGEM3Zf(—) (Promega, Madison, Wis.)
with the fetX gene as a selective marker (Fig. 1a). An Aval-
Aval fragment which contains a portion of the IS4351, se-
quence attached to the chromosomal junction fragment and
the multiple cloning site of pPGEM3Z{(—) was used as a probe
to screen the P. gingivalis A7436 cosmid library for the wild-
type clones containing the insertion site. A 5.3-kb HindIII
fragment was then isolated from positive clones and subjected
to nucleotide sequence determination. A second HindIII frag-
ment from MSM-1, predicted to contain a portion of ermF and
IS4351, was also cloned into pPGEM3Zf(—). Terminal nucle-
otide sequences of both HindIII fragments from MSM-1 were
determined to confirm the isolation of the corresponding wild-
type, 5.3-kb HindIII fragment. Nucleotide sequence analysis of
the second HindIll fragment from MSM-1 revealed that a
541-bp fragment containing a portion of the ermF gene and an
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CAACTTTTTTTTCTTTGGACGGACAATTAAAGCAAAGATAGCAAACTTTATCCATTCAGAGTGAGAGAAAGQ 72
GGGACATTGCAGEECCTGACGCATTAAARACAGCTTTCTAAGTACTTTTATAGTCGTTARAGCCCCGTTAGTT 144
ATGTATCATTCTCTATTTGAAAGCCTCTGCATGGTTCCGGACCCACGGATAGAGCGTAAAAAAATTTATCCT 216
M Y H $ L F E 8§ L ¢ M V P I E R K XK I Y P
CTTGALL;111ACTGCTGATLb1111LCTCTCAACACTCTCAGGCAATACCTCTTGGTATGAGATTGAAGAT 288
L F L L, I v F L 8 T L 8 G N T 8§ I E D
TATGCCGAGGAATACGAAGAAGAATTGAAAAGTCTATACGAAATGCTTACCGGCCATCAGCTTATGCATACC 360
Y A E E Y E E L XK 8§ L Y EM L T L M H T
ATGCCTTCTCATGATACTCTCAACAGGAGCATCAGTCTGTTGGATGTAGAAGCTTTTGAGGGGGCTTATAAG 432
M P 8 H D T S I 8 L V E A F E A Y K
CGATGGATTGAAGGCTTTATCTCGGCCACTTCGGGTAAACATATTTGCATTGATGGCAAGACGATGCGGGGA 504
R W I E G F I XK H I C G K T M R G
GTGAAGAAACTCTCTTTCGATACACAATCCCATGTCGTCTCTGCCTTTTCACCACAAGATATGTGCAGTCTT 576
V K K L F D T Q 8 H V V 8 Q D M C
GCCCAACTCTACATCGACCGAAAAACAAACGAAATACCGGCTATACATCAACTTCTTGATTTGCTTGACTTG 648
A Q L Y I D R K T I P A I H Q L L D L L D L
AACGGGGCTGTTGTCTCCATTGATGCCATAGGTACACAAACTGCCATTGCCGAACAAATTATCGATAAGGGC 720
N ¢ A v v 8 I D A I G T Q I A E Q I I D K G
GGAAACTATGTATTGTGTGTTAAAGCGAATCAAAGTTTGAGTCTGCAAGAGATTGAAGCCTATTTCTGCCCT 792
G N Y v L ¢ V. X A N 8 L 8 L Q E I E F C P
CTTTTTCAGAAACATATCCTCCTTGACGAACAGACGGAACTATCTCACGGACGCATAGAAACACGTCGCTAT 864
L F Q K H I L L Q T E L 8 H G R I E T
GAAAGTATTCTCAATCCCTTGGAGATAGAAGCCAACGAGGTATTAACTCGCTGGAAAGGCTTGAGGTCGATA 936
E 8§ I L N P L E I E E R W K G L R
CACAAAGTTGTACGCAAACGAAGGGATAAAAAGAGTGACAAAACGAGTGAAGAAGTGGCCTACTACATTTCG 1008
H K V V R R D K K $ D K T S E E V A Y Y ]
TCATTAACAGATGTTTCTTCATTGAAACAAGCTATTCGTGGGCATTGGGCGATAGAGAATAAGTTACACCAC 1080
S L T D V 8 S L K ¢ A I R G H W A I E N K L H H
TGTTTGGATGTCTATTTCGGACACGATGCCTCGCACAAGAGAACGAGGAATGTGGCGCAGATTATGGATATC 1152
Cc L Y F G H D A S H K R TR N V A Q M D I
ATTCAAAAGATTAATTTACTCATTATAGAGAGACTAAAAACGAATATGAAGTCCTCAATCCCTCGCATCCAA 1224
I ¢ K I N L L I I E XK T N M K S 8 I P R I @
AAGAAACTGGCTCGAATGAAGCCACAACAACTAATCACAATACAATTTTAATGCGTCACCCCTGGGGGACAT 1296
K K L AR MK P Q @ L I T I Q F *
Eg?CTCTCTTTCCTCTCTGAAAAATAAATGTTTTTATTGCTTATTATCCGCACCCAAAAAGTTGCATTTATA 1368

AGTTGAACTCAAGAAGTATTCACCTGTAAGAAGTTACTAATGACAAAAAAGAAATTGCCCGTT. . . .«
exrmF» M T K K K L P V
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FIG. 1. (a) Schematic illustration of the intact Tn435] and the duplicated copy of PGIS2 in truncated Tn435/ within P. gingivalis MSM-1. Tn4351 contains a
tetracycline resistance gene (fetX) and an erythromycin and clindamycin resistance gene (ermF) flanked by the direct repeat insertion sequence I1S4357. The insertion
of PGIS2 into Tn4351 added a second HindIII site (indicated by an asterisk) in the truncated Tn4351. The first HindIII fragment isolated from MSM-1 contained the

partial ermF gene, the entire fetX gene, and 1S4351; attached to the chromosomal junction fragment. The second HindIII fragment isolated from MSM-1 contained
a 334-bp fragment from PGIS2 (instead of the ermF gene) and IS4351y; attached to the chromosomal junction fragment. The arrow in PGIS2 indicates the direction
of transcription of the putative transposase. A, Aval; E, EcoRI; H, HindlIIl. (b) Nucleotide sequence and the deduced amino acid sequence of the additional PGIS2
from P. gingivalis MSM-1. Partial nucleotide sequences of IS4351 (in boldface) and the ermF gene are also shown. The 19-bp imperfect terminal inverted repeats of
PGIS2 are underlined. Duplicated target sequences are shown double underlined. PGIS2 is 1,207 bp in length and contains a major ORF encoding a protein of 376

amino acids. Nucleotide residue numbers are on the right.

83-bp sequence from [S4351 was replaced by a new 334-bp
sequence (Fig. 1a). Southern blot hybridization analysis of
EcoRI-digested P. gingivalis MSM-1 chromosomal DNA with
oligonucleotide UNON1 (5'GGAAAACGATCAGCAGT3'),
which is complementary to the newly identified sequence, as a
probe revealed a discrete band of 5 kb, in contrast to the
results for wild-type A7436. UNON1 was subsequently used to
screen a P. gingivalis MSM-1 cosmid library for clones contain-
ing this 5-kb fragment. Five-kilobase-pair EcoRI fragments
from two independent positive clones were subcloned into the

multiple cloning site of pGEM3Zf(—) and subjected to DNA
sequencing. Nucleotide sequence analysis revealed that an in-
sertion of approximately 1.2 kb into Tn4357 had occurred in
MSM-1 (Fig. 1a). The inserted DNA fragment has a unique
nucleotide sequence of 1,207 bp flanked by 19-bp imperfect
terminal inverted repeats. These results, together with the
presence of the duplicated target site sequence (5'GGGGAC
ATTG?3'), indicate that a novel IS element had transposed in
P. gingivalis MSM-1. This newly identified IS element, PGIS2,
inserted into [S4357 in Tn4351 109 bp upstream from the
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PGIS2  : --------- MYHSgFESQ MYV IPIER- ¢ 52
181358 1 ------- MSELINPFMHEQISM 1DHRO 54
H-rpt ¢ -------- ME KK%MGH SINEPIRYINOAW - 53
isas1 oz ----- MQEGRAMTJ;IVQQ LIS INSEI- 56
ISXA : MSVFAGAAAMLPNPKPFFE% TPN§LhSll TLET 62
PGIS2 113
181358 109
H-rpt 108
ISAS1 111
ISXA 118
PGIS2 174
IS1358 171
H-rpt 170
ISAS1 172
ISXA 179
PGIS2 234
151358 233
H-rpt 232
ISAS1 234
ISXA 240
PGIS2 293
1sS1358 292
H-rpt : 292
Isas1 SI gPKH : 289
ISXA 'R LNGQVS—---CERB IRIUSHTADP @ 295
PGIS2 SSLKOATHGEW "XngG HiE, K&TRJN‘V "CI ! IERLKTNMEKSS ;355
151358 QTLLEA REJI % lTA;C D g@g L*L KSETT- F;{GG : 352
H-rpt EKFATATI D RG! FSG AISNERETNDKV - FKAG ¢ 353
IgASl H KLLGHYIh k SQli A W“%AME LFRR Ll I KQSNC GARS : 350
IsXa kit it i R i H -
DPGIS2 IPRIQKKLARMKPQQLITIQF ----- 376

Is1358 IKRKRMNCAMT?F'VVT SKVL ESLT--- 375

H-rpt LRRKMRKAAMDRNYLASVLTGSGLS - 378

ISAsl QRNKLKRAGWND RAQLFFG~-~-- 371

ISXA -

FIG. 2. CLUSTAL alignment of the predicted amino acid sequences of the putative transposases of PGIS2 (this study), IS1358 (V. cholerae), and ISASI (A.
salmonicida); the predicted product of H-rpt in E. coli K-12; and a hypothetical protein encoded by a long ORF downstream of the dhlA gene of X. autotrophicus GJ10
(ISXA). The darkness of blocks reflects the statistical significance of similarity, with darker shades representing greater similarity. Numbers on the right correspond

to numbers of amino acid residues.

coding region of the ermF gene (Fig. 1). The G+C content of
PGIS2 is 42% and is lower than that of P. gingivalis chromo-
somal DNA, which ranges between 46 and 48% (12). However,
it was similar to those of the Bacteroides sp. genomes and
IS4351, which flanks transposon Tn4351 (11). These observa-
tions suggest that PGIS2 could have originated from Bacte-
roides. However, Southern blot analysis of chromosomal DNA
from Bacteroides thetaiotaomicron did not reveal the presence
of a PGIS2-like element in this species (data not shown).
Sequence analysis of PGIS2. The IntelliGenetics Suite (In-
telliGenetics, Inc., Mountain View, Calif.) was used to analyze
the nucleotide and amino acid sequences of PGIS2. As for
many IS elements, nucleotide sequence analysis of PGIS2 re-
vealed the presence of a major ORF of 1,128 bp encoding a
polypeptide of 376 amino acids (Fig. 1b). The ORF extends
into the terminal inverted repeat and terminates with stop
codon TAA. A computer search of nucleotide sequences in
GenBank indicated that PGIS2 did not exhibit strong similarity
to any known IS elements. However, IS1358 from V. cholerae
(15) exhibited a 54% nucleotide residue identity with PGIS2.
Protein sequence database searches also revealed significant
homology between the putative polypeptide encoded by PGIS2
and the putative transposase of IS1358 from V. cholerae (15),
the protein encoded by A. salmonicida 1S element ISAS1 (5),
the predicted product of H-rpt from E. coli K-12 (16), and a

hypothetical protein encoded by a long ORF downstream of
the dhlA gene of X. autotrophicus GJ10 (9). The amino acid
alignment indicated that these proteins are more conserved in
the central region (Fig. 2). These results suggest that the long
OREF of PGIS2 may encode a transposase.

Distribution of PGIS2 in the P. gingivalis chromosome.
Southern hybridization analysis of P. gingivalis A7436, MSM-1,
and MSM-3 (a separately identified Tn4351-generated trans-
conjugant of P. gingivalis A7436) genomic DNA digested with
BamHI (there is no BamHI site within the PGIS2 sequence)
and probed with a 1,249-bp, PGIS2-specific probe was per-
formed (Fig. 3). At least four copies of the PGIS2 element
were found in wild-type strain P. gingivalis A7436 (lane 1) and
the Tn4351-generated transconjugant MSM-3 (lane 3). This
pattern was also observed in 10 independently isolated
Tn4351-generated transconjugants (data not shown). How-
ever, we observed an extra band comigrating with the 23-kb
DNA marker which was present in P. gingivalis MSM-1 (lane
2). Genomic DNA from three additional wild-type P. gingivalis
strains was also examined for the presence of PGIS2. The
hybridization patterns (lanes 4, 5, and 6) representing strains
HG66, 33277, and W50, respectively, were different from that
for P. gingivalis A7436. The variation in the number and size of
PGIS2-bearing restriction fragments among different strains
hints at the mobile nature of PGIS2 within the P. gingivalis
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FIG. 3. Southern blot hybridization analysis of P. gingivalis chromosomal
DNA probed with IS element PGIS2. Genomic DNA from P. gingivalis A7436
(lane 1), MSM-1 (lane 2), MSM-3 (lane 3), HG66 (lane 4), 33277 (lane 5), and
W50 (lane 6) was digested with BamHI and electrophoretically separated on an
0.8% agarose gel. The Southern blot was probed with an [a->?P]dCTP-labeled,
1,249-bp DNA fragment PCR-amplified from P. gingivalis A7436. The oligonu-
cleotides in the PCR reaction (5’ACGTGGATCCGGGGACATTGCAGGGC
T3’ and 5’ACGTGGATCCAATGTCCCCCAGGGGTG3') contain BamHI
sites, the 11-bp target sequence of the additional PGIS2 discovered in P. gingi-
valis MSM-1, and six adjacent nucleotides from both of the 19-bp inverted
repeats. These oligonucleotides were originally designed to PCR amplify the
additional PGIS2 in MSM-1, together with its target sequence, and clone them
into shuttle vector pNJRS5 (obtained from Nadja Shoemaker). Hybridization was
carried out in Rapid-hyb buffer (Amersham, Arlington Heights, Ill.) at 65°C as
recommended by the manufacturer, and the nylon membrane was washed twice
in 2X SSC (1X SSCis 0.15 M NaCl plus 0.015 M sodium citrate)-0.1% sodium
dodecyl sulfate at 65°C for 15 min followed by autoradiography. Marker DNAs
are on the left.

chromosome. Higher genetic similarity, with respect to PGIS2,
between P. gingivalis A7436 and strain W50 was found. This
suggests that these two strains diverged more recently than the
other P. gingivalis strains examined and is in agreement with
previous results observed for the distribution of IS7726 (14).

Three BamHI restriction fragments varying in size and car-
rying PGIS2 sequences were cloned from both P. gingivalis
A7436 and MSM-1. The nucleotide sequence of one of the
PGIS2 elements was determined with primers previously de-
signed for sequencing the additional PGIS2 in MSM-1 (data
not shown). Nucleotide sequence comparison indicated that
there was little variation between these two elements, suggest-
ing that the extra PGIS2 in MSM-1 originated from an endog-
enous PGIS2 element. All duplicated flanking sequences from
these three PGIS2 elements were 10 bp long (5'CCATCGTC
GT3',5'CTCATCGGTA3’, and 5’GCACTTATAC3') with no
obvious homology.

Concluding remarks. In this study we identified a second en-
dogenous IS element in P. gingivalis. The predicted protein en-
coded by PGIS2 exhibits a high degree of homology to the puta-
tive transposases of IS7358 and ISASI from V. cholerae and A.
salmonicida, respectively, the predicted product of H-rpt from E.
coli K-12 (16), and a hypothetical protein encoded by a long ORF
downstream of the dhlA gene of X. autotrophicus GJ10 (9). The
additional copy of PGIS2 in P. gingivalis Tn4351 transconjugant
MSM-1 suggests that either transposition of the endogenous
PGIS2 element occurred following transposition of Tn4351 or
transposition of PGIS2 spontaneously occurred during laboratory
passage. Examination of genomic DNA samples prepared from
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20 independent passages of P. gingivalis A7436 indicated that
laboratory passage did not result in the transposition of PGIS2
elements (data not shown). Based on these results, we speculate
that the insertion of Tn435/ into the P. gingivalis chromosome
may have induced the transposition of the endogenous PGIS2
element in MSM-1. Documented examples of the insertion of one
IS element within another IS element have been reported for
Neisseria meningitidis 1S1301, which preferentially inserted into
IS1016-like elements, and IS231A4, which preferentially trans-
posed into one of the inverted repeats of Tn4430 (6, 7). In both
cases, DNA secondary structures were involved. In P. gingivalis
MSM-1, the additional copy of PGIS2 was found to insert into
IS4351 within a region where a stem-loop structure was found.
However, the nucleotide sequences of the other three target sites
of PGIS2 did not exhibit any obvious potential to form secondary
structures. Thus, the complexity of P. gingivalis genomic rear-
rangement following Tn4351 transposition (14) may restrict the
use of this transposon for transpositional mutagenesis in P. gin-
givalis.

Nucleotide sequence accession number. The nucleotide se-
quence from this article is listed in the GenBank library under
accession no. U77885.
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