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A comparative hybridization protocol was used to isolate a small segment ofDNA present in the Streptococcus
pneumoniae type 19F strain SSZ but absent from strain Rxl, a nonencapsulated derivative of the type 2 strain
D39. This segment of DNA is a 1,747-bp insertion sequence, designated IS1202, flanked by 23-bp imperfect
inverted repeats and containing a single open reading frame sufficient to encode a 54.4-kDa polypeptide. A
27-bp target sequence is duplicated at either end of the element. IS1202 is not related to any of the currently
known insertion elements and is the first reported for S. pneumoniae. Although found predominantly in type
19F strains in up to five copies, it has also been shown to be present in the chromosomes of pneumococci
belonging to other serotypes. One of the four IS1202 copies in the encapsulated strain SSZ is located 1,009 bp
downstream of the dexB gene, and transformation studies reveal that it is also closely linked to the type 19F
capsular polysaccharide synthesis (cps) locus.

Streptococcus pneumoniae (the pneumococcus) is an impor-
tant human pathogen, causing invasive diseases such as pneu-
monia, bacteremia, and meningitis. Morbidity and mortality
from pneumococcal infections remain high, even in regions
where effective antibacterial therapy is freely available (3, 21).
An important feature of S. pneumoniae is its capacity to

produce a polysaccharide capsule, which is structurally distinct
for each of the 84 known serotypes of the organism. The
polysaccharide capsule is considered to be the sine qua non of
pneumococcal virulence (3). This is based on the observations
that virtually all fresh clinical isolates of S. pneumoniae are
encapsulated and that spontaneous nonencapsulated (rough)
derivatives of such strains are almost completely avirulent.
Moreover, an early study demonstrated that enzymic depoly-
merization of the capsule of a type 3 pneumococcus increased
its 50% lethal dose approximately 106-fold (4). More recently,
a similar effect on virulence of type 3 S. pneumoniae was
achieved by transposon mutagenesis of a gene essential for
capsule production (28). The precise manner in which the
pneumococcal capsule contributes to virulence is not fully
understood, although it is known to have strong antiphagocytic
properties in nonimmune hosts (3, 21).

During our investigations of the capsular polysaccharide
synthesis (cps) locus of the S. pneumoniae type 19F strain SSZ,
we have identified a segment of pneumococcal DNA that
exhibits all the hallmarks of a bacterial insertion sequence.
One of the four copies of this element, designated IS1202, has
inserted directly downstream of the pneumococcal dexB gene
and is closely linked to the type 19F cps locus in strain SSZ.
Here, we describe the sequence and characterization of
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IS]202, the first insertion sequence to be isolated from S.
pneumoniae.

Bacterial strains and cloning vectors. The S. pneumoniae
strains used were Rxl, a nonencapsulated, highly transform-
able derivative of type 2 strain D39 (26), and SSZ, a type 19F
strain obtained from Chi-Jen Lee, Center for Biologics, Food
and Drug Administration, Bethesda, Md. A derivative of Rxl
expressing type 19F capsule was constructed by transformation
(see below) of Rxl with DNA from strain SSZ. Production of
type 19F capsule by one of the smooth transformants was
confirmed by Quellung reaction, and DNA was extracted from
this strain and used to transform Rxl a second time. One of the
type 19F encapsulated secondary transformants was desig-
nated Rxl-19F and used in further studies. Clinical isolates
belonging to types 19A, 19B, and 19C were also obtained from
Chi-Jen Lee; other clinical isolates were from the Women's
and Children's Hospital, Adelaide, South Australia, Australia.
Pneumococci were routinely grown in Todd-Hewitt broth with
0.5% yeast extract (THY) or on blood agar.

Escherichia coli K-12 DH1 (12) and DH5ot (Bethesda Re-
search Laboratories, Gaithersburg, Md.) were grown in Luria-
Bertani broth (19) with or without 1.5% Bacto-agar (Difco
Laboratories, Detroit, Mich.). Where appropriate, chloram-
phenicol, ampicillin, or kanamycin was added to the growth
medium at concentrations of 25, 50, and 50 jig/ml, respectively.
The low-copy-number, amplifiable cosmid vector pOU61cos

has been described previously by Knott et al. (16). Plasmids
pK194 (15) and pVA891 (18) have also been described previ-
ously. Phagemid pBluescript SK+ was obtained from Strat-
agene, La Jolla, Calif.
DNA techniques. S. pneumoniae chromosomal DNA used in

Southern hybridization experiments was extracted and purified
as described previously (22). Southern hybridization analysis
was carried out with digoxigenin-labelled probes, as described
previously (6). When the DNA was to be used for the
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FIG. 1. Southern hybridization analysis of Rxl transformants ex-
pressing type 19F capsule. Chromosomal DNA was digested with ClaI,
electrophoresed, blotted, and hybridized with a digoxigenin-labelled
insert of pJCP451. Lanes: 1, DNA size markers (digoxigenin-labelled
lambda DNA digested with Hindlll; fragment sizes, 23.1, 9.4, 6.6, 4.37,
2.3, and 2.0 kb); 2, Rxl; 3 and 4, two independent primary Rxl
transformants expressing type 19F capsule; 5, Rxl-19F; 6, type 19F
strain SSZ.

construction of cosmid libraries or for PCR walking, the final
ethanol precipitation step was replaced by overnight dialysis at
4°C against 10 mM Tris-HCl-1 mM EDTA (pH 8.0) (TE). For
S. pneumoniae transformation experiments, the DNA extrac-
tion procedure was as described previously (8).

Plasmid DNA was isolated by the alkaline lysis method as
described by Morelle (20). Cosmid DNA was purified from
cells grown at 30°C for 16 h and subjected to heat induction at
42°C for 2 h.

Transformation of E. coli with plasmid DNA was carried out
with CaCl2-treated cells as described by Brown et al. (10). S.
pneumoniae Rxl and the encapsulated strain Rxl-19F were
transformed with chromosomal or plasmid DNA as described
previously for Rxl and D39, respectively (8). Where appropri-
ate, transformants were selected on blood agar containing 0.2
,ug of erythromycin per ml.

Construction and screening of cosmid libraries by compar-
ative hybridization. The original purpose of this study was to
isolate DNA sequences determining type 19F S. pneumoniae
capsule production. Strain Rxl is a nonencapsulated derivative
of the type 2 strain D39, and type 2 polysaccharide is structur-
ally distinct from that of type 19F. Thus, the genes which
encode their biosynthesis are likely to differ. A derivative of

Rxl- 19F
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Rxl expressing type 19F capsule (Rxl-19F) was constructed as
described above. Rxl-19F contains SSZ-derived DNA suffi-
cient to confer type 19F capsule production. Thus, clones from
an SSZ library which hybridize to labelled chromosomal DNA
from Rxl-19F more strongly than to labelled Rxl chromo-
somal DNA would be expected to contain DNA sequences
associated with 19F capsule production.
Cosmid banks of S. pneumoniae SSZ were constructed with

pOU61cos, as described previously (6). Replicates of the
library were grown in microtiter trays at 30°C overnight, and
cosmid DNA was then amplified by heat induction at 42°C for
2 h. The plates were centrifuged, and lysates were prepared by
resuspending the cell pellets in 10 ,ul of TE and then adding 5
[lI of 10% sodium dodecyl sulfate. After mixing, 50 RI of 0.5 M
sodium hydroxide-1.5 M sodium chloride was added to each
well and the plates were mixed and centrifuged again. Aliquots
of the supernatants (3 RI) were spotted onto nylon membranes.

Duplicate DNA dot blots of clones from the SSZ cosmid
library were probed with digoxigenin-labelled chromosomal
DNA from strains Rxl and Rxl-19F. Cosmid clones which
appeared to react more strongly with the latter probe were
further analyzed by Southern hybridization. One cosmid con-
tained a 1.8-kb BamHI fragment that hybridized with labelled
chromosomal DNA from Rxl-19F but not with labelled Rxl
DNA. The remaining cosmid-derived restriction fragments
reacted with both chromosomal probes or with a pOU61cos
probe (data not shown). The 1.8-kb BamHI fragment was
subcloned into the BamHI site of plasmid pK194 to give
plasmid pJCP451. Southern hybridization analysis using the
insert of pJCP451 as a probe (Fig. 1) revealed that this
fragment hybridized to DNA from Rxl transformants express-
ing type 19F capsule but not to Rxl DNA. However, the probe
reacted with four ClaI fragments in digested SSZ DNA, one of
which was common to Rxl-19F (Fig. 1). The presence of
multiple copies of the reactive sequence in the SSZ genome
and its absence from Rxl suggested that it might constitute
part of a repetitive DNA element such as an insertion se-
quence or a transposon, so it was subjected to further charac-
terization.

Southern hybridization analysis using the digoxigenin-la-
belled 1.8-kb BamHI fragment was used to generate a physical
map of the region of the Rxl-19F chromosome surrounding
this SSZ-derived sequence (Fig. 2). One of two HindIII sites
present in the pJCP451 insert was not found in the Rxl-19F
chromosome. This could be accounted for by polymorphism
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FIG. 2. Genomic restriction map of the Rxl-19F chromosome, generated by Southern hybridization analysis using the insert of pJCP451 as a
probe. The positions of the pneumococcal DNA inserts in pCJP451, pJCP452, pJCP453, and pJCP454 are also shown. The location of IS1202
(cross-hatched region) and the position of ORF1202 and the partial ORF of dexB (shaded arrows) are indicated. Restriction sites are indicated
as follows: B, BamHI; C, ClaI; E, EcoRI; H, HindIII; Hn, HindII; N, NcoI; Nr, NruI; S, Sau3A; Sp, SpeI.
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1 ACTAGTAGGACTMCGCAGTTATCACTAGGTTMGATATCTAAAAGCMGGATATTGTACTTAAAGATTAAGMCAATAAAAAACMACT
91 AACMTAAATMATAMTAGTCAGCAAMCGATATTAACACTTCGCTTCACTmTCTGTGMCGTGATTTTTTAAAACGTCTACTCATGAT

DR
181 TMCACCTATACCTTGMCATCATACGATTATATCACTTTM ACGGTMTGTCTACAT1TTFTTTACTATCTGCATCTTTAATGTATT

IR -35 -10 SD M N E
271 CGAATGTGATMTGTCTM1AGTMATCGMCGTGAMATGTCCCATMTGGTAGAATAGTCATATTAAAAGGATCCMCTGMTATGAATG

T K K Y L V I K A I A Q G K K T K K R A C V E L N L S E R Q
361 AAACGAAAAAATATCTTGTGATAAAAGCTATAGCCCMGGAAAGAAAACAAAGAMCGGGCCTGTGTCGMCTCMTCTTTCTGAAAGAC

I N R P L L A Y Q Q K G K E A F R H G N R N R K P K H A I P
451 AAATCMTCGTCCGTTACTAGCCTATCMCAGAMGGAAAGGMGCCTTCAGACACGGAMCAGAMTCGMMCCAAAACATGCAATCC

D E I K E R I L K K Y L S Y E T Y K P N V L H F C E L L A E
541 CTGATGAAATCAAAGMCGTATCCTAAAGAAATACCTCTCCTATGAMCATATAAACCAATGTCCTTCATMTCTGTGMTTACTAGCTG

E E G I K L S D T T V R K I L Y K K N I L S P K S H R K T K
631 AAGMGAGGGMTTMGCTCTCTGATACMCTGTTAGAAAAATACTCTATMGAAAAACATCCTMTCTCCTMGTCTCACAGAAAGACAA

K R V R K Q A K L N L N Q P L D N P I L P T A K D F L E D P
721 AGMGAGAGTMGAAAACMGCTMACTGMCCTGMTCAACCCCTAGACMTCCAATCTTACCGACGGCTAMGACTTCCTGGMGACC

K K V H P S R P R K K F A G E L I Q M D A S P H A W F G P E
811 CTAAAAAGGTACATCCTAGTAGACCCAGAAAGAAATTTGCTGGAGAACTCATTCAAATGGATGCCAGCCCTCATGCCTGGTTTGGACCAG

T T N L H L A I D D A S G N I L G A Y F D K Q E T L N A Y Y
901 MACCACCAACTTACACTTAGCCATTGATGATGCTTCCGGCMTATCCTAGGGGCTTATTTTGACAAACAAGAGACCTTGMTGCCTACT

H V L E Q I L A N -H G I P L Q M K T D K R T V F T Y Q A S N
991 ACCATGTCCTCGMCAATCTTAGCCAATCACGGCATTCCCCTTCAAATGAAMCTGATMGAGMCGGTCTMTACCTATCMGCATCCA

S K K M E D D S Y T Q F G Y A C H Q L G I L L E T T S I P Q
1081 ACTCTAAGAAAATGGAGGACGACTCCTATACACAATMTGGATACGCCTGTCACCAACTAGGGATTCTCCTTGAGACCACCTCTATCCCTC

A K G R V E R L N Q T L Q S R L P I E L E R N K I H T L E E
1171 MGCTAAAGGGAGGGTCGAAAGACTCMTCAGACACTACMTCACGCCTGCCTATCGAACTGGMCGAAACMGATTCATACATTGGAAG

A N T F L L S Y I Q T F N E Q F G N K T K L S V F E E A P N
1261 MGCCMTACTMTCCTTCTmTCCTACATCCAA.ACCTMTGMCAGTmTGGAAATMGACAAAACTCTCTGTTTTTGAGGAGGCTCCTA

P S E R N L I L A R L A E R V V D S G H H I R F Q N R C Y I
1351 ACCCCTCTGAACGGMTCTCATTCTAGCTAGACTGGCGGAGAGAGTCGTCGATAGTGGACACCATATCCGATTCCAAAACCGTTGCTATA

P T E Q G K E V Y F I R K T K A L V L K A F D G D I Y L N I
1441 TTCCTACCGMCAAGGAAAAGMGTCTATMTCATCAGAAGACGAMGCATTAGTTCTAAAAGCATMTGATGGTGACATCTACCTCAATA

A D K I Y H T K E L L D H E L Y S K N F E Q E P E Q K K E R
1531 TCGCTGACAAAATCTATCACACAAAGGAGCTACTAGATCATGAACTCTATTCGAMAACTTGMCMGAACCAGMCAAAAAAAAGAAA

R K Y I P P Q T H P W K L T S F K Q Y L H K N K K D Y E E F
1621 GACGCMGTATATCCCTCCACAAACCCATCCGTGGAACTCACATCTMTCAMCMTACCTTCATAAMCAAAAAGGATTATGMGAGT

T S E E I H S P Q L Q V * P1
1711 TTACTAGTGAGGAGATTCATTCTCCTCMCTACAAGTATMTCTATTTTTCGCTAMTGGGMGCTTTTCCTTAAAGAAMCCACTCTAT

1801 CCCTTACATMTAGGAGAGGGAAAGTGAGGAGTGTAAGACGAGCATTTCATTTGATMGAGGCTTGGAGCTGTTAGGCTGGCGAGCCAAGG

1891 CTAAGACTAGCCTTGGTMTAGCTMCAAAACAGCTTCAAGGGTTCCTCGTGTCAAATGAMTCAAAATAATTGCCCTCMAACTCTCCATT~7 sc-
IR DR

1981 TTTTGGGGACATMTCACTTTCGATTGACACATTTTTTTACTATCTGCATCMAMGTATCTTAGTAGACTTCCCGCGAAACAAAAATA

2071 TAGTMAATGAAATMGGACATGACAAATCGATCAGGACAGTCAGATCGAMTACTMCMTGTMTIAGMGCAGAGGTCTACTACTCTAG
2161 MCAAMTCTMTTATGAACAAGACCCAGAAAAGTAGCCTTATTTCTTMGMAATTMATAGTTTAAAGCACCTAGCACCTGMAGATT
2251 GATGAAACAGGATTCGATACTTATTTTTATCGAGAATATGGTCGCTCATTMAAGGTCAGTTMGMGAGGCAAAGTATCTGGMGAAGA
2341 TATCAGAGGAMCTITGGTTGCAGGTCTMCAAATGGTGMTTMTCGCTCCAATGACTTACGMGAGATGATGACGAGCGACTTTTTT
2431 GMGTATGGMCAGAAGTTTTCTTACCAACATTMCCACACCATCGGTTATTATTATGGATAATGCAAGATTCCATAGMTGGGGAAG
2521 CTAGMACTTTTATGCGMGAGTMTGGGCATAAACTT1TACCTCTTCCTCCCTACTCACCTGAGTACAATCCTATTGAGAAAACATGGGCT
2611 CATATCAAAAAGCACCTCAAAAAGGTATTACCAAGTTGCMTACCTMT1ATGAGGCTCUTMGTCTTGTTCTTGMACMTTGACTATAT
2701 TATCAGCGTMTAGTCTMTAGATAGTTAAATGTAGTTGGAMCCACTAAAGGTTGATGGGTMGTTTTTGTATCTGMCCTGATTGGT
2791 CGCMGCAGCTAAAAGCAAAGCAGATGTAAAAGTCAGGCCTGCACTMGGATACGCTTCTMTATGTTCGTCTTCTTTCTCCTTAATAGTG
2881 GGMTGTAAAGTTMTTGMTCGAGMTGMGGMATAAACCTTGGTTATAAAAAACAAAGGAMCTGCCTTTTATACAGTCCT
2971 CCCTTGTTTTTATACGATMTTATTTTATTTCTGCAAAAMTAMATAGTAATTCCACACAGAAAGcATCCcATGGAACTAAGAT
3061 TTIGTTMCAAAGAC1CCTTGAGCTAGTGTGCMT TCTT CTACTGTCAAGTCTTGCTCTTCATTGGA
3151 CAAGTTAGCCACACTAGGAAGCGACGGTCGCCATCCTTACGTATATAGCAAAGACCTTATCAGCCGTATCMGCA1TCAAAGTCAGC
3241 TCGAATTAGCCAGCTATTCTCCTTGCGAAMGGACCAGTITCTGATMGTATAQAAMTAGMTCTGGAfGCCAGCGC1TC1TGGAC
3331 GTTGATCATCTCGTMTTTGGATTMCTGCcMCCAAGGTTGACCTGTTGAGAMCCAGCGT1TTTGCTCTCGTCCCATTGCATAGGGGT
3421 ACGGGCATTGTCACGTCCAATMCACGGATACTGTCCATGATTTCTTCAATCGGAACACCi111TCMGAGCCTCACGCGCATAGTTGA
3511 GAGATTCMTATCTTCTACTTGATC

FIG. 3. Nucleotide sequence of IS1202 and flanking sequences. Nucleotide positions 264 and 2010 define the left and right ends, respectively,
of IS1202; the left and right terminal inverted repeats (IR) are double underlined except for mismatched nucleotides, and the directly repeated
target sequence (DR) is underlined. The amino acid translation of ORF1202 is represented by single-letter code above the first nucleotide of each
codon. Residues that are identical or similar to those of the consensus motifs of other transposases (23), a putative ribosome binding site
(Shine-Dalgarno [SD] sequence), putative -10 and -35 promoter regions, and the sequence of the PCR primer P1 are also underlined. A potential
transcription terminator sequence (inverted arrows) is indicated. Nucleotides 3019 to 3535 (shown in boldface type) encode the C-terminal portion
of the dexB ORF on the minus strand.
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pJCP451 TTT1TGGG

pJCP452 TTrTTGGG

pJCP456 TITTTGGG

GATGTTAATCCATATCCTTGCTTAGCAAA

.ICATTTTTTTTACTATCTGCATCTTTAAGT

GCATCTTAGCGAAATAGATTGACTATCGA

IRR

FIG. 4. Alignment of sequences surrounding the right terminal repeats (IRR) for three of the integration sites of IS1202 in the S. pneumoniae
SSZ genome. Sequence data for the three sites were obtained from pJCP451, pJCP452, and a third cloned PCR-walking product of SSZ DNA,
designated pJCP456. IS1202 sequences are shown in boldface.

between the different genomic copies of this sequence in SSZ
if the copy of the repetitive element in pJCP451 is different
from the copy transformed into Rxl during construction of
Rxl-19F. Screening of a large Rxl-19F cosmid library (2,000
cosmids) with the insert of pJCP451 used as a probe revealed
that this region of the pneumococcal chromosome was not
represented in the Rxl-19F library, suggesting that this seg-
ment of DNA may be unstable in E. coli K-12. The complete
nucleotide sequence of the 1.8-kb BamHI fragment was deter-
mined by using various nested deletion derivatives of pJCP451
as templates (constructed by the method of Henikoff [13] with
an Erase-a-base kit [Promega Corporation, Madison, Wis.]).
Double-stranded DNA sequencing was carried out by using
dye-labelled primers on an API model 373A automated DNA
sequencer.
PCR walking. The pJCP451 sequence data were used to

design oligonucleotide primers P1 (5'-TCGCTAAATGGG
AAGCl1iTlCC-3') (the location of P1 is shown in Fig. 3) and
P2, which is the complement of P1, for amplification of
flanking sequences in the Rxl-19F chromosome by PCR
walking, as described by Willoughby et al. (29). PCR products
obtained with Rxl-19F template DNA were electrophoreti-
cally purified and subcloned into pBluescript SK+, to generate
plasmids pJCP452 and pJCP453, as shown in Fig. 2. Southern
hybridization analysis indicated that the PCR product in
pJCP452 hybridized to both Rxl and Rxl-19F DNAs, whereas
the PCR product in pJCP453 hybridized with Rxl-19F DNA
only (data not shown).

Sequence analysis. The nucleotide sequences of the pneu-
mococcal DNA inserts of pJCP452 and pJCP453 were deter-
mined from both DNA strands. The region of DNA 5' to the
BamHI site of pJCP453 was obtained by ClaI digestion of
chromosomal DNA from Rxl-19F-B1 (see below) followed by
self-ligation and transformation into E. coli DH1. A 1.8-kb
SpeI-SalI fragment spanning and extending 340 bp 5' to the
BamHI site was subcloned from this construct into pBluescript
SK+ to generate pJCP454 (Fig. 2), and both strands of this
DNA were also sequenced. The sequence was analyzed by
using DNASIS version 7 software (Hitachi Software Engineer-
ing, San Bruno, Calif.).

Inspection of the compiled sequence data (Fig. 3) revealed a
segment of DNA between nucleotides 264 and 2010 that
exhibited all the characteristics of an insertion element. This
segment is 1,747 bp long, with imperfect terminal inverted
repeats of 23 bp (four mismatches). Insertion elements encode
at least one protein which is involved in the transposition
process. These proteins, called transposases, are basic and
directly bind target DNA (2, 11). The left and right inverted
repeats of IS1202 are separated by a single open reading frame
(ORF), which encodes a protein with a predicted Mr of 54,420
Da. A ribosome binding site precedes the ATG start codon,
and a potential promoter is located 27 bp upstream of the

initiation codon. A stemmed loop structure resembling a
rho-independent transcription terminator sequence (Gibbs
free energy, -17.3 kcal [ca. -72.4 kJ]/mol) is located 132 bp
downstream from the termination codon (nucleotides 1883 to
1908). The repetitive element is flanked by an unusually long
duplicated target sequence of 27 bp. Together, these data
strongly suggest that this portion of the Rxl-19F genome
(originating from strain SSZ) represents a bona fide insertion
sequence, the first to be described for S. pneumoniae, and it has
been designated IS1202.
The putative translation product of the ORF was designated

ORF1202. Data base searches with IS1202 or ORF1202 did
not reveal any significant homology at the DNA or protein
level with other known insertion sequences or transposable
elements, or indeed with any other sequence. However,
ORF1202 does contain the consensus motifs common to many
unrelated transposases, described recently by Rezsohazy et al.
(23), as shown in Fig. 3. Moreover, it shares the general
characteristic of transposases of being highly basic in nature
(the predicted pI is 9.84).
Comparisons of the complete IS1202 sequence and portions

of two other copies either contained in pJCP451 or obtained by
PCR walking with SSZ DNA (which contains four copies) as a
template were also made. Within IS1202, a number of DNA
polymorphisms were found, one of which accounts for the
presence of a second HindlIl site in the pJCP451 copy, as
previously predicted by genomic restriction mapping.

Analysis of the sequence surrounding the 3' ends of three
copies of IS1202 (Fig. 4) indicated that the repetitive element
always diverged at exactly the same position, that is, after the
terminal inverted repeat sequence. This provided additional
evidence that IS1202 is indeed a mobile genetic element.

Distribution of IS1202. The distribution of IS1202 in four
other type 19F clinical isolates of S. pneumoniae, single type
19A, 19B, and 19C isolates, and a further 14 clinical isolates
belonging to serotypes 2, 3, 4, 6, 14, 18C, and 23F was
investigated by Southern hybridization (Fig. 5). Of the eight
group 19 strains tested (including SSZ), all but one type 19F
strain hybridized with the IS1202 probe. The copy number in
those strains containing IS1202 varied from one to five. One of
three group 6 strains tested contained a single IS1202-related
sequence, and one of three type 14 strains tested reacted
weakly with the probe. The remaining 12 strains, belonging to
serotypes 2, 3, 4, 6, 14, 18C, and 23F, did not contain
IS1202-related DNA sequences.
Chromosomal location of IS1202 in Rxl-19F. BLASTX

analysis (1) of the data presented in Fig. 3 indicated that
nucleotides 3019 to 3535 encode the distal portion of an ORF
on the minus strand, which has 65% homology to the terminal
180 amino acids of the dexB gene product (glucan-1,6-at-
glucosidase) from Streptococcus mutans (25). The translated
product of this partial ORF is also homologous to other

GACATAATCACTTTCGATTGACA

GACATAATCAC¶TTTCGATTGACA

GACQTAATCACTTTQCGATTGACQ

J. BACTERIOL.
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FIG. 5. Distribution of IS1202 among clinical isolates of S. pneumoniae belonging to various serotypes or groups. Chromosomal DNA from the
indicated strains was digested with Clal, electrophoresed, blotted, and hybridized with the insert of pJCP451. Lanes: 1, DNA size markers
(fragment sizes are the same as for Fig. 1); 2, type 19F strain SSZ; 3, four different type 19F clinical isolates; 4, type 19A; 5, type 19B; 6, type 19C;
7, type 2 strain D39; 8, type 3; 9, type 23F; 10, three different type 4 isolates; 11, three different group 6 isolates; 12, three different type 14 isolates;
13, two different group 18 isolates.

glucosidases from the same family as dexB (Fig. 6) and
therefore is likely to represent part of the equivalent gene of S.
pneumoniae; in Rxl-19F, IS1202 has inserted 1 kb downstream
from this gene. In other streptococci, dexB genes form part of
a multiple-sugar metabolism (msm) operon (27).

Initial experiments on transformation into Rxl indicated
that IS1202 cotransformed with the type 19F cps locus to form
Rxl-19F. To investigate the influence of the product of
ORF1202 on capsule biosynthesis in Rxl-19F, this gene was
interrupted by insertion-duplication mutagenesis. This was
achieved first by subcloning an internal fragment of ORF1202
(nucleotides 493 to 1569) into pVA891, a vector previously
employed for interruption of the pneumolysin and autolysin
genes of S. pneumoniae (5, 7, 8). The recombinant plasmid,
designated pJCP455, was then used to transform Rxl-19F.
Homologous recombination between the internal ORF1202
fragment and the Rxl-19F chromosome generated an erythro-
mycin-resistant transformant, designated Rxl-19F-B1. South-
ern hybridization analysis indicated that Rxl-19F-B1 con-
tained a single chromosomal copy of pJCP455 integrated
within ORF1202. Phenotypic examination revealed that Rxl-
19F-B1 continued to produce apparently normal levels of type
19F capsule.

The erythromycin-resistant marker disrupting ORF1202 in
Rxl-19F-B1 was then exploited to study the linkage between
IS1202 and the type 19F cps locus. Chromosomal Rxl-19F-B1
DNA was used to transform the nonencapsulated strain Rxl,
and erythromycin-resistant transformants were phenotypically
screened for cotransformation of the capacity to produce type
19F capsule. In three independent transformation experi-
ments, 5.5, 4.7, and 9.5% (mean, 6.5%) of the erythromycin-
resistant transformants expressed the type 19F capsule. More-
over, during the initial experiments involving transformation of
strain Rxl with SSZ DNA, all encapsulated primary and
secondary transformants generated also contained a single
copy of IS1202 located on a 4.2-kb Clal fragment (Fig. 1). This
degree of cotransformation confirms the close linkage between
the 19F capsule locus and the copy of IS1202 present in
Rxl-19F.

Conclusions and discussion. This paper describes the char-
acterization of a region of DNA which is unique to the
encapsulated derivative of Rxl, Rxl-19F. However, this seg-
ment was not involved in capsule production, but rather
contained IS1202, the first insertion sequence to be described
for S. pneumoniae. IS1202 has all the general characteristics of
a transposable insertion element; it is a short segment of DNA

[GV P1 EE M D S RV G R D N A R T P MQWDE N AG F S TGQ - IP
GK SME TM DS RM G R D N A R T P M Q W D A A G F S TA D K T
GE DI EKVM Y KGRDNARTPMWDD AGF TGE -

G E D PQVME Y K G RD N A R T P M QWD DN AG F T A G T -P
TM TEiD FR K A V A K KG RD HART PM QWD DG K AG FT DG E-A
]R D AD EL L A L A S K R D NW RPTNPM QW DSNGDNAG E -

. . . * K L VIfIV WN R L A AR T PV WS H Q0Q SE V E -
P

WL A V N P N Y E M
WJ.F V N P N Y K D

WLL.T V N P N Y K E
W

I
V N P N Y K E

W L A V N P R Y Q E
WI GL GDNYQ
WM RL NjD N Y K E

I N V Q E A L A N P D S F Y T Y Q K L
I N V AA KNSNS F Y T Y L
N V K Q A ION D S F YIK L
NVKAA DP SNFSEFIYIYKKL

I N V KIESi DE S F VY Q K L
N V E AI AD D SS YT K L
N V E D QD G D D HS

V R KEN SW
L R K E N D W
IL R K IN E

I lQJLRKQJ.DI
G L R K QNJIK V

I A L R K Q E A
L K LR E

S. pneu.
S. mut.
B. cer.
B. ther.
Bac. sp.
E. coli.

[I R|A D F E L-ID T A D K V F A Y R K D FaJDRRFLV V A N SN
UV DIA D F E L P-LPIT A D K V F AYD[ REYVR E ELLrIV NIV DQEI
V V Y G S Y DIL LE N N P SIF A YIVIRT YV E K L VI NF T AE
I V Y G T Y DLIL E D D P Y Y R[JNETL VMNE Q L3VINN SE K T
V Y GDMIY RILILLE E D P R F A Y R E Y R G E K LIL V

QFLT W G N Y Q D L ILP N S P V L E W K G 0 T LIL V IA N L S RE

FIG. 6. Amino acid sequence alignment of the C-terminal portions of the glucan-1,6-a-glucosidases from S. pneumoniae (S. pneu.), S. mutans
(S. mut.), Bacillus cereus (B. cer.), B. thermoglucosidasius (B. ther.), Bacillus sp. (Bac. sp.), E. coli, and Candida albicans (C. alb.). Data for S. mutans
are from Russell and Ferretti (25), while those for the other species are deposited in GenBank under accession numbers X53507, D10487, D00638,
L06097, and M94674, respectively. Alignments were performed with the program CLUSTAL (14). Dashes indicate absence of a residue, while dots
indicate that sequence data are not available.

S. pneu.
S. mut.
B. cer.
B. ther.
Bac. sp.
E. coli.
C. alb.

S. pneu.
S. mut.
B. car.
B. ther.
Bac. sp.
E. co/i.
C. alb.
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(1,747 bp) which is found in one or more copies in the bacterial
chromosome. The ends of IS1202 are defined by two imperfect
inverted repeat sequences of 23 bp, and insertion into the
chromosome in this particular event appears to have dupli-
cated an unusually large target sequence of 27 bp. Although we
were able to isolate the 3' termini and flanking sequences of
two other copies of IS1202 from strain SSZ (Fig. 4), attempts
to isolate the 5'-terminal regions of other copies of the element
by direct cloning or by PCR walking were not successful. Thus,
it was not possible to confirm that generation of such a large
duplicated target sequence was a general feature of IS1202
transposition. It was possible, therefore, that IS1202 had
integrated into a preexisting directly repeated sequence. To
examine this, we PCR amplified and sequenced a segment of
DNA, corresponding to the IS1202 integration site of strain
Rxl-19F, from the type 19F strain that did not contain the
element (Fig. 5). No directly repeated sequence was found at
the integration site (data not presented). Thus, integration of
IS1202 was indeed responsible for generation of the 27-bp
sequence duplication.

IS1202 appears to be unrelated to any previously character-
ized insertion element and may therefore have originated in S.
pneumoniae. However, given the capacity of pneumococci to
undergo natural transformation, the possibility that IS1202 was
acquired from another bacterial species cannot be eliminated.
The G+C content of IS1202 (39.5%) is within the range
reported for members of the genus Streptococcus (9).

Analysis of the DNA sequence data has shown that IS1202
in Rxl-19F and one of the copies of IS1202 in SSZ have
integrated into a large (approximately 1-kb) intergenic region
immediately downstream from what is believed to be the
pneumococcal dexB gene. Transformation studies also indicate
close linkage to the type 19F cps locus. In experiments using
donor DNA from Rxl-19F-B1 (a derivative of Rxl-19F in
which ORF1202 had been interrupted by insertion-duplication
mutagenesis with pJCP455), erythromycin resistance (encoded
by the pJCP455 sequences) and type 19F capsule production
showed an average of 6.5% cotransformation. This linkage is
likely to be highly significant, because the minimum amount of
DNA required to encode the type 19F capsule is probably in
the range of 10 to 15 kb and pJCP455 is approximately 6 kb in
length. Thus, even if the loci are very close together, a double
recombination event involving at least 20 kb of DNA would be
required for cotransformation. The observed close linkage
between the markers is also supported by the finding that when
Rxl was transformed with SSZ DNA, all encapsulated trans-
formants also contained IS1202.

Interestingly, the group B streptococcus type III cps locus is
located approximately 2 kb downstream from an unrelated
insertion sequence, IS861 (24), which, like IS1202, does not
appear to interfere with capsule synthesis. Also, the Haemophi-
lus influenzae type b encapsulation locus is located on a large
transposon flanked by two copies of IS1016 (17). It is unlikely
that the type 19F capsule locus is located on a similar mobile
element flanked by IS1202, as some type 19F strains contain
only one copy and at least one strain lacks the element
altogether.

Nucleotide sequence accession number. The nucleotide se-
quence described in this paper has been deposited with
GenBank under accession number U04047.
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