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Neisseria meningitidis C114 Contains Silent, Truncated Pilin Genes
That Are Homologous to Neisseria gonorrhoeae pil Sequences
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Neisseria meningitidis pili can be classified into two groups: those (referred to here as class I pili) which are
similar to gonococcal pili in that they react with monoclonal antibody SM1 and those that are dissimilar to
gonococcal pili in that they lack the SM1-reactive epitope (class II pili). Pilus expression in N. meningitidis
C114, a class H pilus-producing isolate, was investigated. The sole genomic segment of this strain that bore
extensive homology with the pilE locus of Neisseria gonorrhoeae P9 was cloned in Escherichia coli. The
production of the pilus structural subunit (pilin) from this meningococcal segment could not be detected by
immunological and coupled in vitro transcription-translation analyses. Nucleotide sequence analysis revealed
the presence in the C114 genome of two variant, tandemly arranged pilin genes (copies 1 and 2). Copies 1 and
2 are partial pilin genes that constitute part of a silent meningococcal pilin gene (pil gene) region, designated
pilS. Both copies are truncated, corresponding to variable domains of the gonococcal pilE gene but lacking
homologous N-terminal coding sequences. Located within sequences surrounding copies 1 and 2 were several
classes of repeated elements that are associated with pil loci in N. gonorrhoeae.

Neisseria meningitidis is a major cause of meningitis
worldwide. Several meningococcal components have been
implicated in pathogenesis, including filamentous protein
appendages, called pili, that can be expressed both in
laboratory culture and during natural infection (26, 32).
Meningococcal pili exhibit interstrain differences with re-
spect to the physical and immunological properties of their
structural subunit, pilin (17, 32, 34). In these and certain
other respects, pilus expression in N. meningitidis and
Neisseria gonorrhoeae is similar. The pili of both organisms
promote attachment to human epithelia, and pilus expres-
sion in each case can be attenuated (an example of pilus
phase variation), or an immunologically novel pilus type can
be elaborated (pilus antigenic variation) (2, 5, 9, 17, 23, 31,
33, 36). Although gonococcal pilus phase variation can be
either reversible or irreversible, it is not known whether the
same applies in N. meningitidis. Indeed, compared with
gonococcal pilus expression, pilus expression in N. menin-
gitidis is generally less well characterized.
Gonococcal pilus phase and antigenic variation are ef-

fected by altering the expression and/or nucleotide sequence
of pilE, the structural gene for pilin (5, 12, 30). Irreversible
pilus phase variation in N. gonorrhoeae results from dele-
tions at the full genomic complement of (one or two) pilE loci
(12, 14, 23). Chromosomal deletions that may be analogous
have also been observed for N. meningitidis in association
with piliated-to-nonpiliated phase transition (17). Reversible
gonococcal pilus phase variation apparently follows partial
pilin gene replacement at pilE, and a similar mechanism may
operate in pilus antigenic variation (30). Both events gener-
ate a new pilE gene whose translation product either is not
assembled into mature pili (resulting in a nonpiliated pheno-
type) or is antigenically variant, endowing pili with new
physical and antigenic properties (5, 15, 30). Gonococcal
pilus antigenic variation has been shown to follow a gene
conversion event involving pilE and at least one of a consid-
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erable repertoire of silent pilin (pilS) gene segments (4, 14,
24).

Despite antigenic diversity, pilin monomers from all pilia-
ted gonococci analyzed to date share a common N-terminal
domain within which is located an invariable epitope recog-
nized by monoclonal antibody SM1 (11, 15, 18, 34). This
epitope has been localized to a position between amino acids
48 and 53 on mature pilin (15). The majority of fresh, piliated
isolates of N. meningitidis possess pili (referred to here as
class I pili) that also react with antibody SM1 (17, 32, 34).
However, a second class of meningococci exists whose
members elaborate SM1-nonreactive pili (referred to as class
II pili) (17, 33, 34). Nevertheless, all meningococcal isolates
tested harbor genomic sequences that are homologous to
gonococcal pilE probes (1, 17).

It is possible that the genomic sequences of class II-
piliated meningococci that are homologous to N. gonor-
rhoeae pilE probes encode the N-terminal domains of their
respective pilins: the N-terminal amino acid sequences of
several meningococcal pilins are conserved with respect to
the analogous domain of gonococcal pilin (26). However, the
N termini of class I and II pilins are immunologically, and
therefore probably structurally, distinct. To investigate this
potential dichotomy, we have characterized pilus expression
in N. meningitidis C114, a class II-piliated meningococcal
isolate (17). This paper reports the cloning and expression
and nucleotide sequence analyses of a pilin gene region of N.
meningitidis C114.

MATERIALS AND METHODS
Bacterial strains and bacteriophages. N. meningitidis C114,

a class II-piliated clinical isolate, has been described in detail
elsewhere (17). Escherichia coli GC1 (12) was used for
preliminary analysis of cloned DNA. Subsequent analysis of
meningococcal sequences was performed with E. coli DH1
[F- recAl hsdRJ7 (rK- MK+) endAl gyrA96 thi-J supE44
X-] (6) and JM103 (for the propagation of bacteriophage M13
and recombinant derivatives) (16) as hosts.

Reagents, enzymes, and isotopes. All chemicals were of
reagent grade or purer. Restriction endonucleases, T4 DNA
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ligase, nuclease BAL 31, calf intestinal alkaline phospha-
tase, and DNA polymerase I (large fragment) were obtained
from Boehringer Mannheim. M13 universal sequencing
primer, [a-35S]dATP (>600 Ci - mmol-F; >22 TBq-
mmoPl), kx-32P]dCTP (approximately 3,000 Ci - mmolh;
110 TBq * mmol-'), [35S]methionine (>800 Ci. mmol-1),
and 1251I-labeled Staphylococcus aureus protein A (>30
mCi. mg-'; >1.1 GBq * mg-1) were supplied by Amer-
sham. Coupled transcription-translation and random hexa-
nucleotide labeling kits were supplied by P&S Biochemicals,
Ltd. Polyclonal antiserum, raised against purified N. menin-
gitidis C114 pili (17), was generously supplied by C. A. Hart.
Medium and growth conditions. Culture conditions for E.

coli were as described by Nicolson et al. (14). N. meningiti-
dis C114 was grown at 37°C for 16 to 20 h on CTA medium
(17) in the presence of 5 to 7% (vol/vol) CO2. The presence
of piliated cells in the resultant lawns was confirmed by
electron microscopy.

Cloning ofN. meningilidispU sequences. Procedures for the
isolation and cloning ofDNA have been described elsewhere
(10, 14, 17). Total genomic DNA from N. meningitidis C114
was partially digested with ClaI. The resulting fragments
were ligated to ClaI-linearized pBR322 DNA (3) that had
subsequently been treated with alkaline phosphatase. Li-
gated DNA molecules were used to transform E. coli GC1 to
ampicillin resistance. E. coli GC1 was chosen as the host in
this experiment, because it has previously been shown to be
proficient in expression ofgonococcal pilin genes on primary
passage (12, 14). Approximately 14,000 ampicillin-resistant,
tetracycline-sensitive transformant colonies were screened
by the colony hybridization method of Hanahan and Mesel-
son (7) for possession ofDNA sequences homologous to the
pilE gene of N. gonorrhoeae P9-2. The 1.2-kilobase (kb)
XbaI-PvuII fragment of recombinant plasmid pLV260 (14)
used as probe contains all but 1 base pair (bp) of the P9-2 pilE
gene (18).

Analysis of cloned N. meningitidis pil sequences. Standard
DNA manipulations used in these analyses have been de-
scribed previously (10, 14, 15). Linear gradient sodium
dodecyl sulfate-polyacrylamide gel electrophoresis, South-
ern hybridization, and Western blotting (immunoblotting)
protocols have been described elsewhere (14). A coupled
transcription-translation system containing [35S]methionine
was used for in vitro analysis of plasmid-encoded proteins by
the procedure of Pratt (20). Labeled polypeptides were
fractionated by linear gradient sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (in a gel containing 10 to
17.5% [wt/vol] acrylamide) and were analyzed autoradiogra-
phically (20).
DNA sequencing. A series of restriction fragments derived

from the 1.3-kb PvuII-ClaI fragment of pLV610 (containing
the cloned meningococcalpil region; Fig. 1) were cloned into
the M13 vectors mpl8 and mpl9 (16). DNA sequences were
determined by the dideoxy chain termination method of
Sanger et al. (21) by the strategy detailed in Fig. 1B. Both
strands were sequenced, including overlaps across all inter-
nal restriction sites. Sequence information was processed
using the DBUTIL computer program of Staden (25) and the
IBM-PC program of Schwindinger and Warner (22).

RESULTS

Cloning and preliminary analysis of an N. meningitidis C114
pU region. A 1.2-kb XbaI-PvuII fragment, containing all but
1 bp of the pilE gene of N. gonorrhoeae P9-2 (14, 18), was
used to identify E. coli transformants that contained N.

meningitidis C114 pil sequences from a meningococcal gene
library constructed in pBR322. Ten positive clones were
obtained in this way, and each possessed a pilE-homologous
recombinant plasmid with a DNA insert of one of three
distinct sizes (data not shown). Four such recombinant
plasmids (designated pLV600, pLV610, pLV620, and
pLV630) included representatives of each size class and
were analyzed by restriction enzyme mapping (Fig. 1A).
Plasmids pLV610 and pLV630 possessed apparently identi-
cal restriction maps. All pilE-homologous recombinant plas-
mids analyzed by restriction mapping possessed a consensus
ClaI fragment of approximately 3.1 kb (Fig. 1A). The orien-
tation of this fragment with respect to pBR322 sequences
was different in pLV620 compared with plasmids pLV600
and pLV610. The relative positions of the three ClaI frag-
ments on the meningococcal insert of pLV620 were deter-
mined by BAL 31 nuclease deletion analysis of XbaI-
linearized pLV620 DNA (data not shown).

Southern hybridization analysis of total DNA that had
been digested with ClaI, with ClaI plus XbaI (Fig. 2), or with
other restriction endonucleases (data not shown) revealed
that the chromosome of strain C114 possessed a single
pilE-homologous locus. The same analyses showed that ClaI
fragments of meningococcal origin that were represented in
recombinant plasmid pLV600 were not contiguous on the
chromosome of strain C114. The arrangement of these ClaI
segments in pLV600 presumably reflects their juxtaposition
in vitro. However, Southern hybridization data were con-
sistent with the observed arrangements of restriction frag-
ments on the meningococcal inserts of plasmids pLV610 and
pLV620. Southern hybridization analysis further indicated
that the unique pilE-homologous ClaI fragment of N. men-
ingitidis C114 was identical or very similar to the consensus
3.1-kb ClaI fragment of plasmids pLV610 (Fig. 2), pLV600,
pLV620, and pLV630 (data not shown). This implied that
pilE-homologous plasmids had not undergone gross rear-
rangements, either in vitro or in E. coli, during isolation and
analysis.

Analysis of expression of cloned N. meningitidis pil genes.
Western analysis using a polyclonal antiserum raised against
purified pili from N. meningitidis C114 (17) suggested that
plasmid pLV610 did not encode an immunoreactive pilin that
was expressed in E. coli GC1 (data not shown) or DH1 (Fig.
3A). The same result was obtained with plasmids pLV600
and pLV620 (data not shown). These findings were con-
firmed by dot-blot analysis of recombinant pil clones with
the same polyclonal antiserum (data not shown). However,
in vitro analysis of proteins encoded by plasmids pLV600,
pLV610, and pLV620 indicated that the transcriptional-
translational machinery of E. coli could function with me-
ningococcal genes as substrates (Fig. 3B). Each recombinant
plasmid programmed synthesis of a protein of about 13.6
kilodaltons that was not encoded by pBR322 (Fig. 3B). It
was therefore likely that the structural gene of this protein
was located on the consensus 3.1-kb meningococcal Clal
fragment. However, no strongly labeled polypeptide corre-
sponded in the apparent M, (17,100) to that of N. meningiti-
dis C114 pilin (Fig. 3B) (17). In analogous in vitro analyses of
cloned N. gonorrhoeae pilE loci, proteins corresponding in
Mr to pilin are strongly labeled (18) and gonococcal pilin is
synthesized in E. coli DH1 in vivo to levels of approximately
1% of the total protein (unpublished data). The presence of
expressed N. meningitidis proteins of 33.3 or 34.7 kilodal-
tons (Fig. 3B) could have represented a pilin dimer that was
not immunoreactive (although neither of these protein spe-
cies had exactly twice the apparent Mr of N. meningitidis
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FIG. 1. (A) Restriction cleavage maps of the sequences derived from N. meningitidis C114 that are represented in recombinant,
pilE-homologous plasmids. The map of plasmid pLV630 is apparently identical to that of pLV61O. Restriction enzyme abbreviations: C, ClaI;
E, EcoRV; Hin, Hindlll; P, PvuII; Sal, SaIGI; X, XbaI. (B) More-detailed restriction map of the sequenced 1.3-kb PvuII-ClaI fragment of
plasmid pLV610. Arrows designate the sequencing strategy and direction used. Additional abbreviations: Al, AluI; Bg, BglI; H, HaeIII; S,
Sau3A1; T, TaqI.
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C114 pilin). N. meningitidis C114 pilin synthesis could,
however, be negatively regulated, possibly in a fashion
analogous to repression of Vibrio cholerae pilin synthesis by
ToxR (13). Such repressor activity, if expressed in E. coli,
could mask the presence of a meningococcal pilE gene in
recombinant clones. Alternatively, the cloned pil region
studied here may be silent in N. meningitidis C114, the class
II pili produced by this strain being encoded by a separate,
nonhomologous pilin gene.

Further localization and sequence analysis of the N. menin-
gitidis C114 pil locus. Recombinant plasmid pLV610, inde-
pendently digested with different combinations of restriction
endonucleases, was subjected to Southern hybridization
analysis using the 1.2-kb XbaI-PvuII fragment containing all
but 1 bp of the pilE gene of N. gonorrhoeae P9-2 (18) as the

FIG. 2. High-stringency Southern hybridization analysis of the
recombinant, pilE-homologous plasmid pLV610 and N. meningitidis
C114 chromosomal DNA. The 1.2-kb XbaI-PvuII fragment of N.
gonorrhoeae P9-2, bearing most of the gonococcal pilE gene, was

used as the probe. Plasmid pLV610 and mneningococcal total DNA
were each digested with ClaI (C) or ClaI plus Xbal (CX). Lane 1, N.
meningitidis C114 total DNA; lane 2, pLV610 DNA. Panels A and B
represent the same gel before (A) and after (B) Southern hybridiza-
tion analysis. Size markers to the left of the gel are in kilobases.
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FIG. 3. Analysis of expression of cloned meningococcal pil
sequences. (A) Western blot analysis of total protein from AN.
meningitidis C114 and E. coli harboring recombinant pLV610. The
polyclonal rabbit antiserum used was prepared against purified pili
from strain C114. Lanes contain total protein from N. meningitidis
C114 (lane 1), E. coli DH1(pLV610) (lane 2), and E. coli
DH1(pBR322) (lane 3). (B) Identification of [355]methionine-labeled
cloned gene products synthesized in vitro. The plasmid DNA
substrates were pBR322 (lane 1), pLV600 (lane 2), pLV610 (lane 3),
and pLV620 (lane 4). Arrows in panels A and B depict the (pre-
dicted) position of native N..meningitidis C114 pilin (17.1 kilodal-
tons). Size markers to the side of each gel are in kilodaltons.

probe (data not shown). In this way, pil sequences were
localized to a 1.15-kb HindIII-ClaI fragment that is resident
upon the meningococcal insert of pLV610 (Fig. 1A). South-
ern hybridization patterns generated by probing restriction
endonuclease fragments of total DNA from N. gonorrhoeae
or N. meningitidis with either the 1.2-kb XbaI-PvulI gono-
coccal pilE fragment or the 1.15-kb HindIII-ClaI fragment of
pLV610 were indistinguishable (data not shown). Since the
chromosome of N. gonorrhoeae contains pilS loci that lack
N-terminal pilin coding sequences (4), this finding suggested
that sequences corresponding to the variable region of the
gonococcal'pilE gene were present on the 1.15-kb HindlIl-
CiaI fragment of pLV610. This possibility was further inves-
tigated by using DNA sequence analysis.
The DNA sequence of the 1.3-kb PvuII-ClaI fragment of

recombinant pLV61O, harboring the cloned pil region of N.
meningitidis C114, is presented in Fig. 4. Comparison of the
meningococcal pil locus with the sequence of the pilE gene
of N. gonorrhoeae P9-2 enabled the identification of two
sections (copies 1 and 2) that were strongly reminiscent of
the gonococcal pilus structural gene (Fig. 5). Each copy
included a coherent open reading frame that comprised a
variant pilin gene copy truncated at its 5' terminus and
lacking coding information corresponding to the putative
SM1-reactive epitope (Fig. 5) (15, 33). Copies 1 (nucleotides
436 through 639; Fig. 4) and 2 (nucleotides 872 through 1138;

1 AGCT CGTTITGAGGC ATTTGACTTCGCCGGACGGTATGTTACCCTi

51 GCCGTTTTAACCAACAAGCAACGAAAGGACAAATATGGGCAGCCTGATA

0ol TTGAAGATTTGCAGGA CGGAAAAGAAGCAGTTAAAGGCAAAGAG

151 ATTACCGTGCATTACACAGGTTGGCTGGAAGACGGCACCAAATC!r TC

201 CAGC:CCGCCGCCAGCCGCTGACCA?CACGCTCGGCGTCGGACAAG
2s1 TCATCAAAGGCTGGGAcGA T AAGGAGGGCGGCAAA

301 CGCAAGCTGACCATCCCTTcGGAAATGGGCTACGGCGCACACGGCGC0GC
3s1 GGCGT C CGCACGCCACTTTGATATTTGAAG R .CTGAi
401 AGTGTACGAATAAAGCTGCCTGGGCAATACCGTCTGACATAATGGCTTCA

451
501

551
601

651

701
751

801

851

901

951

AGCAACGTAAACAAAGAAATCAAAGACAiAAAiCTCT CCTGT G i

GCGTCAAGACGGTTCGGTAAAATGGTTCTGiGGACAGCCGGTTACGCGCA
ACGACACCGCCAAAGACGACACCGTCGCCGCCGACACCGACACCGCCAAG

AAG: iCCAAGCACCTGCCGTCAACCIGCCGCGATGATTCATCTAC
CGG AATCi

GCCGTTACCGAGTATTGCCCGAATCACGGCACATC GAAAAACTTCGT

C CG CAGGcU CTAGGTCTGTCGGCACGGiAACTTATCGG
GTAAAACGGTTTCT TGAGATTTGCG _ CTTTCG

EGACGGGATTTAATGATGC TccGCCTCCGACATCAi
AGGCAAATATGTTGAGAAAGTTGAAGTCAiAAACGGCGTCGTTACCGCCG

AAATGAAATCAAGCGGCGTiAACAAAGAAATCCAAGGCAAAAAACTCTCC

1001 CTGTCGMAGCGTCAAGACGGTTCGGTAAAATGGTTCTGCGGACAGCC
*0O

1051 GGTTGCGCGCAACGACAAAGCCGACACCGACAAAA CACCAAGCACC
1101 TGCCGTCAACCTGCCGCGACGCAGCATCTGCCGATZAAGGCAAATTATAC
1151 CATAAATTTTAAATAAATCAAGCGGTAAATGATTTTCCACCMACTCGG

1201 ATTAATCCGGGTGGCTTCCTTTTTAAAGGTTTGCAAGGCAkAGCGGi-1TCG
1251 TCCGTGGTGGT AGGAAATAAT

FIG. 4. DNA sequence analysis of the 1.3-kb PvuII-ClaI frag-
ment of recombinant pLV61O. The sequence is shown 5' to 3' (left to
right). The putative start positions of two pilin gene segments
(copies 1 and 2) are marked with open arrows labeled 1 and 2,
respectively. The 3'-terminal nucleotide of copy 1 (nucleotide 639) is
indicated (*), and the stop codon terminating copy 2 (nucleotides
1136 through 1138) is underlined. The in-frame cys codons present in
copies 1 and 2 (0) are indicated. The locations of elements similar to
RS1 (E) and RS3 (. ) (4) are marked. Selected restriction sites are
boxed. Numbers refer to the positions of nucieotides in the extreme
left-hand column of each line of sequence. A neat-perfect palin-
drome (bp 1192 through 1215) is marked with closed arrows.

Fig. 4) of the pil locus ofN. meningitidis C114 each exhibited
nucleotide exchanges, as well as insertions and deletions of
whole triplet codons, when compared with the correspond-
ing region of N. gonorrhoeae P9 pilE (Fig. 5). In addition,
each copy harbored two regions that were highly conserved
with respect to the two expressed cys regions of the pilE

FIG. 5. Comparison of copies 1 and 2 of N. meningitidis C114 pilS with the pilE gene of N. gonorrhoeae P9-2 (18). The gonococcal pilE
gene (B) is divided into its constant (Co), semivariable (SV), and hypervariable (HV) domains (5, 18). The pilE-linked SmaI-ClaI repeat (SC)
is also illustrated. The extents of copy 1 (cl) ahd of copy 2 (c2) compared with analogous gonococcal pilE sequences and their relative
positions on the meningococcal pilE-homologous 1.3-kb PvuII-ClaI fragment are indicated (A). The DNA and predicted ainiho acid sequences
of copies 1 and 2, compared with nucleotide and deduced amino acid sequences of part of the gonococcal pilE gene (pE) (18), are shown (C).
Dashes indicate no sequence changes observed in these positions. Codon and predicted amino acid changes are indicated where found.
Parentheses indicate nucleotide deletions. If the DNA sequence change did not result in a different predicted amino acid, only the codon
change is shown. cys codons (0) are iidicated. DNA sequences 3' to copy 2 and pilE (including the SmaI-ClaI repeat) are also included. The
unique BglI site of pilE is boxed. Abbreviations for restriction enzymes are as in the legend to Fig. 1, except for ClaI (Ca). DNA sequences
are shown 5' to 3' (left to right).
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gene of N. gonorrhoeae P9 (Fig. 5) (15). Sequences of both
copies that were located between the two cys region analogs
of each exhibited considerable differences compared with
the corresponding segment of the pilE gene of N. gonor-
rhoeae P9 (Fig. 5). Gonococcal pilus antigenic variants
exhibit alterations of a similar type within analogous DNA
segments of their respective pilE genes (5, 15).

Nucleotide sequences immediately upstream of and bridg-
ing copies 1 and 2 contained stop codons in all three
translational reading frames. We therefore conclude that the
pil locus analyzed here is not expressed in N. meningitidis
C114 and that copies 1 and 2 each form part of a silent (i.e.,
pilS) locus. Unlike copy 1, the 3' terminus of copy 2 was
delineated by a stop codon (TAA) in the correct reading
frame (Fig. 5). The DNA tract separating copies 1 and 2
contained a 40-bp sequence identical at all but three nucle-
otide positions to an RS1 element resident at the pilSi locus
of N. gonorrhoeae MSllms (Fig. 4) (4). In addition, the DNA
segment between copies 1 and 2 contained two sets of
invertedly repeated, RS3-like elements (Fig. 4) (4). Resident
at the pilS locus of N. meningitidis C114 was a DNA
segment bounded by a pseudo SmaI site (5'-TCCGGG-3';
nucleotides 1206 through 1211) at its 5' terminus and a ClaI
site (nucleotides 1273 through 1278) at its 3' terminus (Fig. 4
and 5). This segment shares extensive homology with the
SmaI-ClaI repeat of N. gonorrhoeae (11, 18).
The pilS locus of N. meningitidis C114 did not contain an

arrangement of sequences that conform closely to the E. coli
consensus promoter sequence (8) or indeed to other known
Neisseria promoters, such as those of the opacity protein
(27, 28), pilin (11), or immunoglobulin A protease genes (19).

DISCUSSION

The chromosome of N. meningitidis C114 harbors a silent
locus, pilS, comprising two truncated, tandemly arranged
variant pilin genes. Each pilin gene copy lacks an extensive
fraction of 5' sequence corresponding to coding information
for the N-terminal portion of class I N. meningitidis pilin.
The pilS locus is the only region of the chromosome of N.
meningitidis C114 that possesses sequences bearing exten-
sive homology to the pilE region of N. gonorrhoeae P9.
Nevertheless, this meningococcal strain is piliated, produc-
ing class II pili. This study therefore provides indirect
evidence that the pilE gene of N. meningitidis C114 differs
significantly from that of N. gonorrhoeae and, ipso facto,
class I-piliated meningococci. Presumably, such differences
are also reflected in the primary structures of pilins elabo-
rated by N. meningitidis C114 and N. gonorrhoeae. This is
consistent with previously described, marked physical and
immunochemical differences between gonococcal/meningo-
coccal class I and class II meningococcal pili (17, 26, 33, 34).
Indeed, amino-terminal amino acid sequences of several
bacterial pilins are heterologous compared with analogous
sequences in gonococcal pilin (35). It is as yet unknown,
however, whether any of the pilin genes of such species are
homologous to genomic sequences present in N. meningiti-
dis C114 or other strains elaborating class II pili. We are
currently attempting to clone the expressed C114 pil gene(s)
to enable a direct comparison between the pilin components
of class I and class II pili and between their respective pilE
regions.

Several features of the pilS locus lead us to suppose that it
might have played a role in pilus expression during the
recent evolutionary history of strain C114. First, copies 1
and 2 of this meningococcal pilS locus do not contain

5 |- TTCCTTTTlG AGGTT5TrT -31|
5'- TTCCTTT7tG T c -3'

FIG. 6. Sequence homology between part of the Hin recognition
site of S. typhimurium (the right-hand inverted repeat) (37) and the
pseudo SmaI-Clal repeat of N. meningitidis C114 (nucleotides 1216
through 1236; Fig. 4). The S. typhimurium sequence is shown at the
top. Conserved nucleotides are boxed.

out-of-frame DNA sequence alterations compared with the
pilE locus of N. gonorrhoeae P9. This suggests that copies 1
and 2 have been preserved and that they could have a
function in pilus expression. Each copy may consist of one
or more cartridges of pilin gene information that could
participate in a gene conversion event, resulting in the
expression of (all or part of) either copy. Pilin gene conver-
sion occurs in N. gonorrhoeae MSllms and may involve
repeated elements resident at pilus gene loci (4, 24). Indeed,
the arrangement of copies 1 and 2 on the pilS locus of N.
meningitidis C114 is similar to that of copies 1 and 2 of the N.
gonorrhoeae MSllms pilSi locus, whose involvement in
pilin gene conversion has been demonstrated (4). Second,
several families of repeats that were initially identified in N.
gonorrhoeae (4, 11), notably RS1-, RS3-, and SmaI-ClaI-like
elements, are conserved at the pilS locus of N. meningitidis
C114 (Fig. 4). Interspecific conservation of such elements at
pilin gene loci is possibly an indication of their importance in
pilus expression. The pseudo SmaI-ClaI repeat of N. men-
ingitidis C114 harbors a sequence (bp 1216 through 1236;
Fig. 4) that shares considerable homology both with the
SmaI-ClaI repeat found at pil loci of N. gonorrhoeae (Fig. 5)
(12, 18) and with part of the Hin (inverted repeat right)
recombination site of Salmonella typhimurium (Fig. 6) (37).
This meningococcal sequence is present at the 3' terminus of
a 24-bp near-perfect palindrome that is flanked at its 5' end
by part of a HaeIII site (Fig. 4 and 5) and that might be
involved in the initiation or resolution (or both) of recombi-
nation intermediates during gene conversion. However,
since this arrangement of sequences is absent from the
termini of the invertible H segment of S. typhimurium (37), it
might alternatively represent a dormant transcriptional ter-
mination signal.

It is unclear as yet whether individual isolates of meningo-
cocci can express both class I and class II pili simulta-
neously. In our previous study of 15 isolates, we demon-
strated that strains produced one or other but not both such
pili (17). Nevertheless, class II-piliated isolates obviously
retain part of the sequence information necessary for class I
pilus production. Furthermore, it seems likely that the
underlying genetic mechanisms of pilus phase and antigenic
variation in N. gonorrhoeae and N. meningitidis are related.
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