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Introduction

Campylobacter lari is a thermophilic Campylobacter species that
was first demonstrated to be resistant to nalidixic acid
(nalidixic acid-resistant thermophilic Campylobacter sp.,
NARTC) in 1980.” Five years later, following the first
identification of C. lari, urease-positive thermophilic
campylobacters (UPTC) were isolated from the natural
environment in England.** Since the first description of
UPTC isolates appeared, they have been reported in several
European countries™ and in one Asian country* The
characterisation of UPTC as a variant or a biovar of C. lari has
been put forward.**

The authors have already characterised the genomic DNA
from UPTC isolates from Japan and Northern Ireland by
pulsed-field gel electrophoresis (PFGE) analysis.”"
Furthermore, the generation of a restriction and genetic map
of UPTC may help to direct cloning and sequencing
strategies for this organism.

Therefore, the aim of the current study is to perform
restriction and genetic mapping of UPTC in order to
elucidate the molecular characteristics of the genomic DNA.
In addition, it aims to clone, sequence and characterise some
of the small restriction fragments, hybridised with rrn
operon probes, from the constructed restriction map.

Materials and methods

The UPTC isolate CF89-12 analysed in the present study was
isolated from river water in Japan." Culture, intact genomic
DNA preparation in an agarose block, and PFGE analysis
were carried out, as described previously”" In order to
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ABSTRACT

A restriction and genetic map of urease-positive
thermophilic campylobacter (UPTC) CF89-12 genome
DNA is constructed using a pulsed-field gel electrophoresis
procedure after digestion with Sall and Smal and Southern
blot hybridisation. Each of the six gene fragments (flaA,
8lyA, lysS, recA, sodB and ureAB) selected are mapped in
only a fragment on the restriction map. Three DNA
fragments for rrn operon probes are mapped in multiple
regions on the map. When two Smal-digested
neighbouring small fragments hybridised with rrn probes
are cloned and sequenced, a total sequence length of
7487 bp is determined. In the sequence, part of the pnp
gene (734 bp) bearing a p-independent transcriptional
termination region, a cluster of five tRNA genes including
the putative promoter region, a hypothetical Cj0171-like
507-bp sequence containing an internal termination codon,
and a part of the rrn operon including the putative
promoter region (4700 bp) are identified. The 507 bp
sequence carried both putative transcriptional promoter
sequences, including a ribosome binding site upstream of
the ATG start codon and a characteristic G9 structure, and
a possible p-independent transcriptional termination
region. A hypothetical Cj0170-like 204-bp sequence
containing an internal termination codon also occurred,
overlapping partly with the Cj0171-like sequence. Based on
nucleotide sequence alignment analysis between the
UPTC rrn operon examined here and the previously
reported one, two different 165-23S ribosomal DNA
(rDNA) internal spacer regions are shown to exist.
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Southern blotting.

construct a restriction map, the restriction fragments were
fractionated by PFGE after complete, partial and double
digestions of the genomic DNA of UPTC CF89-12 with
Sall and Smal.

A total of nine housekeeping or representative gene
fragments (the rrn operon, namely, 165 rDNA, 16S-23S
rDNA internal spacer region [ISR], 23S rDNA and, flaA, glyA,
lysS, recA, sodB and ureAB]) selected were mapped on the
PFGE fragments. Hybridisation probes were prepared
according to the procedures described by Sambrook et al.,”
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using DIG-High Prime (Roche Diagnostics, Tokyo, Japan)
following polymerase chain reaction (PCR) amplification of
the genes and fragments, as described elsewhere.""
Southern blot hybridisation for genetic mapping after PFGE
was carried out according to the procedure described by
Sambrook et al.”

The resultant recombinant plasmids containing the
desired fragments were sequenced using the Texas Red-
labelled primer pair of M13. Sequencing of the cloned DNA
was performed in an SQ5500EL Hitachi DNA autosequencer
(Hitachi Electronics, Tokyo, Japan). Sequencing analysis was
carried out using GENETYX-MAC (version 9; Software
Development Co., Tokyo, Japan). Nucleotide sequence data
obtained in the present study are accessible in the
DDBJ/EMBL/GenBank (AB211985).

Results and discussion

Previous PFGE analysis of the genomic DNA of the two
Japanese isolates of UPTC CF89-12 and -14 after digestion
with Sall and Smal demonstrated that Sall cleaved the
genomic DNA from both isolates into six fragments of
approximately 960, 460, 210, 135, 70 and 17 kb, and that Smal
cleaved the DNA into seven fragments of 870, 460, 210, 135,
110, 85, and 20 kb. In addition, a small fragment of
approximately 3.1 kb was observed after digestion with Smal
of the genomic DNA from both isolates on conventional
agarose gel electrophoresis."

In the present study, a restriction and genetic map of the
UPTC CF89-12 genomic DNA was constructed using the
PFGE procedure after complete, partial and double
digestions with the restriction enzymes Sall and Smal and
Southern blot hybridisation (data not shown). Figure 1

shows the restriction map and the resultant genetic map
of the restriction fragments. Each of the six genes selected
(flaA, glyA, lysS, recA, sodB and ureAB) was mapped to only
a fragment of the restriction map (the Sall-5/Smal-7 region
for flaA, recA, sodB and ureAB and the Sall-2/Smal-3 region for
glyA and lysS).

In contrast, three rrn fragments (16S rDNA, 165-23S rDNA
ISR and 23S rDNA) were mapped in multi-fragments on the
map (i.e., Sall-1 Sall-3/Smal-5 Smal-6 region, the Sall-4/Smal-4
region and the Sall-2 Sall-4/Smal-1 Smal-2 Smal-3 region).
Thus, the present study results may provide evidence that
at least the three rrn operons exist in the genome of this
UPTC isolate.

An attempt was made to clone and sequence the two
Smal-digested small fragments, Smal-1 (approximately 3.1 kb)
and a part of Smal-2, both hybridised with rrn operon probes
(16S rDNA, 165-235 rDNA ISR and 23S rDNA) using a
pUC19 vector, in an effort to elucidate the molecular
characteristics of the genetic information in the two small
fragments.

First, the Smal-1 fragment was digested with restriction
enzymes (BamHI, Xbal, Sphl and Sall) and the restriction
map was constructed (Fig. 2A). The resultant fragments were
transformed in Escherichia coli DH5o cells and then
sequenced. Restriction maps were constructed for the
Smal-2 fragment with Pstl (Fig. 2B) and for the Smal-2
(PstI-1) of the 4.4 kb fragment with HindIIl and KpnI (Fig. 2B).
The resultant fragments were transformed in E. coli DH5 o
cells and sequenced.

Consequently, in the present study a total region of
approximately 7.5 kb in length was cloned and sequenced,
comprising the two fragments neighbouring each other of
approximately 3.1 kb for the Smal-1 fragment and 4.4 kb for
the Smal-2 (PstI-1) fragment.

Fig. 1. A restriction and
genetic map of UPTC
CF89-12 genomic DNA
made using the PFGE
procedure after
digestions with Sall and
Smal and Southern

blot hybridisation. After
construction of a
restriction map of
CF89-12, a total of

nine housekeeping or
representative gene
fragments (the rrn
operon [16S rDNA,
16S-23S rDNA ISR, 23S
rDNA and, flaA, glyA,
lysS, recA, sodB and
ureAB]) were mapped
on the PFGE fragments. Sal I
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Fig. 2. Construction of the restriction maps for the Smal-1 fragment with the restriction enzymes, BamH1, Xbal, Sphl
and Sall (A) and for the Smal-2 (Pstl-1) fragment (approximately 4.4 kb fragment) with Hind Il and Kpn | (B).

A)
Smal Xbal Sall Sph 1 BamH 1 Smal
Sma I -1 fragment | | | | |
B)
Smal 4o POl 6.5kb (2) Pt 4 axp(y Smal
Sma [ -2 fragment | | — | |
withPstl !
Hindll =" Hind 1l Hindll  Kpn T
Sma I -2 (Pst I-1) fragment == ’I/— | | | j

A schematic representation of the genetic organisation
that was cloned, sequenced and clarified in a total region of
approximately 7.5 kb of two Smal-digested neighbouring
small fragments is provided in Figure 3.

From the Smal-1 fragment (approximately 3.1 kb), a total
of 3330 bp (nucleotide position [np] 4158-7487) was cloned,
sequenced and identified to contain the 3" end region of 165
rDNA (150 bp), 165-23S rDNA ISR (720 bp) and 23S rDNA
(2460 bp), based on nucleotide sequence alignment analysis.
In addition, from the Smal-2 (PstI-1) fragment
(approximately 4.4 kb), a total of 4157 bp was cloned,
sequenced and identified to contain the 3’ end region of
the polyribonucleotide nucleotidyltransferase (pnp) gene
(734 bp; np 1-734). It exhibited a high nucleotide
sequence similarity to the pnp gene from C. jejuni
(DDBJ/EMBL/GenBank accession No. NC_002163;
AAFK01000006)** and two putative promoter structures
consisting of consensus sequences at the -35 (TTGACA;
np 779-784) and -10 region (CATAAT, np 802-807).

Moreover, the approximate 4.4 kb fragment contained a
five tRNA gene cluster, namely the tRNA™ (np 822-897),
tRNA™ (np 913-988), tRNA*? (np 1008-1084), tRNA™
(np 1087-1162) and tRNA®" genes (np 1169-244). The
present tRNA gene cluster contained non-coding regions of

15 bps between the first tRNA"* and the second tRNA™,
19 tRNA™ tRNA*?, two tRNA** tRNA® and six tRNAY
tRNA®", respectively. Nucleotide sequences of the two
tRNA" genes in the cluster were identical.

The pnp gene also carried a possible p-independent
transcriptional termination region (np 736-768) downstream
of the stop codon UAA (np 732-734). In addition, a 507 bp
sequence (np 1553-2059) with high nucleotide sequence
similarity to the C. jejuni hypothetical protein Cj0171 of
unknown function (NC_002163) and a 16S rDNA sequence
(1513 bp; np 2794-4306), including the putative promoter
sequences, were identified.

Two putative promoter sequences consisting of consensus
sequences at the -35 region (TTAAAC; np 1483-1488) and —10
region (TTGATT, np 1508-1513) and ribosome binding (RB)
site (TGGAGT;, np 1527-1532) exist upstream of the ATG start
codon (np 1553-1555) for the sequence of the hypothetical
Cj0171 with a characteristic G9 structure (5-GGGGGGGGG-3';
np 1560-1568). The 507 bp sequence was also followed by a
possible p-independent transcriptional termination region
(np 2068-2094) downstream of the stop codon UAA
(np 2057-2059).

Surprisingly, however, the 507 bp sequence contained an
internal termination codon UAA (np 1556-1558) following

tRNAASP
tRNAVa tRNALys ISR
Glu
(RNALY (RNA (RNAAR | (RNAT®
Cj0171-like sequence
pnp (Cj0170-like sequence) 16S rDNA 23S tDNA

Fig. 3. Schematic representation of the genetic organisation cloned, sequenced and clarified
in a total length of approximately 7.5 kb of two Smal-digested neighbouring small fragments.
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the start codon (np 1553-1555), which suggests that its
incomplete or pseudogene sequence would be non-
functional. Although a 204 bp sequence (np 1372-1575) with
high nucleotide sequence similarity to the C. jejuni
hypothetical protein Cj0170 of unknown function
(NC_002163), as well as two putative promoter sequences,
TATAAT (np 1314-1319) and TATAAT (np 1335-1340) and RB
site (AGGAGA; np 1362-1367) was identified, the sequence
also contained an internal termination codon UAA (np
1393-1395). An overlap was detected from np 1553 to 1575
between these two sequences.

Thirteen complete repeat units (np 2243-2385) of 11 bp
(5-TTCTTTCTCTA-3") were characteristically identified
between the hypothetical Cj0171-like 507 bp sequence and
the two putative promoter sequences (TTAATA at the
-35 region [np 2626-2631]; TATAGT at the -10 region
[np 2647-2652]) upstream of the 165 rDNA sequences. At
present, however, the function of the repeat units is
unknown. Moreover, a putative box A-like antitermination
element sequence (CTTTTTCTTTGAAGAAA; np 2758-2774)
was also identified.

In relation to the nucleotide sequences of the rrn operon
from UPTC CF89-12, this group has already sequenced and
reported a 2423 bp sequence consisting of the 165 rDNA
(approximately 1500 bp), 165-23S rDNA ISR (720 bp) and 23S
rDNA (190 bp) by a TA cloning and sequencing procedure
(AB066098)." When the present nucleotide sequence of the
full length 165 rDNA (approximately 1510 bp), 165-23S
rDNA ISR (720 bp) and 23S rDNA (2,450) was compared with
those of the previous sequence data described above, it was
demonstrated that the corresponding sequences of 165
rDNA and 23S rDNA regions were almost identical (AB06098
and AB211985). However, nucleotide sequence differences
were found at a total of 15 loci in the 720 bp sequences of the

165-23S rDNA ISR between the present and previous
sequence data (Fig. 4), indicating two ISRs from the two
distinctly different rrn operons.

In the present study, an entire five tRNA gene cluster
operon was isolated. However, an expression study is
required in order to clarify whether or not the operon is
functional in UPTC cells.

In relation to the 507 bp and alternative 204 bp sequences
with high sequence similarity to Cj0171 and Cj0170,
respectively, this is the second demonstration of the
incomplete or pseudegene sequences that contain an
internal termination codon in a Japanese UPTC isolate
CF89-12, following the first flaA-like sequences described
previously.”

In light of these findings, more incomplete or pseudogene
sequences may be identified in the UPTC genome, as
described already in other campylobacters.”*
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700 bp sequences downstream of the CCTCCT sequence (np 4301-4306 for the present ISR and np 1501-1506 for the previous ISR) are
shown. Numbers at the left refer to the np of the sequences. Positions identical in both sequences are marked by asterisks.
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