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Summary

The genus Campylobacter is a gram-negative spiral and rod
bacterial organism and a pathogen of human and animals, and
causes campylobacteriosis as zoonosis. Campylobacter has been
the most common cause of food poisoning in Japan and the United
Kingdom for more than these ten years. Campyobacter jejuni, C.
coli and C. lari are known as pathogens for the campylo-
bacteriosis. However, no animal models were established to
clarify the mechanisms of campylobacteriosis, and any
pathogenic factors still remain unclear.

In 1985, urease—positive thermophilic Campylobacter (UPTC)
organisms were isolated in England and classified into biovar
or variant of C. lari. Urease-negative (UN) C.nlari and UPTC,
two major taxa in the C. lari species, were isoclated from the
natural environment and clinical specimens all over the world
infrequently. Although more than 100 clinical isolates of C.

lari are identified as the author is aware, only four UPTC



clinical isolates are reported. Hence, an association of UPTC
with any human diseases still remains unclear.

Therefore, in this study, molecular identification and
characterization of virulence genes candidates in C. lari were
performed and comparative analyses of those were also carried
out between UNC. lari and UPTC, major two taxa of C .lari.
Cytolethal distending toxin (cdt), P450 involved in an oxidative
reaction and UPTC urease were chosen for molecular and
comparative analyses of these operon and their adjacent loci.
Construction of the recombinant full-length and several
deletion variants of urease gene operon from the UPTC CF89-12
isolate and their expressions of these recombinants were carried
out in Escherichia coli cells.

In the present study, firstly, molecular and comparative
analyses of the full-length cytolethal distending toxin (cdt)
gene operon and its adjacent genetic loci [2.7-9.4 kilo base

pairs (kbp) in length] were carried out with 12 UPTC isolates



by using several PCR primer pairs. Three putative open reading
frames (ORFs) for cdtA, cdtB and cdtC, two putative promoters
and a hypothetically intrinsic p-independent transcription

terminator were identified within all the operons of the 12 UPTC
isolates examined. Although the number of amino acid residues
slightly varied within the putative cdtA and cdtC ORFs among
the isolates, those in the cdtB were identical among all the
UPTC isolates, as»well as the six UNC. lari examined previously.
Regarding the cdt genes in UPTC CF89-12, each ORF commenced with
an.ATé start codon and terminated with a TAG stop codon for cdtA
and cdtB and a TAA for cdtC. Start and stop codons of the three
ORFs for the other 11 UPTC isolates were also identified. Two
putative promoter structures, consisting of sequences at the
-35-1ike (TTAATA) and -10-like (TATTAA) regions, as well as the
start codon (ATG), were identified for the transcriptional

promoter, immediately upstream of the cdtA gene in all the 12

isolates. Although the genetic heterogeneity of the cdtB gene



locus occurred in all 28 C. lari isolates (n = 16 UNC. lari;
n = 12 UPTC) examined, DNase I -specific all nine amino acid
residues were completely conserved in all their cdtB genes.
Variable genes insertions with heterogeneous order and
combinations occurred between cdtC and IpxB genes in all the
UPTC organisms examined.

Then, in the present study, two sets of PCR primers are
constructed to clone the cytochrome P450 structural gene
including putative promoter and terminator structures and its
adjacént genetic loci in Campylobacter lari isolates. The
putative ORFs of the P450 genes from 11 C. lari isolates (n=5
for UNC. lari; n=6 UPTC) examined consisted of 1,365 or 1,371
bases (455 or 457 amino acid residues), differing from those
of the other thermophilic campylobacters [1,359 (453) for C.
jejuni and C. upsaliensis; 1,368 (456) for C. coli]. Each of
the putative ORFs from all the 11 isoclates examined was also

shown to carry start and stop codons and ribosome binding sites.



Two putative promoter structures, consisting of sequences at
the -35-1ike and -10-1ike regions were also identified upstream
of the ORFs, respectively. A single copy of the P450 gene in
the genome DNA was identified with UNC. lari JCM2530" and UPTC
CF89-12, respectively, based on Southern blot hybridization
analysis. In addition, when reverse transcription (RT) - PCR
analyses were carried out, the transcription of the P450
structural gene in C. lari organisms in vivo was confirmed. The
transcription initiation site for the gene was also determined
by a pfimer extension analysis. High nucleotide sequence
identities (95.2-98.8%) of the full-length P450 structural
genes were shown with each of the 12 C. lari isolates including
C. lari RM2100 strain. In addition, UNC. lari and UPTC organisms
showed similar findings with the neighbour~joining method,
based on the nucleotide sequence information of the P450
structural gene.

Finally, we constructed in vitro recombinant full-length



urease gene operon molecule from the UPTC CF89-12 isolate and
expressed the recombinant urease gene in E. coli cells. We also
constructed in vitro several deletion recombinant variants of
urease subunits genes and expressed and characterized those in
E. coli cells. A positive urease reaction with the log-phase
cultured E. coli JM109 cells transformed with pGEM-T vector
carrying the recombinant full-length UPTC urease gene operon
ywasdetectedbe%hwiththeisopropyl—B—D—thiogalactopyranoside
(IPTG). In addition, among several large deletion recombinant
varianfs of UPTC urease subunits genes, uredA-, ureB-, urekE-,
ureF-, ureG-, and ureH- deficient, only ureE-deletion variant
showed a positive urease reaction, acceleratedly (15 folds).
In addition, a complete ureEdeletion (100%) recombinant variant
was also identified to show a positive reaction of urease,

acceleratedly (18 folds). These urease positive reactions were
depend on the recombinant E. colicells cultured in L Broth medium

containing the NiCl,; (750 uM).



In addition, urease subunits A and B were immunologically
identified by western blot analysis with polyclonal rabbit
anti-urease o (A) and B (B) raised against Helicobacter pylori.
These results suggest that no UreE subunit require for the UPTC
urease activity and UreE may work negatively in the physiological
condition.

Thu;, in the present study, three pathogenic genes candidates
for C. lari were molecular identified, and characterized. When
these pathogenic genes candidates were compared between C. lari
organisﬁs including UNC. lari and UPTC and C. jejuni organisms,
75.9-77.2% similarities of P450 amino acid sequences were shown
to each other. However, 52.1-60.9% similarities of cdtA amino
acid sequences, 66.4-68.7% of cdtB and 50.8-67.2% of cdtC were
shown.Thus,relativelygeneticheterogeneitiesjjlcth&nmicdtC
were identified. This may be consistent with the results of the
CDT effect on Hela cells described from our laboratory, most

recently.



In conclusion, cdt and P450 genes as virulence genes candidates
were analyzed in detail in molecular level and appeared many
new knowledge. In addition, several deletion recombinant
variants of urease subunits gene were constructed and especially,

a new function of UreE subunit appeared to be demonstrated.
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base pairs (kbp)] DBy FHEMT 24D in silico T ¥ A L7 PCR B
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Abstract

Recombinant molecule of full-length urease gene operon was
constructed in vitro from the Japanese urease-positive
thermophilic Campylobacter (UPTC) CF89-12 isolate and expressed
in Escherichia coli cells. Several large deletion recombinant
variants of urease subunits genes were also constructed and
expressed in E. coli cells. A positive urease reaction with the
log-phase cultured E. coli JM109 cells in the NiCl, containing
medium transformed with pGEM-T vector carrying the recombinant
molecule of the full-length operon was detected with
isopropyl-pB-D-thiogalactoside. Among the several deletion
recombinant variants, each ureA-, ureB-, urek-, urefF-, ureG-
and ureH- large deficient, only ureE- large deletion variant
(63% deficient) showed a positive urease reaction
(approximately 15-fold). In addition, a ureE-complete deletion
recombinant variant (100% deficient) constructed also showed
a positive reaction of urease (approximately 18-fold). In
addition, recombinant urease subunits, A and B, were
immunologically identified by western Dblot analysis with

anti-urease o (A) and f (B) raised against Helicobacter pylori.
Keywords: construction, expression and characterization,

recombinant urease genes, recombinant variants,

urease-positive thermophilic Campylobacter
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Introduction

Campylobacter lari was first recognized as a nalidixic
acid-resistant thermophilic Campylobacter (Skirrow and
Benjamin 1980). In 1985, an atypical and unusual organism of
urease-positive and nalidixic acid-sensitive thermophilic
Campylobacter (UPTC) was isolated from the natural environment
in England (Bolton et al. 1985). Thereafter, the
characterization of UPTC as a variant or biovar of C. lari has
been described (Mégraud et al. 1988; Owen et al. 1988). After
the original description of UPTC had appeared, isolates of UPTC
have been reported in France (Mégraud et al. 1988; Bézian et
al. 1990), Northern Ireland (Wilson and Moore 1996; Kaneko et
al.1999;Mooreetal.2002;Matsudaetal.2003),TheNetherlands
(Endtz et al. 1997), England (Fitzgerald et al. 1998), Japan
(Matsuda et al. 1996; Matsudavet al. 2002), and more recently,
Sweden (Waldenstrdm et al. 2007).

Many species of bacteria produce urease (urea
amidohydrolase; EC3.5.1.5), a nickel-containing metalloenzyme
that hydrolyzes urea to ammonia and carbamate (Mobley and
Hausinger 1989). This organism, UPTC, is an atypical taxon with
genus Campylobacter which produces urease (Matsuda and Moore
2004), as well as C. sputorum biovar paraureolyticus (On et al.
1998). Most recently, a reclassification of Bacteroides
ureolyticus as Campylobacter ureolyticus com. nov., the third
taxon of urease-producing Campylobacter, was also described
(Vandamme et al. 2010; Bullman et al. 2011).

We have already demonstrated cloning, sequencing and
characterization of a urease gene operon consisting of two

putative promoter structures, at the -35- and -10- like regions,
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six closely spaced and putative open reading frames (ORFs) of
two structural (ureA and ureB) and four accessory (ureE, ureF,
ureG and ureH) genes, probable ribosome-binding sites (RBSs)
for each ORFs and a putative p-independent transcriptional
terminator region from a genomic DNA library constructed with
the Japanese UPTC CF89-12 isolate cells (Kakinuma et al. 2007).
This urease gene operon was approximately 5.1-kilo base pairs
(kbp) in length and showed high nucleotide sequence identities
to those of some Helicobacter organisms (Kakinuma et al 2007).
In addition, most recently, we have also described molecular
analysis and characterization of a urease gene operon from C.
sputorum biovar paraureolyticus (Kakinuma et al. 2011).

However, we have never attempted to construct in vitro
approximately 5.1-kbp recombinant DNA molecule which can
express catalytically active urease enzyme in Escherichia coli
by amplifying the urease gene operon from the UPTC CF89-12
isolate until now.

Therefore, the aim of the present study was to construct in
vitro recombinant molecule of the UPTC CF89-12 full-length
urease gene operon and to express the recombinant ureasemolecule
in E. coli cells. Then, we also aimed to construct in vitro
several deletion recombinant variants of urease subunits genes
and to express and characterize those in E. coli cells, in order
to clarify the roles of the accessory genes products in the UPTC

urease activation.
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Materials and methods
Bacterial isolate and its culture condition

The Japanese isolate, UPTC CF89-12 (Matsuda et al. 1996),
was used in the present study. The cells were cultured as

described already (Nakanishi et al. 2010ab).
PCR amplification of the UPTC urease gene cluster

For the amplification of approximately 5.1-kbp urease gene
operon from UPTC CF89-12 consisting of the promoter region and
six urease genes, np 389 through 5,396 bp (AB201709), we designed
a PCR primer pair for UPTC ureP-f [5/-AAGACTATGAAACTGAATTA-3’,
nucleotide position (np) 389-408 bp]l and ureH-r
(5/ ~-TTATAATCCTTAGTTTGTT-3’; np 5,396-5,378 (Fig. 1). PCR
amplification and its product purification were carried out,
as described by Sambrook and Russell (2001) (Sambrook and Russell
2001) . TA cloning of the amplified urease gene operon using the
pGEM-T vector and E. coli JM109 cells was also carried out, as
described by Sambrook and Russell (2001) (Sambrook and Russell
2011).

In the present study, we also attempted.to;construct several
large deletion recombinant variants of UPTC urease subunits
genes by using their specific PCR primer pairs and inverse
(I)-PCR procedures with TA cloned full-length UPTC urease gene
operon. The primer pairs shown in Figure 1 for the I-PCR were
designed based on the nucleotide sequence data of approximately

5.1-kbp full-length urease gene operon from the UPTC CF89-12
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isolate (DDBJ/EMBL/GenBank accession number AB201709).

The PCR mixture contained 1 x iProof HF buffer, 200 uM each
dNTP, 0.5uM each primer, a total of 1 unit iProof DNA polymerase
(Bio-Rad Laboratories, Tokyo, Japan) and 100 ng template DNA.
The PCR reaction was performed in 50 uL reaction volumes at 98°C
for 30 sec, with 35 cycle at 98°C for 5 sec, 50°C for 10 sec,
and 72°C for 10 sec to 3 min, followed by a final extension at
72°C for 5 min.

Bmplified PCR products were separated by 0.7% (w/v) agarose
gel electrophoresis in 0.5x TBE at 100 V and detected by staining
with ethidium bromide. The PCR products amplified by the newly
constructed primer pairs for the urease gene operon were purified
by using a QIAEXII gel extraction kit (Qiagen, Tokyo, Japan).
The purified amplicons were then subjected to cycle sequencing
with BigDye Terminator (Applied Biosystems, Tokyo, Japan), with
the PCR primers or the I-PCR primers and other sequence primers
constructed by primer walking procedures, if necessary. The
reaction products were separated and detected on an ABI 310

genetic analyzer (Applied Biosystems).

Urease activity measurement of recombinant UPTC urease gene

operon

Urease activities of recombinant molecule of the
full-length UPTC urease dgene operon and several deletion
recombinant variants of urease subunits genes (each ureld-, ureB-,
ureE-, ureF-, ureG- and ureH-large deficient) constructed in
vitro were determined, with log-phase cultured E. coli JM109

cells, transformed with pGEM-T vector carrying the TA cloned
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full-length UPTC urease gene cluster and deletion recombinant
variants with isopropyl-f-D-thiogalactoside (IPTG) (0.1 mM) and
without IPTG. Recombinant E. coli JM109 cslls were cultured in
L Broth medium containing 750 uM of NiCl, at 37°C (Hu and Mobley
1993).

The E. coli cells containing the recombinant UPTC urease
gene operon were pelleted by centrifugation (7,000x g) at 4°C
for 20 min. The cells were washed with PBS and resuspended in
the same buffer. After the cells were disrupted by sonication,
cell lysates extracts were collected by centrifugation at
27,000x g for 30 min at 4°C. Protein concentration determination
of the extracts was conducted by using the DC Protein Assay Kit
(Bio-Rad Laboratories). Quantitive detection of urease activity
was achieved by using the indophenol method (umole/min/mg
protein) (Huizenga and Gips 1982) following the urease reaction
of the freshly extract (4 ug) by adding to the 50 mM urea in
PBS at 37°C for 4 h.

Sodium dodecyl sulfate (SDS) -polyacrylamide gel

electrophoresis (PAGE) and western blotting

Soluble extracts were analyzed by the polyacrylamide gel
electrophoresis (PAGE) on amini-slab gel, comprising a 1% (w/v)
SDS -12% (w/v) PAG with Tris-glycine buffer at 24 mA for 2 h.
Proteins were transferred to a PVDF membrane, Immobilon™
(Millipore Corp. MA, USA), at 90 V for 2 h with cooling. The
PVDF membrane was then blocked with 5% (w/v) non-fat dry milk
in basis buffer, as described by Sambrook and Russell (2001)

(Sambrook and Russell 2001), at room temperature for 30 min.

34



The membrane was then examined for reactivity with rabbit
polyclonal anti-Helicobacter pylori urease o (A) and B (B)
subunits antibodies (Santa Cruz Biotech Inc. CA, USA) diluted
in 0.5% (v/v) with blocking buffer at 4°C overnight.
Immunoreactants were then detected by using the ECL Western
Blotting Detection System with horseradish peroxidase-labeled

secondary antibody (GE Healthcare Life Sci, Tokyo, Japan).
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Results

Construction of in vitro recombinant molecule of full-length

urease gene operon from the UPTC CF89-12 and its expression

In the present study, the authors first constructed in vitro
recombinant molecule of full-length urease gene operon from the
UPTC CF89-12 isolate represented schematically in Figure 1 and
expressed the recombinant urease in the E. coli JM109 cells.
As shown in Figure 2B, the recombinant UPTC urease genes
including full-length two structural (ured and ureB) and four
accessory (ureE, ureF, ureG and ureH) genes were expressed
catalytically'active urease in E. coli, E. coli cell lysate with
recombinant urease gene in Figure 2B.

Thus, urease enzyme activity of the recombinant full-length
molecule of UPTC CF89~12 isolate urease gene operon was detected
with the transformed and log-phase cultured E. coli JM108 cells
by using the indophenol method. However, no activity was detected
with the cultured E. coli JM109 not carrying the recombinant
urease gene operon analyzed as a negative control, E. coli cell

lysate without recombinant urease gene in Figure 2B.

Construction of large deletion variants of UPTC CF89-12 urease

subunits genes and their expression

In addition, we constructed large deletion variants of UPTC
CF89-12 urease subunits genes, as schematically shown in Figure
2A. The details of the large deletion were shown in Table 1.

Consequently, among seven large deletion variants of UPTC
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CF89-12 urease subunits genes, urelA-(ARA), ureB- (AB), ureE- (AE),
urefF- (AF), ureG- (AG), and ureH- (AH) and ureE-H- (AE-H) deficient
recombinant variants represented schematically in Figures 2A
and summarized in Table 1, only the ureE-deficient recombinant
variant (remaining amino acid residues of the positions 1 to
43 and 142 to 155, namely from amino acid position of 44 to 141
deleted Urek, 63% deficient ; 98 amino acids residues deletion
out of the UreE 155 amino acids of the full-length; Table 1),
showed a change in the colour of the assay to red judged as a
positive reaction for urease with IPTG. Moreover, surprisingly,
the urease activity in the urefE 63% deficient recombinant variant
fraction was accelerated more than 10-fold in the recombinant
full—léngth UPTC urease gene operon 1in E. coli cells.
Interestingly, this urease activity value is almost equivalent
to that in the UPTC CF89-12 cell lysate (Figure 2B). Regarding
the 7th large deletion variant, AE-H, shown in Figure 2 and Table
1, the variant would generate a partial UreE (aar 1-43) and
partial UreH (aar 162-250) fusion protein, which lacks the
partial UreE (aar 44-155), complete UreF (aar 1-223), complete
UreG (aar 1-199) and partial UreH (aar 1-161).

Urease genes recombinant variants containing 100% deletion of

the UPTC ureE subunit gene

In Figure 3, deduced amino acid sequence alignment analysis
of the putative ORFs of the full-length and large deletion
recombinant variant of the UPTC ureF (63% deletion) was carried
out. Since, in the present study, urease enzyme activity of the

urel deletion recombinant variant (63% deficient of the full
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length UreE subunit) showed an accelerated urease activity to
approximately 15-fold (Figure 2B), it is very interesting if
within the urease genes recombinant variant containing 100%
deletion of the UPTC UreE subunit gene, the urease activity is
detected or not. Then, the authors constructed a 100% urek
complete deletion variant (155 amino acid residues deficient)
of the UPTC CF89-12 full-length urease genes operon and examined
the urease enzyme activity. The urease activity in the 100% ureE
deletion recombinant variant constructed also showed a positive
acceleration (approximately 18-fold), similarly in that of the
63% ureEdeletion variant described above (Table 2). In addition,
we constructed both 100% ureE and ureG deletion recombinant
variant. When the recombinant variant was subjected to examine

its urease activity, no activity was detected (Table 2).

Effects of NiCl, on the urease activity

Effect of NiCl, (750 uM) in the E. coli culture medium on
the urease activity of the full-length recombinant UPTC urease
gene operon and the recombinant UPTC urease gene variants of
the large ureE deletion (63% segment deficient) and 100% urek
deletion were examined. Urease activity was positively affected
by NiCl, as shown in Table 3. Consequently, the recombinant
molecule of full-length urease gene operon and a recombinant
variant containing large deletion of the ureE subunit from the
UPTC CF89-12 showed a positive urease activities when cultured

in the medium only containing the NiCl,.

Western blot analysis
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As shown in Figure 4, no A and B subunits in the large
deletion variants of UPTC CF89-12 urease genes ured (AA) and
ureB (AB) were identified immunoreactively by the anti-H. pylori
urease o(A) and B(B) subunits antibodies, respectively. In
addition, anti-H. pylori urease of{(A) and p(B) subunits
antibodies identified immunoreactive bands at approximately 59
kDa and 26 kDa, respectively in the UPTC cells (CF89-12) and
E. coli JM109 cells transformed with pGEM-T vector ligating the
recombinant full-length UPTC urease gene operon of about 5.1
kbp (WT), and the five ureE (AE) - , ureF (AF) - , ureG (AG)
- , ureH (AH) - and ureE-H (AE-H) - large deficient recombinant
varianfs. However, no band was identified for E. coli JM109

transformed with pGEM-T vector only (T-v in Figure 4).
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Discussion

This is the first demonstration of the construction,
expression and characterization of the recombinant molecule of
full-length UPTC urease gene operon from the UPTC CF89-12 isolate
with transformed and log-phage cultured E. coli JM109 cells.

In the present study, the recombinant full-length UPTC urease
gernies cluster, two structural ured and ureB, four accessory urek,
ureF, ureG and ureH genes constructed, and promoters structures,
was 1identified to express a urease enzyme activity in the
transformed and log-phase E. colicells. As described previously
(Kakinuma et al. 2007), some accessory genes, such as urel other
than the four ureE, ureF, ureG and ureH(D) dJenes, were
undeteétable in the UPTC CF89-12 urease genes cluster operon.
In addition, only the ureE-deficient recombinant large deletion
variant showed a urease-positive reaction.

Regarding the ureE from the UPTC, the previous sequence
analysis indicated that the putative ureE ORF was identified
to be 465 nucleotide sequence and it was predicted to encode
155 amino acid residues with the calculated molecular weight
(CMW) of 18,586 (Kakinuma et al. 2007). Regarding the deduced
amino acid sequence identities of the six ORFs of UPTC CF89-12
urease genes to those of H. hepaticus, H. pylori, H. heilmannii
and H. mustelae (for the latter two, ured and ureB only), the
three accessory genes of ureE, ureF and ureH were
characteristically demonstrated to give relatively lower
identities (57.8 - 70.9%) among the three organisms, UPTC, H.
hepaticus and H. pylori, when compared with the other three genes
(Kakinuma et al. 2007). When, in addition, a neighbour-joining

tree was constructed based on the complete nucleotide sequence
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information of UPTC CF89-12 and both the urease structural and
accessory gene sequences accessible in DDBJ/EMBL/GenBank, UPTC
formed a cluster together with H. pylori and H. hepaticus,
separating from the other urease-producing bacteria (Kakinuma
et al. 2007).

In Klebsiella aerogenes, extensive biochemical studies
showed that three accessory subunits, UreD, UreF and UreG are
required in vivo for the assembly of the nickel metallocenter
in the urease (Moncrief and Hausinger 1996). UreE was shown to
be a metallochaperone that delivers nickel to urease (Colpas
et al. 1999). The K. aerogenes UreE contains a histidine-rich
carboxyl terminus sequence in which 10 of the last 15 residues
are hiétidine (Lee et al. 1993), and is able to bind five to
six Ni®* ions per dimmer (Colpas et al. 1999; Lee et al. 1999).
Although the histidine-rich motif has been thought to be
essential to UreE function, not all UreE peptides possess a
histidine~rich region (Moncrief and Hausinger 1997).

In the present study, the UPTC urease accessory ureE gene
and its deduced amino acid sequence of the putative ORF sequenced
and analyzed lacked the histidine-rich carboxyl terminus
(Figure 3).

Thus, some bacterial UreEs did not possess a histidine~rich
region. Regarding the ureE gene of H. pylori, the ureE did not
contain a histidine-rich motif; however, 1its presence
(geneticallymodified histidine-rich versions of UreE) resulted
in a significant increase of urease activity (Benoit and Maier
2003; Maier et al. 2007; Shi et al. 2010). In addition, recently,
Bellucci et al. (2009) described the metal-binding properties

of the H. pylori UreE and its interaction with the related

41



accessory subunit UreG, a GTPase involved in the assembly of
the urease active site (Bellucci et al. 2009). An alternative
possible physiological role for UreE of K. aerogenes was
suggested by the observation that the GTP concentration needed
for optimal activation of urease in vitro is greatly reduced
in the presence of UreE as compared with that required in its
absence (Soriano et al. 2000).

In the present study, two kinds of ureE deletion recombinant
variants, both approximately 63% deficient and 100% deficient
variants showed accelerated urease activity to approximately
10-fold activity. In addition, a ureE and ureG deletion
recombinant variant showed no urease activity (Table 2). Thus,
the présent study revealed that the three (ureF, G and H) of
the four accessory genes within the urease gene operon of the
UPTC CF89-12 may possibly be necessary for the expression of
the urease. Whereas the UreE may possibly regulate the activity
with the physiological and modulate level in the cells, long
or complete urek deletion recombinant variants of the gene may
accelerate the urease activity without possible regulation.

In addition, regarding the report by Bellucci et al.
(Bellucci et al. 2009), the results were discussed in relation
to availlable evidence of a UreE-UreG functional interaction in
vivo (Bellucci et al. 2009). In our present study on the
Campylobacter UPTC urease, two ureE deletion recombinant
variants accelerated the urease activity to approximately
10-fold as compared with a recombinant full-length urease gene
operon, but both the ureE and ureG deletion recombinant variant
generated no urease enzyme activity. Thus, in the UPTC CF89-12

cells, no UreE-UreG functional interaction may exist.
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This is the first report of the construction, expression and
characterization of a full-length recombinant urease gene
operon and several large deletion recombinant variants of urease
subunits genes from UPTC organism. In the present study, the
target DNA was transformed into the E. coli cell by employing
the pGEM~T vector, and the urease gene operon (approximately
5.1-kbp) containing the promoter region and its UPTC urease
activity was detected in the E. coli cells. It remains uncertain,
at present, as to which promoter in the urease gene operon or
in the PGEM-T vector was responsible. In addition to the
expression of the urease activity in the E. coli cells harbouring
the recombinant UPTC operon, urease subunits A and B encoded
on ureA and ureB, respectively, were also confirmed
immunologically by western blot analysis with anti-urease o (A)
and B (B) raised against H. pylori. This result strongly suggests
that these subunits are immunologically reactive within UPTC

and H. pylori to each other.
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Table 1. Details of the large deletion recombinant variants of UPTC CF89-12 urease subunit genes

Large deletion recombinant variant Deletion Note (mutation and so on)

Nucleotide position aar position % deletion (remaining

(AB201709) aar/putative ORF aar)

ureA-deletion variant (AA) 603 ... 1025 41 ... 181 63%(82/223)
ureB-deletion variant (AB) 1348 ... 2754 67 ... 535 83%(96/565)
ureE-deletion variant (AE) 2977 ... 3270 44 ... 141 63%(57/155) T3273C
ureF-deletion variant (AF) 3369 ... 3905 18 ... 196 81%(43/223) T3368A
ureG-deletion variant (AG) 4084 ... 4551 30 ... 185 78%(43/199) A4554G  T4083C
wreH-deletion variant (AH) 4670 ... 5080 25 ... 16l 55%(113/250)
ureE,F,G,H-deletion variant (AE-H) 2977 ... 5080 UreE 44 ... UreH 161 16%(132/827) ureE 1-43 and ureH 162-250 remaining

50

aar, amino acid residues



Table 2. Urease activities in the 100% wreE and 100% wureE-G deletion recombinant variants of the UPTC
CF89-12 full-length urease gene operon

Deletion recombinat variant Kmol/min/mg protein % activity of full-length
wild type recombinant

E. colicell lysate without urease gene 0.004 5.7

E. coli cell lysate with full-length urease gene operon 0.070 100

E. colicell lysate with urease gene (63%AE) 1.176 1,680

E. colicell lysate with urease gene (100%AG, E) 0.003 4.3

E. coli cell lysate with urease gene (100%AG) 0.002 2.9

E. colicell lysate with urease gene (100%AE) 1.258 1,797
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Table 3. Effects of NiCl, on the urease activity in the large ure£ deletion recombinant variant and full-length urease gene operon
of the UPTC CF89-12

Deletion recombinant variant umol/min/mg protein % of wild type
E. colicell (grown in LB without NiClo) lysate without urease gene 0.001 4.8

E. colicell (grown in LB without NiCly) lysate with urease gene 0.000 0

E. colicell (grown in LB without NiCly) lysate with urease gene (AE) 0.001 4.8

E. colicell [grown in LB containing NiCl, (750 pM)] lysate without urease gene 0.002 9.5

E. colicell [grown in LB containing NiCl, (750 pM)] lysate with urease gene ; 0.021 100

E. colicell [grown in LB containing NiCl (750 uM)] lysate with urease gene (AE) 0.469 2,233
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Legends to Figures

Fig.

Fig.

Fig.

Fig.

1 Schematic representations of the genetic organization
of the urease gene operon from UPTC CF89-12 isolate and
the primer sites for the amplification of the operon (A),
and primers (B).

2 Schematic representations of the genetic organization
of the recombinant full-length urease gene operon molecule
from the UPTC CF89-12 isolate and several urease subunits
genes as large deletion recombinant variants (A). Urease
activity determination was also carried out by using the
indophenol method (Huizenga and Gips 1982) (B). AA, AB,
AE, AE-H, AG andAH show the deficient regions schematically
within the urease subunits genes large deletion
recombinant variants (A).

3 Deduced amino acid sequence aligment analysis of the
putative ORFs of the full-length UPTC ureE (ClUreE) and
UPTC ureE large deletion (63%) variants (ClUreEld), as well
as the putative ORFs of the full-length urease gene urekE
from H. pylori ATCC43504 (HpUreE), K. aerogenes (KaUreE)
and B. pasteurii (BpUreE).

4 Western blot analysis of the UPTC urease in the UPTC

CF89-12 cells and the recombinant UPTC urease in E. coli

" cells using polyclonal anti-H. pylori urease o(A) and {3 (B)

subunits antibodies. T~v, cell lysate of E.coli JM109 cells
transformed with pGEM-T vector only; WT, cell lysate of
E. coli JM109 cells transformed with pGEM-T vector ligating
the recombinant full-length UPTC CF89-12 wurease gene
operon; AA~AE-H, cell'lysates of E. coli JM109 cells

transformed with pGEM-T vector ligating large deletion
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variants of UPTC CF89-12 urease subunits genes; CF89-12,
UPTC CF89-12 cell lysate; 299, UN C. lari 299 cells lysate.
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A)

= UreA ureB urek ureF ureG ureH
delta_ureH_F
ureP_f delta_ureA_F delta_ureB_F delta_ureE_F  delta_ureF_F delta_ureG_F
> < > < >« »< > « >« > <
delta_ureA_R delta_ureB_R delta_ureE_R delta_ureG_R delta_ureH_R ureH_r
delta_ureF_R
wV Primer Nucleotide sequence (5'-»3) Nucleotide position
ureP-f AAGACTATGAAACTGAATTA 389...408
ureH-r TATAATCCTTAGTTTIGTT 5378...5396
ure_lac_F_Sacll AACAACCGCGGACAGGAAACAGCTATGACC
ure_lac_R_Apal TTGGAGGGCCCGCTTGAGTATTCTATAGTG
delta_ureA_F GAATGTACAGTAAGTTTAATAGAATTTGG 1020...1048
delta_ureA_R TTCTGTACATATATAAGCTAAAGCTTC 582...608
delta_ureB_F AGAAGTGGATCCACAAACTTATGAAGTA 2746...2773
delta_ureB_R ACTGGATCCGGAAAGTCTCCCTCACTC 1327...1353
delta_ureE_F GATATGGCTAGCTTTATCCAAGTTGATCC 3262...3290
delta_ureE_R TTTTGCTAGCGACATCTAGTCCTTTTAAAGTCG  2951...2983
delta_ureF_F AAAACCATGGTGTGAAAATCACAATATC 3899...3926
delta_ureF_R CTCCCCATGGAAAAGAAGAATCACTAATTTG 3345...3375
delta_ureG_F GAAGGTTTACTCGAGATCATTACTTGGAT 4540...4568
delta_ureG_R GCCAACTCGAGCTCATCTTTTAAAGCTTGAC 4061...4091
delta_ureH_F GAGTTTAACTCAAATTTCTAGAAATGATACT 5062...5092
delta_ureH_R AGGTGTGAATCTAGAATTTTTTATGATAGT 4652...4681

Fig. 1
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Fig. 2
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