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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 carnpylobacteriosis as zoonosis. Carnpylobacter 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. Iari are known as pathogens for the carnpylo-

bacteriosis. However, no animal models were established to

clarify the mechanisms of campylobacteriosis, and any

  tt
pathogenic factors still remain unclear.

  In 1985, urease-positive thermophilic Campy2obacter (UPTC)

organ±sms were isolated in England and classified into biovar

or variant of C. Iari. Urease-negative (UN) C. Iari and UPTC,

two major taxa in the C. 2ari species, were isolated from the

natural environrnent and clinical specimens all over the world

infrequently. Although more than 100 clinical isolates of C.

2ari are identif±ed as the author is aware, only four UPTC
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clinical isolates are reported. Hence, an association of UPTC

with any human diseases stiU remains unclear.

 Therefore, in this study, molecular ±dentification and

character±zation of virulence genes cand±dates in C. Iari were

performed and comparative analyses of those were also carried

out between UNC. Zari 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 vaniants of urease gene operon from the UPTC CF89-12

isolate and their expressions of these recombinants were carried

outinEscherichiacoZicells. -
  '
  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

                             2
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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 aU the operons of the 12 UPTC

isolates exam±ned. 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 arnong all the

UPTC isolates, as well as the six UNC. Iari examined previously.

Regarding the ccit genes in UPTC CF89-12, each ORF commenced with

an ATG 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 ±solates were also identified. Two

putative ptomoter structures, consisting of sequences at the
                                            tt

-35-like (TTAATA) and -10-like (TATTAA) regions, as well as the

start codon (ATG), were identified for the transcriptional

promoter, immed±ately upstream of the cdtA gene in all the 12

                                           '
isolates. Although the genetic heterogeneity of the cdtB gene
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  locus occurred in all 28 C. Iari isolates (n == 16 UNC. Zari;

  n == 12 UPTC) examined, DNase Z -spec±tic all n±ne arn±no ac±d

  residues were completely conserved in all their cdtB genes.

  Variable genes insertions with heterogeneous order and

  combinations occurred between cdtC and 2pxB 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

        '
  adjacent genetic loci in Campylobacter lari isolates. The

  putative ORFs of the P450 genes from 11 C. Zari isolates (n=5

  for UNC. Zari; 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.

  jeJ'uni and C. upsa2iensis; 1,368 (456) for C. coZi]. Each of

  the putative ORFs from all the 11 isolates exarnined was also

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

4



Two putative promoter structures, consisting of sequences at

the -35-like and -10-like regions were also identified upstrearn

of the ORFs, respectively. A s±ngle copy of the P450 gene in

the genome DNA was identified with UNC. Zari JCM2530T 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. Iari organisms in vivo was confirmed. The

transcription initiation site for the gene was also determined

by a primer extension analysis. High nucleotide sequence

identities ('95.2-98.8g) of the full-length P450 structurcal

genes were shown with each of the 12 C. 2ari isolates including

C. 2ari RM2100 strain. In addition, UNC. Iari and UPTC organisms

                                             ttt   '

showed similar findings with the neighbour-joining method,

based on the nucleot±de sequence information of the P450

structural gene.

  Einally, we constructed in vitro recombinant full-length

5



urease gene operon molecule from the UPTC CF89-12 isolate and

expressed the recombinant urease gene in E. coZi cells. We also

constructed in vitro severai deletion recombinant variants of

urease subunits genes and expressed and characterized those ±n

E. coZi cells. A positive urease reaction with the log-phase

 cultured E. coli JMI09 cells transformed with pGEM-T vector

 carrying the recombinant full-length UPTC urease gene operon

'

was detected be eh with the isopropyl-B-D- thiogalactopyranoside

 (IPTG). In addition, among several large deletion recombinant

       tt
variants of UPTC urease subunits genes, ureA-r ureB-, ureE-r

 ureF-, ureG-', and ureH- def±cient, only ureE-deletion variant

 showed a positive urease reaction, acceleratedly (15 folds).

 In addition, a complete ureE deletion (100?) recombinant variant

                                              '

was also identif±ed to show a positive reaction of urease,
                                                           '

 acceleratedly (18 folds). These urease positive reactions were

 depend on the recornbinant E. co2i cells cultured in L Broth medium

 containing the NiCl2 (75Q pM).
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  In addition, urease subunits A and B were immunologically

identitied by western blot analysis with polyclonal rabbit

anti-urease or (A) and 3 (B) raised aga±nst HeZicobacter pyZori.

These results suggest that no UreE subunit require for the UPTC

urease activity and UreE rnay work negatively in the physiological

condition.

 Thus, in the present study, three pathogenic genes candidates

 '

for C. 2ari were molecular identified, and characterized. When

these pathogenic genes candidates were compared between C. Zari

organisms including UNC. 2ari and UPTC and C. jejuni organisms,

75.9-77.2? similarities of P450 amino acid sequences were shown

to each other. However, 52.1-60.92 similarities of cdtA amino

acid sequences, 66.4-68.7g of cdtB and 50.8-67.2g of cdtC were

shown. Thus, relatively genetic heterogeneities in cdtA and cdtC

were identified. This rnay be consistent with the results of the

CDT effect on HeLa ceUs described frorn our laboratory, most

recently.
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 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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要約

　カンピロバクター属細菌はグラム陰性らせん状桿菌で、人及び動物に感染し下

痢症などを引き起こす。そしてこれは人獣共通感染症であるカンピロバクター症

の起因菌である。カンピロバクター属細菌による食中毒は細菌性食中毒ではイギ

リスや日本でここ数年1位を占めており、ヒトのカンピロバクター症の起因菌と

して0刎ρ710加0オθrjθ．加ゴ、0刎ρ710加0オθroO1ゴ、6勿ρ710加0オθノ1∂rゴ等が知

られている。しかしこれらカンピロバクター症の発症のメカニズムを解明するた

めの動物実験系は未だ確立されておらず、更にその病原因子も未確定のままであ

るのが現状である。

　urease－positive　thermophilic　6勿ρ710加。オθ7（UPTC）は1985年にEnglandで

初めて分離され、01∂zゴのbiovar又はvariantとされている。01∂がの2つ

の代表的なtaxonであるurease－negative（UN）6：1∂がとUPTCは共に自然環境

や臨床材料から分離され、臨床由来株は01∂が全体では少ないながら世界的に

分離が報告されているが、UPTCはわずか4株のみであり、更にUPTCとヒトカン

ピロバクター症の相関は未確定のままである。この様に、UN6：1∂が及びUPTCの

ヒト臨床分離株が少なくそれ故にカンピロバクターの感染過程のそれぞれのプ

ロセスに関わる病原性因子候補をUNO　1∂が及びUPTCで解析し、　O　jθノ〃加のそ

れらと比較分子解析することは重要かつ有効であると考えられる。その様な研究

の進展の中で「01∂がが高温性カンピロバクターに起因するカンピロバクター

症研究の有効な比較対照細菌種であり得る」との仮説、更にUPTCのurease遺伝

子の役割についてもその答えが得られものと考えた。

　そこで本研究では、01∂がの病原性因子候補の分子実体をUNO　1∂z∫とUPTC

を代表的な2つのtaxonとする01∂が株間で比較解析することをによってこの

問題にアプローチしょうと考えた。具体的には細胞膨張化致死毒素cytolethal

distending　toxin（oゴ∂及び生体内酸化反応を触媒するP450、そしてUPTCに特

徴的なureaseを対象としてUPTCのこれらオペロンの全長と隣接する遺伝子座の

比較分子解析、更にUPTCのウレアーゼ遺伝子オペロン組換え体分子及び丁丁変

異体の作成とその大腸菌内での発現解析を行った。

　まず、uPTc　12株の。詑遺伝子オペロンの全長と隣接する遺伝子座［2．7－9．4kilo

9



base　pairs（kbp）］の比較分子解析を複数の∫η5ゴ1∫ooにデザインしたPCR用プ

ライマー対を用いて行った。推定される3つの。翻、o詑β及び。漉0のopen

reading　frame（ORF）と、推定される2つのプロモーター及び1つの内在的ρ非

依存性転写終結因子が供試したUPTCの全12株で初めて同定された。　oゴ胡と。虎0

のORFのアミノ酸残基数にはわずかな差異が認められたが、　o詑βのORFでは全て

のUPTC株でそのアミノ山嵐基数が同一であり、またこれは以前調べたUNO　1∂が

6株の結果と同じであった。UPTC　CF89－12株では3つの。詑遺伝子は全て開始コ

ドンがATGであり、終止コドンは。ゴ胡と。詑βではTAG、　o詑0ではTAAであった。

他のUPTC　11株の3つの。詑遺伝子の開始と終止コドン、一35様領域（TTAATA）

と一10様領域（TATTAA）の配列からなる2つの推定される転写のプロモーター構

造も同定された。一方、本研究で用いたUPTC　12株を含む全01∂r∫28株（UNO

1∂が16株、UPTC　12株）で。礁β遺伝子座位の遺伝的多型性が認められたが、DNase

Iに特徴的な9アミノ酸残基全て［E［metal　ion－binding　residue（MBR）］一E

［catalytic　residue　（CR）］　一R　［DNA　contact　residue　（DCR）］　一H　（CR）　一D　（MIBR）

一N（DCR）一D（CR）一D（MIBR）一H（CR）］が。詑β遺伝子中で完全に保存されて

いた。このことは3つのサブユニットからなる。詑のうちで細胞膨化致死作用の

機能を有する。詑β因子が01∂ガ株間で広く保存されている事を示唆している。

更に興味あることに、本研究で解析した全てのUPTC株で。詑0と加超遺伝子の

間には、その組み合わせが多様な遺伝子の挿入が認められた。しかし、UNO　1∂が

株ではその様な挿入は認められなかった。

　次に、01∂がの推定されるプロモーター及びターミネーターを含むシトクロ

ーム理50の構造遺伝子と隣接する遺伝子座を分子クローニングするための2組

のPCRプライマー対を設計した。01∂rゴ11株（UNO　1∂zゴ5株、　UPTC　6株）の

1，365又は1，371塩基（455又は457アミノ酸残基）からなる忽50遺伝子の推定

されるORFは他の高温性0ヨ卯710自認θrのもの［0ノθノαηゴと0μρ5∂1fθ刀5ゴ5は

1，359（453アミノ酸残基）、Ooolfは1，368（456アミノ酸残基）］と差異が認め

られた。更に、11株の忽50遺伝子それぞれの開始、終止コドンとリボソーム結

合部位が同定され、一35様領域（TTAATA）と一10様領域（TATTAA）の配列からな

る推定される2つのプロモーター構造もORFの上流に同定された。また、理50遺

10



伝子がUNO　1∂万JCM2530TとUPTC　CF89－12のゲノム中で単一コピー存在するこ

とがサザンプロットハイブリダイゼーション解析により確認された。更に、0

1∂zf種細胞内の加Fル。での鯉50構造遺伝子の転写がreverse　transcriptiQn

（RT）一PCR解析により確認され、転写開始部位もprimer　extension法で決定され

た。加えて、P450構i造遺伝子全長での高い塩基配列の相同性（95．2－98．8％）が6：

1∂rn2株で示され、理50構造遺伝子の配列情報に基づいてneighbour－joining

法により作成された系統樹ではUNO　1∂がとUPTCが類似しており識別困難であ

ることが明らかとなった。

　次いで、加眈zoでUPTC　CF89－12株のウレアーゼ遺伝子オペロン全長の組換

え体分子を作成し、その組換え体ウレアーゼ遺伝子を大腸菌細胞内で発現させた。

また、6つのウレアーゼサブユニット遺伝子（雄副、β、一尺6及び功をそれ

ぞれ欠失させた組換え変異体を作成し、これらを大腸菌細胞内で発現させてその

性状を解析した。組換え体ウレアーゼ遺伝子全長のオペロン分子を持つ大腸菌

JM109を培養し、対数増殖期でisopropyl一β一D－thiogalactopyranoside（IPTG）

により発現を誘導したところ、誘導した細胞及び誘導していない細胞で共にウレ

アーゼ反応は陽性であった。更に、ウレアーゼサブユニット遺伝子欠失立換え変

異体（帯副一、仔、岳、県、6及び研それぞれの欠込変異体）を作成し、同様の

解析を行ったところ、αrθ浄欠失（63％欠如）変異体のみがウレアーゼ活性の充進

（15倍）を示し、他ではウレアーゼ活性は認められなかった。また、完全な砿θ万

欠失（100％欠失）変異体も同様にウレアーゼ活性を無心（18倍）した。更に、これ

らのウレアーゼ活性はいずれも大腸菌培地中でのNiC12（750μM）の存在に依存

していた。また、組換え体ウレアーゼサブユニットAとBはpolyclona1抗

鈎1∫00加0オθ∫ρ710Zゴウレアーゼα、β抗体を用いたウエスタンプロットでそれ

ぞれ陽性反応を示した。この様な結果からαzθ万はUPTCのウレアーゼ活1生には必

須ではなく、生理的条件下では抑制的に働いているサブユニットである可能性が

示唆された。

　これらの病原性遺伝子候補をUPTCとUNO　1∂zゴを含む01∂ーゴと6：」θノα加

株間で比較すると、理50では75．9－77．2％の類似品を示した。一方、oゴ6遺伝子オ

ペロンに関しては、oゴ詔では52．1－60．9％、　o詑βでは66．4－68．7％そして。詑0で

11



は50．8－67．2％の類似性を示し、oゴ詔および。詑0における遺伝的多様性が認めら

れた。このことは、01∂がにおいて。詑の働きが株間で異なる可能性を示唆し

ている。

　以上の様に本研究においては、まず6勿ρガ。加詑θrの病原性遺伝子候補として

。漉及び忽50遺伝子に着目し、その詳細な分子レベルでの解析を行い多くの新知

見を得た。更に6加ργ10加06θrでは一般的ではないurease遺伝子の欠失組喚え

変異体の作成に成功し、更にサブユニットUreEの新しい機能を明らかにした。
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Abstract

   Recornbinant molecule of full-length urease gene operon was

constructed in vitro from the Japanese urease-positive

thermophilic CampyZobacter (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. coZi cells. A positive urease reaction with the

log-phase cultured E. coli JMI09 cells in the NiCl2 containing

rnedium transformed with pGEM-T vector carrying the recombinant

rnolecule of the full-length operon was detected with

isopropyl-3-D-thiogalactoside. Among the several deletion

recombinant variants, each ureA-, ureB-, ureE-, ureF-, ureG-

and urbH- 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 (100g deficient) constructed also showed

a positive reaction of urease (approxirnately 18-fold). In

addition, recombinant urease subunits, A and B, werce

immunologically identified by western blot analysis with

ant±-urease or (A) and P (B) raised aga±nst Helicobacter pyJori.

Keywords: construction, expression and characterization,

          recornbinant urease genes, recombinant variants,

          urease-positive thermophilic CampyZobacter
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Introduction

   Cainpy2obacter lari was first recognized as a nalidixic

acid-resistant thermophilic Campylobacter (Skirrow and

Benjamin 1980). In 1985, an atypical and unusual organism of

urease-pos±tive and nalidixic acid-sensitive therrnophilic
Campy2obacter (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. Zari has

been described (Megraud et al. 1988; Owen et al. 1988). After

the original description of UPTC had appeared, isolates of UPTC

have been reported in France (M6graud et al. 1988; B6zian et

al. 1990), Northern Ireland (Wilson and Moore 1996; Kaneko et

al. 1999; Moore et al. 2002; Matsuda et al. 2003), The Netherlands

(Endtz et al. 1997), England (Fitzgerald et al. 1998), Japan

(Matsuda et al. 1996; Matsuda et al. 2002), and more recently,

Sweden (Waldenstrdm et al. 2007).

   Many spec±es of bacteria produce urease (urea
amidohydrolase; EC3.5.1.5), a nickel-containing metalloenzyme

that hydrolyzes urea to ammonia and carbarnate (Mobley and

Hausinger 1989). This organism, UPTC, is an atypical taxon with

genus Campylobacter wh±ch 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 Cainpylobacter, was also described

(Vandamme et al. 2010; Bullman et al. 2011).

   We have already demonstrated cloning, sequencing and

character±zation 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, ureFt

ureG and ureH) genes, probable ribosorne-binding sites (RBSs)

for each ORFs and a putat±ve p-independent transcriptional
terminator region from a genornic 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 nucleot±de sequence identities

to those of some HeZicobacter 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 atternpted 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 rnolecule of the UPTC CF89-12 full-length

urease gene operon and to express the recombinant urease molecule

±n E. coli cells. Then, we also airned to construct in vitro
several deletion recombinant variants of urease subunits genes

and to express and characterize those in E. cgli cells, in order

to clarify the roles of the accessory genes products ±n the UPTC

urease activation.
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Materiais 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 cel!s 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] 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. coZi JMI09 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 severa!

large deletion recombinant variants of UPTC urease subunits

genes by using their specific PCR prirner pairs and inverse

(I)-PCR procedures with TA cloned fuli-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/EMB]L/GenBank accession number AB201709).

   The PCR mixture contained 1 x iProof HF buffer, 200 pM each

dNTP, O.5pM 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 pL reaction volumes at 980C

for 30 sec, with 35 cycle at 980C for 5 sec, 500C for 10 sec,

and 720C for 10 sec to 3 min, followed by a f±nal extension at

720C for 5 min.

   Arnplified PCR products were separated by O.7g (w/v) agarose

gel electrophoresis in O.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 pur±fied

by using a QIAEXU gel extraction k±t (Qiagen, Tokyo, Japan).
The purified amplicons were then subjected to cycle sequencing

with BigDye Terminator (Applied Biosystems, Tokyo, Japan), with

the PCR prirners 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 act±vity measurement of recombinant UPTC urease gene

operon

    Urease activities of recornbinant molecule of the

full-length UPTC urease gene operon and several deletion

recombinant var±ants of urease subunits genes (each ureA-, ureB-r

ureE-t ureF-. ureG- and ureH-large deficient) constructed in

vitro were determined, with log-phase cultured E. coli JMI09

cellsr transformed w±th pGEM-T vector carrying the TA cloned
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full-length UPTC urease gene cluster and deletion recombinant

variants with isopropyl-3-D-thiogalactoside (IPTG) (O.1 mM) and

without IPTG. Recombinant E. co2i JMI09 cslls were cultured in

L Broth medium containing 750 pM of NiC12 at 370C (Hu and Mobley

1993).

    The E. co2i cells containing the recombinant UPTC urease

gene operon were pelleted by centrifugation (7,OOOx g) at 40C

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,OOOx g for 30 min at 4OC. 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 (pmole/min/mg

protein) (Huizenga and Gips 1982) following the urease reaction

of the freshly extract (4 pg) by adding to the 50 mM urea in

PBS at 370C for 4 h.

Sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis (PAGE) and western blotting

   Solub!e extracts were analyzed by the polyacrylamide gel

electrophoresis (PAGE) on a mini-slab gel, comprising a 1? (w/v)

SDS -12? (w/v) PAG with Tris-glycine buffer at 24 rnA for 2 h.

Proteins were transferred to a PVDF membrane, Immob±lonTM

(Millipore Corp. MA, USA), at 90 V for 2 h with cooling. The

PVDF rnembrane 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.
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The membrane was then examined for reactivity with rabbit

polyclonal anti-Helicobacter pylori urease or (A) and P (B)

subunits ant±bodies (Santa Cruz Biotech Inc. CA, USA) diluted

in O.52 (v/v) with blocking buffer at 40C overnight.

Immunoreactants were then detected by using the ECL Western

Blotting Detection System with horseradish peroxidase-labeled

secondary ant±body (GE Healthcare Life Sci, Tokyo, Japan).
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Results

Construct±on 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 ±solate represented schematically in Figure 1 and

expressed the recombinant urease in the E. coZi JMI09 cells.

As shown in Figure 2B, the recombinant UPTC urease genes

including full-length two structural (ureA and ureB) and four

accessory (ureE, ureF. ureG and ureH) genes were expressed

catalytically active urease in E. co2i, 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 JMI09 cells

by using the indophenol rnethod. However, no activity was detected

with the cultured E. coZi JTCI09 not carrying the recornbinant

urease gene operon analyzed as a negative control, E. co2i cell

lysate without recombinant urease gene in Figure 2B.

                                           '
Construction of large delet±on 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 Mgure

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, ureA-(AA), ureB-(AB), ureE-(AE)r

ureF- (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 recornbinant

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 UreE, 63g 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 act±vity in the ureE 63% deficient recombinant variant

fraction was accelerated more than 10-fold in the recombinant

full-length UPTC urease gene operon in E. coli cells.

Interestingly, this urease activity value is almost equivalent

to that in the UPTC CF89-12 ceU 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 Ngure 3, deduced amino acid sequence alignment analysis

of the putative ORFs of the full-length and large deletion

recombinant variant of the UPTC ureE (63g deletion) was carried

out. Since, ±n the present study, urease enzyme activity of the

ureE deletion recombinant variant (63? deficient of the full
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length UreE subunit) showed an accelerated urease act±vity to

approxirnately 15-Eold (Figure 2B), it is very interesting if

within the urease genes recombinant variant containing 100g

deletion of the UPTC UreE subunit gene, the urease activity is

detected or not. Then, the authors constrcucted a 100% ureE

complete deletion variant (155 amino acid residues deficient)

of the UPTC CF89-12 full-length urease genes operon and examined

the urease enzyrne activity. The urease activity in the 100g ureE

deletion recornbinant variant constructed also showed a positive

acceleration (approximately 18-fold), similarly in that of the

63% ureE deletion 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 NiCl2 on the urease activity

   Effect of NiCl2 (750 pM) in the E. co2i 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 (63g segment deficient) and 100g ureE

deletion were examined. Urease activity was pos±tively affected

by NiCl2 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 mediurn only containing the NiCl2.

      '
Western blot analysis
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    As shown in Figure 4, no A and B subunits in the large

delet±on variants of UPTC CF89-12 urcease genes ureA (AA) and

ureB (AB) were identi fied immunoreactively by the anti-H. pyZori

urease or(A) and P(B) subunits antibodies, respectively. In

addition, anti-H. pyZori urease or(A) and 3(B) subunits

antibodies identified immunoreactive bands at approximately 59

kDa and 26 kDa, respectively in the UPTC cells (CF89-12) and

E. coli JMI09 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

variants. However, no band was identified for E. co2i JMI09

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 JMI09 ceUs.

   In the present study, the recombinant full-length UPTC urease

genes cluster, two structural ureA and ureB, four accessory ureE.

ureF, ureG and ureH genes constructed, and promoters structures,

was identified to express a urease enzyme activity in the

transformed and log-phase E. coli cells. As described prev±ously

(Kakinuma et al. 2007), some accessory genes, such as ureT other

than the four ureE, ureF, ureG and ureH(D) genes, were

undetectable 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 ac±d sequence identities of the six ORFs of UPTC CF89-12

urease genes to those of H. hepaticus, H. py2ori, H. heilmannii

and H. muste2ae (for the latter two, ureA 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 organisrns, UPTC, H.

hepaticus and H. pyZori, when compared with the other three genes

(Kakinurna 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. pyZori and H. hepaticus,

separating from the other urease-producing bacteria (Kakinuma

et al. 2007).

   In KZebsie21a 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 histidine (Lee et al. 1993), and is able to bind five to

six Ni2' ions per dimmer (Colpas et al. 1999; Lee et al. 1999).

Although the histidine-rich motif has been thought to be

essent±al 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. pyZori, the ureE did not

contain a histidine-rich rnotif; however, its presence

(genetically modified 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) des6ribed the metal-binding properties
     '
of the H. py2ori UreE and its ±nteraction with the related
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accessory subunit UreG, a GTPase involved in the assembly of

the urease active site (Bellucci et al. 2009). An alternative

possible physiological role Eor UreE of K. aerogenes was

suggested by the observation that the GTP concentration needed

for optirnal activat±on of urease in vitro is greatly reduced

in the presence of UreE as compared w±th that required in ±ts

absence (Soriano et al. 2000).

   In the present study, two kinds of ureE deletion recombinant

variants, both approximately 63g deficient and 100g deficient

variants showed accelerated urease activity to a' pproximately

10-fold activity. In addition, a ureE and ureG deletion

recombinant variant showed no urease activity (Table 2). Thus,

the present 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 rnay possibly regulate the activity

with the physiological and modulate level in the cells, long

or complete ureE deletion recombinant variants of the gene rnay

accelerate the urease activity without possible reguZat±on.

   In addition, regarding the report by Bellucci et al.

(Bellucci et al. 2009), the results were discussed in relation

to available 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 approxirnately

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 act±vity. 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 recomb±nant variants of urease

subunits genes from UPTC organisrn. In the present study, the

target DNA was transforrned into the E. coZi cell by ernploying

the pGEM-T vector, and the urease gene operon <approximately

5.1-kbp) containing the prornoter reg±on and its UPTC urease

activity was detected in the E. coZi cells. It rema±ns uncertain,

at present, as to which prornoter in the urease gene operon or

in the pGEM-T vector was responsible. In addition to the

exprcession 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 or(A)

and P(B) raised against H. pyJori. This result strongly suggests

that these subunits are immunologically reactive within UPTC

and H. pylori to each other.
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Legends to Figures

Fig. 1 Schernatic 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).

Mg. 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

     activ±ty determination was also carried out by using the

     indophenol method (Huizenga and Gips 1982) (B). AA, ABr

     AE, AE-H, AG andAH show the deficient regions schematically

     within the urease subunits genes large deletion

     recombinant variants (A).

Fig. 3 Deduced amino acid sequence aligment analysis of the

     putative ORFs of the full-length UPTC ureE (CIUreE) and

     UPTC ureE large deletion (63?) variants (CIUreEld), as well

     as the putative ORFs of the full-length urease gene ureE

     from H. pylori ATCC43504 (HpUreE), K. aerogenes (KaUreE)

     and B. pasteurii (BpUreE).

Fig. 4 Western blot analysis of the UPTC urease in the UPTC

     CF89-12 cells and the recornbinant UPTC urease in E. coZi

     cells using polyclonal anti-H. pyZori urease or(A) and 3(B)

     subunits antibodies. T-v, cell lysate of E.coli JMI09 cells

     transformed with pGEM-T vector only; WT, cell lysate of

     E. coli JMI09 cells transforrned w±th pGEM-T vector ligating

     the recombinant full-length UPTC CF89-12 urease gene

     operon; AAt-AE-H, ceU lysates of E. co2i JMI09 cells

     transformed with pGEM-T vector ligating large deletion
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