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Abstract UreB is one of the urease subunits of Helico-

bacter pylori and can be used as an excellent antigen

candidate for H. pylori vaccination. Easy access to highly

purified UreB protein, facilitate advances in therapeutic or

preventive strategies. To achieve a simplified purification

procedure, the present report represents a novel method of

producing recombinant urease subunit B extracellularly.

ureB gene from 26,695 standard strain was amplified by

PCR and cloned into pET-26b(?) expression vector. UreB

was expressed as a soluble, N-terminal pelB and C-termi-

nal hexahistidine-tagged fusion protein (UreB-6His) and

secreted into the periplasmic space of Escherichia coli.

Expression of the recombinant UreB in E. coli BL21 (DE3)

was induced by isopropylthio-b-D-galactoside (IPTG).

Expression of UreB was confirmed by sodium dodecyl

sulphate–polyacrylamide gel electrophoresis (SDS–PAGE)

and western blot analysis using anti-His monoclonal anti-

body. UreB-6His protein was extracted from the periplasm

by osmotic shock treatment and was purified in one step by

Nickel affinity chromatography. In conclusion, the present

protocol is easier to perform; more time effective and low

cost than earlier methods.

Keywords Helicobacter pylori � Urease subunit B �
Cloning � Periplasmic expression

Introduction

Helicobacter pylori causes peptic ulcer disease and some

forms of gastric cancer. It is one of the most common

chronic bacterial infections of humans (Hatzifoti et al.

2000). The most efficient and economical approach with

low risk of adverse reaction to the prevention and control

of H. pylori infection is vaccination (Del Giudice and

Michetti 2004; Rupnow et al. 1999).

Urease and its subunits are currently the most promising

vaccine candidates, and their value as vaccine antigens

have been confirmed by numerous studies in mice, ferrets,

non-human primates and human clinical trials (Cuenca

et al. 1996; Del Giudice and Michetti 2004; Ferrero et al.

1994; Haas and Meyer 1997; Stadtlander et al. 1996). UreB

one of the four subunits of urease produced by almost all

the isolated strains of H. pylori. It has been demonstrated to

have the strongest antigenicity in all known proteins of

H. pylori (Corthesy-Theulaz et al. 1995; Pappo et al. 1995).

ureB gene, responsible for encoding UreB with 569 amino

acid residues, is a highly conserved nucleotide sequence

with a similarity of approximately 95% in different

A. Alvandi (&) � A. Farajzadeh � A. Gholipour � M. Makvandi

Department of Medical Microbiology, Faculty of Medicine,

Ahvaz Jundishapur University of Medical Sciences,

61357-15794 Ahvaz, Iran

e-mail: ah_alvandi@yahoo.com

M. Ghaforian Borojerdnia

Department of Immunology, Faculty of Medicine, Ahvaz

Jundishapur University of Medical Sciences, Ahvaz, Iran

A. Jelodar

Department of Microbiology, Faculty of Veterinary,

Shahid-Chamran University, Ahvaz, Iran

E. Aryan

Microbiology and Virology Research Center,

Avicenna Research Center, and Department of Clinical

Bacteriology, Ghaem University Hospital, Mashad University

of Medical Sciences, Mashad, Iran

A. Masjedizadeh

Division of Gastroenterology and Hepatology,

Department of Internal Medicine, Ahvaz Jundishapur University

of Medical Sciences, Ahvaz, Iran

123

World J Microbiol Biotechnol

DOI 10.1007/s11274-010-0540-2



H. pylori isolates (Akada et al. 2000; Labigne et al. 1991).

On the other hand, it has been proven that UreB is more

protective and safer than subunit A in mice; with no signs

of gastritis or other side effects after therapeutic vaccina-

tion (Corthesy-Theulaz et al. 1995; Ferrero et al. 1995;

Hatzifoti et al. 2004). These data strongly indicate that

UreB can be used as an excellent antigen candidate for

vaccination against H. pylori.

Easy access to highly purified UreB protein by investi-

gators should therefore facilitate advances in therapeutic

or preventive strategies. Previous purification methods of

native or recombinant urease and its subunits invariably

required two or several steps involving conventional size

exclusion and cation exchange or FPLC combining cation

exchange, size exclusion chromatography, and sometimes

the conventional hydrophobic interaction gel (Evans et al.

1991; Turbett et al. 1992).

Recovery of a recombinant gene product can be greatly

simplified by a secretion strategy that minimises contami-

nation from host proteins and even in the case of peri-

plasmic translocation, a simple osmotic shock or cell wall

permeabilization can be used to obtain the product without

the release of cytoplasmic protein contaminants. In addi-

tion secretion of recombinant proteins to the periplasmic

space of E. coli by fusing a signal peptide to the N-terminal

residue, have several advantages such as reduction of

contamination with endotoxins and DNA, higher product

stability, solubility and biological activity and correct

folding (Baneyx and Mujacic 2004; Cornelis 2000; Merg-

ulhao et al. 2005; Rastgar Jazii et al. 2007; Shokri et al.

2003). Periplasmic expression has been shown to be ben-

eficial in the production of several recombinant proteins.

In order to simplify the procedure steps and further

reduce cost in H. pylori vaccine production, the present

report represents a novel method of producing recombinant

Urease subunit B extracellularly. This method is based on

expression of UreB sequence containing a NH2-terminal

pelB signal peptide in E. coli. Therefore periplasmic con-

tent is released from the bacterial pellet by a simple EDTA-

containing buffer and the protein can be chromatographed

in a single step by affinity chromatography.

Materials and methods

Bacteria and culture conditions

H. pylori strain 26,695 was used in this study grown on

Brucella agar supplemented with 10% (v/v) defibrinated

sheep blood, containing vancomycin (10 lg ml-1), tri-

methoprim (5 lg ml-1) and amphotericin B (2 lg ml-1) at

37�C under microaerophilic conditions for 3 days. E. coli

DH5a was grown at 37�C in Luria-Bertani medium

(Invitrogen, USA) used for molecular biology manipula-

tions and for maintenance of recombinant plasmid DNA.

E. coli BL21 (DE3) (Novagen, USA) was used for 6-His-

tagged fusion peptide expression was grown at 37�C in LB

medium.

Designing of primers

ureB nucleotide sequence of H. pylori strain 26,695

(GenBank accession number AF507994) was retrieved

from the NCBI GenBank (NCBI). Primers were designed

with restriction enzyme sites using DNASIS 2.6 software.

The stop codon was excluded in designing the reverse

primer.

Construction of expression vector

Whole-cell DNA from H. pylori strain 26,695 was

extracted by Genomic Extraction Kit (MBI Fermentas,

Lithuania) according to the manufacture’s procedure. ureB

was amplified by the PCR using the following oligonu-

cleotides (Cinagene, Iran): 50-CAT GCC ATG GCA TGG

AAA AAG ATT AGC AGA AAA G-30 (forward) and 50-
CCG CTC GAG CGG GAA AAT GCT AAA GAG TTG

CG-30 (reverse). The underlined bases designate NcoI and

XhoI restriction sites. PCR was performed using Expand

High Fidelity PCR System (Roche, Germany) following

the manufacturer’s protocol. PCR product fragment was

electrophoresed on the 1% agarose gel stained with ethi-

dium bromide. Subsequently the PCR product was purified

using the DNA Extraction kit (MBI Fermentas, Lithuania)

and double digested with NcoI and XhoI. The double

digested PCR product was ligated into pET-26b(?), which

was digested with the same restriction enzymes to form the

over-expression plasmid pET26b-UreB. The ligated plas-

mids were transformed into the competent E. coli DH5a
and transformants were selected on LB medium containing

kanamycin (50 mg l-1). The presence of inserts was con-

firmed by colony PCR. Correct orientation and the com-

plete insert sequence were verified by restriction digestion

analysis using PvuI and sequencing (TAG Copenhagen,

Denmark).

Expression of fusion protein

The pET26b-UreB transformed into the expression host

E. coli BL21(DE3). To evaluate protein expression a single

colony was inoculated into 10 ml of terrific broth con-

taining kanamycin (50 mg l-1) and grown at 37�C over-

night. This preculture was then added to 500 ml of the

same medium which was incubated on a shaker (200 rpm)

at 37�C until the optical density (O.D. 600 nm) of culture

reached up to 0.6. Bacterial cultures were induced using
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different concentrations of isopropyl thiogalactoside

(IPTG) 0.1–1.0 mM and the culture incubated in 22�C or

37�C. 1.5 ml bacterial culture was harvested every 1 h up

to 8 h. Similarly, the E. coli BL21 containing pET-26b was

induced up to 8 h as a negative control. Expression of

protein was analyzed by sodium dodecyl sulphate–poly-

acrylamide gel electrophoresis (SDS–PAGE) under dena-

turing conditions. For purification of the recombinant

protein, the E. coli culture was grown using the optimized

expression conditions (Terrefic Broth medium, 22�C,

1 mM IPTG, 4 h of induction). The bacteria were har-

vested by centrifugation at 4�C.

Preparation of the periplasmic extract

Osmotic shock was applied according to the Neu and

Heppel (1965), with modifications. Cell pellets were

resuspended in ice-cold buffer A (0.03 M Tris–HCl, pH

7.3), and harvested by centrifugation at 5,000 rpm (5804R

centrifuge, rotor # A-4-44, Eppendorf) for 10 min at 4�C.

The pellets were suspended in 40 ml buffer A plus 40 ml

ice-cold buffer B [0.3 M Tris–HCl pH 8.0, 1.5 mM EDTA,

40% (w/v) sucrose] for each gram wet weight of cells and

was shaken for 30 min on ice. Following centrifugation,

the pellet was rapidly resuspended in the same volume of

cold water and the suspension shaken for 30 min on ice and

then centrifuged again for 10 min. The supernatant

(osmotic shock fluid) was collected as the periplasmic

fraction.

Purification of recombinant UreB

Recombinant UreB was purified from the periplasm using a

published protocol (Loo et al. 2002) with some modifica-

tions. Briefly, the periplasmic fraction was adjusted to pH 7

using Mops (Sigma, Germany) to produce a final concen-

tration of 20 mM. The sample was then loaded onto a

column containing 10 ml Ni-NTA agarose (nickel-nitrilo-

triacetic acid) (Qiagen, France), pre-equilibrated with

chromatography buffer (20 mM Mops, 0.5 M NaCl, 5 mM

imidazole, pH 8.0) and rocked for 3 h. The column was

washed with chromatography buffer until the absorbance of

the eluate returned to baseline. Recombinant UreB was

eluted with a 20 ml 500 mM imidazole in chromatography

buffer. Peak fractions were identified by SDS–PAGE.

Positive fractions were pooled and dialyzed against PBS

buffer at 4�C overnight. Protein concentration was mea-

sured by a Bradford assay based on a bovine serum albu-

min standard curve (Bradford 1976). To determine that

periplasmic UreB was not contaminated by cytoplasmic

proteins, presence of b-Galactosidase in osmotic shock

and cytoplasmic fractions was compared. b-Galactosi-

dase assays were performed using o-nitrophenyl-b-D-

galactopyranoside (ONGP) as a substrate, as described by

Miller (1972).

SDS–PAGE and immunobloting

The resulting bacterial pellet or purified protein were

homogenized in SDS sample loading buffer [0.150 M

Tris–Cl, pH 6.8; 10% glycerol; 2% SDS; 0.01% bromo-

phenol blue; 0.5 M DTT (Dithiothreitol)]. It was mixed

properly and boiled for 5 min and centrifuged at

11,000g for 2 min. Electrophoresis was performed in the

presence of SDS according to the method of Laemmli

(1970). The discontinuous gel consisted of a 5% stacking

gel and a 10% separating gel which was run on a vertical

electrophoresis unit (Mini-Protean II, BioRad). After SDS–

PAGE gel was transferred onto nitrocellulose membrane by

Bio-Rad Mini Trans-Blot Cell system following the pro-

cedure described. Membrane was blocked using 3% nonfat

dry milk in TTBS (50 mM Tris–HCl, pH 7.5, 150 mM

NaCl, 1% Tween 20) for 1 h. Following four washes the

membrane was dipped into 1:4,000 diluted monoclonal

antibody conjugated proxidase anti-His for 1.5 h at room

temperature. BM Blue POD substrate precipitating (Roche,

Germany) was used to develop the membrane, until dark

purple bands appear, following the procedure described

(Sambrook and Russell 2001).

Results

Construction of plasmid for periplasmic expression

of UreB

To overcome problems associated with cytoplasmic

expression of UreB (Evans et al. 1991; Icatlo et al. 1998;

Lee et al. 1995), an expression vector for periplasmic

expression of UreB was constructed. The full-length ureB

gene without stop codon was amplified by primers which

contains restriction sites. NcoI and XhoI restriction sites

were introduced upstream and downstream of the ureB

gene respectively, therefore the coding sequence was pre-

ceded by a pelB signal sequence at the 50 region and a

6His-tag at the 30 of the gene. The target fragment of ureB

genes with the expected sizes are shown in Fig. 1.

Construct transformed into E. coli DH5-a cells and

selected on LB containing kanamaycin (50 mg l-1).

Transformants were characterized by colony PCR against

ureB primers. The recombinant pET26b-UreB was

extracted and its orientation confirmed by digestion with

PvuI restriction enzyme. PvuI will have two restriction

sites in recombinant plasmid, one in insert and the other

one in vector. The two expected bands were observed on

gel: a 1585–5442 bp bands (Fig. 2). Sequence analysis of
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recombinant pET26b-UreB confirmed that there are no

amplification errors and that cloning was accurate.

Overexpression and purification of UreB

The pET26b-UreB was transformed into the expression

host E. coli BL21 (DE3). Transformant was grown at dif-

ferent temperatures, and expression was induced by IPTG

and monitored by SDS–PAGE of total protein extracts

before and after induction. Highest levels of over-expres-

sed UreB were obtained by allowing the bacterial cultures

to grow to an OD 600 nm of 0.6–0.8 before induction and

by inducing protein production for 4 h at 25�C with 1 mM

IPTG. OD600 at harvest was 5.0 and the cell wet weight

after harvest was 4 g l-1. The cell fractionation analysis

showed that the UreB was mostly detected in the soluble

fraction. Figures 3 and 4 show the protein profiles in non-

induced and induced bacteria, periplasmic content and

purified UreB-6His tag protein by Ni-NTA affinity

Fig. 1 Target amplification fragment of ureB gene and NcoI and
XhoI double digested ureB PCR product. Lane 1, Lambda DNA/

EcoRI ? HindIII Marker; Lane 2, Target recovered fragment of ureB
gene (1731 bp); Lane 3, Target recovered fragment ureB after

digestion with both NcoI and XhoI (1722 bp)

Fig. 2 Agarose gel electrophoresis analysis of recombinant pET26b-

UreB with PvuI restriction enzyme digestion. Lane 1 Lambda DNA/

EcoRI?HindIII Marker, Lane 2 pET26b-UreB recombinant plas-

mid (white arrow, 7027 bp), Lane 3 PvuI digested recombinant

pET26b-UreB. Two expected fragments were observed on the gel

(5442–1585 bp bands)

Fig. 3 SDS–PAGE analysis of the control negative bacteria (E. coli
BL21 with pET21 without insert) (a) and the expressed UreB-6His

tag protein in E. coli BL21 (b). A 15 ll volume of each fractions were

analyzed by 10% polyacrylamide gel. a Lane 1, PageRulerTM

Unstained Protein Ladder; lane 2, total cell lysate of noninduced

bacteria; lane 3–6, Total cell lysate of bacteria after 1–4 h induction;

lane 7, total cell lysate of noninduced control negative E. coli BL21;

lane 8–10, total cell lysate of induced control negative E. coli BL21

after 1–3 h induction b Lane 1, PageRulerTM Prestained Protein

Ladder; lane 2, total cell lysate of noninduced bacteria; lane 3. Total

cell lysate of bacteria after 4 h induction; lane 4, periplasmic proteins

extracted by osmotic shock procedure; lane 5, purified periplasmic

UreB-6His by Ni-NTA agarose. The arrow indicates the position of

UreB-6His on the gel

Fig. 4 Western blot analysis of the expressed UreB-6His tag protein

in E. coli BL21. A 15 ll volume of each fractions were analyzed by

10% polyacrylamide gel and transferred onto nitrocellulose mem-

branes and revealed with an anti-His monoclonal antibody. Lane 1,

PageRulerTM Prestained Protein Ladder; lane 2, total cell lysate of

noninduced bacteria; lane 3. Total cell lysate of bacteria after 4 h

induction; lane 4, periplasmic proteins extracted by osmotic shock

procedure; lane 5, purified periplasmic UreB-6His by Ni-NTA

agarose. The arrow indicates the position of UreB-6His on the

membrane
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chromatography by SDS–PAGE and Western blot analy-

ses. As shown in these figures a protein band migrating to

the expected molecular weight for a UreB-6His-tag protein

(&65 kDa) was clearly detected in the induced cells after

4 h and periplasmic fraction extracted by osmotic shock

procedure. The yield of purified UreB was about 0.5 mg l-1

of culture media.

To prevent release of cytoplasmic content into the

periplasmic fraction during extraction (Malik et al. 2007),

the purification procedure was carried out within one day at

4�C and in the presence of protease inhibitors. The small

quantity of b-galactosidase activity detected in the recov-

ery solutions from osmotic shock (less than 2% of cyto-

plasmic content) (data not shown) indicates that little

cytoplasmic material is released by this procedure.

Discussion

Currently H. pylori is recognized as the most widespread

human pathogen and approximately half of the world’s

population is infected (Czinn 2005; Rossi et al. 2004).

There is great interest in developing a vaccination method

to prevent H. pylori infection, given that immunization is

always considered the most economic and efficient means

for such prevention, especially in developing countries

(Del Giudice and Michetti 2004; Rupnow et al. 1999).

The selection of antigenic targets is critical in the design

of a H. pylori vaccine. A large number of published data

showed that UreB might be the most definitive antigen

candidate for H. pylori vaccine (Corthesy-Theulaz et al.

1995; Morihara et al. 2008; Pappo et al. 1995; Zhao et al.

2007). In order to simplify the procedure steps and further

reduce cost in H. pylori vaccine production, the present

report represents a novel method of producing recombinant

urease subunit B extracellularly.

As E. coli does not naturally secrete high amounts of

proteins (Sandkvist and Bagdasarian 1996), recovery of a

recombinant gene product can be greatly simplified by a

secretion strategy that minimises contamination from host

proteins. Additionally, if the product is secreted to the

culture medium, cell disruption is not required for recovery

and even in the case of periplasmic translocation, a simple

osmotic shock can be used to obtain the product without the

release of cytoplasmic protein contaminants (Mergulhao

et al. 2005; Shokri et al. 2003). The pET-26b vector pro-

duces recombinant protein with signal peptide pelB at the

N-terminal for periplasmic secretion and a His-tag at the

C-terminal for detection and purification. Therefore,

H. pylori UreB has been cloned into pET-26b, which places

protein over-expression under the control of a lac promoter

that is inducible with IPTG. Recombinant UreB-6His has

been purified by using a single chromatography step. In this

study the possibility of nonspecific exposure of cytoplasmic

proteins has been ruled out by comparing periplasm b-gal

activity to cytoplasm of E. coli transformed with pET26b-

UreB-6His. The yield of purified UreB is lower than that in

some cytosolic expression systems, however, considering

the ease and low costs of scaling up a periplasmic proce-

dure, the protocol can be regarded to be productive. In

future the yield of the UreB protein could strongly be

increased by use of different signal sequences of prokary-

otic origin and optimizing the fermentation process. In

conclusion, the present protocol is easier to perform; more

time effective and low cost than earlier methods.

Acknowledgments This article has been extracted from an

approved research (application No. U-870244) which has financially

been supported by Research Deputy of Jundishapur University of

Medical Sciences, Ahvaz, Iran. The authors would like to thank Mrs.

Neisi and Mrs. Lotfi from Virology Department for assistance with

this work, and Mrs. Noorbehbahani and Mrs. Amuzegari from Bio-

chemistry Department of Jundishapur University of Medical Sciences,

Ahvaz, Iran for their experience in chromatography throughout this

study.

References

Akada JK, Shirai M, Takeuchi H, Tsuda M, Nakazawa T (2000)

Identification of the urease operon in Helicobacter pylori and its

control by mRNA decay in response to pH. Mol Microbiol

36:1071–1084

Baneyx F, Mujacic M (2004) Recombinant protein folding and

misfolding in Escherichia coli. Nat Biotechnol 22:1399–1408

Bradford MM (1976) A rapid and sensitive method for the

quantitation of microgram quantities of protein utilizing the

principle of protein-dye binding. Anal Biochem 72:248–254

Cornelis P (2000) Expressing genes in different Escherichia coli

compartments. Curr Opin Biotechnol 11:450–454

Corthesy-Theulaz I, Porta N, Glauser M, Saraga E, Vaney AC, Haas R,

Kraehenbuhl JP, Blum AL, Michetti P (1995) Oral immunization

with Helicobacter pylori urease B subunit as a treatment against

Helicobacter infection in mice. Gastroenterology 109:115–121

Cuenca R, Blanchard TG, Czinn SJ, Nedrud JG, Monath TP, Lee CK,

Redline RW (1996) Therapeutic immunization against Helico-

bacter mustelae in naturally infected ferrets. Gastroenterology

110:1770–1775

Czinn SJ (2005) Helicobacter pylori infection: detection, investiga-

tion, and management. J Pediatr 146:S21–S26

Del Giudice G, Michetti P (2004) Inflammation, immunity and

vaccines for Helicobacter pylori. Helicobacter 9(1):23–28

Evans DJ Jr, Evans DG, Kirkpatrick SS, Graham DY (1991)

Characterization of the Helicobacter pylori urease and purifica-

tion of its subunits. Microb Pathog 10:15–26

Ferrero RL, Thiberge JM, Huerre M, Labigne A (1994) Recombinant

antigens prepared from the urease subunits of Helicobacter spp.:

evidence of protection in a mouse model of gastric infection.

Infect Immun 62:4981–4989

Ferrero RL, Thiberge JM, Kansau I, Wuscher N, Huerre M, Labigne

A (1995) The GroES homolog of Helicobacter pylori confers

protective immunity against mucosal infection in mice. Proc

Natl Acad Sci USA 92:6499–6503

World J Microbiol Biotechnol

123



Haas R, Meyer TF (1997) Vaccine development against Helicobacter

pylori infections. Biologicals 25:175–177

Hatzifoti C, Wren BW, Morrow WJ (2000) Helicobacter pylori

vaccine strategies–triggering a gut reaction. Immunol Today

21:615–619

Hatzifoti C, Bajaj-Elliott M, Dorrell N, Anyim M, Prentice MB, Nye

KE, Wren B, Morrow WJ (2004) A plasmid immunization

construct encoding urease B of Helicobacter pylori induces an

antigen-specific antibody response and upregulates the expres-

sion of beta-defensins and IL-10 in the stomachs of immunized

mice. Vaccine 22:2651–2659

Icatlo FC Jr, Kuroki M, Kobayashi C, Yokoyama H, Ikemori Y, Hashi

T, Kodama Y (1998) Affinity purification of Helicobacter pylori

urease. Relevance to gastric mucin adherence by urease protein.

J Biol Chem 273:18130–18138

Labigne A, Cussac V, Courcoux P (1991) Shuttle cloning and

nucleotide sequences of Helicobacter pylori genes responsible

for urease activity. J Bacteriol 173:1920–1931

Laemmli UK (1970) Cleavage of structural proteins during the

assembly of the head of bacteriophage T4. Nature 227:680–685

Lee CK, Weltzin R, Thomas WD Jr, Kleanthous H, Ermak TH,

Soman G, Hill JE, Ackerman SK, Monath TP (1995) Oral

immunization with recombinant Helicobacter pylori urease

induces secretory IgA antibodies and protects mice from

challenge with Helicobacter felis. J Infect Dis 172:161–172

Loo T, Patchett ML, Norris GE, Lott JS (2002) Using secretion to

solve a solubility problem: high-yield expression in Escherichia

coli and purification of the bacterial glycoamidase PNGase F.

Protein Expr Purif 24:90–98

Malik A, Jenzsch M, Lubbert A, Rudolph R, Sohling B (2007)

Periplasmic production of native human proinsulin as a fusion to

E. coli ecotin. Protein Expr Purif 55:100–111

Mergulhao FJ, Summers DK, Monteiro GA (2005) Recombinant

protein secretion in Escherichia coli. Biotechnol Adv 23:

177–202

Miller JH (1972) Experiments in molecular genetics. Cold Spring

Harbor Laboratory Press, Cold Spring Harbor, New York

Morihara F, Hifumi E, Yamada M, Nishizono A, Uda T (2008)

Therapeutic effects of molecularly designed antigen UREB138

for mice infected with Helicobacter pylori. Biotechnol Bioeng

100:634–643

Neu HC, Heppel LA (1965) The release of enzymes from Escherichia

coli by osmotic shock and during the formation of spheroplasts.

J Biol Chem 240:3685–3692

Pappo J, Thomas WD Jr, Kabok Z, Taylor NS, Murphy JC, Fox JG

(1995) Effect of oral immunization with recombinant urease on

murine Helicobacter felis gastritis. Infect Immun 63:1246–1252

Rastgar Jazii F, Karkhane AA, Yakhchali B, Fatemi SS, Deezagi A

(2007) A simplified purification procedure for recombinant

human granulocyte macrophage-colony stimulating factor from

periplasmic space of Escherichia coli. J Chromatogr B Analyt

Technol Biomed Life Sci 856:214–221

Rossi G et al (2004) Therapeutic vaccination against Helicobacter

pylori in the beagle dog experimental model: safety, immuno-

genicity, and efficacy. Infect Immun 72:3252–3259

Rupnow MF, Owens DK, Shachter R, Parsonnet J (1999) Helicobac-

ter pylori vaccine development and use: a cost-effectiveness

analysis using the Institute of Medicine Methodology. Helico-

bacter 4:272–280

Sambrook J, Russell DW (2001) Molecular cloning: a laboratory

manual. Cold Spring Harbor Laboratory Press, Cold Spring

Harbor, New York

Sandkvist M, Bagdasarian M (1996) Secretion of recombinant

proteins by gram-negative bacteria. Curr Opin Biotechnol

7:505–511

Shokri A, Sanden AM, Larsson G (2003) Cell and process design for

targeting of recombinant protein into the culture medium of

Escherichia coli. Appl Microbiol Biotechnol 60:654–664

Stadtlander CT, Gangemi JD, Khanolkar SS, Kitsos CM, Farris HE Jr,

Fulton LK, Hill JE, Huntington FK, Lee CK, Monath TP (1996)

Immunogenicity and safety of recombinant Helicobacter pylori

urease in a nonhuman primate. Dig Dis Sci 41:1853–1862

Turbett GR, Hoj PB, Horne R, Mee BJ (1992) Purification and

characterization of the urease enzymes of Helicobacter species

from humans and animals. Infect Immun 60:5259–5266

NCBI. National Center for Biotechnology Information. Available

from http://www.ncbi.nlm.nih.gov/genbank

Zhao W, Wu W, Xu X (2007) Oral vaccination with liposome-

encapsulated recombinant fusion peptide of urease B epitope and

cholera toxin B subunit affords prophylactic and therapeutic

effects against H. pylori infection in BALB/c mice. Vaccine

25:7664–7673

World J Microbiol Biotechnol

123

View publication statsView publication stats

http://www.ncbi.nlm.nih.gov/genbank
https://www.researchgate.net/publication/227181089

	Periplasmic expression and one-step purification of urease subunit B of Helicobacter pylori
	Abstract
	Introduction
	Materials and methods
	Bacteria and culture conditions
	Designing of primers
	Construction of expression vector
	Expression of fusion protein
	Preparation of the periplasmic extract
	Purification of recombinant UreB
	SDS--PAGE and immunobloting

	Results
	Construction of plasmid for periplasmic expression of UreB
	Overexpression and purification of UreB

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


