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Helicobacter hepaticus is a bacterial pathogen that causes chronic active hepatitis and inflammatory bowel
disease in mice. The purpose of this study was to develop a recombinant antigen-based enzyme-linked
immunosorbent assay (ELISA) to detect H. hepaticus-infected mice. A genomic library of H. hepaticus was
constructed and was screened with sera from H. hepaticus-infected mice. A 459-bp open reading frame that
coded for an 18-kDa immunoreactive protein, MAP18, was identified. The gene had high identity with genes
coding for outer membrane proteins of other bacteria, and the predicted amino acid sequence of MAP18 had
a putative membrane-trafficking signal sequence and a putative signal peptidase II cleavage site. The recom-
binant protein was expressed in Escherichia coli as a glutathione S-transferase (GST) fusion protein, GST-
MAP18, and purified by affinity chromatography. The 44-kDa fusion protein was detected on Western blots
probed with sera from H. hepaticus-infected mice but was not detected on blots probed with sera from mice
infected with Helicobacter muridarum or Helicobacter bilis or with sera from mice free of Helicobacter infection.
The GST-MAP18 fusion protein was used as an antigen in an ELISA to detect anti-H. hepaticus antibodies in
sera from infected mice. This ELISA was compared to an H. hepaticus-specific ELISA that uses a detergent
extract of H. hepaticus as the antigen. Sera from mice naturally and experimentally infected with H. hepaticus,
H. bilis, or H. muridarum and sera from mice free of Helicobacter infection were evaluated. Both ELISAs
performed with a high specificity (98%); however, the detergent extract-based ELISA performed with a higher
sensitivity (89%) than the recombinant protein-based ELISA (sensitivity, 66%). These data indicate that H.
hepaticus carries a gene that encodes an immunogenic 18-kDa membrane-associated protein; however, anti-
bodies to this protein are not detected in all infected mice.

Helicobacter hepaticus is a helical, gram-negative, motile,
microaerobic, bacterial pathogen of mice. It naturally colonizes
the lower intestinal tract and can cause chronic active hepatitis
or inflammatory bowel disease in a variety of immunocompe-
tent mice (9–11, 13, 23, 24, 31, 39, 41) and immunodeficient
mice (6, 8, 23, 40, 42). This bacterium is of concern to the
scientific community because of its potential to invalidate stud-
ies that use infected mice (13). The hepatic and intestinal
pathology induced by H. hepaticus can directly affect research
involving these organ systems. Infected mice have abnormal
liver function tests, as demonstrated by altered serum bile acid
concentrations (39) and elevated levels of serum alanine ami-
notransferase (10, 11). Rectal prolapse, as a sequela to inflam-
matory bowel disease, may cause mice to be prematurely re-
moved from an experiment. There is also evidence that H.
hepaticus infections can disrupt host immune homeostasis. For
example, infected mice mount a prompt and vigorous type 1
immune response against the bacterium (24, 42).

The potential for H. hepaticus to adversely affect scientific
studies of mice is considerable, because infections in mouse
colonies in the United States and Japan are widespread (30,
35). Since infected mice rarely display clinical signs of disease,
accurate and inexpensive diagnostic tests to detect H. hepaticus
infections are needed to effectively design and manage plans to

eradicate this bacterium from mouse colonies. Diagnostic
methods currently used to detect H. hepaticus-infected mice
include histopathologic examination of silver-stained liver sec-
tions (39), culture of feces or livers (10), PCR analysis of liver,
feces, or cecal tissue (3, 4, 27, 32), and enzyme-linked immu-
nosorbent assay (ELISA) of serum (25) or feces (29) to detect
anti-H. hepaticus specific antibodies.

Diagnostic ELISAs that use recombinant proteins as anti-
gens to detect antibodies to bacterial pathogens have been
described. Several of these recombinant protein-based ELISAs
perform with high levels of sensitivity and specificity or func-
tion better than immunoassays that use alternative antigen
sources (12, 14, 16, 17, 26). Recombinant protein antigens can
be advantageous in bacterial ELISAs because they contain
defined antigens that potentially have fewer cross-reactive
epitopes than other antigen preparations. Also, large amounts
of affinity-tagged recombinant proteins produced in prokary-
otic or eukaryotic expression systems can be harvested and
purified by affinity chromatography. In addition, the availabil-
ity of recombinant antigens produced from fastidious organ-
isms, such as H. hepaticus, eliminates the need to cultivate the
bacteria.

In this report, we describe the identification and cloning of
an immunogenic membrane-associated protein of H. hepaticus.
This protein was expressed in and purified from Escherichia
coli as a glutathione S-transferase (GST) fusion protein and
used as an antigen to create an H. hepaticus-specific ELISA.
The performance of this ELISA was compared to that of an H.
hepaticus-specific ELISA that uses a detergent extract of H.
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hepaticus as the antigen. The recombinant protein-based
ELISA was highly specific for detecting H. hepaticus-infected
mice; however, this assay was less sensitive than the detergent
extract-based H. hepaticus ELISA.

MATERIALS AND METHODS

Bacteria, plasmids, and sera. An isolate of H. hepaticus was obtained from an
adult male A/JCr mouse from an endemically infected colony (39, 41) as previ-
ously described (25). The isolate was cultured under microaerobic conditions
(25) and was identified as H. hepaticus based on its ultrastructural morphology
and urease activity and the results of DNA sequence analysis of the 16S rRNA
gene (32). E. coli DH5aMCR (Gibco BRL, Gaithersburg, Md.) was used in all
cloning and subcloning experiments. E. coli BL21(DE3)pLysS (Novagen, Mad-
ison, Wis.) was used to express recombinant proteins. The BamHI-digested
plasmid Ready-To-Go pUC18 (Pharmacia Biotech, Piscataway, N.J.) was used to
construct the genomic library, and the plasmid pUC18 (New England Biolabs,
Beverly, Mass.) was used for subcloning procedures. The plasmid pGEX-5-X-3
(Pharmacia Biotech), which codes for an N-terminal GST moiety, was used to
express fusion proteins in E. coli.

The H. hepaticus genomic library was screened with serum that was produced
in adult C57BL/6 mice that were inoculated intraperitoneally with 108 viable H.
hepaticus organisms. Six weeks after inoculation, mice were euthanized, blood
was collected by cardiocentesis, and serum was separated, pooled, and preab-
sorbed against E. coli by pseudoscreening (33). Sera used to evaluate the H.
hepaticus ELISAs (25) were collected from multiple strains of immunocompe-
tent mice naturally infected with H. hepaticus (n 5 44) or free of Helicobacter
infection (n 5 41) as determined by a fecal PCR assay (4, 32). To further
evaluate the specificities of the ELISAs, groups of seven C57BL/6 mice were
orally gavaged with 107 H. hepaticus, Helicobacter bilis, or Helicobacter murida-
rum organisms. Sixteen weeks following inoculation, mice were euthanized,
blood was collected by cardiocentesis, and serum was separated and stored at
220°C.

Construction of genomic library. H. hepaticus genomic DNA was isolated from
cultured bacteria by using Genomic-tips (Qiagen, Inc., Valencia, Calif.) accord-
ing to the manufacturer’s protocol. Genomic DNA was partially digested with
Sau3AI (New England Biolabs), and DNA was separated on NuSieve GTG
low-melting-temperature agarose (FMC, Rockland, Maine). DNA fragments in
the 4- to 12-kb size range were recovered with the Qiaex II gel extraction kit
(Qiagen). Partially digested genomic DNA was ligated into BamHI-digested
Ready-To-Go pUC 18 (Pharmacia Biotech), and E. coli DH5aMCR (Gibco
BRL) was transformed, plated onto Luria-Bertani agar plates (33) containing 50
mg of ampicillin per ml and 50 mg of 5-bromo-4-chloro-3-indolyl-b-D-galactopy-
ranoside (X-Gal) per ml, and incubated for 14 to 16 h at 37°C.

Screening of genomic library. Transformed bacteria were lifted onto nitrocel-
lulose membranes (Nitropure; Micron Separations Inc., Westborough, Mass.),
and bacterial colonies were incubated on filter paper saturated with lysis buffer
(0.1 M NaHCO3, 1% Triton-X, and 2 mg of lysozyme per ml) in an atmosphere
saturated with CHCl3 (18). The membranes were incubated with H. hepaticus-
positive serum diluted to 1:2,000 in phosphate-buffered saline (PBS) (14.5 mM
NaH2PO4, 108 mM Na2HPO4, 1.37 M NaCl [pH 7.4]) containing 5% nonfat dry
milk (PBS-milk) and then incubated with an alkaline phosphatase-labeled anti-
body [F(ab9)2 fragment goat anti-mouse immunoglobulin G (heavy and light
chains)] (Jackson Immunoresearch Laboratories, Inc., West Grove, Pa.) diluted
1:2,000 in PBS-milk. The membranes were developed with 5-bromo-4-chloro-3-
indolylphosphate–nitroblue tetrazolium (BCIP–NBT) substrate (Kirkegaard and
Perry Laboratories, Gaithersburg, Md.). Immunoreactive clones were identified
and rechecked for immunoreactivity as described above. Three immunoreactive
clones designated 1A, 1B, and B2, that contained plasmids p1A, p1B, and pB2,
respectively, were identified.

Subcloning and sequence analysis. Plasmids from positive clones were isolated
by using the QIAprep Miniprep kit (Qiagen). To generate an immunoreactive
clone that contained a small insert of H. hepaticus genomic DNA, plasmids p1A,
p1B, and pB2 were subjected to restriction endonuclease digestion with HindIII,
EcoRI, Sau3AI, PstI, or KpnI and DNA fragments were separated on 1% Sea-
Plaque GTG low-melting-temperature agarose (FMC). The DNA fragments
were excised from the gel and, with an in-gel ligation procedure (33), ligated into
pUC18 (New England Biolabs). DH5aMCR bacteria were transformed with the
subcloned plasmids and tested for immunoreactivity as described above. Bacteria
transformed with the plasmid p1A2, which contains a 3.2-kb HindIII fragment of
the plasmid p1A, were immunoreactive. This plasmid, p1A2, was chosen for
further study and was sequenced by the dideoxy chain termination method (34)
at the University of Missouri DNA Core Facility. The DNA sequences were
assembled and analyzed for open reading frames (ORFs) by using GCG software
(Genetics Computer Group, Inc., Madison, Wis.) and by inspection. Gene se-
quences and the predicted translated gene products of ORFs were compared to
existing sequences deposited in the GenBank database by using software from
GCG, the National Center for Biotechnology Information (2), and the Human
Genome Center, Baylor College of Medicine (1, 43).

PCR and subcloning into E. coli expression vectors. The 3.2-kb insert of p1A2
was amplified by PCR in a thermal cycler (2400; Perkin-Elmer Cetus, Norwalk,

Conn.) by using the Expand High Fidelity PCR System (Boehringer Mannheim,
Indianapolis, Ind.). Each reaction mixture contained 40 ng of p1A2 as the
template, a 0.4 mM concentration of the universal sequencing primer M13, and
a 0.4 mM concentration of the reverse sequencing primer M13 (Pharmacia
Biotech).

ORF 1 and ORF 2 were amplified by PCR in a thermal cycler (2400; Perkin-
Elmer Cetus) by using the Expand High Fidelity PCR System (Boehringer
Mannheim). Fifty nanograms of the 3.2-kb amplified insert of p1A2 was used as
the template, and the annealing temperatures used to generate ORF 1 and ORF
2 were 49 and 53°C, respectively. The oligonucleotide primers used to generate
ORF 1 were ORF1Forward (gcggatccggtaccTCTTAAAGGAGATGATGATG
ATG), which corresponds to nucleotides 276 to 295, and ORF1Reverse (cggaa
ttcccatggCAACTTTATTCCCCATATTG), which corresponds to nucleotides
780 to 761. The primers used to generate ORF 2 were ORF2Forward (gcggatc
cggtaccAAGGATTCATTATGGAAGCTC), which corresponds to nucleotides
2347 to 2367, and ORF2Reverse (cggaattcccatggTAATGTGAGTTTGCACAG
GC), which corresponds to nucleotides 2643 to 2624. The nucleotides of forward
primers represented by lowercase letters were added to create restriction enzyme
sites for BamHI and KpnI, and the nucleotides of reverse primers represented by
lowercase letters were added to create restriction enzyme sites for EcoRI and
NcoI. The amplified ORF 1 and ORF 2 genes were digested with BamHI and
EcoRI and directionally cloned, in frame, into a GST gene fusion vector, pGEX-
5X-3 (Pharmacia Biotech), to create plasmids pGEX-5X-3-MAP18 and PGEX-
5X-3-P8, respectively. E. coli DH5aMCR was transformed with the recombinant
plasmids and was tested for immunoreactivity by using the immunoscreening
procedure described above.

Recombinant protein expression and purification. E. coli BL21(DE3)pLysS
transformed with the plasmid pGEX-5X-3-MAP18 produced an H. hepaticus-
specific immunoreactive fusion protein, GST-MAP18, that was chosen for fur-
ther study. E. coli BL21(DE3)pLysS transformed with the plasmid pGEX-5X-3,
which contained no foreign DNA insert, was used to express GST for use as a
control protein. Proteins were expressed at 30°C, and proteins were purified with
glutathione-linked agarose beads by the pGEX vector protocol (Pharmacia Bio-
tech). The recovered proteins were dialyzed overnight at 4°C against PBS
through a 12,000- to 14,000-Da cutoff membrane (Spectrum Medical Industries,
Inc., Houston, Tex.), and the protein concentrations of the eluted fractions were
determined by a bicinchoninic acid procedure (36).

Western blot analysis. Purified GST-MAP18 and GST or sonicated prepara-
tions of immunoreactive E. coli clones that harbored plasmids from an H. he-
paticus genomic library were subjected to electrophoresis on a sodium dodecyl
sulfate (SDS)–12% polyacrylamide gel under nonreducing conditions (22). Pro-
teins were electrophoretically transferred to an Immobilon-P membrane (Milli-
pore, Bedford, Mass.) and blocked with PBS-milk. Western blots were incubated
with sera from Helicobacter-free mice or mice infected with H. hepaticus, H. bilis,
or H. muridarum diluted 1:400 in PBS-milk. Next, blots were sequentially incu-
bated with biotinylated goat anti-mouse antibody diluted 1:1,000 in PBS-milk
and Vectastain (Vector Laboratories, Burlingame, Calif.). Membranes were de-
veloped with 3,39,5,59-tetramethylbenzidine membrane peroxidase substrate
(Kirkegaard and Perry Laboratories).

H. hepaticus-specific ELISAs. The GST-MAP18 fusion protein and the control
GST protein were diluted to 1 mg of protein/ml in coating buffer (0.1 M NaHCO3
[pH 9.6]), and 200 ml of each solution was added to separate wells of Immulon
2 96-well plates (Dynex, Chantilly, Va.). Proteins were allowed to bind to plates
for 48 h at 4°C. The wells were emptied; 300 ml of blocking buffer (PBS with 0.5%
nonfat dry milk and 0.05% Tween 20) was added to each well, incubated for 30
min at room temperature, and discarded; and 200 ml of serum diluted 1:100 in
blocking buffer was added to duplicate wells coated with the antigen and to
duplicate wells coated with the control protein. After incubation at 37°C for 2 h,
plates were washed three times in PBS with 0.05% Tween 20 (PBS-Tween). Two
hundred microliters of alkaline phosphatase-labeled secondary antibody [F(ab9)2
fragment goat anti-mouse immunoglobulin G (heavy and light chains)] (Jackson
Immunoresearch Laboratories, Inc.) diluted 1:7,000 in PBS-Tween was added to
each well and incubated at 37°C for 2 h. Plates were washed five times in
PBS-Tween. One hundred microliters of phosphatase substrate solution (1 mg of
Sigma 104 phosphatase substrate [Sigma] per 1 ml of substrate buffer [2 mM
MgCl2, 27.5 mM Na2CO3, 22.5 mM NaHCO3]) was added to each well and
incubated in the dark at room temperature for 30 min. The optical density (OD)
of each well was measured (Kinetic Reader EL312E; Bio-Tek Instruments, Inc.,
Winooski, Vt.) and automatically calculated as the OD at 405 nm (OD405) minus
the OD490 to correct for optical interference. The final OD405 for each serum
sample was calculated as the mean OD405 of the paired recombinant-antigen-
coated wells minus the mean OD405 of the paired control protein-coated wells.
The cutoff OD405 was set at two standard deviations above the mean for 41 serum
samples from mice negative for Helicobacter infection by PCR (4, 25, 32). To
evaluate the performance of the recombinant-protein-based ELISA, this ELISA
was directly compared to an H. hepaticus-specific ELISA that uses a detergent
extract of H. hepaticus as the antigen (25).

Nucleotide sequence accession number. The GenBank accession number of
the sequence for the 3.2-kb HindIII fragment and the MAP18 gene is AF134212.
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RESULTS

Identification of immunoreactive protein. Immunoscreening
of 8,000 white clones from the H. hepaticus genomic library
with sera from H. hepaticus-infected mice revealed the three
immunoreactive clones designated 1A, 1B, and B2, which con-
tained the plasmids p1A, p1B, and pB2, respectively. Western
blot analysis of all three positive clones demonstrated an 18-
kDa immunoreactive protein when blots were probed with sera
from H. hepaticus-infected mice (Fig. 1). The 18-kDa band was
not visualized when clones were probed with sera from mice
free of H. hepaticus infection (Fig. 1). Thus, subsequent exper-
iments were focused toward identifying an ORF in the H.
hepaticus genome contained in the plasmid p1A, p1B, or pB2
that coded for an H. hepaticus-specific 18-kDa immunoreactive
protein. Restriction endonuclease digestion of the plasmids
p1A, p1B, and pB2 revealed DNA inserts of approximately 8.5,

9.0, and 6.5 kb, respectively. Subcloning and immunoscreening
of these plasmids revealed that a gene coding for an 18-kDa
immunoreactive protein was located on a 3.2-kb piece of DNA
generated by HindIII digestion of p1A. This subcloned plas-
mid, p1A2, was chosen for further study.

Identification of an ORF encoding an immunogenic protein.
The DNA sequence of p1A2 was determined, and four ORFs
that had putative ribosome binding sites and coded for pre-
dicted proteins of .7,000 Da were identified. The ORF 1 gene,
which coded for a predicted 18,836-Da membrane-associated
protein (MAP18), and the ORF 2 gene, which coded for a
predicted 7,959-Da protein (P8), were generated by PCR, and
the amplicons were directionally cloned in frame into the ex-
pression vector pGEX-5X-3 (Pharmacia Biotech) to create the
plasmids pGEX-5X-3-MAP18 and pGEX-5X-3-P8, respec-
tively. Colony lifts of E. coli harboring the plasmid pGEX-5X-
3-MAP18 were immunoreactive when probed with sera from
H. hepaticus-infected mice. Colony lifts of E. coli harboring
pGEX-5X-3-P8 demonstrated no immunoreactivity when
probed with sera from mice infected with H. hepaticus. Because
ORF 1 was identified as the gene that coded for the 18-kDa
immunoreactive H. hepaticus protein that was being sought,
ORF 3 and ORF 4 were not evaluated for the production of
immunoreactive proteins.

Gene sequence and predicted translated protein of ORF 1.
The 459-nucleotide sequence of the ORF that coded for the
18-kDa immunogenic protein of H. hepaticus, ORF 1, is pre-
sented in Fig. 2. The gene had a putative ribosome binding site
at positions 26 through 211, a TAA stop codon, and a G1C
content of 40.3%. The ORF had a 59.8% identity in a 316-bp
overlap with an ORF of the H. pylori genome that codes for a
putative 18-kDa peptidoglycan-associated lipoprotein (Gen-
Bank nucleotide sequence accession no. AE000619) (37). The
gene also had a 61.8% identity in a 338-bp overlap with a gene
coding for a peptidoglycan-associated outer membrane li-
poprotein of Campylobacter jejuni (GenBank nucleotide se-
quence accession no. U47617) (20) and had a high sequence
similarity with genes coding for outer membrane proteins of
other gram-negative bacteria. The predicted translated protein
of ORF 1, MAP18, contained 153 amino acids and had a high
identity with predicted outer membrane lipoproteins of other
gram-negative bacteria. For example, MAP18 had a 48%

FIG. 1. Western blot of sonicated preparations from cultures of three immu-
noreactive E. coli clones (1A, 1B, and B2) harboring plasmids from an H.
hepaticus genomic library. Blots were probed with pooled sera from H. hepaticus-
infected mice or with pooled sera from uninfected mice. Notice that the 18-kDa
protein is detected only with the serum from H. hepaticus-infected mice. The
20-kDa band present in all test lanes likely represents an E. coli protein that is
detected by anti-E. coli antibodies present in the sera of H. hepaticus-infected
and uninfected mice. Each lane contains 10 mg of protein. M, prestained low-
range SDS-polyacrylamide gel electrophoresis protein standards (Bio-Rad Lab-
oratories, Hercules, Calif.).

FIG. 2. Nucleotide sequence of ORF 1 and the predicted translated protein, MAP18. The DNA sequences shown are nucleotides 281 to 784 of the 3.2-kb HindIII
fragment of the plasmid p1A2. The putative ribosome binding site (rbs) is double underlined. The possible leader signal peptide sequence is underlined, and the
predicted signal peptidase II cleavage site is indicated (™).
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identity over 104 amino acids with a predicted 18-kDa pep-
tidoglycan-associated lipoprotein of H. pylori (GenBank ac-
cession no. AE000619) (37) and had a 49% identity over 107
amino acids with a predicted 18-kDa peptidoglycan-associated
lipoprotein of C. jejuni (GenBank accession no. X83374). The
N-terminal 19-amino-acid peptide fragment of the predicted
translated protein of MAP18 (Fig. 2) was a predicted prokary-
otic membrane lipoprotein signal sequence (19, 28, 38) that
had a 52% identity with the leader sequence of a 20-kDa
membrane-associated lipoprotein of H. pylori (GenBank acces-
sion no. AE000645) (7, 21). In addition, the Ser-Val-Gly-Cys
sequence at amino acid positions 15 through 18 is a putative
cleavage site for a specific lipoprotein signal peptidase, signal
peptidase II (15), with the serine at position 19 serving as a
probable outer membrane trafficking signal (44) and the cys-
teine at position 18 serving as a possible site for the protein to
be attached to a membrane lipid (15). Thus, it is likely that
MAP18 is a membrane-associated protein of H. hepaticus.

Western blotting of recombinant GST-MAP18. Western
blots of affinity-purified GST-MAP18 demonstrated a 44-kDa
fusion protein that reacted with sera from H. hepaticus-in-
fected mice but did not react with sera from mice infected with
H. bilis or H. muridarum or with sera from uninfected mice
(Fig. 3). This 44-kDa recombinant protein, GST-MAP18, was
composed of the 18-kDa immunoreactive protein of H. hepati-
cus (MAP18) coded for by ORF 1 fused with the 26-kDa GST
protein affinity tag coded for by the expression vector.

Comparison of recombinant-antigen-based ELISA to deter-
gent extract-based ELISA. The GST-MAP18 recombinant
protein was expressed in and purified from E. coli and used as

the antigen in an ELISA to detect anti-H. hepaticus specific
antibodies in the sera of infected mice. This recombinant-
antigen-based ELISA was directly compared to an established
H. hepaticus-specific ELISA that uses a detergent extract of H.
hepaticus as the antigen (25) (Table 1). The sensitivity and
specificity of each ELISA were determined by evaluating sera
from multiple strains of immunocompetent mice that were
documented by fecal PCR assay to be infected with H. hepati-
cus or free of Helicobacter infections. Both ELISAs were highly
specific (98%); however, the recombinant-protein-based
ELISA was 66% sensitive in identifying mice naturally infected
with H. hepaticus while the detergent extract-based ELISA was
89% sensitive in identifying these mice. To further compare
the sensitivities and specificities of the two H. hepaticus-specific
ELISAs, sera from mice that were orally gavaged with H.
hepaticus, H. bilis, or H. muridarum were tested. When these
sera were evaluated, the detergent extract-based ELISA and
the recombinant protein-based ELISA were both 100% spe-
cific and 100% sensitive in identifying the H. hepaticus-infected
mice. Thus, the recombinant-antigen-based ELISA was less
sensitive than the detergent extract-based ELISA in detecting
mice naturally infected with H. hepaticus while both assays
were equally highly specific.

DISCUSSION

In this report we describe the identification and cloning of a
gene that codes for an 18-kDa immunogenic membrane-asso-
ciated protein (MAP18) of H. hepaticus. The protein was ex-
pressed in and purified from E. coli as a GST fusion protein,
GST-MAP18, and was used as the antigen in an ELISA to
detect anti-H. hepaticus specific antibodies in the sera of in-
fected mice. This ELISA was directly compared to an H. he-
paticus-specific ELISA that uses a detergent extract of H. he-
paticus as the antigen. Both ELISAs performed with high
specificity; however, the recombinant protein-based ELISA
performed with a lower sensitivity than did the detergent ex-
tract-based ELISA in identifying mice naturally infected with
H. hepaticus. The decreased sensitivity of the recombinant pro-
tein-based ELISA may have resulted from the presence of only
a limited number of antigenic epitopes on the single protein
antigen and the failure of all infected mice to generate a
vigorous antibody response against this protein. Several immu-
noreactive bands were detected when Western blots of the H.
hepaticus detergent extract antigen were probed with sera from
H. hepaticus-infected mice (data not shown), suggesting that
this antigen contains more immunogenic epitopes than the
recombinant-protein antigen. Thus, the increased sensitivity of
the detergent extract-based ELISA may result from its ability
to identify several different H. hepaticus-specific antibodies

FIG. 3. Western blot of affinity-purified H. hepaticus recombinant protein
(GST-MAP18) and control protein (GST) probed with pooled sera from mice
infected with H. hepaticus, H. muridarum, or H. bilis or with pooled sera from
uninfected mice. Note that antibodies to GST-MAP18 are detected only for mice
infected with H. hepaticus. Each lane contains 10 mg of protein. M, prestained
low-range SDS-polyacrylamide gel electrophoresis protein standards (Bio-Rad
Laboratories).

TABLE 1. Results for the performance of the two H. hepaticus-specific ELISAs

ELISAa ELISA result

No. (%) of mice with the indicated Helicobacter infection status

Helicobacter free
(n 5 41)

H. hepaticusb

(n 5 44)
H. hepaticusc

(n 5 7) H. bilisc (n 5 7) H. muridarumc

(n 5 7)

Recombinant Positive 1 (2) 29 (66) 7 (100) 0 (0) 0 (0)
Negative 40 (98) 15 (34) 0 (0) 7 (100) 7 (100)

Detergent extract Positive 1 (2) 39 (89) 7 (100) 0 (0) 0 (0)
Negative 40 (98) 5 (11) 0 (0) 7 (100) 7 (100)

a The recombinant-antigen-based ELISA used the fusion protein, GST-MAP18, as the antigen, and the detergent extract-based ELISA used a detergent extract of
H. hepaticus as the antigen. Sera from mice free of Helicobacter infection, naturally infected with H. hepaticus, or experimentally inoculated with H. hepaticus, H. bilis,
or H. muridarum were tested.

b Mice naturally infected with H. hepaticus.
c Mice experimentally inoculated with H. hepaticus, H. bilis, or H. muridarum.
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that are produced in response to infection. The decreased
sensitivity of the recombinant-protein-based ELISA may also
have resulted from antigenic variation of MAP18 so that an-
tibodies directed against the MAP18 proteins of other H. he-
paticus isolates may not recognize the antigenic epitopes of the
recombinant MAP18 protein used in our ELISA. Therefore,
potential ways to increase the sensitivity of the ELISA are to
clone other antigenic variants of MAP18 or to clone other
immunoreactive proteins of H. hepaticus and to combine these
proteins with GST-MAP18 to create a multivalent antigen
preparation for use in an H. hepaticus-specific ELISA.

Our results suggest that MAP18 is a membrane-associated
lipoprotein of H. hepaticus. The gene coding for MAP18, ORF
1, had a high sequence identity with genes coding for outer
membrane lipoproteins of other gram-negative bacteria, in-
cluding a putative 18-kDa outer membrane lipoprotein of H.
pylori (37) and an 18-kDa outer membrane lipoprotein of C.
jejuni (5), a bacterium from a closely related genus. Also, the
predicted amino acid sequence of MAP18 had high identities
with the amino acid sequences of these same proteins. In
addition, the N-terminal 19-amino-acid peptide fragment of
MAP18 contained a prokaryotic signal peptide that predicted
that the protein would be trafficked to the bacterial membrane
(19, 28, 38). The C terminus of the signal peptide had a puta-
tive signal peptidase II cleavage site; signal peptidase II is an
enzyme that is involved in cleavage of signal sequences of
prokaryotic membrane-transported proteins (15). In addition,
the cysteine residue following this cleavage site is a likely point
of attachment of membrane proteins to a lipid moiety (15) and
the serine at position two of the cleaved sequence has been
shown to be an outer membrane trafficking signal in E. coli
(44).

In summary we cloned a gene that encodes an immunogenic
protein of H. hepaticus. The protein was expressed as a fusion
protein and was used as an antigen in an ELISA to detect
antibodies to H. hepaticus in sera from infected mice. This
ELISA was compared to an H. hepaticus-specific ELISA that
uses a detergent extract of H. hepaticus as the antigen. Both
assays performed with an equally high specificity; however, the
recombinant-protein-based ELISA was not as sensitive in de-
tecting infected mice. This report provides a foundation for the
further development of recombinant-protein-based immuno-
assays for the detection of H. hepaticus infections in mice.
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