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Colonization of the gastric mucosa by Helicobacter pylori is the major cause of gastroduodenal pathologies in
humans. Studying the outcome of the humoral immune response directed against this gastric pathogen may
contribute substantially to vaccine development and to the improvement of diagnostic techniques based on
serology. By using two-dimensional gel electrophoresis, 29 proteins from H. pylori G27 were identified which
strongly react with sera derived from H. pylori-infected patients suffering from different gastroduodenal
pathologies. These antigens were characterized by mass spectrometry and proved to correspond to products of
open reading frames predicted by the H. pylori genome sequence. The comparison of the antigenic patterns
recognized by these sera revealed no association of specific H. pylori antigens with antibodies in patients with

particular gastroduodenal pathologies.

Helicobacter pylori is a spiral-shaped, microaerophilic, gram-
negative microorganism which colonizes human gastric epithe-
lial cell surfaces and the overlying mucous layer. Infection with
H. pylori, which affects approximately 50% of the world’s pop-
ulation, causes chronic gastric inflammation, which in most
cases remains asymptomatic. However, 10% of the H. pylori
carriers develop severe gastric illness such as gastric or duo-
denal ulcer, atrophic gastritis, antral adenocarcinoma, or mu-
cosa-associated lymphoid tissue (MALT) lymphoma. There-
fore, infection by H. pylori causes a major health problem
worldwide, especially in developing countries, where infection
rates of >90% are encountered (13).

Several factors associated with the pathogenesis of H. pylori
have been characterized so far, including flagella (18, 32);
urease, which probably enables H. pylori to survive in the acidic
environment of the stomach (9); an adhesin binding to the
Lewis b blood group antigen (22); and the vacuolating cyto-
toxin VacA (3). In vitro VacA induces the formation of large
acidic vacuoles in a number of eukaryotic cells (19). Further-
more, a 40-kb pathogenicity island (PAI) named cag has been
identified in a subset of strains (1, 6). Based on the presence of
the cag PAI, the H. pylori isolates are subdivided into two types.
Type I strains, containing the cag PAI, exhibit increased viru-
lence, since they are predominantly associated with severe
gastric disease, while type II strains, lacking the cag PAI, are
more frequently isolated from asymptomatic carriers. It has
been demonstrated that some of the proteins encoded by the
cag PAI trigger severe inflammatory responses in the host (6).
However, the precise function of the gene products of the cag
PAI and their role in virulence remain to be elucidated.

Pharmaceutical therapy to treat the H. pylori infection in-
volves expensive combinations of various antibiotics, proton
pump inhibitors, and bismuth compounds but shows only a
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limited efficacy (of approximately 80 to 90%) and does not
prevent reinfection after successful eradication. In addition, H.
pylori strains resistant to the most potent antibiotics used in the
treatment of H. pylori infections, metronidazole and clarithro-
mycin, are emerging rapidly (5). Considering further that the
number of infected people worldwide requiring treatment is
far beyond the reach of the antibiotic triple therapy, develop-
ment of a vaccine seems to be the only suitable approach for
the global control of H. pylori infection. It has been shown by
various researchers that in animal models of infection protec-
tive immunity can be achieved by the coadministration of an
appropriate mucosal adjuvant and various H. pylori antigens,
either separately or in combination, via the orogastric route.
The protective antigens identified include the urease; VacA;
CagA, the immunodominant marker protein for the presence
of the cag PAI; catalase; and HspA and HspB, the H. pylori
homologs of the heat shock proteins GroES and GroEL (14,
24, 28, 30). In particular, the H. pylori urease gave rise to a high
degree of protective immunity in vaccinated animals, and it
was reported that 100% protection in H. pylori-challenged mice
could be achieved by the administration of urease via a live
carrier Salmonella strain expressing recombinant H. pylori sub-
units A and B (17). Furthermore, it has been demonstrated
that therapeutic vaccination with recombinant VacA and CagA
eradicates a chronic H. pylori infection in mice, demonstrating
that the inability of the natural immune response to clear H.
pylori infection can be overcome (16).

Considering the advantage of an efficacious vaccine, it is
important to identify the H. pylori proteins which elicit a strong
immune response in humans in order to analyze their capabil-
ity to confer protective immunity. Furthermore, the identifica-
tion and characterization of immunodominant proteins will
contribute to the improvement of serological tests for detecting
and monitoring H. pylori infections. Another important ques-
tion is whether there exists a correlation between the presence
of antibodies directed against specific H. pylori antigens and
the particular H. pylori-associated gastroduodenal pathology
from which a patient is suffering. In the present study, we used
the proteome technology to identify common patterns of H.
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FIG. 1. 2D map (pH 4 to 8) of a whole-cell lysate of H. pylori G27 and identification of H. pylori antigens by immunoblot analysis. A 100-ug portion of a whole-cell
lysate of H. pylori G27 was loaded onto the IEF gels. Identified proteins are indicated by the spot numbers given in Table 1. The positions of molecular weight (MW)
standards are indicated on the right. (A) Silver stain of a typical 2D gel. (B) Western blot of a duplicate 2D gel hybridized with serum AR, which is derived from an
H. pylori-infected individual suffering from gastritis. Western blots were developed using the enhanced chemiluminescence detection system (Amersham). (C) Western
blot of a duplicate 2D gel hybridized with a control serum from an H. pylori-negative individual (N1).

pylori antigens which are recognized by sera from patients
showing various gastroduodenal pathologies.

Identification of immunogenic proteins of H. pylori by the
proteome technology. H. pylori G27 (36) was grown on Colum-
bia agar plates containing 5% horse blood and 0.2% cyclodex-
trin as described previously (4). The bacteria were harvested
from the plates, washed with phosphate-buffered saline, and
lysed by incubation in lysis buffer (35 mM Tris, 9 M urea, 65
mM dithiothreitol, 4% 3-[(3-cholamidopropyl)-dimethylam-
monio]-1-propanesulfonate [CHAPS]) for 10 min at room
temperature. Two-dimensional (2D) gel electrophoresis was
performed by the method of O’Farrell (27), modified by Hoch-
strasser et al. (20, 21). Protein samples containing up to 200 pg
of protein were subjected to isoelectric focusing (IEF) in a pH
gradient ranging from pH 4 to pH 8. Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis was performed with pairs of
identical IEF samples, and the gels were further processed in
parallel by silver staining or immunoblotting using either con-
trol sera derived from five individuals identified H. pylori neg-
ative by serological tests (23) or the sera from 16 H. pylori-
infected persons suffering from different gastroduodenal
pathologies. These sera were collected at the Universitétsklinik
Wiirzburg, Wiirzburg, Germany, the Hospital Calderon
Guardia, San Jose, Costa Rica, and the Hospital Max Peralta,
Cartago, Costa Rica, and were taken from patients identified
as H. pylori positive by endoscopy and suffering from gastritis
(AR, KE, BB, EE, MM, and SR), gastric or duodenal ulcer
(CR3/4, CR6/10, CR7, CRY/11, and CR5/8), gastric cancer
(18129, CRI15, CR16, and CR19) or MALT lymphoma
(H6031). Immunogenic H. pylori proteins identified in this way
were eluted from preparative gels stained with colloidal Coo-
massie blue (26) and analyzed by digestion with trypsin fol-
lowed by LC-mass spectrometry (MS). Briefly, the Coomassie
blue-stained protein bands were precisely excised from the
acrylamide gel, cut into small cubes, and rinsed several times
with water (100 pl) for 15 to 30 min each. The gel pieces were
washed three times with 100 pl of acetonitrile-water (1:1) for
10 to 20 min. To shrink the gel and extract residual water, pure
acetonitrile was added for 10 min. The acetonitrile was re-
moved, and 30 to 50 pl of digestion buffer (50 mM N-methyl-
morpholine [pH 8.1]) as well as trypsin (0.5 pg) were added.
Digestion was performed at 37°C for 6 to 12 h. The superna-
tant containing the resulting peptides was recovered, and the
gel pieces were extracted twice with 0.1% trifluoroacetic acid

(20 to 30 min). The volume of the combined extracts was
reduced to 5 pl in a Speed-Vac concentrator. LC-MS and
collision-induced fragmentation (CID) spectra were recorded
on a Finnigan LCQ ion trap mass spectrometer equipped with
an electrospray ionization source. Grouping of fragment ion
(CID) spectra originated from the same precursor ion, and
cross-correlation analysis of the data was performed by using
the Sequest program (10). The Sequest algorithm compares
the measured fragment ion spectra of all selected peptides to
the predicted spectra of tryptic peptides contained in the da-
tabase and exhibiting the same molecular weight. Identifica-
tion of multiple peptides derived from the same protein and
evaluation of their cross-correlation scores results in unambig-
uous identification of the protein. The 2,591 database entries
for peptide searches were created by selecting all annotated
and predicted H. pylori proteins from the composite OWL
protein sequence database (version 30.2).

Figure 1 shows a typical 2D map of H. pylori proteins as well
as the immunoblots obtained with an H. pylori-negative control
serum sample (N1) and a serum sample taken from a H. pylori
carrier with chronic gastritis (AR). In total, five control sera
were tested individually. These sera showed a low level of
cross-reactivity with H. pylori proteins, and the most prominent
hybridizing spots were identified as HspB, the H. pylori ho-
molog of the heat shock protein GroEL (spot 19, present in
two out of five sera); the translation elongation factor EF-Tu
(spot 18, present in two out of five sera); the ribosomal protein
L7/L12 (spot 20, present in three out of five sera); the outer
membrane protein 18 (spot 17, present in two out of five sera);
flagellin A (spot 12, present in three out of five sera); and the
urease subunit B (spot 16, present in one out of five sera).
Spots 17, 18, 19, and 20 were also detected when an antiserum
directed against whole-cell lysates of Escherichia coli was used
in the immunoblot analysis (data not shown). Using the sera
from 16 H. pylori carriers in individual experiments, a total of
120 hybridizing spots were detected, 29 of which could be
unambiguously correlated to proteins in the 2D maps obtained
by silver staining. These proteins were analyzed by LC-MS, and
the peptide mass peaks obtained in all cases matched with the
products of open reading frames (ORFs) predicted by the H.
pylori genome sequence (33). The identified proteins are listed
in Table 1, and their position in the H. pylori 2D protein map
is shown in Fig. 2. Several proteins associated with the ability
of H. pylori to colonize the gastric mucosa were detected, like



VoL. 68, 2000 NOTES 917
TABLE 1. Identification of immunogenic H. pylori proteins by immunoblotting and LC-MS*

Spot no. Antigen HP no. MW (10%) pl
1 Neutrophil-activating protein (NapA) (bacterioferritin) HP0243 16 5.9
2 Cochaperone HspA (GroES) HP0011 13 6.6
3 Alkyl hydroperoxide reductase HP1563 22 6.3
4 DNA-directed RNA polymerase, o subunit HP1293 38 4.8
5 Isocitrate dehydrogenase HP0027 47 79
6 Conserved hypothetical protein HP0318 28 7.7
7 Translation elongation factor EF-P HP0177 20 5.4
8 RecA protein HPO0153 38 5.8
9 Translation elongation factor EF-Ts HP1555 39 6.5
10 Pyruvate ferredoxin oxidoreductase, o subunit HP1110 45 5.8
11 Aspartate ammonia-lyase HP0649 51 6.8
12 Flagellin A (FlaA) HP0601 53 6.3
13 70-kDa chaperone (DnaK) HP0109 68 4.8
14 Trigger factor HPO0795 49 5.2
15 Flagellar hook-associated protein 2 (FliD) HP0752 74 5.1
16 Urease B subunit (UreB) HP0072 63 59
17 Peptidoglycan-associated lipoprotein precursor (Omp18) HP1125 20 53
18 Translation elongation factor EF-Tu HP1205 44 5.0
19 Chaperone and heat shock protein HspB (GroEL) HP0010 60 5.6
20 Ribosomal protein L7/L12 HP1199 14 5.0
21 ATP synthase F1, subunit HP1132 52 5.2
22 Biotin carboxyl carrier protein HP0371 17 5.4
23 Hydrogenase expression/formation protein HP0900 27 53
24 Glutamine synthetase HPO0512 53 6.1
25 Hemolysin secretion protein precursor HP0599 48 6.2
26 Hypothetical protein HP1037 39 6.1
27 3-oxoadipate coenzyme A-transferase subunit A HP0691 25 5.9
28 Aconitase B HP0779 94 6.5
29 ATP-dependent protease binding subunit (ClpB) HP0264 94 6.3

“ Theoretical molecular weight and isoelectric point were calculated from the ORFs annotated in the genomic sequence of H. pylori 26695 (33). Note that ORF
products corresponding to HP0599 and HP1037 were annotated as methyl-accepting chemotaxis protein (JHP546; 97% pairwise protein identity to HP0599) and proline
peptidase (JHP387; 96.4% pairwise protein identity to HP1037) in the genomic sequence of the unrelated H. pylori strain J99 (2).

the urease B subunit; the major flagellin, FlaA; and a flagellar
hook-associated protein, FliD. However, most of the immuno-
genic proteins proved to be housekeeping enzymes involved in
energy metabolism (pyruvate ferredoxin oxidoreductase, iso-

pl 45 5.1 5.5

6.0 6.6

FIG. 2. Silver-stained 2D map of a whole-cell lysate of H. pylori G27 showing
the positions of the 29 identified immunogenic proteins listed in Table 1. The
positions of molecular weight (MW) standards are indicated on the right. Iso-
electric points are indicated at the bottom of the figure and were obtained by
running a 2D sodium dodecyl sulfate-polyacrylamide gel electrophoresis stan-
dard under conditions identical to those applied for sample separation.

citrate dehydrogenase, ATP synthase F1, 3-oxoadipate coen-
zyme A transferase, aconitase B, and hydrogenase expression/
formation protein), amino acid biosynthesis (aspartate
ammonia-lyase and glutamine synthase), fatty acid and phos-
pholipid metabolism (biotin carboxyl carrier protein), general
cellular processes (bacterioferritin, trigger factor, alkyl hy-
droperoxide reductase, cochaperone HspA, HspB, the 70-kDa
chaperone DnaK, hemolysin secretion protein, and the ATP-
dependent protease binding subunit), DNA recombination
and repair (RecA protein) and translation (elongation factors
EF-P, EF-Tu, and EF-Ts and ribosomal protein L7/L12). A
single antigen associated with the cell envelope, peptidoglycan-
associated lipoprotein, could be detected. The peptide mass
peaks of two proteins matched with ORF products HP0318
and HP1037, which are annotated as hypothetical proteins of
unknown function in the genomic sequence of H. pylori strain
26695 (33) and which show the typical features of cytoplasmic
proteins. It should be noted that the ORF product (JHP387)
corresponding to HP1037 in the recently published genome
sequence of the unrelated H. pylori isolate J99 was annotated
as proline peptidase (2). Therefore, with the exception of the
essential colonization factors UreB, FlaA, and FliD, no anti-
genic proteins which obviously could contribute to the patho-
genic potential of H. pylori could be detected. It has been
reported that purified NapA is able to activate the increased
expression of CD11b/CD18 in human neutrophils (11); how-
ever, it is unclear whether this observation has in vivo rele-
vance, since NapA was recently shown to belong to the class of
bacterioferritins (12). The fact that the detected immunodom-
inant proteins represent mainly housekeeping functions may
indicate a general limitation of our approach, since only pro-
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TABLE 2. Comparison of the antigenic patterns obtained with sera from 16 H. pylori-infected individuals based on a subset of 20
selected antigens”

Antigenic pattern of sera from patients with:

G27 No infection (control) Gastritis Gastric or duodenal ulcer Gastric cancer Frequency’
spotno- CR CR CR CR CR CR CR CR (I\I—/{?O]gplr)
Nl N2 N3 N4 N5 AR BB EE KE MM SR 3458 6/10 7 911 18129 15 16 19
1 - - - - - + 4+ 4+ + o+ (D) + + - = = + - - = + 10
2 - - - - - + - 4+ + + - 4+ - - - + - - - - + 7
3 - - - - - + - 4+ *H + - - + - 4+ - - () + o+ - 9
4 - - - - = + — - + — — +  + - - - + (+) - - (+) 7
5 - - - - - + - - + - - - - - - + - - - - - 3
6 - - - - - + - - + + - 4+ - - - + + + - - + 8
7 - - - - - - - - 4+ + - - - (% - - + -+ - - 5
8 - - - - - + - - - 4+ 4+ 4+ + - - - +H - - - - 6
9 - - - - - + - - - - - - - + - - - - - - + 3
10 - - - - - + (B + + - - + + - - + + - - + 9
11 - - - - - - 4+ - + - - 4+ + - - - - - - - - 4
12 -+ 4+ - 4+ + + + + o+ o+ o+ + o+ o+ 4+ + + o+ o+ + 16
13 - - - - - + 4+ + - - + + + + - + - - - - + 9
14 - - - - - + 4+ - + + - 4+ + - 4+ + + - = (b + 1
15 - - - - - + 4+ + + + - + + + + + + -+ (+) + 14
16 - - -+ - + 4+ o+ + o+ o+ o+ - o+ = (B - + o+ - - 1
17 -+ - - 4+ - 4+ - - + - + - + + + + + - - + 9
18 + - - + - + - - - + + - + - 4+ + + + - - + 9
19 + - 4+ - - + 4+ + + o+ o+ o+ + - 4+ 4+ + -+ o+ + 14
20 + - - + 4+ + + - + + - + - - - + + + - - + 9

“ Sera were obtained from patients suffering from gastritis (sera AR, BB, EE, KE, MM, and SR), gastric or duodenal ulcer (sera CR3/4, CR5/8, CR6/10, CR7, and
CRY/11), gastric cancer (sera 18129, CR15, CR16, and CR19) or MALT lymphoma (serum H6031) and from five H. pylori-negative individuals (N1 to NS5). Spot
numbers of antigens are as given in Table 1. Parentheses indicate a low degree of reactivity.

® Detection frequency of a given antigen by the 16 H. pylori-positive sera under investigation.

teins which are abundant in the cell could be detected. Fur-
thermore, the scope of antigens detectable by the proteome
technology is restricted by the pH gradient applied in IEF,
which ranged from pH 4 to 8 in our experiments, as well as by
the resolution of the 2D gels. For example, antibodies to the
CagA protein, which was shown previously to be the immuno-
dominant marker protein for the presence of the cag PAI (7,
15), could not be detected for that reason, since its pI (9.6) is
beyond the pH range of our IEF gels. Comparable observa-
tions were made in a similar study by McAtee et al. (25), who
reported the characterization of 22 immunogenic proteins by
hybridization of H. pylori whole-cell lysates with a serum pool
from 14 H. pylori-positive individuals, 9 of which are identical
to antigens detected in this study. However, these limitations
might partially be overcome, if whole-cell lysates are size frac-
tionated prior to their application to IEF gels in order to
increase the total amount of protein to be analyzed, and if
immobilized pH gradients are used in IEF to provide a broader
range of resolution, particularly at higher pH. Of the 29 iden-
tified immunogenic proteins, only 1, peptidoglycan-associated
lipoprotein precursor (Ompl8, HP1125), is a component of
the outer membrane and therefore meets the theoretical de-
mands for a vaccine antigen; however, it showed cross-reactiv-
ity with two of the five H. pylori-negative control sera as well as
with the anti-E. coli antiserum (data not shown). However, it is
believed that urease and HspA, which are generally considered
cytoplasmic proteins but confer protective immunity in animal
models of H. pylori infection, become associated with the bac-
terial surface after lysis of a subpopulation of H. pylori cells
(29); therefore, this might also be the case for other cytoplas-
mic H. pylori antigens, which could then be considered vaccine
candidates.

Comparison of antigenic patterns of H. pylori lysates ob-
tained with different patient sera. The H. pylori-positive sera

used in this study were taken from patients suffering from
chronic gastritis (six sera), peptic ulcer (five sera), gastric can-
cer (four sera), or MALT lymphoma (one serum). The anti-
genic patterns which were obtained when the different sera
were hybridized to whole-cell protein lysates of H. pylori G27 in
individual immunoblot experiments were compared with each
other for the presence of a subset of 20 of the previously
analyzed 29 spots which could be easily identified according to
the electrophoretic mobility of the corresponding proteins.
The results of this comparison are listed in Table 2 and dem-
onstrate a highly variable humoral immune response in the 16
individuals under investigation. A single antigen, the flagellin
A antigen, was recognized by all the sera tested, while anti-
bodies against a second component of the flagella, flagellar
hook-associated protein 2, and the chaperone GroEL were
present in 14 sera. Several other antigens, i.e., urease subunit
B, trigger factor, neutrophil-activating protein, alkyl hydroper-
oxide reductase, pyruvate ferredoxin oxidoreductase, EF-Tu,
ribosomal protein L7/L12, Ompl8, and the DnaK protein,
reacted with about two-thirds of the analyzed sera, while EF-
Ts, isocitrate dehydrogenase, and aspartate ammonia-lyase
were recognized less frequently. However, it should be noted
that FlaA, UreB, GroEL, EF-Tu, ribosomal protein L7/L12,
and Ompl8 also reacted with a low frequency with sera from
H. pylori-negative individuals (Table 2).

The identification of highly immunogenic H. pylori proteins
is a prerequisite for the development of serological test kits
based on recombinant antigens. Along with the urea breath
test, serology is a noninvasive method for the rapid diagnosis of
H. pylori infection, and several serological test kits are com-
mercially available which are based mainly on pooled H. pylori
antigens. The defined composition of such a test kit should
greatly increase both its sensitivity and its specificity. Although
the humoral immune response to H. pylori seems to be quite
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variable, combinations of frequently recognized antigens could
prove useful for diagnostic purposes. The metabolic enzymes
identified here seem to be good candidates to be included into
a serological test kit, since they (i) do not cross-react with sera
from noninfected individuals and (ii) should, according to their
housekeeping function, be highly conserved between different
H. pylori strains irrespective of their classification as type I or
type I1. In contrast, antigens associated with H. pylori virulence,
such as CagA or VacA, show quite a high degree of sequence
variability (8, 34, 35, 37) or might be subject to phase variation
as a consequence of slipped-strand mispairing, as suggested for
several H. pylori outer membrane proteins (31, 33).

The comparison of the antigenic patterns of whole-cell ly-
sates of H. pylori G27 obtained by hybridization with sera from
patients suffering from different gastroduodenal pathologies
revealed no correlation between the presence of a particular
antibody and the state of disease, at least on the basis of the
subset of 20 antigens under investigation (Table 2). This is not
surprising because, as mentioned above, with the exception of
UreB and FlaA, none of the immunogenic proteins identified
in this study is clearly correlated to H. pylori virulence and
could therefore account for different clinical outcomes of in-
fection. Although the proteome technique proved to be a use-
ful approach for the identification of immunogenic proteins,
the detection of marker antigens correlated with a particular
gastroduodenal pathology could have failed for several rea-
sons. (i) Putative virulence factors such as the gene products of
the cag PAI which are expressed in the type I strain G27, are
obviously produced in amounts which are below the detection
limit of the applied method. (ii) Factors contributing to viru-
lence may not be expressed under in vitro culture conditions,
but their expression may depend on certain in vivo stimuli, for
example cell-to-cell contact. (iii) It is generally assumed that
genetic factors of both the bacterium and the host contribute
to the clinical outcome of H. pylori infection. H. pylori G27 is a
type I isolate which is adapted to laboratory growth conditions
and might therefore have lost virulence traits due to prolonged
in vitro passages. Furthermore, nothing is known about the
way in which the course of the chronic H. pylori infection
influences the immune response. Therefore, to profoundly ad-
dress whether marker antigens correlated with specific states of
H. pylori-associated disease do exist, a large number of human
sera together with the infecting strain have to be analyzed.
Currently, our study is being extended to the analysis of the
antigenic patterns of fresh clinical H. pylori isolates obtained
with the sera of their respective human hosts.
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