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A simple and cost-effective method for rapid purification of alkyl
hydroperoxide reductase (AhpC) from Helicobacter pylori and its
antibody production
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ABSTRACT
Background and the purpose of the study: Helicobacter pylori express abundant amounts of
AhpC enzyme that functions to reduce organic hydroperoxides (ROOH) into the
corresponding non-toxic alcohols (ROH). This conserved antigen has been earlier described
as specific and unique for H. pylori and therefore, both H. pylori AhpC and Anti-AhpC
could be useful in the development of serologic and stool antigen tests, to detecting and
monitoring H. pylori infection. AhpC may also serves as a potential target for an
antimicrobial agent or for vaccine development. The aim of this study was to simplify
isolation and purification of the AhpC and production of a highly specific polyclonal
antibody against it.
Methods and Results: In this paper a simple method was used for protein purification and
antibody production which avoids both the long term AhpC protein purification procedure
and the addition of Freund’s adjuvant. One-dimensional preparative gel electrophoresis
allows a single and short purification step and the high resolution capacity of this technique
leads to a high level of purity of the protein and consequently to a very high specificity of
the antibody. Moreover, it avoids contamination by other non-specific proteins which often
appear during protein purification by column chromatographic techniques.
Major Conclusion: The present method is simple, rapid and cost-effective and makes it
possible to produce antibody for stool antigen enzyme immunoassay in short time and at
low cost.
Keywords: Alkyl hydroperoxide reductase; AhpC; Electroelution; Helicobacter pylori;
Polyclonal antibody; Protein purification.
INTRODUCTION
Helicobacter pylori (H. pylori), an oxygensensitive microaerophilic bacterium, contains an
alkyl hydroperoxide reductase homologue (AhpC)
that is closer to eukaryotic peroxiredoxin than to
other bacterial AhpC proteins (1). H. pylori AhpC
is a major component of the AhpC –thioredoxinthioredoxin reductase dependent peroxiredoxin
system that catalyzes the reduction of
hydroperoxides including H2O2 and organic
hydroperoxides (1), and the reduction of
peroxinitrite (2). In addition to AhpC protein,
there are two other members of thioredoxin
dependent peroxidase in H. pylori which are
called thiol-specific peroxidase (Tpx), and
bacterioferritin comigratory protein (BCP) that
have similar activities as the AhpC protein (3).
The AhpC protein has previously been reported as
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species-specific protein which is antigenically
conserved (4). Although not identified as a
peroxidase at that time, the AhpC was
characterized as a homodimer of 26 kDa
polypeptide chains with inter-chain disulfide
linkage and the protein was also suggested to be
useful as a diagnostic antigen in enzyme
immunoassay (EIA) tests for detection of H.
pylori infection (4).
H. pylori express abundant levels of AhpC
protein. Based on densitometric measurement of
the protein bands on the gel, it has been shown
that the protein constitutes more than 2% of the
total protein in the wild- type cell (5) which
confirms results of proteome analysis indicating
AhpC as the third most abundant protein in H.
pylori (6).
Results of another study has shown about 20-30%
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sequence homology between H. pylori AhpC and
other bacterial AhpC, with as high as 43%
sequence homology between the protein and the
mammalian (human or mouse) peroxiredoxin (7).
In addition, by immunoblotting of the stool of the
infected individuals, it has been shown that the 26
kDa protein antigen was present in all samples
and it has been suggested that this antigen is one
of the major antigens of H. pylori which is
released into the stool and can be considered as a
diagnostic antigen which might be used in
diagnostic kit development (8). Furthermore, by
applying
comparative
proteomic
and
immunoproteomic analysis of different H. pylori
strains, AhpC has been described as a protein with
potential diagnostic and therapeutic values (9).
Since AhpC is among the most conserved and
unique H. pylori antigens, development of
antibodies against it is potentially useful for the
stool antigen tests in order to detect and monitor
H. pylori infection. It may also serves as a
potential target for antimicrobial agent or vaccine
development (10).
In the present study AhpC from H. pylori was
purified and a polyclonal antibody against it was
produced.
MATERIALS AND METHODS
Materials and instruments
Octyl- β-D- glucopyranoside, Bovine serum
albumin (BSA), vancomycin, trimethoprim and
polymyxin B were all purchased from SigmaAldrich St. Louis, USA. Brucella agar was
obtained
from
Merck,
Germany
and
phenylmethylsulphonyl fluoride (PMSF) was
purchased from Across Organic, USA. 3, 3َ diamino tetra hydrochloride was purchased from
BHD Limited Poole, England.
Absorbance was determined with a CECIL 9000
spectrophotometer
(Cambridge,
England).
Absorbance of ELISA wells was recorded using
an Anthos 2020 microplate reader (Anthos Labtec
instrument Austria). Electroelution was performed
using horizontal flat bed mini-gel electrophoresis
apparatus (Pouya Pajouhesh, Mashhad, Iran). One
dimensional preparative and analytical SDSPAGE were performed in a vertical slab gel unit
(Akhtarian, Tehran, Iran).
Bacterial isolation and cultivation
The H. pylori strains used in this study were
isolated from biopsies of the stomach of patients
with a variety of gastrointestinal disorders. The
specimens were transported to the laboratory in
sterile semisolid saline containing 0.16% agar and
cultured on selective Brucella agar containing
defibrinated blood (7%), vancomycin (5 mg/l)
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trimethoprim (5 mg/l) and polymyxin B (2500
u/l). After microaerobic incubation at 37 oC,
bacterial cultures were purified as H. pylori
according to microscopic observation of spiral
morphology and catalase, oxidase, and urease
positive reactions. Bacterial cells from culture
plates were harvested in phosphate–buffered
saline (PBS), centrifuged at 5000 g for 20 min,
and the pellet was stored at -20 oC until use.
Whole cell protein extraction
For whole cell protein extraction, frozen cell
pellets were thawed, suspended in PBS (pH 7.2)
containing 1.0 mM PMSF, 4 mM EDTA and
0.6% (w/v) octyl-β-D-glucopyranoside. Extraction
of proteins was allowed to take place for 60 min
at the ambient temperature with gentle agitation.
Cells were removed by centrifugation at 6000 g
for 15 min and then re-extracted. The pooled
supernatants were cleared by centrifugation at
35000 g for 20 min and ammonium sulfate was
added to 50% saturation. After overnight
incubation at 4 oC, the sample was spun at 35000
g for 30 min and the pellet was suspended in 5 ml
of 0.05 M Tris-hydrochloride containing 0.145 M
NaCl (Tris-saline [pH 7.5]). The sample was
dialyzed against the same buffer. The protein
assay was then performed according to the
described method (11).
Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE)
One dimensional preparative and analytical SDSPAGE were performed in a vertical slab gel unit
using 12.5% separating gels and 5.0% stacking
gels (12). The protein extract (1.5 ml) was
separated by preparative SDS-PAGE (180 ×160 ×
2.5 mm) and stained with 10% acetic acid, 40%
methanol and 0.1% Coomassie Brilliant Blue
(CBB)-R250. Analytical electrophoresis was also
done as described above.
Removal of CBB-R250 and electrophoretic
elution of proteins from gel slices
In order to extract the protein from SDS-PAGE,
the method of electrophoretic elution was applied
using dialysis membrane for protein retention (1315).
Protein band with 26 kDa size was excised and
cut into small fragments. Removal of CBB-R250
from the gel fragments was performed according
to the described method [16]. Briefly, destaining
solution containing 50% isopropanol and 3.0%
SDS was added to gel pieces in 12×75 mm glass
test tubes which were then capped with parafilm.
Tubes without agitation were placed overnight at
37 oC water bath set. After cooling to room
temperature, the liquid was removed and the gel
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fragments containing the appropriate protein were
used for rabbit immunization and electrophoretic
elution.
For electophoretic elution, the gel fragments were
equilibrated twice in 0.125 M Tris-HCl buffer (pH
6.8) and 2.0% solution of 2-mercaptoethanol for
15 min. A final equilibration of the gel fragments
was carried out in 0.125 M Tris-HCl buffer (pH
6.8) containing 1.0% (w/v) SDS. The equilibrated
gel fragments were then placed in a dialysis tube
with a minimum amount of buffer containing SDS
(25 mM Tris, 192 mM glycine and 0.1% SDS),
and electroelution was carried out according to the
reported method [15]. In this study, electroelution
was performed at 50 V for 12 h at 4 oC in a buffer
containing 25 mM Tris, 192 mM glycine and
0.1% SDS (pH 8.3). At the end of electrophoretic
elution, the polarity of the electrodes was changed
for 60 s in order to avoid the absorption of protein
on the dialysis tubes.
Immunization of rabbits
Polyclonal antiserum was raised in adult New
Zealand white rabbits by intradermal and
intramuscular injections. The rabbits were
immunized with the homogenized gel fragments
containing approximately 50 µg of the protein
without Freund’s adjuvant. Booster doses were
also given without Freund’s adjuvant on the days
of 14 and 28. On the day of 42 the rabbits were
exsanguinated, and the serum was collected and
stored at -20 oC. Control preimmune serum was
obtained before the first injection.
Titration of antiserum by enzyme-linked
immunosorbent assay (ELISA)
The titer of antiserum was determined by means
of indirect ELISA, in which the purified 26 kDa
protein served as the antigen and the preimmune
serum was used as the negative control.
A microtiter plate was coated with the 26 kDa
protein at 37 oC overnight in PBS buffer (pH 7.5).
Nonspecific binding was blocked with 2% BSA in
PBS (pH 7.5) for 2 h at 37 oC and the plate was
washed three times with PBS. The plate was then
incubated for 2 h at 37 oC with antiserum. After
washing, the plate was incubated with anti-rabbit
IgG-Horseradish peroxidase conjugate for 2 h at
37 oC. Finally, after washing with PBS as before,
color was developed by using 3,3',5,5' tetramethyl
benzidine (TMB) as substrate. Finally the reaction
was stopped with 50 ml/well of 1 M HCl, and the
absorbance at 450 nm was recorded using ELISA
reader.
Western immunoblotting
Immunoblotting was performed as described
previously [17]. Briefly, After electroblotting,
unreacted sites on the nitrocellulose paper (NCP)
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were blocked with a 2% solution of BSA in PBS
(pH 7.5) for 1 h at room temperature .The NCP
was then incubated with the appropriate dilution
(1:20) of antiserum in the same buffer for 2 h. The
NCP was washed three times with PBS. Goat antirabbits IgG conjugated to Horseradish peroxidase
(HRP) was then added and incubated for 1h at
room temperature. After incubation, the NCP was
washed three times with PBS. The reaction bands
were visualized with hydrogen peroxide as the
HRP substrate and 3, 3′-diamino tetra
hydrochloride (DAB) as the color development
reagent.
Immunodot blotting
Dot blotting was performed by transferring 10 µg
of protein sample to NCP. After the NCP was
dried at 37 oC for 1 h, it was blocked with a 2%
solution of BSA in PBS (pH 7.5), treated with
antiserum, washed and developed by the
procedure which was described for western
blotting.
RESULTS
Assuming that the total protein content of the cells
is 30% on a dry weight basis (18), then the
expected maximum protein content in 0.92 g (dry
weight) of bacterial cell lysate in a volume of 25
ml PBS, of pH 7.4 would be 11 mg/ml, if all of
the protein content is released. In practice, the
total intracellular protein was determined 3.5
mg/ml, by complete extraction of the protein from
the cells with 4.0 M sodium hydroxide. The
details of protein purification are given in table 1.
The crude extract from H. pylori showed a
brownish color and contained approximately 30
bands when analyzed in a CBB-R250 stained
SDS-PAGE gel as shown in Fig.1, lane A.

Figure 1. Protein profile of H. pylori. Lane M:
molecular weight standard, Lane A: whole cell protein
extract, Lane B: purified AhpC.
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Table 1. Details of protein purification
Purification step

Volume
(ml)

Protein
(mg/ml)

Total protein
(mg)

Recovery
(% total protein)

Crude homogenate

50

3

150

100

35000 ×g supernatant

43

2.2

95

63

(NH4)2 SO4 fraction (0-50%)

5

14

70

74

After dialysis

6

7.4

44.5

63

Electroelution

3

0.3

0.9

2

Figure 2. Flow chart showing the purification procedure and antibody production against the H.pylori AhpC protein.
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Figure 3. Binding of variable concentration of antibodies to a variable concentration of antigen.
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Figure 4. The titer of the anti-AhpC serum was analyzed by ELISA.

Fig.1, lane B shows that in an analytical SDSPAGE, the electroeluted protein migrated as a
single band confirming its purity to homogeneity.
Fig. 2 shows various steps and a summary of the
techniques used in the present work to purify the
AhpC protein antigen to homogeneity and
preparation of protein gel band for the purpose of
immunization of the rabbits, as well as antiserum
characterization. Fig. 3 shows indirect ELISA
assay to determine the proper concentration of
purified AhpC for coating in ELISA wells.
Titration of the anti-AhpC serum by ELISA assay
has been shown in Fig.4.
In order to characterization of antiserum,
immunoblotting was performed. Fig. 5 and 6
show dot blot assay and western blotting with
antiserum repectively.

DISCUSSION AND CONCLUSION
There has been a growing interest in stool antigen
tests for detection of H. pylori. Many studies
show that the Premium Platinum HpSA EIA
(Meridian Diagnostics, Cincinnati, OH, USA),
which uses a nonspecific polyclonal antibody as
capture reagent, has lower accuracy compared to
monoclonal stool antigen tests (FemtoLab H.
pylori, Connex, GmbH. Germany) (19-21).
The application of high specific polyclonal
antibody against H. pylori- specific antigens such
as the AhpC may increase the specificity of the
EIA. Furthermore, the anti-AhpC is useful for
proteomic studies of H. pylori. AhpC has been
suggested as a potential target for the
development of therapeutic agent against H.
pylori.
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The H. pylori AhpC protein is typically purified
by two or more chromatographic steps (4, 2223).These protocols often involve a precipitation
step, followed by an ion-exchange and/or gel
filtration chromatography. Another approach is
based on molecular biology tools, which involves
cloning the codifying gene in order to produce the
recombinant enzyme in an adequate expression
vector (1, 7, 24).
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antiserum was further identified by immunoblotting systems. Fig. 5 shows that in dot blotting
assay, in addition to the washed intact bacterial
cells, the antiserum reacts with the same purified
electroeluted antigen and also with whole cell
protein extract of H. pylori. The reaction with
intact cells showed that a small share of the
protein was exposed at the bacterial cell surface.
In western blotting system it was found that the
antiserum can binds specifically to the dimeric
native form of the AhpC (Fig. 6) and indicated
that the denatured and native protein shared
epitopes. It was also noted that of purified H.
pylori Tpx of this study did not react with the
antiserum (data not shown) which is in agreement
with results of another study (27). Taken together,
these results suggest that the antibody can be used
specifically, to detect the AhpC protein.

Figure 5. Dot blot assay with antiserum. a: cell extract
from cultured E. Coli as negative control b: the purified
26 kDa, c: whole cell protein extract, d: intact H. pylori
cells.

In the present work, a different methodology was
used in order to simplify the purification and
antibody production against the protein antigen
from H. pylori. This approach is based on
preparative SDS-PAGE, electroelution and
antibody production using the natural protein in
the gel bands as has been shown in Fig. 2.
Because of the presence of the other thioredoxin
dependent peroxiredoxins, purification of AhpC
by tracking the enzyme activity was not possible.
While the 26 kDa protein of H. pylori has been
purified by several multi-step procedures (4, 2223) the present report provides a simple method of
purification. Moreover, several types of apparatus
for electroelution are commercially available (25),
but this study used only electrophoretic elution
using dialysis membrane for protein retention
with good results (Table 1 and Fig. 1). On the
other hand, this protein band separated on a
preparative SDS-PAGE elicited a good immune
response in rabbits after immunization with 26
kDa protein in gel, in which polyacrylamide helps
to retain the antigen in the injection site and so
acts as an adjuvant [26]. In order to titrate the
antiserum, indirect ELISA was used in which the
purified protein antigen served as a coated
antigen. Fig. 3 shows that antigen concentrations
lower than 0.2 µg/ml that results in a measurable
response can be chosen for coating. For this
purpose in this study 0.2 µg of protein antigen per
ml was used for this purpose. Fig. 4 shows that
the end point titer of antiserum reached to highest
point at 1:1000 dilution, while the absorbance
values for preimmune serum in the same rabbit is
similar to the background. The specificity of the

Figure 6. Western blotting with antiserum. Lane M:
prestained protein markers, lane A: whole cell protein
extract in non- reducing condition, lane B: whole cell
protein extract in reducing condition, lane C: the
purified 26 kDa protein.

In conclusion, this paper describes a simple
method for protein purification and antibody
production which avoids both a long term
purification of the AhpC protein and addition of
Freund’s adjuvant. One-dimensional preparative
gel electrophoresis allows a single short
purification step and the high resolution capacity
of this technique leads to a high level of purity of
the protein and consequently to a very high
specificity of the antibody. Moreover, it avoids
contamination by other non-specific proteins
which often appear during protein purification by
column chromatographic techniques.
To summarize, the present method is simple, rapid
and cost-effective and will enables us to produce
antibody available for stool antigen EIA in short
time and at low cost.
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