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this reaction of PorA with CT antibody has led to the erroneous conclusion that C. jejuni produces CTLT (1).
Previously, we found that the primers amplifying the gene
encoding PorA in C. jejuni also amplify the corresponding
genes from other species of Campylobacter (14). This finding
suggested that porA genes from different species of Campylobacter are homologous.
There are also reports of the production of enterotoxin by C.
coli (11), C. lari (11), and C. hyointestinalis (12) strains. However, there are no reports of the production of enterotoxin by
C. upsaliensis and C. fetus strains. In this study, we examined C.
coli, C. fetus, C. lari, C. hyointestinalis, and C. upsaliensis for
functional CTLT production and investigated whether, as
PorA from C. jejuni, the PorA proteins from these species
cross-react with CT. The latter finding would have implications
for the interpretation of results regarding the possible production of CTLT by these species, as with C. jejuni. Moreover, the
identification of a common immunogenic protein in many species of Campylobacter would present opportunities to explore
the antigen as a potential candidate vaccine to combat campylobacteriosis.

The genus Campylobacter consists of several species, including Campylobacter jejuni, C. coli, C. fetus, C. lari (previously C.
laridis), C. upsaliensis, and C. hyointestinalis (22). All of these
species are food-borne pathogens and cause diarrheal diseases
worldwide. They also cause extraintestinal infections and sequelae (2). Since C. jejuni is the predominant species, most
studies have been directed at this pathogen. C. jejuni causes
predominantly inflammatory diarrhea in individuals in developed countries and watery diarrhea in individuals in developing countries (2, 25). The putative virulence factors of C. jejuni
include the ability to adhere to and invade epithelial cells, iron
acquisition systems (13), cytotoxins, cytolethal distending
toxin, and an enterotoxin that resembles cholera toxin (CT)
and the heat-labile enterotoxin (LT) of Escherichia coli (29).
We refer to this enterotoxin as CT-like toxin (CTLT). It is
believed that CTLT may contribute to watery diarrhea (29).
However, there has been controversy on the existence of
CTLT.
Many groups have reported the production of CTLT by C.
jejuni strains (6, 8, 9, 16, 19, 20, 27), while others have failed to
do so (17, 25, 26, 28). Attempts to demonstrate genetic sequences homologous to the genes encoding CT and LT have
also failed (24, 26). In an attempt to clarify whether or not C.
jejuni produces CTLT, we carried out a study using well-characterized strains from different laboratories in different media
reported to promote CTLT production. We found that C.
jejuni does not produce a functional CTLT that is capable of
causing a cytotonic alteration of Chinese hamster ovary (CHO)
cells, but the major outer membrane protein (OMP) of C.
jejuni, PorA, reacted with CT antibody in enzyme-linked immunosorbent and immunoblotting assays. We concluded that

MATERIALS AND METHODS
Bacteria. Two strains each of the following species were provided by G. Hogg,
Microbiological Diagnostic Unit, University of Melbourne, Parkville, Victoria,
Australia: C. jejuni, C. coli, C. fetus, C. lari, C. hyointestinalis, C. upsaliensis, C.
fetus, C. lari, and C. hyointestinalis. The other isolates were from our culture
collection. The species of all isolates were confirmed by standard bacteriological
tests and PCR assays (7, 10, 15, 22).
The Campylobacter organisms were stored in brucella broth (BBL; Becton
Dickinson, Sparks, MD) with 15% glycerol at ⫺70°C. For the study, the organisms were cultured on 7% sheep blood agar in a microaerophilic atmosphere
generated with a BBL Campy GasPak (Becton Dickinson) in a jar with a catalyst
at 42°C for 48 h. An enterotoxigenic Escherichia coli strain, H10407, producing
LT served as a positive control for enterotoxin production in a CHO cell assay
(see below).
Production of CTLT. Isolates were tested for CTLT production in Casamino
Acids-yeast extract broth supplemented with ferric chloride in a shaker incubator
as described previously (1). Serial doubling dilutions of bacterium-free filtrate
were tested for enterotoxin on CHO cell monolayers in a microtiter plate. The
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We have previously shown that Campylobacter jejuni strains do not produce a functional cholera toxin-like
toxin (CTLT) detectable in a Chinese hamster ovary cell assay. Instead, the 53-kDa major outer membrane
protein (OMP) of C. jejuni, PorA, reacts with cholera toxin (CT) antibody on immunoblots. Here, we have
extended this observation to other species of Campylobacter, including C. coli, C. lari, C. fetus, C. hyointestinalis,
and C. upsaliensis, the common 53-kDa OMP of which reacted with CT antibody in immunoblotting assays.
There were additional reactive bands for C. fetus. As with C. jejuni, this finding may lead to the erroneous
conclusion that these additional species produce a functional CTLT. However, this common cross-reactive
OMP can be explored as a vaccine candidate to prevent campylobacteriosis.
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elongation of ⱖ50% of cells at a dilution of ⱖ1:4 was considered to indicate
positivity for CTLT (1).
Preparation of crude OMPs and purified major OMPs. The PorA major
OMPs from different Campylobacter species were prepared by the Sarkosyl
method of Blaser et al. (4). Briefly, for each preparation, bacterial cells were
disrupted by sonication and the preparation was centrifuged at 5,000 ⫻ g to
remove whole cells. The supernatant was centrifuged for 1 h at 100,000 ⫻ g at
4°C in an L8-70 ultracentrifuge (Beckman Instruments, Fullerton, CA), and the
pellet was suspended in sterile distilled water and used as the crude membrane
fraction. The crude membrane preparation was further treated with sodium
lauryl sarcosinate. The Sarkosyl-insoluble portion was used as the purified outer
membrane fraction.
SDS-PAGE and immunoblotting. Proteins were separated by discontinuous
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with a
5.0% stacking gel and a 12.0% separating gel by the method of Laemmli (18) and
stained with Coomassie blue. For immunoblotting, the separated proteins were
transferred electrophoretically onto nitrocellulose (Bio-Rad, Hercules, CA) and
then blocked with 5% skim milk in phosphate-buffered saline (pH 7.2). The
membrane was allowed to react with rabbit CT antibody (Sigma, St. Louis, MO)
or normal rabbit serum, as appropriate, both diluted 1:1,000. The secondary
antibody (peroxidase-conjugated, affinity-purified goat anti-rabbit immunoglobulin G [Fc fragment specific], at a 1:1,000 dilution [Jackson Immunoresearch
Laboratories, West Grove, PA]) was added, after which the results were developed with enhanced chemiluminescence Western blotting detection reagents
according to the instructions of the manufacturer (Amersham Pharmacia Biotech, Piscataway, NJ).
Amplification of porA genes. The porA genes from Campylobacter species
strains were amplified using boiled cells as templates with primers and amplification parameters as described previously (14). The amplified products were
separated by electrophoresis in 1.0% agarose gels in Tris-borate-EDTA buffer at

90 V for 90 min. The bands were visualized under UV light after staining with a
1-g/ml ethidium bromide solution.

RESULTS AND DISCUSSION
All Campylobacter species strains were negative for CTLT
production in the CHO cell assay, while the positive control
enterotoxigenic E. coli strain was positive.
Crude OMPs from all Campylobacter species produced several bands that were seen on Coomassie blue-stained gels.
However, 53-kDa bands from all species were prominent (Fig.
1A). From two bands for C. jejuni and C. coli up to seven bands
for C. fetus reacted with CT antibody in Western blotting
assays, with a common prominent band of approximately 53
kDa for all species (Fig. 1B).
To rule out nonspecific activity, the crude OMPs were subjected to immunoblotting with normal rabbit serum. The
higher band corresponding to the approximate molecular mass
of 79 kDa from all species reacted with normal rabbit serum, as
observed in a previous study with C. jejuni strains (1). There
was a reaction with two additional higher-molecular-mass
bands from C. upsaliensis (Fig. 1C).
In the Sarkosyl-purified OMP preparations, Coomassie
blue-stained bands were less numerous and less prominent
than those in the crude OMP preparations (Fig. 2A). However,

FIG. 2. Analysis of Sarkosyl-purified outer membrane fractions. (A) SDS-PAGE-separated proteins were stained with Coomassie blue. (B) The
separated proteins were transferred onto a nitrocellulose membrane and probed with CT antibody. The first six lanes in both panels are loaded
with 1.4 g each of OMPs from the same strains. Lanes 7 in both panels contain molecular mass markers. Lanes 1, C. jejuni; lanes 2, C. coli; lanes
3, C. fetus; lanes 4, C. hyointestinalis; lanes 5, C. lari; and lanes 6, C. upsaliensis. The positions of molecular mass markers are shown on the right
of panel B.
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FIG. 1. Analysis of crude outer membrane fractions. (A) SDS-PAGE-separated proteins were stained with Coomassie blue. (B and C) The
separated proteins were transferred onto nitrocellulose membranes and probed with CT antibody (B) or normal rabbit serum (C). Lane m in panel
A contains molecular mass markers. Other lanes in all three panels are loaded with 5 g each of OMPs from the same strains. Lanes 1, C. jejuni;
lanes 2, C. coli; lanes 3, C. fetus; lanes 4, C. hyointestinalis; lanes 5, C. lari; and lanes 6, C. upsaliensis. The positions of molecular mass markers are
shown on the left of panel A.
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when these Sarkosyl-purified OMPs were allowed to react with
CT antibody in immunoblotting assays, all species except C.
fetus produced the unique single band of 53 kDa. The purified
OMP preparation from C. fetus produced several bands in a
ladder-like pattern, as did the crude membrane preparation.
However, the nonspecific band of 79 kDa that reacted with
normal rabbit serum was absent (Fig. 2B).
When purified outer membranes were allowed to react with
normal rabbit serum in immunoblotting assays, no band from
any species was visible (data not shown).
Both isolates of all the six species of Campylobacter produced identical banding patterns on Coomassie blue-stained
SDS-PAGE gels as well as on immunoblots (data not shown).
Like the strains we described previously (14), all Campylobacter
species strains in the present study generated an amplicon of
1,275 bp corresponding to the porA gene (data not shown). In a
previous study (1) using protein sequencing and recombinant
PorA protein, we identified the 53-kDa C. jejuni protein reacting
with CT antibody as PorA. In the present study also, we demonstrated the presence of a 53-kDa protein reactive with CT antibody in the outer membrane preparations from both C. jejuni
strains. Interestingly, purified OMPs from other species of
Campylobacter exhibited reactive bands corresponding to similar
molecular masses. Therefore, it is reasonable to assume that the
PorA major OMPs from all the tested species of Campylobacter
cross-react with CT. The only exception was C. fetus, which had
several additional bands that reacted specifically with CT antibody and appeared as a ladder-like structure. C. fetus strains are
reported to possess a unique S-layer OMP, which separates into
a ladder-like pattern upon gel electrophoresis (5). This observation suggested that the ladder-like structure from C. fetus was the
CT-cross-reactive major OMP PorA.
Previously, we failed to show functional CTLT production in
a CHO cell assay using many well-characterized strains of C.
jejuni. Instead, we concluded that the cross-reactivity of PorA
of C. jejuni with CT would have misled investigators to the
erroneous conclusion that C. jejuni strains produce CTLT (1).
Similarly, there are some reports of CTLT production by other
species of Campylobacter (11, 12). However, as with C. jejuni,
we did not find evidence for functional CTLT production by
these isolates in CHO cell assays. On the other hand, outer
membranes from all these species of Campylobacter, like those
from C. jejuni, reacted with CT antibody. Therefore, indications of CTLT production by non-C. jejuni species of Campylobacter should be interpreted with caution. It appears that the
PorA major OMPs from all Campylobacter species share a
common antigenic determinant(s) that cross-reacts with CT.
This observation could be exploited for protection against disease caused by Campylobacter species strains. Patients as well
as volunteers recovering from C. jejuni infection mount a
strong antibody response to this major OMP (3, 21, 23).
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