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Introduction

Campylobacter is considered as one of the most prevalent zoonotic pathogens causing
human gastroenteritis worldwide. Although the poultry and livestock animals are the main
source of infection, pets are also well-recognized carriers of Campylobacter spp., and possess
an important risk factor for human campylobacteriosis. C. upsaliensis and C. helveticus are
the major campylobacters commonly found in dogs and cats, both sick and healthy animals.
Considering zoonotic pathogens to humans, C. upsaliensis is considered to be third
predominant emerging Campylobacter next to C. jejuni and C. coli and campylobacteriosis in
humans associated with their healthy household pets have been reported. Although
information about C. helveticus in clinical sample is relatively rare, this species also has been
detected from diarrheal patients. Thus, C. helveticus might be associated with human disease,
which has been so far possibly underestimated. On the other hand, very little information is
known about the pathogenic mechanisms and virulence factors of both C. upsaliensis and C.
helveticus. Cytolethal distending toxin (CDT) is known to contribute to as a potential
virulence factor for certain Campylobacter species, for example, cytotoxicity, invasiveness,
and persistent colonization of C. jejuni in vivo. Recently, cdtB gene has been detected from C.
helveticus strain from healthy cat in Japan by PCR targeting a conserved region in cdtB genes
of C. jejuni, C. coli and C. fetus. CDT-like effect was also observed in HeLa cells when
cultured with the bacterial cell lysate of C. helveticus, and accordingly, particular strains of
the bacterium might harbor entire cdf genes, and produce biologically active CDT.
Subsequently, a cdtB gene-based PCR-RFLP assay was established for the detection of 7
Campylobacter species and this assay yielded differential RFLP patterns in C. upsaliensis
strains isolated from healthy dogs in Japan. The objective of this study was to divulge into
more details of the genetic variations among the cdf genes in C. helveticus and C. upsaliensis,
and the biological activities of, C. helveticus (CheCDT) and C. upsaliensis CDT (CuCDT), in
comparison to other campylobacters.

Chapter 1: Determination and analysis of cdf gene cluster in C. helveticus and C.
upsaliensis

Culture followed by PCR-based screening of fecal samples from healthy cats in Japan
detected the occurrence of cdtB-like gene in C. helveticus strain CAT and the gene sequence
was highly homologous to the cdtB genes of certain Campylobacters. The bacterial cell lysate
of the isolated C. helveticus strain caused cell distention in HeLa cells. To check whether this
type of C. helveticus strain harbor the complete cdt genes cluster, indicating their as biologic
potential, nucleotide sequences of the entire C. helveticus cdt (Checdt) gene cluster and its
flanking region were determined and analyzed. All C. helveticus strains, isolated from both
diarrheic and healthy cats including ATCC 51209 strain (n=9), were observed to harbor the
complete cdt genes cluster with the conservation of putative amino acid residues essential for
DNase I activity in the CdtB. Among genus Campylobacter, the deduced amino acid
sequences of CheCDT were highly homologous to those of CuCDT.

With relation to the findings of a recent study showing existence of at least3 subtypes
of Cucdt genes (RFLP patterns Cu-I, Cu-Il, and Cu-IIl) in C. upsaliensis by the cdtB gene-
based PCR-RFLP assay, it is worthy to check whether the genetic variation could be either



due to mutation in cd¢B gene sequence or presence of the cdt gene variant. Therefore, in this
study the entire cdt genes of 3 C. upsaliensis strains, ATCC 43954 (Cu-I), 40-1 (Cu-II) and 9-
1 (Cu-III) were sequenced. Comparative genetic analysis revealed all these strains harboring
cdt gene cluster with subtle differences among cdt genes of each representative strain at both
nucleotide and amino acid levels. However, this of genetic variation may not be enough to
consider each of the PCR-RFLP patterns representing different sub-types.

In summary, C. helveticus harbored cdt gene cluster which was found to be
ubiquitously conserved among C. helveticus strains isolated from both diarrheic and healthy
cats. On the other hand, C. upsaliensis analyzed in this study most likely harbored identical
cdt gene variant although they showed different RFLP patterns.

Chapter 2: Evaluation of the biological activities of cdf gene-products from C. helveticus
and C. upsaliensis

C. helveticus harbored the cdt gene cluster and CDT-like effect was observed in cells
cultured with bacterial cell lysate of the isolate. To see if the cytotoxic effect was due to CDT,
biological activities of cdt gene-products were evaluated. CDT effects including cell
distention, cell cycle arrest and YH2AX were observed in cells cultured with reconstituted
rCheCDT holotoxin as well as bacterial cell lysate from strain CAT. The cytotoxic effects of
this strain could be neutralized by antiserum against rCheCdtA and rCheCdtC. Additionally,
bacterial cell lysate of other C. helveticus strains (n=8) also caused cell distention in HeLa
cells which was neutralized by the anti-rCheCdtC serum.

In case of C. upsaliensis, although Cucdt genes seem to be identical, its gene-products
may possess different biological activities or may have the same. Therefore, cytotoxic effects
were examined in HeLa cells with bacterial cell lysate of 3 representative strains. All strains
demonstrated CDT effects which were completely neutralized by anti-rCuCdtC serum.
Interestingly, CDT activity titer produced by C. upsaliensis was much higher than that of the
other Campylobacters. The toxin titer among 3 representative strains is variable (1,024, 8,192
and 65,536 in Cu-II, I and III, respectively). When compared for amino acid sequences, in
CdtC, arginine at position 69 was replaced with threonine in strain 99-1, showing the highest
titer, when compared with the other two representative strains. Furthermore, in case of CdtA,
7 amino acid residues in CdtA of strains ATCC 43954 (Cu-I) and 99-1 (Cu-III) were
conserved but differ from those in CdtA of strain 40-I (Cu-II). The difference in toxin titer
could result from the difference in production level of CDT. However, the production of CdtC
of strain 99-1 (Cu-III) was lowest, whereas that of ATCC 43954 was highest among these 3
strains by western blotting. It’s also possible that antiserum may have different sensitivities to
CdtC from prototype strains. Western blotting with purified rCdtC protein generated from
each respective strain demonstrated that the sensitivity of antiserum was identical.
Interestingly, western blotting with non-denaturing protein showed that mobility of CdtC of
strain 99-1, showing the highest titer, was different from that of ATCC 43954 and 40-1 even
though predicted isoelectric points of holotoxin and individual toxin subunit protein did not
show much difference.

In summary, C. helveticus strains produced biologically active CDT which could be
the potential virulence factor of this organism, suggesting their possible emergence as
important zoonotic pathogen for human. CDT activity titer produced by C. upsaliensis is



much higher than other Campylobacters suggesting that CuCDT might contribute more to
human diseases in comparison to other CDTs. Difference in CDT activity among C.
upsaliensis strains could be due to amino acid substitutions in CdtA and CdtC subunits as well
as altered natural conformation of holotoxin, but not due to variation at the production level.

Chapter 3: Comparative analysis of CDTs produced by pet-predominant
Campylobacters with other CDTs in Campylobacters

High sequence homology was observed at amino acid level between CheCDT and
CuCDT, but less to those of CjCDT and C. hyointestinalis CDT-II (ChCDT-II). Therefore,
CheCDT and CuCDT may produce characteristics different from CjCDT and ChCDT-II.
Importantly, in case of Escherichia coli CDT-1 (EcCDT-I), transmembrane protein 181
(TMEM181) have been reported to be essential for intoxication. Therefore, the characteristics
of CheCDT and CuCDT were analyzed and compared with other CDTs, in terms of cell
tropism and immunogenicity. CheCDT, CuCDT, CjCDT and EcCDT-I displayed similar cell
tropism. This might be due their utilization of identical toxin receptor on host cell surface.
Thus, competition assay was carried out by using purified rCdtA and rCdtC, considered to be
responsible for the binding of the receptors. Interestingly, rCheCdtA or rCheCdtC could
competitive inhibit the activity of CheCDT and CuCDT but not CjCDT and EcCDT-L
Additionally, ChCDT-II displayed different cell tropism. On the other hand, rCuCdtC could
inhibit cytotoxicity of CheCDT Neutralization assay with anti-rCheCdtA and anti-rCheCdtC
sera showed inactivation of the activity of only CuCDT and vice versa. Anti-rChCdt-11C, anti-
rCjCdtB, anti-rCfCdtB and anti-rEcCdt-IB sera evaluated in this study could not neutralize
CDT activity of other CDTs except their own CDT.

In summary, CheCDT has biological characteristics related to CuCDT such as cell
tropism, toxin receptor utilization and immunogenicity which are different from other CDTs
in Campylobacters. These data indicate that CheCDT and CuCDT which are associated with
pet predominant Campylocaters have similar biological characteristics.

Conclusions

1. C. helveticus strains ubiquitously conserved cdt gene cluster whereas C. upsaliensis
strains analyzed in this study harbored identical cdf gene variant, although exhibiting
different RFLP patterns.

2. C. helveticus strains produced biologically active CDT which could be the potential
virulence factor of this organism, suggesting their possible emergence as important
zoonotic pathogen for human.

3. C. upsaliensis strains produced biologically active CDT and yielded much higher toxin
titer than other Campylobacters suggesting that CaCDT might contribute more to human
diseases in comparison to other CDTs. The observed difference in toxin titer among the
C. upsaliensis strains might not be related to the production level, but due to amino acid
substitutions in CdtA and CdtC, or altered natural conformation of holotoxin.

4. CheCDT and CuCDT which are produced by the Campylobaters species predominant
among the pet animals have similar biological characteristics such as cell tropism, toxin
receptor utilization and immunogenicity, which in turn were different from CDTs
produced by other Campylobacters.



