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ABSTRACT
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Proteases are the enzymes that have the ability to hydrolyze protein substrates,
liberating peptide products. Proteases play essential roles in the developmental cycles
of helminth parasites, including maintenance of the host-parasite relationship.
Cathepsin B, a prototypical member of the Clan CA clade of cysteine proteases, is
known to predominate in both extracts and secretions of many parasitic helminths.
Cathepsin B has been characterized as a major participant in nutritional and digestion
pathways in parasites, and moreover has been targeted for development of novel
interventions against helminths including drugs and vaccines. In this study, cathepsin
B of Opisthorchis viverrini was found to be present and indeed abundantly expressed
in the excretory-secretory products released in vitro by O. viverrini. Two forms of the
gene encoding cathepsin B of O. viverrini were isolated, characterized and designated
O. viverrini cathepsin Bl (Ov-CB-1) and O. viverrini cathepsin B2 (Ov-CB-2).
Recombinant forms of O. viverrini cathepsin B were produced in the yeast Pichia
pastoris using the pPIC ZaA plasmid system. Recombinant cathepsin B of O.
viverrini was investigated for enzyme activity and specificity using suitable host
proteins as prospective substrates, and by RNA interference approaches. In addition,
the potential application of recombinant O. viverrini cathepsin B in immunodiagnosis
was evaluated. In addition, its potential as an experimental vaccine and in stimulation
of bile duct cancer cells was investigated.

‘ The full-length Ov-CB-1 and Ov-CB-2 transcripts were isolated from adult O.
viverrini mRNA using the polymerase chain reaction with specific primers. Ov-CB-1
comprised of 1,102 bp encoding 337 deduced amino acids and Ov-CB-2 gene

comprised of 1,053 bp encoding 313 deduced amino acids. The encoded protein of
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Ov-CB-1 contained a 16-residue N-terminal signal peptide and two pute@é“ Illqgﬁed
glycosylation sites at asparagine'?® and asparagine®*. The amino acid sequence of Ov-
CB-1 showed highest sequence identity with cathepsin B of closely related liver fluke
species, Clonorchis sinensis. Investigation of transcription using RT-PCR revealed
that Ov-CB-1 was expressed in all developmental stages of O. viverrini including egg,
metacercaria, immature worm and adult.

Recombinant Ov-CB-1 and Ov-CB-2 were produced in P. pastoris
transformed with recombinant pPIC ZaA vectors. Following isolation from the yeast
fermentations by affinity chromatography, and analysis by denaturing SDS-PAGE,
recombinant Ov-CB-1 and Ov-CB-2 both were found to migrate in gels as single
major bands of ~44 kDa. Recombinant Ov-CB-1 (rOv-CB-1) was examined their
protease activity against synthetic substrates and host proteins. This rOv-CB-1 can
cleave substrates over a wide pH range with an optimum of pH 5.0. The rOv-CB-1
also shows capability to trans-activating the O. viverrini cathepsin F (Ov-CF-1) by
proteolytic removal of its prosegment at pH 5.5. Moreover, both Ov-CB-1 and Ov-
CF-1 hydrolyzed human haemoglobin at pH 5.0, fibronectin and laminin at pH 4.5
and 6.5, respectively. However, Ov-CF-1 degraded fibronection and laminin more
effectively than Ov-CB-1. It is proposed that Ov-CB-1 regulates Ov-CF-1 activity
and that both enzymes work together to degrade host tissues.

The expression of Ov-CB-1 gene was suppressed by using RNA interference
with long double strand RNA introduced into the cultured liver flukes by square wave
electroporation. This method shows high efficiency to introduce micromolecules of
Cy3-siRNA, a flouroescently labeled small RNA probe, into worm; strong
fluorescence was evident in the gut and reproductive organs of the Cy3-siRNA
exposed parasites. RNAi also suppressed Ov-CB-1 activity, demonstrated by
significant reduction in specific mRNA levels and a significant reduction of cathepsin
’B activity against the cathepsin B diagnostic peptide, Z-Arg-Arg-AMC. These
findings confirmed the presence of an intact RNAi pathway in these parasites which,
in turn, provides an opportunity to probe other gene functions in O. viverrini.

The rOv-CB-1 was evaluated the performance as an antigen for
immunodiagnosis of human opisthorchiasis using enzyme-linked immunosorbent

assays (ELISA) with human sera from an opisthorchiasis endemic area of Khon Kaen
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province. Sera from egg-positive O. viverrini infections produced a strong IgG
antibody response to rOv-CB-1 both in ELISA and immunoblot analysis. The
sensitivity and specificity of the ELISA was 67% and 81%, respectively.

rOv-CB-1 was evaluated its ability as vaccine against O. viverrini infection in
hamsters, using a subcutaneous vaccination. Vaccination elicited IgG antibody
responses against O. viverrini infection but lack of protective ability against parasitic
infection — there was a worm reduction of 18%, but this was not statistically
significant. However, rOv-CB-1 was found to be highly immunogenicity in
vaccinated hamsters, eliciting such strong humoral responses over the course of O.
viverrini infection. Finally, the effect of rOv-CB-1 to stimulate mitosis and
proliferation of a human biliary cancer cell line was investigated, but no significant of

cell proliferation was observed.
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