REFERENCES

Abdulla, M. H., Lim, K. C., Sajid, M., McKerrow, J. H., and Caffrey, C. R. (2007).
Schistosomiasis mansoni: novel chemotherapy using a cysteine protease
inhibitor. PLoS Med, 4(1), el4.

Auriault, C., Ouaissi, M. A., Torpier, G., Eisen, H., and Capron, A. (1981).
Proteolytic cleavage of IgG bound to the Fc receptor of Schistosoma mansoni
schistosomula. Parasite Immunol, 3(1), 33-44.

Baig, S., Damian, R. T., and Peterson, D. S. (2002). A novel cathepsin B active site
motif is shared by helminth bloodfeeders. Exp Parasitol, 101(2-3), 83-9.

Beckham, S. A., Law, R. H., Smooker, P. M., Quinsey, N. S., Caffrey, C. R.,
McKerrow, J. H., et al. (2006). Production and processing of a recombinant
Fasciola hepatica cathepsin B-like enzyme (FhcatBl) reveals potential
processing mechanisms in the parasite. Biol Chem, 387(8), 1053-61.

Bendtsen, J. D., Nielsen, H., von Heijne, G., and Brunak, S. (2004). Improved
prediction of signal peptides: SignalP 3.0. J Mol Biol, 340(4), 783-95.

Bhamarapravati, N., Thammavit, W., and Vajrasthira, S. (1978). Liver changes in
hamsters infected with a liver fluke of man, Opisthorchis viverrini. Am J
Trop Med Hyg, 27(4), 787-94.

Bon, B., Houze, S., Talabani, H., Magne, D., Belkadi, G., Develoux, M., et al. (2010).
Evaluation of a rapid enzyme-linked immunosorbent assay for diagnosis of
strongyloidiasis. J Clin Microbiol, 48(5), 1716-1719.

Bouvard, V., Baan, R., Straif, K., Grosse, Y., Secretan, B., El Ghissassi, F., et al.
(2009). A review of human carcinogens--Part B: biological agents. Lancet
Oncol, 10(4), 321-2.

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye binding.

Anal Biochem,72, 248-54.



75

Brady, C. P., Dowd, A. J., Brindley, P. J., Ryan, T., Day, S. R., and Dalton, J. P.
(1999). Recombinant expression and localization of Schistosoma mansoni
cathepsin L1 support its role in the degfadation of host hemoglobin. Infect
Immun, 67(1), 368-74.

Caffrey, C. R., McKerrow, J. H., Salter, J. P., and Sajid, M. (2004). Blood 'n' guts: an
update on schistosome digestive peptidases. Trends Parasitol, 20(5), 241-8.

Chai, J. Y., Darwin, Murrell K., and Lymbery, A. J. (2005). Fish-borne parasitic
zoonoses: status and issues. Int J Parasitol, 35(1 1-12), 1233-54.

Chen, Y. X., Wang,L. X., Tang, L. F., Zhang, S. K., Zhang, J., Zeng, X. F., et al.
(2005). Boost effect of recombinant IL-4 on protection of Schistosoma
Japonicum cathepsin B DNA vaccine in mice against the parasite. Zhongguo
Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za Zhi, 23(2), 65-8.

Coler, R. N, Skeiky, Y. A., Bernards, K., Greeson, K., Carter, D., Cornellison, C. D.,
et al. (2002). Immunization with a polyprotein vaccine consisting of the T-Cell
antigens thiol-specific antioxidant, Leishmania major stress-iilducible protein
1, and Leishmania elongation initiation factor protects against leishmaniasis.
Infect Immun, 70(8), 4215-25.

Collins, P. R., Stack, C. M., O'Neill, S. M., Doyle, S., Ryan, T., Brennan, G. P., et al.
(2004). Cathepsin L1, the major protease involved in liver fluke (Fasciola
hepatica) virulence: propetide cleavage sites and autoactivation of the
zymogen secreted from gastrodermal cells. J Biol Chem, 279(17), 17038-46.

Correnti, J. M., Brindley, P. J., and Pearce, E. J. (2005). Long-term suppression of
cathepsin B levels by RNA interference retards schistosome growth. Mol
Biochem Parasitol, 143(2), 209-15.

, and Pearce, E. J. (2004). Transgene expression in Schistosoma mansoni:
introduction of RNA into schistosomula by electroporation. Mol Biochem
Parasitol, 137(1), 75-9.

Coulombe, R., Grochulski, P., Sivaraman, J., Menard, R., Mort, J. S., and Cygler, M.
(1996). Structure of human procathepsin L reveals the molecular basis of
inhibition by the prosegment. Embo J, 15(20), 5492-503.

Cudic, M., and Fields, G. B. (2009). Extracellular proteases as targets for drug
development. Curr Protein Pept Sci,10(4), 297-307.



76

Curwen, R. S., Ashton, P. D., Sundaralingam, S., and Wilson, R. A. (20006).
Identification of novel proteases and immunomodulators in the secretions of
schistosome cercariae that facilitate host entry. Mol Cell Proteomics, 5(5),
835-44.

Cygler, M., Sivaraman, J., Grochulski, P., Coulombe, R., Storer, A. C., and Mort, J. S.
(1996). Structure of rat procathepsin B: model for inhibition of cysteine
protease activity by the proregion. Structure, 4(4), 405-16.

Dalton, J. P., and Brindley, P. J. (1996). Schistosome asparaginyl endopeptidase
SM32 in hemoglobin digestion. Parasitol Today, 12(3), 125.

————, McKerrow, J. H., and Brindley, P. J. (2004). Trematode cysteine
endopeptidases. Handbook of Proteolytic Enzymes. London: Elsevier.

, Neill, S. O., Stack, C., Collins, P., Walshe, A., Sekiya, M., et al. (2003).
Fasciola hepatica cathepsin L-like proteases: biology, function, and potential
in the development of first generation liver fluke vaccines. Int J Parasitol,
33(11), 1173-81.

Delcroix, M., Sajid, M., Caffrey, C. R., Lim, K. C., Dvorak, J., Hsieh, L, et al. (2006).
A multienzyme network functions in intestinal protein digestion by a
platyhelminth parasite. J Biol Chem, 281(51), 39316-29.

Dowd, A. J., Tort, J., Roche, L., Ryan, T., and Dalton, J. P. (1997). Isolation of a
cDNA encoding Fasciola hepatica cathepsin L2 and functional expression in
Saccharomyces cerevisiae. Mol Biochem Parasitol, 88(1-2), 163-74.

Dvorak, J., Delcroix, M., Rossi, A., Vopalensky, V., Pospisek, M., Sedinova, M.,
et al. (2005). Multiple cathepsin B isoforms in schistosomula of
Trichobilharzia regenti: identification, characterisation and putative role in
migration and nutrition. Int J Parasitol, 35(8), 895-910.

, Mashiyama, S. T., Braschi, S., Sajid, M., Knudsen, G. M., Hansell, E.,

~ et al. (2008). Differential use of protease families for invasion by schistosome
cercariae. Biochimie, 90(2), 345-58.

El-Sayed, L. H., Ghoneim, H., Demian, S. R., El-Sayed, M. H., Tawfik, N. M., Sakr,
L, et al. (1998). Diagnostic significance of Schistosoma mansoni proteins
Sm31 and Sm32 in human schistosomiasis in an endemic area in Egypt. Trop
Med Int Health, 3(9), 721-7.



i

Elkins, D. B., Haswell-Elkins, M., and Anderson, R. M. (1986). The epidemiology
and control of intestinal helminths in the Pulicat Lake region of Southern
India. I. Study design and pre- and post-treatment observations on Ascaris
lumbricoides infection. Trans R Soc Trop Med Hyg, 80(5), 774-92.

——, Sithithaworn, P., Haswell-Elkins, M., Kaewkes, S., Awacharagan, P., and
Wongratanacheewin, S. (1991). Opisthorchis viverrini: relationships between
€gg counts, worms recovered and antibody levels within an endemic
community in northeast Thailand. Parasitology, 102 Pt 2, 283-8.

Farazi, P. A., Zeisberg, M., Glickman, J., Zhang, Y., Kalluri, R., and DePinho, R. A.
(2006). Chronic bile duct injury associated with fibrotic matrix
microenvironment provokes cholangiocarcinoma in p53-deficient
mice. Cancer Res, 66(13), 6622-7.

Gabay, T., and Ginsburg, H. (1993). Hemoglobin denaturation and iron release in
acidified red blood cell lysate - a possible source of iron for intraerythrocytic
malaria parasites. Exp Parasitol, 77(3), 261-72.

Geldhof, P., Visser, A., Clark, D., Saunders, G., Britton, C., Gilleard, J., et al. (2007).
RNA interference in parasitic helminths: current situation, potential pitfalls
and future prospects. Parasitology, 134(Pt 5), 609-19.

Gotz, B., Felleisen, R., Shaw, E., and Klinkert, M. Q. (1992). Expression of an active
cathepsin B-like protein Sm31 from Schistosoma mansoni in insect cells.
Trop Med Parasitol, 43(4), 282-4.

Groves, M. R., Coulombe, R., Jenkins, J., and Cygler, M. (1998). Structural basis for
specificity of papain-like cysteine protease proregions toward their cognate
enzymes. Proteins, 32(4), 504-14.

Harinasuta, T., Riganti, M., and Bunnag, D. (1984). Opisthorchis viverrini infection:
pathogenesis and clinical features. Arzneimittelforschung, 34(9B), 1167-9.

Haswell-Elkins, M. R., Elkins, D. B., Sithithaworn, P., Treesarawat, P., and Kaewkes,
S. (1991a). Distribution patterns of Opisthorchis viverrini within a human

community. Parasitology, 103 Pt 1, 97-101.



78

Haswell-Elkins, M. R., Sithithaworn, P., Mairiang, E., Elkins, D. B.,
Wongratanacheewin, S., Kaewkes, S., et al. (1991b). Immune responsiveness
and parasite-specific antibody levels in human hepatobiliary disease associated
with Opisthorchis viverrini infection. Clin Exp Immunol, 84(2), 213-8.

Hotez, P. J., Brindley, P. J., Bethony, J. M., King, C. H., Pearce, E. J., and Jacobson,
J. (2008). Helminth infections: the great neglected tropical diseases. J Clin
Invest, 118(4), 1311-21.

IARC. (1994). Infection with liyer flukes Opisthorchis viverrini, Opisthorchis felineus
and Clonorchis sinensis, IARC. Monogr. Eval. Carcinog. Risks Hum, 61,
pp. 121-175.

Jayaraj, R., Piedrafita, D., Dynon, K., Grams, R., Spithill, T. W., and Smooker, P. M.
(2009). Vaccination against fasciolosis by a multivalent vaccine of stage-
specific antigens. Vet Parasitol, 160(3-4), 230-6.

Jongsuksuntigul, P., and Imsomboon, T. (2003). Opisthorchiasis control in Thailand.
Acta Trop, 88(3), 229-32.

Kaewkes, S. (2003). Taxonomy and biology of liver flukes. Acta Trop, 88(3), 177-
86.

Kaewpitoon, N., Kaewpitoon, S. J., Pengsaa, P., and Sripa, B. (2008). Opisthorchis
viverrini: the carcinogenic human liver fluke. World J Gastroenterol, 14(5),
666-74.

Keiser, J., and Utzinger, J. (2005). Emerging foodborne trematodiasis. Emerg Infect
Dis, 11(10), 1507-14.

Klinkert, M. Q., Bommert, K., Moser, D., Felleisen, R., Link, G., Doumbo, O., et al.
(1991). Immunological analysis of cloned Schistosoma mansoni antigens
Sm31 and Sm32 with sera of schistosomiasis patients. Trop Med Parasitol,
42(4), 319-24.

Krautz-Peterson, G., Bhardwaj, R., Faghiri, Z., Ta;aram, C. A., and Skelly, P. J.
(2010). RNA . interference in schistosomes: machinery and methodology.
Parasitology, 137(3), 485-95.

Kumar, A., Kumar, K., Korde, R., Puri, S. K., Malhotra, P., and Singh, Chauhan V.
(2007). Falcipain-1, a Plasmodium falciparum cysteine protease with vaccine

potential. Infect Immun, 75(4), 2026-34.



79

Laemmli, U. K. (1970). Cleavage of structural proteins during the assembly of the
head of bacteriophage T4. Nature, 227(5259), 680-5.

Laha, T., Pinlaor, P., Mulvenna, J., Sripa, B., Sripa, M., Smout, M. J., et al. (2007).
Gene discovery for the carcinogenic human liver fluke, Opisthorchis viverrini.
BMC Genomics, 8, 189.

——, Sripa, J., Sripa, B., Pearson, M., Tribolet, L., Kaewkes, S., et al. (2008).
Asparaginyl endopeptidase from the carcinogenic liver fluke, Opisthorchis
viverrini, and its potential for serodiagnosis. Int J Infect Dis, 12(6), e49-59.

Law, R. H., Smooker, P. M., Irving, J. A., Piedrafita, D., Ponting, R., Kennedy, N. J.,
et al. (2003). Cloning and expression of the major secreted cathepsin B-like
protein from juvenile Fasciola hepatica and analysis of immunogenicity
following liver fluke infection. Infect Immun, 71(12), 6921-32.

Lee, J. S., Kim, L. 8., Sohn, W. M., Lee, J., and Yong, T. S. (2006). Vaccination with
DNA encoding cysteine proteinase confers protective immune response to rats
infected with Clonorchis sinensis. Vaccine, 24(13), 2358-66.

Li, M., Bi, H., Dong, W., Xu, W., Li, Q., and Li, Y. (1999). A recombinant multi-
epitope, multi-stage malaria vaccine candidate expressed in Escherichia coli.
Chin Med J (Engl), 112(8), 691-7.

Liljéqvist, S., and Stahl, S. (1999). Production of recombinant subunit vaccines:
protein immunogens, live delivery systems and nucleic acid vaccines.
J Biotechnol, 73(1), 1-33.

Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J. (1951). Protein
measurement with the Folin phenol reagent. J Biol Chem, 193(1), 265-75.

Lowther, J., Robinson, M. W., Donnelly, S. M., Xu, W., Stack, C. M., Matthews, J.
M., et al. (2009). The importance of pH in regulating the function of the
Fasciola hepatica cathepsin L1 cysteine protease. PLoS Negl Trop Dis, 3(1),
e369.

MacDonald, A. S., Araujo, M. L, and Pearce, E. J. (2002). Immunology of parasitic
helminth infections. Infect Immun, 70(2), 427-33.



80

McGonigle, L., Mousley, A., Marks, N. J., Brennan, G. P., Dalton, J. P., Spithill, T.
W., et al. (2008). The silencing of cysteine proteases in Fasciola hepatica
newly excysted juveniles using RNA interference reduces gut penetration. Int
J Parasitol, 38(2), 149-55.

McKerrow, J. H., Caffrey, C., Kelly, B., Loke, P., and Sajid, M. (2006). Proteases in
parasitic diseases. Annu Rev Pathol, 1, 497-536.

Mon, N. N., Kokuryo, T., and Hamaguchi, M. (2009). Inflammation and tumor
progression: a lesson from TNF-alpha-dependent FAK signaling in
cholangiocarcinoma. Methods Mol Biol, 512, 279-93.

Mossman, T. (1983). Rapid colorimetric assay for cellular growth and survivals.
Application to proliferation and cytotoxicity assays. J. Immunol, Methods 65,
55-63.

Mulvenna, J., Sripa, B., Brindley, P. J., Gorman, J., Jones, M. K., Colgrave, M. L.,
et al. (2010). The secreted and surface proteomes of the adult stage of the
carcinogenic human liver fluke Opisthorchis viverrini. Proteomics, 10(5),
1063-78.

Na, B. K., Kang, J. M., and Sohn, W. M. (2008). CsCF-6, a novel cathepsin F-like
cysteine protease for nutrient uptake of Clonorchis sinensis. Int J Parasitol,
38(5), 493-502.

Noya, O., Alarcon, de Noya, B., Losada, S., Colmenares, C., Guzman, C., Lorenzo,
M. A, et al. (2002). Laboratory diagnosis of Schistosomiasis in areas of low
transmission: a review of a line of research. Mem Inst Oswaldo Cruz, 97
Suppl 1, 167-9.

, De Noya, B. A., Ballen, D. E., Bermudez, H., Bout, D., and Hoebeke, J.
(2001). Immunogenicity of synthetic peptides from the Sm31 antigen
(cathepsin B) of the Schistosoma mansoni adult worms. Parasite Immunol,
23(11), 567-73.

Ouaissi, M. A., Auriault, C., Santoro, F., and Capron, A. (1981). Interaction between
Schistosoma mansoni and the complement system: role of IgG Fc peptides in
the activation of the classical pathway by schistosomula. J Immunol, 127(4),

1556-9.



81

Park, H., Hong, K. M., Sakanari, J. A., Choi, J. H., Park, S. K., Kim, K. Y., et al.
(2001). Paragoﬁimus westermani: cloning of a cathepsin F-like cysteine
proteinase from the adult worm. Exp Parasitol, 98(4), 223-7.

Parkin, D. M. (2006). The global health burden of infection-associated cancers in the
year 2002. Int J Cancer, 118(12), 3030-44.

Pinlaor, P., Kaewpitoon, N., Laha, T., Sripa, B., Kaewkes, S., Morales, M. E., et al.
(2009). Cathepsin F cysteine protease of the human liver fluke, Opisthorchis
viverrini. PLoS Negl Trop Dis, 3(3), €398.

Pinlaor, S., Hiraku, Y., Ma, N., Yongvanit, P., Semba, R., et al. (2004a). Mechanism
of NO-mediated oxidative and nitrative DNA damage in hamsters infected
with Opisthorchis viverrini: a model of inflammation-mediated
carcinogenesis. Nitric Oxide, 11(2), 175-83.

———, Sripa, B., Sithithaworn, P., and Yongvanit, P. (2004b). Hepatobiliary
changes, antibody response, and alteration of liver enzymes in hamsters
re-infected with Opisthorchis viverrini. Exp Parasitol, 108(1-2), 32-9.

Pungercar, J. R., Caglic, D., Sajid, M., Dolinar, M., Vasiljeva, O., Pozgan, U., et al.
(2009). Autocatalytic processing of procathepsin B is triggered by proenzyme
activity. Febs J, 276(3), 660-8.

Quan, F. S, Lee, J. B., Bae, J. S., Ohwatari, N., Min, Y. K., and Yang, H. M. (2005).
Resistance to reinfection in rats induced by irradiated metacercariae of
Clonorchis sinensis. Mem Inst Oswaldo Cruz, 100(5), 549-54.

Rawlings, N. D., Tolle, D. P., and Barrett, A. J. (2004). MEROPS: the peptidase
database. Nucleic Acids Res, 32(Database issue), D160-4.

Rim, H. J. (2005). Clonorchiasis: an update. J Helminthol,79(3), 269-81.

Rinaldi, G., Morales, M. E., Cancela, M., Castillo, E., Brindley, P. J., and Tort, J. F.
(2008). Development of functional genomic tools in trematodes: RNA
interference and luciferase reporter gene activity in Fasciola hepatica. PLoS
Negl Trop Dis, 2(7), €260.

Robinson, M. W., and Connolly, B. (2005). Proteomic analysis of the excretory-
secretory proteins of the Trichinella spiralis L1 larva; a nematode parasite of

skeletal muscle. Proteomics, 5(17), 4525-32.



82

Robinson, M. W., Dalton, J. P., and Donnelly, S. (2008a). Helminth pathogen
cathepsin proteases: it's a family affair. Trends Biochem Sci, 33(12), 601-8.

— ., Greig, R., Beattie, K. A., Lamont, D. J., and Connolly, B. (2007).
Comparative analysis of the excretory-secretory proteome of the muscle larva
of Trichinella pseudospiralis and Trichinella spiralis. Int J Parasitol, 37(2),
139-48.

—— ., Menon, R., Donnelly, S. M., Dalton, J. P., and Ranganathan, S. (2009). An
integrated transcriptomics and proteomics analysis of the secretome of the
helminth pathogen Fasciola hepatica: proteins associated with invasion and
infection of the mammalian host. Mol Cell Proteomics, 8(8), 1891-907.

— ., Tort, J. F., Lowther, J., Donnelly, S. M., Wong, E., Xu, W.,, et al.
Proteomics and phylogenetic analysis of the cathepsin L protease family of the
helminth pathogen Fasciola hepatica: expansion of a repertoire of virulence-
associated factors. Mol Cell Proteomics 2008b, 7(6), 1111-23.

Rosenthal, P. J. (2004). Cysteine proteases of malaria parasites. Int J Parasitol,
34(13-14), 1489-99.

Sajid, M., McKerrow, J. H., Hansell, E., Mathieu, M. A., Lucas, K. D., Hsieh, 1., et al.
(2003). Functional expression and characterization of Schistosoma mansoni
cathepsin B and its trans-activation by an endogenous asparaginyl
endopeptidase. Mol Biochem Parasitol, 131(1), 65-75.

Schechter, 1., and Berger, A. (1968). On the active site of proteases. 3. Mapping the
active site of papain; specific peptide inhibitors of papain. Biochem Biophys
Res Commun, 32(5), 898-902.

Schmittgen, T. D., and Livak, K. J. (2008). Analyzing real-time PCR data by the
comparative C(T) method. Nat Protoc, 3(6), 1101-8.

Shompole, S., and Jasmer, D. P. (2001). Cathepsin B-like cysteine proteases confer
intestinal cysteine protease activity in Haemonchus contortus. J Biol Chem,
276(4), 2928-34.

Sirisinha, S., Tuti, S., Tawatsin, A., Vichasri, S., Upatham, E. S., and Bunnag, D.
(1983a). Attempts to induce protective immunity in hamsters against infection
by a liver fluke of man (Opisthorchis viverrini). Parasitology, 86 (Pt 1), 127-
36.



83

Sirisinha, S., Tuti, S., Vichasri, S., and Tawatsin, A. (1983b). Humoral immune
responses in hamsters infected with Opisthorchis viverrini. Southeast Asian J
Trop Med Public Health, 14(2), 243-51.

, and Wongratanacheewin, S. (1986). Immunization of hamsters against
Opisthorchis viverrini infection. Southeast Asian J Trop Med Public
Health, 17(4), 567-73.

Sithithaworn, P., and Haswell-Elkins, M. (2003). Epidemiology of Opisthorchis
viverrini. Acta Trop, 88(3), 187-94.

———., Tesana, S., Pipitgool, V., Kaewkes, S., Pairojkul, C., Sripa, B., et al.
(1991). Relationship between faecal egg count and worm burden of
Opisthorchis viverrini in human autopsy cases. Parasitology, 102 Pt 2, 277-
81.

Skelly, P. J., Da'dara, A., and Harn, D. A. (2003). Suppression of cathepsin B
expression in Schistosoma mansoni by RNA interference. Int J Parasitol,
33(4), 363-9.

Smith, W. D., and Zarlenga, D. S. (2006). Developments and hurdles in generating
vaccines for controlling helminth parasites of grazing ruminants. Vet
Parasitol, 139(4), 347-59.

Smout, M. J., Laha, T., Mulvenna, J., Sripa, B., Suttiprapa, S., Jones, A., et al. (2009).
A granulin-like growth factor secreted by the carcinogenic liver fluke,
Opisthorchis viverrini, promotes proliferation of host cells. PLoS Pathog,
5(10), e1000611.

Sripa, B. (2003). Pathobiology of opisthorchiasis: an update. Acta Trop, 88(3), 209-
20.

(2008). Concerted action is needed to tackle liver fluke infections in Asia.
PLoS Negl Trop Dis, 2(5), €232.

, Bethony, J. M., Sithithaworn, P., Kaewkes, S., Mairiang, E., Loukas, A.,
et al. (2010a). Opisthorchiasis and Opisthorchis-associated
cholangiocarcinoma in Thailand and Laos. Acta Trop.

, and Kaewkes, S. (2000a). Localisation of parasite antigens and
inflammatory responses in experimental opisthorchiasis. Int J Parasitol,

30(6), 735-40.



84

Sripa, B., and Kaewkes, S. (2000b). Relationship between parasite-specific antibody
responses and intensity of Opisthorchis viverrini infection in hamsters.
Parasite Immunol, 22(3), 139-45.

, Kaewkes, S., Sithithaworn, P., Mairiang, E., Laha, T., Smout, M., et al.
(2007). Liver fluke induces cholangiocarcinoma. PLoS Med, 4(7), €201.

———, Mairiang, E., Thinkhamrop, B., Laha, T., Kaewkes, S., Sithithaworn, P.,
et al. (2009). Advanced periductal fibrosis from infection with the
carcinogenic human liver fluke Opisthorchis viverrini correlates with elevated
levels of interleukin-6. Hepatology, 50(4), 1273-81.

, and Pairojkul, C. (2008). Cholangiocarcinoma: lessons from Thailand.
Curr Opin Gastroenterol, 24(3), 349-56.

Sripa, J., Laha, T., To, J., Brindley, P. J., Sripa, B., Kaewkes, S., et al. (2010b).
Secreted cysteine proteases of the carcinogenic liver fluke, Opisthorchis
viverrini: regulation of cathepsin F activation by autocatalysis
and trans-processing by cathepsin B. Cell Microbiol, 12(6), 781-95.

Srisawangwong, T., Sithithaworn, P., and Tesana, S. (1997). Metacercariae isolated
from cyprinoid fishes in Khon Kaen District by digestion technic. Southeast
Asian J Trop Med Public Health, 28 Suppl 1, 224-6.

Srivatanakul, P. (2001). Epidemiology of Liver Cancer in Thailand. Asian Pac J
Cancer Prev, 2(2), 117-121.

Stack, C. M., Caffrey, C. R., Donnelly, S. M., Seshaadri, A., Lowther, J., Tort, J. F.,
et al. (2008). Structural and functional relationships in the virulence-associated
cathepsin L proteases of the parasitic liver fluke, Fasciola hepatica. J Biol
Chem, 283(15), 9896-908.

» Donnelly, S., Lowther, J., Xu, W., Collins, P. R., Brinen, L. S., et al.
(2007). The major secreted cathepsin L1 protease of the liver fluke, Fasciola
hepatica: a Leu-12 to Pro-12 replacement in the nonconserved C-terminal
region of the prosegment prevents complete enzyme autoactivation and allows
definition of the molecular events in prosegment removal. J Biol Chem,

282(22), 16532-43.



85

Stefanic, S., Dvorak, J., Horn, M., Braschi, S., Sojka, D., Ruelas, D. S., et al. (2010).
RNA interference in Schistosoma mansoni schistosomula: selectivity,
sensitivity and operation for larger-scale screening. PLoS Negl Trop Dis,
4(10), e850.

Sulbaran, G. S., Ballen, D. E., Bermudez, H., Lorenzo, M., Noya, O., and Cesari, I.
M. (2010). Detection of the Sm31 antigen in sera of Schistosoma mansoni-
infected patients from a low endemic area. Parasite Immunol, 32(1), 20-8.

Suttiprapa, S., Loukas, A., Laha, T., Wongkham, S., Kaewkes, S., Gaze, S., et al.
(2008). Characterization of the antioxidant enzyme, thioredoxin peroxidase,
from the carcinogenic human liver fluke, Opisthorchis viverrini. Mol
Biochem Parasitol, 160(2), 116-22.

————, Mulvenna, J., Huong, N. T., Pearson, M. S., Brindley, P. J., Laha, T., et al.
(2009). Ov-APR-1, an aspartic protease from the carcinogenic liver fluke,
Opisthorchis viverrini: functional expression, immunolocalization and subsite
specificity. Int J Biochem Cell Biol, 41(5), 1148-56.

Tesana, S., Kaewkes, S., Srisawangwong, T., and Phinlaor, S. (1985). The distribution
and density of Opisthorchis viverrini metacercariae in cyprinoid fish in Khon
Kaen Province. J. Parasit. Trop. Med. Ass. Thai, 8, 36-39.

——, Srisawangwong, T., Sithithaworn, P., Itoh, M., and Phumchaiyothin, R.
(2007). The ELISA-based detection of anti-Opisthorchis viverrini IgG and
IgG4 in samples of human urine and serum from an endemic area of north-
eastern Thailand. Ann Trop Med Parasitol, 101(7), 585-91.

Thuwajit, C., Thuwajit, P., Kaewkes, S., Sripa, B., Uchida, K., Miwa, M., et al.
(2004). Increased cell proliferation of mouse fibroblast NIH-3T3 in vitro
induced by excretory/secretory product(s) from Opisthorchis viverrini.
Parasitology, 129(Pt 4), 455-64.

, Thuwajit, P., Uchida, K., Daorueang, D., Kaewkes, S., Wongkham, S.,
et al. (2006). Gene expression profiling defined pathways correlated with
fibroblast cell proliferation induced by Opisthorchis viverrini
excretory/secretory product. World J Gastroenterol, 12(22), 3585-92.

Upatham, E. S., and Viyanant, V. (2003). Opisthorchis viverrini and opisthorchiasis: a
historical review and future perspective. Acta Trop, 88(3), 171-6.



86

van den Enden, E. (2009). Pharmacotherapy of helminth infection. Expert Opin
Pharmacother, 10(3), 435-51.

Vernet, T., Berti, P. J., de Montigny, C., Musil, R., Tessier, D. C., Menard, R., et al.
(1995). Processing of the papain precursor. The ionization state of a conserved
amino acid motif within the Pro region participates in the regulation of
intramolecular processing. J Biol Chem, 270(18), 10838-46.

Wasilewski, M. M., Lim, K. C., Phillips, J., and McKerrow, J. H. (1996). Cysteine
protease inhibitors block schistosome hemoglobin degradation in vitro and
decrease worm burden and egg production in vivo. Mol Biochem Parasitol,
81(2), 179-89.

Watanapa, P., and Watanapa, W. B. (2002). Liver fluke-associated
cholangiocarpinoma. Br J Surg, 89(8), 962-70.

Williamson, A. L., Brindley, P. J., Knox, D. P., Hotez, P. J., and Loukas, A. (2003).
Digestive proteases of blood-feeding nematodes. Trends Parasitol, 19(9),
417-23.

———., Lecchi, P., Turk, B. E., Choe, Y., Hotez, P. J., McKerrow, J. H., et al.
(2004). A multi-enzyme cascade of hemoglobin proteolysis in the intestine of
blood-feeding hookworms. J Biol Chem, 279(34), 35950-7.

Wilson, L. R., Good, R. T., Panaccio, M., Wijffels, G. L., Sandeman, R. M., and
Spithill, T. W. (1998). Fasciola hepatica: characterization and cloning of the
major cathepsin B protease secreted by newly excysted juvenile liver fluke.
Exp Parasitol, 88(2), 85-94.

Wongratanacheewin, S., Bunnag, D., Vaeusorn, N., and Sirisinha, S. (1988).
Characterization of humoral immune response in the serum and bile of
patients with opisthorchiasis and its application in immunodiagnosis. Am J
Trop Med Hyg, 38(2), 356-62.

, Sermswan, R. W., and Sirisinha, S. (2003). Immunology and molecular
biology of Opisthorchis viverrini infection. Acta Trop, 88(3), 195-207.

Yasoshima, M., Sato, Y., Furubo, S., Kizawa, K., Sanzen, T., Ozaki, S., et al. (2009).

Matrix proteins of basement membrane of intrahepatic bile ducts are degraded

in congenital hepatic fibrosis and Caroli's disease. J Pathol, 217(3), 442-51.



87

Young, N. D., Campbell, B. E., Hall, R. S., Jex, A. R., Cantacessi, C., Laha, T., et al.
(2010). Unlocking the transcriptomes of two carcinogenic parasites,
Clonorchis sinensis and Opisthorchis viverrini. PLoS Negl Trop Dis, 4(6),
e719.

Zhou, Z., Xia, H., Hu, X., Huang, Y., Li, Y., Li, L., et al. (2008). Oral administration
of a Bacillus subtilis spore-based vaccine expressing Clonorchis sinensis
tegumental protein 22.3 kDa confers protection against Clonorchis sinensis.
Vaccine, 26(15), 1817-25.



APPENDICES



APPENDIX A
REAGENTS AND MEDIAS



90

REAGENTS AND MEDIAS

Reagents for DNA cloning into plasmid vector

L Luria-Bertani medium (LB) per litre

- LB media 15 g

- Add deionized H,O to 1 litre and autoclave for 20 min at 15 1b/sq
2. LB agar per litre

- LB media 15 g

- Nutrient agar 15 g

- Add deionized to 1 litre and autoclave for 20 min at 15 1b/sq
3. SOC media per litre

- LB media 15 g

- NaCl 005 g

- Add deionized autoclaved H,O to remove 950 ml. Then add 10 ml of
250 mM KClI solution. Adjust the pH to 7.0 and then add more deionized autoclaved
H,0 to 975 ml. Solution was steriled by autoclave for 20 min at 15 Ib/sq. Just before
use, add 5 ml of sterile 2 M MgCl, and 20 ml of sterile 1 M solution glucose.

Reagents for agarose gel electrophoresis

1. 0.8% agarose gel

- Agarose 08 g
- 1X TAE buffer 100 ml
- Dissolved by microwave for 1 min
2. 50X TAE buffer per litre
- Tris base 242 g
- Acetic acid 57.1 ml
-0.5MEDTA, pH 8.0 100 ml
3. Ethidium bromide (10 mg/ml)
- Ethidium bromide 10 mg

- Distilled water to 1 ml
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4. 6X gel loading dye
- 0.25% bromophenol blue
- 0.25% xylene cyanol FF
- 30% glycerol

Reagents for polymerase chain reaction

1. PCR reaction mixture or Master mix (500 pl)
- 25 mM MgCl 36 pl
- 10X PCR buffer 60 pul
- 10 mM dNTPs 6 pl
- 5 U/ul Taq polymerase 3 pl

- Add deionized autoclaved H,O to volumn 500 pl
2. dNTPs 10 mM (mixture)

- 10 mM dATP 20 pl of 100 mM
- 10 mM dTTP 20 pl of 100 mM
- 10 mM dCTP 20 pl of 100 mM
- 10 mM dGTP 20 pl of 100 mM

- Add deionized autoclaved water 120 pl

Stock Solutions for protein expression in P. pastoris
1. 10X YNB

- yeast nitrogen base (YNB) with ammonium sulfate and without
amino acids 134 g

- Dissolve in 1000 ml of water and filter sterilize. Heat the solution to
dissolve YNB completely in water. Store at +4°C.

- Alternatively, use 34 g of YNB without ammonium sulfate and amino
acids and 100 g of ammonium sulfate.
2. 500X B (0.02% Biotin)

- Biotin 20 mg

- Dissolve in 100 ml of water and filter sterilize. Store at +4°C.
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3.. 10X D (20% Dextrose)

- D-glucose 200 g

- Dissolve of in 1000 ml of water. Autoclave for 15 minutes or filter
sterilize.
4. 10X M (5% Methanol)

- Mix 5 ml of methanol with 95 ml of water. Filter sterilize and store at
+4°C. The shelf life of this solution is approximately two months.
5. 10X GY (10% Glycerol)

- Glycerol 100 ml

- Mix with 900 ml of water. Sterilize either by filtering or autoclaving.
Store at room temperature. The shelf life of this solution is greater than one year.
6. 1 M potassium phosphate buffer, pH 6.0

-1 M K;HPO, 132 ml

- 1 MKH2PO4 868 ml

- Confirm the pH = 6.0 + 0.1 (if the pH needs to be adjusted, use

phosphoric acid or KOH). Sterilize by autoclaving and store at room temperature.

Reagents and medias for protein expression in P. pastoris

1. Low Salt LB Medium with Zeocin™

- Tryptone 10 g
- NaCl 5 g
- Yeast extract 5 g

- Add distilled H,O to 950 ml. Adjust pH to 7.5 with 1N NaOH. Bring
the volume up to 1 liter. For plates, add 15 g/L agar before autoclaving.

- Autoclave on liquid cycle at 15 psi and 121°C for 20 minutes.

- Allow the medium to cool to at least 55°C before adding the
Zeocin™ to 25 pg/ml final concentration.

- Store plates at +4°C in the dark. Plates containing Zeocin™ are stable
for up to 2 weeks.
2, Yeast Extract Peptone Dextrose Medium (YPD) (1 liter)

- Yeast extract 10g

- Peptone 20g
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- Dissolve in 900 ml of water.

- Include 20 g of agar if making YPD slants or plates.

- Autoclave for 20 minutes on liquid cycle.

- Add 100 ml of 20% dextrose (filter-sterilize dextrose before use).

- Cool solution to ~60°C and add the appropriate amount of Zeocind
from a 100 mg/ml stock solution. Note: It is necessary to include Zeocin™ in the
medium for selection of Pichia transformants only. Zeocin™ may be omitted from
the medium when performing expression studies.

- Store YPD slants or plates containing Zeocin™ at +4°C. The shelf
life is one to two weeks.

3 Yeast Extract Peptone Dextrose Medium with Sorbitol (YPDS) (1 liter)

- Yeast extract 10g
- Sorbitol 1822 g
- Peptone 20g

- Dissolve in 900 ml of water. Add 20 g of agar. Autoclave for 20 minutes on
liquid cycle. Add 100 ml of 20% dextrose (filter-sterilize dextrose before use). Cool
solution to ~60°C and add the appropriate amount of Zeocin™ from a 100 mg/ml
stock solution. Note: It is necessary to include Zeocin™ in the medium for selection
of Pichia transformants only. Zeocin™ may be omitted from the medium Zeocin™
when performing expression studies. Store YPDS slants or plates containing Zeocin™
at +4°C. The shelf life is one to two weeks.

4. Buffered Glycerol-complex Medium (BMMY) (1 liter)

Buffered Methanol-complex Medium (BMGY) (1 liter)

- Yeast extract 10 g,

- Peptone 20g

- Dissolve in 700 ml water. Autoclave 20 minutes on liquid cycle. Cool
to room temperature, then add the following and mix well:

- Add 100 ml 1 M potassium phosphate buffer, pH 6.0

100 ml 10X YNB

2ml 500X B

100 ml 10X GY

- For BMMY, add 100 ml 10X M instead of glycerol.
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- Store media at +4°C. The shelf life of this solution is approximately

two months.

Color development solution

1. DAB substrate solution (25 mg/ml)
- Diaminobenzidine (DAB) 1 g

- Distrilled water 40 ml

-Aliquots in 1 ml and kept at -20 C
2 Tris-base buffer (pH 7.6)

-Tris 6.1 g

-distilled HO 1 L

- Add DAB substrate solution 1 ml into Tris-base buffer 50 ml, then
add H,0; 50 pl. The DAB substrate solution mixture should prepared 5-10 min before

used.

Buffers for protein purification
1. 1 M Phosphate buffer

- NaH,P04.H,0 52 g

- Na;HPO4 23.0

-distilled H,O 200 ml
2 Binding buffer/Wash buffer 1 litre (pH 7.4)

- 1 M Phosphate buffer 20 ml

- NaCl 2922 g

- Imidazole 136 g

- Urea 480.48 g
3. Elution buffer 1 litre (pH 7.4)

- 1 M Phosphate buffer 20 ml

- NaCl 2922 g

- Imidazole 34.04 g

- Urea 480.48 g



Buffers for protein manipulation

1. 15 % separating gel
- 1.5 M Tris-HCI pH 8.8 25, 'ml
- 30 % Acrylamide/Bis 5 ml
- 10 % SDS 100 pl
- TEMED 25 ul
- Distilled H,O 5 ml
-10 % ammonium persulphat 100 pl

2. 5% Stacking gel
- 1 M Tris-base pH 6.8 312.55 i
- 30 % Acrylamide/Bis 312.5 pul
- 10 % SDS 25 pl
- TEMED 10 pl
- Distilled H,O ' 1.813 ml
-10 % ammonium persulphate 50 pl

3. SDS-PAGE sample buffer
- Distilled H,O 3.8 ml
- 0.5 M Tris-HCI, pH 6.8 1 ml
- Glycerol 0.8 ml
- 10 % (w/v) SDS 1.6 ml
- 2-mercaptoethanol 04 ml
- 1 % (w/v) bromophenol blue 04 ml
Store at room temperature

4. 5x running buffer
- Tris 9 g
-Glycine 432 g
- SDS 3 g

Add milliQ water to 600 ml and store at 4C
5. 1x Transfer buffer
- 10 % methanol

- 0.5x running buffer
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Opisthorchis viverrini cathepsin B2 mRNA, complete cds

LOCUS GQ303560 1014 bp mRNA linear

SEQUENCES

INV 14-MAY-2010

DEFINITION Opisthorchis viverrini cathepsin B2 mRNA, complete cds.

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS

TITLE

JOURNAL
PUBMED
REMARK
REFERENCE
AUTHORS

TITLE
JOURNAL

GQ303560

GQ303560.

1 GI:255040224

Opisthorchis viverrini
Opisthorchis viverrini

Eukaryota; Metazoa; Platyhelminthes; Trematoda; Digenea;
Opisthorchiida; Opisthorchiata; Opisthorchiidae; Opisthorchis.

1 (bases

1 to 1014)

Sripa,J., Laha,T., To,J., Brindley,P.J., Sripa,B., Kaewkes, S.,
Dalton,J.P. and Robinson,M.W.
Secreted cysteine proteases of the carcinogenic liver fluke,

Opisthorchis viverrini: regulation of cathepsin F activation by
autocatalysis and trans-processing by cathepsin B

Cell. Microbiol.
20070308

(2010)

In press

Publication Status: Available-Online prior to print

2 (bases

1 to 1014)

Sripa,J., Laha,T., To,J., Xu,W., Dalton,J.P., Brindley,P.J.,
Loukas,A. and Robinson,M.W.
Direct Submission

Submitted (22-JUN-2009) Department of Parasitology, Faculty of Medicine,

Khon Kaen University, Mittaparp Road, Khon Kaen 40002, Thailand
Location/Qualifiers

FEATURES

source 1..

1014

/organism="Opisthorchis viverrini"
/mol_type="mRNA"
/db_xref="taxon:6198"

CDS

PPK"
ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

atgccgtggt
tcgattggaa
ccaccggaaa
gaagaacaac
cccaagacct
gaccagtcga
ttgtgtattc
tgctgcggat
tggcaagcgt
tatccatttc
atttacgaca
gacaagacaa
gagatcatga
tacaaacaag
attttgggct
gaaggctggg
gaagatgaag

1..1014

/codon_start=1
/product="cathepsin B2"
/protein_id="ACT99885.1"
/db_xref="GI:255040225"
/translation="MPWLILVFGTVLAAAGEVTGSIGMREYVDSETGAKWIYAEPPET
FRQGNLQLMFRAIREPEEQRSKRPTVSHESLGDENIPKTFDAREQWPHCPTIGQIRDQ
SSCGSCWAFGAVEAMSDRLCIHSNGTFTKSLSSIDLVSCCGYCGFGCQGGYPPAAWDF
WOAYGIVTGGSKEDPMGCRSYPFPKCSHHGSKKYPPCPHRI YDTPKCVPKCDTPNIDY
ETDKTRANITYNVQRSQMAIMKEIMINGPVEAAFEVYEDFFGYKQGVYFHSTGEFIGG
HATRILGWGEENGTPYWLIANSWNEGWGEDGYFKMLRGKNECGIEDEVTAGLPELSII

tgatactagt
tgcgggaata
cattccgaca
gttccaaaag
ttgacgcacg
gctgtggatc
actcaaatgg
actgtggttt
atggcatcgt
cgaaatgctc
cgccaaaatg
gagctaacat
tcaacggacc
gtgtgtattt
ggggagaaga
gtgaagatgg
tcactgcggg

tttcggtaca
tgttgattca
ggggaatctt
accaaccgtt
ggaacaatgg
ttgctgggcet
tacttttact
tggctgtcag
caccggaggt
tcaccacgga
tgtaccaaaa
cacttacaat
agtcgaagca
ccattccact
gaacggcaca
atactttaaa
tttaccagaa

gttttagcag
gagacgggtg
cagttgatgt
tcccatgaga
cctcactgtc
tttggagcag
aaaagcctaa
ggaggctatc
tcgaaagaag
tcaaagaagt
tgcgacacgc
gtacaacgat
gcgtttgagg
ggcgagttta
ccctattggt
atgttgcgtg
ttgtccatca

ctgcgggtga
cgaaatggat
tcagagcgat
gtcttggcga
caaccattgg
tggaggcgat
gttccattga
ctectgecge
accccatggg
acccgecgtg
ccaacatcga
cccaaatggc
tttacgaaga
ttggtggtca
tgatcgcaaa
gaaaaaatga
ttccacctaa

agttacagga
ttatgcagaa
acgcgaacct
tgaaaacata
ccaaatcaga
gagcgaccgt
cttagtttct
atgggatttt
ttgccgttca
tccacacaga
ttatgagact
gataatgaag
ctttttcggt
tgccattcgce
ttcatggaac
gtgtggaatt
gtga
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Opisthorchis viverrini truncated cathepsin B mRNA, complete cds

LOCUS GQ303559 942 bp mRNA linear INV 14-MAY-2010

DEFINITION
ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS

TITLE

JOURNAL
PUBMED
REMARK
REFERENCE
AUTHORS

TITLE
JOURNAL

FEATURES
source

CDS

Opisthorchis viverrini truncated cathepsin B mRNA, complete cds.

GQ303559
GQ303559.1 GI:255040222

Opisthorchis viverrini
Opisthorchis viverrini
Eukaryota; Metazoa; Platyhelminthes; Trematoda; Digenea;
Opisthorchiida; Opisthorchiata; Opisthorchiidae; Opisthorchis.
1 (bases 1 to 942)
Sripa,J., Laha,T., To,J., Brindley,P.J., Sripa,B., Kaewkes,S.,
Dalton,J.P. and Robinson,M.W.
Secreted cysteine proteases of the carcinogenic liver fluke,
Opisthorchis viverrini: regulation of cathepsin F activation by
autocatalysis and trans-processing by cathepsin B
Cell. Microbiol. (2010) In press
20070308
Publication Status: Available-Online prior to print
2 (bases 1 to 942)
Sripa,J., Laha,T., To,J., Xu,W., Dalton,J.P., Brindley,P.J.,
Loukas,A. and Robinson,M.W.
Direct Submission
Submitted (22-JUN-2009) Department of Parasitology, Faculty of
Medicine, Khon Kaen University, Mittaparp Road, Khon Kaen 40002,
Thailand
Location/Qualifiers
1,.942
/organism="Opisthorchis viverrini"
/mol_type="mRNA"
/db_xref="taxon:6198"
1..942
/codon_start=1
/product="truncated cathepsin B"
/protein_id="ACT99884.1"
/db_xref="GI:255040223"

/translation="MKRLFISYAILVFVNSFQDAQCGELEDVGLREHVHSVTGARWIS
GRHSKGFESDHLIHTFGAKMETAEQKAQRPTVKHVGFDDTRLPKNFDARSKWPHCSSV
SEIRDQSSCGSCWAFGAVEAMSDRLCIHSNGSFNKSLSAVDLLSCCKDCGFGCRGGYP
AVAWDYWRTHGIVTGGSKEDPSGCRSYPFPKCDHHVQGHYPPCPRQIYPTPECVQDCD
TPELGYLEDKTRANISYNIYASEISIMKEIMLRGPVEAVFTVYEDFLQYKSRVYFHAW
GAPMSGHAIRILGWGEEGDVPYWLIANSWNEDWGEKG"

ORIGIN

i |

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901

atgaaacggc tgtttatatc atacgctatt ctggttttcg tcaacagttt ccaagacgcc
cagtgtggag aacttgaaga tgtaggactg cgagaacatg tacactcagt tactggagca
cgatggatat ctggaagaca ttcgaaagga ttcgaatctg accacctgat tcacacgttt
ggagccaaga tggaaactgc agaacaaaaa gcgcagaggc caacggtcaa gcacgtgggt
tttgatgata cgcgtctccc aaagaacttt gatgcacgat ctaaatggcc gcattgctct
tccgtcagtg agatcagaga tcaatccagt tgtggatcgt gttgggcgtt cggggcagtg
gaagccatga gtgatcgact gtgcattcat tcaaatggtt ctttcaacaa aagcctcagt
gcggtagact tgctctcctg ttgtaaggac tgtggattcg gttgtcgtgg aggatatcct
gctgtggcgt gggactactg gaggactcac ggcattgtca caggtgggtc aaaagaagat
ccaagtggat gcaggtctta tccatttccg aaatgtgacc atcatgttca aggacactat
ccgccatgtc cgcgtcaaat ctaccccaca ccggaatgcg tccaggactg tgacacgcca
gaattgggtt acttggagga taagacgaga gctaacatct cctacaatat atacgcatca
gaaatatcga ttatgaagga gatcatgctc cggggtccgg ttgaggccgt tttcaccgtg
tacgaagact tcctccagta caaatcccgt gtatacttcc acgcttgggg tgcgccgatg
agcgggcatg caattcgtat tttgggttgg ggcgaggagg gcgatgttcc ttactggttg
atcgccaact cctggaacga agactggggt gagaaaggat aa
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Figure S1 MS/MS data for Ov-CF-1 N-terminal peptide following trans
activation by Ov-CB-1.
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12(6), 781-95.

2. Sripa J., Pinlaor P., Brindley PJ., Sripa B., Kaewkes S., Robinson MW., et al.
(2011). RNA interference targeting cathepsin B of the carcinogenic
liver fluke, Opisthorchis viverrini. Parasitol Int. (in press)

3. Sripa J., Brindley PJ., Sripa B., Loukas A., Kaewkes S., Laha T. (2011).
Evaluation of the liver fluke cathepsin B protease, Ov-CB-1, as a
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(accepted)



Name:
Date of birth:

Place of birth:

Education:
2001-2004

2005-2007

2008-2010

CURRICULAR VITAE

Miss Jittiyawadee Sripa
January 29, 1982
Ubon Ratchathani, Thailand

Bachelor Degree of Science, B.Sc (Medical Technology),
Khon Kaen University, Khon Kaen, Thailand

Master Degree of Science, M.Sc (Parasitology)

Department of Parasitology, Faculty of Medicine, Khon Kaen
University, Khon Kaen, Thailand

Candidate PhD student in the major of Parasitology Program,
Department of Parasitology, Faculty of Medicine, Khon Kaen
University, Khon Kaen, Thailand

Scholarship received:

2008-2010

Grant of Strategic Scholarships for Frontier Research Network
(Thai Doctoral degree) from the Office of the Higher Education

Commission, Thailand








