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ABSTRACT

Cysteine proteases including cathepsin B and cathepsin L are involved in
physiological and biological processes in all living organisms and imbalanced activity
of these proteases may cause several diseases. They are also important antigens in
the trematode genus Fasciola and have vital roles in parasite survival including
protection, infection and nutrition of the liver fluke. The biological roles and
application of parasite cathepsins, e.g. in chemotherapy and as vaccines have been
studied but data concerning their regulation is still incomplete. Especially, the
cysteine protease inhibitors of the cystatin superfamily have not been investigated in

depth in trematodes. This research was conducted to characterize the molecular



and biochemical properties of a type 1 cystatin (Stefin-2) in the liver fluke Fasciola
gigantica.

In the present study, a cDNA encoding type 1 cystatin of the parasite,
FgStefin-2, was isolated from total RNA of adult F. gigantica by RT-PCR. A FgStefin-2-
specific probe detected gene and transcript in Southern and Northern analyses of
genomic DNA and total RNA of the fluke. FgStefin-2, which unusually for type 1
cystatins carries a signal peptide, was expressed as active recombinant protein in
Escherichia coli (rFgStefin-2). Purified rFgStefin-2 was used for cysteine protease
inhibition assays, functional analysis and polyclonal antibody production. The
polyclonal antibody was used to study the distribution of native FgStefin-2 in 2- and
4-week-old juveniles and adult F. gieantica and to detect rFgStefin-2 and native
FgStefin-2 in crude worm (CW) extract and excretory/secretory (ES) products of adult
F. gigantica in immunoblots. Immunohistochemical analysis showed that FgStefin-2
is located in several tissues of the parasite including the prostate gland in adults and
gut epithelium in all stages. Immunoblots demonstrated that the polyclonal
antibody reacted with rFgStefin-2, CW extract and ES product of the adult parasite,
but did not cross-react with rFgMDCd10, rFgStefin-1 and CW extracts of other
trematodes. The inhibitory properties of rFgStefin-2 against bovine cathepsin B,
bovine cathepsin L and the proteolytic activity of ES products, CW extracts from
metacercariae and adult parasite were characterized by using fluorogenic substrates
and by zymography using gelatin as substrate. The recombinant protein exhibited
inhibitory activity against cysteine proteases (cathepsins B and L) and the proteolytic
activity of ES products, CW extracts from metacercariae and adult parasites. This
protein was found to be active over a wide pH range and heat stable. Preliminary
study on immunomodulatory properties of the protein showed that it may interfere
with an immune response mechanism that is involved in polyclonal T-cell
proliferation.  Furthermore, the novel cathepsin B5 of F. gigantica, FgCB5, was
expressed and purified in a yeast-based eukaryotic expression system. Immunoblots
showed that procathepsin B5 was detected in CW extract and in minor amounts in
ES product. Analyses of recombinant cathepsin B5 revealed that it was active at

acidic pH, able to effectively digest several of the host substrates and also exhibited



substantial exopeptidase activity. Inhibitory activities of rFgStefin-1, rFgStefin-2 and
human cystatin C against rFeCB5 demonstrated nanomolar inhibition constants. This
experiment was used to confirm that rFgStefin-2 has been evolutionary adapted to
block cathepsin B. In summary, FgStefin-2 may play important roles, for example in
the protection of the minute newly excysted juvenile from autoproteolysis and in
the regulation of cysteine protease activity in the reproductive system. This
knowledge may help to evaluate application of the protein as diagnosis tool, drug

target and vaccine candidate against fascioliasis.
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CHAPTER |

INTRODUCTION

Fascioliasis is an important helminth disease caused by flat worms of the
genus Fasciola (Fasciola hepatica and Fasciola gigantica). F. hepatica is present
mostly in temperate regions, particularly in Europe, South and Central America,
Oceania, Asia and Africa while F. gigantica is distributed in tropical and subtropical
regions, especially in Africa, Middle East and Asia including Thailand. These parasites
cause a zoonotic infection affecting ruminants such as cattle, buffaloes, sheep, goats
and swine. Humans are accidental hosts of these parasites if they ingest vegetation
contaminated with metacercariae or drink contaminated water and recently a
number of cases have been reported in Thailand. Fascioliasis is a major veterinary
problem causing weight loss, diarrhea, loss of milk, meat, wool production, increased
mortality in livestock which lead to an economic loss estimated at 3.2 billion US
dollars per year.! The number of reported clinical cases of human fascioliasis is
increasing significantly with an estimated 2.4 million people infected in many
countries of Latin America, Europe, Africa and Asia and more than 180 million are
estimated at risk? The treatment of choice is triclabendazole (TCBZ) which is
effective against all stages of the parasites. TCBZ is used in control of fascioliasis of
livestock in many countries but now resistance to this drug has been reported.
Resistance of TCBZ has been first reported in Australia in the 1990s and now
resistance to this drug has also been found in a number of countries throughout
Europe.** To solve this problem several sustainable strategies such as novel drugs
and vaccines have been investigated for application. Nowadays, the major research
is focused on the host-parasite interactions since parasites resistant to chemical
treatments have emerged in several countries.

Cathepsins B and L cysteine proteases are the major lysosomal
cathepsins that are involved in host-parasite interactions including tissue penetration,
feeding, digestion of host tissue for nutrition and evasion of immune system.” In

trematodes, the number of reports about the roles of cysteine protease inhibitors in



the cystatin superfamily (MEROPS inhibitor family 125, clan IH) is still small. Cystatins
can be divided into three groups based on distinct structural details and their
distribution in the body. Type | cystatins contain no disulfide bonds or carbohydrate
groups and are mainly intracellular including stefin A and B. Type Il cystatins contain
one or two conserved disulfide bonds, a signal peptide for secretion and are found in
most body fluids such as cystatins C, D, E/M, F, S, SA and SN. Type Il cystatins are
extracellular multi-domain cystatins, for example kininogens that are intravascular
proteins of blood plasma. Cystatins are found in viruses, bacteria, parasites,
microorganisms, plants and animals. Maintenance of the balance of cysteine
proteases and cystatins is essential for proper functioning of all living organisms.
Cystatins play an important role in the balance of the host-parasite interaction,
protection of cells from inappropriate endogenous or external proteolysis, the
control mechanisms responsible for intracellular or extracellular protein breakdown
and regulation of normal proteolytic processes involving cysteine protease activity.
Imbalance between cysteine proteases and inhibitors lead to metabolic error of the
affected cells and results in various diseases such as renal failure®, osteoporosis7 and
rheumatoid arthritis®. The mechanism of cystatin is to block the protease active site,
obstruct the approach of substrate, but do not directly interact with the enzyme
catalytic center. Several studies concerning trematode and nematode cystatins have
been published. For example, the inhibitory activities of a type 1 cystatin from

0

Schistosoma mansoni and F. gigantica”'®, a multi-domain cystatin from F. hepatica

and F. gieantica''*?

, onchocystatin of the human pathogenic filarial nematode
Onchocerca volvulus®®, rAv17 of Acanthocheilonema viteae'®, Bm-CPI-1, Bm-CPI-2
and Bm-CPI-3 of Brugia ma(oyils, cystatin of the rodent filaria Litomosoides
sismodontis'® and nippocystatin of  Nippostrongylus brasiliensis '"'® have been
reported. In the last few years, immunomodulatory effects of cystatins from parasitic
nematodes have been demonstrated. These cystatins were found to be involved in
the reduction of T cell responses by inhibition of proteases participating in MHC class
Il antigen processing and presentation, furthermore they stimulated the upregulation

of interleukin 10 (IL-10) and nitric oxide (NO) production while downregulation of IL-

12‘19’23



To understand the biological function of type 1 cystatin in F. gigantica,
several experiments were performed in this parasite including molecular cloning and
characterization of a cystatin encoding cDNA from F. gigantica, expression and
purification of recombinant cystatin in prokaryotic expression systems, tissue-specific
distribution, the inhibition properties against mammalian and endogenous cysteine
proteases, pH dependency, temperature stability and preliminary study on
immunomodulatory properties of the protein. Moreover, recombinant F. gieantica
cathepsin B5 was expressed in a eukaryotic expression system, purified and
characterized for its biochemical functions. The recombinant cathepsin B5 was used
to confirm the results of inhibitory activity of type 1 cystatins which were analyzed in
this study. The results of this work might be helpful for the application of type 1

cystatin in diagnosis and vaccine development against fascioliasis.



CHAPTER Il

OBJECTIVES

The aims of the research study are:

1.

Molecular cloning of a complete cDNA encoding Fasciola gigantica Stefin-2
(FgStefin-2).

Characterization of the nucleic acids encoding FgStefin-2 at genomic DNA and
RNA levels by Southern, Northern, and developmental stage-specific RT-PCR
analyses.

Expression and purification of recombinant FgStefin-2 in a prokaryotic
expression system.

Production of mouse polyclonal antibodies against rFgStefin-2.

Identification of native FgStefin-2 in immunoblots of parasite antigen
preparations and analysis of cross reactivity with antigen preparations from
other trematodes and recombinant cystatins.

Determination of the tissue-specific distribution of native FgStefin-2 by
immunohistochemistry.

Functional characterization of rFgStefin-2.

Characterization of the immunomodulatory properties of rFgStefin-2.
Expression and purification of recombinant FgCB5 in a eukaryotic expression

system.

10. Functional characterization of rFgCB5



CHAPTER Il

REVIEW OF LITERATURE

3.1 Fascioliasis

3.1.1 Definition and classification of Fasciola species

Fascioliasis is an infectious parasitic disease common in livestock,
especially cattle, sheep, goats, swine but occasionally found in humans. Economic
losses such as reduction of both productivity (milk and meat yields) and life of
ruminants are particularly incurred with infected cattle and sheep. This disease is
caused by infection with Fasciola species®*, endoparasites classified in the kingdom
of Animalia, phylum Platyhelminthes, class Trematoda, subclass Digenea, family
Fasciolidae and genus Fasciola. The two species Fasciola hepatica (the common
liver fluke) and F. gigantica (tropical liver fluke) are the main causative agents of
fascioliasis. Most of the parasites in the family Fasciolidae are hermaphroditic and
able of self-fertilization. In general, the life cycles of trematode parasites are
complex and require one or more intermediate hosts for development, a lack of the
intermediate host will terminate the life cycle.

3.1.2 Geographic distribution and epidemiology of Fasciola spp.

Fascioliasis has been found widespread in many geographical areas
and affects more than 51 countries of the five continents. F. hepatica is present
mainly in temperate regions, particularly in Europe, South and Central America,
Oceania, Asia and Africa while F. gieantica is found in tropical and subtropical regions,
especially in many areas of Africa and Asia.”>*® The geographical spread routes and
distribution of the two parasites are shown in Figures 3.1 and 3.2.

Epidemiology is the study of factors affecting disease in
populations. The study of the epidemiology and transmission revealed that the
worldwide geographical distribution of fascioliasis is related to the distribution of
lymnaeid snail host populations, climatic conditions and general physical geography.

Globally, there are many people infected with Fasciola spp. (up to 2.4 million



humans) and more than 180 million are estimated at risk.” Worldwide, F. hepatica
and F. gigantica infect more than 300 million cattle and 250 million sheep that
causes the economic losses estimated at more than US$3.2 billion per year.! An
analysis of geographical distribution of human and animal fascioliasis shows that a
correlation exists only at a basic level. Several factors that have an effect for the
association between human and livestock infection are sanitation and hygiene
conditions, education of people, culture in each country and human eating behavior.
Therefore, areas with high prevalence of animal fascioliasis do not seem to be
associated with areas that have a lot of human fascioliasis cases. For example, in
Australia, many cases of animal fascioliasis have been reported, whereas human
cases have only been sporadically observed.?’

During  2003-2006, The National Institute of Animal Health,
Thailand listed the prevalence of animal fascioliasis (Figure 3.3) and the results
showed the high prevalence of the infection in Northeastern and Southern parts of
Thailand. The number of infections that was reported in 2006 was impressively
increased and the highest infection rate was observed during the rainy season. The
average prevalence of F. gigantica in cattle and buffalo in Thailand has been

reported at 11.8%.%
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Figure 3.1 Geographical spread routes of F. gigantica (Panel A) and F. hepatica (Panel

B) in the post-domestication period.”’
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Figure 3.2 Global distribution of F. hepatica and F. gigantica.”
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Figure 3.3 Distribution of animal fascioliasis in Thailand during 2003-2006.
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3.1.3 The Morphology and life cycle of Fasciola spp.

Both Fasciola hepatica and Fasciola gigantica have a leaf-like
shape but are quite different in the size of their body. The size of adult F. hepatica
is approximately 20-30 mm in length and 8-13 mm in width while F. gigantica which
is approximately 20-70 mm in length and 8-15 mm in width.>’ The adult worm has
a cephalic cone which consist of an oral sucker at the anterior end and a ventral
sucker is located at the base. The digestive tract of the adult parasite extends from
the anterior to the posterior end of the worm and the structure of the intestine
looks like a branched tree. The two highly branched testes are found in the
posterior half of the worm. The ovary, located above the testes, opens to a genital
pore via a link to a short convoluted uterus. The genital pore is located anterior to
the ventral sucker. In the lateral and posterior regions of the body, the vitellaria are
highly diffused and branched to produce the shell material. The general surface of
the worm is covered by spines that can help the parasite to preserve its position in
the host tissue and serve to destroy the epithelium and penetrate the blood vessels
for feeding. The external morphologies and internal structures of F. hepatica and F.
gieantica are shown in Figures 3.4A and 3.5. The first larva stage that hatches from
the egg is the miracidium and the size of this larva is approximately 130 pm in
length. The structure of miracidium is large at the anterior end, tapering posteriorly
to a blunt end and its body is covered with cilia. In the anterior region, papilliform
protrusion and two darkly stained eye spots are found (Figure 3.4B). A sporocyst is
elongated bag-like and contains a small ball of tightly packed germinal cells and eye
spots can be found (Figure 3.4C). The redia, produced by the sporocyst contains an
incomplete digestive system with an anterior mouth, a muscular pharynx, and a
simple unbranched intestine. Several germinal cells contained in the redia are
further differentiated into second generation daughter rediae or the next larva stage,
the cercaria (Figure 3.4D). The cercaria has a structure like a tadpole which consists
of a circular body measuring approximately 0.25-0.35 mm in length and a long thin
unbranched tail measuring around 0.5 mm in length. An oral sucker is situated at
the anterior end of the body and a ventral sucker is located at a similar position as in

the adult. Leading from the oral sucker there is a pharynx which contains very
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remarkable of cystogenous glands that secrete substrates to form a cyst wall, an
esophagus, foregut and paired ceca. The cercaria has a parenchyma containing
numerous germinal cells that support the formation of the male and female
reproductive systems in adult stage and flame cells which act as excretory system
(Figure 3.4E). The metacercaria (encysted cercaria) has a round shape measuring
around 0.2 mm in diameter and its shell is composed of an outer cyst and an inner
cyst. The outer cyst wall is also important for attachment to aquatic plants and
vigorous adhesion for long times is essential for survival of metacercarial cyst and the
infection of the definitive host. If the outer wall is eliminated, the inner wall must
play a key role in the survival of the metacercaria.”® Many cercaria components,
including certain glands and sensory structures, disappear (Figure 3.4F). The eggs of
Fasciola spp. are broadly ellipsoidal, operculated and sized in average around 0.13-
0.15 mm in length and 0.06-0.09 mm in width which dirty gray to yellowish brown
color. The eggs which are excreted through host feces on to pasture are unfertilized
and several factors influence embryonation particularly, temperature, oxygen

tension, pH and moisture (Figure 3.4G).*
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(A) (B) ©

(D) (E) (F) (©)]

Figure 3.4 The developmental stages of Fasciola spp.”**

(A) Adult Fasciola spp., left: F. gieantica, right: F. hepatica,
(B) Miracidium, (C) Sporocyst, (D) Redia, (E) Cercaria,
(F) Metacercaria and (G) Egg
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Figure 3.5 Diagram of an adult Fasciola spp. showing major internal structures: (1)
Oral sucker; (2) Pharynx; (3) Esophagus; (4) Ventral sucker; (5) Ceca; (6) Genital pore;
(7) Cirrus sac; (8) Vas deferens; (9) Ovary; (10) Uterus; (11) Ootype; (12) Vitelline duct;
(13) Testes; (14) Vitelline gland.*
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The general life cycle of Fasciola spp. is quite complex (Figure
3.6). F. hepatica and F. gigantica have a similar life cycle that consists of several
stages including egg, miracidium, sporocyst, redia, cercaria, metacercaria, juvenile and
adult. The life cycle of these parasites begins with unembryonated eggs which are
released from the bile duct into the intestine and passed out in the feces of
herbivorous animals such as ruminants (definitive hosts) or human (accidental host).
Development of the embryo commences if the egg is flushed into freshwater at
favorable environmental conditions. The miracidium excysts from the egg and
invades the tissues of the intermediate molluscan host (first intermediate host): a
snail in family Lymnaeidae such as L. truncatula, L. stagnalis, and L. palustris for F.
hepatica and Radix rubiginosa, R. auricularia, R. natalensis and Biomphalaria
alexandrina for F. gigantica (Figure 3.7).“** Within the snail, the parasites undergo
developmental changes from miracidia to sporocysts, rediae, cercariae, respectively
in the digestive gland. The motile cercariae emerge from the snail and attach to
aquatic plants and then encyst as metacercariae (infective stage of the worm). The
infection occurs when ruminant or human consume the vegetation containing
metacercariae. After ingestion of the contaminated vegetation, the cyst wall of the
metacercariae is eliminated by digestive enzymes in the gastrointestinal tract of the
host and the newly excysted juvenile (NEJ) emerges in the small intestine. The NEJs
penetrate and pass through the gut epithelium into the peritoneal cavity and finally
the liver. After 6-12 weeks, the parasites migrate into the bile ducts where they

develop to adult stage."*

The total period from ingestion of aquatic plants
containing metacercariae to adult stage of the fluke is approximately 75-90 days.*’
The adult parasites remain for several years inside the bile ducts (more than 1-2
years in cattle or 20 years in sheep) and produce tens to hundreds of thousands of

unembryonated eggs per day.>>*
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Figure 3.7 Snail intermediate hosts of F. hepatica and F. gigantica.**°

(A) L. truncatula, (B) L. stagnalis, (C) L. palustris,

(D) R. rubiginosa, (F) R. auricularia and (G) R. natalensis
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3.1.4 Parasite physiology in the mammalian host
3.1.4.1 Gut

The digestive tract is essential for survival of the parasite
because it uses this system to consume food and clear waste out. The gut of the
parasite can be divided into two parts, the foregut consists of mouth, pharynx and
esophagus and the second part is formed by the paired intestinal ceca which are
blind-ended and highly branched in the adult fluke. The epithelial lining of the ceca
is composed of a single layer of cells that continually cycle between secretory and
absorptive phases. In the secretory phase, cells that contain a lot of dense secretory
vesicles crowded near the surface lamellae are abundant in active Golgi complexes,
have an extensive network of granular endoplasmic reticulum (GER) cisternae and
mitochondria (Figure 3.8). Proteins destined for secretion are synthesized in the GER
at the base of the cell and transported to the Golgi where they are constructed into
secretory granules. The secretory granules are transported to the apical surface
where they are released into the lumen of the gut. The complete process of
synthesis, transport and release of secretory proteins takes less than 60 minutes.” In
the absorptive phase, cells show much longer and more numerous apical lamellae,
possess few and largely inactive Golgi complexes, have a lack of a secretory vesicles,
but contain membranous inclusions which supposedly indicate endocytosis and
autophagy.*

The digestion in the parasite is generally an extracellular
process, taking place in the cecal lumen and is then completed inside the cell.
Many potential digestive enzymes have been reported that are effective in degrading
various protein substrates, such as collagen, hemoglobin and immunoglobulins and
cleaving trypsin and chymotrypsin substrates at alkaline pH. The substrate specificity
of the enzymes is required for functions in nutrition and in immune evasion. The
expression patterns of enzymes in the gut epithelial cells vary during development

of the fluke.
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3.1.4.2 Reproductive System

The reproductive system of Fasciola spp. is hermaphrodite.
The male reproductive system comprises testes, vas deferens, seminal vesicle,
ejaculatory duct, cirrus sac, genital atrium and prostate glands (Figure 3.9). Two
multi-branched testes with one located anterior to the other. The testes are
connected to the seminal vesicle which is located within the cirrus sac via the vas
deferens. The seminal vesicle, filled with mature spermatozoa, passes into a very
narrow and coiled duct called ejaculatory duct and then towards the cirrus sac. The
protrusible cirrus opens independently to the outside via the genital aperture in a
common genital atrium that is located anterior to the ventral sucker. The
gjaculatory duct is neighbored by numerous unicellular prostate glands. The
prostate gland cells are pear-shaped and the individual cells of this gland present a
high level of secretory activity. The ducts of the gland cells are long and lead
through the parenchyma towards the ejaculatory duct. Junctional complexes
between the prostate gland cells and the parenchyma cells have not been
observed.

The female reproductive organs are composed of ovary,
oviduct, vitelline glands, Mehlis” gland, uterus and Laurer’s canal (Figure 3.9). The
ovary is highly branched and situated at the right side of the proximal part of the
uterus and the Mehlis’ gland-ootype complex. The outer wall of the ovary consists
of the muscle layers and it is lined by a layer of nurse cells. The nurse cells are
composed of mitochondria and endoplasmic reticulum cisternae and in contact with
oogonia. The oogonia are located at the periphery of the ovary and the latter
differentiate into primary oocytes which move towards the center of the ovary. The
short and narrow tube that connects the ovary to the uterus is called oviduct.
Vitelline glands consist of several follicles and the vitelline cells in the follicle
produce albumin, yolk, nutrients to support the development of embryo and shell
material involved in egg formation. The newly formed egg passes from the ootype
into the proximal part of the uterus, where the fertilization takes place. The ootype
is the organ where the formation of eggs occurs and surrounded by the Mehlis’

gland. The Mehlis’ gland is composed of two types of secretory cells: one group
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secretes a membranous body, and the other secretes a dense body. Several
functions of this gland has been demonstrated such as the lubrication of the eggs in
the uterus, activation of sperm and release of shell material from the vitelline

cells.”®>*
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3.1.5 Pathogenesis

Fascioliasis is a highly pathogenic disease in human and animal
and pathogenesis of this disease depends on the number of infecting worms, the
nutritional status and the resistance of the host.?****" The pathology of fascioliasis is
divided into two phases; 1.) The parenchymal phase: in this phase, the pathology
occurs during the migration of excysted juvenile flukes from intestine to the liver
causing tissue damage, extensive hemorrhage, fibrosis, and severe liver damage.”®
The flukes occasionally migrate to ectopic sites (Ectopic fascioliasis) for example,
diaphragm, kidneys, heart, brain, muscle, genitourinary tract, skin, lungs, eyes and

subcutaneous tissue.”™”? 2.)

The biliary phase arises from mature parasites that are
located in the bile ducts. The pathology of this phase results from feeding on host
blood and hypertrophy of bile ducts which causes obstruction of the lumen and
tissue damage.®® The number of ingested metacercariae affects signs and symptoms
of fascioliasis. Acute fascioliasis (more than 1,000 ingested metacercariae) may cause
sudden death of livestock, particularly in sheep, goat and cattle. The clinical signs of
this stage are acute hemorrhagic anemia, hypoalbuminemia, abdominal pain,
eosinophilia and ascites. Subacute fascioliasis (800-1,000 ingested metacercariae)
usually occurs 6-10 weeks after infection. This stage may cause sluggishness, anemia,
weight loss and eventually death. Chronic  fascioliasis  (200-800 ingested
metacercariae) is commonly seen in six months, when the flukes mature in the bile
ducts. This stage is usually asymptomatic or shows anemia, hypoalbuminemia,
ventral edema, pallor of mucous membranes, weight loss and wool break
emaciation. Therefore, fascioliasis of livestock affects the economic system in
countries where this disease has a high prevalence rate.

Human is an accidental host for Fasciola and the pathogenesis
begins when young flukes migrate from the intestine to the liver parenchyma and
become mature in the bile ducts as described above. The forms of human infection
include the incubation phase, acute phase, chronic phase, ectopic fascioliasis, and
halzoun. The period between ingestion of metacercariae to the presence of the first
symptoms is called incubation period. This period usually occurs in a few days to 90

days after ingestion of metacercariae depending on immune system of the host and
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the number of ingested metacercariae. Acute phase usually begins within 6 to 8
weeks after infection or until the excysted juvenile worms migrate through bile ducts
and develop to mature parasites. The symptoms of this phase are fever, ascites,
vomiting, diarrhea, abdominal pain, nausea, anemia, hepatomegaly, urticaria,
anorexia, jaundice, mild eosinophilia (early infection), hypereosinophilia (mid or late
acute infection) and some respiratory symptoms such as chest pain, cough may
occur.® %% Chronic phase is usually seen six months after ingestion of metacercariae
and may last several years (more than 10 years)®>. Half of the infected cases are
asymptomatic and others have some symptoms such as epigastric and right upper
quadrant pain, hepatomegaly, biliary colic, extrahepatic cholestasis, diarrhea, nausea,
fatty food intolerance, vomiting, wasting, jaundice, pancreatitis and cholangitis can
occur.t>®® Eosinophilia may or may not be present in the chronic phase. There are
several publications that reported the percentage of eosinophilia in chronic infection
cases such as only 11% of 18 cases with chronic fascioliasis in Turkey had
eosinophilia at presentation, whereas 47% of 277 patients in Costa Rica had

eosinophilia.®”®®

In Peru and other Latin American countries, 43.5% of subjects had
eosinophilia.””  Ectopic fascioliasis is similar to animals as described above. The
pathology of this phase occurs during the migration of the flukes causing tissue
damage with inflammation and fibrosis. Halzoun or pharyngeal fascioliasis begins
when human consumes raw liver of an infected animal especially, sheep, goat and
cattle. The living flukes move from the liver to upper respiratory tract (pharyngeal
mucosa). The symptoms of this phase are pain, dysphagia, facial and neck edema,
dyspnea, bleeding, pharyngitis and airway obstruction. Cases of halzoun have been
reported in the Middle East including Lebanon.”"
3.1.6 Diagnosis of fascioliasis

The most widely used method to diagnose fascioliasis is the
finding of parasite eggs for example, the thick smear Kato-Katz method in which the
parasite eggs in in the feces are examined to measure the intensity of infection.
Other coprological examinations are the Rapid Sedimentation Technique (RST) and

ether-formol concentration method. There are a lot of publications which used RST

to identify this disease.t****™ The coprological examinations are not completely
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reliable because the fluke eggs cannot be detected in the acute phase and
prepatent period of the disease. Furthermore, there are many situations that can
cause trouble to detect the eggs in the stool sample such as sporadic release of eggs
and weak infection.

Serodiagnostic techniques including ELISA and Western blots were
developed to overcome the problems of the coproparasitological tests. These
methods are used for diagnosis during the acute phase and based on the detection
of antibodies against parasite antigens such as excretory/secretory (E/S) antigens,
recombinant F. hepatica cathepsin L1, saposin-like protein-2 and F. hepatica antigen
termed FAS 2."%! In a study from Peru Fas2-ELISA (cathepsin L1-based antibody) was
used for diagnosis of fascioliasis in 634 children. This study showed 92% sensitivity
and 84% specificity, with a negative predictive value of 97.2% and the result
demonstrates that Fas2-ELISA is a high sensitivity technique for the detection of F.
hepatica infection.”” An ELISA antigen capture technique has been developed using
chicken egg cystatin to capture the recombinant cathepsin L1 in bacterial lysates
containing the recombinant protein before analysis by the standard ELISA
procedures. Analysis of the sera of F. gigantica infected patients, other parasitic
infections patients and healthy controls demonstrated 100% sensitivity, 98.92%
specificity, 98.97% accuracy and 100% negative predictive value. This result also
demonstrates that this method is highly sensitive in the diagnosis of human
fascioliasis.”®  The ELISA technique has high sensitivity and specificity but cross-
reactivity with other parasitic infections such as Schistosoma bovis, Paramphistomum
microbothrium and Dicrocoelium hospes has been reported.”” Dot-ELISA, an easy
and rapid test, is another method that is used for diagnosis of fascioliasis. The
efficacy of sandwich ELISA and Dot-ELISA has been investicated and the study
demonstrated that the ELISA technique had 94.8% sensitivity and 95% specificity,
whereas Dot-ELISA showed 98.9% sensitivity and 98.3% specificity.  This study
indicates that the efficacy of Dot-ELISA is better than sandwich ELISA.”® Furthermore,
dipstick ELISA and lateral flow have been developed for easier diagnosis. These
methods were reported to possess high sensitivity, specificity and accuracy, and to

allow easy and rapid diagnosis of fascioliasis.’**®!
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Imaging, too has been applied for diagnosis of fascioliasis such as
cholangiography, endoscopic retrograde cholangiopancreatography (ERCP) but the
most common is ultrasonography, computed tomography (CT) and Magnetic
Resonance Imaging (MRI).?* CT scan and MRI were used to detect attenuation,
structural change and location of multiple lesions in liver, track-like hypodense
nodules with subcapsular position due to migration of the fluke through the liver,
subcapsular hematoma, necrotic granuloma in the liver parenchyma and cystic

calcifications %%

Ultrasonography, cholangiography and ERCP can be used in the
chronic infection phase to visualize the adult flukes in the gall bladder and bile
ducts. Furthermore, these methods were used to detect hepatomegaly, multiple
nodular, splenomegaly, thickened gall bladder and bile duct wall and cholelithiasis
(gallstones).?#%8 A disadvantage of imaging techniques is potential misdiagnosis as
cancer.
3.1.7 Treatment of fascioliasis

Several drugs are used to treat fascioliasis. Dehydroemetine,
phenoxyalkanes (diamphenethide), salicylanilides (closantel), halogenated phenols
(bithionol), sulfonamides (clorsulon) and benzimidazoles (triclabendazole) are drugs
of choice for the treatment of fascioliasis. Many years ago, bithionol at doses of 30
to 50 me/kg in three divided doses on alternate days with a total of 10 to 15 doses
was recommended to control Fasciola infection. A cure rate of this drug in the
treatment of fascioliasis varying from 50-90% has been reported.”®® The problems
of this drug are high dose, costs and a lot of side effects such as abdominal pain,
diarrhea, urticaria, nausea and anorexia. Currently, triclabendazole (Fasinex, TCBZ) a
benzimidazole compound [6-chloro-5-(2, 3-dichlorophenoxy)-2-methyl is the most
common drug that has high efficacy in acute and chronic fascioliasis in human and
livestock. TCBZ is relatively well tolerated and the cure rate of this drug in
fascioliasis is more than 90%, side effects have not been reported.®*® The
recommended dose of this drug is 10 mg/kg body weight orally 1 or 2 days. TCBZ is
quickly removed by the liver and oxidized to sulfoxide and sulfone metabolites.?’

However, resistance of the liver fluke to triclabendazole in animals has been

reported in several countries including Australia (first country)?, Scotland®,
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Netherlands®, Argentina® and Peru’’. To solve the problem of triclabendazole
resistance, new drugs are developed to replace TCBZ. Compound alpha [5-chloro-2-
methylthio-6-(1-naphthyloxy)-1H-benzimidazole] is a triclabendazole derivative and
causes disruption of the circular muscle bundles, tubulin immunoreactivity within the
tegumental syncytium and swelling of the tegument, blebbing, mitochondria and
basal infolds of liver flukes from a TCBZ-resistant isolate.?”* This new drug has been
shown to be 100% effective against different ages of flukes in sheep.” Other
compounds that have been tested as replacement of triclabendazole are artemether
and OZ78 that has shown 100% reduction of worm burden.”® All new drugs are an
alternative for treatment of fascioliasis in areas where triclabendazole resistance is
common.
3.1.8 Control and prevention of fascioliasis

The infection with Fasciola depends on several factors such as the
presence of fresh water reservoirs and the intermediate host (fresh water snails), lack
of knowledge about the fluke and drug to treatment parasitic infection, the
consumption of aquatic plants containing metacercariae or raw liver infected with
immature flukes, etc. Therefore, the control and prevention of fascioliasis may be
accomplished by giving education to all people in both endemic and non-endemic
areas, using molluscicides and chemotherapy. People should be careful about
dietary habits including the consumption of many aquatic plant species containing
metacercariae, e.g. watercress, Taraxacum dens leonis (dandelion leaves),
Valerianella olitoria (lamb's lettuce), Mentha viridis (spearmint)?’, Nasturtium spp.
and Mentha spp.gs, Juncus andicola (Juncaceae), Juncus ebracteatus (Juncaceae),

).25%8  Also, raw liver,

Mimulus g¢labratus (Scrophulariaceae), Nostoc sp. (Cianofitas
possibly infected with Fasciola spp. should be avoided, kitchen utensils should not
be cleaned with water from contaminated reservoirs. Educational and practical
programs could help to decrease infection rates or prevent fascioliasis such as
teaching about washing raw vegetables with potassium permanganate or 6% vinegar
for 5-10 min to eliminate the encysted metacercariae or teaching children to avoid

risky behavior that could lead to parasite infection, to drink only bottled or boiled

water and to clean hands before and after the meal.®® Molluscicides can be used to
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control fascioliasis by reducing the population of snail intermediate hosts of Fasciola
spp. However, control of the disease by using chemical treatment to block
transmission and destroy the snail population exhibits problems such as toxicity to
other organisms in the aquatic ecosystem. Snails have high reproductive capacity and
a wide distribution within the aquatic system so, any survivors could rapidly re-
populate the environment. The chemicals that can be used as molluscicides: metal
salt (iron Il phosphate and aluminium sulfate), metaldehyde, acetylcholinesterase
inhibitors and methiocarb. Moreover, chemotherapy (drug-treatment) as described in
3.1.7 is another procedure to regulate this disease. Several factors that are involved
in the control of Fasciola infection by interrupting the life cycle of the fluke are

shown in Figure 3.10.
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3.19 Vaccine against animal fascioliasis

Immunization with candidate vaccines did not only result in
reduced fluke burdens, but also smaller flukes, fewer eggs, less liver pathology, all
leading to better well-being of the livestock.!® Several studies demonstrated that
vaccines based on specific Fasciola antigens can protect animals from infection.
Iradiated metacercariae and a number of specific proteins, including fatty acid-
binding protein (FABP), g¢lutathione S-transferase (GST), paramyosin, leucine
aminopeptidase (LAP), hemoglobin (Hb), saposin (SAP), peroxiredoxin (PRX),
phosphoglycerate kinase (PGK) and cysteine (cathepsin) protease have shown

immunoprophylactic potential against fascioliasis.

3.2 Proteases

3.2.1 Definition and Classification of proteases

Proteases (also termed peptidases or proteases or proteolytic
enzymes) comprise a large number of enzymes that bring about the breakdown of
proteins into peptides or amino acids by hydrolysis of the peptide bonds that link
amino acids together in the polypeptide chain forming the protein (Figure 3.11).
They can be categorized as exopeptidases and endopeptidases depending on their
site of action (Table 3.1). Exopeptidases catalyze the hydrolysis of the terminal
amino acid of a peptide chain such as aminopeptidases and carboxypeptidase
depending on whether they cleave at the N- or C-terminus respectively.'®!
Endopeptidases catalyze the cleavage of internal peptide bonds in a polypeptide or
protein for example, serine endopeptidases, cysteine endopeptidases, aspartic
endopeptidases, metalloendopeptidases, and other endopeptidases.'”  Proteases
are involved in a large number of biological regulatory processes and systems such
as simple food digestion, inflammation, fertilization, protein activation, protein
synthesis, protein turnover, cell growth, cell differentiation, apoptosis, tumor growth,
allergy and bone remodeling. As genome-sequencing projects are completed it has
become clear that approximately 2% of all expressed genes are peptidases, while

18% of SwissProt database are annotated as undergoing proteolytic cleavage.'” The
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proteases are divided into six major groups according to their basis of the catalytic
mechanism, based on important chemical groups in their active site, similarity of
amino acid sequence, the appropriate of pH range of activity and resemblance to
inhibitors.  The main catalytic types are the aspartyl (carboxyl), cysteine (thiol),
glutamic, metallo-, serine and threonine proteases.'™ Examples of protease groups
are shown in Table 3.2.

The MEROPS database has launched a new service aimed at
providing comprehensive information and uniform classification of proteases and
their protein inhibitors that provides a briefly detail review of the classification
system by using a hierarchical structure. Proteases are classified into homologous
families based on the basis of similarity of amino acid sequence. Families are
grouped in a clan that can also be further subdivided such as, cathepsin B and
cathepsin- L like proteases from trematodes. They are member of clan CA and
belong to the C1 family, more specifically subfamily C1A. Cysteine proteases are
involved in various biological processes in all living organisms (trematodes,
nematodes, arthropods, plants, mammals etc.). In parasites, cysteine proteases have
several important functions in excystment, hatching and molting of parasites,

enzyme activation, evasion of host immune system, virulence and tissue invasion.'%’
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Table 3.1 Classification of exopeptidases and endopeptidases.
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Protease Mode of action® EC no.
Exopeptidases 3.4.11
Aminopeptidases 00000 3.4.14
Dipeptidyl peptidase Y Lglgig 3.1.14

Tripeptidyl peptidase 080 0 3.4.16-3.4.18
Carboxypeptidase —0-0000- 3.4.16
Serine type protease 3.4.17
Metalloprotease 3.4.18
Cysteine type protease 3.4.15
Peptidyl dipeptidase 000000 3.4.13
Omega peptidases :_..: o) 3.4.19
—000 s 3.4.19

Endopeptidases —0-0-00-0-0— 3.4.21-3.4.34
Serine protease 3.4.21
Cysteine protease 3.4.22
Aspartic protease 3.4.23
Metallopeptidase 3.4.24
Endopeptidase of unknown 3.4.99

catalytic mechanism

% Open circles represent the amino acid residues in the peptide chain. Solid circles

indicate the terminal amino acids and the stars signify the blocked termini.

show the sites of action of the enzyme.'*

Arrows



Table 3.2 Group of protease.’”’
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Proteases Amino acid pH optimum Proteins
in active site (range)

Serine protease Ser, His 7-9 Trypsin, Chymotrypsin,

Elastase, Cathepsin (+) G

Cysteine protease Cys a-7 Papain, Ficin, Bromelain,
Ananain, Cathepsin (+) B, C, H,

K, L O,SandW
Aspartic protease (2) Asp, Try below 5 Cathepsin (+) D and E, Renin,
Pepsin
Metalloprotease Metal ion 7-9 Carboxypeptidase A and B,

aminopeptidases
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3.2.2 Cysteine proteases and substrate specificity

Cysteine proteases are involved in physiological and biological
processes in all living organisms and unbalanced activity of these proteases may
cause several diseases such as neurological disorders, rheumatoid arthritis,
osteoporosis, obesity, cancer metastasis, inflammatory diseases, muscular dystrophy,
cardiovascular diseases and Alzheimer’s disease.”****** The molecular mass of these
proteases is approximately between 21-30 kDa and they possess highest hydrolytic
activity at pH 4.0-6.5.''° Cysteine proteases exist in viruses, bacteria, animals, and
plants and have important roles in invertebrates and vertebrates, e.g. in the digestive
system in nematodes, arthropods or in lysosomal protein degradation systems in
vertebrates. In mammals, cysteine proteases are divided into 2 groups: (1) cytosolic
calpains such as type | and type Il calpain, (2) lysosomal cathepsins such as
cathepsins B, C, L, S, K, V, W, X, H, F and O.!'" Trematode parasites secrete two
types of cysteine proteases: (1) Clan CA (the papain-like cysteine proteases including
cathepsin B and cathepsin L-like family C1) and (2) Clan CD (the legumain-like
cysteine proteases).™® In 1879, papain which is a member of the best characterized
cysteine proteases family was the first isolated cysteine protease from papaya fruit
(Carica papaya) and it was the first cysteine protease that with a resolved tertiary

q

structure.’®  Papain has a two-domain structure, which permits a V-shaped active

25, Hi5159

site (catalytic pocket) cleft to accommodate the active site residues Cys and

Asn'™ (papain numbering) (Figure 3.12).'*

The catalytic mechanism of cysteine
protease is involved in formation of reactive thiolate/imidazolium ion pair (Cys-S /His-

Im*) at the pH interval 3.5-8.0 Figure 3.13.'1°
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Figure 3.12 Structure of papain. Transparent molecular surface mapped onto the

ribbon structure of papain, showing the secondary structure elements. Papain

possesses comparable domains on each side of the active site cleft.'*’
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Papain-like cysteine proteases consists of three regions, a
prepeptide signal sequence, a propeptide, and a mature enzyme (Figure 3.14). The
prepeptide (or signal sequence) is cleaved off following the translocation into the
endoplasmic reticulum (ER). The N-terminal propeptide is involved in various roles
such as intracellular targeting, intra-molecular chaperone, accommodation of correct
folding of the mature enzyme and protection of uncontrolled proteolysis. The
proregion can be removed by autoprocessing (self-processing or autocatalytic
processing), or alternatively by other proteases. The mature protease comprises two
parts: (1) the N-terminal portion consisting of two a- helices (2) the C-terminal
portion containing B-strand and the helix runs through the center of the molecule

starting at the catalytic cysteine.'®

The structures of human procathepsin L1 and
mature human cathepsin L are shown in Figure 3.15.

Substrate peptides are bound by the proteases along the active
site cleft before hydrolysis of peptide bonds. The binding efficiency is a function of
both the respective chemical environments that the protease subsites create and
the chemical nature of the peptide that interacts directly with the active site groove.
Proteases have varying substrate sequence specificity based on the size, shape,
polarity, charge, hydrophobicity and position of these subsite pockets. Although a
single peptide bond is cleaved during catalysis, a number of amino acids on either
side of the site of cleavage are critical to fix the register and specificity of an enzyme.
A diagrammatic representation of peptide substrate interaction with the active site
pockets of a cysteine protease is shown in Figure 3.16. The naming scheme of
substrate residues and subsites is based on their nearness to the scissile bond. The
subsites that interact with substrate residue side chains from the scissile bond
towards the N-terminal are named Sy, S,, S3 and Sg4 while the subsites which away
from the scissile bond towards the C-terminal are referred to as S;', S,, S5' and S
The amino acid residues of the substrate from the scissile bond towards the N-
terminal are referred to as Py, P,, Ps;, and P4 while the C-terminal residues that away
from the scissile bond are names P;', P, P, and P,.'?! The active site of papain-like
cysteine proteases comprises four amino acid residue (P,—P;—P;'-P,) that interact

with appropriate subsites from S,-S;-5,'-S,', the scissile bond being between P, P,".



38

The effective binding of substrate and enzyme is predominantly administered by the
residues that form a deep S, subsite pocket capable of holding the side chain at P,
and positioning the scissile bond P,—P;" into the S, subsite for cleavage, so only the
S, subsite is a real pocket and the most studied subsite. Moreover, research on
structural and kinetic data has shown that five subsites are essential for substrate
residue side chain binding to papain-like cysteine proteases: S,, S;, and S;' pockets
are crucial for both backbone and side-chain binding while S; and S,' are important

only for amino acid side-chain binding.!*¢12%123
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NH2- -COOH

Figure 3.14 General structure of papain-like cysteine proteases. A schematic
representation of a polypeptide with the pre- and pro-N-terminal extensions. The

arrows indicate putative cleavage sites.'??
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(A)

(B)

Figure 3.15 Typical structure of papain-like cysteine proteases. Panel A: structure of
human procathepsin L1 with the propeptide shown in red and the mature region
shown in blue and panel B: structure of mature human cathepsin L with the side

chains of Cys25 and His159 (human cathepsin L numbering) indicated in yellow and

green, respectively.'??



41

Scissile bond

Substrate

Figure 3.16 The Schechter and Berger nomenclature for protease specificity. Amino
acid residues from the peptide are denoted by ‘P’ and the sub-sites that the peptide

interact with is given the letter ‘S’. The arrow indicates the scissile bond."*!
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3.2.3 Physiological roles of cysteine proteases

Cysteine proteases, cathepsins (Greek kathepsin = to digest), are a
class of globular lysosomal proteases most of them contain an active-site cysteine
residue and play an essential role in maintaining life in all organisms. In lysosomes,
the environment is acidic appropriate for optimal activity of cathepsins except
cathepsin S which is stable at faintly alkaline pH or a neutral. They are synthesized
at ER-bound ribosomes and secreted from the trans-Golgi, and then translocated
either into lysosomes or secretion vesicles for extracellular release. Cathepsins have
various functions, they participate in protein turnover, immune system, physiological
and biological processes, such as antigen or major histocompatibility complex (MHC)
Il invariant chain processing’®, bone remodeling'®, regulation of cell-cycle
progression'?, keratinocyte differentiation'®, the processing of cytokines, hormones
and inflammatory peptides, proteolytic processing of the N-terminus of the histone

H3 tail'?"'*, degradation of extracellular matrix (ECM) components'?’

, prohormone
activation, and also the processing of various precursor (pro)proteins’®. Hyper- or
hypo-function of certain cathepsins leads to several pathological conditions as
described above.
3.2.4 Mammalian cathepsins

The human genome is known to contain at least eleven different
functional papain-like cysteine proteases (cathepsins B, F, O, S, V H, K, L, X, W, D) and
lymphopain that share a high degree of sequence conservation and substrate
specificity’'. Cathepsins B and L are the major mammalian lysosomal cathepsins,
they show pervasive tissue expression and are involved in protein turnover, protein
degradation, cell death of regular cells and essential for embryo development'*?,
Other cathepsins, e.g. cathepsins S, W and K show tissue or cell specificity and
perform specific functions. For example, cathepsin K is involved in osteoporosis,
rheumatoid arthritis and the only enzyme that is important in bone resorption.’*
The mammalian cathepsins have several functions and their imbalance has been

implicated in the development and progression of many metabolic disorders that

involve abnormal protein turnover as described in Sections 3.2.2 and 3.2.3.
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3.2.4.1 CathepsinL

Cathepsin L is the most active of all lysosomal
endoproteases and belongs to the papain-like cysteine proteases. This cathepsin has
several biological functions such as a major role in antigen processing, lysosomal
proteolysis, tumor invasion and metastasis, spermatogenesis and bone resorption."**
136 Although commonly recognized as a lysosomal protease, cathepsin L is also
secreted. This broad-spectrum protease is potent in degrading several extracellular
proteins, serum proteins, cytoplasmic and nuclear proteins (laminins, fibronectin,
collagens I, Il and IV, IL-8 precursor, neurotransmitter precursor, pro-enkephalin,
immunoglobulin light chain-associated (AL) amyloid deposits elastin, and other

structural proteins of basement membranes).”’

Cathepsin L has also been
implicated in a number of disease processes, such as colorectal cancers and
melanoma, degenerative cartilage and bone disorders, tumor metastases and
rheumatoid arthritis.'*%*%
3.2.4.2 Cathepsin B

Cathepsin B is an intracellular lysosomal cysteine protease
of the papain family with both endopeptidase, cleaving internal peptide bonds, and
exopeptidase (dipeptidyl carboxypeptidase) activity that removes dipeptides from
the C-terminus of proteins and peptides. The structure of cathepsin B (EC 3.4.22.1;
1HUC from PDB) is shown in Figure 3.17. This protease includes six disulfide bridges
but in bovine it contains seven, one linking the light and heavy chains and it is
associated with protein degradation and turnover.’*®'! The structure of cathepsin B
is close to the other cysteine proteases of the papain superfamily but the occluding
loop which partially occludes the active site is the unique structural element that
differentiates cathepsin B from the other cysteine proteases. The occluding loop is
also responsible for inhibition by cathepsin B-selective inhibitor CA074 [nPrHN-(2S,3S)-
tEps-lle-Pro-OH] and CA030 [EtO-(2S,35)-tEps-Ile-Pro-OH]."*?  Synthesis and processing
of cathepsin B are shown in Figure 3.18. Preprocathepsin B, containing a 17-residue
prepeptide, a 62-residue proregion, a 253-254-residue mature protease, and a C-

terminal extension of 3 amino acids for bovine and 6 amino acids for rat, mouse and

human cathepsin B, is synthesized on RER (rough endoplasmic reticulum). The signal
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peptide is cleaved co-translationally in this part. Subsequently, the proprotein is
transported to the Golgi apparatus, glycosylated at Asn 113 or probably at Asn-42 in
the proregion and the mannose-6-phosphate receptor is accumulated (procathepsin
B). Procathepsin B is transported to the lysosome and activated by cleavage of the
propeptide, removal of the C-terminal extension (mammals) and endoproteolytic at
residues 48-49. Moreover, increased levels and activity of cathepsin B might be
involved in various pathophysiological states including inflammatory airways

144,145

diseases!®, cancer , bone and joint disorders (osteoporosis, Paget’s disease,

rheumatoid arthritis)'****!*" acute pancreatitis'®, Alzheimer’s disease!**°, multiple

sclerosis*®, muscular dystrophy** and gingivitis***.
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Figure 3.17 The three-dimensional structure of cathepsin B.'*?
- Red: the region of main chain of the occluding loop (Ile'®~Pro’#).
- Green: the side chains forming salt bridges (Asp® — His'*°).
- Pink: the side chains forming salt bridges (Arg''*-Asp?*).
- Yellow: the catalytic cleft.

- Blue: the catalytic center.
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Preprocathapsin B Procathepsin B Cathepsin B
(rER) (Golgi) (Lysosome)

Figure 3.18 Schematic representation of the location of lysosomal cathepsin B in the
cell. The unfolded preprocathepsin B, the procathepsin B and active cathepsin B are
shown diagrammatically. Arrows indicate the direction of movement of several

organelles.'*
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3.2.5 Fasciola papain-like cysteine proteases

The papain-like cysteine proteases of trematode parasites are
involved in host-parasite interactions such as tissue penetration, feeding, digestion of
host tissue for nutrition and evasion of the immune system. Proteolytic enzymes
were detected from F. hepatica about 40 years ago and several researches have
shown that theses enzymes can degrade numerous substrates including selatin,
collagen, laminin, fibronectin, albumin, hemoglobin and immunoglobulins.***!>*
Cathepsin  B-like and cathepsin L-like enzymes have been isolated from
metacercariae, NEJ and adult stage of Fasciola spp. In the adult stage of F. hepatica,
cathepsin L was approximately encoded by 15% of all transcripts.””> The enzymes
are candidates for the development of new chemotherapeutic interventions to
terminate the parasite infection in animals and humans, with attempt to produce
specific inhibitors to prevent their activity and destroy a major part of the parasite

metabolism. 7

The regulation of F. hepatica cathepsin proteases from NEJ
penetrating the host intestinal wall to mature stage in the bile duct is shown in

Figure 3.19.
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Figure 3.19 Developmental regulation F. hepatica cathepsin proteases from NEJ

penetrating the host intestinal wall to mature stage in the bile duct.’
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3.2.5.1 Cathepsin L-like proteases of Fasciola

Cathepsin L-like proteases have been shown as the most
predominant molecules isolated from trematodes, other parasites but also non-
parasitic helminths for example, Fasciola spp., Schistosoma mansoni, Strongylus
vulgaris, Caenorhabditis elegans.*'®***° |t has been reported that the cathepsin L-
like cysteine proteases are important secretory products of F. hepatica and play
pivotal roles in the pathogenicity, host adaptation and survival of the parasites.’®
Several cathepsin L-like proteases are secreted by Fasciola spp. that differ in
enzymatic properties and timing of expression in the parasite’s life cycle. There are
numerous cathepsin L genes in the genome of F. hepatica but only 13 Fasciola

1

cathepsin L cDNAs deposited in the public databases'®'. A study of proteomics and

phylogenetic analysis of the cathepsin L protease family of F. hepatica has been

0.2 |t was demonstrated that the

performed and the result is shown in Figure 3.2
cathepsin L family can be classified into 5 distinct phylogenetic clades: three clades
were associated with mature adult flukes taken from bile ducts (Clades FhCL1, FhCL2
and FhCL5) and two clades specific to early infective larvae stages that could be
help juvenile worms penetrate through the intestinal wall of host (Clades FhCL3 and
FhCL4).'®*  The two clades FhCL1 and FhCL2 represented the major secreted
proteases with approximately 67.39% and 27.63% of total secreted cathepsin L,

respectively. '

This finding might indicate that these two cathepsins are the most
essential for survival and adaptation of the parasite. Fasciola cathepsin L proteases
are produced within the gut epithelial cells of the fluke and kept in specialized
secretory vesicles as inactive zymogens and the zymogen structure of these
proteases are similar to the structure of vertebrate cathepsin Ls that are composed
of a hydrophobic signal peptide (12-20 residues), proregion (100 residues) that binds
the substrate cleft and prevents inappropriate proteolysis during trafficking and
storage and mature enzyme (200 residues) (Figure 3.21). Mature FhCL1 and FhCL2
do not possess potential N-glycosylation sites and are not glycosylated in the
parasite.'*'®> A sub-clade of FhCL1, FgCL1C was not detected in the secretory

products of F. hepatica but only in F. gieantica which might indicate gene

duplication after evolutionary separation of F. hepatica and F. gigantica. The auto-
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activation from inactive proFhCL1 zymogen to mature active enzyme takes place
over a wide pH range (3.0-8.0) but an acidic pH is the most appropriate (the gut
lumen of the parasite has a slightly acidic pH). A stability study of FhCL1 revealed
that it retained 100% activity when incubated at 37°C for 24 h. A pH value of 4 is
suitable for human cathepsin L and the enzyme is irreversibly inactivated above pH
7.0.  This property of the proteases might protect the cell from uncontrolled
proteolysis if they are leaked from lysosomes.’®® The substrate specificity of
cathepsin  was verified by using synthetic fluorogenic peptide substrates:
characterization of mammalian cathepsin L, S, K (Z-Phe-Arg-NHMec), cathepsin B (Z-
Arg-Arg-NHMec) and cathepsin H (Z-Arg-NHMec). All enzymes showed high levels of
catalytic efficiency (ke/Ko) for Z-Phe-Arg-NHMec.'*"1¢8

The expression of cysteine proteases is highly regulated and
linked to migration and maturation of the fluke in the host. The newly excysted
juvenile (NEJ) penetrates the host intestinal wall by facilitation of cathepsin B and L3.
The immature fluke uses Fasciola cathepsin L1 and L2 to degrade the host protein
and pass through the host liver tissue while the amount of cathepsin B and L3 is
decreasing. The adult parasite uses cathepsins L clade 1, 2 and 5 to facilitate
catabolizing host proteins and penetrate the bile ducts where it requires nutrients
from the host such as hemoglobin and serum proteins.’®® Six different cathepsin L
encoding cDNAs (cathepsin L-A to L-F) were isolated from F. gicantica which have
high DNA sequence identities (87-99%) with the homologous genes from F. hepatica.
The identities of their deduced amino acid sequences range from 75.3 to 99.1%.
Alignment of the amino acid sequences of cathepsin L proteins of F. gigantica and F.
hepatica also revealed that the proteins of the two species are highly conserved.'®’

Fasciola cathepsin-L like proteases can migrate through the
host intestine and liver by digestion of a range of host compounds such as
fibronectin, laminin, and native coLlagen.153 These proteases can cleave
immunoglobulins, protect the parasite surface from the antibody-mediated
attachment of eosinophil, have potential to suppress T-lymphocyte proliferation in
sheep and decrease the expression of CD4+ in sheep and human T-cells and help

170-172

the fluke from immune attack of host. Furthermore, cathepsin L is associated
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with immunomodulation and immunosuppression of Thl responses and induction of
non-protective host Th2 responses. In addition to the other functions mentioned,
cathepsin L2 is able to cleave fibrinogen to produce a fibrin clot. This may prevent
excessive bleeding at feeding points in the bile ducts, or alternatively the clot may
prevent access of immune effector cells to the parasites surface.'®® Due to Fasciola
cathepsin L-like proteases suspected roles in vital parasite functions, they are

considered important targets for vaccines or chemotherapies.'’**"™
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Figure 3.20 A study of proteomics and phylogenetic analysis of the Fasciola

cathepsin L gene family.
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Residues

67 68 133 157 158 160 205

Human cathepsin L Leu Met Ala Met Asp Gly Ala
Human cathepsin K Tyr Met Ala Leu Asn Ala Leu
Adult:  FhCL 1A Leu Met Ala Val Asn Ala Leu
FhCL 1B Leu Met Ala Leu Asn Ala Leu

FhCL 2 Tyr Met Ala Leu Thr Ala Leu

FhCL 5 Leu Met Ala Leu Asn Gly Leu

Juvenile: FhCL 3 Trp Met Ala Val Thr Ala Val
FhCL 4 Phe Met Ala Leu Asn Ala Phe

Figure 3.21 The structure of F. hepatica cathepsin L proteases. Panel A: purified

recombinant FhCL1 represents the full pre, pre and mature enzyme and panel B:

surface representation of FhCL1, the prosegment is shown as a green ribbon and the

catalytic machinery is shown in yellow (P1 residues) and magenta (P2 residues).

Moreover, the table illustrates difference of substrate-binding (residues from the S2

active site) in F. hepatica cathepsin L proteases and human cathepsins L and

K.5,161
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3.2.5.2 Cathepsin B-like proteases of Fasciola

Cathepsin  B-like cysteine proteases are present in
trematodes and other parasitic species such as Schistosoma mansoni, Schistosoma
Jjaponicum, Trichobilharzia regent, Ancylostoma caninum, Clonorchis sinensis,
Fasciola hepatica and Fasciola gigantica. The percentage sequence identity
between cathepsin B-like cysteine proteases of each species is shown in Figure 3.22.
These proteases are the most abundant proteases secreted in metacercarial and NEJ
stages of Fasciola spp. with progressively less abundance during maturation,
eventually being expressed the least in the adult stage. Three abundant cathepsin
B-like proteases have been identified in metacercariae, newly excysted juveniles or
immature parasites of F. hepatica (termed FhCB1, FhCB2 and FhCB3) with sequence

identities ranging from 64 to 66%.'"

In F. gigantica, two cathepsin B-like proteins
were identified in metacercariae and newly excysted juveniles (termed FgCB2 and
FeCB3) and a third isoform was detected in all stages of the parasite (metacercariae,
NEJ flukes and adult parasites) and was termed FgCB1. These three cathepsin B-like
proteases from F. gigantica have identities ranging from 64 to 79% and contain the

highly conserved region of the cathepsin B family.!™

Cathepsin B acts as both
endopeptidase and exopeptidase (dipeptidyl carboxypeptidase) but this protease is a
less effective endopeptidase than other members of the papain family. A specific
structure of cathepsin B-like proteases is the occluding loop (structural element

110 and

unique 20-residue). The occluding loop contains two histidine residues His
His''' which are responsible for exopeptidase activity that removes C-terminal
dipeptides of proteins and peptides. At an acidic pH, the anchoring of the loop by
His''® and the action of His''* occurs but the function of His residues is destroyed at
above pH 5.5 so, the exopeptidase activity of cathepsin B decreases and the enzyme
acts only as an endopeptidase. The sequence alignment around the predicted
occluding loop between cathepsin B-like proteases of vertebrates and parasites is
shown in Figure 3.23. Localization and temporal expression of Fasciola cathepsin B-
like proteases may help to study the functions of these proteases but the real
functions are unknown. Cathepsin B-like proteases of NEJ and adult Fasciola have

been localized to the secretory vesicles of the gut, gut lumen and tegumental cells
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therefore, they may act as general digestive enzymes.'’®!""

These proteases were
also detected in tissues of the reproductive system in the adult stage of Fasciola
which might suggest that cathepsin B is associated with vitellogenic degradation,
processing of eggshell precursor proteins, eggshell remodeling, hatching and

176-179

molting. Moreover, the capacity of digesting immunoglobulin, albumin,

collagen, fibronectin and hemoglobin and the location in the tegumental cells
suggest functions in immune evasion, tissue invasion, excystment and migration.”&lgo
A recent study on down-regulation of cathepsin B expression using RNA interference
(RNAJ) in F. hepatica NEJ revealed a significant reduction in intestinal wall penetration
by this fluke stage.'® Vaccination studies with juvenile cathepsin B protease of F.
hepatica (FhCatB1) have shown reduction in worm burdens, parasite mass and liver

damage in rats.'®?
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B-like cysteine proteases of parasites.'”
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1 human-B RPY-SIPPCEHHV-—~—=——=—m—m NG-SRPPCTGEG—---DTPKCSKI X
2 bovine-B RPY~-SIPPCEHHV ==~ == NG-SRPPCTGEG--~DTPKCNKT X
3 mouse-B LPY-TIPPCEHHV-———————= NG-SRPPUTGEG—---DTPRCNKS! X
4 rat-B LPY-TIPPCEHHV—-————==—~ NG-SRPP TGEG---DTPKCNKM X
5 chick-B RAY-TIPPCEHHV ==~ NG-SRPPCUTGEGG--ETPRCSRH X
6 Sarcophaga(fleshfly)-B RPY-EIAPCEHHV-———————~ NG-TRPPCDGEHG--KTPSCRHE!( X
7 S.mansoni-B2 ‘QPY-EFPPCEHHV - === =———— IG-PLPSCDGDV---ETPSCKIN
8 Toxoplasma-B WPY-~EVPFCAHHA ~— ~ === = KA-PFPDCDATLVPRKTPKCRKD
9 L.mexicana-B QPY-PFGPCSHHG————————~ NSSKYPPCUPNTIY--NTPKCNTT X
10 L.major-B PQY-PFDPCSHHG———=————~ NSEKYPPCPSTIY-~-DTPKCNIT
11 T.cruzi-B OPY-PFPSCAHHV =~ ~ = e NSSDLSPCSG-EY--DTPTCNST X
12 F.hepatica-B QPW-MFTKCDHVG———— ===~ DSRKYSRCUPHYTY--PTPPCARA
13 S.mansoni-Bl EPY-PFPRKCEHHT-~—=————~ KG-KYPPCUGSKIY--NTPRCKQT
14 S.japonicum-Bl QPY—~PFPKCEHHT ————————— KG-KYPACGTKIY--KTPQUKQT
15 C.elegans-B6 KPY-PFPPCEHHS ———~——=—=~ KKTHFDPCPHDLY--PTPKCEKK
16 Ascaris-B KPY-PFPPCEHHS ————————~ NKTHYQPCKHDLY~~-PTPKCEKK X
17 H.contortus—B7 KPY-VFPOUGAHK —~~ = == = G-KAFNN PSHPY--ATPACKPY
18 C.elegans-B3 MPY-SFAPC--TK - NCPES~—-—--TTPSCKTIT
19 C.elegans-B4 KPY~SLAPCGETV === GNVTWPSCPDDGY --DTPACVNK X
20 C.elegans-B5 KPY-SIAPCGETV === NGVKWPACPE -~PTPKCVDS
21 Aedes-B CHPY-PIDVCD-—— - m e e e e e ASGEEA---DTPKCSKR
22 Ancylostoma-Bl ‘KPY-AFYPCGHHQ-~——————~ NDPYYGPCPGGLW--PTPKCRKT
23 Ancylostoma-B2 CKPY-AFYPCGNHT-——————~~ NERYYGPCPRGLW-~PTPKC_RKA X
24 Necator-B KPY-AFHP_GNHE————————~ NOVYYGVCPK —~PTPRCEKF
25 O.ostertagi-B3 RPY-EFPPCGRHG——~====—~ KEPYYGECYD-TA-~-KTPKCQKT
26 H.contortus-Bl RPY-PIHPCGHHG—~~~=———=—= NDTYYGECRG-TA~~PTPPCKRK! X
27 H.contortus-B2 ‘RPY-PIHPCGHHG———~——==—~ NDTYYGECRG-TA--PTPPCKRK X
28 H.contortus-B3 RPY-PIHPCGHHG————————~ NDTYYGECPE~EA--STPSCKKK X
29 H.contortus-B4 RPY-PIHPCGHHG—~~—=—— === NDTYYGECPR~EA--ATPPCKKK! X
30 H.contortus-B5 SPY-PLHPCGRHG—~——————~ NDTFYGNCVG-MA--PTPPCKRK X
31 O.ostertagi-B "RPY-EIHPCGHHG—~———=——~~ NETYYGE(VG-MA--DTPRCKRR X
32 Trichuris-B KPYKPTGPIGRHLKRNDYAPCPNDTYYGE VG-MA-~DTPRCKRR! X
33 G.lamblia-B2 VPY - ——==—Z=--KSGSTT--——- LRGTCPTK
34 G.lamblia-B3 ~CVPY - e e e e e QSGSTG—~~--~-ARGTCPTK
35 G.muris-B = CLRY o o e e o e e e e FSGMTG—=~~~ DRESCITH
36 G.lamblia-Bl1 =CVKY - e e e e e e e e VDYGHT-——~-~ VASP_PAV

Figure 3.23 Sequence comparison around the predicted occluding loop between
vertebrate and parasite cathepsin B-like proteases.''®

- Black box: the region loop

- Arrow: the essential His''® and His'!!

- X and underline: sequences with predicted N-glycosylation site (N-X-

S/T) within the loop
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3.3 Cystatin and the mechanism of their interaction with cysteine proteases

Cystatins are reversible, competitive and tight-binding inhibitors of cysteine
proteases in the papain superfamily that are ubiquitously present in plants, animals,
parasites and microorganisms.'® They have several important physiological functions
in the immune system including immune evasion from their host, modulation of
cathepsin activities and antigen presentation, balance of the host—parasite
interaction, protection of cells from inappropriate endogenous or external proteolysis
and regulation of normal proteolytic processes involving cysteine protease

184,185

activity. Imbalance between these protease inhibitors and cysteine proteases

resulted in various diseases for example renal failure®, osteoporosis’, periodontitis'®,

rheumatoid arthritis®, metastasizing cancer'®’, purulent bronchiectasis'®

shock.®’

and septic

The cystatin superfamily can be assigned to three major families based on
molecular masses, primary sequence similarities, number of disulfide bonds, number
of amino acid residues, physiological roles and subcellular localization.!8%*%1%
Aligsnment of amino acid sequences of stefins, cystatins and kininogens is shown in
Figure 3.24. Family 1 includes cystatins (stefins) A, B composed of 100 amino acid
residues (11-12 kDa) and family members lack disulfide bridges, signal sequence and
carbohydrate side chains.'®® They are unglycosylated inhibitors that are mainly
intracellular, but can also found in extracellular fluids at significant concentrations.
Human stefin A, pl values in the range 4.5-5.0, is encoded on chromosome 3 and
present in epithelium, skin and polymorphonuclear leucocytes.’*’ The high level of
stefin A in skin suggests that it might be important in the control of normal
keratinocyte proliferation and differentiation. It is a reversible and competitive
inhibitor of cysteine proteases, particularly cathepsin L and cathepsin S whereas
cathepsin B inhibition is weaker.'”” Human stefin B, pl values in the range 5.9-6.5, is
an intracellular protein that is present in many different cell and tissue types and the
gene encoding this stefin has been located on chromosome 21.''%** According to its
property as a tight-binding reversible inhibitor of cathepsins B, H, L and S, it is

recarded as a general cytosolic inhibitor protecting the cell against leakage of



59

lysosomal enzymes. Family 2 cystatins are single domain cystatins containing a
signal sequence and two C-terminal disulfide bonds but also lack carbohydrates.
They are composed of about 120-122 amino acid residues with molecular weight
approximately 13-14 kDa. Members of this cystatin family are cystatins C, D, E/M, F,
S, SA and SN and all of them are located in the cystatin multigene locus on human

chromosome 20 (except cystatin E/M located on chromosome 11).'

Family 2
inhibitors are mainly secreted and found in the cell and most biological fluids such
as human cystatin C at high concentrations in seminal plasma (51 mg/l) and cerebro-
spinal fluid (5.8 mg/l) and at much lower concentrations in amniotic fluid, milk, blood

plasma, saliva, tears and urine.*!

Mature human cystatin C, after removal of a 26—
residue signal peptide, consists of 120 amino acid residues with molecular mass 13.4
kDa and pl 9.3. Abnormalities caused by cystatin C deficiency have been
demonstrated. Inflammatory diseases such as arteriosclerosis and abdominal aortic
aneurysm that involve extensive extracellular matrix degradation and vascular wall
remodeling were observed when the levels of cystatin C were decreased.'*® Other
human cystatins, cystatins D, S, SA and SN have been demonstrated as specialized
glandular inhibitors. Cystatin D (fully active), after removal of the 20-residue signal
peptide, is composed of 122 amino acid residues with molecular mass approximately
13.8 kDa and found in saliva and in small amounts in tears.'”> Cystatins S, SA and SN
consist of 121 amino acid residues with molecular mass approximately 14.2-14.4
kDa, share high sequence identity (90%) and are present in saliva, tears, urine and
seminal plasma.'”® Cystatin E/M is composed of 122 amino acid residues and mostly
expressed in epithelial cells.” Cystatin F consists of 126 amino acid residues and is
predominantly expressed in hematopoietic cells and leukocytes.'”® Family 3 of the
cystatin or Kininogen family which consisting of about 335 amino acid residues are
glycosylated molecules, containing three type 2 cystatin-like domain with disulfide
bonds and carbohydrate groups and not all cystatin domains might be functional.
They have molecular masses of approximately 60-120 kDa. Kininogens are produced
in the liver, secreted into the blood and play a crucial role in blood coagulation
cascade. Furthermore, it is suggested that they are related with the regulation of

vascular biology including vascularization, endothelial cell apoptosis.'**?*® There are
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three distinct types of kininogens: high molecular weight (HK), low molecular weight
(LK) and T-kininogens with molecular masses of about 120 kDa, 68 kDa and 68 kDa,
respectively. Human kininogen is located on chromosome 3 and the pl is in the pH
range 4.0-5.2."' They have been found in blood plasma, synovial fluid and in small
amounts in other secretory fluids. The schematic picture of the protein structure in
the cystatin superfamily is shown in Figure 3.25.

The mechanism of cysteine proteases and cystatins was explained by numerous
kinetic and crystallographic studies. Cystatins are composed mainly of five-stranded
antiparallel B-strand pleated sheets wrapped around a central long a-helix with an
additional carboxyl-terminal strand that runs along the convex side of the sheet.
The three-dimensional structure of the complex formed between human stefin B
and papain is shown in Figure 3.26. Three highly conserved reactive domains (the N-
terminal region and two hairpin loops) of the cystatins are principally involved in the
interaction between protease and inhibitor (Table 3.3). The N-terminal domain
containing a conserved Gly residue such as Gly9 of human stefin B and chicken
cystatin and Gly11 of human cystatin C directly interacts with the substrate-binding-
pockets S3, S2 and S1 of the protease.”** The first hairpin loop is composed of
the peptide segment between GIn53 and Gly57 (highly conserved motif QVVAG
region) and the second hairpin loop that consists of the conserved Pro-Trp residues
(Pro103 and Trp104)."*?® The N-terminal segment and two B-hairpin loops form the
edge of the wedge shaped surface which is highly complementary to the active site

cleft of cysteine proteases.”
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Figure 3.24 Alignment of amino acid sequences of stefins, cystatins and

kininogens.*”!

hsa: human stefin A

rsa: rat cystatin a

- hsb: human stefin B - rsb: rat cystatin B

orcl: oryzacystatin | orcll: oryzacystatin |l

- drc: Drosophila cystatin - sac: sarcocystatin A

- hcc: human cystatin C cc: chicken cystatin

- rcc: rat cystatin C rcs: rat Cystatin S

- hcs: human cystatin S hsn: human cystatin SN

- hsa: human cystatin SA bcc: bovine colostrum cystatin
- pac: African puff adder venom cystatin
- hkl, hk2 and hk3: three human kininogen segments

- bkl, bk2 and bk3: three bovine kininogen segments

rkl, rk2 and rk3: three rat kininogen segments

rtll, rkl2, rkl3: three rat T-kininogen 1 segments
- rt21, rt22, rt23: three rat T-kininogen 2 segments



The cystatin families

— Family 1
Human Stefins A & B

r— Family 2 Nematodes
Onchocystatin, Nippocystatin & Bm-CPI-1(2)

— Family 2 Vertebrates
Human Cystatins C, D, E & F, Chicken cystatin, Puff adder cystatin

— Family 3

Human high molecular weight kininogen

e O R - ORI Y-

Fasciola hepatica high molecular weight multi-domain cystatin

_ Functional cystatin domain 7 Disulfide bridge

Degenerated cystatin domain I Bradykinin peptide

Figure 3.25 A schematic picture of protein structure of the three families in the
cystatin superfamily. Human cystatin A and B are the examples of cystatin family 1.
The nematode cystatins such as Onchocystatin from Onchocerca volvulus,
Nippocystatin from Nippostrongylus brasiliensis and Bm-CPI-1 from Brugia malayi are
involved into the cystatin family 2. The novel multi-domain F. hepatica cystatin is

structurally related to the cystatin family 3 (kininogen family).'®*
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N Papain - Stefin B

Figure 3.26 Ribbon drawing of inhibitory complexes formed between papain and
stefin. The N- and C-terminal segment of stefin and papain are given together with
the location of the 1" and 2" hairpin loop. Figure made with WebLabProViewer.'*°

- Red: papain

- Blue: stefin

- Green: the location of the catalytic Cys and His residues

- Yellow: regions of inhibitor that are most important for interaction with

enzyme
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Table 3.3 Conserved amino-acid residues of three human cystatins regions 2.

Cystatin N terminus I-loop lI-loop
A MIPGG QVVAG
B ACMMCGA QWAG
C RLVGG QIVAG VPWQ
D TLAGG QIVAG VPWE
E RMVGE QLVAG VPWQ
F VKPGF QIVKG VPWL
S IPGG QTFGG VPWE
SA IIEGG QIVGG VPWE
SN IPGG QTVGG VPWE
H-kininogen 1-domain (QESQS) (TVGSD) (RSST)
2-domain DCLGC QVVAG (DIQL)
3-domain ICVGC QVVAG VPWE
L-kininogen 1-domain QESQS) (TVGSD) (RSST)
2-domain DCLGC QVWVAG (DIQL)
3-domain ICVGC QVVAG VPWE

¢ Sequences in parenthesis correspond to the appropriate binding sequences of

cystatins.
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3.3.1 Cysteine protease inhibitors of mammalian and pathogenic
organisms
Cystatins are the most effective natural inhibitors of cysteine
proteases and have been characterized in a wide range of organisms.?”> They have
also been found in viruses, bacteria, plants, animals and several different species of
parasites. The following section provides examples of cysteine protease inhibitors
belonging to the cystatin superfamily that have been described in detail. The result
of a databank search for cystatins is shown in Table 3.4.
3.3.1.1 Ixodes scapularis (blood feeding tick)

The ticks Ixodes scapularis and Haemaphysalis longicornis
are important vectors of various diseases such as Lyme disease, bovine theileriosis,
bovine babesiosis, canine babesiosis and human rickettsiosis.?°?%® The distribution of
I. scapularis is mainly in the United States but H. longicornis is in East Asia and

208209 The active family 2 cystatin, sialostatin L, was found in the tick

Australia.
salivary glands of /. scapularis and showed an inhibitory activity specific to cathepsin
L. The amino acid sequence of sialostatin L exhibited all of the characteristics of the
family 2 cystatins, the secretion signal, the conserved QxVxG module and two
disulfide bonds at the carboxyl terminus. Sialostatin L decreased the proliferation of
cytotoxic T lymphocytes and showed an anti-inflammatory action. These properties
encourage the transmission of tick-borne pathogens. Furthermore, understanding the
vector immunity is predominant in defining the host-pathogen interactions which
accelerate or restrict disease transmission.
3.3.1.2 Schistosoma spp.

Schistosoma mansoni and Schistosoma japonicum cause
intestinal schistosomiasis which leads to chronic pathology affecting humans and
animals. A cystatin (SmCys and Sjcystatin) expressed by adult S. mansoni and S.
japonicum were characterized. SmCys and Sjcystatin sequence with a predicted
molecular mass approximately 11 and 11.3 kDa respectively, was confirmed as a
type 1 (stefin) cystatin. They contained the inhibition domain Gln-X-Val-X-Gly motif
(Q"WAG™), glycine residues at the N-terminal portion of cystatins and an LP pair at
the C-terminus. SmCys and Sjcystatin also lacked a signal peptide, disulfide bonds
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and the PW residues that are commonly present in all helminth species and in
human cystatins C and D. SjCystatin presented the inhibitory activity against the

cysteine protease papain (~60%).'®

Furthermore, The inhibitory activity of the full-
length SmCys and two constructs having deletions corresponding to -10 and -20
amino acids from the N-terminus of the protein was analyzed in vitro and in vivo.
Deletions of the N-terminal end were prepared because this region was essential for
inhibitory activity of cystatins from other species. The results of in vitro experiments
indicated that full-length SmCys was able to effectively inhibit papain hydrolysis
while the inhibitory activity of SmCys-10 and SmCys-20 were decreased, respectively.
The in vivo experiments demonstrated that full length SmCys and SmCys-10 were
able to inhibit the formation of hemozoin (a dark pigment formed from hemoglobin)
by live schistosomula.” Therefore, the in vitro and in vivo results confirmed that the
N-terminal portion is important for the inhibitory activity of cystatins similar to
previous reports of cystatin from other species.
3.3.1.3 Fasciola hepatica

Fasciola spp. express both cathepsin B and L cysteine
proteases. Two cathepsin L-like proteases are predominantly expressed in adult
stage of F. hepatica (FNCL1 and FhCL2) while two distinct cathepsins L (FhCL3 and
FhCL4) and three cathepsins B (FhCB1, FhCB2 and FhCB3) are produced in NEJ
flukes.?'®?'"  Recently, a novel multi-domain cystatin has been illustrated as a new
member of the cystatin superfamily from the invasive stage of the parasite (NEJ).!* F.
hepatica multi-domain cystatin is the first multi-domain cystatin that has been found
in an invertebrate species. This multi-domain cystatin is composed of six cystatin-like
domains (two domains are significantly conserved, whereas four of which are
degenerated cystatin signatures) and shows comparable structural features of the
kininogens with functional and degenerated domains. Alignment of six putative
cystatin domains presented low sequence similarities to each other (approximately
15.5-29%). In vitro experiment, two cystatin domains of a multi-domain cystatin
showed the ability to inhibit the major cysteine protease of F. hepatica (cathepsin
L1). Therefore, this multi-domain cystatin might be related with controlling of

cysteine protease activity in the infective NEJ stage of the parasite.
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3.3.1.4 Parasitic nematodes

Several cystatins have been identified from nematodes and
the obtained data points to a variety of functions from cysteine protease regulation
within the parasite itself to the modulation of the host immune response. The first
described cystatin of parasite origin was ‘onchocystatin’ of the human pathogenic
filarial nematode Onchocerca volvulus. O. volvulus is a subcutaneous parasitic filaria
that is the causative agent of onchocerciasis or river blindness. This disease affects
up to 20 million people in Africa and Latin America.’® This protein was initially
thought to regulate parasite proteases during the molting of the nematode. O.
volvulus cystatin was shown to inhibit the human cysteine proteases cathepsin B, L
and S that are involved in the proteolytic processing of polypeptides.”!
Determination of inhibition constants (K) revealed that recombinant O. volvulus
cystatin effectively inhibited human cathepsin L (K; = 0.038 nM) and cathepsin S
activity (K; = 0.033 nM) while the inhibitory activity towards human cathepsin B was
less efficient (K; = 494 nM). Onchocystatin affects the polyclonally stimulated and
the Ag-driven proliferation of human peripheral blood mononuclear cells (PBMCs).
Stimulated or unstimulated PBMC in the presence of onchocystatin induced an up-
regulation of IL-10 and the proinflammatory cytokine TNF-a production, whereas IL-
12p40 production and expression of HLA-DR and CD86 are decreased approximately
66% and 40%, respectively. Neutralization of anti-IL-10 antibodies restored the
expression of HLA-DR and CD86. Furthermore, the reduction of monocytes from the
PBMC thoroughly reversed the inhibitory effects on T-cell proliferation induced by
onchocystatin, indicating that monocytes might be the target cells of
immunomodulation. In  conclusion, the experiments demonstrated that
onchocystatin is a pathogenicity factor that is important for the persistence of O.
volvulus in the host.

A cystatin of the rodent filaria Acanthocheilonema viteae
has been isolated and characterized. This cystatin C-like protein has a molecular
mass of approximately 17 kDa. Recombinant Av17 (rAv17) was expressed in E. coli
and showed activity as a cysteine protease inhibitor. It was shown to down-regulate

T cells response by nonspecific and antigen-specific stimuli while the production of
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IL-10 and TNF-a by human PBMC and murine spleen cells were increased."
Moreover, rAV17 was able to enhance the NO production of IFN-y activated murine
macrophages.”*  Hence, this filarial cystatin is a likely effector molecule of
immunomodulation.

Brugia malayi is an arthropod-borne nematode which
causes lymphatic filariasis in humans (elephantiasis). This parasite is transmitted by
mosquito vectors such as Anopheles and Aedes and affects people in South and
South East Asia. Three cystatins of B. malayi (Bm-CPI-1, Bm-CPI-2 and Bm-CPI-3) have
recently been identified.”> Studies on one of the B. malayi cystatins provided the
first evidence that a helminth parasite can directly interfere with the host’s antigen
processing and presentation pathway.””> Bm-CPI-2 has the conserved Gly-x-Val-x-Gly,
an N-terminal signal peptide, two internal disulfide bonds and PW motifs that are
exhibited in type 2 cystatins and also has a conserved SND motif that was recently
displayed to institute a distinct inhibitory site which is specific for asparaginyl
endopeptidase (AEP), or legumain.’** It inhibited the hydrolysis of synthetic
fluorogenic substrates by cathepsin S, cathepsins B, cathepsin L, and asparaginyl
endopeptidase (AEP). This inhibitor is able to block the in vitro antigen processing of
the tetanus toxin by purified lysosome fractions. Furthermore, Bm-CPI-2 interferes
with the invariant chain (li) and antigen processing that related with compartments of
class I MHC system.?*?

A cystatin of the rodent filaria Litomosoides sigmodontis has
also been identified and was shown to act as an immunomodulator that diminishes
the antigen-specific cellular reactivity of mouse spleen cells to L. sigmodontis
antigen. ' L. sigmodontis cystatin (Ls-Cystatin) has a molecular mass of
approximately 14 kDa. Alignment of the amino acid sequences revealed that the
amino acid sequence similarities and identities of Ls-Cystatin and O. volvulus, A.
viteae and B. malayi cystatins are around 71, 80 and 83% and 57, 64 and 66%,

respectively.?™

Recombinant L. sigmodontis cystatin was administered into the
peritoneal cavity of C57BL/6 mice via osmotic pumps and the results demonstrated

that TNF-a mRNA production was up-regulated while the production of nitric oxide
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and antigen-specific proliferative response of spleen cells to circulating microfilariae
were significantly decreased.

Apart from the filarial cystatins, recent studies characterized
cystatins  of gastrointestinal nematodes.  Nippostrongylus brasiliensis (reddish
Nematoda) is a small natural parasite of wild rats. A cysteine protease inhibitor,
nippocystatin, has been isolated from the excretory and secretory products (ES-
product) of N. brasiliensis and is expressed in infective L3 and adult stages.'’
Nippocystatin is a type 2 cystatin and composed of 144 amino acids with a
molecular mass of 14 kDa in mature form. The inhibitory activity of recombinant
nippocystatin (rfNbCys) to cathepsin L is higher than for cathepsin B. Ovalbumin
(OVA)-immunized mice treated with rNbCys showed that the OVA-specific
proliferation of spleen cells was inhibited but not non-antigen specific proliferation of
splenocytes. Furthermore, the serum levels both OVA-specific 1gG1 and IgG2a in
rNbCys-treated mice were not significantly different while the levels of OVA-specific
IsE was remarkably downregulated in rNbCys-treated mice. Functional studies
indicated that Nippostrongylus brasiliensis cystatin  (Nippocystatin) might have
features of an immunomodulator, which inhibited antigen processing in APC of the
host and related with the escape mechanism of this parasite in the host immune
system.®

3.3.1.5 Homo sapiens

The cystatins of Homo sapiens are described in Section 3.3.
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Protein name Species Acc. no Tree name
Cysteine protease inhibitor Zea mays Q41897 CystlZeaM
Cystatin |l Zea mays Q41825 Cyst2ZeaM
Cysteine protease inhibitor Zea mays P93627 Cyst3ZeaM
Cystatin | precursor Zea mays P31726 Cystd ZeaM
Cystatin A Helianthus annuus | Q10992 Cyst-HelA
Multicystatin precursor Solanum P37842 | Cystlto Cyst8
tuberosum SolT
Putative cysteine protease Arabidopsis 022202 Cystl-AraT
inhibitor B thaliana
Cysteine protease inhibitor Arabidopsis Q41906 Cyst2-AraT
thaliana
Cysteine protease inhibitor like Arabidopsis 023494 Cyst3-AraT
thaliana
Cysteine protease inhibitor Arabidopsis Q41916 Cystd-AraT
thaliana
Cysteine protease inhibitor Sorghum vulgare | Q41294 Cyst-SorV
Cysteine protease inhibitor Pyrus communis 024462 Cyst-PyrC
Cysteine protease inhibitor Brassica Q39268 Cyst1-BraC
campestris
Cysteine protease inhibitor Brassica Q39270 Cyst2-BraC
campestris
Cysteine protease inhibitor Brassica Q42380 Cyst3-BraC
campestris
Cysteine protease inhibitor Glycine max 004720 Cyst1-GlyM
Cysteine protease inhibitor Glycine max Q39840 Cyst2-GlyM
Cysteine protease inhibitor Glycine max Q39841 Cyst3-GlyM
Cysteine protease inhibitor Glycine max Q39842 Cystd-GlyM
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Protein name Species Acc. no Tree name
Cysteine protease inhibitor Ambrosia Q38678 Cyst1-AmbA
artemisiifolia
Cysteine protease inhibitor Ricinus communis | Q43635 Cyst-RicC
Cysteine protease inhibitor Carica papaya Q39561 Cyst-CarP
Oryzacystatin-| Oryza sativa P09229 Cyst1-Ory-S
Oryzacystatin-Il Oryza sativa P20907 Cyst2-Ory-S
Cysteine protease inhibitor Vigna unguiculata | Q06445 Cyst-VigU
Cystatin precursor Ornithodoros AAS01021 Cyst-OrnM
moubata
Putative secreted cystatin Ixodes scapularis | Q8MVB6 Cyst-IxoS
Putative cystatin Ixodes ricinus CAD68002 Cyst-IxoR
Cystatin Lepydoglyphus Q8WQ46 Cyst-LepD
destructor
Cystatin Theromyson Q8IT43 CystB-TheT
tessulatum
Cystatin-like protein Drosophila P23779 CystL-DroM
melanogaster
Cystatin Drosophila 1702209A | Cyst-DroM
melanogaster
Sarcocystatin A precursor Sarcophaga pP31727 CystA-SarP
peregrina
Sarcocystatin B Sarcophaga Q8TYOY1 | Cyst-B-SarC
crassipalpis
Sarcocystatin A Sarcophaga BAB88880 | Cyst-A-SarC
crassipalpis
Cystatin precursor Tachypleus JC4536 Cyst-TacT

tridentatus
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Protein name Species Acc. no Tree name
Cysteine protease inhibitor like Caenorhabditis 061973 Cyst-CaeE-
(cli-1) elegans clit
Cysteine protease inhibitor like Caenorhabditis QITYY2 Cyst-CaeE-
(cli-2) elegans cli2
Cystatin-1 Haemonchus 044396 Cyst-HaeC
contortus
Nippocystatin Nippostrongylus Q966W0 Cyst-NipB
brasiliensis
Ls-cystatin precursor Litomosoides QI9NH95 Cyst-LitS
sismodontis
CPI-1 Brugia malayi P90698 Cyst1-BruM
CPI-2 Brugia malayi 016159 Cyst2-BruM
Cystatin Acanthocheilonema | Q17108 Cyst-AcaV
vitae
CPI-1 Onchocerca Q9UA1 CPI1-OncV
volvulus
Cystatin Onchocerca Q25620 Cyst-OncV
volvulus
Onchocystatin precursor Onchocerca P22085 CystX-OncV
volvulus
Cysteine protease inhibitor Schistosoma AAQ16180 | Cystl-SchM
mansoni
Cystatin homologue Schistosoma A48570 Cyst2-SchM
mansoni
Dopamine receptor Fugu rubripes Q90517 Cyst-FugR
Cystatin Acipenser sinensis | AAK16731 Cyst-AciS
Cystatin precursor Cyprinus carpio P35481 Cyst-CypC
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Table 3.4 Results of the database searches for cystatins (cont.).

Protein name Species Acc. no Tree name
Cystatin Bitis ariensis P08935 Cyst-BitA
Cystatin Bitis eabonica AAR24527 Cyst-BitG

Family-2 cystatin precursor Onchorhynchus Q98967 Cyst-OncK

keta
Cystatin precursor Onchorhynchus Q91195 Cyst-OncM
mykiss
Cystatin Gallus gallus P01038 Cyst-GalG
Cystatin 8 Mus musculus AAHA9753 | CRES-MusM

Hypothetical cysteine proteases Mus musculus Q9DAP1 | CRES-1-MusM

inhibitor containing protein

Stefin 1 Mus musculus P35173 Cyst1-MusM
Stefin 2 Mus musculus P35174 Cyst2-MusM
Stefin 3 Mus musculus P35175 Cyst3-MusM
Stefin B Mus musculus Q62426 CystB-MusM
Cystatin C Mus musculus P21460 CystC-MusM
Leukocystatin Mus musculus 089098 CystF-MusM
Kininogen domain 2 Mus musculus 008677 KNG2-MusM
Kininogen domain 3 Mus musculus 008677 KNG3-MusM
Cystatin A Rattus norvegicus P01039 CystA-RatN
Stefin B Rattus norvegicus P01041 CystB-RatN
Cystatin C Rattus norvegicus P14841 CystC-RatN
Cystatin S Rattus norvegicus P19313 CystS-RatN
Kininogen domain 2 Rattus norvegicus P08934 KNG2-RatN
Kininogen domain 3 Rattus norvegicus P08934 KNG3-RatN
Rat T-kininogen Rattus norvegicus P01048 | T-KNG2-RatN

T-KNG3-RatN
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Protein name Species Acc. no Tree name
Major acute phase alpha-1 Rattus norvegicus | P70517 MAAP1-RatN
protein MAAP2-RatN
Cystatin C Oryctolagus 097862 Cyst-OryC
cuniculus
Stefin Al Sus scrofa Q28988 Cyst1-SusS
Stefin A5 Sus scrofa Q28986 Cyst5-SusS
Stefin A8 Sus scrofa Q28987 Cyst8-SusS
Stefin B Sus scrofa Q29290 CystB-SusS
Stefin D1 Sus scrofa P35479 Cysti-SusS
Stefin B Ovis aries 010994 CystB-OviA
Stefin A Bos taurus P80416 CystA-Bos
Stefin B Bos taurus P25417 CystB1-Bos
Cystatin C Bos taurus P01035 CystB2-Bos
Stefin C Bos taurus P35478 CystO-BosT
Kininogen Bos taurus pO1044 KNG2-BosT
Bos taurus KNG3-BosT
Cystatin C Saimiri sciureus 019093 CytC-SaiS
Cystatin C Macaca mulatta 019092 CytC-MacM
Stefin A Homo sapiens P01040 CystA-HomS
Stefin B Homo sapiens P04080 CystB-HomS
Cystatin C Homo sapiens P01034 CystC-HomS
Cystatin D Homo sapiens P28325 CystD-HomS
Cystatin SN precursor Homo sapiens P01037 CystN-HomS
Cystatin E Homo sapiens Q15828 | CystM-HomS
Cystatin S precursor Homo sapiens P01036 CystS-HomS
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Protein name Species Acc. no Tree name
Cystatin SA precursor Homo sapiens P09228 CystT-HomS
Leukocystatin Homo sapiens 076096 Cyst7-HomS
Cystatin 8 Homo sapiens 060676 Cyst8-HomS
CS13 Homo sapiens Q8WXU6 | Cystll-HomS
Kininogen Homo sapiens P01042 KNG2-HomS

KNG3-HomS




76

3.4 Immunomodulation by nematode cystatins

The immunomodulatory properties of nematode cystatins interfere with the
antigen-processing pathway in MHC class Il antigen presentation, cellular
hyporeactivity of T cells, production of cytokines and production of NO and result in

the modification of the host immune response.

3.4.1 Interference with antigen presentation and T cell responses

The first step of the immune response to exogenous antigens
requires the formation of peptide-MHC class Il complexes in antigen presenting cells
(APCs) such as macrophages and dendritic cells (DCs) that capture and process
antigens to T lymphocytes. In this process (antigen processing and presentation),
cysteine proteases might have two major roles that could be targeted by nematode
cystatins (Figure 3.27). Firstly, cysteine proteases are involved in the degradation of
proteins into antigenic peptides within the endosomal-lysosomal compartment of
APCs and the peptides are linked to MHC class Il molecules and transferred to the
membrane. The cysteine proteases, cathepsin B, cathepsin S and cathepsin L, are
involved in the degradation of internalized antigens. Secondly, cysteine proteases
participate in the degradation of the MHC chaperone invariant chain (li) that plays an
important role in intracellular trafficking and peptide loading of MHC class I
molecules. i has to be progressively degraded within endosomes, in smaller
fragments from li to Lip 23, Lip 10 and finally in a 3-kDa peptide called CLIP (class II-
associated invariant chain peptide). Clip fragment which bound to the MHC class |l
groove is released and allows the peptides to bind the MHC class II molecule.?’
Subsequently, MHC class Il with bound antigen is transported to the cell surface for T
cells presentation. li degradation is performed by various cathepsins depending on
the APC types for example the cysteine protease cathepsin L is active in thymus

130,216

epithelial cells while cathepsin F is active in macrophages.”’’  Moreover,

cathepsin S participates in the production of the Clip fragment in DCs and B

Ceusl216,218

The inhibition of cysteine proteases that are important for antigen
processing and presentation by nematode cystatins could lead to an inefficient

antigen-specific T cell response by suppressing APCs to process antigen, generate and
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load MHC class Il molecules and subsequently reduction of T cell proliferation as
described for cystatins from O. volvulus, A. viteae, L. sigmodontis, N. brasiliensis and
B. malayi (CPI-2) (Section 3.3.1.4). This would allow the parasites to evade from the

host immune system, 672021212
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Figure 3.27 Immune response to exogenous antigens requires the formation of
peptide-MHC class Il complexes in antigen presenting cells (APCs).?%?
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3.4.2 Modulation of the cytokine production

Nematode cystatins might have effect on the production of
cytokines.  Filarial cystatins have been described to induce anti-inflammatory
cytokine responses such as an increased level of IL-10 and a decreased level of IL-
12. The most important feature is the induction of a Th2 response. The contact of
macrophages  with  bacterial  lipopolysaccharide  (LPS), peptidoglycan  or
lipoarabinomannan (LAM) and related substances leads to a characteristic pattern
that is generated by upregulation of TNF-a followed by increase of the cytokine IL-
10.1%%° |L-10, a cytokine that causes immunosuppressive effects, is predominantly
upregulated and that leads among others to the downregulation of costimulatory
surface molecules of macrophages (CD86 and the HLA-DR receptor) and reduced T-
cell activation. There have been several studies about the immunomodulatory
properties of filarial cystatin such as onchocystatin (O. volvulus cystatin) that
demonstrated that human PBMC exposed to this cystatin induced TNF-a production,
followed by a strong upregulation of IL-10 and downregulation of IL-12.%
Furthermore, A. viteae cystatin (Av17) enhanced the production of IL-10 and led to
down-regulation of IL-4 but had no effect on IFN-y and IL-2 production."* Therefore,
these data suggest that IL-10 might be an essential component associated with
inhibition of T cell proliferation after exposure of mononuclear cells to filarial
cystatin and high levels of IL-10 are a characteristic feature of filarial infections and
this is related to T cell hyporeactivity.?

3.4.3 Effects on the inducible nitric oxide production

Nitric oxide (NO), a short living molecule, is essential in several
physiological and biological processes including cytostasis, inhibition of tissue
invasion, reduced g¢rowth, smooth muscle regulation, neurotransmission and
vasodilatation and also involved in a major defense molecule of immune cells with

effects on protozoans and helminth parasites.”**?

The upregulation of NO from
IFN-y activated macrophages was observed when exposed to members of three
cystatin families. The natural cysteine protease inhibitors could increase the NO
production while the synthetic inhibitors such as E64 failed to up-regulate the level

of NO. Furthermore, the inhibitors of aspartyl, serine proteases and aprotinin (a
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trypsin-like serine protease inhibitor) are also without effect on the production of
NO.”> NO is synthesized by macrophages from L-arginine by NO-synthase (NOS)
which has three isoforms (NOS-1, NOS-2 and NOS-3) with tissue-specific distribution
and regulation.”” NOS-1 (neuronal NOS or n NOS) and NOS -3 (endothelial NOS or
eNOS) are calcium dependent and found in neurons and endothelial cells,
respectively while NOS2 (inducible NOS or iNOS) is calcium independent, present in
macrophages, fibroblasts and hepatocytes and induced by IFN-y that lead to
synthesis of substantial amounts of NO. Moreover, NO has been shown to be
involved in the inhibition of lymphocyte proliferation and the expression of cytokines
in several cell types.?*?* Many nematode parasites such as B. malayi, O. volvulus,
O. lienalis L. sigmodontis and A. viteae were shown to be significantly affected by NO
released from IFN-y activated macrophages, although some filarial worms were

203,212

affected in in vivo experiments. In filarial infection, the upregulation of NO

production seems to be involved in the increase of IL-10 and TNF-QU that might play
a role in concert to suppress the immune response or polarize the host T cell
responses toward Th2/Th3 responses that are characteristic for nematode infection
and also related with the suppression of T cell proliferation in a murine model of

filariasis 20,212,224,225
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CHAPTER IV

MATERIALS AND METHODS

4.1 Molecular cloning and sequence analysis of FgStefin-2

4.1.1 Molecular cloning of FgStefin-2 cDNA
4.1.1.1 PCR amplification of FgStefin-2 cDNA
A cDNA was amplified by RT-PCR from total RNA of adult £.
gigantica using primers (forward 5' -GAT TTG TGA AGG TGA AGC-3', reverse 5-TGC ATG
TGC AGA GAT AGC-3') based on an EST sequence from an adult stage cDNA of F.
gigantica. The components in the RT-PCR and PCR mixture are shown below.
The reverse transcription reaction was set following the

instruction manual of RevertAid™ M-MulLV Reverse Transcriptase (Thermo Scientific,

Lithuania).
Components Volume (ul)
Total RNA 1.0
Reverse primer (10uM) 2.0
DEPC-treated DW 10.0

Mix all above components by pipetting, briefly

spin and add following components

5x RevertAid™ reaction buffer 4.0
Mixed dNTPs (2.5mM each) 2.0
RiboLock™ RNase Inhibitor 0.5
RevertAid™ M-MuLV Reverse Transcriptase 0.5
Total volume 20.0

The mixture was incubated at 42°C for 1 h. The reaction
was terminated by heating at 70°C for 10 min. The reverse transcription product was

stored on ice until used as template of PCR.
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Components Volume (pl)
Template (RT-PCR product) 2.0
Forward primer (10uM) 1.0
Reverse primer (10pM) 1.0
10x(NH4),SO4 buffer 5.0
MgCl, (25mM) 3.0
Mixed dNTPs (2.5mM each) 1.0
Tag DNA polymerase (5U/ul) 0.5
DW 36.5
Total volume 50.0

The PCR reaction was performed using following conditions:
pre-denaturation at 95°C for 5 min, 35 cycles of denaturation at 95°C for 1 min,
annealing at 45°C for 1 min and extension at 72°C for 1 min then one cycle of final
extension at 72°C for 10 min and hold at 4°C. The PCR product was resolved on a
0.7% (w/v) agarose gel.

4.1.1.2 Agarose gel electrophoresis

The PCR product was separated by electrophoresis in a
0.7% (W/v), 1% (w/v) or 1.2% (w/v) agarose gel. Agarose gel was prepared by
dissolving Ultrapure™ agarose power (Invitrogen, Carlsbad, CA, USA) at the required
final concentration in 0.5x TBE electrophoresis buffer (22.5 mM Tris-base, 22.5 mM
boric acid, ImM EDTA, pH8.0) containing 0.5 pg ethidium bromide per one ml of
agarose gel. The agarose was fully dissolved by heating in a microwave oven until
the solution became homogeneous and it was allowed to cool down to 60°C before
pouring into a gel tray (Horizon®, Gibco-BRL, USA). An appropriate comb was inserted
and the gel was allowed to harden for 30-60 min before it was submersed into the
gel electrophoresis chamber (Horizon®, Gibco-BRL, USA) containing 0.5x TBE and 0.5
pg/ml ethidium bromide buffer. The samples were mixed with 10x DNA loading
buffer (0.25% [w/v] bromophenol blue, 0.25% [w/v] xylene cyanol FF, and 50% [v/V]
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glycerol) to yield a final concentration of 1x loading buffer. The samples were
loaded to the wells of the gel with an appropriate DNA marker (DNA ladder, Thermo
Scientific, Lithuania) in an adjacent lane. Electrophoresis was performed at 80 V until
the bromophenol blue dye front had migrated about 2/3 of the gel length. The
nucleic acid pattern on the gel was directly visualized under an UV transilluminator

(Gel Doc 2000, BIO-RAD, Milan, Italy).
4.1.1.3 Isolation of PCR product from agarose gel by using QIA

quick® Gel Extraction Kit

The DNA band of interest was excised from the agarose gel
with a clean and sharp scalpel and transferred into a 1.5 ml microcentrifuge tube.
The gel was extracted by using a QIA quick® Gel Extraction Kit (QIAGEN, Limburg,
Netherlands) according to the manufacturer’s instructions. The weight of the gel
slice was measured in a tube and 3 volume of QG buffer was added to 1 volume of
gel (300 pl buffer QG/100 mg gel). The sample was heated at 50°C for 10 min and
mixed by vortexing every 2 min. Isopropanol was added at a ratio 1:1 of gel slice
volume (100 ul isopropanol per 100 mg of gel) after the gel was completely
dissolved. The solution was mixed and loaded to a QlAquick column followed by
centrifugation at 13,000 rpm for 1 min. The flow-through was discarded and PE
buffer 0.75 ml was added into the column for washing step. The sample was
centrifuged at 13,000 rpm for 1 min and the flow-through was discarded. The
QlAquick column was placed into a fresh 1.5 ml microcentrifuge tube, 50 ul of DW
was added and incubated at room temperature for 1 min followed by centrifugation
at 13,000 rpm for 1 min to elute the bound DNA. The extracted DNA was resolved

by 0.7% (w/v) agarose gel electrophoresis and stored at —20°C.
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4.1.2 Molecular cloning of the PCR-amplified FgStefin-2 cDNA and
transformation of the bacterial host cells with the
recombinant plasmid

4.1.2.1 Ligation of FgStefin-2 PCR product into the pGEM® -T
Easy vector
The gel-extracted FgStefin-2 PCR product (Section 4.1.1.3)
was inserted into the pGEM®-T Easy vector (Promega, USA) using the conditions as

described below.

Ingredients Volume (pl)
Rapid ligation buffer (2x) 5.0
PGEM®-T Easy vector (50 ng/pl) 1.0
PCR product 3.0
T4 DNA ligase (3 Weiss units/pl) 1.0
Total volume 10.0

Al of the ingredients were mixed in a 1.5 ml
microcentrifuge tube, briefly spun and incubated at 4°C overnight. The ligation
product was introduced into E. coli XL1-Blue competent cells by chemical
transformation as described in Section 4.1.2.2.

4.1.2.2 Preparation and storage of chemical competent E. coli
cells

E. coli XL1-Blue, E. coli M15 and E. coli Top10 bacteria were
grown on LB-agar containing 15 pg/ml tetracycline, 25 pg/ml kanamycin and no
antibiotics, respectively at 37°C for 16-18 h. A single isolated colony was selected for
inoculation of 5 ml LB broth and the culture was grown at 37°C overnight with
shaking at 250 rpm. One milliliter of the E. coli culture was used to inoculate 100 ml
fresh LB broth and the culture was incubated until an ODgy, value of 0.5 had been
reached. The bacterial culture was cooled down to 0°C by vigorously swirling the
flask in a salt-ice water bath for 3 min and centrifuged at 6,000xg, 4°C for 8 min to

harvest the bacterial cells. The supernatant was discarded and the bacterial pellet
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was gently resuspended in 20 ml ice-cold 0.1 M MgCl, by agitation. The mixture was
centrifuged again at 6,000xg, 4°C for 8 min and the supernatant was discarded. The
pellet was gently resuspended in 20 ml ice-cold 0.1 M CaCl, and kept on ice for 20
min. The cells were pelleted as above, the supernatant was discarded and the cell
pellet was gently resuspended in 4.3 ml 0.1 M CaCl, and mixed with 0.7 ml glycerol.
The competent E. coli XL1-Blue cells and E. coli M15 were distributed into 100 pl
aliquots, shock frozen in liquid nitrogen for 5 min and stored at -80°C.
4.1.2.3 Chemical transformation of competent E. coli with

recombinant the pGEM® -T Easy DNA

The ligation product (Section 4.1.2.1) at amounts of 50-100
pg was pipetted into a 15 ml prechilled polypropylene tube. Competent E. coli XL1-
blue cells were thawed on ice, 100 pl of the competent cells were added to the
tube containing the recombinant plasmid DNA solution and gently mixed by
pipetting up and down several times. Following incubation on ice for 20 min the
transformation reaction was heat shocked by placing the tube into a 42°C water bath
for 45 s and then immediately incubated on ice for 2 min before 900 pl LB broth was
added. The sample was incubated at 37°C for 1 h with shaking at 250 rpom. The
transformed cells (10 pl to 100 pl aliquots) were spread on 37°C-prewarmed LB agar
containing 100 pg/ml ampicillin and incubated at 37°C overnight. Several single
colonies were checked for positive transformants using colony PCR.

4.1.2.4 Colony PCR to screen for positive transformants

The bacterial colonies from Section 4.1.2.3 were picked
and suspended in 10 yl DW and used as template for PCR amplification. The
FgStefin-2 fragment was amplified by using specific forward and reverse primers as

described in Section 4.1.1.1. The reaction mixture was prepared as shown next

page.
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Components Volume (pl)
Template (bacterial colony in 10 ul of DW) 2.0
Forward primer (10uM) 1.0
Reverse primer (10uM) 1.0
10x(NH,4),SO4 buffer 5.0
MgCl, (25mM) 3.0
Mixed dNTPs (2.5mM each) 1.0
Tag DNA polymerase (5U/ul) 0.5
DW 36.5
Total volume 50.0

The PCR reaction was set using following conditions: pre-
denaturation at 95°C for 5 min, 35 cycles of denaturation at 95°C for 1 min, annealing
at 45°C for 1 min and extension at 72°C for 1 min then one cycle of final extension at
72°C for 10 min and hold at 4°C. The PCR product was resolved on a 0.7% (w/v)
agarose gel.

4.1.2.5 Plasmid DNA purification by using quick preparation (for
screening of many positive clones)

Isolated single bacterial colonies carrying recombinant
PGEM®-T Easy plasmid was picked from the selective agar plate and used to
inoculate 5 ml LB broth containing 100 pg/ml ampicillin. The culture was incubated
at 37°C with shaking at 250 rpm overnight. The bacterial cells were pelleted by
centrifugation at 4,000xg for 5 min. The pellet was resuspended in 200 pl solution |
(25 mM Tris, pH 8.0, 50 mM glucose, 10 mM EDTA) and the mixture was transferred
to a microcentrifuge tube. Afterwards, 400 pl of freshly prepared solution Il (0.1 N
NaOH, 1% [w/v] SDS) was added to the bacterial suspension, mixed by tube inversion
and incubated on ice for 5 min. After that, 300 pl solution Ill (2.7 M Potassium
acetate, pH 4.8) was added, mixed again by inverting and incubated on ice for 5 min.

The mixture was subsequently centrifuged at 12,000xg, room temperature for 5 min
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and the clear supernatant containing nucleic acids was transferred to a new
microcentrifuge tube. Isopropanol at 0.6 volume of the transferred supernatant was
added and mixed by inverting. The precipitated DNA was pelleted by centrifugation
at 12,000xg, room temperature for 5 min and the supernatant was removed. The
DNA pellet was washed with 70% (v/v) ethanol, centrifuged at 12,000xg, room
temperature for 2 min and the supernatant was discarded. The pellet was air dried,
resuspended in 50 pul DW and treated with 0.5 pl RNase A (10mg/ml, Fermentas Life
Sciences, Vilnius, Lithuania). The extracted plasmid DNA was digested with the
restriction endonuclease EcoR | (Fermentas Life Sciences, Vilnius, Lithuania). The

reaction mixture is shown below.

Ingredients Volume ()
Plasmid DNA 3.0
EcoR | buffer (10x) 2.0
EcoR 1 (10 U/pl) 0.5
DW 14.5
Total volume 20.0

The sample was incubated at 37°C for 2 h and then the
restriction endonuclease was inactivated at 65°C for 20 min. The product was
resolved by 0.7% (w/v) agarose gel electrophoresis (as described in Section 4.1.1.2).
After electrophoretic analysis, the positive clones were collected and used for
further experiments.

4.1.2.6 Plasmid DNA purification by using the QIAprep® Spin

Miniprep Kit (for cloning and DNA sequencing purposes)

Isolated single bacterial colonies were used to inoculate 5
ml LB broth containing 100 pg/ml ampicillin and the bacteria were grown at 37°C
overnight with shaking at 250 rpm. The bacterial cells were harvested by
centrifugation at 4,000xg for 5 min at room temperature. The plasmid was purified
by using a QlAprep® Spin Miniprep Kit (QIAGEN, Limburg, The Netherlands) according

to the manufacturer’s instructions. The pelleted bacterial cells were resuspended in



88

250 ul buffer P1 (50 mM Tris-HCL, 10 mM EDTA, 100 ul RNase A) and transferred to a
microcentrifuge tube. The cell suspensions were mixed with 250 ul buffer P2 (200
mM NaOH, 1% [w/v] SDS) by gently inverting the tube 4-6 times. After that, 350 pl
buffer N3 (3.0 M Potassium acetate, pH 5.5) was added and immediately mixed by
inverting the tube 4-6 times. The mixture was subsequently centrifuged at 12,000xg,
room temperature for 10 min. The supernatant containing plasmid DNA was
transferred into the QlAprep® spin column and centrifuged at 12,000xg, room
temperature for 30-60 s. The column was washed with 750 pl buffer PE (1.0 M NaCl,
50 mM MOPS, pH 7.0, 15% [v/v] isopropanol) and centrifuged at 12,000xg, room
temperature for 30-60 s. The flow-through was discarded from the collecting tube
and the spin column was centrifuged for 1 min to remove the remaining PE buffer.
Finally, the spin column was placed into a new microcentrifuge tube, added 50 pl
sterile DW and incubated at room temperature for 1 min followed by centrifugation
at 12,000xg for 30-60 s to elute the plasmid DNA. Plasmid DNA was verified to
contain the correct insert by restriction analysis as described in Section 4.1.2.5 and
the nucleotide sequence was determined by using commercial services (1°* Base Asia,
Singapore). The positive clone was collected and used for further experiments.
4.1.3 Sequencing and sequence analysis

Recombinant plasmid DNA of the E. coli XL1-Blue clone carrying
an FgStefin-2 cDNA insert was extracted by using a QlAprep® Spin Miniprep Kit
(QIAGEN, Limburg, The Netherlands) and sent to a commercial services provider for
sequencing (1°' Base Asia, Singapore). EMBOSS 6.3.0 and SignalP 4.1 were used for
editing and analyses of molecular sequences. NCBI-BLASTP (http://blast.ncbi.nlm.nih.
gov/Blast/) was used to evaluate classification of FgStefin-2 as a type 1 cystatin.

ClustalX was used to calculate a multiple alighment.
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4.2 Characterization of FgStefin-2 gene nucleic acids

4.2.1 Preparation of different developmental stages of F. gigantica
4.2.1.1 Preparation of newly excysted juveniles
Metacercariae were added into sterile water at room
temperature overnight. In the following day, the metacercariae were suspended in
10 ml of solution | (1% [w/v] pepsin [Sigma Aldrich, Steinheim, Germanyl, 0.4% [v/V]
HCD and incubated at 37°C for 1 h. The supernatant was discarded and the
metacercariae were washed with sterile water for 3 times. The metacercariae were
incubated in 10 ml of solution Il (0.02 M Na,O,S,, 0.2% [w/v] taurocholic acid, 1%
[w/v] NaHCOs;, 0.8% [w/v] NaCl, 0.6% [v/v] HCl) at 37°C for 75 min. The supernatant
was discarded and the metacercariae were washed with RPMI-1640 for 3 times. Then
the metacercariae were incubated in fresh RPMI-1640 containing 10 pg/ml
gentamycin and 10% fetal bovine serum at 37°C for 3-5 h. The excystment process
was monitored under the microscope and the newly excysted juveniles were
collected and kept at —20°C for further experiments.
4.2.1.2 Preparation of juveniles and collection of sera from
infected mice
BALB/c mice were orally infected with 20 F. gigantica
metacercariae. Juveniles were obtained from the dissected liver parenchyma after
sacrificing the infected animals 2, 4, and 6 weeks after infection. The juveniles were
washed several times with 0.85% NaCl and stored in liquid nitrogen for further
experiments. Serum samples of the infected mice were collected preinfection and
weekly postinfection.
4.2.1.3 Preparation of adult parasites
Adult F. gigantica were freshly collected from bile ducts
and livers of natural infected cattle sacrificed at a slaughterhouse in Pathumthani
province, Thailand. The adult parasites were several times washed with 0.85% NaCl
to remove the host blood, bile and contaminated microorganisms and kept in liquid

nitrogen or processed for further experiments.
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4.2.2 Extraction of adult F. gigantica genomic DNA

Genomic DNA (¢DNA) was extracted from adult F. gigantica kept
frozen in liquid nitrogen. The frozen parasites were placed in a precooled mortar
and liquid nitrogen in small amount was added. Following the parasites were ground
to a powder by using a precooled pestle. The frozen powder was transferred into a
new tube and resuspended in 500 ul of homogenization buffer (30 mM Tris-HCl, pH
8.0, 0.1 M NaCl, 10 mM EDTA, 0.5% [v/v] Triton X-100). Following centrifugation at
5,000 rpm, room temperature for 5 min the supernatant was discarded and the
pellet was resuspended in 500 pl of extraction buffer (0.1 M Tris-HCL, pH 8.0, 0.1 M
NaCl, 20 mM EDTA). The suspension was centrifuged at 5,000 rpm for 2 min at room
temperature, the supernatant was discarded and the pellet was resuspended in
300 pl of extraction buffer. Three microliters of Proteinase K (10 mg/ml, Fermentas
Life Science, Vilnius, Lithuania) and 15 ul of SDS (20% [w/v]) were added to the
suspension and incubated at 50°C for 1 h. The degraded and denatured proteins
were extracted by added an equal volume of phenol-chloroform solution (phenol:
chloroform: isoamyl alcohol - 25:24:1 Ultrapure MB Grade, USB cooperation, OH,
USA) and centrifuged at 12,000xg for 5 min. The colorless supernatant was
collected. The protein extraction was repeated once with phenol-chloroform and
once with chloroform. The supernatant of chloroform extracted was carefully
transferred to a new tube and the solution was treated with 10 pl RNase A (10
mg/ml, Fermentas Life Sciences, Lithuania) at 40°C for 1 h to degrade RNA. RNase A
was removed by phenol-chloroform and chloroform extraction steps as described
previously. The supernatant containing genomic DNA was precipitated by adding 2.5
vol of ethanol (kept at -20°C) and 0.1 vol of 3 M sodium acetate. The sample was
mixed and centrifuged at 12,000xg for 20 min at room temperature. The pellet was
washed with 70% (v/v) ethanol, air dried and resuspended in 100 pl distilled water.
The quality of the genomic DNA was analyzed by 0.7% (w/v) agarose gel
electrophoresis and the concentration was determined by comparing the band
intensity in the gel to uncut A phage DNA under UV light. The genomic DNA was

kept at -80°C until used in further experiments.
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4.2.3 Extraction of total RNA from metacercariae, NEJ, 2-, 4-, 6-week-

old juveniles and adult F. gigantica using TRIzol™

reagent
Total RNA of metacercariae, juveniles (NEJ, 2-, 4-, and 6-week-old)
and adult F. gigantica was extracted in TRIzol™ reagent (Invitrogen, Carlsbad, CA,
USA). All of the parasites except metacercariae were homogenized by using a tissue
homogenizer (Ultra-Turrax® T25 basic, IKA, Germany) at ratio 50-100 mg tissue/1 ml
of TRIzol™ reagent. Metacercariae were incubated in 1% (w/v) pepsin, 0.4% (v/v) HCl
at 37°C for 1 h and then homogenized in 1 ml TRizol™ reagent per 50-100 mg
weight using a precooled pestle and mortar. Insoluble matter was removed from
the homogenate solution by centrifugation at 12,000xg, 4°C for 10 min. The cleared
supernatant was transferred to a fresh tube and incubated at room temperature for
5 min. Then chloroform at a volume 0.2 ml per 1 ml of TRizol™ reagent was added,
mixed by shaking for 15 s and incubated at room temperature for 2-3 min. The
sample was centrifuged at 12,000xg, 4°C for 15 min. The mixture was separated into
a lower red phenol-chloroform phase, an interphase, and a colorless upper aqueous
phase. RNA remained exclusively in the aqueous phase. The aqueous phase was
carefully transferred without disturbing the interphase into a new tube. RNA was
precipitated by adding isopropyl alcohol (0.5 ml per 1 ml of starting TRizol™
reagent). The sample was incubated for 10 min at room temperature and
centrifuged at 12,000xg, 4°C for 10 min. The supernatant was discarded and the RNA
pellet was washed once with 1 ml of 75% ethanol and centrifuged at 7,500xg, 4°C
for 5 min. The pellet was dried and re-dissolved in DEPC-treated DW. The quality of
RNA was analyzed by 1% (w/v) agarose gel electrophoresis and the concentration
was quantitated by photometrical analysis (Nanodrop® ND-1000, Thermo Scientific,
Waltham, MA, USA). The RNA was kept at -80°C until processed in further

experiments.
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4.2.4 Construction of a digoxigenin (DIG) labeled FgStefin-2 DNA

probe

4.2.4.1 Restriction endonuclease digestion of the recombinant

PGEM®-T Easy plasmid carrying the FgStefin-2 cDNA

The pGEM®-T Easy plasmid containing the FgStefin-2

encoding sequence as described in Section 4.1.2.6 and Section 4.3.1 were digested

with an appropriate restriction enzyme for the Southern and Northern hybridization

DIG-labeled DNA probe, respectively. The reactions mixture were prepared as shown

below.

Components Volume (ul)
Plasmid DNA 3.0
EcoR | buffer (10x) 2.0
EcoR 1 (10 U/uD) 0.5
DW 14.5
Total volume 20.0

Components Volume (ul)
Plasmid DNA 5.0
BamH | buffer (10x) 2.0
BamH 1 (10 U/pl) 0.5
Pst 1 (10 U/pL) 1.0
DW 11.5
Total volume 20.0

The sample was mixed and incubated at 37°C for 2 h and

then the restriction endonuclease was inactivated at 65°C, 80°C for 20 min (EcoR |

and BamH | plus Pst |, respectively). The digestion products were resolved on a 0.7%

(w/v) agarose gel (as described in Section 4.1.1.2).

After electrophoresis, the

FeStefin-2 DNA fragment was extracted from the agarose gel using a QIA quick® Gel
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Extraction Kit (as described in Section 4.1.1.3) and used as template for preparation
of DIG-labeled DNA probe.
4.2.4.2 Labeling of the FgStefin-2 cDNA probe
The isolated FgStefin-2 cDNA fragment from Section 4.2.4.1
was used as template for probe preparation using the PCR DIG-Labeling Kit (Roche
Diagnostics, Mannheim, Germany). Two primer pairs were used as described in

Sections 4.1.1.1 and 4.3.1. The components in the PCR reaction mixture are listed

below.

Components Volume (ul)
Template from Section 4.2.4.1 2.0
Forward primer (10 uM) 1.0
Reverse primer (10 pM) 1.0
10x(NH,),SO, buffer 10.0
MgCl, (25 mM) 6.0
PCR DIG Labeling Mix (Dig labeling dNTPs) 10.0
Tag DNA polymerase (5U/ul) 1
DW 69
Total volume 100.0

The PCR reaction sample was mixed and PCR performed
using following conditions: pre-denaturation at 95°C for 5 min, 35 cycles of
denaturation at 95°C for 1 min, annealing at 55°C, 45°C for 1 min (Northern and
Southern hybridization DIG-labeled DNA probe, respectively) and extension at 72°C
for 1 min then one cycle of final extension at 72°C for 10 min and hold at 4°C. The
synthesized probe was analyzed by 0.7% (w/v) agarose gel electrophoresis (as
described in Section 4.1.1.2).

4.2.4.3 Probe quantification by spot assay

The concentration of the DIG-labeled DNA probe was

determined by a spot test with DIG-labeled control DNA. The DIG-labeled control
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DNA (Roche Diagnostics, Mannheim, Germany) and DIG-labeled FgStefin-2 specific
DNA probe were diluted to a concentration of 1 pyg/ml. The amount of DIG-labeled
DNA probe and the dilution series of DIG-labeled DNA probe in DNA dilution buffer

provided in the Kit (Roche Diagnostics, Mannheim, Germany) are shown in Table 4.1.



95

Table 4.1 List of the amount and dilution series of DIG-labeled DNA probe.

Tube DIG-labeled DNA Final Total dilution
concentration concentration
(1pg/ml)/dilution buffer (pg/ pb)
1 1 ulv 9 pl 100 1:10
2 1 pl (tubel)/ 9 pl 10 1:100
3 3 pl (tubel)/ 7 pl 3 1:330
a4 1 pl (tube2)/ 9 ul 1 1:1000
5 1 pl (tube3)/ 9 pl 0.3 1:3300
6 1 pl (tubed)/ 9 pl 0.1 1:10000
7 1 pl (tubeb)/ 9 pl 0.03 1:33000
8 1 pl (tube6)/ 9 pl 0.01 1:100000
9 0 pl/ 10 ul 0 Negative control
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Probe dilutions ranging from 0 to 100 pg per ul were
prepared and 1 pl of each was spotted onto a nylon membrane (Amersham
Hybond™ N*, GE Healthcare, Buckinghamshire, UK). The membrane was air dried and
then rinsed with washing buffer (10 mM PBS [140 mM NaCl, 2.7 mM KCl, 10 mM
Na,HPQOq4, 1.8 mM KH,PO4l, pH 7.2, and 0.05% [v/v] Tween-20) for 5 min. This was
followed by incubation in 1x blocking buffer (Blocking Reagent, Roche Diagnostics,
Mannheim, Germany) at room temperature for 30 min. The blocking solution was
discarded and the membrane incubated in anti-digoxigenin-AP Fab fragments (Roche
Diagnostics, Mannheim, Germany) diluted 1:5,000 in 1x blocking solution at room
temperature for 30 min. The membrane was washed in washing buffer at room
temperature twice, for 15 min each. Afterwards, the detection buffer (0.1 M Tris-HCL,
pH 9.5, 0.1 M NaCl, 50 mM MgCl,) was added to equilibrate the membrane for 5 min
before adding the freshly prepared BCIP/NBT substrate solution (Amresco, Salon, OH,
USA). The membrane was incubated in the dark without shaking until a color
precipitate had formed. Color development was stopped by washing the membrane
several times with DW. The spot intensive of the control and specific probe were
compared to estimate concentration of DIG-labeled FgStefin-2 specific DNA probe.

4.2.5 Southern hybridization analysis
4.2.5.1 Digestion of genomic DNA

Genomic DNA (20 ug) of F. gigantica (Section 4.2.2) was
digested with restriction endonucleases (Thermo Scientific, Lithuania) BamH |, Hind |ll,
or BamH I/Hind Il and separated by electrophoresis in a 0.7% (w/v) agarose gel in
TBE buffer including ethidium bromide (0.5 pg/ml). All reactions of genomic DNA

were separated as described next.
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Components Volume (ul)
Tube 1 Tube 2 Tube 3

Genomic DNA 25 25 25
10x BamH | buffer 2 - 2
10x buffer R - 2 -
BamH | 1 - 1
Hind Il - 1 2
DW 2 2 -
Total volume 30 30 30

The reactions were incubated at 37°C for 6 h in an
incubator (Memmert, Germany). The reactions of enzyme were stopped by heat-
inactivating at 80°C for 20 min. The digested DNA was resolved on a 0.7% (w/v)
agarose gel at 25 V, 12-16 hours. The agarose gel was prepared following the
procedure described in Section 4.1.1.2. Lambda DNA digested with EcoR | and
Hind IIl (Thermo Scientific, Lithuania) was used as a size standard. Subsequently, the
marker lane was cut from the gel and the remaining gel was processed for Southern
transfer.

4.2.5.2 Southern transfer

The agarose gel containing fragmented genomic DNA from
Section 4.2.5.1 was incubated in 0.25 N HCl for 20 min at room temperature and
denatured by soaking the gel in denaturing buffer (3 M NaCl, 0.5 N NaOH) for 30 min.
Following this gel was incubated in neutralizing buffer (0.5 M Tris-HC{, pH 7.0, 1.5 M
NaCl) twice, for 20 min each and transferred into 10x SSC ( 3 M NaCl, 0,3 M sodium
citrate, pH 7.0) for 30 min. The fragmented DNA was capillary-transferred to a nylon
membrane (Hybond-N Plus, Amersham Biosciences). The blotting tower is illustrated
in Figure 4.1. Two pieces of blotting paper (3MM Chromatography paper, Whatman,
UK) were cut 4-6 inches larger than the gel, saturated with transfer buffer (10x SSC)
and placed on the gel support plate of the blotting set. The plate was placed in the

transfer buffer reservoir with both ends of the gel blotting paper hanging into the
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buffer reservoir. The agarose gel (upside-down) was placed on the top of the gel
blotting paper (bridge) and covered with the prepared nylon membrane, followed by
two pieces of gel blotting paper cut to fit the gel size. A stack of paper towels was
placed on top of the blotting paper. Sufficient transfer buffer (10x SSC) was added
to the buffer reservoir to ensure a complete transfer. Finally, a light weight was
placed on the top of the stacking paper towels. The DNA was allowed to transfer to
the membrane overnight. On the following day, the stack was disassembled and the
membrane was soaked in 5x SSC for 5 min to remove bits of gel or particles from
the membrane and dried at room temperature. The nucleic acid was immobilized
on the membrane by baking in a vacuum oven at 80°C for 1 h. The membrane was
stored at -20°C until use.
4.2.5.3 Southern hybridization

The nylon membrane containing size-separated genomic
DNA was equilibrated in pre-hybridization buffer (5x SSC, 50% [v/v] formamide, 0.1
mg/ml heat-denatured Herring sperm DNA [Promega, Madison, WI, USA], 0.02% [w/V]
SDS, 2% [v/v] blocking reagent [Roche Diagnostics, Mannheim, Germany]) in a
hybridization tube in a hybridization oven with slow rotation at 42°C for 1 h. The
DIG-labeled FgStefin-2 DNA probe (Section 4.2.4) was denatured at 95°C for 5 min,
cooled on ice and added to fresh hybridization buffer. The pre-hybridization buffer
was replaced with fresh hybridization buffer that contained the DIG-labeled FgStefin-
2 DNA probe. The membrane was incubated at 42°C for 16-18 hours in a
hybridization oven with rotating. In the following day, the hybridization buffer was
removed and kept at -20°C for reuse. The membrane was incubated in wash buffer
| (2x SSC, 0.1% [w/v] SDS) at room temperature twice, for 5 min each and wash
buffer Il (0.1x SSC, 0.1% [w/v] SDS) at 50°C twice, for 15 min each. The nylon
membrane was then transferred from the hybridization tube to a container for
immunological detection.

4.2.5.4 Immunological detection

After the hybridization and washing steps, the membrane

was rinsed in maleic acid washing buffer (0.1 M maleic acid, 0.15 M NaCl, pH 7.5,

0.3% [v/v] Tween 20) for 1-5 min. After that, the membrane was incubated in 1x
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blocking solution (Roche Diagnostics, Mannheim, Germany) in maleic acid buffer
(0.1 M maleic acid, 0.15 M NaCl, pH 7.5) for 30 min at room temperature. Then the
blocking solution was discarded and replaced with anti-DIG-AP conjugate (Roche
Diagnostics, Mannheim, Germany) diluted 1: 5,000 in 1x blocking solution and the
membrane was incubated for 30 min at room temperature. Following this the
membrane was washed in maleic acid washing buffer twice, for 15 min each to
remove unbound antibodies and equilibrated in detection buffer (0.1 M Tris-HCL,
0.1 M NaCl, 50 mM MgCl,, pH 9.5) for 5 min. The detection buffer was discarded and
the membrane was incubated in freshly prepared BCIP/NBT substrate solution
(Amresco, Salon, OH, USA) in the dark without shaking until a color precipitate had
developed. Color development was stopped by washing the membrane several

times with DW. The membrane was dried and kept for analysis of the result.
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Figure 4.1 Upward capillary transfer tower for Southern blot and Northern blot

analysis.
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4.2.6 Northern hybridization analysis
4.2.6.1 Preparation of agarose gel containing 22 M
formaldehyde
A 1.2% denaturing agarose gel containing 22 M
formaldehyde was prepared under a fume hood. For preparation of 100 ml agarose
solution 1.2 ¢ of Ultrapure™ agarose powder was dissolved in 72.5 ml DEPC-treated
DW by boiling in a microwave oven. The agarose solution was allowed to cool down
to approximately 55°C before 10 ml of prewarmed 10x MOPS buffer, pH 7.2 (0.2 M
MOPS, 50 mM sodium acetate, 10 mM EDTA) and 17.5 ml of 37% formaldehyde were
added. The solution was poured into a gel tray and an appropriate comb was
inserted. The gel was allowed to polymerize for 30-60 min in a fume hood.
4.2.6.2 Preparation of RNA sample
Total RNA (50 pg) from adult F. gieantica (Section 4.2.3)
was heat-denatured in 50% formaldehyde in 1x MOPS buffer with formamide at 65°C
for 5 min and quickly cooled on ice. The RNA sample was mixed with 10x
electrophoresis sample buffer and loaded on a 1.2% (w/v) agarose gel containing 2.2
M formaldehyde in 1x MOPS buffer (Section 4.2.6.1). The components of the

reaction mixture are shown below.

Components Volume (pl)
Total RNA 20.0
Formamide 60.0
37% Formaldehyde (2.2 M in final conc.) 22.0
10x MOPS buffer 6.0
10x RNA loading buffer 12.0
Total volume 120.0

Gel electrophoresis was performed in 1x MOPS buffer
under the fume hood at 35 V for 8 h. A high range RNA molecular weight marker
(Thermo Scientific, Lithuania) was used to determine the sizes of hybridizing RNAs.

After electrophoresis the gel was stained in DEPC-treated DW containing 0.5 pg/ml of
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ethidium bromide for 15 min and then de-stained in DEPC-treated DW for 5 min.
The nucleic acid pattern on the gel was observed under an UV transilluminator (Gel
Doc 2000, BIO-RAD, Milan, Italy). Subsequently, the marker lane was cut from the gel
and the remaining gel was processed for capillary transfer.
4.2.6.3 Northern transfer, Northern hybridization  and
immunological detection
The formaldehyde agarose gel was rinsed twice in DEPC-
treated DW to remove residual ethidium bromide and equilibrated in 10x SSC. After
that, the resolved total RNA was transferred onto a nylon membrane (Amersham
Hybond™ N*, GE Healthcare, Buckinghamshire, UK) by the capillary transfer method
(as described in Section 4.2.5.2) and immobilized by baking at 80°C for 1 h.
Hybridization and immunological detection were performed as described in Sections
4.2.5.3 and 4.2.5.4.
4.2.7 Stage-specific Reverse Transcriptase Polymerase Chain

Reaction (RT-PCR)

Total RNA from NEJ, 2-, 4-, 6-week-old juveniles and adult F.
gigantica (Section 4.2.3) was used as template for RT-PCR to verify FgStefin-2 gene
expression during development. The first strand cDNA was generated by using
RevertAid™ M-MulLV Reverse Transcriptase (Thermo Scientific, Lithuania). The
FgStefin-2 specific primer pair used in this experiment and all ingredients were

prepared as described in the following lists.
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Forward primer: 5'- GGA TCC atc gag get cgc ATG CTC GTC GGT GGT TAT ACT G -3'
Reverse primer: 5- CTG CAG TCA AGT GCA AGA TAC CC-3'

Components Volume (pl)
Total RNA from each stage (0.5 pg) X
Reverse primer (10 pM) 2.0
DEPC-treated DW 12.0-X

Mix all above components by pipetting, briefly

spin and add following components

5% RevertAid™ reaction buffer 4.0
Mixed dNTPs (2.5 mM each) 2.0
RiboLock™ RNase Inhibitor 0.5
RevertAid™ M-MuLV Reverse Transcriptase 0.5
Total volume 20.0

The mixture was incubated at 42°C for 1 h and the reaction was
terminated by heating at 70°C for 10 min. The reverse transcription product was

stored on ice until used as template of PCR.
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Components Volume (pl)
Template (RT-PCR product) 2.0
Forward primer (10 uM) 1.0
Reverse primer (10 pM) 1.0
10x(NH4),SO4 buffer 5.0
MgCL, (25 mM) 3.0
Mixed dNTPs (2.5 mM each) 1.0
Tag DNA polymerase (5U/ul) 0.5
DW 36.5
Total volume 50.0

The components were mixed and the PCR reaction was performed
using following conditions: pre-denaturation at 95°C for 5 min, 35 cycles of
denaturation at 95°C for 1 min, annealing at 55°C for 1 min and extension at 72°C for
1 min then one cycle of final extension at 72°C for 10 min and hold at 4°C. The PCR
product was analyzed by 0.7% (w/v) agarose gel electrophoresis (as described in

Section 4.1.1.2).

4.3 Expression and purification of recombinant FgStefin-2 protein in prokaryotic

system and production of anti-rFgStefin-2

4.3.1 Generating the PCR products encoding FgStefin-2
The cDNA fragment encoding FgStefin-2 was amplified by PCR
using forward primer 5-GGA TCC atc gag ggt cgc ATG CTC GTC GGT GGT TAT ACT G-3'
and reverse primer 5-CTG CAG TCA AGT GCA AGA TAC CC-3. BamH | and Pst |
endonuclease restriction sites (underlined) were added to the forward and reverse
primers, respectively, to facilitate the DNA cloning into the pQE30 vector (QIAGEN,

Venlo, Netherlands). The reaction mixture was prepared as shown on the next page.
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Components Volume (pl)
Template (RT-PCR product Section 4.2.7) 2.0
Forward primer (10 uM) 1.0
Reverse primer (10 pM) 1.0
10x(NH4),SO4 buffer 5.0
MgCl, (25mM) 3.0
Mixed dNTPs (2.5 mM each) 1.0
Tag DNA polymerase (5U/ul) 0.5
DW 36.5
Total volume 50.0

The PCR reaction was performed using following conditions: pre-
denaturation at 95°C for 5 min, 35 cycles of denaturation at 95°C for 1 min, gradient
annealing at 50°C-55°C-60°C for 1 min and extension at 72°C for 1 min then one cycle
of final extension at 72°C for 10 min and hold at 4°C. The PCR product was resolved
on a 0.7% (w/v) agarose gel (as described in Section 4.1.1.2). The FgStefin-2 cDNA
fragment was extracted from the agarose gel using QIA quick® Gel Extraction Kit
(QIAGEN, Limburg, Netherlands) as described in Section 4.1.1.3. The extracted PCR
product was inserted into the pGEM®-T Easy vector by ligation and competent £. coli
XL1-Blue was transformed with the ligation product. Positive transformant XL1-Blue
E. coli clones were verified by PCR, restriction endonuclease digestion (BamH | and
Pst 1) and DNA sequencing as described in Sections 4.1.2.1 to 4.1.2.6.

4.3.2 Subcloning of the FgStefin-2 cDNA fragment from pGEM®-T

Easy into the expression vector pQE30

4.3.2.1 Restriction endonuclease digestion of FgStefin-2 and
pQE30 vector
Recombinant pGEM®-T Easy carrying FgStefin-2 (Section
4.3.1) and the pQE30 expression vector (QIAGEN, Limburg, Netherlands) were double-
digested with restriction endonucleases BamH | and Pst | (Thermo Scientific,

Lithuania). The reaction sample was set up as shown below.
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Components Volume (pl)

Plasmid DNA (pGEM®-T Easy carrying FgStefin-2 5.0

or pQE-30)

BamH | buffer (10x) 2.0
BamH 1 (10 U/pl) 0.5
Pst 1 (10 U/ul) 1.0
DW 11.5
Total volume 20.0

The sample was incubated at 37°C for 2 h and the
restriction enzymes were inactivated at 80°C for 20 min. The product was kept at
-20°C until use.

4.3.2.2 Insertion of FgStefin-2 into pQE30 vector and
introduction of the recombinant vector into E. coli
expression hosts

The digested pQE30 expression vector and digested
FgStefin-2 cDNA fragments from Section 4.3.2.1 were resolved on a 0.7% (w/v)
agarose gel (as described in Section 4.1.1.2) and their concentration was estimated
by comparison with 1 kb DNA ladder (Thermo Scientific, Lithuania). The FgStefin-2
cDNA fragment and the linearized pQE30 plasmid were extracted from the agarose
using a QIAquick® Gel Extraction Kit (QIAGEN, Limburg, Netherlands) as described in
Section 4.1.1.3 and combined by ligation using T4 DNA ligase (Thermo Scientific,
Lithuania). The insert: vector molar ratios (3:1 to 1:3) were optimized by using the

following formula:

ng of vector x kb size of insert x insert: vector molar ratio = ng of insert

kb size of vector

The ligation reaction was prepared as follows.
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Components Volume (pl)
10x T4 DNA ligase buffer 1.0
Digested pQE30 vector 1.0
Digested FgStefin-2 3.0
T4 DNA ligase (5 Weiss U/pl) 1.0
DW 4.0
Total volume 10.0

The sample was incubated at 4°C; overnight and 1 pl of
reaction product were introduced into chemically competent E. coli M15 by
transformation as described in Sections 4.1.2.2 to 4.1.2.3. The bacterial cells were
spread on LB agar containing 100 pg/ml ampicillin plus 25 pg/ml kanamycin and
incubated overnight at 37°C. Positive clones were identified by using colony PCR and
restriction endonuclease digestion (BamH | and Pst 1) as described in Sections 4.1.2.4
to 4.1.2.6.

4.3.3 Expression and purification of recombinant FgStefin-2
4.3.3.1 Small scale culture screening of rFgStefin-2 expression
and times course analysis

Single colonies each of two positive transformant clones
(Section 4.3.2) were cultured in 5 ml LB medium containing antibiotics (100 pg/ml
ampicillin and 25 pg/ml kanamycin) at 37°C with shaking 250 rpm, overnight. On the
following day, 1 ml of each starter overnight culture was used to inoculate 20 ml LB
broth containing antibiotics (100 pg/ml ampicillin and 25 pg/ml kanamycin) and
incubated at 37°C with shaking 250 rpm until an ODgy of 0.6 had been reached. One
milliliter of each culture sample was collected as a non-induced control and then
the remaining culture was induced with 1 M IPTG (Sigma Aldrich, Steinheim,
Germany) at final concentration of 1 mM. After induction the culture was incubated
for 4 h and 1 ml of cell samples were hourly collected for a time course analysis.
Both non-induced and induced bacterial cells were centrifuged at 6,000xg for 5 min.
The supernatants were discarded and the pellets were resuspended in 50 pl

denaturing lysis buffer (100 mM NaH,PO,, 10 mM Tris-HCl, 8 M urea, pH 8.0). The cell
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debris was removed by centrifugation at 6,000xg for 30 min at 4°C. The protein
expression was analyzed by 16% SDS-PAGE (as described in Section 4.3.4).
4.3.3.2 Analysis of recombinant protein solubility

The solubility of protein was determined by using the clone
with highest expression (Section 4.3.3.1). A single bacterial colony was cultured in 5
ml LB Broth containing antibiotics (100 pg/ml ampicillin and 25 pg/ml kanamycin) at
37°C with shaking 250 rpm, overnight. On the next day, 1 ml of starter overnight
culture was used to inoculate 20 ml LB broth containing the above mentioned
antibiotics and incubated at 37°C with shaking 250 rpm until an ODgyo of 0.6 had
been reached. A sample of 1 ml of non-induced bacteria was collected as a non-
induced control and the remaining culture was induced with 1 M IPTG (Sigma Aldrich,
Steinheim, Germany) to a final concentration of 1 mM. After induction the culture
was incubated for 4 h and 1 ml of cell sample was collected. The cells were
harvested by centrifugation at 6,000xg for 5 min and the supernatant was discarded.
The cell pellet was resuspended in 100 pl native lysis buffer (50 mM NaH,PO,, 300
mM NaCl, 10 mM imidazole, pH 8.0) and was lysed by sonication 6 x 9 s with 9 s
pauses at 30% amplitude using a sonicator (Sonics vibra cell™ VC 750, Newtown, CT,
USA). During the sonication process, the cells were kept on ice at all times. The
lysate was centrifuged at 12,000xg, 4°C, 10 min. The supernatant (soluble protein
fraction) was collected and kept on ice. The pellet was resuspended (insoluble
protein fraction) in 100 pl denaturing lysis buffer (100 mM NaH,PO,4, 10 mM Tris-HCL, 8
M urea, pH 8.0). The protein solubility was analyzed by 16% SDS-PAGE (as described
in Section 4.3.4).

4.3.3.3 Large scale expression of recombinant FgStefin-2

protein

A single colony of transformant E. coli M15 carrying pQE30-
FeStefin-2 was cultured in 5 ml LB broth containing antibiotics (100 pg/ml ampicillin
and 25 pg/ml kanamycin) at 37°C with shaking 250 rpm, overnight. In the following
day 100 ml LB broth containing antibiotics (100 pg/ml ampicillin and 25 pg/ml
kanamycin) were inoculated with 5 ml overnight culture and incubated at 37°C with

shaking 250 rpm until the ODgy had reached 0.6. The expression of recombinant
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protein was induced by adding 1 M IPTG to a final concentration of 1 mM and the
culture was incubated for 4 h. The bacterial cells were harvested by centrifugation
at 6,000xg, 4°C, 30 min and the supernatant was discarded. The cell pellet was kept
at —20°C or immediately processed for purification of recombinant protein.
4.3.3.4 Purification of recombinant FgStefin-2
The recombinant FgStefin-2 was purified by nickel-nitrilo tri-
acetic acid (Ni-NTA) affinity chromatography. The cell pellet in Section 4.3.3.3 was
resuspended in 5 ml native lysis buffer (50 mM NaH,PO,, 300 mM NaCl, 10 mM
imidazole, pH 8.0) per gram wet weight. The bacterial cells were lysed by sonication
6 x 9 s with 9 s pauses at 30% amplitude and centrifuged at 6,000xg at 4°C for 30
min to remove the cell debris. The supernatant was transferred into a new sterile
tube. A 1 ml of Ni-NTA agarose slurry (QIAGEN, Hilden, Germany) was added to 4 ml
cleared lysate and mixed gently on a rotary shaker at 4°C for 1 h. The mixture of
proteins and beads was loaded into a polypropylene column and waited until the
beads were packed by gravity. The bottom cap was removed and the flow-through
was collected. The column was washed twice with 4 ml washing buffer (50 mM
NaH,POg4, 300 mM NaCl, 20 mM imidazole, pH 8.0) and the washing fractions were
collected. The rFgStefin-2 was eluted 4 times with 0.5 ml each elution buffer (50
mM NaH,PO,4, 300 mM NaCl, 250 mM imidazole, pH 8.0). All protein fractions were
analyzed by 12.5% SDS-PAGE (as described in Section 4.3.4).
4.3.4 Analysis of recombinant proteins by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)

SAS-PAGE is the method used to separate the proteins by their
molecular mass. Smaller proteins migrate faster through the acrylamide mesh and
the proteins are separated according to mass (usually measured in kilodaltons, kDa).

4.3.4.1 Preparation of polyacrylamide gel
The protocol to prepare the polyacrylamide gels was
modified from the Hoeffer manual (Amersham Biosciences, UK). The separating and
stacking gel for 12.5% and 16% acrylamide (Tris-Glycine gel) were prepared as
described in Table 4.2
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4.3.4.2 Preparation of samples and electrophoresis of proteins
The protein samples were mixed with an equal volume of
2x sample electrophoresis buffer (0.125 M Tris-HC|, pH 6.8, 4% [w/v] SDS, 20% [v/V]
glycerol, 0.2 M DTT, 0.02% bromophenol blue) and heat-denatured at 95°C for 5 min
to denature the protein or mixed with 5x native sample loading buffer (0.313 M Tris-
HCL, pH 6.8, 50% [v/V] glycerol, 0.05% [w/Vv] bromophenol blue). The denatured and
non-denatured proteins were loaded into the wells of the stacking gel in the
electrophoretic chamber (Amersham Biosciences, Buckinghamshire, UK) containing
electrophoresis buffer (0.025 M Tris-HCl, pH 8.9, 0.2 M ¢lycine, 0.1% [w/v] SDS).
Broad range molecular weight standard (Bio-Rad, California, USA) was used as
standard protein marker. Electrophoresis proceeded at a constant current of 20 mA
per gel (Electrophoresis Power Supply EPS 301, Amersham Biosciences, UK) until the
front dye marker had reached the bottom of the gel. The gel was removed from the
glass plates and placed in a clean staining tray of the appropriate size and then
stained with 0.025% (w/v) Coomassie Blue R-250 (Brilliant Blue R-250, USB
Corporation, Cleveland, OH, USA) or silver (the SilverQuest™ Silver Staining Kit) as
described in Sections 4.3.4.3 and 4.3.4.4.
4.3.4.3 Staining of proteins in the polyacrylamide gel with
Coomassie Blue R-250
The polyacrylamide gel was fixed and stained in Coomassie
blue staining solution (0.025% [w/v] Coomassie Brilliant Blue R-250, 40% [v/V]
methanol, and 7% [v/v] glacial acetic acid) with shaking at room temperature,
overnight.  After staining, the dye solution was replaced with high methanol
destaining solution (40% [v/v] methanol, 7% [v/V] glacial acetic acid) followed by low
methanol destaining solution (5% [v/v] methanol, 7% [v/Vv] glacial acetic acid). The
destaining solutions were used for decreased the background of stained gel. The gel
was subsequently kept in 1% [v/V] glycerol and dried on a cellophane membrane for
long-term storage. The protein bands were visualized directly or photographed.
4.3.4.4 Silver staining of proteins in polyacrylamide gels
The polyacrylamide gel was fixed and stained in silver

solution using a SilverQuest™ Silver Staining Kit (Invitrogen, Carlsbad, CA, USA)
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according to the manufacturer’s instructions. The gel was briefly rinsed with DW and
then fixed in 50 ml fixative (ethanol 20 ml, acetic acid 5 ml and DW 25 ml) at room
temperature for 20 min with gentle agitation to remove interfering ions and
detergent from the gel. The fixative solution was discarded and the gel was washed
with 30% (v/v) ethanol at room temperature for 10 min before adding 50 ml of
sensitizing solution (ethanol 15 ml, sensitizer 5 ml and DW 30 ml) and then
incubated at room temperature for 10 min with gentle agitation to increase
sensitivity and contrast of the stain. The sensitizing solution was discarded and the
gel was washed with DW at room temperature for 10 min. Afterwards, the gel was
incubated in 50 ml staining solution (stainer 0.5 ml and DW 49.5 ml) at room
temperature for 15 min with gentle agitation to bind silver ions to the proteins. After
the staining was achieved, the staining solution was discarded and the gel was
washed with DW at room temperature for 30 s. Subsequently, 100 ml of developing
solution (developer 10 ml, developer enhancer 1 drop and DW 90 ml) was added
and the gel incubated for 4-8 minutes until the desired staining intensity had been
reached. Afterwards 10 ml of stopper solution was immediately added to the gel
while still submerged in developing solution. The gel was incubated at room
temperature with gentle agitation until the color of solution had changed from pink
to colorless indicating that the development process had been stopped. Finally, the
solution was discarded, the gel was washed with DW for 10 min and dried on a
cellophane membrane for long-term storage. The protein bands were visualized

directly or photographed.



Table 4.2 Preparation of polyacrylamide gel.

List of components for 12.5% and 16% Tris-Glycine gel (for one gel)
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Reagent

12.5%
Separating gel

16%
Separating gel

4%
Stacking gel

30% Acrylamide stock (ml) 3.13 4.00 0.33
1.5 M Tris-HCl pH 8.8 (ml) 1.88 1.88 -

0.5 M Tris-HCl pH 6.8 (ml) - = 0.63
10% SDS (ml) 0.08 0.08 0.03
DW (ml) 2.38 1.51 1.50
10% w/v APS (ul) 37.50 37.50 12.50
TEMED (ul) 2.50 2.50 1.25
Total volume (ml) 7.50 7.50 2.50




Table 4.2 Preparation of polyacrylamide gel (cont.)

List of components for 10% polyacrylamide gel containing 0.1% gelatin
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Reagent

10%

Separating gel

5%

Stacking gel

30% Acrylamide stock (ml) 5.00 0.75
1.5 M Tris-HCl pH 8.8 (ml) 3.75 -

0.5 M Tris-HCl pH 6.8 (ml) - 1.25
10% SDS (mU) 0.15 0.05
DW (ml) 3.08 2.95
10% w/v APS (ul) 100.00 50.00
TEMED (ul) 15.00 5.00
0.5% Gelatin 3.02 -

Total volume (ml) 15.00 5.00
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4.3.5 Dialysis of rFgStefin-2
The recombinant FgStefin-2 in elution buffer (Section 4.3.3.4) was
dialyzed against 10 mM PBS, pH 7.2 in a dialysis bag (3 Spectral Por® Dialysis
Membrane, Rancho Dominiguez, CA, USA) to obtain refolded soluble protein. The
dialysis bag was cut into the desired length and washed with DW before use. The
bag was tightly closed at one side with a string and rFgStefin-2 in elution buffer was
added into the bag by pipetting. The bag was tightly closed with a string and then
immersed in 10 mM PBS, pH 7.2 at 4°C with stirring. PBS buffer was changed after 1 h
and the dialysis process was continued overnight. The solution was transferred from
the dialysis bag into a microtube by pipetting and kept at -20°C until use.
4.3.6 Measurement of protein concentration
Determination of protein concentration was performed by using
the Bradford method according to the microtiter plate protocol of the Bio-Rad
Protein Assay (Bio-Rad, California, USA). The bovine serum albumin (Sigma Aldrich,
St. Louis, MO, USA) was used as protein standard by diluting at a range of 0.05 to 0.5
mg/mlin 10 mM PBS, pH 7.2. Each BSA dilution and the protein sample (10 pl) were
added to individual wells of a standard 96-wells non-protein-absorbed plastic plate
(NUNC, Roskide, Denmark). The samples were mixed with 200 pl of working dye
solution (1 ml Dye Reagent Concentrate plus 4 ml DW). The mixtures were
incubated at room temperature for 5 min and then the ODsos was measured on a
microplate reader (Anthos 2020, Anthos Labtec Instruments, Austria). A protein
standard curve was plotted by the concentration of the BSA standards and
absorbance. The concentration of protein samples was calculated from equation of
the linear standard curve.
4.3.7 Production of polyclonal antibodies against rFgStefin-2
4.3.7.1 Animal immunization
Polyclonal antibodies were produced by immunization of
6-8 week-old BALB/c mice. The rFgStefin-2 (10 pg per well) was analyzed by 12.5%
SDS-PAGE (as described in Section 4.3.4), the gel was stained with 0.5% Coomassie
blue G-250 (Brilliant Blue G-250, USB Corporation, Cleveland, OH, USA) and destained

with DW. The band of rFgStefin-2 was carefully cut from the gel to avoid the other
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co-purified bacterial proteins and transferred to a microcentrifuge tube. Afterwards,
10 mM PBS, pH 7.2 was added into the tube and then the mixture was ground by a
glass homogenizer.  Before immunization process, the preimmune sera were
collected from three BALB/c mice as negative control. Two weeks later, all of the
mice were primary intraperitoneally injected with 100 ul of the gel containing 10 ug
rFgStefin-2 as described above. The immunization step was repeated twice in a 3-
week interval by the same route. Serum samples were collected every 2 weeks after
immunization by collecting the blood from tail using capillary tubes with
anticoagulant and then the tubes were centrifuged at 10,000xg for 10 min at room
temperature (priming, first and second boost serum). The sera were collected and

kept at —20°C for further experiments.
4.3.7.2 Determination of the specific antibody titer by indirect

ELISA

Indirect ELISA was used to demonstrate the immune
response of all mouse anti-rFgStefin-2 antisera (Section 4.3.7.1) against rFgStefin-2. A
standard 96-well ELISA plate (NUNC, Roskide, Denmark) was coated with 100 ng
rFgStefin-2 in 100 pl of ELISA coating buffer (30 mM Na,COs, 75 mM NaHCOs;, pH 9.6).
The plate was added into the humidified chamber and incubated at 4°C, overnight.
On the next day, the solution was discarded and the plate was washed three times
with washing buffer (10 mM PBS, pH 7.2, 0.05% [v/V] Tween® 20) to remove unbound
protein and the unoccupied sites in each well were blocked by adding 200 ul of
blocking solution (0.25% [w/v] BSA in coating buffer). The plate was incubated at
room temperature for 30 min and then washed with washing buffer for 3 times. The
anti-rFeStefin-2 antisera were diluted (1:800) in antibody diluents (0.25% [w/v] BSA in
10 mM PBS, pH 7.2) and then 100 pl of diluted serum was added to each well. The
plated was incubated in a humidified chamber at 37°C for 1 h and then washed
three times with washing buffer. The secondary antibody (HRP-conjugated goat anti-
mouse IgG, Zymed, San Francisco, CA, USA) was diluted 1:10,000 in antibody diluents
and added to the wells (100 pl per well). The plate was incubated at 37°C for 1 h
and washed three times with washing buffer. Subsequently, 100 ul of OPD substrate
(Sigma Aldrich, St. Louis, IL, USA) was added to wells. The plate was incubated in
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the dark for 30 min at room temperature and the reaction was stopped by adding 25
ul of 3 M H,SO, to each well. The absorbance was measured at a wavelength of 492

nm on a microplate reader (Anthos 2020, Anthos Labtec Instruments, Austria).

4.4 Characterization of recombinant FgStefin-2 protein

4.4.1 Preparation of parasite antigen
4.4.1.1 Preparation of «crude extract of F. gigantica
metacercariae
Metacercariae of F. gigantica were digested in 1% (w/v)
pepsin, 0.4% (v/v) HCl at 37°C for 1 h and then homogenized in 0.1 M sodium
acetate buffer pH 5 followed by centrifugation at 20,000xg¢ for 1 h, room
temperature. The supernatant was collected and used as crude extract. The
concentration of protein was measured (as described in Section 4.3.6) and the crude
extract was stored at -20°C until used.
4.4.1.2 Extraction of crude worm antigens from adult F.
gigantica
Frozen adult F. gigantica (Section 4.2.1.3) were mixed with
homogenization buffer (10 mM Tris-HCL, pH 7.2, 0.5% [v/Vv] Triton X-100, 1 mM PMSF,
150 mM NaCl and 1 mM EDTA) at a ratio 1 gram tissue per 2 ml buffer and
homogenized by using a tissue homogenizer (IKA, Staufen, Germany). The
homogenate was centrifuged at 12,000xg, 4°C for 30 min to remove insoluble
material and the supernatant was collected. The concentration of soluble CW was
determined (as described in Section 4.3.6) and the crude extract was kept at -20°C
for further experiments.
4.4.1.3 Preparation of excretory/secretory products
Excretory-secretory product was prepared from freshly
collected adult parasites obtained from bile ducts of naturally infected cattle. The
parasites were repeatedly washed in 10 mM PBS, pH 7.2 at room temperature with
gentle shaking. The cleaned parasites were cultured in 10 mM PBS, pH 7.2 and
incubated at 37°C for 4 h. The buffer was collected and fresh PBS was hourly added



117

for 4 h. The collected buffer was centrifuged at 5,000xg, 4°C for 20 min to eliminate
the eggs of the parasites and other insoluble material. The ES products in the
supernatant were concentrated using Amicon® Ultra centrifugal filters (3 kDa cut off,
Millipore, Carrigtwohill, Ireland). The concentration of protein was measured (as
described in Section 4.3.6) and the ES product was kept at -20°C until further
analysis.
4.4.2 Western analysis
4.4.2.1 Western blot analysis of recombinant and native

proteins

CW extract (10 wg), ES product (10 pg) and recombinant
FgStefin-2 (100 ng) were resolved by 12.5% SDS-PAGE (as described in Section 4.3.4)
and then the gel was transferred into semi-dry transfer buffer (50 mM Tris, 40 mM
glycine, 0.04% [w/v] SDS, 20% [v/v] methanol). A Hybond™ ECL nitrocellulose
membrane (Amersham, GE Healthcare, Buckinghamshire, UK) and 3 MM blotting
papers (Whatman®, GE Healthcare, Buckinghamshire, UK) were submersed in transfer
buffer for 5 min before use. The semi-dry blotting stack was prepared as follows: 6
pieces of buffer-saturated blotting paper, nitrocellulose membrane, gel and 6 pieces
blotting paper as shown in Figure 4.2 and placed in the middle of a Fastblot B33
instrument (Whatman Biometra, Goettingen, Germany). The air bubbles were
removed by rolling a glass pipette carefully over the blotting stack. The protein
transfer was performed at 60 mA for 45 min. After blotting, the nitrocellulose
membrane was stained with Ponceau S solution (0.1% [w/v] Ponceau S (Sigma
Aldrich, Steinheim, Germany), 5% [v/v] acetic acid) for 5 min and washed with DW
until the protein bands were observable. The blotted membrane was dried and
stored at -20°C or immediately processed for immunological detection (as described
in Section 4.4.2.2).

4.4.2.2 Western immunological detection

The blotted membrane was washed in DW for 10 min and
then equilibrated in 1x TBS (20 mM Tris-base, 150 mM NaCl) for 5 min at room
temperature.  Subsequently, the equilibration buffer was replaced with blocking

solution (5% [w/v] Skim milk [Oxiod, Hampshire, England] in 1x TBS, pH 7.5) at room
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temperature for 1 h with gentle agitated. Mouse anti-rFgStefin-2 antiserum was
diluted 1:1,000 (pre-immune serum was used as negative control) in antibody diluent
(1% [w/v] Skim milk in TBS, pH 7.5) and used to probe the membrane-bound
antigens followed by incubation at 4°C, overnight. Afterwards, the membrane was
washed three times for 5 min each in washing buffer (1x TBS, 0.05% [v/V] Tween®
20). The membrane was incubated with goat anti-mouse IgG (whole molecule)-
alkaline phosphatase (Sigma Aldrich, Steinheim, Germany) diluted 1:30,000 in
antibody diluent with gentle shaking at room temperature for 1 h. The wash step as
mentioned above was repeated to remove the unbound antibodies and the
membrane was equilibrated in detection buffer (0.1 M Tris-HCL, pH 9.5, 0.1 M NaCl,
50 mM MgCl,) for 5 min. The colorimetric signal was detected in the dark by using
the chromogenic substrate mix BCIP/NBT (Amresco, Salon, OH, USA) until the signal
was observed. The reaction was stopped by washing the membrane several times

with DW.
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Gel

Membrane
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Figure 4.2 The semi-dry blotting stack for western blot analysis.
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4.4.2.3 Cross reactivity of mouse anti-rFgStefin-2 antisera
against rFgStefin-1, multi-domain cystatin (FgMDC) and

crude worm extracts of other trematodes
Western analysis was used to analyze cross-reactivity of
anti-rFeStefin-2 antisera (Section 4.3.7.1) to CW extracts of other trematodes. CW
extracts from Opisthorchis viverrini (10 pg), Paramphistomum spp. (10 pg), Eurytrema
pancreaticum (10 pg), Schistosoma mansoni (10 pg), Fischoederius elongates (10 ug),
Fasciola gigantica (10 pg), rFgStefin-1 (100 ng), multi-domain cystatin (100 ng) and
rFgStefin-2 (100 ng) were resolved by 12.5% SDS-PAGE (as described in Section 4.3.4).
All proteins were electrotransferred to nitrocellulose membrane by semi-dry blotting
using a Fastblot B33 instrument and then processed for immunological detection as

described in Sections 4.4.2.1 and 4.4.2.2.

4.5 Analysis of native FgStefin-2 distribution in parasite tissue sections

4.5.1 Preparation of paraffin-embedded tissue sections

The 2- and 4-week-old juveniles and adult F. gigantica were
freshly collected and processed (as described in Sections 4.2.1.2 and 4.2.1.3) for
immunolocalization. The adult parasites were cut into several smaller pieces before
fixation. All stages of the parasite were fixed with freshly prepared fixative solution
(4% [w/v] paraformaldehyde in 10 mM PBS, pH 7.2) at 4°C for 4 h. Subsequently, the
fixative solution was discarded and the tissue was dehydrated three times with 50%,
70%, 80%, 95% and absolute ethanol, respectively for 20 min each. The absolute
ethanol was replaced with xylene for three times, 10 min each and then the worms
were transferred to 60°C incubator. Afterwards, prewarmed xylene:paraplast at a
ratio 1:1 was added followed by incubation at 60°C for 30 min and this step was
repeated for three times. The parasites were immersed in melted paraplast (Q Path
Paraffin Normal, LABONORD SAS, Templemars, France), incubated at 60°C for 1 h and
this step was repeated for three times. Thereafter, the tissue was embedded in fresh
molten paraplast and the paraffin was allowed to harden at room temperature,

overnight. On the following day, the embedded tissue was cut at 8 um thick by a
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microtome (LEICA RM 2235, Nussloch, Germany) and placed on gelatin coated slides
(as described in Section 4.5.2). The tissue sections were completely dried on a 42°C
heating plate and stored in a dry place until used.
4.5.2 Preparation of gelatin-coated microscope glass slides

The gelatin-coating solution was prepared by dissolving 3 ¢ of
gelatin (Sigma Aldrich, St. Louis, IL, USA) in DW at 45°C and then 0.05 g of chromium
potassium sulfate (Fluka chemika, Steinheim, USA) was added. The glass slides were
cleaned with detergent and washed several times with water. The cleaned slides
were placed into a staining rack and then the rack was immersed into the gelatin-
coating solution for 5 min. Afterwards, the rack containing the slides was slowly
removed from the solution. The wet slides were air dried at 37°C in a hot air oven
(Memmert, Germany) for 1 h. Dried slides were kept in the box at room temperature
until used.

4.5.3 Immunohistochemical detection of native FgStefin-2 in tissue

sections

The tissue sections on the gelatin coated slides were dewaxed
twice in xylene for 10 min each and then rehydrated in serial alcohol dilutions
including absolute, 95%, 90%, 80%, 70% (v/v) ethanol for two times, 5 min each.
The slides were rinsed with DW and non-specific binding sites were blocked by
incubation in glycine blocking solution (0.1% [w/V] glycine in 10 mM PBS, pH 7.2) and
4% BSA in PBS each for 30 min at room temperature, respectively. Afterwards, the
blocking solution was discarded and mouse anti-rFgStefin-2 antiserum diluted 1:400
in antibody diluents (1% [w/v] BSA in 10 mM PBS, pH 7.2) was added followed by
incubation in a humid chamber at 4°C overnight. On the next day, the sections were
washed three times with washing buffer (10 mM PBS, pH 7.2 and 0.1% Tween®20) for
5 min each with gentle shaking to remove unbound antibodies and then incubated
twice with 3% (v/v) H,O, (prepared from 30% [v/v] H,O, Merck, Hohenbrunn,
Germany) in the dark at room temperature for 10 min each to suppress endogenous
peroxidase activity. The sections were rinsed with DW and washed three times with
washing buffer for 5 min each. Subsequently, the sections were incubated with

biotinylated rabbit anti-mouse immunoglobulins (Dako™, Agilent Technologies, USA)
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diluted 1:200 in PBS at room temperature for 30 min. The wash step as mentioned
above was repeated and then the sections were incubated with avidin-biotin
peroxidase (ABComplex Kit, Thermo Scientific, Rockford, IL, USA) in a humid chamber
at room temperature for 30 min. The sections were washed as above and then
incubated with AEC substrate solution (Invitrogen, Carlsbad, CA, USA) for the
colorimetric detection. The color development was stopped by washing several
times with washing buffer. After the reaction had been stopped only the sections of
adult parasite were counterstained with modified hematoxylin solution at room
temperature for 1 min and destained with DW. The tissue sections were mounted in
10% (v/v) glycerol in PBS. Mouse preimmune serum (1:400) was used as negative

control.

4.6 Functional analysis of recombinant FgStefin-2

4.6.1 Determination of Km

The Michaelis-Menten constant (K,,) is defined as the substrate
concentration at which the reaction velocity is equal to half-maximal velocity for the
enzymatic reaction. K, was determined from initial velocities (v,) over a range of
substrate concentrations [S] at a fixed enzyme concentration.  The ranging
concentration of fluorogenic substrate (Z-Arg-Arg-AMC, Sigma Aldrich, St. Louis, IL,
USA) from 0-512 uM was mixed with 1 ng of native bovine cathepsin B (Sigma Aldrich,
St. Louis, IL, USA) in 2x CatB-cystatin assay buffer (100 mM MES, 400 mM NaCl, 2 mM
EDTA, 2 mM DTT, pH 6.0. Afterwards, the fluorescence released by substrate
hydrolysis was measured at excitation wavelengths of 390 nm and emission
wavelengths of 460 nm on a Varioskan Flash spectral scanning multimode reader
(Thermo Scientific, Waltham, MA, USA). Non-linear regression was used to plot initial
velocity versus substrate concentration according to equation 1 by using GraphPad
Prism 6.0.
Equation 1: Vo = Vmax [S] / (K, +[S])
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4.6.2 Determination of the inhibition coefficients (ICs)

The inhibitory activities of rFgStefin-2, rFgStefin-1 and native
human cystatin C (Calbiochem, USA) on several proteases were determined by
analyzing residual enzyme activity after incubation of each enzyme with all inhibitors.
The ICsy of purified rFgStefin-2, rFgStefin-1 and native human cystatin C were
determined for ES product (Section 4.4.4.3) and native bovine cathepsins B and L
(Sigma Aldrich, St. Louis, IL, USA).

Cathepsin L activity and cysteine protease activity in ES product
were measured by a modified method from Barrett and Kirschke (1981). Native
bovine cathepsin L (1 ng/reaction) and ES product (10 ng/reaction) were activated in
CatL assay buffer (340 mM sodium acetate, 60 mM acetic acid, 4 mM EDTA, 8 mM
DTT, pH 5.5) containing 1 M cysteine for 5 min at room temperature. Subsequently,
rkgStefin-2, rFgStefin-1 and human cystatin C at the final concentrations of 20-500
nM were added and then pre-incubated at room temperature for 5 min. The
substrate solution (Z-Phe-Arg-AMC, Sigma Aldrich, St. Louis, IL, USA) at final
concentration of 10 uM was added.

Native bovine cathepsin B (1 ng/reaction) was incubated in CatB
assay buffer (100 mM MES, 400 mM NaCl, 2 mM EDTA, 2 mM DTT, pH 6.0) at room
temperature for 5 min to activate the enzyme. Afterwards, different amount of
inhibitors at the final concentrations of 100-1,200 nM were added and pre-incubated
for 5 min at room temperature. The substrate solution (Z-Arg-Arg-AMC, Sigma
Aldrich, St. Louis, IL, USA) at final concentration of 10 uM was added.

All of the mixture samples (proteases, inhibitors, and substrates)
were incubated in black 96-well microtiter plates (Thermo Scientific, Denmark) at
37°C for 30 min. Subsequently, the fluorescence was measured on a Varioskan Flash
spectral scanning multimode reader (Thermo Scientific, Waltham, MA, USA) at
excitation and emission wavelengths of 355 nm and 460 nm, respectively. Assays
were performed in triplicate for duplicate samples. The data was normalized
between 0% to 100% activities and nonlinear fitted according to a sigmoidal dose-

response (variable slope) to obtain the IC5, values using GraphPad Prism 6.0.
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4.6.3 Determination of the equilibrium inhibition constant (K

The equilibrium inhibition constant (K) of purified rFgStefin-2,
rFgStefin-1 and human cystatin C for native bovine cathepsins B (Sigma Aldrich, St.
Louis, IL, USA) was determined from the equilibrium rates of fluorogenic substrate
hydrolysis by enzyme at different amount of inhibitors. The enzyme protease at the
final concentration 25 pg was incubated with different concentration (final
concentration 20 to 1,000 nM ) of rFgStefin-2, rFgStefin-1 and human cystatin C in
cathepsin B assay buffer (100 mM MES, 400 mM NaCl, 2 mM EDTA, 2 mM DTT, pH
6.0) at room temperature for 5 min. Subsequently, the substrate solution (Z-Arg-Arg-
AMC, Sigma Aldrich, St. Louis, IL, USA) at final concentration of 10 uM was added.
The fluorescence of released product was continuously monitored at 37°C, 60 s
intervals for 30 min on a Varioskan Flash spectral scanning multimode reader
(Thermo Scientific, Waltham, MA, USA) at excitation and emission wavelengths of 355
nm and 460 nm, respectively. The recorded values were fitted using nonlinear
regression with the Morrison equation for tight competitive inhibition using GraphPad
Prism 6.0.

4.6.4 Zymography

The inhibitory activity of rFgStefin-2 and rFgStefin-1 against the
proteolytic activity of ES products, CW extracts from metacercariae and adults
(Section 4.4.1) was visualized on non-denaturing gels containing gelatin substrate. ES
product, CW metacercariae and CW adult (2 ug) were incubated in assay buffer (0.1
M sodium acetate, pH 5.5, 1 mM EDTA) in the presence or absence of rFgStefin-2 and
rFgStefin-1 (1-20 pM) at 37°C for 30 min. The samples were mixed with 5x native
sample loading buffer (0.313 M Tris-HC|, pH 6.8, 50% [v/Vv] glycerol, 0.05% [w/V]
bromophenol blue) and analyzed by a non-denaturing 10% polyacrylamide gel
containing 0.1% gelatin (as described in Section 4.3.4). After electrophoresis, the gel
was twice washed in 2.5% Triton X-100 with gentle agitation for 30 min each to
remove the SDS from the gel. The washing buffer was discarded and the developing
buffer (0.1 M sodium acetate, 1 mM EDTA, 2 mM DTT, pH 5.5) was added followed
by incubation at room temperature for 10 min with gentle agitation. Subsequently,

the developing buffer was replaced with fresh developing buffer and the gel was
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further incubated at 37°C, overnight. On the following day, the gel was washed with
DW and stained with 0.5% Coomassie blue G-250 followed by incubation at room
temperature, overnight. On the next day, the gel was destained with high methanol
destaining solution (40% [v/v] methanol, 7% [v/v] glacial acetic acid) until clear
bands were observed. Finally, the gel was incubated in 50% methanol for 3 h and
dried on a cellophane membrane.
4.6.5 Temperature stability of rFgStefin-2
Analysis of thermal stability of rFgStefin-2 was analyzed by
incubation of rFgStefin-2 (1 uM) in cathepsin L assay buffer (340 mM sodium acetate,
60 mM acetic acid, 4 mM EDTA, pH 5.5) containing 1 M cysteine at 100°C for 30 to
180 min. The mixture was rapidly cooled on ice and the residual inhibitory activity
of rFgStefin-2 at 250 nM final concentration against bovine cathepsin L (Sigma
Aldrich, St. Louis, IL, USA) was determined as described in Section 4.6.2 in duplicate
measurements. The percentage of residual inhibitory activity of rFgStefin-2 against
cathepsin L was calculated in comparison with cathepsin L activity in the absence of
inhibitor.
4.6.6 pH dependency of rFgStefin-2
Analysis of pH dependency of rFgStefin-2 was performed by
incubation of rFgStefin-2 (1 uM) in different pH assay buffers (20 mM sodium acetate
buffer [pH 3.0-6.0], sodium phosphate buffer [pH 7.0-8.0], and Tris-HCl buffer [pH
9.0] for 30 min at 37°C. Subsequently, the residual inhibitory activity against bovine
cathepsin L (Sigma Aldrich, St. Louis, IL, USA) was determined at 250 nM final
concentration of rFgStefin-2 as described in  Section 4.6.2 in duplicate
measurements. The percentage of residual inhibitory activity of rFgStefin-2 against
cathepsin L was calculated in comparison with cathepsin L activity in the absence of
inhibitor.
4.6.7 RT-PCR and western blot analysis of FgStefinl and FgStefin-2
genes products in metacercariae and adult F. gigantica
Total RNA from metacercariae and adult F. gigantica (Section
4.2.3) was used as template in RT-PCR to verify FgStefin-1 and FgStefin-2 gene

expression during development. The first strand cDNA was generated by using
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RevertAid™ M-MuLV Reverse Transcriptase (Thermo Scientific, Lithuania). The
rFgStefin-1 and rFgStefin-2 specific primer pair used in this experiment and all of the

ingredients are detailed in the following lists.

FgStefin-1

Forward primer: 5-AAT CAC TAA AAA TGA TGT GC-3'

Reverse primer: 5-ATA GGA GTA CCG GTC ATG-3'

FgStefin-2

Forward primer: 5'-GGA TCC atc gag ggt cgc ATG CTC GTC GGT GGT TAT ACT G-3'
Reverse primer: 5-TGC ATG TGC AGA GAT AGC-3'

Components Volume (ul)
Total RNA from each stage (2 ug) X
Reverse primer (10 pM) 2.0
DEPC-treated DW 12.0-X

Mix all above components by pipetting, briefly

spin and add following components

5% RevertAid™ reaction buffer 4.0
Mixed dNTPs (2.5 mM each) 2.0
RiboLock™ RNase Inhibitor 0.5
RevertAid™ M-MulLV Reverse Transcriptase 0.5

Total volume 20.0
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The mixture was incubated at 42°C for 1 h and the reaction was
terminated by heating at 70°C for 10 min. The reverse transcription product was

stored on ice until used as template of PCR.

Components Volume ()
Template (RT-PCR product) 2.0
Forward primer (10uM) 1.0
Reverse primer (10pM) 1.0
10x(NH4),SO4 buffer 5.0
MgCl, (25mM) 3.0
Mixed dNTPs (2.5mM each) 1.0
Tag DNA polymerase (5U/ul) 0.5
DW 36.5
Total volume 50.0

The components were mixed and the PCR reaction was performed
using the following conditions: pre-denaturation at 95°C for 5 min, 35 cycles of
denaturation at 95°C for 1 min, annealing at 55°C for 1 min and extension at 72°C for
1 min then one cycle of final extension at 72°C for 10 min and hold at 4°C. The PCR
product was analyzed by 0.7% (w/v) agarose gel electrophoresis (as described in
Section 4.1.1.2).

For the western blot analysis, ES products, CW extracts from
metacercariae and adults (Section 4.4.1) were electrotransferred to a nitrocellulose
membrane and the membrane was processed for immunological detection as

described in Sections 4.4.2.1-4.4.2.2.
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4.6.8 Reactivity of sera from F. gigantica-infected mice to rFgStefinl
and rFgStefin-2
The pre-infection sera and 2-, 4-, 6-week postinfection sera of 14 F.
gigantica-infected mice (Section 4.2.1.2) were used to detect rFgStefin-1 and

rFgStefin-2 by ELISA as described in Section 4.3.7.2.

4.7 Analysis of immunomodulatory properties of recombinant FgStefin-2

4.7.1 Isolation of murine spleen cells

Naive BALB/c mice were sacrificed by euthanasia method (cervical
dislocation) to collect the spleens. Each spleen was placed in a sterile glass petri
dish containing a few milliliters of complete RPMI medium (RPMI-1640 supplemented
with 1% antibiotic-antimycotic, 2 mM glutamine, and 10% fetal bovine serum). The
splenocytes were separated by crushing the tissue between sterile frosted-end
slides. The suspension was transferred to a sterile tube and the splenocytes were
recovered by centrifugation at 1,000xg for 5 min. The supernatant was discarded by
pipetting and the cell pellet was resuspended in 2 ml of RBC lysis buffer (ammonium
chloride and 0.1 M Tris-HCL) followed by incubation at room temperature for 5 min.
Subsequently, 5 ml of complete RPMI medium was added and the cells were
recovered by centrifugation at 1,000x¢ for 5 min. The supernatant was discarded by
pipetting and the cell pellet was washed three times with 5 ml complete RPMI
medium followed by centrifugation at 1,000xg for 5 min. Finally, the splenocytes
were resuspended in 5 ml complete RPMI medium and the cells were stained with
trypan blue solution to determine the cell viability by using a hemocytometer. The
cell viability was counted within 10 min to avoid false cell staining.

4.7.2 Isolation of murine PBMC

The peripheral blood mononuclear cells (PBMC) of naive BALB/c
mice were isolated from EDTA-treated venous blood by Ficoll-Paque™ PREMIUM
density gradient media (GE Healthcare, Buckinghamshire, UK). The sample was
prepared in a sterile tube by adding 2 ml of EDTA-treated venous blood and equal
volume of balanced salt solution (Appendix A). Afterwards, the blood and buffer
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(final volume 4 ml) were mixed several times by inverting the tube or pipetting. The
Ficoll-Paque media was added in the fresh sterile tube and then the diluted blood
sample (4 ml) was carefully added onto the Ficoll-Paque media solution followed by
centrifugation at 400xg for 30 min at room temperature. The upper layer containing
plasma and platelets was removed by pipetting and the mononuclear cells layer was
transferred to a new sterile tube by pipetting (Figure 4.3). Subsequently, the volume
of transferred mononuclear cells was estimated and 3 vol of balanced salt solution
was added to 1 vol of the mononuclear cells. The sample was mixed by pipetting
and centrifuged at 400xg for 15 min at room temperature. The supernatant was
removed and the pellet was resuspended in 6 ml of balanced salt solution. The
mixture was centrifuged at 400xg for 10 min at room temperature and the
supernatant was removed by pipetting. Finally, the cell pellet was resuspended in
RPMI 1640, supplemented with 1% antibiotic-antimycotic, 2 mM glutamine, and 10%

fetal bovine serum.
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— Plasma

— Mononuclear cells

— Ficoll-Paque

— Granulocytes

Erythrocytes

Figure 4.3 Mononuclear cell isolation using Ficoll-Paque™ PREMIUM density gradient

media.
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4.7.3 MTT cell proliferation
MTT (3-[4,5-dimethylthiazol-2-yl-2, 5-diphenyltetrazolium bromide,
Invitrogen, Carlsbad, CA, USA) was diluted in 0.1 mM PBS, pH 7.4 at the final
concentration 5 mg/ml. Subsequently, 10 pl of MTT reagent was added to each well
and the plate was incubated at 37 °C for 4 hr. At the end of the incubation period,
100 pl DMSO (Dimethyl sulfoxide, Sigma Aldrich, St. Louis, IL, USA) was added and
mixed by pipetting to ensure complete solubilization. The absorbance was recorded
at 570 nm on a Varioskan Flash spectral scanning multimode reader (Thermo
Scientific, Waltham, MA, USA).
4.7.4 Polyclonally stimulated proliferation of murine spleen cells
Spleen cells of naive BALB/c mice were prepared as described in
Section 4.7.1 and cultured in 96-well flat-bottomed plates (NUNC, Roskide,
Denmark) at a density of 3.5 x 10° cells/well. Subsequently, concanavalin A at 2 g
per ml in complete RPMI medium (RPMI-1640 supplemented with 1% antibiotic-
antimycotic, 2 mM glutamine, and 10% fetal bovine serum) was added to stimulate
the proliferation and then purified rFgStefin-1 and rFgStefin-2 were added at
concentrations of 0.2-0.5 pM to the spleen cells. The plate was incubated at 37°C
for 72 h. Proliferation of cells was quantified by MTT cell proliferation assay as
described in Section 4.7.3. Assays were performed in triplicate for duplicate
samples.
4.7.5 Polyclonally stimulated proliferation of murine PBMC
The peripheral blood mononuclear cells (PBMC) of naive BALB/c
mice as described in Section 4.7.2 were cultured in 96-well flat-bottomed plates
(NUNC, Roskide, Denmark) at a density of 3.5 x 10° cells/well. The proliferation was
stimulated with 2 pg of concanavalin A per ml in complete RPMI medium (RPMI-1640
supplemented with 1% antibiotic-antimycotic, 2 mM ¢lutamine, and 10% fetal
bovine serum). Afterwards, rFgStefin-1 and rFgStefin-2 were added at concentrations
of 0.2-0.5 uM to the murine PBMCs. The plate was incubated at 37°C for 72 h and
the proliferation of cells was quantified by MTT cell proliferation assay as described

in Section 4.7.3. Assays were performed in triplicate for duplicate samples.
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4.8 Expression of recombinant F. gigantica cathepsin B5 (rFgCatB5) in

eukaryotic system

4.8.1 Generating the PCR products encoding FgCatB5
The cDNA fragment encoding FgCatB5 was amplified by PCR using
forward primer 5'-CTG CAG CAA CAC CAA GCC TCA AAA CAG G-3' and reverse primer
5-TCT AGA GCC AAA CGC GGC ATA CCC GTC-3. Pst | and Xba | endonuclease
restriction sites (underlined) were added to the forward and reverse primers,
respectively, to facilitate the fragment cloning into the pPicZaB vector (QIAGEN,

Venlo, Netherlands). The reaction mixture was prepared as shown below.

Components Volume (pl)
Template (plasmid FgCatCB5) 2.0
Forward primer (10 uM) 1.0
Reverse primer (10 uM) 1.0
10x(NH,4),SO4 buffer 5.0
MgCl, (25 mM) 3.0
Mixed dNTPs (2.5 mM each) 1.0
Tag DNA polymerase (5U/ul) 0.5
DW 36.5
Total volume 50.0

The PCR reaction was performed using the following conditions:
pre-denaturation at 95°C for 5 min, 35 cycles of denaturation at 95°C for 1 min,
gradient annealing at 60-65°C for 1 min and extension at 72°C for 1 min then one
cycle of final extension at 72°C for 10 min and hold at 4°C. The PCR product was
resolved on a 0.7% (w/v) agarose gel (as described in Section 4.1.1.2). The FgCatB5
fragment was extracted from the agarose gel using a QIAquick® Gel Extraction Kit
(QIAGEN, Limburg, Netherlands) as described in Section 4.1.1.3. The extracted PCR
product was inserted into the pGEM®-T Easy vector by ligation and competent £. coli

XL1-Blue was transformed with the ligation product. Positive transformant bacteria
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were identified by PCR, restriction endonuclease digestion (Pst | and Xba ) as
described in Sections 4.1.2.1-4.1.2.6.
4.8.2 Subcloning of the FgCatB5 cDNA fragment from pGEM®-T Easy
into the expression vector pPicZaB

4.8.2.1 Restriction endonuclease digestion of FgCatB5 and

pPicZaB vector
Recombinant pGEM®-T Easy carrying FgCatB5 (Section 4.8.1)
and the pPicZaB expression vector (QIAGEN, Limburg, Netherlands) were double-
digested with restriction endonucleases Pst | and Xba | (Thermo Scientific, Lithuania).

The reaction sample was set up as shown below.

Components Volume (pl)
Plasmid DNA (pGEM®-T Easy carrying FgCatB5 5.0

or pPicZa B)

Tango buffer (10x) 2.0

Xba | (10 U/pl) 0.5

Pst 1 (10 U/pl) 1.0

DW 11.5

Total volume 20.0

The sample was incubated at 37°C for 2 h and the restriction
enzymes were inactivated at 80°C for 20 min. The product was kept at -20°C until
used.

4.8.2.2 Insertion of FgCatB5 into the pPicZaB vector and
introduction of the recombinant vector into the E. coli

expression host
The digested pPicZaB expression vector and digested
FgCatB5 cDNA fragments from Section 4.8.2.1 were resolved on a 0.7% (w/v) agarose
gel (as described in Section 4.1.1.2) and their concentration was estimated by
comparison with 1 kb DNA ladder (Thermo Scientific, Lithuania). The FgCatB5 cDNA

fragment and the linearized pPicZaB plasmid were extracted from the agarose using
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the QIAquick® Gel Extraction Kit (QIAGEN, Limburg, Netherlands) as described in
Section 4.1.1.3 and combined by ligation using T4 DNA ligase (Thermo Scientific,
Lithuania). The insert:vector molar ratios (3:1 to 1:3) were optimized by using the

following formula:

ng of vector x kb size of insert x insert: vector molar ratio = ng of insert

kb size of vector

The content of the ligation reaction was as follows.

Components Volume (ul)
10x T4 DNA ligase buffer 1.0
Digested pPicZaB vector 1.0
Digested FeCatB5 cDNA 3.0
T4 DNA ligase (5 Weiss U/pl) 1.0
DW 4.0
Total volume 10.0

The sample was incubated at 4°C, overnight and 1 pl of
reaction product were used for transformation of chemically competent E. coli
Top10 as described in Sections 4.1.2.2-4.1.2.3. The transformed cells were spread
on LB agar containing 100 pg/ml of Zeocin™ (Life Technology, California, USA) and
incubated overnight at 37°C. Positive clones were checked by using colony PCR and
restriction endonuclease digestion (Pst | and Xba 1) as described in Sections 4.1.2.4—
4.1.2.6.

4.8.3 Transformation of Pichia pastoris (strain X33) with
recombinant pPicZaB-FgCatB5
4.8.3.1 Linearization of recombinant pPicZaB-FgCatB5
The vector containing the FgCatB5 cDNA was linearized with

Sac | using the digestion conditions below.
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Components Volume (pl)
Plasmid DNA (Section 4.8.2.2) 45.0

Buffer B (10x) 6.0

Sac 1 (10 U/pl) 3.0

DW 6.0

Total volume 60.0

The sample was incubated at 37°C for 2 h and the
restriction enzymes were inactivated at 65°C for 20 min. Subsequently, DW was
added to adjust the volume to 100 pl and then phenol-chloroform (100 pl) was
added, mixed followed by centrifugation at 12,000xg, 4°C for 15 min. The upper
aqueous phase was transferred into a new tube and then 0.1 vol of 3 M sodium
acetate and 2.5 vol of absolute ethanol were added to precipitate the DNA. The
mixture was incubated at -70°C for 1 h and then centrifuged at 12,000xg, 4°C for 15
min. The supernatant was discarded and the pellet was washed with 80% ethanol
followed by centrifugation at 12,000xg, 4°C for 15 min. The pellet was air dried and
resuspended in 20 pl DW. The linearized plasmid DNA was kept at -20°C until used.

4.8.3.2 Preparation and storage of electrocompetent Pichia
cells

Pichia pastoris (strain X33) was grown on YPD agar (1% [w/V]
yeast extract, 2% [w/Vv] peptone, 2% [w/Vv] glucose and 2% agar) at 30°C for 16-18 h.
A single isolated colony was selected for inoculation of 5 ml YPD medium (1% [w/V]
yeast extract, 2% [w/Vv] peptone and 2% [w/V] glucose) and the culture was grown at
30°C, overnight with shaking at 250 rpm. The overnight culture (500 pl) was used to
inoculate 500 ml fresh YPD medium and the culture was incubated at 30°C,
overnight with shaking at 250 rpm until an ODggg value of 1.3-1.5 had been reached.
The cultured medium was centrifuged at 1,500xg, 4°C for 5 min to harvest the cells.
The supernatant was discarded and the cell pellet was resuspended in 500 ml of ice-
cold DW. The mixture was centrifuged at 1,500xg, 4°C for 5 min and the supernatant
was discarded. The pellet was resuspended in 250 ml of ice-cold DW and the

centrifugation step was repeated. The supernatant was discarded and the cell pellet
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was resuspended in 20 ml of ice-cold 1 M sorbitol. Finally, the cells were pelleted
as above and resuspended in 1 ml of ice-cold 1 M sorbitol. The competent Pichia
pastoris cells were kept on ice and used within the same day.
4.8.3.3 Transformation by electroporation
The competent Pichia pastoris strain X33 cells (80 pl) from
Section 4.8.3.2 were mixed with 10 pg of linearized DNA (Section 4.8.3.1).
Subsequently, the mixture was transferred into an ice-cold 0.2 cm electroporation
cuvette (Eppendorf, Hamburg, Germany) and incubated on ice for 5 min. The cells
were pulsed at 2,000 V using an electroporator 2510 instrument (Eppendorf,
Hamburg, Germany). After electroporation, 1 ml of ice-cold 1 M sorbitol was
immediately added to the cuvette and mixed by pipetting. Afterwards, the mixture
was transferred to a sterile tube and incubated at 30°C without shaking for 2h. The
yeast cells (100 pl to 200 pl aliquots) were spread on 30°C-prewarmed YPDS agar (1%
[w/v] yeast extract, 2% [w/v] peptone, 2% [w/v] glucose, 1 M sorbitol and 2% agar)
containing 100 pg/ml of Zeocin™ (Life Technology, California, USA) and incubated at
30°C for 3-10 days until colonies had formed. Several single colonies were checked
for positive transformants using MMH and MDH agar selection and PCR analysis.
4.8.3.4 Determination of the Mut phenotype by using MMH and
MDH agar
Several isolated colonies of the transformant clones from
Section 4.8.3.3 were picked and streaked on a MMH plate (1.34% [w/v] yeast
nitrogen base, 4x10°% [w/v] biotin and 0.5% [v/v] methanol) and a MMD plate
(1.34% [w/v] yeast nitrogen base, 4x10°% [w/v] biotin and 2% [w/v] glucose). The
plate was incubated at 30°C for 2-5 days. Mut" cells will grow normally on both
plates, while Mut® cells will grow normally on the MDH plate but show little or no
growth on the MMH plate.
4.8.3.5 Genomic DNA extraction
The positive clones (Section 4.8.3.4) were cultured in 20 ml
YPD medium containing 100 pyg/ml Zeocin™ in a sterile tube and incubated at 30°C
for 48 h with shaking at 250 rpm. The cultured cells were harvested by

centrifugation at 6,000xg, room temperature for 10 min.  Subsequently, the
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supernatant was discarded and the pellet was resuspended in 1 ml STES buffer (0.2
M Tris-HCL, pH 7.6, 0.5 M NaCl, 0.1% [w/v] SDS and 10 mM EDTA). The suspension
(350 pl) was transferred into a fresh tube and acid washed glass beads (50 pl), TE
buffer pH 7.6 (140 pl) and phenol/chloroform (450 pl) were added to the suspension.
The cells were broken by vortexing for 2 min and then centrifuged at 13,000 rpm for
5 min at room temperature to remove the cell debris and denatured proteins. The
upper aqueous phase containing the nucleic acids was transferred to a new tube and
then 0.1 vol of 3 M sodium acetate, pH 5.2 and 2 vol of absolute ethanol were
added to precipitate the DNA. Afterwards, the mixture was centrifuged at 13,000
rom, 4°C for 10 min and the pellet was twice washed with 80% ethanol followed by
centrifugation at 13,000 rpm, 4°C for 5min. The pellet was air dried and
resuspended in 50 pyl DW followed by incubation at room temperature for 15 min.
The solution was treated with 0.5 ul RNase A (10 mg/ml, Fermentas Life Sciences,
Lithuania) to degrade co-purified RNA and the genomic DNA was kept at —20°C until
used.
4.8.3.6 PCR analysis for positive clones

The genomic DNA from Section 4.8.3.5 was used as
template for PCR amplification. The FgCatB5 cDNA fragment was amplified by using
specific forward and reverse primers as described in Section 4.8.1. The reaction

mixture was prepared as shown next pase.
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Components Volume (pl)
Template (genomic DNA) 5.0
Forward primer (10uM) 1.0
Reverse primer (10uM) 1.0
10x(NH,4),SO, buffer 5.0
MgCl, (25 mM) 25
Mixed dNTPs (2.5 mM each) 2.5
Taqg DNA polymerase (5U/pl) 0.5
DW 32.5
Total volume 50.0

The PCR reaction was set using following conditions: pre-
denaturation at 95°C for 5 min, 35 cycles of denaturation at 95°C for 1 min, annealing
at 60°C for 1 min and extension at 72°C for 1 min then one cycle of final extension at
72°C for 10 min and hold at 4°C. The PCR product was resolved on a 0.7% (w/v)
agarose gel.

4.8.4 Expression and purification of rFgCatB5 in Pichia pastoris
(strain X33)
4.8.4.1 Small scale culture screening of rFgCatB5 expression
and time course analysis

Single colonies of positive transformant clones (Section
4.8.3.6) were cultured in 25 ml BMGY (1% [w/V] yeast extract, 2% [w/Vv] peptone, 100
mM potassium phosphate, pH 6.0, 1.34% [w/v] yeast nitrogen base, 4x10°% [w/V]
biotin and 1% [v/v] glycerol) at 30°C, 250 rpm, overnight until an ODgyo of 2-6 had
been reached. On the following day, the cells were centrifuged at 3,000xg, room
temperature for 5 min and the pellet was resuspended in BMMY (1% [w/v] yeast
extract, 2% [w/V] peptone, 100 mM potassium phosphate, pH 6.0, 1.34% [w/Vv] yeast
nitrogen base, 4x10°% [w/v] biotin and 0.5% [v/A/] methanol) to an ODgy, of 1.0
(approximately 100-200 ml) to induce expression. The induction of recombinant

protein expression was maintained by adding absolute methanol at a final
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concentration of 0.5% methanol every 24 h. After induction the culture was
incubated for 96 h and 1 ml of cell samples were collected at 0, 12, 24, 48, 72 and
96 h for a time course analysis. The collected samples were centrifuged at 12,000x¢
for 5 min and the supernatants were transferred to a new tube. The supernatants
were analyzed for protein expression by western blot as described in Sections
4.4.2.1-4.4.2.2 or kept at -80°C.
4.8.4.2 Large scale expression of rFgCatB5 protein

A single colony of a transformant clone was cultured in 100
ml BMGY at 30°C, 250 rpm, overnight until an ODg4y, of 2-6 had been reached. On
the next day, the cells were centrifuged at 3,000xg, room temperature for 5 min and
the pellet was resuspended in BMMY medium (approximately 700-1,000 ml) to an
ODggo of 1.0 to induce expression. The induction of recombinant protein expression
was maintained by adding absolute methanol at a final concentration of 0.5%
methanol every 24 h. After induction the culture was incubated for 72 h and
centrifuged at 5,000xg, 4°C for 30 min. The supernatant was kept at -20°C until used
in purification assay.

4.8.4.3 Purification of rFgCatB5

The rFgCatB5 was purified by nickel-nitrilo tri-acetic acid (Ni-
NTA) affinity chromatography. The supernatant collected in Section 4.8.4.2 was
mixed with 10x native lysis buffer (0.5 M NaH,PO,, 3 M NaCl and 0.1 M imidazole, pH
8.0) to a final concentration of 1x lysis buffer. Five milliliters of Ni-NTA agarose slurry
(QIAGEN, Hilden, Germany) was mixed with 15 ml of medium and gently rotated on a
rotary shaker at 4°C for 1 h. The mixture of proteins and beads was loaded onto a
polypropylene column and the beads were packed by gravity. The bottom cap was
removed and the flow-through was collected. The remaining medium was
continuously added to the column. The column was washed twice with 20 ml
washing buffer (50 mM NaH,PO,4, 300 mM NaCl, 20 mM imidazole, pH 8.0) and the
washing fractions were collected. The rFgCatB5 was eluted with 15 ml of elution
buffer (50 mM NaH,PO,4, 300 mM NaCl, 250 mM imidazole, pH 8.0) and then the
eluted protein was concentrated and dialyzed against 10 mM PBS, pH 7.2 using
Amicon® Ultra centrifugal filters (10 kDa cut off, Millipore, Carrigtwohill, Ireland). The
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concentration of protein was measured (as described in Section 4.3.6) and the
purified protein was analyzed by western blot as described in Sections 4.4.2.1-

4.4.2.2 or kept at -20°C.

4.9 Western blot analysis of rFgCatB5, CW extract and ES product with mouse
anti-rFgCatB5 antisera

CW extract (10 pg), ES product (10 pg) and rFgCatB5 (100 ng) were
resolved by 12.5% SDS-PAGE (as described in Section 4.3.4). All proteins were
electrotransferred to a nitrocellulose membrane by semi-dry blotting using a Fastblot

B33 instrument and then processed for western immunological detection as

described in Sections 4.4.2.1 and 4.4.2.2.

4.10Reactivity of sera from F. gigantica-infected mice to rFgCatB5

The pre-infection sera and 2-, 4-, 6-week postinfection sera of 10 F.
gigantica-infected mice (Section 4.2.1.2) were used to detect rFgCatB5 by ELISA as
described in Section 4.3.7.2.

4.11Characterization of recombinant F. gigantica cathepsin B5

4.11.1 Autoprocessing of rFgCatB5
Purified rFgCatB5 (800 ng) was incubated in AMT buffer (100 mM
sodium acetate, 100 mM MES, 200 mM Tris-HCl, 4 mM EDTA) containing 50 pg/ml
dextran sulfate (DS 500K) and 10 mM DTT at a pH range of 4.0-5.5 for 0, 0.5, 1.5, 4
and 19 h to analyze autoprocessing. All samples were analyzed by 12.5% SDS-PAGE
under reducing conditions and visualized by silver staining as described in Sections
4.3.4 and 4.3.4.4. Experiments were done in duplicate.
4.11.2 Determination of K, values
The K., value of rFgCatB5 for Z-Arg-Arg-AMC was determined as
described in Section 4.6.1.
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4.11.3 Determination of the inhibition coefficients (ICs)

The inhibitory activity of rFgStefin-2, rFgStefin-1 and human
cystatin C (Calbiochem, USA) for rFgCatB5 (Section 4.8.2) were determined as the
inhibition coefficients (IC5,) by measuring the loss of enzymatic activity at increasing
concentrations of inhibitor in the presence of a fluorogenic substrate in large excess.
The ICs, of purified rFgStefin-1, rFgStefin-2 and human cystatin C were determined for
rFgCatB5. rFgCatB5 (1 ng/reaction) was incubated in CatB assay buffer (100 mM
sodium acetate, 2 mM EDTA, 1 mM DTT, pH 6.0) at room temperature for 5 min to
activate the enzyme and then different amounts of inhibitors were added to final
concentrations between 100-1,200 nM followed by pre-incubation at room
temperature for 5 min. Afterwards, the substrate solution (Z-Arg-Arg-AMC, Sigma
Aldrich, St. Louis, IL, USA) was added to the mixture at final concentration of 10 puM.
The samples were incubated in black 96-well microtiter plates (Thermo Scientific,
Denmark) at 37°C for 30 min and then the residual enzyme activity was measured by
the release of fluorescence (excitation and emission wavelengths of 355 nm and 460
nm, respectively) on a Varioskan Flash spectral scanning multimode reader (Thermo
Scientific, Waltham, MA, USA). Assays were performed in triplicate for duplicate
samples. The data was normalized between 0% to 100% activity and nonlinear
fitted according to a sigmoidal dose-response (variable slope) to obtain the 1Cs,
values using GraphPad Prism 6.0.

4.11.4 Determination of the equilibrium inhibition constant (K

The equilibrium inhibition constant (K) of purified rFgStefin-2,

rFgStefin-1 and human cystatin C for rFgCatB5 was determined in Section 4.6.3.
4.11.5 Temperature stability of rFgCatB5

The thermal stability of rFeCatB5 was analyzed by incubation of
rFgCatB5 (800 ng) in AMT buffer containing 50 pg/ml DS 500K, 200 mM NaCl and 10
mM DTT pH.4.5 at 37°C between 1-5 h and after 24 h. The residual activity was
measured simultaneously against the substrate solution (Z-Arg-Arg-AMC, Sigma
Aldrich, St. Louis, IL, USA) at a final concentration of 10 uM as described in Section
4.9.3.
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4.11.6 pH dependency of rFgCatB5
The pH dependency of rFgCatB5 was performed by incubation of
rFgCatB5 (800 ng) in AMT buffer containing 50 pg/ml DS 500K, 200 mM NaCl and 10
mM DTT at a pH range of 3.0-8.0 for 2 h at 37°C. The residual activity was measured
simultaneously against the substrate solution (Z-Arg-Arg-AMC, Sigma Aldrich, St. Louis,
IL, USA) at a final concentration of 10 uM as described in Section 4.9.3.
4.11.7 Degradation of host proteins by rFgCatB5
The degradation of various host proteins was assessed by
incubation of rFgCatB5 (500 and 700 nM) with 500 pg/ml of bovine serum albumin,
hemoglobin, human IgG and 1,000 pg/ml of fibronectin, laminin, collagen type IV (all
Sigma Aldrich, USA except fibronectin: Calbiochem, USA) in AMT buffer containing 50
pe/ml DS 500K, 200 mM NaCl and 10 mM DTT at pH 4.5 and 5.5 for 4 h at 37°C.
Afterwards, the reactions were stopped by adding reducing sample buffer and
heated at 95°C for 5 min. Samples were analyzed by 12.5% SDS-PAGE under
reducing conditions and stained with Coomassie Brilliant Blue R-250 as described in
Sections 4.3.4 and 4.3.4.3.
4.11.8 Activity of rFgCatB5 against exopeptidase substrate
The exopeptidase activity of rFgCatB5 and human cathepsin B
(Sigma Aldrich, St. Louis, IL, USA) against the substrate (Abz-Phe-Arg-Ala-Lys[Dnp]-OH),
was analyzed in assay buffer (50 mM NaH,PO4, 200 mM NaCl, 5 mM EDTA and 1 mM
DTT, pH 4.5). Al cathepsin B enzymes (75 nM) were activated in the assay buffer
and then the exopeptidase substrate solution (Exo-OH) was added at 20 pM final
concentration.  The exopeptidase activity was determined by continuously
monitoring the released fluorescence at 30 s intervals, 37°C for 20 min on a
Varioskan Flash spectral scanning multimode reader (Thermo Scientific, Waltham, MA,
USA) at excitation and emission wavelengths of 320 nm and 420 nm, respectively.

Assays were performed in triplicate for duplicate samples.
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CHAPTER V

RESULTS

5.1 Molecular cloning and sequence analysis of FgStefin-2

5.1.1 Nucleic acid sequence analysis

An adult stage F. gigantica EST database was searched for
uncharacterized parasite cystatins by TBLASTN with FgStefin-1 as a query sequence.
EST A00363 (857 bp) was identified as a transcript encoding a novel uncharacterized
single domain cystatin of Fasciola which was termed FgStefin-2. This cDNA was re-
isolated by RT-PCR from adult stage F. gieantica total RNA with a specific primer pair
as described in Section 4.1.1.1. The product was size-separated by 0.7% agarose gel
electrophoresis and the fragment of expected 836 bp size was observed (Figure 5.1).
Subsequently, the PCR product was extracted from the agarose gel and subcloned
into the pGEM®-T Easy vector. Positive transformant £. coli XL1-Blue were identified
by colony PCR and restriction analysis of the extracted plasmid DNA with EcoR | for
presence of the expected insert (Figure 5.2). The nucleic acid sequence was
determined using the services of 1% base Pte Ltd, Singapore. The nucleotide
sequence data is available in the GenBank database under the accession number
JX838801 (Figure 5.3). The FgStefin-2 cDNA encodes a protein of 116 amino acid
residues.

5.1.2 Amino acid sequence characterization

The FgStefin-2 amino acid sequence was analyzed by EMBOSS
pepstat for general protein properties. FgStefin-2 has a calculated molecular mass of
12.56 kDa and a pl of 7.0 (Figure 5.4). SignalP 4.1 predicted the presence of a N-
terminal signal peptide in the FgStefin-2 sequence (Figure 5.5).

A multiple amino acid sequence alignment of FgStefin-2 with
other cystatins, namely, F. gigantica Stefin-1 (ACS35603.1), F. hepatica cystatin
(AAV68752.1),  Opisthorchis  viverrini  hypothetical ~ protein ~ T265 11270
(XP_009164067.1), S. mansoni cystatin (AAQ16180.1), Brugia malayi cystatin
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(XP_001895476.1), Onchocerca volvulus cystatin-type cysteine protease inhibitor CPI-
1 (AAD51087.1), human cystatin B (AAA99014.1) and human cystatin A (NP_005204.1)
is shown in Figure 5.6. FgStefin-2 contains a characteristic conserved glycine residue
in the N-terminal region and the QVWWAG motif (amino acid residues 70-74) that is
involved in binding to proteases.

NCBI-BLASTP was used to find related sequences in the NCBI non-
redundant protein database. The sequence identity and similarity values (%) of
FgStefin-2 with other cystatins are shown in Table 5.1. The identity values are
92.2%, 22.3%, 26.5%, 18.2%, 13.3%, 13.2%, 23.3% and 16.7% for F. hepatica cystatin,
F. gigantica Stefin-1, Opisthorchis viverrini hypothetical protein T265 11270, S.
mansoni cystatin, Brugia malayi cystatin, Onchocerca volvulus cystatin-type cysteine
protease inhibitor CPI-1, human cystatin B and human cystatin A, respectively. The
similarity values were 94.0%, 35.5%, 42.6%, 29.7%, 26.6%, 26.5%, 33.3% and 25.4%
for F. hepatica cystatin, F. gigantica Stefin-1, Opisthorchis viverrini hypothetical
protein T265 11270, S. mansoni cystatin, Brugia malayi cystatin, Onchocerca
volvulus cystatin-type cysteine protease inhibitor CPI-1, human cystatin B and human

cystatin A, respectively.
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Figure 5.1 Agarose gel electrophoresis of the FgStefin-2 cDNA. Lane 1: PCR amplified
836 bp FgStefin-2 cDNA fragment (arrowhead). Lane M: GeneRuler™ 100 bp DNA
ladder (Thermo Scientific, Lithuania).



146

bp

1000 —

500 —
400 —
300 —
200
100

Figure 5.2 Agarose gel electrophoresis of recombinant pGEM®-T Easy carrying
FgStefin-2 digested with restriction endonuclease EcoR I. Lane 1: uncut plasmid DNA,
lane 2: cut plasmid DNA. The position of the FgStefin-2 is indicated by an arrowhead,
lane M: GeneRuler™ 100 bp DNA ladder (Thermo Scientific, Lithuania).
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Figure 5.3 Nucleotide and deduced amino acid sequences of the isolated FgStefin-2

cDNA (GenBank accession JX838801).

The FgStefin-2 amino acid sequence s

indicated by bold uppercase lettering. Start (***) and stop (###) codons are

indicated.



Molecular mass [Da] 12559.064

Residues 116

Average residue mass [Dal] 108.273

Charge 0.5

Isoelectric point 7.0431

A280 Molar extinction coefficients 9970 (reduced)
10345 (cystine bridges)

A280 Extinction coefficients 1lmg/ml | 0.794 (reduced)
0.824 (cystine bridges)

Improbability of expression in 0.802

inclusion bodies

Residue Number Mole% DayhoffStat

A = Ala 4 3.448 0.401

B = Asx 0 0.000 0.000

C = Cys 6 5.172 1.784

D = Asp i 0.862 0.157

E = Glu 8 6.897 1.149

F = Phe 7 6.034 1.676

G = Gly 10 8.621 1.026

H = His 1 0.862 0.431

I = 1Ile 4 3.448 0.766

J = ——- 0 0.000 0.000

K = Lys 4 3.448 0.522

L = Leu 10 8.621 1.165

M = Met 4 3.448 2.028

N = Asn 1 0.862 0.200

O = —-——- 0 0.000 0.000

P = Pro 5 4,310 0.829

Q0 = Gln 2 1.724 0.442

R = Arg 5 4.310 0.880

S = Ser 14 12.069 1.724

T = Thr 11 9.483 1.555

U= -—— 0 0.000 0.000

V = Val 15 12.931 1.959

W = Trp 1 0.862 0.663

X = Xaa 0 0.000 0.000

Y = Tyr 3 2.586 0.761

Z = Glx 0 0.000 0.000

Property Residues Number Mole%

Tiny (A+C+G+S+T) 45 38.793

Small (A+B+C+D+G+N+P+S+T+V) o7 57.759

Aliphatic (A+I+L+V) 33 28.448

Aromatic (F+H+W+Y) 12 10.345

Non-polar (A+C+F+G+I+L+M+P+V+W+Y) 69 59.483

Polar (D+E+H+K+N+Q+R+S+T+7Z) 477 40.517

Charged (B+D+E+H+K+R+7) 19 16.379

Basic (H+K+R) 10 8.621

Acidic (B+D+E+7) 9 7.759
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Figure 5.4 Protein and amino acid properties of FgStefin-2 calculated by EMBOSS

pepstats.
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SignalP-4 .1 prediction {euk networks): Sequence
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MFRILFGIC | LHLMSC DV FGEMLYGGYT EFREVT SEERSVFRPM I LEKFLT TGSV ESECELELLOQVETO
0 10 20 30 40 50 60 70
Position
# Measure Position Value Cutoff  signal peptide?

max. C 21 2.6a8

max. Y 21 8.723

max. 5 4 8.942

mean S 1-20 2.854
D 1-2@ 8.793 9.458 YES

Mame=Sequence  SP="YES' Cleavage site between pos. 2@ and 21: VFG-EM D=8.793 D-cutoff=08.458 Networks=SignalP-noTM

Figure 5.5 SignalP 4.1 signal peptide prediction for FgStefin-2.
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Table 5.1 Sequence identity and similarity values of FgStefin-2 with other cystatins.

Identity (%) Similarity (%)

FeStefin2: Cystatin [Fasciola hepatical 92.2 94.0
FgStefin2: FgStefin-1 22.3 35.4
FgStefin2: Cystatin of hypothetical protein | 26.5 42.6
[Opisthorchis viverrini]

FgStefin2: Cystatin [Schistosoma mansoni] 18.2 29.7
FgStefin2: Cystatin [Brugia malayi] 13.3 26.6
FgStefin2: Cystatin [Onchocerca volvulus] 13.2 26.5
FgStefin2: Cystatin-A [Homo sapiens] 23.3 33.3
FgStefin2: Cystatin-B [Homo sapiens] 16.7 25.4

The identity and similarity values (%) were calculated by global pairwise alignment
(EMBOSS needle, BLOSUM62 matrix with gap penalty: 10 and extend penalty: 0.5) of
the protein sequences. F. hepatica cystatin (AAV68752.1), F. gigantica Stefin-1
(ACS35603.1),  Hypothetical — protein  T265 11270  [Opisthorchis  viverrini]
(XP_009164067.1), Schistosoma mansoni cystatin (AAQ16180.1), Brugia malayi
cystatin - (XP_001895476.1), Cystatin-type cysteine protease inhibitor CPI-1
[Onchocerca volvulus] (AAD51087.1), human cystatin B (AAA99014.1) and human
cystatin A (NP_005204.1).
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gi 410&51135|gb|aw5345u- 1 MPRILFEICILELMSCIV Lv EPES 50
gi 55978577 |gh | AAVE8T52.1 MLRILLGICILEFMSCIV EFRS BSVFQEMILSELL 50
gi 230937505 gh |ACS35603.1] 0 cmmmemmmmmmmmmmmmmme- uc 2 FTELETVLREQLE 20
gi|33355623|gh |ARQ16180.1|  —mmmmeommmoeooo MPLCCEGIGTERE FKLETLLESELE 31
gi |4885165 |ref |[NP 005204.1] ——ccmmemmmmmmemooooo MIEGGE -BAT EIVDEVEEQLE 28
gi|1235678 |gb|ABASO014.1] 00 o——cmmmmmmmeeo MMCEA -PAT HIADOVRS@LE 28
gi|170580054 |ref|XP 001895476.1| -MFFPIVWLSVLLIISKSFAREIRLSRATY-NE EVAEEAM 48
gi|5759315 |gh|ARDS1087.1|AF177104 1 -MPELIIWFSAFAIISESFAREINLEELTNDNE EVAEEAMI 49
gi| 684410664 |ref|XP 000176144.1| - -MLLEVLCLCLIFCLEASEQVAVEGET CFECOEAREIRTFTSLLNARIS 48
;I T 1 P ET P 40........ 50
pREEEE

gi|410061138 |gb |AFV53480.1 TTE -------CPGCH 90
gi|55078577 |gb | ARVEATS2. 1| TAE -—-—--_CPGCW 90
gi 239937595|gh£ﬂ935603 --------- DNET 66
gi|33355623|gh |ARQ16180.1| SH- IGEKER- - - SFEIVQITEQVVACTHEFVEVELDN- - - - - - - T 68
gi|4885165 |ref |NP_005204. 1 EF-THETEG- - -FLEAVOEFTOVVACTN¥E IEVRAGD - - - - - - - - - 65
gi|1235678 |gb|ARAGO014.1 EK-ENKEFE- - - VEEAVSFRSQVVACTHYFIRVAVED - - - - - - 65
gi|170580054 |ref|XP 001895476.1| DQTRYRHL --LVRVI o
gi|5759315 |gb|ARDS1087.1|AF177104 1 E - -LVEW 98
gi | 684410664 |ref|XP 009176144.1| N‘IL svs

-ETQILEV 97

gi|410061138 |gh |AFV53480.1 EVVWVFVELESEER PTEVSCT - —-—--—- 116
gi|55978577 |gh | AAVE8T52.1| EVVWFVELESEES PTRVECT - —-—-—- 116
gi|239937585 |gh |ACS35603.1 HARTFQDLPCHNECK LEDESATHEEL ag
gl |33355623 |gh|ARQ16180.1 | HARTFEPLPCHEEEL{] VEDEFESHAL i01
gl | 4885165 IEELNAP 005204.1 HLEVPESLPGOHEDLVLTGY OVDENEDE ELEGF aB
gl |1235678 |gb F9014.1 HLEWFQELPHENFEPLTLENYOTNEARERE a8
gl |[170580954 |ref |XP 001895476.1| ECTIDSSEDTEQFE DPWONTFEVTLE - - 127
gi|5759315 |gh|AAD510687 .1 AF177154 1 NCAIDHSKEPEEEVI DPWONIFEVTMA- - 127
gl |684410664 |ref |XP 000176144.1| LLTANVILLECIEVFLLLFMARLRSESEV - - - - 126
% 1 P 120,000 uans 130...

Figure 5.6 Multiple alignment of F. gieantica Stefin-2 (AFV53480.1), F. gigantica Stefin-
1 (ACS35603.1), F. hepatica cystatin (AAV68752.1), Hypothetical protein T265 11270
(XP_009164067.1),
Brugia malayi cystatin (XP_001895476.1),

[Brugia Schistosoma  mansoni

(AAQ16180.1),

malayi  cystatin] cystatin
Cystatin-type cysteine
protease inhibitor CPI-1 [Onchocerca volvulus] (AAD51087.1), human cystatin B
(AAA99014.1) and human cystatin A (NP_005204.1) generated by ClustalX version2.1.
(*) indicates fully conserved positions
(1) indicates strongly conserved positions

(.) indicates weakly conserved positions
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5.2 Characterization of FgStefin-2 nucleic acids

5.2.1 Probe quantification by spot assay

The concentration of the DIG-labeled DNA probe was determined
by a spot test with DIG-labeled standard DNA as described in Section 4.2.4.3. The
standard was diluted to the final concentrations 10, 3, 1, 0.3, 0.1, 0.03, 0.01 and 0
pe/Ul.  The DIG-labeled FgStefin-2 cDNA fragment was diluted 1:10, 1:100, 1:300,
1:1,000, 1:3,300, 1:10,000, 1:33,000 and 1:100,000 in DNA dilution buffer. From each
sample 1 pl was taken 1 and spotted side by side onto a nylon membrane.
Immunological detection was performed with anti-DIG-AP Fab fragments and the

results are shown in Figures 5.7-5.8.

Probe concentration = 0.1 pg/ul x dilution factor
=0.1x 10’
= 1,000 pg/pl

1 ng/ul

1 pg/ml
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Figure 5.7 Analysis of the DIG-labeled DNA probe used for Southern hybridization.
Panel A: Agarose gel electrophoresis of amplified FgStefin-2 cDNA fragment. Lane 1:
unlabeled cDNA fragment, lane 2: DIG-labeled cDNA fragment. Lane M: 1 kb DNA
ladder (Thermo Scientific, Lithuania). Panel B: Spot assay of DIG-labeled FgStefin-2

cDNA fragment.
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Figure 5.8 Analysis of the DIG-labeled DNA probe used for Northern hybridization.
Panel A: Agarose gel electrophoresis of amplified FgStefin-2 cDNA fragment. Lane 1:
unlabeled cDNA fragment, lane 2: DIG-labeled cDNA fragment. Lane M: 1 kb DNA
ladder (Thermo Scientific, Lithuania). Panel B: Spot assay of DIG-labeled FgStefin-2

cDNA fragment.
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5.2.2 Southern analysis hybridization of genomic DNA from adult F.
gigantica
Genomic DNA was extracted from adult F. gigantica and digested
separately with restriction endonucleases BamH | (B), Hind Ill (H), and BamH I/Hind IlI
(B/H). The products were size-separated by 0.7% agarose gel electrophoresis in TBE
buffer including ethidium bromide (0.5 pg/ml) and transferred to a nylon membrane
and hybridized with a DIG-labeled FgStefin-2 DNA probe.  Several hybridizing
fragments were detected in the F. gigantica genomic DNA at sizes of 10.81 kb in lane
1, 8.09 and 10.96 kb in lane 2 and 8.57, 3.71 and 10.96 kb in lane 3 (Figure 5.9). The
sizes of these fragments were calculated based on the standard curve created from
the A DNA double-digested with EcoR I/Hind Ill standard marker.
5.2.3 Northern hybridization analysis
Northern hybridization analysis was performed to investigate the
presence and size of FgStefin-2 transcripts in adult F. gigantica. Total RNA extracted
from adult parasites (as described in Section 4.2.3) was size-separated in a 1.2%
agarose gel containing 2.2 M formaldehyde. After electrophoresis, the total RNA was
transferred to a nylon membrane by capillary transfer and hybridized with a DIG-
labeled FgStefin-2 DNA probe. A single hybridization signal was detected at an

approximate size of 1,000 nucleotides (Figure 5.10).
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B H BH B H B/H
bp bp
21226 — 21226 —
5148/4973 — 5148/4973 —
4268 4268
2027 — 2027 — .
1904 1904
1584 1584
1375 1375
947 — 947 —
831 831
A B

Figure 5.9 Southern hybridization analysis. Panel A: Agarose gel electrophoresis of
F. gigantica genomic DNA digested with BamH | (B), Hind Ill (H), and BamH I/Hind Il
(B/H). Panel B: Nylon membrane showing the presence of hybridizing DNA fragments
in the F. gieantica genome after detection with the FgStefin-2 probe. Positions and
sizes of A EcoR I/Hind Ill standard marker fragments (Thermo Scientific, Lithuania) are

indicated at the left.
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Figure 5.10 Northern hybridization analysis. Panel A: formaldehyde denaturing
agarose gel electrophoresis of 50 pg total RNA. Panel B: Northern hybridization of
the membrane-bound total RNA with the DIG-labeled FgStefin-2 DNA probe detected
a product (arrowhead) at approximately 1,000 nucleotides size. Positions and
fragment sizes of the RiboRuler™ High range RNA Ladder (Thermo Scientific,

Lithuania) standard marker are indicated at the left.
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5.2.4 Stage-specific reverse transcriptase polymerase chain reaction

(RT-PCR)

The presence of FgStefin-2 during development was investigated
by RT-PCR. This method was used to detect its transcript in various stages. Total
RNA was isolated from different stages (newly excysted juveniles, 2-, 4-, 6-week-old
juveniles and adult parasites), reverse transcribed, and the FgStefin-2 cDNA amplified
with FgStefin-2 specific primers (Section 4.2.7). The RT-PCR products were size
separated by 0.7% agarose gel electrophoresis and visualized by ethidium bromide
staining. FgStefin-2 cDNA fragments were obtained from all developmental stages of
the parasite (Figure 5.11) suggesting that FgStefin-2 is transcribed in NEJ, immature

and mature parasites.
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Figure 5.11 Agarose gel electrophoresis showing the FgStefin-2 RT-PCR products
(arrowhead) obtained from different stages of F. gigantica with FgStefin-2-specific
primers. Lane 1: negative control without RNA template, lane 2: newly excysted
juveniles, lane 3: 2-week-old juveniles, lane 4: 4-week-old juveniles, lane 5: 6-week-
old juveniles and lane 6: adult parasites. Lane M: GeneRuler™ 100 bp DNA ladder

(Thermo Scientific, Lithuania).
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5.3 Preparation of recombinant FgStefin-2 (rFgStefin-2) and mouse polyclonal

antibody against rFgStefin-2

5.3.1 Subcloning of the FgStefin-2 coding sequence into the
expression vector pQE-30 and introduction of the recombinant
plasmid into the E. coli M15 expression host
The 288 bp cDNA fragment encoding FgStefin-2 was amplified with

specific primers as described in Section 4.3.1 containing recognition sizes for
restriction endonucleases BamH | and Pst | at the 5" and 3" end, respectively. The
PCR product was resolved on a 0.7% agarose gel and then extracted from the gel as
described in Section 4.1.1.3 (Figure 5.12). The purified PCR product was firstly
inserted into pGEM®-T Easy and the resulting recombinant plasmid introduced into £,
coli XL-1 blue. Positive transformants were verified by sequence determination of
the FgStefin-2 cDNA fragment using the service of 1% base Pte Ltd, Singapore. The
PGEM®-T Easy-FgStefin-2 and pQE30 expression vector were digested with restriction
endonucleases BamH | and Pst | and resolved by 0.7% agarose gel electrophoresis.
The linearized pQE30 DNA and FgStefin-2 coding DNA were extracted from the gel,
combined by ligation, and introduced into E. coli M15. Eleven transformants were
checked for pQE30 carrying the FgStefin-2 insert by direct colony PCR using the
specific primers as above. All of the clones contained the FgStefin-2 cDNA insert

(Figure 5.13).
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Figure 5.12 Agarose gel electrophoresis of FgStefin-2 PCR product. Lane 1: PCR
product after extracted from the gel. Lane M: 1 kb DNA ladder (Thermo Scientific,
Lithuania). The position of FgStefin-2 is indicated by an arrowhead.
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Figure 5.13 Agarose gel electrophoresis of direct colony PCR products obtained from
the tested transformant E. coli carrying pQE30-FgStefin-2 with FgStefin-2 primers.
Lanes: 1-11: PCR products of eleven transformants, lane 12: negative control without
template. Lane M: GeneRuler™ 100 bp DNA ladder (Thermo Scientific, Lithuania).
The position of FgStefin-2 is indicated by an arrowhead.
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5.3.2 Expression and purification of recombinant FgStefin-2 protein
in E. coli M15

Recombinant FgStefin-2 was expressed in transformant E. coli M15
carrying pQE30-FgStefin-2. Transformant bacterial cells were grown in LB medium for
several hours until an ODgyo of 0.6 had been reached and induced with 1mM IPTG to
stimulate expression of rFgStefin-2. The culture samples were collected at 0 (non-
induced control), 1, 2, 3 and 4 h to determine the time point with highest amount of
recombinant protein expression. Total bacterial proteins were extracted from all
samples and resolved on 12.5% SDS-PAGE and visualized by 0.025% Coomassie Blue
R-250 staining. The results showed that the protein was highly expressed at 4 h after
induction.  During the observation time, the amount of protein was steadily
increasing following induction (Figure 5.14).

The solubility of rFeStefin-2 was tested by protein extraction from
transformant bacteria in native lysis buffer (soluble protein) and denaturing lysis
buffer (insoluble protein). The protein fractions were resolved by 12.5% SDS-PAGE
and stained with 0.025% Coomassie Blue R-250. The recombinant FgStefin-2 was
found in the soluble and the insoluble protein fraction (Figure 5.15). The expression
results suggested that rFgStefin-2 could be expressed in the prokaryotic expression
system pQE30/E. coli M15.

Following time-course and solubility analyses a large scale
expression of recombinant FgStefin-2 was performed and the expressed protein was
purified by using Ni-NTA affinity chromatography (QIAGEN, Germany) under native
conditions. The collected protein fractions were analyzed by 12.5% SDS-PAGE and
Coomassie Brilliant Blue R-250 staining. Purified rFgStefin-2 was present in fractions
E1l to E4 but most abundant in fraction E2 with the expected molecular masses of 13
kDa (Figure 5.16). All of the eluted fractions were pooled and dialyzed against 10
mM PBS, pH 7.2 for further experiments.
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Figure 5.14 SDS-PAGE analysis of time-course analysis of rFgStefin-2 expression. Lane

1: 0 h = non-induced, lane 2-5: after induction with IPTG for 1 h, 2h, 3h and 4 h,

respectively. Lane M: broad range protein standard marker (Bio-Rad, USA). The

position of rFgStefin-2 is indicated by an arrowhead.
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Figure 5.15 SDS-PAGE analysis of protein solubility shows that rFgStefin-2 is
expressed in soluble and insoluble form. Lane: 1 soluble protein, Lane 2: insoluble

protein. Lane M: broad range protein standard marker (Bio-Rad, USA). The position

of rFgStefin-2 is indicated by an arrowhead.
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Figure 5.16 SDS-PAGE of rFgStefin-2 purified under native conditions. Lane 1: flow
through fraction, lane 2, 3: wash fractions, lane 4-7: elution fractions. Lane M: broad
range protein standard marker (Bio-Rad, USA).  Purified rFgStefin-2 was most
abundant in the E2 elution fraction and migrated in SDS-PAGE at the expected mass
of approximately 13 kDa. Lane M: broad range protein standard marker (Bio-Rad,

USA). The position of rFgStefin-2 is indicated by an arrowhead.
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5.3.3 Production of polyclonal antibodies against rFgStefin-2

The anti-rFgStefin-2 antibodies were produced by immunization of
three female BALB/c mice with 10 pg gel-embedded rFgStefin-2.  Serum samples
were collected before immunization (pre-immune serum) and after immunization
(priming, 1" boost and 2" boost serum). The polyclonal antibodies were analyzed
by indirect ELISA against rFeStefin-2 to test the specificity and titer as described in
Section 4.3.7.2. Antibody titers of 1°' boost and 2" boost sera were found to be
increased in all mice (Figure 5.17). The polyclonal antibodies were stored at —20°C

and used for immunological detection, e.g. immunohistochemistry, western analyses.
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Figure 5.17 Indirect ELISA of immune responses in 3 BALB/c mice immunized with
rFeStefin-2.  The blue, orange and gray lines indicate the absorbance values from

mouse number 1, 2 and 3, respectively.
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5.4 Western blot analysis

5.4.1 Western blot analysis of mouse anti-rFgStefin-2 antisera
against rFgStefin-2, CW extract and ES product
Excretory/secretory product (ES products), crude worm extract

(CW) and rFgStefin-2 were prepared as described in Section 4.4.1 and resolved on
12.5% SDS-PAGE. Al fractions were transferred onto a nitrocellulose membrane by
semi-dry transfer and the membrane was probed with the anti-rFgStefin-2 antisera
(1:1,000) as described in Sections 4.4.2.1 and 4.2.2.2. Western blot analysis showed
that the mouse anti-rFgStefin-2 antisera reacted specifically rFgStefin-2 and with
antigens in CW extract, ES product at the expected molecular mass of native

FgStefin-2 (Figure 5.18).

5.4.2 Cross reactivity of mouse anti-rFgStefin-2 antisera against
rFgStefin-1, multi-domain cystatin (FgMDC) and crude worm
extracts of other trematodes
The mouse anti-rFgStefin-2 antisera were tested for cross reactivity

with rFgStefin-1, multi-domain cystatin and crude worm extracts of other trematodes
(Opisthorchis viverrini, Paramphistomum spp., Eurytrema pancreaticum, Schistosoma
mansoni, and Fischoederius elongates) by western blot analysis. Crude worm extract
of Fasciola gigantica and rFgStefin-2 was used as a positive control. In the western
blot analysis the antisera (1:1,000) did not cross-react with rFgStefin-1, multi-domain
cystatin and CW extracts from other trematodes but specifically detected rFgStefin-2
and CW extract from F. gieantica at the expected mass of approximately 13 kDa

(Figures 5.19 and 5.20).
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Figure 5.18 Western blot analysis of CW extract, ES product and rFgStefin-2 with
mouse preimmune serum or anti-rFgStefin-2 antiserum (1:1,000) as indicated on the
top. Lane 1, 4: 10 pyg CW extract, lane 2, 5: 10 pg ES product and lane 3, 6: 100 ng
rFgStefin-2.  Lane M: broad range protein standard marker (Bio-Rad, USA). The

position of rFgStefin-2 is indicated by the arrowhead.
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Figure 5.19 Western blot analysis of rFgStefin-1, rFgStefin-2 and multi-domain
cystatin with mouse preimmune serum or anti-rFgStefin-1 antiserum (1:1,000) as
indicated on the top. Lane 1, 4: 100 ng rFgStefin-1, lane 2, 5: 100 ng rFgStefin-2 and
lane 3, 6: 100 ng multi-domain cystatin. Lane M: broad range protein standard

marker (Bio-Rad, USA). The position of rFgStefin-2 is indicated by the arrowhead.
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Figure 5.20 Cross-reactivity analysis of anti-rFgStefin-2 antiserum with CW extracts of
other trematodes. Panel A: CW extracted of other trematodes and rFgStefin-2 were
separated by SDS-PAGE and visualized by Coomassie Blue Staining; lane 1:

Opisthorchis ~ viverrini, \ane 2: Paramphistomum spp., lane 3: Eurytrema

pancreaticum, \ane 4: Schistosoma mansoni, lane 5: Fischoederius elongates, lane 6:
F. gigantica and lane 7: rFgStefin-2. Panel B: the blotted proteins were probed with
anti-rFeStefin-2 antiserum. Lane M: broad range protein standard marker (Bio-Rad,

USA). The position of rFgStefin-2 is indicated by an arrowhead.
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5.5 Immunolocalization of FgStefin-2 in tissue sections of 2-, 4-week-old
juveniles and adults F. gigantica

The polyclonal mouse anti-rFgStefin-2 antisera (diluted 1:400) was used
to analyze the distribution of FgStefin-2 in 2-, d-week-old juveniles and adult
parasites by immunohistochemical detection. The native FgStefin-2 protein was
localized in the intestinal epithelium in 2-, 4-week-old juveniles (Figure 5.21) and in
adult parasites this protein was detected in several tissue types of the parasite
including the prostate gland, gut epithelium and intrauterine eggs (Figure 5.22). This
result indicates that FgStefin-2 is important for regulation of cysteine proteases in the
digestive system and the reproductive system. Preimmune serum (diluted 1:400) was
used as negative control and all tissue sections that were incubated with preimmune

serum showed negative staining.
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A B

C D

Figure 5.21 Immunohistochemical detection of FgStefin-2 in 2- and 4-week-old
juveniles by mouse anti-rFgStefin-2 antiserum using AEC substrate (red color) for
visualization. A, B: 2-week-old juvenile. C, D: d-week-old juvenile. Mouse
preimmune serum (negative control) was used in A and C and mouse anti-rFgStefin-2

antiserum was used in B and D. ca, cecum; pa, parenchyma and tg, tegument.
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Figure 5.22 Immunohistochemical detection of FgStefin-2 in a sagittal section of the
anterior region of adult F. gigantica by mouse anti-rFgStefin-2 antiserum using AEC
substrate (red color) for visualization and hematoxylin (blue color) as counterstain.
(A) Overview at low magnification. (B) Details at high magnification of the cirrus sac
and (C) a cecum. ca, cecum; ed, ejaculatory duct; mu, muscle layers; os, oral sucker;
pa, parenchyma; pg, prostate gland; ph, pharynx; sv, seminal vesicle; tg, tegument;

ut, uterus and vs, ventral sucker.



176

5.6 Functional analysis of recombinant FgStefin-2

5.6.1 Determination of K, values
The K., value of bovine cathepsin B for the substrate Z-Arg-Arg-
AMC was determined by measuring the reaction velocity at different substrate
concentrations [S] from 0 to 512 uM at a fixed enzyme concentration. The data was
analyzed by nonlinear regression with the Michaelis-Menten equation using GraphPad

Prism 6.0 (Figure 5.23). The K, value is shown in Table 5.2.
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Figure 5.23 Substrate concentration versus initial velocity plots for cleavage of

fluorogenic substrate, Z-Arg-Arg-AMC, by native bovine cathepsin B (1 ng).

Table 5.2 K, values of bovine cathepsin B.

Protease Ky (UM)

Bovine cathepsin B 3759 + 128.9
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5.6.2 Determination of the inhibition coefficients (ICs,)

The cysteine protease inhibitory profiles of rFgStefin-1, rFgStefin-2
and human cystatin C were investigated. The purified recombinant FgStefin-1 and
FgStefin-2, and native human cystatin C were tested for inhibitory activity against
native bovine cathepsins B and L and cysteine protease activity in adult F. gieantica
ES product by incubation of the enzymes with increasing concentrations of the
inhibitors and the activity was measured in the presence of fluorogenic substrates.
The inhibition coefficients (IC5,) values for rFgStefin-2 against native bovine cathepsins
B and L and F. gigantica ES product in comparison with rFgStefin-1 and human
cystatin C are shown in Figure 5.24. In case of native bovine cathepsin L human
cystatin C was sligshtly more effective while rFgStefin-1 and 2 showed similar
inhibition curves. The enzyme inhibition by the three cystatins was hardly different
for the parasite ES product, although rFgStefin-1, rFgStefin-2 were slightly more
effective than human cystatin C. Significant differences of the inhibition curves were
observed when the cystatins were tested with native bovine cathepsin B. The
lowest ICs, value was observed for rFgStefin-2, followed by human cystatin C and
finally rFeStefin-1. The ICso values and substrate details are shown in Table 5.3. A

higher IC5, value indicates a lower affinity of the inhibitor towards the enzyme.
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Table 5.3 ICs, values of human cystatin C, F. gigantica Stefin-1 and Stefin-2 against

bovine cathepsin L and B and parasite ES product.

cathepsin B [1]

Z-Arg-Arg-AMC

(758.5-792.2)

(167.4-191.1)

Enzyme Substrate ICso (95% confidence interval) [nm]
[ng/100ul] (10 pMm) rFgStefin-1 | rFgStefin-2 | Human cystatin C
Bovine 775.2 178.8 482.8

(472.4-493.4)

[10]

(206.6-213.5)

(211.0-216.6)

Bovine
229.8 218.3 174.3
cathepsin L | Z-Phe-Arg-AMC
1] (226.7-232.9) | (214.8-221.9) (170.1-178.6)
1
F. gigantica
210.0 213.8 196.0
ES product | Z-Phe-Arg-AMC

(193.1-198.9)
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Figure 5.24 Inhibitory activity of rFgStefin-1, rFgStefin-2 and human cystatin C against
bovine cathepsin B, L, and F. gigantica ES product. The ICsy values and substrate

details are shown in Table 5.3.
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5.6.3 Determination of the equilibrium inhibition constant (K;)

The equilibrium inhibition constant (K;) was calculated using the
Morrison equation to determine the level of inhibition of bovine cathepsin B by
rFgStefin-1, rFgStefin-2 and human cystatin C as described in Section 4.6.1. The
recorded data was fitted using nonlinear regression and the Morrison equation for
tisht competitive binding at fixed concentrations of enzyme and substrate with
varying concentrations of inhibitors. Each experiment was performed in triplicate
with duplicate samples. The K; values of rFgStefin-1, rFgStefin-2 and human cystatin
C for bovine cathepsin B are shown in Table 5.4. It was found that rFgSteFin-2 had
the lowest K; value (56.6 nM), followed by human cystatin C (234.5 nM) and finally
rFgStefin-1 (422.1 nM). The K; values of the three cystatins for bovine cathepsin B

supported the IC5, results of the previous experiment.
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Table 5.4 K; values of rFgStefin-1, rFgStefin-2 and human cystatin C for bovine
cathepsin B.

Inhibitor K; (95% confidence interval) [nm]

rFeStefin-1 | 422.1 (308.7-535.6)

rFeStefin-2 | 56.6 ( 43.9-69.4)

HsCystatin C | 234.5 (174.9-294.1)
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5.6.4 Zymography

Zymography is an electrophoretic technique used for detection of
proteolytic activity in a sample by incubation of the gel-resolved sample with a
substrate and observed proteolytic cleavage of the substrate. The inhibitory activity
of rFgStefin-1 and rFgStefin-2 against gelatinolytic activity of adult stage ES product
and CW extracts from metacercariae and adult parasites was determined. Adult
stage ES product and CW extracts from metacercariae and adult parasites (2
ug/reaction) were incubated in assay buffer in the presence and absence of rFgStefin-
1 and rFgStefin-2 and then separated by electrophoresis on a non-denaturing 10%
polyacrylamide gel containing 0.1% gelatin substrate. The gel was subsequently
stained with Coomassie Blue G-250 and the areas of digestion were determined. The
results of the gelatinolytic activity showed that the inhibitory activity of rFgStefin-2
against the cysteine proteases in CW extract from metacercariae and adult parasites
was higher than the one of rFgStefin-1 (Figures 5.25 and 5.26), but no difference was
observed for rFgStefin-1 and rFgStefin-2 in inhibition of cysteine proteases in ES

product (Figure 5.27).
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Figure 5.25 Analysis of the inhibitory activity of rFgStefin-1 and rFgStefin-2 with CW
extract from metacercariae by zymography. Metacercariae CW extract (2 pg) was
incubated in the absence and presence of rFgStefin-1 (Panel A) and rFgStefin-2 (Panel
B) then separated on a non-denaturing polyacrylamide gel containing gelatin
substrate. Lane 1: Metacercariae extract tested in the absence of inhibitors, lanes 2-
5: metacercariae CW extract tested at different concentrations of inhibitors 1, 5, 10
and 20 pM, respectively. The gel was incubated overnight and then stained with
Coomassie Blue G-250 to observe the gelatinolytic activity of metacercariae CW

extract.
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Figure 5.26 Analysis of the inhibitory activity of rFgStefin-1 and rFgStefin-2 with CW
extract from adult parasites by zymography. Adult CW extract (2 pg) was incubated
in the absence and presence of rFgStefin-1 (Panel A) and rFgStefin-2 (Panel B) then
separated on a non-denaturing polyacrylamide gel containing gelatin substrate. Lane
1: Adult CW extract tested without inhibitors, lanes 2-5: adult CW extract tested at
different concentrations of inhibitors 1, 5, 10 and 20 uM, respectively. The gel was
incubated overnight and then stained with Coomassie Blue G-250 to observe the

gelatinolytic activity of adult CW extract.
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Figure 5.27 Analysis of the inhibitory activity of rFgStefin-1 and rFgStefin-2 with adult
stage ES product by zymography. ES product (2 ug) was incubated in the absence
and presence of rFgStefin-1 (Panel A) and rFgStefin-2 (Panel B) then separated on a
non-denaturing polyacrylamide gel containing gelatin substrate. Lane 1: ES product
tested without inhibitors, lanes 2-5: ES product tested at different concentrations of
inhibitors 1, 5, 10 and 20 pM, respectively. The gel was incubated overnight and
then stained with Coomassie Blue G-250 to observe the gelatinolytic activity of ES

product.
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5.6.5 pH dependency of recombinant FgStefin-2
The pH profile of rFgStefin-2 was evaluated by pre-incubating
rFgStefin-2 in buffers of different pH values (pH 3.0-9.0) and then the remaining
inhibitory activity against bovine cathepsin L (1 ng/100 pl) was determined. The
result showed that rFgStefin-2 was stable in the pH range 3.0-9.0 and maintained
over 95% inhibitory activity (Figure 5.28). Pre-incubation of rFgStefin-2 for 30 min at
pH 3.0-9.0 had no effect on its inhibitory activity.

5.6.6 Temperature stability of recombinant FgStefin-2
The thermal stability of rFgStefin-2 was estimated using bovine
cathepsin L (1 ng/100 pl) and rFgStefin-2 in 2x Cat-L buffer at 100°C for 0-180 min.
This result showed that rFgStefin-2 was stable at 100°C and maintained over 85%
activity from 0-180 min (Figure 5.29).
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Figure 5.28 pH dependence assay. The remaining inhibitory activity (%) of rFgStefin-2
was analyzed against bovine cathepsin L (1 ng/100 ul) after pre-incubation in buffer

pH 3.0-9.0 for 30 min.
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Figure 5.29 Temperature stability assay. The remaining inhibitory activity (%) of
rFgStefin-2 was analyzed against bovine cathepsin L (1 ng/100 ul) after pre-incubation
100°C for 0-180 min.
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5.6.7 RT-PCR and western blot analysis of FgStefinl and FgStefin-2

genes products in metacercariae and adult F. gigantica

Total RNA was isolated from metacercarial stage and adult
parasites and then reverse transcribed with FgStefin-1, FgStefin-2-specific reverse
primers. The RT-products were used as template with FgStefin-1 and FgStefin-2
primers in multiplex RT-PCR (Section 4.6.7). The RT-PCR products were size
separated by 0.7% agarose gel electrophoresis and visualized by ethidium bromide
staining. The 752 bp FgStefin-2 cDNA product was observed in all investigated stages
of the parasite and the 333 bp FgStefin-1 cDNA product was observed at the adult
stage but only weakly detected at the metacercarial stage (Figure 5.30).

Metacercarial, adult crude worm  extract (CW) and
excretory/secretory product (ES product) were prepared as described in Section
4.4.1. AU fractions were resolved on 12.5% SDS-PAGE and electrotransferred to a
nitrocellulose membrane by semi-dry blotting. Western blot analysis showed that
the mouse anti-rFgStefin-2 antiserum reacted with native FgStefin-2 at the expected
mass of about 13 kDa in the metacercarial extract, adult CW extract and ES product
(Figure 5.31B) and anti-rFgStefin-1 antiserum reacted with native FgStefin-1 at the
expected mass of 11-12 kDa in adult CW extract and ES product but only weakly in
metacercarial extract (Figure 5.31A).

RT-PCR and immunoblots showed that the FgStefin-2 gene
products were found to be more abundant in the metacercarial stage than the

FgStefin-1 gene products.
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Figure 5.30 Agarose gel electrophoresis showing the resolved RT-PCR products of

F. gigantica total RNA from metacercariae (Mt) and adults (Ad) by using FgStefin-2

primers (lanel), FgStefin-1 primers (lane 2), FgStefin-1 and 2 primers (multiplex RT-

PCR, lane 3). S1: 333 bp FgStefin-1 product, S2: 752 bp FgStefin-2 product. Lane M:

GeneRuler™ 100 bp DNA ladder (Thermo Scientific, Lithuania).
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Figure 5.31 Western blot analysis of 2 pg each metacercarial extract, adult CW
extract and ES product. Panel A: the blotted proteins were probed with anti-
rFgStefin-1 antiserum. Panel B: the blotted proteins were probed with anti-rFgStefin-
2 antiserum. Lane M: broad range protein standard marker (Bio-Rad, USA). The

position of the rFgStefin-1 and rFgStefin-2 are indicated by an arrowhead.
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5.6.8 Specific immune responses to FgStefin-1 and FgStefin-2 in sera

of F. gigantica-infected mice
The pre-infection sera and 2-, 4-, 6-week post-infection sera of F.
gieantica-infected mice (n=14) were tested for specific immune responses by indirect
ELISA against rFgStefin-1 and rFgStefin-2.  The absorbance values at ODgyy, of F.
gieantica-infected sera against rFgStefin-1 and rFgStefin-2 were recorded and plotted
(Figure 5.32). The results showed that a slightly higher reactivity towards rFgStefin-2

by the 4-, 6-week post-infection sera of F. gigantica-infected compared to rFgStefin-1.
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Figure 5.32 Box and whiskers graph showing the ELISA results obtained with mouse
F. gigantica-infected sera (n=14) probed against rFgStefin-1 and rFgStefin-2. The
boxes extend from the 25" to the 75" percentile and have a line at the median.

The whiskers indicate highest and lowest values.
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5.7 Analysis of immunomodulatory properties of recombinant FgStefin-2

5.7.1 Polyclonally stimulated proliferation of murine spleen cells

The effects of rFgStefin-1 and rFgStefin-2 on polyclonal T-cell
proliferation from murine spleen cells were investicated. Spleen cells of native
BALB/c mice were prepared as described in Section 4.7.1, cultured in 96-well flat-
bottomed plates at a density of 35 x 10° cells/well and stimulated with
concanavalin A in the presence of 0.2 to 0.5 uM rFgStefin-1 and rFgStefin-2. The
plate was incubated at 37°C for 72 h. Proliferation of cells was quantified by MTT
assay as described in Section 4.7.3. The result showed that rFgStefin-1 and
rFgStefin-2 inhibited cellular proliferation by 40-61% and 30-63%, respectively at 0.2-
0.5 uM of the concentrations (Figure 5.33). The data suggest that rFgStefin-1 and
rFeStefin-2 had some effect on the polyclonally stimulated proliferation of BALB/c

spleen cells.

5.7.2 Polyclonally stimulated proliferation of murine PBMC

The effect of rFgStefin-1 and rFgStefin-2 on polyclonal T-cell
proliferation in murine peripheral blood mononuclear cells (PBMCs) was determined.
PBMCs of native BALB/c mice were prepared as described in Section 4.7.2, cultured
in 96-well flat-bottomed plates at a density of 3.5 x 10° cells/well and stimulated
with concanavalin A in the presence of 0.2 to 0.5 uM rFgStefin-1 and rFgStefin-2. The
plate was incubated at 37°C for 72 h and the proliferation of cells was quantified by
MTT assay as described in Section 4.7.3. The result showed that rFgStefin-1 and
rFgStefin-2 inhibited cellular proliferation by 25-50% and 21-50%, respectively at 0.2-
0.5 uM concentration (Figure 5.34). The data suggest that rFgStefin-1 and rFgStefin-2
had some effect on the polyclonally stimulated proliferation of BALB/c PBMC cells.
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Figure 5.33 Mitogen-induced murine T-cell proliferation in the presence of rFgStefin-
1 and rFgStefin-2.  Concanavalin A (0.5 pg/mU)-stimulated proliferation of BALB/c
spleen cells in the presence of 0.2 to 0.5 uM rFgStefin-1 and rFgStefin-2. Each bar
represents the mean data of triplicate experiments obtained with 3.5x10° spleen
cells from two mice. Proliferation of T-cells in the presence of only Con A was set at

100%. DMSO was used as the negative control.
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Figure 5.34 Mitogen-induced murine T-cell proliferation in the presence of rFgStefin-
1 and rFgStefin-2.  Concanavalin A (0.5 pg/mU)-stimulated proliferation of BALB/c
PBMC cells in the presence of 0.2 to 0.5 uM rFgStefin-1 and rFgStefin-2. Each bar
represents the mean data of triplicate experiments obtained with 3.5x10° spleen
cells from three mice. Proliferation of T-cells in the presence of only Con A was set

at 100%. DMSO was used as the negative control.
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5.8 Expression and purification of recombinant F. gigantica cathepsin B5

(rFgCBb5) in the yeast Pichia pastoris (strain X33)

5.8.1 Cloning of FgCB5 encoding cDNA fragment into the eukaryotic
expression vector pPicZaB and introduction into the yeast
expression host Pichia pastoris (strain X33)

The FgCB5 encoding cDNA fragment was amplified by PCR with
specific primers carrying Pst | and Xba | restriction sites. The FgCB5 cDNA fragment
was inserted into the Pst | and Xba | digested vector pPicZaB by ligation. The
ligation product was used for transformation of E. coli Top10. Positive clones were
checked by PCR, restriction analysis, and DNA sequencing. The plasmid DNA
(pPicZaB-FgCB5) was linearized with Sac | and used for transformation of Pichia
pastoris strain X33 by electroporation. Genomic DNA was extracted from eleven
transformants and used as template for PCR to check the integration of FgCB5. The
result showed that six of eleven clones contained a genomic FgCB5 insertion (Figure

5.35).

5.8.2 Expression and purification of rFgCB5 in Pichia pastoris (strain

X33)

Culture medium was collected at 0, 12, 24, 48, 72 and 96 h and
tested by western blot for a time point analysis of the expression of rFgCB5. The
result showed that rFgCB5 was expressed at 72 and 96 h after induction (Figure
5.36). The recombinant protein was secreted into the yeast culture medium and
purified by Ni-NTA affinity sepharose chromatography.  The elution fraction
containing soluble rFgCB5 was concentrated on a 3 kDa cut off filter column and
dialyzed against 10 mM PBS, pH 7.2. In western blot analysis, the purified protein
showed the expected molecular mass of approximately 39.2 kDa and was expressed

without glycosylation at 100 ng protein/ml medium (Figure 5.37).
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Figure 5.35 Agarose gel electrophoresis of direct colony PCR obtained from checked
transformant E. coli carrying pPicZaB-FeCB5 with FgCB5 primers. Lanes: 1: negative
control without template, lanes 2-12: PCR products of eleven transformants. Lane
M: 1 kb DNA ladder (Thermo Scientific, Lithuania). The position of FeCB5 is indicated

by an arrowhead.
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Figure 5.36 Western blot analysis of rFgCB5 expression in Pichia pastoris (strain X33).
Lane 1: 0 h (non-induced), lanes 2-6: after induction for 12 h, 24 h, 48 h, 72 h and
96h. Lane M: Broad range protein standard marker (Bio-Rad, USA). The position of
rFeCB5 is indicated by an arrowhead.
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Figure 5.37 Western blot analysis of purified rFgCB5 after concentration and dialysis
against 10 mM PBS, pH 7.2. Lane M: Broad range protein standard marker (Bio-Rad,
USA), lane 1: purified rFgCB5. The position of rFgCB5 is indicated by an arrowhead.
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5.9 Western blot analysis of mouse anti-rFgCB5 antisera against rFgCB5, CW
extract and ES product

Excretory/secretory product (ES product), crude worm extract (CW) and
rFeCB5 were prepared as described in Section 4.4.1 and resolved on 12.5% SDS-
PAGE. All fractions were transferred onto a nitrocellulose membrane by semi-dry
transfer and the membrane was probed with the mouse anti-rFgCB5 antisera (1:100)
as described in Sections 4.4.2.1 and 4.2.2.2. Western blot analysis showed that anti-
rFeCB5 antiserum reacted with rFeCB5 at the expected mass of the recombinant
proprotease at approximately 39.2 kDa (this includes the C-terminal myc-His-tag). In
CW extract the antiserum detected a doublet of antigens migrating slightly faster
than rFgCB5 at the approximate size of the native proprotease (36.4 kDa) and in the
ES product of adult F. gieantica the antiserum detected very faintly an antigen

migrating at the lower position of the CW extract doublet (Figure 5.38).
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Figure 5.38 Western blot analysis of rFgCB5, CW extract and ES product with mouse
anti-rFgCB5 antiserum (1:100). Lane 1: 100 ng rFgCB5, lane 2: 60 pg CW extract and

lane 3: 60 pg ES product. Lane M: broad range protein standard marker (Bio-Rad,
USA).
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5.10Specific immune responses of rFgCB5 in mouse F. gigantica - infected
serum

The pre-infection sera and 2-, 4-, 6-week post-infection sera of F.
gieantica-infected mice (n=10) were tested for specific immune responses by indirect
ELISA against yeast-expressed rFgCB5. The absorbance values at OD4g, of F.
gigantica-infected sera against rFgCB5 were recorded and plotted (Figure 5.39). The
results showed that the sera of F. gigantica-infected mice 4-, 6-week postinfection
were significantly different from the pre-infection sera with the 6-week postinfection

sera again significantly different from the 4-week sera.
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Figure 5.39 Box and whiskers graph showing ELISA results obtained with mouse F.
gieantica-infected sera (n = 10) probed against yeast-expressed rFgCB5. The boxes
extend from the 25th to the 75th percentile and have a line at the median. The
whiskers indicate highest and lowest values. Statistically significant differences
between the means of pre-infection sera and 2- and 4-week postinfection sera are

indicated.
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5.11Functional analysis of recombinant F. gigantica Cathepsin B5 (rFgCB5)
5.11.1 Determination of K, values
The K., value of rFeCB5 for Z-Arg-Arg-AMC was determined by
measuring the rate of reaction velocity at different substrate concentrations [S] from
0 to 512 pM at a fixed enzyme concentration. The recorded data was for nonlinear
regression analysis with the Michaelis-Menten equation using GraphPad Prism 6.0

(Figure 5.40). The K., value is shown in Table 5.5.

5.11.2 Determination of the inhibition coefficients (ICs)

Purified rFgStefin-1, rFgStefin-2 and human cystatin C were tested
for inhibitory activity against rFgCB5. The inhibition of rFeCB5 by the three cystatins
was most effective with rFgStefin-2 which showed the lowest IC5, value, followed by
human cystatin C and finally rFgStefin-1 (Figure 5.41). The ICs, values are shown in
Table 5.6. A higher ICsq value indicates a lower affinity of the inhibitor towards the

enzyme.
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Figure 5.40 Substrate concentration versus initial velocity plots for cleavage of

fluorogenic substrate (Z-Arg-Arg-AMC) by rFgCB5.

Table 5.5 K, value for recombinant F. gigantica cathepsin B5.

Protease

Kn (UM)

rFeCB5

262.2 £ 69.35
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Table 5.6 ICs, values of human cystatin C, F. gigantica Stefin-1 and Stefin-2 against
recombinant F. gigantica cathepsin B5 with substrate Z-Arg-Arg-AMC.

rFgCatB5 | Z-Arg-Arg-AMC ICs0 (95% confidence interval) [nM]
[ng/100ul] [uM] rFgStefin-1 | rFgStefin-2 | Human cystatin C
679.8 130.7 486.5
: o (668.9-691.0) | (108.3-157.6) (476.4-496.7)




209

120]

-? 1007 "
B ) * ™ rFeStefin-2
$ 80 ¢ HsCvstatinC
§ B FoStefin-1
o 6071
0]
on *
C -
g a0
O *
¥ /L 1 ng rFgCB5
L

o

-8 -7 -6

Login C (M) inhibitor

Figure 5.41 Inhibitory activity of rFgStefin-1, rFgStefin-2 and human cystatin C against
rFeCB5 (1 ng). The ICs, values and substrate details are shown in Table 5.6.
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5.11.3 Determination of the equilibrium inhibition constant (K;)

The equilibrium inhibition constant (K;) was calculated according to
the Morrison equation to determine the level of inhibition of rFeCB5 by rFeStefin-1,
rFeStefin-2 and human cystatin C as described in Section 4.9.4. The Morrison
equation determines the K; value of a tight binding enzyme inhibitor at fixed
concentrations of enzyme and substrate with varying concentrations of inhibitor.
Each experiment was performed in triplicate with duplicate samples. The K; values
of rFgStefin-1, rFgStefin-2 and human cystatin C for rFgCB5 are shown in Table 5.7.
The results demonstrate that rFgSteFin-2 the lowest K; value (57.18 nM), followed by
human cystatin C (229.3 nM) and finally rFgStefin-1 (373.2 nM). The K; values of the

three cystatins for rFeCB5 confirmed the previous ICsy results.



Table 5.7 K; values of FgStefin-1, FgStefin-2 and human cystatin C for rFeCB5.

Inhibitor | Ki (95% confidence interval) [nm]
rFgStefin-1 373.2

rFgStefin-2 57.18
HsCystatin C 229.3

211
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5.11.4 Autoprocessing of rFgCB5

Recombinant FgCB5 (proprotein, 39.2 kDa) was incubated 0, 0.5,
1.5, 4 and 19 h at acid pH ranging from 4.0 to 5.5 in AMT buffer containing 50 pg/ml
DS 500K, 200 mM NaCl and 10 mM DTT to analyze autoprocessing of the enzyme.
Following incubation, all samples were analyzed by 12.5% SDS-PAGE and visualized
by silver staining. Optimal autoprocessing was observed after incubation of rFgCB5 at
pH 4.5 for 0.5 h. Autoprocessing was slow and the enzyme appeared unstable at pH
5.0 and 5.5. Degradation of rFgCB5 was observed at pH 4.0 after 1.5 h incubation
time (Figure 5.42).



kDa

45 —

31 —

21.5—

kDa

45 —

31—

21.5—

213

kDa

45 —

N

21.5—

kDa

45 —

31 —

2 UbT

D
Figure 5.42 SDS-PAGE of products generated after autoprocessing of rFeCB5

(proprotein) at various pH values in AMT buffer (panel A = pH 4.0, panel B = pH 4.5,
panel C = pH 5.0 and panel D = pH 5.5) in the presence of DTT and DS (500 K) for 0,

0.5, 1.5, 4 and 19 h (lanes: 1-5). The products were analyzed by reducing 12.5%

SDS-PAGE and visualized by silver staining. Positions and sizes of the broad range

protein standard marker (Bio-Rad, USA) are indicated at the left.
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5.11.5 Temperature stability of rFgCB5
The stability of rFgCB5 was estimated against Z-Arg-Arg-AMC in
AMT buffer containing 50 pg/ml DS 500K, 200 mM NaCl and 10 mM DTT pH.4.5 at
37°C. The enzyme maintained high activity against Z-Arg- Arg-AMC for 3 h (over 90%
activity) but activity decreased to 68%, 56% and 25% activity after 4 h, 5h and 24 h
incubation time, respectively (Figure 5.43).
5.11.6 pH dependency of rFgCB5
The pH profiles of rFeCB5 were evaluated by incubating rFgCB5 in
AMT buffer containing 50 pg/ml DS 500K, 200 mM NaCl and 10 mM DTT adjusted to
different pH values (pH 3.0-8.0) for 2 h at 37°C. The results showed that the optimal

pH for the maximum activity of rFeCB5 was 4.5 (Figure 5.44).
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Figure 5.43 Temperature stability assay, the activity of rFgCB5 was measured after

incubation in the presence of Z-Arg-Arg-AMC at 37°C for 0-5 h and 24 h.
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Figure 5.44 pH stability assay, the activity of rFgCB5 was measured after incubation in
the presence of Z-Arg-Arg-AMC for 2 h, 37°C in AMT buffer at pH 3.0-8.0.
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5.11.7 Degradation of host proteins by rFgCB5
The degradation of various host substrates by proteolytic activity
of rFgCB5 is shown in Figure 5.45. The enzyme was able to hydrolyze bovine serum
albumin, human IgG, fibronectin, laminin, collagen type IV at substantial amounts

and showed weak activity against hemoglobin at pH 4.5 and pH 5.5, 37°C for 4 h.
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Figure 5.45 Degradation of various host proteins by proteolytic activity of FgCB5. (A)
human lgG, (B) hemoglobin, (C) fibronectin, (D) collagen type IV were incubated with
rFgCB5 (lanes 2, 5: 500 nM, lanes 3, 6: 700 nM) for 4 h at 37°C and analyzed by SDS-
PAGE and stained with Coomassie blue R-250. Lanes M: Broad range protein

standard marker (Bio-Rad, USA), lanes 1, 4: control protein without any enzymes.
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Figure 5.45 Degradation of various host proteins by proteolytic activity of FeCB5. (E)
bovine serum albumin, (F) laminin were incubated with rFgCB5 (lanes 2, 5: 500 nM,
lanes 3, 6: 700 nM) for 4 h at 37°C and analyzed by SDS-PAGE and stained with
Coomassie blue R-250. Lanes M: Broad range protein standard marker (Bio-Rad, USA),

lanes 1, 4: control protein without any enzymes. (cont.)
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5.11.8 Exopeptidase activity

The exopeptidase activity of rFeCB5 was investigated using the
synthetic substrate Abz-Phe-Arg-Ala-Lys(Dnp)-OH [Exo-OH] which was selected
according to the substrate preferences of human cathepsin B. The proteolytic
activity of activated human cathepsin B and rFgCB5 to Abz-Phe-Arg-Ala-Lys(Dnp)-OH
[Exo-OH] in assay buffer (50 mM NaH,PO,, 200 mM NaCl, 5mM EDTA and 1 mM DTT,
pH 4.5) at 37°C for 20 min is shown in Figures 5.46 and 5.47. The results of this
analysis demonstrated that rFgCB5 showed substantial exopeptidase activity at a
relative rate of 34.26% compared to human cathepsin B (17.31 + 0.7766 AFU/min/nM
to 50.53 + 0.7729 AFU/min/nM) (Figure 5.48). Plots demonstrating the
carboxydipeptidyl exopeptidase activity of rFgCB5 in comparison to human cathepsin
B (HsCB) against Abz-Phe-Arg-Ala-Lys[Dnp]-OH at pH 4.5, 37°C, 20 min is shown in
Figure 5.49.
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Figure 5.46 Processing of the synthetic fluorometric substrate Abz-Phe-Arg-Ala-Lys
(Dnp)-OH by activated rFeCB5 at pH 4.5, 37°C for 20 min. Direct correlation could be

observed between fluorescence units and time incubation.
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Figure 5.47 Processsing of the synthetic fluorometric substrate Abz-Phe-Arg-Ala-Lys

(Dnp)-OH with activated human cathepsin B at pH 4.5, 37°C for 20 min.

correlation could be observed between fluorescence units and time incubation.
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Figure 5.48 Processing of synthetic fluorometric substrate Abz-Phe-Arg-Ala-Lys (Dnp)-
OH by the activated human cathepsin B and rFeCB5 at pH 4.5, 37°C for 20 min. The
initial velocities for human cathepsin B (blue bars) and rFgCB5 (orange bar) are

plotted as AFU/ (min nM)™ enzyme.
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Figure 5.49 Plots demonstrating the carboxydipeptidyl exopeptidase activity of
rFgCB5 in comparison to human cathepsin B (HsCB) against Abz-Phe-Arg-Ala-Lys[Dnp]-
OH at pH 4.5, 37°C, 20 min. The averaged activities (AFU/min/nM) of the enzymes

are shown in the column plot.
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CHAPTER VI

DISCUSSION

6.1 Molecular cloning and sequence analysis of F. gigantica cDNAs encoding

cystatin (FgStefin-2)

Cysteine proteases exist in all living organisms and are involved in
biochemical and pathological processes.””  Cystatins, the inhibitors of cysteine
proteases, participate in various biological processes by regulating the activity of
these proteases, for example to protect cells from inappropriate endogenous or
extraneous proteolysis. The functions of several cystatins in higher animals and
human have been studied. They are present in body fluids and a variety of tissues
depending on their specific functions.'” Cystatins are also found in plants, as
exemplified by inhibitors isolated from wheat, corn, soybean and rice seeds.??%%%
Many cystatins have been isolated from filarial nematodes for example, Bm-CPI-2 of
Brugia malayi, cystatin of Acanthocheilonema viteae, Onchocystatin of Onchocerca
volvulus, nippocystatin of Nippostrongylus brasiliensis and cystatin of Litomosoides
sigmodontis and were found to be involved in immunomodulatory activities.'"?
Cystatins in trematodes especially in Fasciola spp. have been described in only a few
publications. In the present study a novel type 1 cystatin (stefin) of the liver fluke F.
gieantica was molecular and biochemically characterized. A full length cDNA of
FeStefin-2 was cloned by RT-PCR from total RNA of adult F. gigantica. The FgStefin-2
cDNA has 836 bp size and its deduced amino acid sequence carries the typical
features of type 1 cystatins with the characteristic conserved glycine residue in the N-
terminal region, low molecular mass, absence of C-terminal located extended loops
with disulfide bond-forming conserved cysteine residues, and the QVVAG motif in the
active site-binding loop.?"***> The protein contained 116 amino acid residues with a
calculated molecular mass of 12.56 kDa and had a pl of 7.0. FgStefin-2 contained a

putative N-terminal signal peptide which is unusual for stefins but the remaining

sequence features clearly indicate homology to stefins. Sequence similarity between
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FeStefin-2 and human stefins A, B is low in the C-terminal region (B-strand 4, active
site-binding loop 2, B-strand 5 and unordered tail in structure-resolved human stefins
A and B) (Figure 5.6). NCBI-BLASTP was used to find related sequences in the NCBI
non-redundant protein database. The result revealed a high identity value (92.2%)
with the uncharacterized Fasciola hepatica ortholog (GenBank accession AAV68752)
and the identity and similarity values of FgStefin-2 and other cystatins are shown in
Table 5.1. FgStefin-2 orthologs could not be detected in Schistosoma, Opisthorchis
and Clonorchis transcriptome/genome data by use TBLASTN.

6.2 Characterization of FgStefin-2 nucleic acids

Genomic Southern analysis was done to confirm the presence of FgStefin-2
from a nuclear gene in the parasite. The nucleic acid patterns of cystatin genes
analyzed by Southern blot analysis have previously only been published for FgStefin-
1 from F. gigantica and a multi-domain cystatin from F. hepatica. Southern blot
analysis had demonstrated that FgStefin-1 is encoded by a single copy gene in the
parasite genome'® while the analysis of multi-domain cystatin from F. hepatica
observed two hybridizing fragments at different intensity in the parasite genome.!!
Results of the RT-PCR analysis suggest that the FgStefin-2 gene is transcribed in all
developmental stages of the parasites (NEW, 2-, 4-, 6-week-old juveniles and adult
parasites). Northern blot analysis suggests that the gene is transcribed at only one
size, 1,000 nucleotides, in adults (Figure 5.10 and 5.11). The presence of FgStefin-2
in all developmental stages suggests an important function of this protein for the

parasite which generally will be the control of cysteine protease activity.

6.3 Expression and purification of recombinant FgStefin-2

Recombinant FgStefin-2 (rFgStefin-2) was expressed in Escherichia coli M15
using pQE30 as expression vector. Expression of N-terminal His-tagged rFgStefin-2
was induced with IPTG and recombinant protein was observed 1 h after induction

and the amount of this protein steadily increased over 4 h. Recombinant protein
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was highly abundant at 4 h after induction and it was expressed in both, soluble and
insoluble form (Figures 5.14 and 5.15). The 13 kDa soluble protein was purified by
Ni-NTA-sepharose affinity chromatography (Figure 5.16). The expression results
demonstrate that rFgStefin-2 can be expressed in the prokaryotic expression system
and that it is not toxic to the expression host E. coli M15. After purification, the
recombinant protein was used for immunization of BALB/c mice by intraperitoneal
injection to produce specific antisera. The polyclonal anti-rFgStefin-2 antisera were
checked for the specificity and sensitivity against the recombinant protein before

used in further experiments.

6.4 Characterization and immunolocalization of recombinant FgStefin-2

The anti-rFgStefin-2 antisera reacted with rFgStefin-2 and antigens of the
expected 13 kDa mass in crude worm (CW) extract and excretory/secretory (ES)
product of the adult parasites (Figure 5.18). Furthermore, the antisera did not cross-
react with rFgStefin-1, multi-domain cystatin and CW extracts of other trematodes
including Opisthorchis viverrini, Paramphistomum spp., Eurytrema pancreaticum,
Schistosoma mansoni, and Fischoederius elongates (Figures 5.19 and 5.20). The
distribution of native FgStefin-2 in the tissues of 2-, 4-week-old juvenile and adult F.
gieantica was analyzed by immunohistochemistry with the mouse anti-rFgStefin-2
antisera (Figures 5.21 and 5.22). The results demonstrated that FgStefin-2 is
expressed in the intestinal epithelium in all developmental stages. In adults,
FgStefin-2 is expressed and released from the prostate gland cells into ejaculatory
duct and its targets in ejaculate or, following insemination, the uterus are presently
unknown as parasite cysteine proteases have not been investigated in these
locations yet. Immunolocalization of FgStefin-2 is different from FgStefin-1 which
was present in intestinal epithelium and tegumental cells.”® Cathepsin L is a major

protease in the cecal epithelial cells'®

while cathepsin B is not only found in cecal
epithelial cells but also in the tegumental cells and the reproductive system such as
prostate gland, vitelline cells through which it becomes incorporated in the

parasite’s eggs, Mehlis’ gland, testis, and eggs'’®. The expression of FgStefin-2
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associated with the cysteine proteases in gut and reproductive tissues suggests that
the inhibitor has important roles in regulation of the proteases in these tissues to
ensure appropriate proteolytic processes. The expression of FgStefin-2 in the gut
epithelium where the cathepsin L proteases are expressed supports a regulatory role
for this inhibitor within the cytoplasm prior to release of active proteases at the
luminal surface of the gut if they are leaking from their storage vesicles. Several type
2 cystatins are expressed in male reproductive tissues in Mammalia®*® and FgStefin-2

may have analogous functionality.

6.5 Functional analysis of recombinant FgStefin-2

Purified recombinant FgStefin-2 was tested for its inhibitory activity against
native bovine cathepsin B and L and the ES product of Fasciola gigantica. A
previous study had demonstrated that the N-terminal His-tag of rFgStefin-1 had only
slight influence on the inhibition of cathepsin B and L. Therefore, the His-tags of
rFgStefin-1 and 2 were not removed in this study. Recombinant FgStefin-2 has an
inhibition profile comparable to homologs described from other organisms with
highest activity towards ES product, followed by cathepsin L, and then cathepsin B.
Remarkably, it shows a significantly lower ICs, and K; value to bovine cathepsin B
compared to rFgStefin-1 and human cystatin C, a type 2 cystatin that is one of the
most effective inhibitors of cathepsin B (Tables 5.3 and 5.4, Figure 5.24)”°' These
results are related to the RT-PCR and immunoblots experiments in which FgStefin-2
was found to be more abundant than FgStefin-1 in the metacercariae, the stage in
which cathepsin B is most abundant (Figures 5.30 and 5.31).170179219232 The efficient
inhibition of the parasite’s endogenous cathepsin B isoforms by FgStefin-2 is also
indirectly supported by the zymography analyses (Figures 5.25-5.27). CW extract
from metacercariae containing abundant cathepsin B is blocked by rFgStefin-2 but
not rFeStefin-1 at similar concentration. Comparable, CW extract from adult parasites
which contains a mixture of cathepsin B and L isoforms is again more effectively
blocked by rFgStefin-2. The ES product of adult parasites with its high cathepsin L
content is equally inhibited by rFgStefin-2 and rFgStefin-1. Cathepsin B is released in
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the early infectious phase of fascioliasis'’

and the parallel release of an inhibitor
optimized to recognize this protease could be important for the protection of newly
excysted juveniles, which should be sensitive due to their minute size, from autolytic
tissue damage. Primary damage could cause escalating harm through a cascade of
suddenly released proteases which again damage nearby cells.

The pH dependency and temperature stability of rFgStefin-2 activity were
determined. Recombinant FgStefin-2 is active over a wide range of pH values (pH
3.0-9.0) and would effectively work in slightly alkaline bile and more neutral liver
parenchyma of host and in the acidic gut lumen of the parasite (Figure 5.28). This
property of rFgStefin-2 relates to cathepsin B and L of Fasciola spp. that also active
over a broad pH range.'®®?!! The rFgStefin-2 is also remarkably heat stable at 100°C
for 3 h (Figure 5.29) similar to rFgStefin-1'° and other cystatins such as chicken
cystatin®?, human stefins A and B'%%.

The sera from F. gigantica-infected mice reacted with rFgStefin-2 with the

mean immune response being slightly higher compared to rFgStefin-1 starting four

weeks postinfection (Figure 5.32).

6.6 Analysis of immunomodulatory properties of recombinant FgStefin-2

A preliminary study of the immunomodulatory properties of FgStefin-2
analyzed the inhibition of polyclonal T-cell proliferation from murine spleen cells
and PBMC by recombinant FgStefin-2 as had been described in parasitic
nematodes.®® The result showed that rFgStefin-2 inhibited cellular proliferation by
30-63% of murine spleen cells and 21-50% of murine PBMC at 0.2-0.5 pM inhibitor
concentrations (Figures 5.33 and 5.34). The effect of rFgStefin-2 was similar to A.
viteae (rAv17), which reported significantly suppressed mitogen-induced T cell
proliferation by 63.5% and 45.5%."*?° These preliminary data suggest that rFgStefin-2
may interfere with an immune response mechanism that is involved in polyclonal T-

cell proliferation.
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6.7 Expression and purification of recombinant FgCB5

Recombinant FgCB5 (rFeCB5) was expressed in the Pichia pastoris (strain
X33) yeast expression system with pPicZaB as expression vector. A transformant
yeast clone carrying the expression construct integrated in the genome was cultured
in BMMY medium to induce expression. The 39.2 kDa rFgCB5 (proprotein) was found
expressed at 72 and 96 h after induction (Figure 5.36) and was purified by Ni-NTA-
sepharose affinity chromatography (Figure 5.37). The results demonstrate that
rFgCB5 can be successfully expressed as a non-toxic His-tagged protein in the
eukaryotic expression system. A denatured form of rFeCB5 expressed in E. coli was
used to immunize BALB/c mice by intraperitoneal injection to produce specific
antisera. The obtained polyclonal anti-rFeCB5 antisera were tested against the yeast-
expressed recombinant protein to confirm their specificity and sensitivity before used

in further experiments.

6.8 Characterization of recombinant FgCB5

The anti-rFgCB5 antiserum reacted with yeast-expressed 39.2 kDa rFgCB5
(proFeCB5), detected native cathepsin B in CW extract as a doublet of antigens that
migrated slightly faster than proFeCB5 at the approximate size of the native
proprotease (36.4 kDa) and in the ES product of the adult parasite very faintly as an
antigen migrating at the lower position of the CW extract doublet (Figure 5.38). The
anti-rFeCB5 antiserum has high probability to cross-react with FgCB4, FeCB7 and other
similar high conserved isoforms. Therefore, the bands that were detected in the CW
extract might represent a complex of co-migrating CB4, CB5 and CB7. Previous
studies showed that anti-bovine cathepsin B antiserum cross-reacted with cathepsin
B of F. hepatica in NEJ and with cathepsin B in the intestinal tract of the fluke in the

juvenile stage.!’"'"®

Antiserum raised against rFgCB2 was reactive with CW extract
from metacercariae, NEJ, and 2-week-old juveniles while 3-week-old juveniles or

later stages were not observed and anti-rFeCB3 antiserum was reactive with CW
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extract from metacercariae and NEJ whereas, 4-week-old juveniles or later stages
were not detected.?%%*®

The sera from F. gigantica-infected mice reacted with rFgCB5 starting four
weeks postinfection.  The reactivity in 4- and 6-week postinfection sera was
significantly different from the reactivity of sera from earlier weeks (Figure 5.39) and
increased over time. In a previous study it had been demonstrated that the sera

from F. hepatica-infected rats and sheep reacted with rFhCB2 indicating a steady

release of cathepsin B from the flukes.?*?

6.9 Functional analysis of recombinant FgCB5

Purified rFgStefin-1, rFeStefin-2 and human cystatin C were tested for
inhibitory activity against yeast-expressed FgCB5. The enzyme inhibition by the three
cystatins showed some differences with rFgStefin-2 exhibiting the lowest ICsy and K
values, followed by human cystatin C and finally rFgStefin-1 (Figure 5.41, Tables 5.6
and 5.7). A higher IC5, value indicates a lower affinity of the inhibitor towards the
enzyme and the K values of the three cystatins for yeast-expressed FgCB5 confirmed
the ICsq results. As previously observed rFgStefin-2 showed higher inhibition against
bovine cathepsin B than rFgStefin-1 and human cystatin C. Therefore, the results of

this experiment confirm that rFgStefin-2 is a potent inhibitor of cathepsin B.*® |

na
previous study it had been demonstrated that stefin A, stefin B and cystatin C weakly
inhibited FhCB2.”™

Autoprocessing of rFgCB5 (39.2 kDa proprotein) was analyzed at an acid pH
range from 4.0 to 5.5 in AMT buffer containing 50 pg/ml DS 500K, 200 mM NaCl and
10 mM DTT at different time points (0, 0.5, 1.5, 4 and 19 h incubation). The results
showed that the enzyme underwent optimal processing to the mature form at pH
4.5 for 0.5 h. At pH 5.0 and 5.5 autoprocessing was slow and the enzyme appeared
unstable while degradation of rFeCB5 was observed at pH 4.0 after 1.5 h incubation

time (Figure 5.42). Importantly, the result of this experiment is comparable to the

described autoprocessing of human procathepsin B.?’
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The pH profiles and temperature stability of rFgCB5 activity were
determined. As observed in the autoprocessing experiment, rFgCB5 showed
maximum activity at an acidic pH of 4.5 like lysosomal hydrolases that would
efficiently work in the acidic gut lumen of the parasite (Figure 5.44). Fully activated
rFeCB5 was incubated in AMT buffer, pH 4.5 and >90% enzyme activity was recorded
after 3 h incubation time and 25% activity after 24 h incubation time (Figure 5.43).
This property of rFgCB5 is similar to cathepsin B1 and B2 of S. mansoni (SmCB1 and
SmCB2) that also showed optimum activity at acid pH but not at pH 6.5 or higher.?*®
Furthermore, cathepsin B and cathepsin B-like cysteine proteases of Naegleria fowleri
(rNfCPB and rNfCPB-L) have similar properties to rFgCB5 with maximum activity at pH
4.5%°

The degradation of several host proteins by rFeCB5 was observed. This
included mammalian proteins such as bovine serum albumin, human IgG, fibronectin,
laminin, collagen type IV and hemosglobin at pH 4.5 and pH 5.5, 37°C for 4 h and all
substrates were readily hydrolyzed by rFeCB5 at substantial amounts at both pH
values (Figure 5.45). Therefore, rFgCB5 might be involved in parasite migration in the
host tissues, evasion of the host immune system and nutrient uptake. The protein
digestion properties of rFgCB5 are similar to those of N. fowleri rNfCPB and rNfCPB-L
that also digested human IgA, IgG and IeM and other human proteins including
fibronectin, collagen, albumin and hemoglobin.?**  Moreover, cathepsin B3 of F.
gigantica (FgCatB3) and cathepsin B of Angiostrongylus cantonensis (AcCPB) also
showed the ability to degrade host substrates.?*?*

The suspected exopeptidase activity of rFgCB5 due to the presence of two

110 and

His residues at positions 109 and 110 (mature form, equivalent human His
His'') in the occluding loop was investigated using fluorescence substrate Abz-Phe-
Arg-Ala-Lys (Dnp)-OH [Exo-OH] based on the substrate preferences of human
cathepsin B. The results of dipeptidyl peptidase activity demonstrated that rFeCB5
has substantial exopeptidase activity at a relative rate of 34.26% compared to
human cathepsin B (Figures 5.46-5.49). In a previous study, C-terminal dipeptidyl

activity was reported for S. mansoni SmCB1, SmCB2 and mammalian cathepsin B
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(first reported) while FhCB2 that is missing the equivalent of human cathepsin B

111 211,241,242

residue His™** does not show this activity.
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CHAPTER Vi

CONCLUSION

This section summarizes the findings of the molecular, biochemical and
immunological characterization of type 1 cystatin (stefin) and cathepsin B5 of
Fasciola gigantica. The major findings are concluded as the following:

1. A 836 bp Fasciola gigantica cDNA containing the complete coding
sequence of an uncharacterized cystatin (FgStefin-2) was generated by RT-PCR from
total RNA of mature F. gieantica.

2. Sequence analysis showed that the FgStefin-2 cDNA encoded a protein
of 116 amino acid residues with a molecular mass of 12.56 kDa and a pl of 7.0.
Sequence comparison strongly suggested that this protein was a novel parasite type
1 cystatin (stefin). While the predicted N-terminal signal peptide is unusual for stefins
the remaining sequence features, e.g. characteristic conserved glycine residue in the
N-terminal region, absence of C-terminal located extended loops with disulfide
bond-forming conserved cysteine residues, low molecular mass and QVVAG motif in
the active site-binding loop are key signatures of the type 1 cystatin family.

3. The amino acid sequence of FgStefin-2 showed the highest identity to
the orthologous uncharacterized F. hepatica cystatin at 92.2% identity and 94.0%
similarity.

4. Southern and Northern hybridization of nucleic acids isolated from
adult F. gigantica, suggest that FgStefin-2 is expressed by a single copy gene as a
single transcriptional product of 1,000 nucleotides.

5. FgStefin-2 RNA is present in all analyzed developmental stages of F.
gigantica including NEJ, 2-, 4-, 6-week-old immature parasites and mature parasites.

6. Recombinant FgStefin-2 was abundantly produced in both soluble and
insoluble form in Escherichia coli M15 at the predicted mass of 13 kDa. The
recombinant protein was purified by Ni-NTA sepharose affinity chromatography under

native conditions.
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7. The purified rFgStefin-2 was used to immunize BALB/c mice by
intraperitoneal injection to produce polyclonal anti-rFgStefin-2 antisera.

8. In western blot analysis, anti-rFgStefin-2 antisera reacted strongly with
rFeStefin-2, and with native antigens at the expected mass in CW extract and ES
product of adult F. gigantica. Moreover, we observed no cross-reactivity of the anti-
rFgStefin-2 antisera to rFgStefin-1, F. gigantica multi-domain cystatin and CW extracts
of other trematodes such as Opisthorchis viverrini, Paramphistomum spp., Eurytrema
pancreaticum, Schistosoma mansoni, and Fischoederius elongates.

9. Immunohistochemical analysis revealed that native FgStefin-2 was
localized in the intestinal epithelium in 2-, 4-week-old juveniles and in adult
parasites. The protein was detected in several tissue types of the parasite including
the prostate gland, gut epithelium and intrauterine egsgs.

10. Purified recombinant FgStefin-2 showed an inhibition profile
comparable to homologs described from other organisms with highest activity
towards endogenous cathepsin L in the ES product, followed by bovine cathepsin L
and then cathepsin B. In comparison to human cystatin C and rFgStefin-1 it showed
the lowest ICsq and K; values to bovine cathepsin B.

11. Recombinant FgStefin-2 is active over a wide pH range (pH 3.0-9.0)
and is a heat stable at 100°C for at least 3 h.

12. Analysis of cystatin inhibitory activity by zymography with parasite
protein preparations suggested again that rFgStefin-2 is more effective against
cathepsin B. CW extract from metacercariae that have stored abundant cathepsin B
and CW extract from adult parasites that express a mixture of lysosomal cathepsin B
and secreted cathepsin L isoforms was more efficiently blocked by rFeStefin-2 than
rFeStefin-1.  Contrary, rFgStefin-1 and rFgStefin-2 showed no difference in the
inhibition of cysteine proteases in adult stage ES product that contains only
cathepsin L.

13. RT-PCR and immunoblots showed that rFgStefin-2 was more
abundant in the metacercarial stage than rFgStefin-1. This result and the better

inhibition of cathepsin B by rFgStefin-2 as shown by inhibition coefficients (ICs), the
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equilibrium inhibition constants (K), and zymography experiments allow to conclude
that rFgStefin-2 was evolutionary adapted to regulate endogenous cathepsin B.

14. Sera of F. gigantica-infected mice showed a higher reactivity to
rFeStefin-2 than to rFgStefin-1 at 4-, 6- week postinfection by indirect ELISA possibly
because of the higher abundance of rFgStefin-2 in the early juvenile.

15. A preliminary study of the immunomodulatory properties suggests
that rFgStefin-2 negatively interferes with an immune response mechanism that is
involved in polyclonal T-cell proliferation.

16. Recombinant FgCB5 was expressed in insoluble form in Escherichia
coli and was used to immunize BALB/c mice by intraperitoneal injection to produce
polyclonal anti-rFgCB5 antisera.

17. Recombinant FgCB5 was expressed in soluble form in the yeast
Pichia pastoris strain X33 at the predicted size of 39.2 kDa (proprotein). The
recombinant protein was purified by Ni-NTA sepharose affinity chromatography.

18. In immunoblots anti-rFgCB5 antiserum detected yeast-expressed
rFgCB5 (positive control) and in adult stage CW extract it detected a doublet of
antigens at the expected 36.4 kDa mass of the native proprotease. In the ES
product, the antigen migrating at the lower position of the CW extract doublet was
faintly observed.

19. Sera of F. gigantica-infected mice showed significantly increasing
reactivity to rFeCB5 four and six week postinfection suggesting continued release of
cathepsin B isoforms in the immature parasite.

20. Inhibition of rFeCB5 by three cystatins, i.e. rFgStefin-1, rFgStefin-2
and human cystatin C demonstrated that the protease is more efficiently blocked by
rFgStefin-2 is (lowest ICsy and K; values) than by human cystatin C and rFgStefin-1.

21. Optimal autoprocessing of soluble yeast-expressed rFgCB5
(proprotein) to the mature form was observed at pH.4.5 after 30 min incubation time.
The protein was degraded and could not be detected after incubation at pH 4.0 for
1.5 h while autoprocessing was slow and the enzyme appeared unstable at pH 5.0

and 5.5.
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22. Recombinant FgCB5 exhibited the highest activity at pH 4.5, at this
pH value it also retained >90% activity for 3 h and 25% activity after 24 h incubation
time.

23. Several host substrates including fibronectin, laminin, collagen type
IV, human IgG, hemoglobin and bovine serum albumin were hydrolyzed by rFgCB5 at
substantial amounts at pH 4.5 and pH 5.5.

24. Recombinant FgCB5 showed substantial  carboxydipeptidyl
exopeptidase activity. It can be concluded that FgCB5 is a typical lysosomal
hydrolase that will have a role in the digestion of proteins/peptides taken up in the

endolysosomal pathway.
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APPENDIX A

REAGENT PREPARATIONS

1. Preparation of antibiotic solution stock

1.1  Tetracycline (1000x)

Tetracycline 150 mg was dissolved in 10 ml of absolute ethanol,
mixed until the solution become clear and sterilized by filtration through a 0.22 um
filter. The solution was separated into aliquots of 1 ml and then stored at -20°C in
light-tisht containers.

1.2 Ampicillin (2000x)

Ampicillin 1000 mg was dissolved in 10 ml of DW, mixed until the
solution become clear and sterilized by filtration through a 0.22 um filter. The
solution was separated into aliquots of 1 ml and then stored at -20°C.

1.3  Kanamycin (500x)

Kanamycin 250 mg was dissolved in 10 ml of DW, mixed until the

solution become clear and sterilized by filtration through a 0.22 pm filter. The

solution was separated into aliquots of 1 ml and then stored at -20°C.
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2. Media for culture of E. coli bacteria

2.1 LB broth (1,000 ml)
Bacto peptone 10 ¢
Bacto yeast extract 5 ¢
NaCl 5 ¢
All components were dissolved in DW to a final volume of 1 liter,
mixed until the solution become clear and then sterilized by autoclaving. The
solution was stored at room temperature.

2.2 LB agar plates

Bacto peptone 10 ¢
Bacto yeast extract 5 ¢
NaCl 5 ¢
Agar 15 ¢

All components were dissolved in DW to a final volume of 1 liter,
and then sterilized by autoclaving. The solution was cooled down to 60°C, poured
into petri dishes, allowed to harden at room temperature for 1-2 h and stored at
a°C.

2.3  LB/Tetracycline agar plates

Bacto peptone 10 ¢
Bacto yeast extract 5 ¢
NaCl 5 ¢
Agar 15 ¢

All components were dissolved in DW to a final volume of 1 liter,
and then sterilized by autoclaving. The solution was cooled down to 60°C,
tetracycline stock solution was added to a final concentration of 12.5 ug/ml, poured
into petri dishes, allowed to harden at room temperature for 1-2 h and stored at 4°C
(protected from light).

2.4  LB/Ampicillin agar plates

Bacto peptone 10 ¢

Bacto yeast extract 5 ¢
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NaCl 5 ¢

Agar 15 ¢

All components were dissolved in DW to a final volume of 1 liter,
and then sterilized by autoclaving. The solution was cooled down to 60°C, ampicillin
stock solution was added to a final concentration of 100 pg/ml, poured into petri
dishes, allowed to harden at room temperature for 1-2 h and stored at 4°C.

2.5 LB/Ampicillin+Kanamycin agar plates

Bacto peptone 10 ¢
Bacto yeast extract 5 ¢
NaCl 5 ¢
Agar 15 ¢

All components were dissolved in DW to a final volume of 1 liters,
and then sterilized by autoclaving. The solution was cooled down to 60°C, ampicillin
stock solution was added to a final concentration of 100 pg/ml and kanamycin to a
final concentration of 25 pg/ml, poured into petri dishes, allowed to harden at room

temperature for 1-2 h and stored at 4°C.
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3. Reagents for agarose gel electrophoresis

3.1  Ethidium bromide stock (10 mg/ml)
One gram of ethidium bromide was dissolved in 100 ml of DW and
stored at 4°C (protected from light).
3.2 TBE buffer (5x)

Tris base 52.00 ¢
Boric acid 2750 ¢
Disodium EDTA-2H,0 465 ¢

All components were dissolved in DW to a final volume of 1 liter
and mixed until the solution become clear.
3.3  TBE running buffer (0.5x)
5x TBE buffer 100 ml
10 mg/ml ethidium bromide 50 pl
All solutions were diluted in DW to a final volume of 1 liter and
mixed until the solution become homogeneous.
3.4  Agarose gel electrophoresis (100 ml)
Agarose powder 0.7-12 ¢
0.5x TBE running buffer 100 ml
The amount of agarose powder depended on the percentage of
agarose gel in the experiments. The agarose suspension was heated in a microwave
until the agarose was completely dissolved and then DW was added to adjust the
volume back to 100 ml. Pour mixture into the gel cassette after solution is cooled
to 50-60°C. Allow gel to harden for at least 45 min before use.
3.5 Sample loading solution (10x)

Bromophenol blue 0.025 ¢
Xylene cyanol FF 0.025 ¢
Glycerol 5 ml
DW 5 ml

All components were mixed by inverting the closed tube until the

mixture became homogeneous before the solution was stored at 4°C. One microliter
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of 10x sample loading solution was mixed with 9 ul DNA sample (final concentration

1x) before loading into the well of an agarose gel.

4. Reagents for isolation of plasmid DNA from E. coli (quick preparation)

4.1  Tris-HCL, pH 8.0 stock solution (2 M, 100 ml)
Tris-HCl  24.23 g
This component was dissolved in DW, adjusted to pH 8.0 by using
HCl and added DW up to a final volume of 100 ml. The solution was sterilized by
autoclaving and stored at room temperature.
4.2  Glucose stock solution (1 M, 100 ml)
Glucose 18 ¢
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution become clear. The solution was sterilized by filtration
through a 0.22 um filter and stored at 4°C.
4.3 EDTA, pH 8.0 stock solution (0.5 M, 100 ml)
EDTANay H,O 186 g
This component was dissolved in DW, adjusted to pH 8.0 by using
NaOH and added DW up to a final volume of 100 ml. The solution was sterilized by
autoclaving and stored at room temperature.
4.4  NaOH stock solution (1 N, 100 ml)
NaOH 4 ¢
This component was dissolved in DW to a final volume of 100 ml.
The solution was sterilized by autoclaving and stored at room temperature.
4.5  20% SDS stock solution (100 ml)
Sodium dodecyl sulfate (SDS) 20 ¢
This component was dissolved in DW to a final volume of 100 ml,
mixed until the solution become clear and stored at room temperature.
4.6  Solution | (25 mM Tris-HCL, pH 8.0, 50 mM glucose and 10 mM
EDTA pH 8.0)
2 M Tris-HCl pH 8.0 1.25 ml
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4.8

267

2 M Glucose 250 ml

0.5 M EDTA pH 8.0 200 ul

All components were dissolved in DW to a final volume of 100 ml.
Solution Il (0.1 N NaOH and 1% SDS)

1 N NaOH 1.0 ml

20% (w/v) SDS 0.5 ml

All solutions were diluted in DW to a final volume of 10 ml and

mixed until the solution became homogeneous. The solution was freshly prepared

Solution Il (2.7 M potassium acetate, pH 4.8)
Potassium acetate 26.5 ¢

This component was dissolved in DW, adjusted to pH 4.8 by using

acetic acid and added DW up to a final volume of 100 ml. The solution was
sterilized by autoclaving and stored at room temperature.

4.9

70% Ethanol
Absolute ethanol 70 ml

The ethanol was mixed with DW to a final volume of 100 ml.
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5. Reagents for preparation of competent cell and transformation

5.1  MgCl, stock solution (1 M, 100 ml)
MgCl, (anhydrous) 9.5 ¢
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution become clear. The solution was sterilized by filtration
through a 0.22 um filter and stored at room temperature.
5.2  CaCl, stock solution (1 M, 100 ml)
CaCl, (anhydrous) 11 g
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution become clear. The solution was sterilized by filtration
through a 0.22 um filter and stored at room temperature.
53 0.1 M MgCl,
1M MgCl, 10 ml
This solution was diluted in DW to a final volume of 100 ml and
mixed until the solution become homogeneous.
54 0.1 M CaCl,
IMCaCl, 10 ml
This solution was diluted in DW to a final volume of 100 ml and
mixed until the solution become homogeneous.
5.5 Glycerol (100%)
Glycerol 100 ml
The solution was sterilized by autoclaving and stored at room

temperature.



269

6. Reagents for preparation of newly excysted juveniles excystment

6.1  Solution | (1% pepsin and 0.4% HCl)
Pepsin 1 ¢
HCl 400 pl
All components were dissolved in DW to a final volume of 100 ml.
6.2 Solution II (20 mM Na,0,S,, 0.2% Taurocholic acid, 1%
NaHCO;, 0.8% NaCl and 0.6% HCU)

Na,O4S, 035 ¢
Taurocholic acid 02 ¢
NaHCO; 1 g
NaCl 08 ¢
HCl 600 pl

All components were dissolved in DW to a final volume of 100 ml.

7. Reagents for genomic DNA extraction

7.1  NaCl stock solution (5 M, 100 ml)
NaCl 29.2 ¢
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution become clear. The solution was sterilized by
autoclaving and stored at room temperature.
7.2  Tris-HCL, pH 8.0 stock solution (2 M, 100 ml)
Tris-HCl 24.23 ¢
This component was dissolved in DW, adjusted to pH 8.0 by using
HCl and added DW up to a final volume of 100 ml. The solution was sterilized by
autoclaving and stored at room temperature.
7.3 EDTA, pH 8.0 stock solution (0.5 M, 100 ml)
EDTA-Nay H,O 18.6 ¢
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This component was dissolved in DW, adjusted to pH 8.0 by using

NaOH and added DW up to a final volume of 100 ml. The solution was sterilized by

autoclaving and stored at room temperature.

7.4

Homogenization buffer (30 mM Tris-HCl, pH 8.0, 0.1 mM NaCl,
10 mM EDTA and 0.5% Triton X-100)

2 M Tris-HCl pH 8.0 1.5 ml
5 M NaCl 20 ml
0.5 M EDTA pH 8.0 20 ml

All solutions were diluted in DW to a final volume of 100 ml and

then added 0.5 ml of Triton X-100 to the solution. The solution was mixed until

become homogeneous.

7.5

Extraction buffer (0.1 M Tris-HCl, pH 8.0, 0.1 mM NaCl, 20 mM
EDTA)

2MTris-HCLpH 8.0 5 ml

5 M NaCl 2 ml

0.5 MEDTA, pH80 4 ml

All solutions were diluted in DW to a final volume of 100 ml and

mixed until become homogeneous.
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8. Reagent for Southern hybridization and Northern hybridization

8.1  Tris-HCL, pH 8.0 stock solution (2 M, 100 ml)
Tris-HCl  24.23 ¢
This component was dissolved in DW, adjusted pH to 8.0 by using
HCl and added DW up to a final volume of 100 ml. The solution was sterilized by
autoclaving and stored at room temperature.
8.2 NaOH stock solution (5 N, 100 ml)
NaOH 20 ¢
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution become clear. The solution was sterilized by
autoclaving and stored at room temperature.
8.3 NaCl stock solution (5 M, 100 ml)
NaCl 29.2 ¢
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution become clear. The solution was sterilized by
autoclaving and stored at room temperature.
8.4  Sodium acetate stock solution pH 7.0 (1 M, 100 ml)
Sodium acetate 29.4 ¢
This component was dissolved in DW, adjusted pH to 7.0 by using
citric acid and added DW up to a final volume of 100 ml. The solution was sterilized
by autoclaving and stored at room temperature.
8.5 Sodium acetate stock solution (3 M, 100 ml)
Sodium acetate 24.6 ¢
This component was dissolved in DW, adjusted pH to 7.0 by using
glacial acetic acid and added DW up to a final volume of 100 ml. The solution was
sterilized by autoclaving and stored at room temperature.
8.6  20% SDS stock solution (100 ml)
Sodium dodecyl sulfate (SDS) 20 ¢
This component was dissolved in DW to a final volume of 100 ml,

mixed until the solution become clear and stored at room temperature.



272

8.7 EDTA, pH 8.0 stock solution (0.5 M, 100 ml)
EDTANayH,O 186 ¢
This component was dissolved in DW, adjusted pH to 8.0 by using
NaOH and added DW up to a final volume of 100 ml. The solution was sterilized by
autoclaving and stored at room temperature.
8.8  Glycerol (100%)
Glycerol 100 ml
The solution was sterilized by autoclaving and stored at room
temperature.
8.9 DEPC-treated water
One milliliter of DEPC was added into 1,000 ml DW and mixed
well by shaking. The open bottle was incubated in fume hood overnight to remove
CO,, sterilized by autoclaving and stored at room temperature.
8.10 20x Saline-Sodium citrate (SSC) stock solution (3 M NaCl and
0.3 M sodium citrate pH 7.0)
NaCl 1753 ¢
1 M Sodium citrate, pH 7.0  300.0 ml
All component were dissolved in DW to a final volume of 1,000
ml and mixed until the solution become clear.
8.11 Maleic acid buffer (0.1 M Maleic acid and 0.15 M NaCl, pH 7.5)
Maleic acid 116 ¢
5 M NaCl 30.0 ml
All component were dissolved in DW, adjusted to pH 7.5 by using
NaOH (pellets) and added DW up to a final volume of 1,000 ml. The solution was
sterilized by autoclaving and stored at room temperature.
8.12 Maleic acid washing buffer (0.1 M Maleic acid, 0.15 M NaCl, pH
7.5 and 0.3% Tween® 20)
Maleic acid buffer 100 ml
Tween® 20 0.3 ml
All solutions were mixed until become homogeneous and the

solution was freshly prepared before use.
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8.13 Blocking reagent (10x)
The solution was prepared by dissolving 10 ¢ of blocking powder
(Roche, Germany) in maleic acid buffer up to a final volume of 100 ml with
constantly stirring on a heating block (65°C) or in a microwave. The solution was
sterilized by autoclaving and stored at -20°C.
8.14 Blocking reagent (1x)
10x Blocking reagent 10 ml
Maleic acid buffer 90 ml
All solutions were mixed until become homogeneous.
8.15 3-Morpholinopropane acid stock solution (1 M MOPS, pH 7.0)
MOPS 209.26 ¢
This component was dissolved in DW, adjusted to pH 7.0 by using
NaOH and added DW up to a final volume of 1,000 ml. The solution was sterilized
by autoclaving and stored at room temperature (protected from light).
8.16 10x MOPS buffer (0.2 M MOPS, pH 7.0, 50 mM sodium acetate,
10 mM EDTA)
1 M MOPS, pH 7.0 200.00 ml
3 M Sodium acetate 16.67 ml
0.5 M EDTA 20.00 mt
All solutions were diluted in DW to a final volume of 1,000 ml and
mixed until the solution was homogeneous. The solution was sterilized by
autoclaving and stored at room temperature (protected from light).
8.17 Denaturing solution (0.5 N NaOH and 3 M NaCl)
5NNaOH 10 ml
5MNaCl 30 ml
All solutions were diluted in DW to a final volume of 100 ml and
mixed until the solution was homogeneous.
8.18 Neutralizing solution (0.5 M Tris-HCL, pH 7.0 and 1.5 M NaCl)
2 M Tris-HCl, pH 7.0 25 ml
5 M NaCl 30 ml
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All solutions were diluted in DW to a final volume of 100 ml and
mixed until the solution was homogeneous.
8.19 Hybridization solution (50% formamide, 5x SSC, 2% (v/v)
blocking solution, 100 pg/ml herring sperm and 0.02% SDS)

100% Formamide 50  ml
20x SSC 25  ml
10x Blocking solution 20 ml
10 mg/ml Herring sperm DNA 0.1 ml

(Heat-denatured 5 min at 100°C)
20% SDS 25 ml
All solutions were diluted in DW to a final volume of 100 ml and
mixed until the solution was homogeneous.
8.20 Washing buffer | (2x SSC and 0.1% SDS)
20x SSC 100 ml
20% SDS 5 ml
All solutions were diluted in DW to a final volume of 1,000 ml and
mixed until the solution was homogeneous.
8.21 Washing buffer Il (0.1x SSC and 0.1% SDS)
20x SSC 5 ml
20% SDS 5 ml
All solutions were diluted in DW to a final volume of 1,000 ml and
mixed until the solution was homogeneous.

8.22 Detection buffer (0.1 M Tris-HC(, 0.1 M NaCl and 50 mM MgCl,,

pH 9.5)

Tris-HCL 12.1 ¢
NaCl 58 ¢
MeCl, 58 g

All component were dissolved in DW, adjusted to pH 9.5 by using
HCl and added DW up to a final volume of 1,000 ml. The solution was sterilized by

autoclaving and stored at room temperature.
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8.23 RNA sample loading buffer (2x)

Bromophenol blue 30 mg
Glycerol 5 ml
DEPC-treated water 5 ml

All component were mixed until the solution become clear and
sterilized by filtration through a 0.22 um filter. The solution was separated into
aliquots of 1 ml and then stored at -20°C in light-tight containers.

8.24 Formaldehyde-denaturing agarose gel (2.2 M Formaldehyde
and 1.2% agarose gel)

1.2 g of agarose power was dissolved in 72.58 ml DEPC-treated
water by heating in a microwave oven, 10 ml of 10x MOPS buffer was added and
17.42 ml of 38% formaldehyde (12.6 M) after the solution had cooled down to 50—
55°C. The solution was mixed well and immediately poured into the gel cassette
under a fume hood, allowed to harden at room temperature for at least 45 min

before use.
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9. Reagents for protein purification by Ni-NTA affinity chromatography under

native conditions

9.1 NaCl stock solution (5 M, 100 ml)
NaCl 29.2 g
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution become clear. The solution was sterilized by
autoclaving and stored at room temperature.
9.2  NaH,PO,-H,0 stock solution (1 M, 100 ml)
NaH,PO,H,O 13.8 g
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution become clear. The solution was sterilized by
autoclaving and stored at room temperature.
9.3 Imidazole stock solution (1 M, 100 ml)
Imidazole 6.8 ¢
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution become clear. The solution was sterilized by filtration
through a 0.22 um filter and stored at room temperature.
9.4 Denaturing lysis buffer (100 mM NaH,PO,4, 10 mM Tris-HCl and
8 M urea, pH 8.0)
NaH,PO,-H,0 138 ¢
Tris-HCL 12 ¢
Urea 480.5 ¢
All component were dissolved in DW, adjusted to pH 8.0 by using
NaOH and DW was added to a final volume of 1,000 ml. The solution was sterilized
by autoclaving and stored at room temperature.
9.5 Native lysis buffer (50 mM NaH,PO,, 300 mM NaCl and 10 mM
imidazole, pH 8.0)
1 M NaH,PO, 5 ml
2 M NaCl 15 ml

1 M Imidazole 1 ml
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All solutions were diluted in DW, adjusted to pH 8.0 with NaOH
and then DW was added to a final volume of 100 ml. The solution was mixed well,
sterilized by filtration through a 0.22 um filter and stored at room temperature.

9.6 Washing buffer (50 mM NaH,PO,, 300 mM NaCl and 20 mM

imidazole, pH 8.0)

1 M NaH,PO, 5 ml
2 M NaCl 15 ml
1 M Imidazole 2 ml

All solutions were diluted in DW, adjusted to pH 8.0 with NaOH
and then DW was added to a final volume of 100 ml. The solution was mixed well,
sterilized by filtration through a 0.22 pm filter and stored at room temperature.

9.7 Elution buffer (50 mM NaH,PO,, 300 mM NaCl and 250 mM

imidazole, pH 8.0)

1 M NaH,POq 5 ml

2 M NaCl 15 ml

1 M Imidazole 25 ml

All solutions were diluted in DW, adjusted to pH 8.0 with NaOH
and then DW was added to a final volume of 100 ml. The solution was mixed well,

sterilized by filtration through a 0.22 um filter and stored at room temperature.
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10. Reagents for Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis
(SDS-PAGE), Tris-Glycine system for 1 gel

The solution was

from light).

10.1

10.2

10.3

Acrylamide stock solution (30% w/v)

Acrylamide 300 ¢

Bis-acrylamide 08 ¢

All components were dissolved in DW to a final volume of 100 mL.

mixed until solution become clear and stored at 4°C (protected

Preparation of acrylamide gel
Separating gel  Stacking gel
12.5% 16% 4%

30% Acrylamide stock 3.13 400 0.33 ml
1.5 M Tris-HCL, pH 8.8 1.88 1.88 - ml
0.5 M Tris-HCL, pH 6.8 - - 0.63 ml
DW 2.38 1.51  1.50 ml
10% SDS 0.08 0.08  0.03 ml
10% Ammonium persulfate 37.50 37.50 12.50 pl
TEMED 2.50 250 1.25 pl

2x Sample buffer (125 mM Tris-HCl, pH 6.8, 4% SDS, 20%
glycerol, 0.2 M DTT and 0.02% bromophenol blue)

1 M Tris-HCL, pH 6.8 1.25 ml
20% SDS 2.00 ml
Glycerol 2.00 ml
DTT 030 ¢

1% Bromophenol blue 0.20 ml

All components were dissolved in DW to a final volume of 10 ml.

The solution was mixed well, separated into aliquots of 1 ml and then stored at

-20°C.
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10.4 Electrophoresis buffer (0.1 M Tris, 0.1 M Tricine, and 0.1%

[w/v] SDS)

Tris-base 303 ¢
Glycine 1520 ¢
SDS 1.00 ¢

All components were dissolved in DW to a final volume of 1,000

ml. The solution was mixed until it was clear and stored at 4°C.
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11. Reagent for SDS polyacrylamide gel staining

11.1

0.025% Coomassie Blue R-250

Coomassie Blue R-250 025 ¢

Methanol 400 ml
DW 530 ml
Acetic acid 70 ml

All components except acetic acid were mixed until the solution

was homogeneous, filtered through Whatman filter paper and added acetic acid.

11.2 0.5% Coomassie Blue G-250

Coomassie Blue G-250 05 ¢

Methanol a0 ml
DW 53 ml
Acetic acid 7 ml

All components except acetic acid were mixed until the solution

was homogeneous, filtered through Whatman filter paper and added acetic acid.

11.3

mixed well.

11.4

mixed well.

11.5

High methanol destaining solution |
Methanol 400 ml
Acetic acid 70 ml

All solutions were diluted in DW to a final volume of 1,000 ml and

Low methanol destaining solution I
Methanol 50 ml
Acetic acid 70 ml

All solutions were diluted in DW to a final volume of 1,000 ml and

Glycerol (1%)
Glycerol 10 ml
DW 990 ml

All solutions were mixed well, sterilized by autoclaving and stored

at room temperature.
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12. Reagents for immunoblot and immunodetection

12.1 MgCl, stock solution (5 M, 100 ml)
MgCl, (anhydrous) 47.5 ¢
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution became clear. The solution was sterilized by filtration
through a 0.22 um filter and stored at room temperature.
12.2 NaCl stock solution (5 M, 100 ml)
NaCl 29.2 ¢
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution became clear. The solution was sterilized by
autoclaving and stored at room temperature.
12.3 Tris-HC|, pH 7.5 stock solution (2 M, 100 ml)
Tris-HClL 24.23 ¢
This component was dissolved in DW, adjusted to pH 7.5 by using
HCl and added DW up to a final volume of 100 ml. The solution was sterilized by
autoclaving and stored at room temperature.
12.4 TBS (20 mM Tris, pH 7.5, 150 mM NaCl)
2 M Tris-base, pH 7.5 10 ml
5 M NaCl 30 ml
All solutions were diluted in DW to a final volume of 1,000 ml and
mixed well.

12.5 Semi-dry transfer buffer

Glycine 293 ¢
Tris-base 581 ¢
SDS 0.375 ¢

Methanol 200.00 ml
All solutions were diluted in DW to a final volume of 1,000 ml,

mixed until the solution became clear and stored at 4°C.
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12.6 Ponceau S staining solution (0.1% w/v Ponceau S dye and 5%
v/v acetic acid)
Ponceau S 025 ¢
Acetic acid 125 ml
DW 2375  ml
Ponceau S was dissolved in DW until the solution became
homogeneous, acetic acid was added and the solution was stored at room
temperature.
12.7 Blocking solution (5% Skim milk)
Skim milk 5 ¢
This component was dissolved in TBS, pH 7.5, to a final volume of
100 ml and mixed until the solution became homogeneous.
12.8 Antibody diluent (1% Skim milk)
Skim milk 0.5 ¢
This component was dissolved in TBS, pH 7.5, to a final volume of
50 ml and mixed until the solution became homogeneous.
12.9 Washing buffer (TBS, pH 7.5 and 0.5% Tween 20)
TBS, pH 7.5 999.5 ml
Tween® 20 0.5 ml
AWl components were mixed until the solution became
homogeneous. The solution was freshly prepared before use.
12.10 Substrate buffer for BCIP/NBT dilution (0.1 M Tris-HCL, pH 9.5,
0.1 M NaCl and 50 mM MgCl,)
2 M Tris-base pH 9.5 20 ml
5 M NaCl 8 ml
5 M MgCl, 20 ml
All solutions were diluted in DW to a final volume of 400 ml,

mixed until the solution became clear and stored at room temperature.
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13. Reagents for preparation of crude worm protein extract and excretory-

secretory product

13.1 10x PBS (0.1 M)
NaH,PO4-H,0 455 ¢
Na,HPO4-2H,0 1185 ¢
NaCl 85.00 ¢
AWl components were dissolved in DW, adjusted to pH 7.2 and DW
was added to a final volume of 1,000 ml. The solution was sterilized by autoclaving
and stored at room temperature.
13.2  Tris-HCL, pH 7.2 stock solution (2 M, 100 ml)
Tris-HCl 24.23 ¢
This component was dissolved in DW, adjusted to pH 7.2 by using
HCl and DW was added to a final volume of 100 ml. The solution was sterilized by
autoclaving and stored at room temperature.
13.3 NaCl stock solution (5 M, 100 ml)
NaCl 29.2 ¢
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution became clear. The solution was sterilized by
autoclaving and stored at room temperature.
13.4 EDTA, pH 8.0 stock solution (0.5 M, 100 ml)
EDTA-Na,H,O 18.6 ¢
This component was dissolved in DW, adjusted to pH 8.0 by using
NaOH and DW was added to a final volume of 100 ml. The solution was sterilized
by autoclaving and stored at room temperature.
13.5 0.85%NaCl
NaCl 85 ¢
All components were dissolved in DW to a final volume of 1,000

ml. The solution was sterilized by autoclaving and stored at room temperature.
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13.6 Lysis buffer (10 mM Tris-HCl, pH 7.2, 150 mM NaCl, 0.5%
Triton X-100, 1 mM PMSF, and 1 mM EDTA)

2 M Tris-HCl, pH 7.2 05 ml
Triton-X 100 1.0 ml
PMSF 0.17 mg
5 M NaCl 3 ml
0.5 M EDTA 0.1 ml

All components were dissolved in DW to a final volume of 100 ml.
The solution was mixed until it became clear and stored at room temperature.
13.7 Sodium acetate (0.1 M, 100 ml)
Sodium acetate 0.82 ¢
This component was dissolved in DW, adjusted to pH 5.0 by using
glacial acetic acid and added DW up to a final volume of 100 ml. The solution was
sterilized by autoclaving and stored at room temperature.
13.8 Lysis buffer for preparation of crude extract of F. gigantica
metacercariae (1% (w/v) pepsin and 0.4% (v/v) HCD
Pepsin | g
HCl 0.4 ml
All components were dissolved in DW to a final volume of 100 mL.

The solution was mixed until it became clear and stored at room temperature.
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14. Reagents for immunohistochemistry buffers

14.1 Fixative solution (4% w/v paraformaldehyde)
Paraformaldehyde 4 ¢
This component was dissolved in 10 ml 0.1 M PBS, pH 7.2 and 70
ml DW by adding 1 drop of 2 N NaOH and heating at 65°C, the volume was adjusted
by DW to 100 ml. The solution was mixed until it became clear and stored at 4°C.
14.2 TBS (20 mM Tris, pH 7.6, 150 mM NaCl)
2 M Tris-base, pH 7.6 10 ml
5 M NaCl 30 ml

All solutions were diluted in DW to a final volume of 1,000 ml and

mixed well.
14.3 1x PBS (0.01 M)
NaH,PO4-H,O 0.455 ¢
Na,HPO4-2H,0 1.185 ¢
NaCl 8.5 g

All components were dissolved in DW, adjusted to pH 7.2 and
adjusted to a final volume of 1,000 ml with DW. The solution was sterilized by
autoclaving and stored at room temperature.

14.4 Washing buffer (0.01M PBS pH 7.2 and 0.1% Tween® 20)

0.01 M PBS, pH 7.2 999.9 ml

Tween® 20 0.1 ml

All components were mixed until the solution was homogeneous.
The solution was freshly prepared before use.

14.5 Glycine buffer (0.1% Glycine in PBS)

Glycine 0.1 ¢

This component was dissolved in 0.01 M PBS pH 7.2 to a final
volume of 100 ml and mixed until it became clear.

14.6 Blocking solution (4% BSA in PBS)

BSA 04 ¢
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This component was dissolved in 0.01 M PBS pH 7.2 to a final
volume of 10 ml and mixed until the solution became clear.
14.7 Antibody diluent (1% BSA in PBS)
BSA 0.1 ¢
This component was dissolved in 0.01 M PBS pH 7.2 to a final
volume of 10 ml and mixed until the solution became clear.
14.8 ABComplex/HRP
One drop of reagent A to 5 ml of TBS, pH 7.6 and then add 1 drop
of reagent B and 1 drop of reagent C. The solution was mixed well and used within
30 min (protected from light)
14.9 Mounting medium
Glycerol 1 ml
0.0l MPBS,pH 7.2 9 ml
All components were mixed until the solution was homogeneous.
14.10 Gelatin coating solution
Gelatin 15 ¢
Chromium potassium sulfate 0.25 g
All components were added to DW at a final volume of 500 ml
and heated at 60°C until completely dissolved. The solution was cooled down to

room temperature before used.
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15. Reagents for Enzyme Linked-Immunosorbent Assay (ELISA)

15.1 Coating buffer (30 mM Na,CO; and 75 mM NaHCO;, pH 9.6)
Na,COs 318 ¢
NaHCO, 630 ¢
All components were dissolved in DW, adjusted to pH 9.6 and DW
was added to a final volume of 1,000 ml. The solution was sterilized by autoclaving
and stored at 4°C.
15.2 Blocking solution
BSA 025 ¢
This component was dissolved in 0.01 M PBS, pH 7.2 to a final
volume of 100 ml.
15.3 Washing buffer (0.01 M PBS, pH 7.2, 0.5% Tween 20)
0.01 M PBS, pH 7.2 999.5 ml
Tween® 20 0.5 ml

All components were mixed until the solution was homogeneous.

The solution was freshly prepared before use.
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16. Reagents for inhibitory activity analysis

16.1 2x Cat L assay buffer (680 mM sodium acetate, 120 mM acetic
acid, 8 mM EDTA, 16 mM DTT, pH 5.5)
1 M Sodium acetate 68.0 ml
Acetic acid 686.0 ul
0.5 M EDTA 1.6 ml
AWl components were mixed in DW, adjusted to pH 5.5 and DW
was added to a final volume of 98.4 ml. The solution was sterilized by autoclaving,
added 1 M DTT to 984 ul 2x Cat L assay buffer just before use and stored at room
temperature.
16.2 2x Cat B-cystatin assay buffer (100 mM MES, 400 mM NaCl,
2 mM EDTA, 2 mM DTT, pH 6.0)

MES 195 ¢
NaCl 234 ¢
0.5 M EDTA 0.40 ml

All components were dissolved in DW, adjusted to pH 6.0 and
added DW up to a final volume of 99.8 ml. The solution was sterilized by
autoclaving, added 2 pl 1 M DTT to 998 pl 2x Cat B-cystatin assay buffer just before

use and stored at room temperature.
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17. Reagent for zymography analysis

17.1 5x Native sample loading buffer (0.313 M Tris-HCl, pH 6.8,
50% [v/v] glycerol, 0.05% bromophenol blue)

1 M Tris-HCL, pH 6.8 3.1 ml
Glycerol 50 ml
1% Bromophenol blue 0.5 ml

All components were mixed in DW to a final volume of 10 ml.
The solution was mixed well, separated into aliquots of 1 ml and then stored at
-20°C.

17.2 Preparation of 10% polyacrylamide gel containing 0.1%

gelatin

10% 5%

Separating gel Stacking gel
30% Acrylamide stock 5.00 0.75 ml
1.5 M Tris-HCL, pH 8.8 3.75 - ml
0.5 M Tris-HCL, pH 6.8 - 1.25 ml
DW 3.08 2.95 ml
10% SDS 0.15 0.05 ml
10% Ammonium persulfate  100.00 50.00 ul
TEMED 15.00 5.00 ul
0.5% Gelatin 3.02 - ml

17.3 Triton X-100 (2.5%)
Triton X-100 5 ml
DW 195 ml
All components were mixed until the solution was homogeneous.
The solution was freshly prepared before use.
17.4 Developing buffer (0.1 M sodium acetate, 1 mM EDTA, 2 mM
DTT, pH 5.5)
Sodium acetate 41 g

EDTA 186.0 mg
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DTT 154.0 mg
AWl components were dissolved in DW, adjusted to pH 5.5 and DW
was added to a final volume of 500 ml. The solution was sterilized by filtration

through a 0.22 pym filter and stored at room temperature.
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18. Reagents for isolation of murine spleen cells and mitogen-induced murine

spleen cell proliferation assay

18.1 Complete RPMI medium (1% antibiotic-antimycotic, 2 mM

glutamine, and 10% fetal bovine serum)

RPMI 88 ml
Fetal bovine serum 10 ml
Antibiotic-antimycotic 1 ml
Glutamine 1 ml

18.2 RBC lysis buffer
Ammonium chloride 415 mg
0.1 M Tris-HCl 5 ml
All components were dissolved in DW, adjusted to pH 7.5 and DW
was added to a final volume of 50 ml. The solution was sterilized by filtration
through a 0.22 pm filter and stored at room temperature.
18.3 MTT (5 mg/ml MTT in PBS, pH 7.2)
MTT 5 mg
This component was dissolved in 0.01 M PBS, pH 7.2 to final
volume of 1 ml and mixed until the solution become clear.
18.4 Balanced salt solution
Solution A (5.5 mM CgH;,04H,0, 500 mM CaCl,-2H,0, 98 mM
MgCl,-6H,0, 5.4 mM KCl and 0.145 mM Tris)

CeH1206-H,0 1.089 ¢
CaCl,-2H,0 0.0074 ¢
MgCl,-6H,0 0.1992 ¢
KCl 0.4026 ¢
Tris 17565 ¢

All components were dissolved in DW, adjusted to pH 7.6 by using
HCl and DW was added to a final volume of 1,000 ml.
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Solution B (0.14 M NaCl)

NaCl 8.19 g

The balanced salt solution was prepared by mixing 1 volume of
solution A with 9 volumes of solution B and the solution was freshly prepared each

week.
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19. Reagent and culture media for protein expression and purification from

yeast (Pichia pastoris)

19.1 10x YNB (13.4% Yeast Nitrogen Base)
Yeast nitrogen base 13.4 g
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution became homogeneous. The solution was sterilized by
filtration through a 0.22 pm filter and stored at 4°C.
19.2 500x Biotin (0.02% Biotin)
Biotin 20 mg
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution became homogeneous. The solution was sterilized by
filtration through a 0.22 pm filter and stored at 4°C.
19.3 100x Histidine (0.4% Histidine)
Histidine 400 mg
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution became homogeneous. The solution was sterilized by
filtration through a 0.22 pm filter and stored at 4°C.
19.4 10x Dextrose (20% Dextrose)
D-slucose 20 ¢
This component was dissolved in DW to a final volume of 100 ml
and mixed until the solution became homogeneous. The solution was sterilized by
filtration through a 0.22 pm filter and stored at 4°C.
19.5 10x Methanol (5% Methanol)
Methanol 25 ml
This solution was diluted in DW to a final volume of 500 ml and
mixed until the solution became homogeneous. The solution was sterilized by
filtration through a 0.22 pm filter and stored at 4°C.
19.6 10xglycerol (10% Glycerol)
Glycerol 50 ml
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This solution was diluted in DW to a final volume of 500 ml and
mixed until the solution became homogeneous. The solution was sterilized by
filtration through a 0.22 pm filter and stored at room temperature.

19.7 1 M potassium phosphate buffer, pH 6.0

1 MKHPO, 132 ml

1 M KH,PO; 868 ml

This solution was mixed and adjusted to pH 6.0 by using
phosphoric acid or KOH. The solution was sterilized by autoclaving and stored at
room temperature.

19.8 YPD (1% yeast extract, 2% dextrose [glucose] and 2%
peptone)

Peptone 10 ¢

Yeast extracts 5 ¢

Glucose 50 ml

All components except glucose were dissolved in DW to a final
volume of 450 ml, and then sterilized by autoclaving. The solution was cooled
down to 50-60°C, 50 ml of glucose was added and stored at room temperature.

19.9 YPD agar plates (1% yeast extract, 2% dextrose [glucose], 2%
peptone and 2% agar)

Peptone 10 ¢

Yeast extracts 5 ¢

Agar 10 ¢

Glucose 50 ml

All components except glucose were dissolved in DW to a final
volume of 450 ml, and then sterilized by autoclaving. The solution was cooled
down to 50-60°C, 50 ml of glucose was added, poured into petri dishes, allowed to

harden at room temperature for 1-2 hours and stored at 4°C.



295

19.10 YPDS + Zeocin™ agar plates (1% yeast extract, 2% dextrose
[gslucose], 2% peptone, 2% agar, 1 M sorbitol and 100 pg/ml

Zeocin™)

Peptone 10 ¢
Yeast extracts 5 g
Agar 10 ¢
Glucose 50 ml

Zeocin™ (100 mg/ml) 500 pl
All components except glucose were dissolved in DW to a final
volume of 450 ml, and then sterilized by autoclaving. The solution was cooled
down to 50-60°C, glucose and Zeocin™ were added, poured into petri dishes,
allowed to harden at room temperature for 1-2 hours and stored at 4°C (protected
from light).
19.11 MMH (1.34% YNB, 4x10°% biotin, 0.5% methanol, 100x

Histidine and agar)

Agar 75 g
10x YNB 50 ml
500x biotin 1 ml

10x Methanol 50  ml

100x Histidine 5  ml

Agar was dissolved in DW to a final volume of 394 ml, and then
sterilized by autoclaving. The solution was cooled down to 50-60°C, added 10x
YNB, 500x biotin, 10x methanol and 100x histidine, poured into petri dishes, allowed
to harden at room temperature for 1-2 hours and stored at 4°C.

19.12 MDH (1.34% YNB, 4x10°% biotin, 2% dextrose, 100x Histidine

and agar)

Agar 75 ¢
10x YNB 50 ml
500x biotin 1 ml

10x Dextrose (glucose) 50  ml

100x Histidine 5 ml
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Agar was dissolved in DW to a final volume of 394 ml, and then

The solution was cooled down to 50-60°C, added 10x

YNB, 500x biotin, 10x dextrose (glucose) and 100x histidine, poured into petri

dishes, allowed to harden at room temperature for 1-2 hours and stored at 4°C.

19.13 BMGY (1% vyeast extract, 2% peptone, 100 mM potassium
phosphate, pH 6.0, 1.34% YNB, 4x10°% biotin and 1%

glycerol)

Yeast extract 5
Peptone 10
10x YNB 50
500x biotin 1

Potassium phosphate, pH 6.0 50
10x glycerol 50

g

Yeast extract and peptone were dissolved in DW to a final volume

of 349 ml, and then sterilized by autoclaving. The solution was cooled down to 50—

60°C, added 10x YNB, 500x biotin, potassium phosphate, pH 6.0 and 10xglycerol and

stored at 4°C.

19.14 BMMY (1% yeast extract, 2% peptone, 100 mM potassium

phosphate, pH 6.0, 1.34% YNB, 4x10°% biotin and 0.5%

methanol)

Yeast extract 5
Peptone 10
10x YNB 50
500x biotin 1

Potassium phosphate, pH 6.0 50
10x Methanol 50

S

Yeast extract and peptone were dissolved in DW to a final volume

of 349 ml, and then sterilized by autoclaving. The solution was cooled down to 50-

60°C, added 10x YNB, 500x biotin, potassium phosphate, pH 6.0 and 10x methanol

and stored at 4°C.
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19.15 STES buffer (0.2 M Tris-HCL, pH 7.6, 0.5 M NaCl, 0.1% [w/v] SDS
and 10 mM EDTA)
1 M Tris-base, pH 7.6 20 ml

2 M NaCl 25 ml
10% SDS 1 ml
0.5 M EDTA 2 ml

All solutions were diluted in DW to a final volume of 100 ml and
mixed well.
19.16 TE buffer (10 mM Tris-HCL, pH 8.0 and 1 mM EDTA)
1 M Tris-base, pH 8.0 1 mtl
0.5 M EDTA 200 pl
All solutions were diluted in DW to a final volume of 100 ml and
mixed well.
19.17 Reagents for protein purification

All reagents are same as bacterial system.
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20. Reagent for characterization of protein from yeast (Pichia pastoris)

20.1 Sodium acetate stock solution pH 7.0 (1 M, 100 ml)
Sodium acetate 29.4 g
This component was dissolved in DW to a final volume of 100 ml.
The solution was sterilized by autoclaving and stored at room temperature.
20.2 Tris-HCL stock solution (2 M, 100 ml)
Tris-HCl 24.23 ¢
This component was dissolved in DW to a final volume of 100 ml.
The solution was sterilized by autoclaving and stored at room temperature.
20.3 EDTA, pH 8.0 stock solution (0.5 M, 100 ml)
EDTA-Na,H,O 18.6 ¢
This component was dissolved in DW, adjusted to pH 8.0 by using
NaOH and added DW up to a final volume of 100 ml. The solution was sterilized by
autoclaving and stored at room temperature.
20.4 DTT stock solution (1 M, 5 ml)
DTT 0.77 ¢
This component was dissolved in DW to a final volume of 5 ml.
The solution was sterilized by filtration through a 0.22 um filter and stored at —20°C.
20.5 MES stock solution (1 M, 20 ml)
MES 4.26 ¢
This component was dissolved in DW to a final volume of 20 ml.
The solution was sterilized by filtration through a 0.22 um filter.
20.6 Dextran sulfate stock solution (1 mg/ml, 5 ml)
Dextran sulfate 5 mg
This component was dissolved in DW to a final volume of 5 ml.

The solution was sterilized by filtration through a 0.22 um filter.



299

20.7 AMT buffer (100 mM sodium acetate, 100 mM MES, 200 mM
Tris-HC|, 4 mM EDTA) containing 50 pg/ml dextran sulfate (DS
500K) and 10 mM DTT)

1 M Sodium acetate 5 ml
1 M MES 5 ml
2 M Tris 5 ml
0.5 M EDTA 0.4 ml

1 mg/ml Dextran sulfate 2.5 ml
1 MDTT DrDmmalii
All solutions were diluted in DW to a final volume of 50 ml,

adjusted to pH 3.0-8.0 depending on the experiments and mixed well.



APPENDIX B

Vector map and its important features

1. pGEM-T Easy cloning vector

Xmnl 1994
Seal Nael
1875 2692
1 ori
A r
me DGEMe-T jacZ \
Vector
(3000bp)

ori

pGEME-T Vector sequence reference points:

T7 RNA polymerase transcription initiation site
multiple cloning region

SP6 RNA polymerase promoter (-17 to +3)

SP6 RNA polymerase transcription initiation site
pUC/M13 Reverse Sequencing Primer binding site
lacZ start codon

lac operator

p-lactamase coding region

phage f1 region

lac operon sequences

pUC/M13 Forward Sequencing Primer binding site
T7 RNA polymerase promoter (-17 to +3)

0356VAD4 3A

p l 1 start

Apal 14
Aatll 20
Sphl 26
BstZI 31
Ncol 37
Sacll 46
Spel 55
Notl 62
BstZl 62
Pstl 73
Sall 75
Ndel 82
Sacl 94
BstXI 103
Nsil 112
Tsps | 2°

1

10-113

124-143

126

161-177

165

185-201

1322-2182

2365-2820

2821-2981, 151-380

2941-2957

2984-3
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2. pQE30 vector

BamHl
Sphl

« | Sacl
Hindlll

Smal

)
o

Sall

<
o
b4
|

©
2
|
PT5 -lac O-lac O-RBS 6xHis glY[®5

B B i Stop Codons
|

*pQE30 - -
pQE-31 AC
pQE-32 -G
.;é:‘
2
£ pQE-30, pQE-31,
< pQE-32
3.4kb
Col E
pQE-30
Eco RI/RBS 6&xHis BamHl Sphl  Sacl Kpn | ;S(mcll Sal | Pst | Hind Ill L)
ATGIAGAGGATCG Il —[GGATCCGCATGCGAGCTCGGTACCCCGGGTCGACCTGCAGCCAAGCTT|AATTAGCTGAG L1
RGS-His epitope T T g @
Positions of elements in bases
Vector size (bp) 3461
Start of numbering at Xhol (CTCGAG) 1-6
T5 promoter/lac operator element 7-87
T5 transcription start 61
6xHis-tag coding sequence 127-144
Multiple cloning site 145-192
Lambda t, transcriptional termination region ~ 208-302
rrB T1 transcriptional termination region 1064-1162
ColE1 origin of replication 1638

B-lactamase coding sequence 3256-2396



3. pPicZaB vector

EcoR |
BsmB |
Aspii181
Kpn |

Pl |
Sfil

E}{ha'r
Cla I*
Pst I*

c-myc epitope  6GxHis @l

Xho It
Sac
Mot |

Xba |

Comments for pPICZa A
3593 nuclectides

Byl Il

5" AOX1 promoter region: bases 1-941 s In Wamlon S oty
5° ADX1 priming site: bases B55-875 P Loty
w-factor signal sequence: basas 941-1207

Muiltiple doning site: bases 1208-1276

c-myc epitope: bases 1275-1304

Polyhistidine (6xHis) tag: bases 1320-1337 T two Xho | slles in e vector allow
3" AOX{ priming site: bases 1423-1443 the wEer ko chone Meir gens in frame with
AOX1 transcription temination region: bases 1341-1682 the Kex2 deavage siie, resulling in
TEF{ promoter bases 1683-2003 expression of thar native gene withou
EMT promoter. bases 2005-2162 addiional amino acds at the N-tanmines.

Sh ble ORF: bases 2163-2537
CYC1 transcrption temination region: bases 2538-2855
pUC origin: bases 2866-3539 (complementary strand)
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Feature

Benefit

5 AOXT promoter

A 042 bp fragment containing the AQX1
promoter that allows methanol-inducible, high-
level expression of the gene of interest in Pichia.

Targets plasmid integration to the AQXT locus.

e-factor secretion signal (from Saccharomices
CeTETisiae]

Allows for efficient secretion of most proteins
from Pichia

Multiple cloning site

Allows insertion of your gene into the
expression vector.

c-myc epitope
(Clu-Cln-Lys-Leu-lle-Ser-Glu-Clu-Asp-Leu)

Permits detection of your recombinant fusion
protein with the Anti-mye Antibody or
Anti-myc-HEP Antibody (Evans ef al., 1985).

See page viii for ordering information.

C-terminal polyhistidine (6«His) tag

Permits purification of your recombinant fusion
protein on metal-chelating resin such as
ProBond™.

[n addition, the C-terminal polyhistidine tag is
the epitope for the Anti-His(C-term) Antibody
(Lindner ef al., 1997) and the Anti-His(C-term)-
HREF Antibody. See page viii for ordering
information.

AQXI transcription termination (TT) region

Mative transcription termination and
polyadenylation signal from AOXI gene
(~260 bp) that permits efficient 3" mEMNA
processing, incduding polyadenylation, for
increased mRNA stability.

TEF1 promoter
(GenBank accession nos. V12478, DO1130)

Transcription elongation factor 1 gene

P Ba B

promoter from Saccharommyces cererisine that

drives expression of the Zeocin™ resistance
P

gene in Pichia.

EMY promoter

Synthetic prokaryotic promoter that drives
constitutive expression of the Zeocin™
resistance gene in E. coli.

Zeocin™ resistance gene (5h bie)

Allows selection of transformants in E. coli and

Pichia.

CYC1 transcription termination region
(GenBank accession no. M34014)

3 end of the Saccharomyces cerevisiae CYCT gene
that allows efficient 3° mBENA processing of the
Zeodin™ resistance gene for increased stability.

pLUC origin

Allows replication and maintenance of the
plasmid in E. coli.
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831

983

1034

1085

1136

1187

1244

1301

1353

1413

1473
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5 end of AOXT mRNA 5 AQXT priming site

| T
AACCTTTTTT TTTATCATCA TTATTAGCTT ACTTTCATAR TTGCGACTGE TTCCAATTGA

- 1
CAAGCTTTITG ATTTTAACGA CTTTTAACGA CAACTTGAGRR AGATCAAARR ACAACTAATT

T
ATTCGAAACG ATG AGA TTT CCT TCA ATT TTT ACT GCT GTT TTA TTC GUCA GCA
Met Arg Phe Pro Ser Ile Phe Thr Ala Val Leu Phe Ala Ala

TCC TCC GCA TTA GCT GCT CCA GTC AAC ACT ACR ACA GAA GAT GAA ACG GCA
Ser Ser Ala Leu Ala Ala Pro Val Asn Thr Thr Thr Glu Asp Glu Thr Ala

a-factor signal sequence

CAR ATT CCG GCT GAAR GCT GTC ATC GGT TAC TCA GAT TTA GAR GGG GAT TTC
Gln Ile Pro Ala Glu Ala Val Ile Gly Tyr Ser Asp Leu Glu Gly Asp Phe

GAT GTT GCT GTT TTG CCA TTT TOC AAC AGC ACA ART AAC GGG TTA TTG TTT
Asp Val Ala Val Leu Pro Phe Zer Asn Ser Thr Asn Asn Gly Leu Leu Phe

thP

T
ATA AAT ACT ACT ATT GCC AGC ATT GCT GCT AAA GAR GAA GGG GTA TCT CTC
Ile Asn Thr Thr Ile Ala Ser Ile Ala Ala Lys Glu Glu Gly Val Ser Leu

Kex2 signal cleavage Cla | EcoR | Pl | Sl BsmB |

GRAG AAG AGA GAG GCT GRA GC GAATTCACI GTGGCCCAG CICGGCCGTC TCGIGA
Glu Lys Arg Glu Ala‘Flu Rla‘

Ste13 signal cleavage
Asp?lmlxen 'thm S'E{|2|| A{url Xillal : cmyc epitope
TCGGETACCTC GAGUCGUGGEE GGUCCGCCAGC TTTCTA GAR CAR ARAA CTC ATC TCR GAA

Glu Gln Lys Leu Ile 2er Glu
palyhistidine tag

BN HFy. | I 1
GAG GAT CTG AAT AGC GCC GTC GAC CAT CAT CAT CAT CAT CAT TGA GITTGTA
Glu Asp Leu Asn Ser Ala Val Asp His His His His His His ***

GUCTTAGACHE TGACTGTTCC TCAGTTCAAG TTGGGCACTT ACGAGAAGAC CGETCTTGCT
3" AOX1 priming site
[ 1
AGATTCTAAT CAAGAGGATGE TCAGRATGCC ATTTGCCTGA GAGATGCAGG CTTCATTTTT

3" polyadenylation site
|
GATACTTTTT TATTTGTAARC CTATATAGTA TAGGATTTTT TTTGTCATTT TGTTTCTTCT
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APPENDIX C

Protein and DNA standards

1. Lambda DNA/EcoR I+Hind Il Marker

Fragment sizes

30kb -
3 24756 bp  ng/0.5pg %
44— 21226
21226* 2188 438
10Kb -
. S48 531 108
- 4477 5.3 ]
1= ﬂé“a 268 14D 88
1= 38 3530 264 73
11— 35300
_ 2097
\N @j o007 209 4.2
— 1375 1904 19.6 29
kb — 947 1584 163 33
3 1375 14.2 2.8
n 564
/ 947 9.8 1.95
e 831 86 1.7
- s
— 195% = 564 538 12
100bp - =

(.5pg/1ane,
gcm length gel,
1X TAE, 7W/cm, 45min
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2. GeneRuler™ 100 bp DNA Ladder

bp ng/05pg % bp

1031 666 13.3
900 581 116 1031
800 518 104 e
700 454 9.1 900
600 388 7.8 800
500 943 189 700
i G A 600
300 D. 7.0 500
200 350 70
400
100 350 7.0
80" 4.9 1.0
300
5
- 200
~
0.5pg/ane,
gcm length gel,
1X TBE, 5V/cm,1.5hrs 100
80

* The 80 and 100 bp fragments may
not be resolved on agarose gels.

5% polyacrylamide

1ug/lane,
20cm length gel,
1X TAE, 8V/ecm, 3hrs
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3. GeneRuler™ 1 kb DNA Ladder

bp ng/0.5pg %

10000 200 4.0
8000 240 43
6000 300 60
5000 300 60
4000 400 80
3500 51.0 10.2
3000 880 176
2500 335 6.7
2000 920 184
1500 240 48
1000 100 20
750 215 43

2 500 145 29

o

©

R 250 215 43

i

0.5pg/1ane,
8cm length gel,
1XTAE, 7V/cm, 45min
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4. Protein marker (Broad range)

Myosin -
o —200KD
B-galactosidase
= —
Phosphorylase b - —116.3
— 674
Bovine serum albumin
p_— — 66.2
; ' —45.0
Ovalbumin
_ ——— 31
Carbonic anhydrase
. — 215
Soybean trypsin
inhibitor = s [—— 14.4
— o5
Lysozyme -
Aprotinin .-
SDS-PAGE
Standards,

Broad Range
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the 80th Anniversary of Thammasat University: Medical Innovation for Health, 4™
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The Scientific Meeting in Allied Health Sciences, 13" — 14" December 2014,
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The Scientific Meeting in Allied Health Sciences, 12" December 2015, Faculty of
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