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The objectives of this study are: (1) To clone and characterized 23 kDa
membrane protein gene from S. mekongi. (2) To predict the potential immunogenic
epitope of 23 kDa membrane protein from S. mekongi. (3) To study the distribution of
Smek23 in parasite tissues. Schistosoma mekongi is one important human parasitic
which causes liver damage in South-east Asia. 23 kDa protein is an integral
membrane protein of the blood fluke genus Schistosoma and its expressed in all
parasite stages. The cDNA encoding Smek23 of adult S. mekongi was cloned and
sequenced. The nucleotide sequence of Smek23 was 686 bp in length. The nucleotide
sequence of Smek23 showed an open reading frame encoding 23 kDa integral
membrane protein containing 218 amino acids. The expected molecular weight of
Smek23 determined from its constituent amino acids is 23.62 kDa. Smek23 has four
transmembrane domains (TM). The localization of Smek23 demonstrates that the
molecule is localized to tequment membrane compartments. The Smek23 amino acid
sequences showed the highest degree of identity with the S. turkestanicum 23 kDa.
The identity of Smek23 amino acid sequences with other schistosome species
(S. mansoni, S. japonicum - and S. haematobium showed at 87.6-89.9%
respectively. Phylogenetic analysis in this study revealed that Smek23 exhibited a
distant evolutionary relationship from the Tetraspanin of mammalian host species
(CD63, CD81). The low degree of conservation observed from amino acid sequences
of mammalian hosts could reveal its applicability for use as the vaccine candidate
against the schistosome infection which may not interfere with the hosts’ Tetraspanin
molecule during the vaccination. Three candidate B cell immunogenic epitopes were
predicted by four programs (Hopp and Woods, Welling, Parker, and B-EpiPred).
These regions were 111-KIDA-114, 125-DHP-127, and 150-
PNDYKGSVPDSCKEGQVPYT-169. All of these three regions were located in
extracellular domain 2 (EXT 2), which is a large hydrophilic domain (LHD) of
Smek23 molecule. The predicted epitopes provide promising vaccine candidates and
could be tested by a wet laboratory as a targeted vaccine against S. mekongi infection.
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CHAPTER |

INTRODUCTION

1.1 Introduction to the research problem and its significance

Schistosomiasis is a disease caused by Schistosoma species, a parasitic blood-
dwelling fluke which are causative agents in human and animal in tropical region. In
terms of its public health, schistosomiasis ranks second after malaria. The majority of
cases are occurring in South America, the Caribbean, Middle East, sub-Saharan
Africa and Asia. At least 6 schistosome species are causative agent that infected in
humans: Schistosoma haematobium, Schistosoma intercalatum, Schistosoma
guineensis Schistosoma japonicum, Schistosoma mansoni, and Schistosoma mekongi
(Gordon et al., 2019). There are more than 200 million people are infected, more than
700 million people are at risk of-infection worldwide and approximately 200,000
deaths annually (Nelwan, 2019). In Asia three schistosome are endemic, all are cause
of intestinal schistosomiasis: S. japonicum is the most prevalent (occurring in China,
the Philippines and some area in Indonesia), S. malayensis (Malaysia) and S. mekongi
(Mekong river basin including Lao People’s Democratic Republic (Lao PDR) and
Cambodia), Along Mekong river near the border between southern Lao People’s
Democratic Republic (Laos) and northern Cambodia, there are approximately 1.5
million people are at risk of infection by S. mekongi (Attwood, 2008).

S. mekongi was first identified in 19 century (Kitikoon, 1980). Even though the
morphology is very similar to S. japonicum, but the differences between two species
are geography distribution and morphology. S. mekongi are zoonotic that can infect
both human and animal (dogs and pig are reported to be a natural and experimental
host, respectively). The lifecycle of S. mekongi is complex involving sexual
reproductive phases in vertebrate hosts (often a mammal) and asexual reproductive
phases in invertebrate hosts (fresh water snails). Due to the requirement of an
intermediate host snail, schistosomiasis mekongi is endemic in Mekong river basin
where snail habitats and susceptible transmitting snails are present. The intermediate

host of S. mekongi is Neotricula aperta (previously Lithoglyphopsis aperta).



The transmission is strongly associated with human sanitation, open defecation is
a main factor of disease dissemination. Poor knowledge about the disease, poor
sanitation, and a lack of effective health policies promote the transmission of
schistosomiasis in endemic area. So successful strategy to control this schistosomiasis
are required, including management of the human definitive host, animal reservoir
hosts and environment.

Clinical feature of schistosomiasis expresses as two distinct stages: First, the
prepatent stage begins as a skin rash caused by an immune response to the penetrating
cercaria. Second the patent stage relates with schistosome egg production and can be
further divided into acute and chronic schistosomiasis (Da Silva et al., 2005). Acute
disease is commonly seen in naive persons, whereas chronic disease, is more likely
seen in resident in schistosome-endemic areas. Chronic disease occurs due to
retention of eggs in the liver, spleen, and intestinal walls. Entrapment of eggs in the
tissues is the beginning of inflammation and causes of granuloma in Schistosomiasis.
Eqggs in the tissues secret product that elicit immune reaction that end with granuloma
formation and severe fibrosis in various tissue. This can result in hepatosplenomegaly,
portal hypertension, abdominal pain, and bloody diarrhea (Da Silva et al., 2005).

At present, the control measure of schistosomiasis still depend on a single drug
praziquantel (PZQ), which World Health Organization recommended Praziquantel
(PZQ) recommended as the drug of choice for treatment and control of human
schistosomiasis and using as drug for mass administration programs sincel970s
(Gonnert & Andrews, 1977). Praziquantel, a pyrazinoisoquinoline derivative, it is a
broad spectrum, safe and highly efficacious anti-schistosomal which is principally
active against the adult stage of all the schistosome species (Gray et al., 2011; Sabah
et al., 1986; Utzinger & Keiser, 2004; Utzinger et al., 2003; Vale et al., 2017). Due to
its intensive large scale and repeated use of the same chemotherapeutic agent in the
field, there is serious concern for the emerging of drug-resistant mutants of the
parasite (Coles, 1989; Coles & Kinoti, 1997; Geerts et al., 1997). Effective vaccine is
an alternative strategy to combat against schistosomiasis, which may use alone or in
combination with chemotherapeutic drugs could provide effective and sustainable
strategy for long term controlling the transmission of the disease (Botros et al., 2005;
Doenhoff & Pica-Mattoccia, 2006; Fonseca et al., 2012).



A 23 kDa transmembrane membrane protein is one of tetraspanin proteins family
(Gaugitsch et al., 1991). Its expressed in all stages of schistosome, including
cercariae, lung-stage schistosomula, and adult worms (Cai et al., 2008; Harn et al.,
1985; Jiang et al., 2010; Oligino et al., 1988; Tran et al., 2006). The 23-kDa
membrane protein from S. mansoni (Sm23) and S. japonicum (Sj23) were shown to be
promising immunogenic antigen for prophylaxis and immune-diagnosis. Sm23 is one
of five major tegumental membrane proteins which elicits strong antibody response to
schistosomiasis infection in mice, rats and human (Krautz-Peterson et al., 2017). The
protein has been detected by all stages of human infected serum, especially the lung
stage, and therefore this protein could be one of vaccine candidates (Reynolds et al.,
1992Db). Besides, the large hydrophilic domain (LHD) of recombinant Sj23 could
induce protection against S. japonicum infection in various host including mice,
sheep, cattle and buffalo (Shi et al., 2002a; Shi et al., 2001).

1.2 Goal objective of the study

1. To clone and characterize 23 kDa membrane protein gene from S. mekongi.

2. To predict the potential immunogenic epitope of 23 kDa membrane protein
from S. mekongi.

3. To study the distribution of Smek23 encoding gene in parasite tissues by In situ

Hybridization technigues.

1.3 Hypothesis of the study

Cloning, characterization and identification of 23kDa membrane protein gene
from Schistosoma mekongi and predicted the potential immunogenic epitope of this

molecule.



CHAPTER I

LITERATURE REVIEW

2.1 Schistosomiasis

Schistosomiasis is a chronic parasitic disease historically known as bilharzia
caused by digenetic blood flukes that belong to the family Schistosomatoidae. World
Health Organization (WHO) determines schistosomiasis as the second only to malaria
in socioeconomic importance worldwide (Sarvel et al., 2011). There are five species
of Schistosoma which epidemic in restricted geographic area. S. mansoni is the most
prevalent in the Middle East, sub-Saharan Africa, South America and the Caribbean.
S. haematobium infection is occurred in sub-Saharan Africa, North Africa, the Middle
East and India. S. japonicum acquired only in Asia. S. intercalatum occurs in West
and Central Africa while S. mekongi is restricted to Cambodia and Laos (Hagan &
Gryseels, 1994). Only S. haematobium resides in the venous plexuses of the urinary
bladder and are aetiologic agent of urinary schistosomiasis, the other four
Schistosoma inhabit the mesenteric veins and are the causes of hepatosplenic and
intestinal schistosomiasis (Kloos & Ethiopia, 2019).

Although, schistosomiasis is waterborne disease which endemic in rural area
typically associated with poor rice farmers and fishermen in the tropical and
subtropical zone, it is increasingly been reported among tourist people with a history
of travel to endemic areas in Asia and Africa. Snail is an intermediate host which
released the infective stage cercariae into water reservoir. Snails belonging to the
species Onchomelania, Biomphalaria, Bulinus, and Neotricula are the vectors of S.
japonicum, S. mansoni, S. haematobium and S. mekongi respectively. There are 240
million people are affected worldwide while an estimated 779 million people are at
the risk of infection. There are 20 million people from 120 million infected people

which develop severe clinical disease.



2.2 Epidemiology of Schistosoma species

S. mansoni is widespread in South America, the Eastern Mediterranean, the
Caribbean, and Africa. Nearly 300,000 people die annually from schistosomiasis in
Africa alone (van der Werf et al., 2003b). There is 90% of the 250 million people
infected worldwide live in Africa where S. mansoni is the most prevalent species. And
there is approximately 10 million pregnant women in Africa are infected (Furuhashi
& Hotamisligil, 2008). S. mansoni is one of zoonotic schistosomiasis which infects
human and wild rodents.

S. haematobium infection is‘a major cause of morbidity and disability in the
endemic area of the Middle East and Africa, where nearly 110 million people are
affected (Lara et al., 2011). In sub-Saharan Africa, S. haematobium is the cause of
two-thirds schistosomiasis, which  represents an important cause of severe urinary
tract disease. Bladder wall pathology and hydronephrosis are the major causes of
suffering in urinary tract schistosomiasis from S. haematobium. (van der Werf et al.,
2003a).

S. intercalatum is a minor schistosomal species limited to a few western and
central African countries (King, 2010).

Zoonotic S. japonicum infection are significant prevalence in China, Indonesia
and The Philippines. Cattle and water buffalo contribute significant transmission role
of this disease. There are approximately 60 million individuals’ risk of infection and
close to two million are currently infected in China and Philippines. A small focus of
infection still persists on the island of Sulawesi in Indonesia. The disease has been
eradicated in Japan through integrated multidisciplinary approach.

In the lower Mekong basin, S. mekongi is endemic along the area (Tanaka &
Tsuji, 1997). Approximately, 140,000 people are at risk for infection with 80,000
found in Cambodia and a further 60,000 in Laos. While infection in animal reservoir
hosts to the transmission of S. mekongi has not been established (Jacobson & Abel,
2007).



2.3 Life cycle of Schistosome species

The live cycle of schistosome need intermediate host snails and definite
mammalian host. In the snail, this begins with the asexual reproduction development
of miracidia into a sporocyst. Then sporocysts multiply and develop into infective
stage cercariae. In the mammalian hosts, cercariae invade into human skin and shed
their forked tail, forming schistosomula. The schistosomula migrate throughout the
body's tissues through blood circulation. Schistosomula grow into adult worms, mate,

and produce eggs.

2.3.1 Snail hosts

Schistosome eggs were released in fecae or urine from mammal hosts
into the external environment. In the water, these eggs develop to miracidia, which
hatch and infect intermediate host snails. S. haematobium infects snails of the
genus Bulinus. S.  japonicum infects < snails = of the genus Oncomelania. S.
mekongi infects snails of the genus Neotricula and'S. mansoni infects snails of the
genus Biomphalaria. In the snail, the miracidium develops into a mother sporocyst,
and then produces daughter sporocysts. Daughter sporocysts produce either cercaria
or more daughter sporocysts. Snails can shed hundreds of cercariae daily; about 200

for S. haematobium, 15 to 160 for S. japonicum, and 250 to 600 for S. mansoni.
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Figure 1. Schistosomiasis life cycle.
Asexual reproduction insnails and sexual reproduction in mammals.

From: McManus et al. (2010)
2.3.2 Mammalian hosts

Cercariae penetrate human skin and transform into young schistosomula
by shedding their forked tail. - After living two days in the subcutaneous, the parasites
burrow through the dermis, penetrate a blood vessel wall, and gain access into the
circulatory system. The schistosomula migrate through blood circulation to various
site of body’s tissue. Schistosomula become an-adult schistosome worms.

Adult schistosome in humans host present in specific location to each
species. S. mansoni worms live in small and large intestine. S. japonicum exists more
frequently in the small intestine. S. haematobium survive in the bladder and ureters

venules.

2.4 Pathology of schistosome species

After infective stage cercaria penetrate the skin of host, the cercariae lost their
tails and turn to be schistosomula that enter circulartory system. Within 12 hours post

cercaria penetration, people may develop skin rash, referred to as “swimers itch”.



Schistosomula will go through blood stream to the heart. From the heart, they travel to
the lung, and within 2-4 weeks they enter into liver, and become mature adult male
and female worm. The male worm enwrap around the female and migrate to the
mesenteric venule where eggs are produced. These sites trend to be specific for for S.
mansoni,

S. intercalatum S. japonicum and S. mekongi. For S. haematobium, the eggs are
trapped in the vesicle plexus. The pathology of schistosomiasis is caused by
immunologic reactions to Schistosoma eggs trapped in tissues, by forming immune
complexes of granuloma formation against tissue-deposited eggs.

The tissue reaction is manifested delayed type hypersensitivity through a T-cell
mediated immune response against the soluble egg antigens (SEAGS). Schistosomal
eggs are surrounded by white blood cell such as mononuclear phagocytes,
eosinophils, lymphocytes, plasma cells and also fibroblast, which induced a
granulomatous formation that lead to clinical signs of disease. The common
pathologic lesion of schistosomiasis is due to granulomatous lesions which can
obstruct vessels and fibro-inflammatory lesions around the trapped eggs. The number
and location of eggs trapped in the tissues is a major caused of symptoms and clinical
signs. In the early stage, the inflammatory reaction is readily reversible. In the chronic
stages of the disease, the pathology is related to collagen deposition and fibrosis,
resulting in organ damage that may be only partially reversible (Macalanda et al.,
2019).

2.5 Treatments for schistosomiasis —drugs

There are four chemotherapeutic drugs for treatment of schistosomiasis:
praziquantel, metrifonate, oxamniquine and artemether (Conder & Campbell, 1995;
Ross, 2002). All of these drugs are useful for treatment for both individual patient and
for mass drug administration for communities in endemic area. Oxamniquine is only
effective against schistosomiasis mansoni; resistance to this drug by the parasite was
reported. The drug has side effects include mutagenic and carcinogenic effects, as
well as effects on the central nervous system, its production and commercialization

are controlled and reduced. Metrifonate can be used to treat against urinary



schistosomiasis, caused by S. haematobium (Organization, 1995). Its use is hindered
by a complex administration schedule with multiple doses required over a 2 week.
However, at present there is no longer commercially available (Ross, 2002).
Artemether is a semisynthetic artemisinin derivative, a compound derived from the
sweet wormwood Artemisia annual. It became active after being metabolized in the
blood into dihydro-artemisinin (Liu et al., 2011). Artemisinin and its derivatives are
highly effective against haematophagous parasites, notably malaria, but they have also
proven effective against schistosome infection (Li et al., 2012). The drug acts through
haeme-dependent reduction to sequentially generate free radicals: the haeme iron first
attacks and breaks the endoperoxide linkage to artemisinin, producing an oxygen-free
radical, which is then rearranged to produce a carbon-free radical that causes lethal
damage through the alkylation of parasite proteins (Chaturvedi et al., 2010). A
disadvantage of the artemisinin derivatives is their short in vivo half-life, typically ~2
h in humans (Djimdé & Leféevre, 2009). The current drug of choice for treatment of
schistosomiasis is praziquantel. It is a 2-cyclohexycarbonyl 1,2,3,6,7,11b-hexahydro-
4H-pyrazino (2,1-a Isoquinolin-4one) compound. This drug has been deployed for
mass drug administration in endemic regions and remains a primary tool in the war
against the disease (Khaled, 2013). Praziquantel causes severe spasms and paralysis
of the worms' muscles. The exact mechanisms of action of praziquantel is still poorly
understood. Praziquantel -is' known  to -induce ‘a rapid Ca 2+ influx inside the
schistosome that distort the morphology and physiology of schistosome. Jeziorski and
Greenberg (2006) showed that the B subunits of voltage-gated Ca2+ channels is the
prime molecular target of PZQ. Despite its high efficacy, praziquantel has limitations.
The drug is only effective against adult or pre-adult forms. Furthermore, praziquantel
confers no protection against subsequent infection and people may become reinfected
within days of treatment (Ross et al., 2002). Treatment failures for S. mansoni and S.
haematobium infections have been observed, and the presence of resistant strains has
been demonstrated experimentally. Although widespread resistance to praziquantel
has not been observed clinically, the application of the drug in mass treatment
campaigns may result in new resistant forms emerging and new replacement drugs

and formulations are needed.
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2.6 Prevention of schistosomiasis — vaccines

At present, the control measure of schistosomiasis still depends on a single
drug praziquantel (PZQ), which used as individual treatment and as a mass control
strategy. Praziquantel-based chemotherapy effectively reduces both infections and
intensity; however, it is time consuming, expensive, and cannot prevent re-infection.
Furthermore, there is an increasing concern about praziquantel resistance following
long-term repeated use of the drug in endemic areas. Therefore, a more sustainable
option would be development of an integrated control program that, in addition to
praziquantel treatment. Development of schistosomiasis vaccine, is one of strategies
to prevent and control schistosomiasis. The combination strategy between vaccine and
chemotherapy would decrease both morbidity and reduce the cases of re-infection.
Such a novel control program for schistosomiasis would improve significantly on the
current strategy, which is based on chemotherapy alone.

The alternative, a subunit vaccine, has thus been promoted as an important
alternative strategy for the control and elimination of schistosomiasis (Bergquist &
Colley, 1998; Khaled, 2013; Liu et al., 2011; McManus & Loukas, 2008b).

Therefore, efforts have been directed to discover and identify suitable
protective antigens from schistosomes, leading to the development of recombinant
vaccines, DNA vaccines, peptide—epitope-based vaccines, multivalent vaccines and
chimeric vaccines (McManus and Loukas, 2008). Of the vaccines trialed, a number
have been promoted for human trials, including the Bilvax vaccine based on a 28 kDa
S. haematobium glutathione-S-transferase, which has entered phase 3 clinical trials,
and a S. mansoni tetraspanin (Sm-TSP-2) (Tran et al., 2006), which has entered phase
1 trials. Other vaccines presented at a recent vaccine discovery workshop sponsored
by the Bill and Melinda Gates Foundation in the United States identified additional
vaccines still in experimental development, including Sm14, a fatty acid binding
protein, a calpain (Smp80) from S. mansoni, and Sj23, a TSP, a triose-phosphate
isomerase, an insulin receptor, and paramyosin from S. japonicum (Y. Zhu et al.,
2004; Z. Zhu et al., 2012). An advantage of vaccination strategies against the zoonotic
S. japonicum is that the parasite is found in a variety of domesticated animals,
including water buffalo and goats in China. Researchers involved in controlling this
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species in China and the Philippines have developed vaccines for use in animals as
transmission-blocking vaccines, based on modelling of transmission dynamics in
endemic regions (McManus et al., 2009). Antigen discovery studies are still
progressing using a variety of immunomics and proteomic approaches. It is now
widely appreciated that targeted approaches are required for antigen discovery, and
there is continuing interest in considering fundamental cell biological and

developmental understanding with molecular advances.

2.7 Schistosome tegument

The tegument of schistosomes the tegument, or body wall, of schistosomes is a
dynamic host-adapted interface between the parasite and its vascular environment.
The tegument is a highly polarized syncytium and possesses functional analogy with
transporting epithelia, including the gut lining or the syncytiotrophoblasts of the
human placenta. The tegument plays significant roles in nutrient uptake, immune
evasion and modulation, excretion, osmoregulation, sensory reception, and signal
transduction (Jones et al., 2004). Given the importance of the schistosome tegument
in nutrition and immune evasion, proteins of this surface layer are recognized as

prime candidates to target for vaccine and therapeutic drug development.

2.8 Schistosome 23 kDa protein

The schistosome tegument ‘is dynamic host-interactive layer that is vital for
parasite survival involving: immune evasion, nutrition, excretion, osmoregulation and
signal transduction (Van Hellemond et al., 2006). Proteins exposed to the host on the
tegumental surface are important for completion of the parasitic life cycle. 23 kDa
protein is one of member of tetraspanin family. Among the tegumental parasite
antigens that interplay with the host, the tetraspanin (TSP) family is of particular
interest.

TSPs are membrane-spanning proteins characterized by four transmembrane
domains (TM1-4) and two extracytoplasmic loop (EC1 and EC2). There are three
motif structures (-CCG-,-PXSC-,and-GC-) in EC2 which contains four conserved

cysteine residues and are evolutionally conserved from primitive organisms such as
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schistosome to human (Huang et al., 2005; Kitadokoro et al., 2001; Mark & Rigau-
Pérez, 2009). TSPs act as “molecular facilitators” with functions involved in cell
proliferation, activation, motility, and metastasis.

The 23 kDa molecules of S. mansoni and S. haematobium were the first
identified members of the transmember-4-superfamily (TM4SF, TSP) in schistosomes
(Tran et al., 2006; Wright et al., 2012). The Sj23 of S. japonicum was originally
identified using a monoclonal antibody that recognized the surface of S. japonicum
(Davern et al., 1991). It was reported to be immunogenic and more than 90% of
patients infected with S. japonicum had antibodies to this antigen; however,
vaccination trials with this antigen generated various levels of protection (Da’Dara et
al., 2008; McManus & Loukas, 2008a).

2.8.1 The 23 kDa proteins and development of vaccine

There is currently no vaccine available for using against parasitic
infections in both human and animal, including schistosomiasis. Despite several
researchers working to achieve this goal, one of the focuses has been on identifying
new candidate immunoprophylactic targets. In 1990, World Health Organization
(WHO) was set the bar to achieve protective efficacy in humans at a consistent
induction of 40% protection, and although this is a modest goal, it is yet to be reached
with the six most promising schistosomiasis vaccine candidates (Sm28GST, IrV5,
Sm14, paramyosin, TPI, and Sm23) (Ismail, 2011). Sj23 from S. japonicum is one of
proteins candidate that was shown to-be immunogenic and is a promising antigen for
diagnosis and immuno-prophylaxis. large hydrophilic domain (LHD) of S. japonicum
23 kDa could induce protection against S. japonicum infection in mice, as well as in
schistosome native hosts: sheep, cattle and buffalo (Shi et al., 2002a; Shi et al., 2001).
23 kDa was originally of interest because of its diagnostic that it is related to 23 kDa
protein from S. mansoni (Sm23), but the finding that the epitope in large hydrophilic
domain of Sm23 is recognized by a passively protective monoclonal antibody, made it
also a vaccine candidate (Bellacosa et al., 1991). It has been reported that Sm23,
induces 40-50% protective (Bergquist, 1995), and Sm23 plasmid DNA vaccine
induces 30-43% protection against infection in mice. Large hydrophilic domain of 23
kDa from



13

S. japonicum Chinese strain (Sj23C HD) have been cloned, expressed in Escherichia
coli and showed the vaccine efficacy against infection in Sheep at 51.2-66.1%
protection (Y. Zhu et al., 2004). The 23 kDa (Sj23) and Triose phosphate isomerase
(SJTPI) from Schistosoma japonicum were evaluated as DNA vaccines in
combination with IL-12 plasmid DNA adjuvant against S. japonicum infection in
water buffalo, the result showed protection at 50% (Da’Dara et al., 2008; Yu et al.,
2006).

DNA vaccines encoding the tetraspanin 23 kDa integral membrane
protein (SjC23), alone or fused to bovine heat shock protein 70 (Hsp70) reduced
worm burdens of S. japonicum infection in buffaloes by 50.9% and 45.5%,
respectively, and fecal miracidial hatching by 52.0% and 47.4% (Da’Dara et al.,
2008). In mice, the DNA vaccines was also determined the efficacies against. S.
japonicum. Mice vaccinated with cocktail DNA vaccines encoding the 23-kDa
tetraspanin membrane protein (SjC23) and triose phosphate isomerase (SjCTPI)
showed a significant worm reduction of 32.88% (P < 0.01) and egg reduction of
36.20% (P < 0.01). The vaccine efficacy was enhanced when animals were boosted
with cocktail protein vaccines; adult worm and liver egg burdens were reduced
45.35% and 48.54%, respectively. (Mark & Rigau-Pérez, 2009). Chen et al. (2011),
observed that mice immunized with Salmonella typhimurium harboring Sj23LHD-
GST promoted. protection 41.69-50% in worm burden and elicited remarkable
activation of antigen specific CD4 + and CD8 + T cells and high levels IL-2, IL-12
and IFN-gamma. Z. Zhu et al. (2012) showed that mice immunized with purified
recombinant protein LHD-Sj23-GST (large hydrophilic domain of 23 kDa antigen of
S. japonicum fused with Sj26GST) with Freund’s adjuvant (FA), Montanide ISA 206
and Montanide ISA 70M, induced a significant protection at 58.8, 26.3% and 54.3%
(P < 0.05) respectively, compared to those mice treated with respective adjuvant only.
All three adjuvants induced increasing of the titer of total IgG and 1gG subtypes
(1gG1, 1gG2a, 1gG2b, 1gG3) significantly. Which IgG antibodies, especially IgG1 and
IgG3 isotypes, were confirmed to be the main humoral component that corresponds
with protection against parasite (Maizels & Yazdanbakhsh, 2003; Unkeless et al.,
1988). X. Wang et al. (2014) showed that SjC23 DNA vaccine could induced

protection against S. japonicum at 46.44 % when used in combination with Lysine-
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modified PAMAM-Lys. The PAMAM-Lys vector elicited a predominantly IgG2a
antibody response and a tremendously increase in the production of IL-2 and IFN-
gamma which increased the protective effect of the SjC23 DNA vaccine against S.
japonicum infection (X. Wang et al., 2014). A. Da'Dara et al. (2019a) demonstrated
that DNA vaccine of SjC23 could induced 30% protection against S. japonicum
infection in buffalo. There was higher protection when using SjC23 DNA vaccine in
combination with IL-12, the protection was 46%. However, they observed that the
highest levels of efficacy was observed in buffalo which immunized with two-dose
regimen trial by priming with the combination of SjC23-Hsp70 and SjTPI-Hsp70
plasmid DNAs followed by boosting with a combination of recSjC23 and recSjTPI.
This combination trial yielded the significant level of protection by reduce worm
burdens at 55.1% and eggs/gram liver at 53.2% which compared to levels in control

vaccinated buffalo.

2.8.2 The 23kDa protein and development of diagnostic tools.

In 1991, the monoclonal antibody against Sj23, the 23-kDa protein from
Schistosoma japonicum has been successfully used in immunodiagnostic assays to
detect S. japonicum infection in Philippine patients. The sequence analysis has shown
that Sj23 is the homologue, with 84% amino acid identity, of Sm23, a 23-kDa
molecule from S. mansoni. The domain structures of Sj23 and Sm23 are strikingly
similar to the human membrane proteins ME491, CD37, CD53 and TAPA- 1, which
may suggest a functional role for the schistosome cellular proliferation (Davern et al.,
1991). Besides, Sm23 is one of five tegumental membrane proteins (SmTsp2, Sm23,
Sm29, SmLy6B and SmLy®6), that recognized in S. mansoni infection of both
permissive (mouse) and non-permissive (rat) rodent models, as well as humans.
(Krautz-Peterson et al., 2017). Compared the levels of antibody raised against the
hydrophilic domain (HD) of the 23-kDa membrane protein (Sj23HD) and soluble egg
antigen (SEA) of Schistosome japonicum for early detection over the course of 42
days post-schistosome infection in mice. This results demonstrated that antibody
raises against Sj23HD could be detected early infection in mice and immunoblotting
showed greater specificity and sensitivity than ELISA for detection Sj23HD
antibodies (J. Wang et al., 2011). Li et al. (2012) demonstrated that rLHD-Sj23-GST
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IELISA have been used to detect the infection of S. japonicum in Cattle with positive
rate 3-44-18.4%. Jin et al. (2010) demonstrated that the recombinant antigen which
constructed an epitope of recombinant protein Sj23 and SJGCP (Gynecophoral Canal
protein) was a promising diagnostic antigen for detecting S. japonicum in water
buffalo better than signal recombinant protein Sj23 and SjGCP.

Cai et al. (2017), developed ELISA assays for diagnosis of S. japonicum
infection based on the detection of antibodies against the large hydrophilic domain of
the 23 kDa Sj23 tegumental protein (Sj23-LHD), two saposin proteins (SjSAP4 and
SjSAPS5) and two combinations (SjSAP4 + Sj23-LHD and SjSAP5 + Sj23-LHD. They
found that a combination SjSAP4 Sj23-LHD provided the best diagnosis efficacy at
87.0% sensitivity and 96.67% specificity. Elisa based on using this combination could
provide an important component for monitoring integrated control measures for

schistosomiasis in the Philippines, in the future.

2.9 Prediction of B-cell antigenic epitope

The delineation define epitopes on protein antigens has attracted the attention
of several scientists in recent years. Identification of epitopes on proteins would be
useful for diagnostic purposes and also in the development of peptide vaccines
(Schmidt, 1989). To aid experimental workers, Hopp and Woods have developed a
method for prediction of antigenic determinants (Hopp & Woods, 1981). The
approach of Hopp and Woods has been modified to take into account the fact that
antigenic sites are on the surface of the protein and most surface residues are
antigenic. Recently, Parker et al., have used three parameters - hydrophilicity,
accessibility and flexibility - to predict B cell epitopes using a composite plot. This
method has improved the prediction of antigenic determinants as compared to Hopp
and Woods’ method but misses some of the experimentally observed determinants.
On the other hand, Welling et al. have calculated the antigenicity value for each
amino acid from its frequency of occurrence in epitopes and used these values to
predict epitopes (G. Welling et al.). The Kolaskar and Tongaonkar antigenicity
calculations are an epitope analysis that is developed from Hopp and Woods and has

75% greater accuracy. For Bepipred Linear Epitope Prediction is also an analysis of
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the epitope position, which is based on the relationship between sensitivity and
specificity of binding with B-cells (Lapoile et al., 2006).

Therefore, this study focuses on predicting Smek23 B cell epitope which may
provide a promising vaccine or immunodiagnostic target for future solution to

eliminate schistosomiasis in endemic areas.

CHAPTER 111

MATERIALS AND METHODS

3.1 Cloning, identification and expression of Smek23

3.1.1 Cloning identification and Characterization of Smek23 cDNA
Adult worm cDNA of S.mekongi from research project “Development of
Serodiagnosis for Schistosoma mekongi in Mice by Sandwich ELISA and

Localization of Cathepsin B on the Worm” which was approved by Animal Care and
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Use Committee of Faculty of Tropical Medicine, Mahidol University (FTM-ACUC
023/2017). Briefl, total RNA was isolated from the whole adult S. mekongi worms by
TRIzol reagent (Molecular Research Center, Inc.) using the protocol provided by the
manufacturer, and stored at —80 °C. The partial cDNA sequence of the Smek23 was
amplified by RT-PCR using the following set of primers: forward primer (5’-ATG
GCG ACT TTG GGT ACT GGG ATG A-3’) and reverse primer (5’-GAG TAG TCC
ACA CAC ACT ACA CTC-3’). The primer was designed from 23 kDa protein of S.
japonicum mRNA (GenBank: M63706.1). The PCR was performed in 35 cycles at 94
°C for 30 s, 55 °C for 30 s and 72 -C for 90 s. The PCR product was ligated into the
pPGEM-T easy vector (Promega, USA) and used for sequencing (Macrogen, South
Korea).

Smek23 DNA sequences generated form cDNA clones and the deduced
protein sequences were subjected to search the nucleic acid and protein database using
the basic local alignment search tool (BLAST) (http://ww.ncbi.nih.gov/BLAST) and
swiss-Prot  database = (https://swissmodel.expasy.org/). Multiple alignment of
homologous sequences from closely related Schistosoma species were carried out by
Clustal Omega program (https://www.ebi.ac.uk/Tools/msa/clustalo/). Using this
alignment, neighbor-joining (Saitou & Nei, 1987) analysis was performed using the
Mega X (Kumar et al., 2018) with hootstrap resampling using 1000 repetitions
(Felsenstein, 1985). The prediction of 3-D-model was visualized the I-TASSER
program (Roy et al., 2010; Yang & Zhang, 2015; C. Zhang et al., 2017; Y. Zhang,
2008) and SignalP (Petersen et al., 2011). The Smek23 protein structural analysis was
done by using TMpred, a program to predict transmembrane regions and their

orientation (Hofmann, 1993).

3.1.2. Expression of recombinant Smek23 in E. coli
A full DNA sequence of Smek23 with hexahisditine tag at C-terminus
was amplified from cDNA of S. mekongi adult worm using the forward
primer:5’Smek23NdelF:5°-CAT ATG GCG ACT TTG GGT ACT GGG ATG A-3’
and the reverse primer:3’Smek23XholR:5°CTC GAG TTA ATG ATG ATG ATG
ATG ATG AAC ATT CTC ATA TTC TTT TAT TTG TCG-3’. The PCR product
was ligated into PET17b vector with Ndel and Xhol digestion prior to transforming
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into E. coli (BL21). The correct Smek23 DNA sequencing was verified by DNA
sequencing. To produce rSmek23, the bacteria was inoculated into LB-broth
containing 1 pg/ml ampicillin and grown at 37 °C until the ODgoo reading of 0.6-0.8,
then 1 mM IPTG was added to the culture medium and incubated at 30 °C for 6 h.
recombinant Smek23 (rSmek23) were obtained by lysing bacteria cells with the lysis
buffer (50 mM NaH2PO4. 300 mM NaCl, 8 M urea, 6 M GuHCL and 20 mM
Imidazole pH 8.0), and the protein was purified with washing buffer containing 20
mM Imidazole and eluted from the resin with elution buffer containing 250 mM
Imidazole. The purified rSmek23 was dialysis tubing which excludes MW 12 kDa or
greater (SIGMA D-9777) in cold-PBS for 3 hrs before uses.

3.2 Prediction of antigenic sites

In this study, the potential hydrophilic antigenic epitopes of Smek23 were
found out in order to identify the antigenic determinants. Antigenic epitopes are
determined using several prediction methods, for example, Hopp and Woods (Hopp &
Woods, 1981); Welling (G. W. Welling et al., 1985); HPLC/Parker & al (Parker et al.,
1986); Kolaskar & Tongaonkar antigenicity (Kolaskar & Tongaonkar, 1990) and B-
EpiPred Server (Lapoile et al., 2006).

3.3 The distribution of Smek23 in parasitic tissues by in situ hybridization
techniques

Gene-specific primers (Smek23_F and Smek23_R for gene) were used for
localization of expression of Smek23 mRNA by performing hybridization. The adult
worms were collected and fixed in 2% paraformaldehyde at 4 -C for 18 h. the tissues
were then processed through routine tissue processing before being embedded in
paraffine blocks. Tissue sections (5 pum-thickness) were cut and mounted onto silane-
coated slides. The gene specific primers (Smek23_F and Smek23_R gene) were used
to amplify DIG-oligonucleotide labeling kit (Roche, Germany) from cDNA of
S. mekongi. DIG-labeled sense or antisense RNA probe was added to the

hybridization solution containing the S. mekongi sections, and then rotated at 50 -C
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for 12 h. after hybridization, the S. mekongi were stained and photographs were taken

with Leica compound microscope equipped with a digital camera (Leica, Germany).
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CHAPTER IV

RESULT

4.1 Cloning and sequencing of 23 kDa membrane protein from S. mekongi
(Smek23)

The cDNA encoding Smek23 of adult S. mekongi was cloned by RT-PCR
showed the specific band of Smek23 cDNA fragment (Figure 2). The PCR product of
Smek23 DNA sequencing was verified by DNA sequencing. The nucleotide sequence
of Smek23 was 686 bp in length. The nucleotide sequence of Smek23 showed an
open reading frame encoding 23 kDa integral membrane protein containing 218
amino acids (Figure 3). The expected molecular weight of Smek23 determined from

its constituent amino acids is 23.62 kDa.

M 1

bp
1000
900
800

700
600
500

400
300

686 bp

200

100

Figure 2. The PCR product specific band of Smek23 cDNA fragment.
Lane M: 100 bp molecular marker and Lane 1: Smek23 cDNA fragment
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The Smek23 has four transmembrane domains (TM) and other transmembrane
4 superfamily (TMA4SF) characteristics. When the primary amino acid sequence of
Smek23 was examined for the presence of functional sites, the following motifs were
indicated: GAGAYVEVK, tyrosine kinase phosphorylation; ATLGTGMRC,
threonine kinase phosphorylation; and EVKFSQYGA, DYKGSVPDS, and
SVPDSCKEG, Serine kinase phosphorylation (Figure 3). The SignalP tool which
incorporates a prediction of cleavage sites and signal/non-signal peptide predicted no

presence of signal peptide in the protein (Figure 4).

53 ATGGCGACTTTGGGTaggGGGATGAGGTGTCTGAAAAGCTGTGTGTTCGTATT
M A T L G G M R ¢ L K S C¢C VvV F V L 18
106 GAACATTATCTGCCTGTTATGTTCTCTTGTATTAATAGGAGCTGGCGCATATG
N I I € L L € 8 L VvV L I [ A G A 35
158 TGGAGGTTAAATTCAQECAGTATGGGGCTAATTTACACARAGTCTGGCAGGCG
vV EV K E S Q ¥ G A NLHZKTV W QA 53
212 GCTCCCATCGCAATAATTGTGGTTGGAGTAATAATCCTTATAGTARGCTTTCT
A P I A I I V V G Vv I I L I Vv s F L. 711
265 GGEGCTGTTGTGGAGCTATAAAGGAAAACGTTTGCATGCTTTACATGTATGCGT
G C C G A I K E N V C M L ¥Y M ¥ A 88
318 TTTTCCTTATTGTCCTTCTAATTGCTGAGTTGGTCGCTGCCATTGTTGCGGTA
F F L I v L L I A E L V A A I V A V 106
371 GTGTACARAGGACAAAATCGATGCAGAAGTGGATACATTGATGACTGGTGCTCT
vV ¥ K D K I D A E V D T L M T G A L 124
424 GGATCATCCAAACGAAGARATAACAGCATTCATGGATTTGATCCAGTCATCAT
D H P N E E I T A F M D L I Q S S 141
477 TCCATTGTTGTGGAGCCAAAGGTCCAAATGATTATAAGGGCTG}GTACCAGAT
F H C ¢C G A K G P N D ¥ K G S ¥V P D 159
530 m;gTGTAAAGAAGGGCAAGTGCCGTATACTCAGGGTTGCGTATATGTCTTCGG
S C K E G Q@ V P Y T Q G ¢c Vv ¥ v F 6 177
583 TGCATTCTTAAAACGCAACTTGATAATTGTCGCCTGTGTGGCATTCGGTGTAT
A F L K R N L I I VvV A C Vv A F G WV 194
636 GCTTCTTCCARCTGTTGAGCATTGTTATAGCTTGTTGTTTGGGTCGACARATA
C F F ¢ L L 8 I vV I A ¢ € L 66 R @ I 212
686 AMAGAATATGAGAATGTTTAAATACAGAGTGTAGTGTGTGTGGACTACTC
K E Y E N VvV * 218

Figure 3. Nucleotide and the deduced amino acid sequence of Smek23.
The predicted start ATG and stop TAA codons are shown in underlined and

bold face. Putative functional sites are threonine kinase phosphorylation
(underlined); tyrosine kinase phosphorylation (boxed) and Serine kinase

phosphorylation (dash line).
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Figure 4. SignalP result for the signal peptide of Smek23 protein

The SignalP using several artificial neural networks and Hidden Markov
Models. No signal peptide was detected and it was predicted to be an integral
membrane protein. Score C, S and Y represent cleavage site score, signal peptide

score and combination score (derived from C and S scores), respectively.

4.2 Bioinformatics identification and characterization of Smek23

The transmembrane topology of Smek23 was predicted by using TMpred
program (Figure 5). The putative domains of Smek23 fall within the transmembrane 4
superfamily (TM4SF) as follows: cytoplasmic domains, CYT 1 (position 1-16) 16
amino acids, CYT 2 (position 73-80) 8 residues, CYT 3 (position 206-218) 13
residues; extracellular domains, EXT 1 (position 37-55) 19 residues, EXT 2 (position
109-183) 75 residues; transmembrane domains, TM 1 (position 17-36) 20 residues,
TM 2 (position 56-72) 17 residues, TM 3 (position 81-108) 20 residues, and TM 4
(position 184-205) 22 residues. The conservation of this domain structure with other

schistosome 23 kDa proteins showed in Figure 5.
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Smek23

Sj23 (AAA29920.1)
St23p (AIA24557.1)
SmIMP (AAA29900.1)
SmIMP23 (AAA73525.1)
Sh23 (AAC46959.1)
Clustal Consensus

Smek23

S323 (AAA29920.1)
St23p (AIA24557.1)
SmIMP (AAA29900.1)
SmIMP23 (AAA73525.1)
Sh23 (AAC46959.1)
Clustal Consensus

Smek23

S3j23 (AAA29920.1)
St23p (AIA24557.1)
SmIMP (AAA29900.1)
SmIMP23 (AAA73525.1)
Sh23 (AAC46959.1)
Clustal Consensus

Smek23

Sj23 (AAA29920.1)
St23p (AIA24557.1)
SmIMP (AAA29900.1)
SmIMP23 (AAA73525.1)
Sh23 (AAC46959.1)
Clustal Consensus

Figure 5. Multiple sequences alignment of the deduced amino acid sequences of
Smek23 with other Schistosome 23 kDa protein.
The amino acid sequences of Smek23 with other 23 kDa protein sequences

showing highly conserved amino acids by grey and black outlines. The
asterisk (*) indicates identical amino acids, two dots (:) indicates conserved
amino acid substitutions and dot (.) indicate semi-conserved amino acid
substitutions. The cysteine residues of the large extracellular domain of
TMASF involved in disulfide bonding is indicated by asterisk (*). The
TMA4SF-like domains of Smek23 are indicated as follows: CYT 1 to 3,
cytoplasmic domains; TM 1 to 4, transmembrane domains; EXT | and 2,
extracellular domains. Smek: Schistosoma mekongi; Sm: S. mansoni; Sj: S.
japonicum; Sh: S. haematobium; St: S. turkestanicum. Database accession
numbers for the proteins aligned here: Sm23: AAA29900.1, AAA73525.1;
Sh23: AAC46959.1, Sj23: AAA29920.1; St23: AIA24557.1.
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The multiple alignment of deduced amino acid sequences of Smek23 with 23
kDa membrane protein, tetraspanin protein, and CD63 protein from related
schistosome species (AAA29900.1, AAA73525.1, AAN17276.1 from S. mansoni;
AAC46959.1 from S. haematobium; AAA29920.1, AEG74369.1, CAX75552.1 from
S. japonicum; and AlA24557.1 from S. turkestanicum), 23 kDa integral membrane
protein from Fasciola spp. (TPP57640.1 from F. gigantica and THD26539.1 from F.
hepatica), CD63 and CD81 antigen from animal host and human (AAD43135.1,
NP_598416.1 from mouse; XP_003639366.1, XP_022261237.1 from dog;
QHY93513.1, ABK63185.1 from pig; AAH02349.1, pdb 5TCXA from human
showed in Figure 6.

The Smek23 amino acid sequences showed the highest degree of identity with
S. turkestanicum 23 kDa (GenBank: AlA24557.1) at 91.2 %. The identity of Smek23
amino acid sequences with integral membrane protein 23 from S. mansoni (Genbank:
AAAT73525.1 and AAA29900.1) showed at 89.9 and 89.4, respectively. The identity
of Smek23 amino acid sequences with 23 kDa protein from S. japonicum (Genbank:
AAA29920.1) and S. haematobium (Genbank: AAC46959.1) showed at 88.0 and
87.6%, respectively (Table 1). The identity of Smek23 amino acid sequences with
tetraspanin 2 from S. mansoni (Genbank: AAN17276.1) and S. japonicum (Genbank:
AEG74369.1) showed identity at 27 and 27.2%, respectively. The identity of Smek23
amino acid  sequences with. CD63 antigen from S. japonicum (Genbank:
CAXT72085.1) showed at 27.2% (Table 1).

The identity of Smek23 amino acid sequences with CD63 antigen from Mus
musculus  (Genbank: AADA43135.1), Canis lupus familiaris (Genbank:
XP_003639366.1), Sus scrofa (Genbank: QHY93513.1) and Homo sapiens (Genbank:
AAH02349.1) showed at 28.8, 30.9, 30.6, and 30.9%, respectively (Table 1). The
identity of Smek23 amino acid sequences with CD81 antigen from Mus musculus
(Genbank: NP_598416.1), Canis lupus familiaris (Genbank: XP_022261237.1), Sus
scrofa (Genbank: ABK63185.1), Homo sapiens (PDB: 5TCXA) showed at 20, 17.9,
19.6, and 18.2%, respectively (Table 1).
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Figure 6. Multiple sequences alignment of the deduced amino acid sequences of
Smek23 with 23 kDa protein, tetraspanin, CD63 and CD81 antigens.
The amino acid sequences of Smek23 with other protein sequences

showing highly conserved amino acids by grey and black outlines. The
asterisk (*) indicates identical amino acids, two dots (:) indicates
conserved amino acid substitutions and dot (.) indicate semi-conserved
amino acid substitutions. Smek: S. mekongi; Sm: S. mansoni; Sj: S.
japonicum; Sh: S. haematobium; St: S. turkestanicum; Fh: F. hepatica; Fg:
F.gigantica.
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Phylogenetic tree constructed using amino acid sequences of 23 kDa protein,
tetraspanin, CD63 and CD81 antigen by Neighbor-joining method with the MEGA X
program (Bootstrap 1,000 replicates) (Figure 7). The study showed that 59 amino acid
sequences can be classified into 4 groups. The first group is CD81 antigen that group
is supported by a bootstrap value of 96% and divided into 2 clades; CD81 antigen
from host (cattle, buffalo, sheep, goat, pig, cat, dog, mouse, rat, and human) supported
by a bootstrap value of 100% and CD81 from S. haematobium. The second group is
CD63 antigen that supported by a bootstrap value of 67% and divided into 2 clades;
CD63 antigen from host (cattle, buffalo, sheep, goat, pig, cat, dog, mouse, and
human) supported by a bootstrap value of 100% and CD63 antigen from Trichuris
trichiura. The third group is CD63 antigen and tetraspanin protein from parasites that
supported by a bootstrap value of 99% and divided into 3 clade; the first clade
including Paragonimus westermani CD63, Opisthorchis viverrini tetraspanin 2B,
Clonorchis sinensis 23 kDa integral membrane protein and F. gigantica tetraspanin
was supported by a bootstrap value of 90%, the second clade including C. sinensis
CD63, O. viverrini tetraspanin 2A and F. hepatica tetraspanin was supported by a
bootstrap value of 88% and the last clade CD63 antigen and tetraspanin from
Schistosoma species (including S. mansoni, S. japonicum, S. haematobium, and S.
bovis) was supported by a bootstrap value of 88%. The fourth group is 23 kDa
membrane protein-and tetraspanin 23 protein from Schistosoma spp., and 23 kDa
membrane protein from Fasciola spp. and
C. sinensis that supported by a bootstrap value of 100% and divided into 2 clade; 23
kDa integral membrane protein from F. gigantica, F. hepatica and C. sinensis was
supported by a bootstrap value of 98% and the second clade including 23 kDa
membrane protein (S. mekongi, S. mansoni, S. japonicum, S. haematobium, and
S. turkestanicum) and tetraspanin 23 protein from S. mansoni, S. haematobium, S.
bovis, S. curassoni, S. guineensis, S. intercalatum, S. margrebowiei, and S. rodhaini
was supported by a bootstrap value of 100%. The result showed that Smek23 was
closely related to S. japonicum 23 kDa (Genbank: AAA29920.1) supported by a
bootstrap value of 93%. (Figure 7).
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Figure 7. The phylogenetic analysis of Smek23 with 23 kDa membrane protein,
tetraspanin protein, and CD63 protein.
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The phylogenetic tree was constructed by neighbor-joining method
(Saitou and Nei, 1987) in MEGA X (Kumar et al., 2018). Saitou and Nei
(1987) the percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (1000 replicates) are shown next to
the branches (Felsenstein, 1985). The numbers at the branching point
indicate percent bootstrap value. The evolutionary distances were
computed using the Poisson correction method (Zuckerkandl & Pauling,

1965).
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The secondary and tertiary protein structure of Smek23 was predicted by
iterative implementation of the Threading ASSEmbly Refinement (I-TESSER)
program (Roy et al., 2010; Yang & Zhang, 2015; C. Zhang et al., 2017; Y. Zhang,
2008). This software proposed five 3D model structures based on C-score which is a

confidence score used for estimating the quality of predicted models (Table 2).

Table 2. The score of different properties related to five Smek?23 tertiary structure
models were predicted

Name C-score  Exp. TM- Exp. RMSD No. of Cluster
score decoys density

Model 1 0.47 0.78+0.10  4.6+3.0A 8631 0.4108
Model 2 -1.71 1100 0.0465
Model 3 0.24 5958 0.3282
Model 4 -0.96 1865 0.0988
Model 5 -2.25 590 0.0270

Ultimately, 5 possible tertiary structures were predicted by I-TASSER tool.
According to C-scores calculated by this software, model 1, with a C- score of 0.47,
had the highest confidence between the other four models. Data are shown in Figure 8
and it contained seven a-helixes were shown in pink, and blue represents turns of the
protein (TM-score =0.78+0.10, RMSD = 4.6+3.0A). The predicted structures suggest
that Smek?23 contained 27.06% coil, 65.14% helix and 7.8% strands Figure 9.

Figure 8. Predicted Tertiary structure of Smek23 protein.
A probabilistic structural model 1(C- score of 0.47; TM-score =

0.78+0.10; RMSD = 4.6+3.0A) for Smek23 chimeric protein by I-
TASSER server. Seven a-helixes in pink. The blue represents turns in the
peptide backbone.
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Figure 9. The local accuracy estimation for the first model of Smek23.
The local accuracy was defined as the distance deviation (in Angstrom)
between residue positions in the model and the native structure

4.3 Production of Smek23 protein

The rSmek23 with hexahistidine at C-terminus was expressed and purified
from E. coli under denaturing conditions. The band with molecular masses of 24 kDa
of purified rSmek23, as analyzed by SDS-PAGE, are shown in Figure 10.

e il =

—
]
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Figure 10. Electrophoretic pattern of S. mekongi expressed from the bacterial system.
Each fraction was analyses by 12.5% SDS-PAGE stained with Coomassie

Blue. Lane M: PageRuler Prestained Protein Ladder; Lane 1: Total protein
from E. coli BL21/pET17b-Smek23 before induction; Lane 2: Total protein
from E. coli BL21/pET17b-Smek23 after induction; Lane 3: rSmek23
purified with Ni-NTA Column.
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4.4 Determination of antigenic peptides

In the present study, Hoppand Woods, Welling, Parker, Kolaskar and
Tongaonkar (1990) and B-EpiPred Server, antigenicity scales were designed to
predict the locations of antigenic epitope region in 23 kDa protein of the human blood
fluke
S. mekongi. By analyzing graphical and numerical data, it was found that according to
Hopp and Woods (1981) scale the regions 9-10, 76-79, 109-119, 125-130, 132-133,
147-166, 209-214 contained the potential hydrophilic regions (Hydrophilicity: score >
0).The analysis found high in position between 109-119 (Maximum Score 1.578) in a
protein, which present in extracellular domain 2 (EXT 2), assuming that this antigenic
region would be presented on the protein surface and thus would be placed in

hydrophilic regions (Figure 11).
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Figure 11. Graphical representation of antigenic peptide evaluation by Hopp &
Wood
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In the Welling et al. 1985 antigenicity plot gives value as the log of the

quotient between percentage in average proteins and percentage in a sample of known
antigenic regions, the predicted hydrophilic regions were 36, 38, 44-53, 97-98, 101-
108, 109-115, 125-127,150-151, 156, 158. The data found high in extracellular
domain 1 (EXT 1) in position 44-53 (Maximum Score 0.702) (Figure 12).
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Figure 12. Graphical representation of antigenic peptide evaluation by Welling & al

We also study the hydrophobicity plot of HPLC / Parker and the predicted
hydrophilic regions were 5-11, 33-36, 37-46, 48-50, 72, 75-79, 107-108, 109-119,
120-133, 137, 139-140, 142-171,173-174, 209-214. The highest peak is found high in
extracellular domain 2 (EXT 2) in position between 143-171 (Maximum Score 5.157)

(Figure 13).
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Figure 13. Graphical representation of antigenic peptide evaluation by HPLC/Parker
& al

According to Kolaskar and Tangaonkar (1990) antigenicity scale, at 1.0 as the
threshold level, the most likely antigenic determinants were at 11-
LKSCVFVLNIICLLCSLVLI-30, 56-1AIIVVGVIILIVSFLGCCGA-76, 90-
FLIVLLIAELVAAIVAVVYK-109, 169- TQGCVYVFG-177, 186-
IVACVAFGVCFFQLLSIVIACCLG-209 (Figure 14).
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Figure 14. Kolaskar and Tongaonkar Antigenicity for Smek23
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BepiPred predicts the location of linear B-cell epitopes result found that
between 147-169 is 147-AKGPNDYKGSVPDSCKEGQVPYT-169 and the
maximum score (1.999) is found at the position 152 (Figure 15).
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Figure 15. Graphical representation of antigenic peptide evaluation by Bepipred
Linear Epitope Prediction for Smek23

Prediction of immunogenic region which exposed on the surface of the protein
is a necessary step for epitope-based vaccine design. In this study, the hydrophilic
regions of Smek23 proteins which are supposed to be antigenic and exposed to the
surface of the protein were identified for antigenic determinants. The overlapping
sequences of prediction epitopes have been summarized in Table 3. There were three
major overlapping regions which were hit by all programs (Hopp & Woods (1981);
Welling, Parker and B-EpiPred). These regions were 111-KIDA-114, 125-DHP-127
150-PNDYKGSVPDSCKEGQVPYT-169. All of these three regions were located in
extracellular domain 2 (EXT 2), which is a large hydrophilic domain (LHD) of

Smek23 molecule.
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Table 3. The potential hydrophilic 6egions and epitope prediction sites from Hopp &
Woods, Welling & al, Parker & al Kolaskar & Tongaonkar and B-EpiPred programs.

Hopp & | Welling & Kolaskar & .
TM4SP Woods al Parker & al Tongaonkar Bepipred
CYT 1 (1-16) 9-10 5-11 11-30
TM 1 (17-36) 36 33-36
EXT 1 (37-55) 38, 44-53 | 37-46, 48-50
TM 2 (56-72) 72 56-76
CYT 2 (73-80) 76-79 75-79
TM 3 (81-108) 8 O 107108 00100
109-119, 109-115 109-119 111-114
11252112% 125-127 120-133 124-130
EXT 2 (109-183) 137, 139-140
150-151, | 142-171,173-
147-166 156, 158 174 169-177 147-169
TM 4 (184-205)
CYT 3 (206-218) 209-214 209-214 186-209 213

4.5 The distribution of Smek23 in parasitic tissues by in situ hybridization

techniques

Paraffin longitudinal sections of adult S. mekongi were hybridized with an

antisense Smek23 RNA - probe. Positive - hybridization signals were detected in

tegumental cells (Figure 16). Hybridization signals were not observed in control

section.
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Figure 16. Insitu hyb 3 \ S. mek gi adult stage longitudinal-sections with
Smek23 RNA probes.

tegument (arrow) (Scale bar =50 pum)
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CHEPTER V

DISCUSSION

5.1 Cloning, identification and expression of Smek23

From the results of comparing the identity of amino acid sequences through
Clastal W sequence analysis and Sequence Identity Matrix Alignment (BioEdit). The
high level of identities in amino acid sequences indicate the close relationship
between S. mekongi and those Trematode parasite species as expected. The Smek23
amino acid sequences showed the highest degree of identity with the Schistosoma
species of red deer that found in Hungary and central Asia, S. turkestanicum 23 kDa
(GenBank: AlA24557.1) at 91.2 %. The identity of Smek23 amino acid sequences
with other schistosome species (S. mansoni, S. japonicum and S. haematobium
showed at 87.6-89.9% respectively. By contrast, the amino acid sequences for the
homologous genes of mammalian hosts, CD81 showed low identity with Smek23 kDa
which ranged from 0.17-0.2%. According to the phylogenetic analysis in this study, it
revealed that Smek23 exhibited distant evolutionary relationship from the Tetraspanin
of mammalian host species. The low degree of conservation observed from amino
acid sequences of mammalian ‘hosts could reveal its applicable for using as the
vaccine candidate against the schistosome infection which may not interfere with the

hosts’ Tetraspanin molecule during the vaccination.

5.2 Prediction of antigenic sites Prediction of B-cell antigenic epitope

Successful vaccine is a key strategy to eliminate and eradicate schistosomiasis,
but currently no such vaccine exists. Smek23 is one of the proteins that exposed to the
host environment and are antigenic in nature so this protein could be estimated as a
vaccine candidate that are capable of inducing a significant immune response into the
host. B cell epitopes are part of proteins which prime the antigenicity and recognized
by the human antibodies. Identification of B cell epitopes are useful for the
development of a novel vaccine. This study uses bioinformation approach to predict
the immunogenic epitope on the molecule of Smek23. We choose 5 programs to
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predicted the candidate epitopes. The First, B-EpiPred program (Lapoile et al., 2006),
predicted B cell epitope which B-cells are considered a core component of the
adaptive immune system, as they have the ability to recognize and provide long-term
protection against infectious pathogens. The second and third, Hopp and Woods
(Hopp & Woods, 1981) and Parker (Parker et al., 1986), respectively predicted
potential hydrophilic region. The fourth and fifth, Welling (G. Welling et al.), and
Kolaskar and Tongaonkar (Kolaskar & Tongaonkar, 1990), predicted antigenic
epitope. The result showed that there are three candidate immunogenic epitopes which
were selected by all of four programs (Hopp and Woods, Welling, Parker and B-
EpiPred). These regions were 111-KIDA-114, 125-DHP-127  150-
PNDYKGSVPDSCKEGQVPYT-169. All of these three regions were located in
extracellular domain 2 (EXT 2), which is a large hydrophilic domain (LHD) of
Smek23 molecule. Large hydrophilic domain portion of 23 kDa protein from S.
mansoni appeared to be highly immunogenic molecule in mice. The protein was
recognized by mice and human S. mansoni-infected serum (Reynolds et al., 1992a). J.
Wang et al. (2011) demonstrated that antibody responses to the Sj23HD antigen could
be monitored for early detection of schistosome infection in mice by immunoblotting
and ELISA. Li et al. (2012) also demonstrated that large hydrophilic domain (LHD)
of Sj23 molecule could use as antigen for immunodiagnosis by ELISA for S.
japonicum infection in cattle. Furthermore, the large hydrophilic domain from S.
japonicum has been reported to be one of potential candidate vaccine antigens. Z. Zhu
et al. (2012) demonstrated that large hydrophilic domain of Sj23 induced 54.3-58.8%
protection against the infection in mice (Z. Zhu et al., 2012). Similar results have been
reported by (Shi et al., 2002b; Shi et al., 2001), they showed that the recombinant
protein of S. japonicum 23 kDa and its large hydrophilic domain (LHD) could
produce protection against S. japonicum infection in mice, sheep, cattle and buffalo.
A. A. DaDara et al. (2019b) demonstrated that vaccination of water buffalo with
combination vaccine of 23 kDa and TPI from S. japonicum (Sj23, SjTPI) plasmid

DNA vaccines, induced 50% efficacy to challenge infection.
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5.3 The distribution of Smek23 in parasitic tissues by in situ hybridization
techniques

This preliminary study demonstrated that the Smek23 RNA was present at the
tegument. This result related with previous study demonstrated that Tetraspanin-2
protein from S. japonicum was immunolocalized on tegument of lung-stage
schistosomula and adult worms. In S. mansoni, the molecule of tetraspanin 2 also
localized to tegument membrane compartments (Schulte et al., 2013).
Changklungmoa et al. (2012) demonstrated that an antibody raised against
Tetraspanin-2 and Tetraspanin-3 from Opisthorchis viverrini, detected the present of
both molecule on the tegument. And The suppression of mMRNAs encoding these two

genes resulted in distinct tegument phenotypes.
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CHEPTER VI

CONCLUSIONS

6.1 Cloning, identification and expression of Smek23

1. The cDNA encoding Smek23 of adult S. mekongi was cloned and
sequenced. The nucleotide sequence of Smek23 was 686 bp in length. The nucleotide
sequence of Smek23 showed an open reading frame encoding 23 kDa integral
membrane protein containing 218 amino acids. The expected molecular weight of
Smek?23 determined from its constituent amino acids is 23.62 kDa.

2. Smek23 has four transmembrane domains (TM) and other transmembrane 4
superfamily (TMA4SF) characteristics. When the primary amino acid sequence of
Smek23 was examined for the presence of functional sites, the following motifs were
indicated: GAGAYVEVK, tyrosine kinase  phosphorylation; ATLGTGMRC,
threonine kinase phosphorylation; and. EVKFSQYGA, DYKGSVPDS, and
SVPDSCKEG, Serine kinase phosphorylation.

3. The Smek23 amino acid sequences showed the highest degree of identity
with the Schistosoma species of red deer that found in Hungary and central Asia,
S. turkestanicum 23 kDa. The identity of Smek23 amino acid sequences with other
schistosome species (S. mansoni, S. japonicum and S. haematobium showed at 87.6-
89.9% respectively.

4. Phylogenetic analysis in this study, it revealed that Smek23 exhibited
distant evolutionary relationship from the Tetraspanin of mammalian host species
(CD63, CD81). The low degree of conservation observed from amino acid sequences
of mammalian hosts could reveal its applicable for using as the vaccine candidate
against the schistosome infection which may not interfere with the hosts’ Tetraspanin

molecule during the vaccination.

6.2 Prediction of antigenic sites Prediction of B-cell antigenic epitope

Three candidate B cell immunogenic epitopes were predicted by four

programs (Hopp and Woods, Welling, Parker and B-EpiPred). These regions were
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111-KIDA-114, 125-DHP-127 150-PNDYKGSVPDSCKEGQVPYT-169. All of
these three regions were located in extracellular domain 2 (EXT 2), which is a large

hydrophilic domain (LHD) of Smek23 molecule.

6.3 The distribution of Smek23 in parasitic tissues by in situ hybridization
techniques

Smek23 from Schistosoma mekongi was expressed in the tegument of adult
worms,



42

REFERENCES

Attwood, S. 2008. A study of DNA-sequence variation among Schistosoma mekongi
(Trematoda: Digenea) populations and related taxa; phylogeography and the
current distribution of Asian schistosomiasis. PLoS Negl Trop Dis, 2(3), €200.

Avery, M.D., McPheeters, M., Walsh, L.V. 2014. Current Resources for Evidence-
Based Practice, July/August 2014. Journal of Obstetric, Gynecologic &
Neonatal Nursing, 43(4), E32-E39.

Ayers, A. 2018. Schistosomiasis and the control and prevention of a debilitating disease:
a literature review, University of Pittsburgh.

Bellacosa, A., Lazo, P., Bear, S., Tsichlis, P. 1991. The rat leukocyte antigen MRC OX-
44 is a member of a new family of cell surface proteins which appear to be
involved in growth regulation. Molecular and cellular biology, 11(5), 2864-
2872.

Bergquist, N. 1995. Schistosomiasis vaccine development: approaches and prospects.
Mem. Inst. Oswaldo Cruz, 221-227.

Bergquist, N., Colley, D.J.P.T. 1998. Schistosomiasis vaccine: research to development.
14(3), 99-104.

Botros, S., Sayed, H., Amer, N., EI-Ghannam, M., Bennett, J.L., Day, T.A.J.L.J.f.P.
2005. Current status of sensitivity to praziquantel in a focus of potential drug
resistance in Egypt. International Journal for Parasitology, 35(7), 787-791.

Cai, P.,, Bu, L., Wang, J, Wang, Z., Zhong, X., Wang, H. 2008. Molecular
characterization of Schistosoma japonicum tegument protein tetraspanin-2:
Sequence variation and possible implications for immune evasion. Biochemical
and Biophysical Research Communications, 372(1), 197-202.

Cai, P., Weerakoon, K.G., Mu, Y., Olveda, D.U., Piao, X, Liu, S., Olveda, R.M., Chen,
Q., Ross, A.G., McManus, D.P. 2017. A parallel comparison of antigen
candidates for development of an optimized serological diagnosis of
schistosomiasis japonica in the Philippines. EBioMedicine, 24, 237-246.

Chaturvedi, D., Goswami, A., Saikia, P.P., Barua, N.C., Rao, P.G. 2010. Artemisinin
and its derivatives: a novel class of anti-malarial and anti-cancer agents.
Chemical Society Reviews, 39(2), 435-454.



43

Chen, G., Dai, Y., Chen, J., Wang, X., Tang, B., Zhu, Y., Hua, Z. 2011. Oral delivery of
the Sj23LHD-GST antigen by Salmonella typhimurium type 111 secretion system
protects against Schistosoma japonicum infection in mice. PLoS neglected
tropical diseases, 5(9).

Coles, G.C. 1989. Mass treatment of schistosomiasis. Parasitol Today, 5(7), 214.

Coles, G.C., Kinoti, G.K. 1997. Defining resistance in Schistosoma. Parasitol Today,
13(4), 157-8.

Conder, G.A., Campbell, W.C. 1995. Chemotherapy of Nematode Infections of
Veterinary Importance, with Special Reference to Drug Resistance. in: Advances
in Parasitology, (Eds.) J.R. Baker, R. Muller, D. Rollinson, Vol. 35, Academic
Press, pp. 1-84.

Da'Dara, A, Li, C., Yu, X., Zheng, M., Zhou, J., Shollenberger, L.M., Li, Y., Harn, D.
2019. Prime-boost vaccine regimen for SjTPl and SjC23 schistosome vaccines,
increases efficacy in water buffalo in a field trial in China. Frontiers in
immunology, 10, 284.

Da Silva, L., Chieffi, P.P., Carrilho, F.J. 2005. Schistosomiasis mansoni—clinical
features. Gastroenterologia y hepatologia, 28(1), 30-39.

Da’Dara, A.A., Li, Y.S., Xiong, T., Zhou, J., Williams, G.M., McManus, D.P., Feng, Z.,
Xin, LY., Gray, D.J., Harn, D.A. 2008. DNA-based vaccines protect against
zoonotic schistosomiasis.in water buffalo. Vaccine, 26(29-30), 3617-3625.

Davern, K.M., Wright, M.D., Herrmann, V.R., Mitchell, G.F. 1991. Further
characterisation of the Schistosoma japonicum protein Sj23, a target antigen of
an immunodiagnostic monoclonal antibody. Molecular and biochemical
parasitology, 48(1), 67-75.

Djimde, A., Lefevre, G. 2009. Understanding the pharmacokinetics of Coartem®.
Malaria journal, 8(1), S4.

Doenhoff, M.J., Pica-Mattoccia, L.J.E.r.0.a.-i.t. 2006. Praziquantel for the treatment of
schistosomiasis: its use for control in areas with endemic disease and prospects
for drug resistance. 4(2), 199-210.

Felsenstein, J. 1985. Confidence limits on phylogenies: an approach using the bootstrap.
Evolution, 39(4), 783-791.



44

Fonseca, C.T., Braz Figueiredo Carvalho, G., Carvalho Alves, C., de Melo, T.T. 2012.
Schistosoma tegument proteins in vaccine and diagnosis development: an
update. Journal of parasitology research, 2012,

Furuhashi, M., Hotamisligil, G.S.J.N.r.D.d. 2008. Fatty acid-binding proteins: role in
metabolic diseases and potential as drug targets. 7(6), 489.

Gaugitsch, H.W., Hofer, E., Huber, N.E., Schnabl, E., Baumruker, T.J.E.j.0.i. 1991. A
new superfamily of lymphoid and melanoma cell proteins with extensive
homology to Schistosoma mansoni antigen Sm23. 21(2), 377-383.

Geerts, S., Coles, G., Gryseels, B. 1997. Anthelmintic resistance in human helminths:
learning from the problems with worm control in livestock. Parasitology Today,
13(4), 149-151.

Gonnert, R., Andrews, P. 1977. Praziquantel, a new broad-spectrum antischistosomal
agent. Zeitschrift fir Parasitenkunde, 52(2), 129-150.

Gordon, C.A., Kurscheid, J., Williams, G.M.; Clements, A.C., Li, Y., Zhou, X.-N.,
Utzinger, J., McManus, D.P., Gray, D.J. 2019. Asian schistosomiasis: Current
status and prospects for control leading to elimination. Tropical medicine and
infectious disease, 4(1), 40.

Gray, D.J., Ross, A.G., LI, Y.-S., McManus, D.P. 2011. Diagnosis and management of
schistosomiasis. Bmj, 342, d2651.

Greer, E., Singh, K.H., Blake, G., Stockton, M.D.J.C.F.P. 2018. Schistosomiasis in a
returning international traveler with cyclic fevers and diarrhea. 64(2), 123-126.

Gryseels, B., Polman, K., Clerinx, J., Kestens, L. 2006. Human schistosomiasis. The
Lancet, 368(9541), 1106-1118.

Harn, D.A., Mitsuyama, M., Huguenel, E.D., David, J.R. 1985. Schistosoma mansoni:
detection by monoclonal antibody of a 22,000-dalton surface membrane antigen
which may be blocked by host molecules on lung stage parasites. J Immunol,
135(3), 2115-20.

Hofmann, K. 1993. TMbase-A database of membrane spanning proteins segments. Biol.
Chem. Hoppe-Seyler, 374, 166.

Huang, H., Zhang, B., Hartenstein, P.A., Chen, J.-n., Lin, S. 2005. NXT2 is required for
embryonic heart development in zebrafish. BMC developmental biology, 5(1), 7.



45

Ismail, O.A. 2011. Schistosomiasis vaccines: literature review and current status.
Journal of Egyptian Parasitologists United, 4, 137-154.

Izhar, A., Sinaga, R.M., Sudomo, M., Wardiyo, N.D. 2002. Recent situation of
schistosomiasis in Indonesia. Acta Tropica, 82(2), 283-288.

Jacobson, C.C., Abel, E.A. 2007. Parasitic infestations. Journal of the American
Academy of Dermatology, 56(6), 1026-1043.

Jeziorski, M.C., Greenberg, R.M. 2006. Voltage-gated calcium channel subunits from
platyhelminths: potential role in praziquantel action. International journal for
parasitology, 36(6), 625-632.

Jiang, N., Cai, P., Yin, J., Hao, L., Lu, H., Wang, X., Wang, H., Chen, Q.J.A.t. 2010.
Characterization of antibody responses to the Sj23 antigen of Schistosoma
japonicum after infection and immunization. 116(1), 9-14.

Jin, Y.-m,, Lu, K., Zhou, W.-F., Fu, Z.-Q., Liu, J.-M., Shi, Y.-J., Li, H., Lin, J.-J. 2010.
Comparison of * recombinant - proteins = from Schistosoma japonicum for
schistosomiasis diagnosis. Clin. Vaccine Immunol., 17(3), 476-480.

Jones, G., Song, Y., Chung, S., Masison, D.C. 2004. Propagation of Saccharomyces
cerevisiae [PSI+] prion-is impaired by factors that regulate Hsp70 substrate
binding. Molecular and cellular biology, 24(9), 3928-3937.

Khaled, H. 2013. Schistosomiasis and Cancer in Egypt: Review. Journal of Advanced
Research, 4(5), 461-466.

King, C.H. 2010. Parasites and poverty: The case of schistosomiasis. Acta Tropica,
113(2), 95-104.

Kitadokoro, K., Bordo, D., Galli, G., Petracca, R., Falugi, F., Abrignani, S., Grandi, G.,
Bolognesi, M. 2001. CD81 extracellular domain 3D structure: insight into the
tetraspanin superfamily structural motifs. The EMBO Journal, 20(1-2), 12-18.

Kitikoon, V. 1980. Comparison of eggs and miracidia of Schistosoma mekongi and S.
japonicum. Comparison of eggs and miracidia of Schistosoma mekongi and S.
japonicum., 93-103.

Kloos, H.J.T.E.O.H., Ethiopia, D.I. 2019. Ecology of Schistosomiasis.

Kolaskar, A., Tongaonkar, P.C. 1990. A semi-empirical method for prediction of
antigenic determinants on protein antigens. FEBS letters, 276(1-2), 172-174.



46

Krautz-Peterson, G., Debatis, M., Tremblay, J.M., Oliveira, S.C., Da’dara, A.A., Skelly,
P.J., Shoemaker, C.B. 2017. Schistosoma mansoni infection of mice, rats and
humans elicits a strong antibody response to a limited number of reduction-
sensitive epitopes on five major tegumental membrane proteins. PLoS neglected
tropical diseases, 11(1), e0005306.

Kumar, S., Stecher, G., Li, M., Knyaz, C., Tamura, K. 2018. MEGA X: molecular
evolutionary genetics analysis across computing platforms. Molecular biology
and evolution, 35(6), 1547-1549.

Lapoile, E., Bellaiche, G., Boucard, M., Choudat, L., Porcheret, H., Slama, J.-L. 2006.
Cancer du rectum . associé a une infection a Schistosoma Haematobium.
Gastroenterologie Clinique et Biologique, 30(10, Part 1), 1225-1226.

Lara, R.J., Islam, M.S., Yamasaki, S., Neogi, S.B., Nair, G.B. 2011. 10.12 - Aquatic
Ecosystems, Human Health, and Ecohydrology. in: Treatise on Estuarine and
Coastal Science, (Eds.) E. Wolanski, D. McLusky, Academic Press. Waltham,
pp. 263-299.

Li, Y., Wang, L., Fang, R., Nie, H., Zhou, Y., Zhao, J., Hu, M. 2012. Establishment and
evaluation of an iELISA using the recombinant membrane protein LHD-Sj23 for
the serodiagnosis of Schistosoma japonicum infection in cattle in China.
Veterinary parasitology, 188(3-4), 247-254.

Liu, R., Dong, H.-F., Guo, Y., Zhao, Q.-P., Jiang, M.-S. 2011. Efficacy of praziquantel
and artemisinin derivatives for the treatment and prevention of human
schistosomiasis: a systematic review and meta-analysis. Parasites & vectors,
4(1), 201.

Macalanda, A.M.C., Angeles, J.M.M., Moendeg, K.J., Dang-Trinh, M.-A., Higuchi, L.,
Kirinoki, M., Chigusa, Y., Leonardo, L.R., Villacorte, E.A., Rivera, P.T.J.P.r.
2019. Schistosoma japonicum cathepsin B as potential diagnostic antigen for
Asian zoonotic schistosomiasis. 118(9), 2601-2608.

Maizels, R.M., Yazdanbakhsh, M. 2003. Immune regulation by helminth parasites:
cellular and molecular mechanisms. Nature Reviews Immunology, 3(9), 733-744.

Mark, C., Rigau-Pérez, J.G. 2009. The world's first immunization campaign: the
Spanish Smallpox Vaccine Expedition, 1803-1813. Bulletin of the History of



47

Medicine, 63-94.

McManus, D.P., Loukas, A. 2008a. Current status of vaccines for schistosomiasis.
Clinical microbiology reviews, 21(1), 225-242.

McManus, D.P., Loukas, A.J.C.m.r. 2008b. Current status of vaccines for
schistosomiasis. 21(1), 225-242.

Nelwan, M.L. 2019. Schistosomiasis: Life cycle, diagnosis, and control. Current
Therapeutic Research.

Oligino, L.D., Percy, AJ. Harn, D.A. 1988. Purification and immunochemical
characterization of a 22 kilodalton surface antigen from Schistosoma mansoni.
Molecular and biochemical parasitology, 28(2), 95-103.

Parker, J., Guo, D., Hodges, R. 1986. New hydrophilicity scale derived from high-
performance liquid chromatography peptide retention data: correlation of
predicted surface residues with antigenicity and X-ray-derived accessible sites.
Biochemistry, 25(19), 5425-5432.

Reynolds, S., Shoemaker, C., Harn, D.J.T.J.0.l. 1992. T and B cell epitope mapping of
SM23, an integral membrane protein of Schistosoma mansoni. 149(12), 3995-
4001.

Ross, A. 2002. P, B.a rt | ey PB, Sleigh AC, et al. S chistosomiasis. N ew Engl J Med,
346, 1212-1220.

Roy, A., Kucukural, A., Zhang, Y. 2010. I-TASSER: a unified platform for automated
protein structure and function prediction. Nature protocols, 5(4), 725.

Sabah, A., Fletcher, C., Webbe, G., Doenhoff, M. 1986. Schistosoma mansoni:
chemotherapy of infections of different ages. Experimental parasitology, 61(3),
294-303.

Saitou, N., Nei, M. 1987. The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Molecular biology and evolution, 4(4), 406-
425.

Sangfuang, M., Chusongsang, Y., Limpanont, Y., Vanichviriyakit, R.,
Chotwiwatthanakun, C., Sobhon, P., Preyavichyapugdee, N. 2016. Schistosoma
mekongi cathepsin B and its use in the development of an immunodiagnosis.
Acta Tropica, 155, 11-19.



48

Shi, F., Zhang, Y., Lin, J., Zuo, X., Shen, W., Cai, Y., Ye, P., Bickle, Q.D., Taylor,
M.G. 2002. Field testing of Schistosoma japonicum DNA vaccines in cattle in
China. Vaccine, 20(31-32), 3629-3631.

Shi, F., Zhang, Y., Ye, P., Lin, J,, Cai, Y., Shen, W., Bickle, Q.D., Taylor, M.G. 2001.
Laboratory and field evaluation of Schistosoma japonicum DNA vaccines in
sheep and water buffalo in China. Vaccine, 20(3-4), 462-467.

Tanaka, H., Tsuji, M. 1997. From discovery to eradication of schistosomiasis in Japan:
1847-1996. International Journal for Parasitology, 27(12), 1465-1480.

Tchuem Tchuenté, L.-A., Southgate, V.R., Jourdane, J., Webster, B.L., Vercruysse, J.
2003. Schistosoma intercalatum: an endangered species in Cameroon? Trends in
Parasitology, 19(9), 389-393.

Tran, M.H., Pearson, M.S., Bethony, J.M., Smyth, D.J., Jones, M.K., Duke, M., Don,
T.A., McManus, D.P., Correa-Oliveira, R., Loukas, A. 2006. Tetraspanins on the
surface of Schistosoma mansoni are protective antigens against schistosomiasis.
Nature medicine, 12(7), 835-840.

Unkeless, J.C., Scigliano, E., Freedman, V.H. 1988. Structure and function of human
and murine receptors for IgG. Annual review of immunology, 6(1), 251-281.

Utzinger, J., Keiser, J. 2004. Schistosomiasis and soil-transmitted helminthiasis:
common drugs for treatment and control. Expert opinion on pharmacotherapy,
5(2), 263-285.

Utzinger, J., Keiser, J., Shuhua, X., Tanner, M., Singer, B.H. 2003. Combination
chemotherapy of schistosomiasis in laboratory studies and clinical trials.
Antimicrobial Agents and Chemotherapy, 47(5), 1487-1495.

Vale, N., Gouveia, M.J., Rinaldi, G., Brindley, P.J., Gértner, F., da Costa, J.M.C. 2017.
Praziquantel for schistosomiasis: single-drug metabolism revisited, mode of
action, and resistance. Antimicrobial agents and chemotherapy, 61(5), e02582-
16.

van der Werf, M.J., Borshoom, G.J.J.M., de Vlas, S.J. 2003a. No effect of recall period
length on prevalence of self-reported haematuria in Schistosoma haematobium-
endemic areas. Transactions of the Royal Society of Tropical Medicine and
Hygiene, 97(4), 373-374.



49

van der Werf, M.J., de Vlas, S.J., Brooker, S., Looman, C.W.N., Nagelkerke, N.J.D.,
Habbema, J.D.F., Engels, D. 2003b. Quantification of clinical morbidity
associated with schistosome infection in sub-Saharan Africa. Acta Tropica,
86(2), 125-139.

Van Hellemond, J.J., Retra, K., Brouwers, J.F., van Balkom, B.W., Yazdanbakhsh, M.,
Shoemaker, C.B., Tielens, A.G. 2006. Functions of the tegument of
schistosomes: clues from the proteome and lipidome. International journal for
parasitology, 36(6), 691-699.

Wang, J., Yu, C.-X., Yin, X.-R., Zhang, W., Qian, C.-Y., Song, L.-J., Ke, X.-D., Xu, Y .-
L., He, W., Cao, G.-Q. 2011. Monitoring specific antibody responses against the
hydrophilic domain of the 23 kDa membrane protein of Schistosoma japonicum
for early detection of infection in sentinel mice. Parasites & vectors, 4(1), 172.

Wang, P., Sidney, J., Dow, C., Mothé, B.; Sette, A., Peters, B. 2008. A systematic
assessment of MHC class Il peptide binding predictions and evaluation of a
consensus approach. PLoS computational biology, 4(4).

Wang, X., Dai, Y., Zhao, S., Tang, J., Li, H., Xing, Y., Qu, G,, Li, X., Dai, J., Zhu, Y.
2014. PAMAM-LYys, a novel vaccine delivery vector, enhances the protective
effects of the SjC23 DNA vaccine against Schistosoma japonicum infection.
PloS one, 9(1).

Welling, G.W., Weijer, W.J., van der Zee, R., Welling-Wester, S. 1985. Prediction of
sequential antigenic regions in proteins. FEBS letters, 188(2), 215-218.

World Health Attwood, S. (2008). A study of DNA-sequence variation among
Schistosoma mekongi (Trematoda: Digenea) populations and related taxa;
phylogeography and the current distribution of Asian schistosomiasis. PL0S
Negl Trop Dis, 2(3), e200.

Bellacosa, A., Lazo, P., Bear, S., & Tsichlis, P. (1991). The rat leukocyte antigen MRC
OX-44 is a member of a new family of cell surface proteins which appear to be
involved in growth regulation. Molecular and cellular biology, 11(5), 2864-
2872.

Bergquist, N. (1995). Schistosomiasis vaccine development: approaches and prospects.
Mem. Inst. Oswaldo Cruz, 221-227.

Bergquist, N., & Colley, D. J. P. T. (1998). Schistosomiasis vaccine: research to
development. 14(3), 99-104.

Botros, S., Sayed, H., Amer, N., EI-Ghannam, M., Bennett, J. L., & Day, T. A. J. 1. J. .
P. (2005). Current status of sensitivity to praziquantel in a focus of potential
drug resistance in Egypt. International Journal for Parasitology, 35(7), 787-791.

Cai, P., Bu, L., Wang, J., Wang, Z., Zhong, X., & Wang, H. (2008). Molecular



50

characterization of Schistosoma japonicum tegument protein tetraspanin-2:
Sequence variation and possible implications for immune evasion. Biochemical
and Biophysical Research Communications, 372(1), 197-202.
doi:https://doi.org/10.1016/j.bbrc.2008.05.042

Cai, P., Weerakoon, K. G., Mu, Y., Olveda, D. U., Piao, X, Liu, S., Olveda, R. M.,
Chen, Q., Ross, A. G., & McManus, D. P. (2017). A parallel comparison of
antigen candidates for development of an optimized serological diagnosis of
schistosomiasis japonica in the Philippines. EBioMedicine, 24, 237-246.

Changklungmoa, N., Chaithirayanon, K., Kueakhai, P., Meemon, K., Riengrojpitak, S.,
& Sobhon, P. (2012). Molecular cloning and characterization of leucine
aminopeptidase from Fasciola gigantica. Experimental Parasitology, 131(3),
283-291. doi:https://doi.org/10.1016/j.exppara.2012.04.008

Chaturvedi, D., Goswami, A., Saikia, P. P., Barua, N. C., & Rao, P. G. (2010).
Artemisinin and its derivatives: a novel class of anti-malarial and anti-cancer
agents. Chemical Society Reviews, 39(2), 435-454.

Chen, G., Dai, Y., Chen, J., Wang, X., Tang, B., Zhu, Y., & Hua, Z. (2011). Oral
delivery of the Sj23LHD-GST antigen by Salmonella typhimurium type 111
secretion system protects against Schistosoma japonicum infection in mice.
PLo0S neglected tropical diseases, 5(9).

Coles, G. C. (1989). Mass treatment of schistosomiasis. Parasitol Today, 5(7), 214.
d0i:10.1016/0169-4758(89)90271-8

Coles, G. C., & Kinoti, G. K. (1997). Defining resistance in Schistosoma. Parasitol
Today, 13(4), 157-158. do0i:10.1016/s0169-4758(97)89815-8

Conder, G. A., & Campbell, W. C. (1995). Chemotherapy of Nematode Infections of
Veterinary Importance, with Special Reference to Drug Resistance. In J. R.
Baker, R. Muller, & D. Rollinson (Eds.), Advances in Parasitology (Vol. 35, pp.
1-84): Academic Press.

Da'Dara, A., Li, C,, Yu, X., Zheng, M., Zhou, J., Shollenberger, L. M., Li, Y., & Harn,
D. (2019a). Prime-boost vaccine regimen for SjTPI and SjC23 schistosome
vaccines, increases efficacy in water buffalo ina field trial in China. Frontiers in
immunology, 10, 284.

Da'Dara, A. A, Li, C., Yu, X., Zheng, M., Zhou, J., Shollenberger, L. M., Li, Y.-s., &
Harn, D. A. (2019b). Prime-boost vaccine regimen for SjTPI and SjC23
schistosome vaccines, increases efficacy in water buffalo in a field trial in China.
Frontiers in immunology, 10, 284.

Da Silva, L., Chieffi, P. P., & Carrilho, F. J. (2005). Schistosomiasis mansoni—clinical
features. Gastroenterologia y hepatologia, 28(1), 30-39.

Da’Dara, A. A., Li, Y. S., Xiong, T., Zhou, J., Williams, G. M., McManus, D. P., Feng,
Z., Xin, L. Y., Gray, D. J., & Harn, D. A. (2008). DNA-based vaccines protect
against zoonotic schistosomiasis in water buffalo. Vaccine, 26(29-30), 3617-
3625.

Davern, K. M., Wright, M. D., Herrmann, V. R., & Mitchell, G. F. (1991). Further
characterisation of the Schistosoma japonicum protein Sj23, a target antigen of
an immunodiagnostic monoclonal antibody. Molecular and Biochemical
Parasitology, 48(1), 67-75.

Djimdé, A., & Lefevre, G. (2009). Understanding the pharmacokinetics of Coartem®.
Malaria journal, 8(1), S4.



https://doi.org/10.1016/j.bbrc.2008.05.042
https://doi.org/10.1016/j.exppara.2012.04.008

51

Doenhoff, M. J., & Pica-Mattoccia, L. J. E. r. 0. a.-i. t. (2006). Praziquantel for the
treatment of schistosomiasis: its use for control in areas with endemic disease
and prospects for drug resistance. 4(2), 199-210.

Felsenstein, J. (1985). Confidence limits on phylogenies: an approach using the
bootstrap. Evolution, 39(4), 783-791.

Fonseca, C. T., Braz Figueiredo Carvalho, G., Carvalho Alves, C., & de Melo, T. T.
(2012). Schistosoma tegument proteins in vaccine and diagnosis development:
an update. Journal of parasitology research, 2012.

Furuhashi, M., & Hotamisligil, G. S. J. N. r. D. d. (2008). Fatty acid-binding proteins:
role in metabolic diseases and potential as drug targets. 7(6), 489.

Gaugitsch, H. W., Hofer, E., Huber, N. E., Schnabl, E., & Baumruker, T.J. E. j. 0. I.
(1991). A new superfamily of lymphoid and melanoma cell proteins with
extensive homology to Schistosoma mansoni antigen Sm23. 21(2), 377-383.

Geerts, S., Coles, G., & Gryseels, B. (1997). Anthelmintic resistance in human
helminths: learning from the problems with worm control in livestock.
Parasitology Today, 13(4), 149-151.

Gonnert, R., & Andrews, P. (1977). Praziquantel, a new broad-spectrum
antischistosomal agent. Zeitschrift fir Parasitenkunde, 52(2), 129-150.
Gordon, C. A., Kurscheid, J., Williams, G. M., Clements, A. C., Li, Y., Zhou, X.-N.,
Utzinger, J., McManus, D. P., & Gray, D. J. (2019). Asian schistosomiasis:

Current status and prospects for control leading to elimination. Tropical
medicine and infectious disease, 4(1), 40.

Gray, D. J., Ross, A. G., Li, Y.-S., & McManus, D. P. (2011). Diagnosis and
management of schistosomiasis. Bmj, 342, d2651.

Hagan, P., & Gryseels, B. (1994). Schistosomiasis research and the European
Community. Tropical and geographical medicine, 46(4 Spec No), 259.

Harn, D. A., Mitsuyama, M., Huguenel, E. D., & David, J. R. (1985). Schistosoma
mansoni: detection by monoclonal antibody of a 22,000-dalton surface
membrane antigen which may be blocked by host molecules on lung stage
parasites. J Immunol, 135(3), 2115-2120.

Hofmann, K. (1993). TMbase-A database of membrane spanning proteins segments.
Biol. Chem. Hoppe-Seyler, 374, 166.

Hopp, T. P., & Woods, K. R. (1981). Prediction of protein antigenic determinants from
amino acid sequences. Proceedings of the National Academy of Sciences, 78(6),
3824-3828.

Huang, H., Zhang, B., Hartenstein, P. A., Chen, J.-n., & Lin, S. (2005). NXT2 is
required for embryonic heart development in zebrafish. BMC developmental
biology, 5(1), 7.

Ismail, O. A. (2011). Schistosomiasis vaccines: literature review and current status.
Journal of Egyptian Parasitologists United, 4, 137-154.

Jacobson, C. C., & Abel, E. A. (2007). Parasitic infestations. Journal of the American
Academy of Dermatology, 56(6), 1026-1043.
doi:https://doi.org/10.1016/j.jaad.2006.10.963

Jeziorski, M. C., & Greenberg, R. M. (2006). VVoltage-gated calcium channel subunits
from platyhelminths: potential role in praziquantel action. International Journal
for Parasitology, 36(6), 625-632.

Jiang, N., Cai, P., Yin, J., Hao, L., Lu, H., Wang, X., Wang, H., & Chen, Q. J. A. t.



https://doi.org/10.1016/j.jaad.2006.10.963

52

(2010). Characterization of antibody responses to the Sj23 antigen of
Schistosoma japonicum after infection and immunization. 116(1), 9-14.

Jin, Y.-m,, Lu, K., Zhou, W.-F., Fu, Z.-Q., Liu, J.-M., Shi, Y .-J., Li, H., & Lin, J.-J.
(2010). Comparison of recombinant proteins from Schistosoma japonicum for
schistosomiasis diagnosis. Clin. Vaccine Immunol., 17(3), 476-480.

Jones, G., Song, Y., Chung, S., & Masison, D. C. (2004). Propagation of
Saccharomyeces cerevisiae [PSI+] prion is impaired by factors that regulate
Hsp70 substrate binding. Molecular and cellular biology, 24(9), 3928-3937.

Khaled, H. (2013). Schistosomiasis and Cancer in Egypt: Review. Journal of Advanced
Research, 4(5), 461-466. doi:https://doi.org/10.1016/j.jare.2013.06.007

King, C. H. (2010). Parasites and poverty: The case of schistosomiasis. Acta Tropica,
113(2), 95-104. doi:https://doi.org/10.1016/j.actatropica.2009.11.012

Kitadokoro, K., Bordo, D., Galli, G., Petracca, R., Falugi, F., Abrignani, S., Grandi, G.,
& Bolognesi, M. (2001). CD81 extracellular domain 3D structure: insight into
the tetraspanin superfamily structural motifs. The EMBO Journal, 20(1-2), 12-
18.

Kitikoon, V. (1980). Comparison of eggs and miracidia of Schistosoma mekongi and S.
japonicum. Comparison of eggs and miracidia of Schistosoma mekongi and S.
japonicum., 93-103.

Kloos, H. J. T. E. O. H., & Ethiopia, D. I. (2019). Ecology of Schistosomiasis.

Kolaskar, A., & Tongaonkar, P. C. (1990). A semi-empirical method for prediction of
antigenic determinants on protein antigens. FEBS Letters, 276(1-2), 172-174.

Krautz-Peterson, G., Debatis, M., Tremblay, J. M., Oliveira, S. C., Da’dara, A. A.,
Skelly, P. J., & Shoemaker, C. B. (2017). Schistosoma mansoni infection of
mice, rats and humans elicits a strong antibody response to a limited number of
reduction-sensitive epitopes on five major tegumental membrane proteins. PLoS
neglected tropical diseases, 11(1), e0005306.

Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018). MEGA X: molecular
evolutionary genetics analysis across computing platforms. Molecular biology
and evolution, 35(6), 1547-1549.

Lapoile, E., Bellaiche, G., Boucard, M., Choudat, L., Porcheret, H., & Slama, J.-L.
(2006). Cancer du-rectum associé a une infection a Schistosoma Haematobium.
Gastroenterologie Clinique et Biologique, 30(10, Part 1), 1225-1226.
doi:https://doi.org/10.1016/S0399-8320(06) 73518-7

Lara, R. J., Islam, M. S., Yamasaki, S., Neogi, S. B., & Nair, G. B. (2011). 10.12 -
Aquatic Ecosystems, Human Health, and Ecohydrology. In E. Wolanski & D.
McLusky (Eds.), Treatise on Estuarine and Coastal Science (pp. 263-299).
Waltham: Academic Press.

Li, Y., Wang, L., Fang, R., Nie, H., Zhou, Y., Zhao, J., & Hu, M. (2012). Establishment
and evaluation of an IELISA using the recombinant membrane protein LHD-
Sj23 for the serodiagnosis of Schistosoma japonicum infection in cattle in China.
Veterinary parasitology, 188(3-4), 247-254.

Liu, R., Dong, H.-F., Guo, Y., Zhao, Q.-P., & Jiang, M.-S. (2011). Efficacy of
praziquantel and artemisinin derivatives for the treatment and prevention of
human schistosomiasis: a systematic review and meta-analysis. Parasites &
vectors, 4(1), 201.

Macalanda, A. M. C., Angeles, J. M. M., Moendeg, K. J., Dang-Trinh, M.-A., Higuchi,



https://doi.org/10.1016/j.jare.2013.06.007
https://doi.org/10.1016/j.actatropica.2009.11.012
https://doi.org/10.1016/S0399-8320(06)73518-7

53

L., Kirinoki, M., Chigusa, Y., Leonardo, L. R., Villacorte, E. A., & Rivera, P. T.
J. P. 1. (2019). Schistosoma japonicum cathepsin B as potential diagnostic
antigen for Asian zoonotic schistosomiasis. 118(9), 2601-2608.

Maizels, R. M., & Yazdanbakhsh, M. (2003). Immune regulation by helminth parasites:
cellular and molecular mechanisms. Nature Reviews Immunology, 3(9), 733-744.

Mark, C., & Rigau-Pérez, J. G. (2009). The world's first immunization campaign: the
Spanish Smallpox Vaccine Expedition, 1803-1813. Bulletin of the History of
Medicine, 63-94.

McManus, D. P., Gray, D. J., Li, Y., Feng, Z., Williams, G. M., Stewart, D., Rey-
Ladino, J., & Ross, A. G. (2010). Schistosomiasis in the People's Republic of
China: the era of the Three Gorges Dam. Clinical microbiology reviews, 23(2),
442-466.

McManus, D. P., & Loukas, A. (2008a). Current status of vaccines for schistosomiasis.
Clinical microbiology reviews, 21(1), 225-242.

McManus, D. P., & Loukas, A. J. C. m. r. (2008b). Current status of vaccines for
schistosomiasis. 21(1), 225-242.

Nelwan, M. L. (2019). Schistosomiasis: Life cycle, diagnosis, and control. Current
Therapeutic Research.

Oligino, L. D., Percy, A. J., & Harn, D. A. (1988). Purification and immunochemical
characterization of a 22 kilodalton surface antigen from Schistosoma mansoni.
Molecular and Biochemical Parasitology, 28(2), 95-103.

Organization, W. H. (1995). WHO maodel prescribing information: drugs used in
parasitic diseases: World Health Organization.

Parker, J., Guo, D., & Hodges, R. (1986). New hydrophilicity scale derived from high-
performance liquid chromatography peptide retention data: correlation of
predicted surface residues with antigenicity and X-ray-derived accessible sites.
Biochemistry, 25(19), 5425-5432.

Reynolds, S., Shoemaker, C., & Harn, D.(1992a). T and B cell epitope mapping of
SM23, an integral membrane protein of Schistosoma mansoni. The Journal of
Immunology, 149(12), 3995-4001.

Reynolds, S., Shoemaker, C., & Harn, D. J. T. J. 0. I. (1992b). T and B cell epitope
mapping of SM23, an integral membrane protein of Schistosoma mansoni.
149(12), 3995-4001.

Ross, A. (2002). P, B art | ey PB, Sleigh AC, et al. S chistosomiasis. N ew Engl J Med,
346, 1212-1220.

Roy, A., Kucukural, A., & Zhang, Y. (2010). I-TASSER: a unified platform for
automated protein structure and function prediction. Nature protocols, 5(4), 725.

Sabah, A., Fletcher, C., Webbe, G., & Doenhoff, M. (1986). Schistosoma mansoni:
chemotherapy of infections of different ages. Experimental parasitology, 61(3),
294-303.

Saitou, N., & Nei, M. (1987). The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Molecular biology and evolution, 4(4), 406-
425.

Sarvel, A., Oliveira, A., Silva, A., Lima, A., & Katz, N. (2011). Evaluation of a 25-
Year-Program for the Control of Schistosomiasis Mansoni in an Endemic Area.

Schmidt, M. A. (1989). Development and application of synthetic peptides as vaccines.
Biotechnology advances, 7(2), 187-213.



54

Schulte, L., Lovas, E., Green, K., Mulvenna, J., Gobert, G. N., Morgan, G., & Jones, M.
K. (2013). Tetraspanin-2 localisation in high pressure frozen and freeze-
substituted Schistosoma mansoni adult males reveals its distribution in
membranes of tegumentary vesicles. International journal for parasitology,
43(10), 785-793.

Shi, F., Zhang, Y., Lin, J., Zuo, X., Shen, W., Cali, Y., Ye, P., Bickle, Q. D., & Taylor,
M. G. (2002a). Field testing of Schistosoma japonicum DNA vaccines in cattle
in China. Vaccine, 20(31-32), 3629-3631.

Shi, F., Zhang, Y., Lin, J., Zuo, X., Shen, W., Cai, Y., Ye, P., Bickle, Q. D., & Taylor,
M. G. J. V. (2002b). Field testing of Schistosoma japonicum DNA vaccines in
cattle in China. 20(31-32), 3629-3631.

Shi, F., Zhang, Y., Ye, P., Lin, J., Cai, Y., Shen, W., Bickle, Q. D., & Taylor, M. G.
(2001). Laboratory and field evaluation of Schistosoma japonicum DNA
vaccines in sheep and water buffalo in China. Vaccine, 20(3-4), 462-467.

Tanaka, H., & Tsuji, M. (1997). From discovery to eradication of schistosomiasis in
Japan: 1847-1996. International Journal for Parasitology, 27(12), 1465-1480.
doi:https://doi.org/10.1016/S0020-7519(97)00183-5

Tran, M. H., Pearson, M. S., Bethony, J. M., Smyth, D. J., Jones, M. K., Duke, M., Don,
T. A., McManus, D. P., Correa-Oliveira, R., & Loukas, A. (2006). Tetraspanins
on the surface of Schistosoma mansoni are protective antigens against
schistosomiasis. Nature medicine, 12(7), 835-840.

Unkeless, J. C., Scigliano, E., & Freedman, V. H. (1988). Structure and function of
human and murine receptors for 1IgG. Annual review of immunology, 6(1), 251-
281.

Utzinger, J., & Keiser, J. (2004). Schistosomiasis and soil-transmitted helminthiasis:
common drugs for treatment and control. Expert opinion on pharmacotherapy,
5(2), 263-285.

Utzinger, J., Keiser, J., Shuhua, X., Tanner, M., & Singer, B. H. (2003). Combination
chemotherapy of schistosomiasis in laboratory studies and clinical trials.
Antimicrobial Agents and Chemotherapy, 47(5), 1487-1495.

Vale, N., Gouveia, M. J., Rinaldi, G., Brindley, P. J., Gartner, F., & da Costa, J. M. C.
(2017). Praziquantel for schistosomiasis: single-drug metabolism revisited, mode
of action, and resistance. Antimicrobial agents and chemotherapy, 61(5),
e02582-02516.

van der Werf, M. J., Borsboom, G. J. J. M., & de Vlas, S. J. (2003a). No effect of recall
period length on prevalence of self-reported haematuria in Schistosoma
haematobium-endemic areas. Transactions of the Royal Society of Tropical
Medicine and Hygiene, 97(4), 373-374. doi:https://doi.org/10.1016/S0035-
9203(03)90057-5

van der Werf, M. J., de Vlas, S. J., Brooker, S., Looman, C. W. N., Nagelkerke, N. J. D.,
Habbema, J. D. F., & Engels, D. (2003b). Quantification of clinical morbidity
associated with schistosome infection in sub-Saharan Africa. Acta Tropica,
86(2), 125-139. doi:https://doi.org/10.1016/S0001-706X(03)00029-9

Van Hellemond, J. J., Retra, K., Brouwers, J. F., van Balkom, B. W., Yazdanbakhsh,
M., Shoemaker, C. B., & Tielens, A. G. (2006). Functions of the tegument of
schistosomes: clues from the proteome and lipidome. International Journal for
Parasitology, 36(6), 691-699.



https://doi.org/10.1016/S0020-7519(97)00183-5
https://doi.org/10.1016/S0035-9203(03)90057-5
https://doi.org/10.1016/S0035-9203(03)90057-5
https://doi.org/10.1016/S0001-706X(03)00029-9

55

Wang, J., Yu, C.-X,, Yin, X.-R., Zhang, W., Qian, C.-Y., Song, L.-J., Ke, X.-D., Xu, Y .-
L., He, W., & Cao, G.-Q. (2011). Monitoring specific antibody responses against
the hydrophilic domain of the 23 kDa membrane protein of Schistosoma
japonicum for early detection of infection in sentinel mice. Parasites & vectors,
4(1), 172.

Wang, X., Dai, Y., Zhao, S., Tang, J., Li, H., Xing, Y., Qu, G., Li, X., Dai, J., & Zhu, Y.
(2014). PAMAM-LYys, a novel vaccine delivery vector, enhances the protective
effects of the SjJC23 DNA vaccine against Schistosoma japonicum infection.
PloS one, 9(1).

Welling, G., Weijer, W., & van der Zee, R. Welling,-Wester S.(1985). FEBS Lett, 188,
215-218.

Welling, G. W., Weijer, W. J., van der Zee, R., & Welling-Wester, S. (1985). Prediction
of sequential antigenic regions in proteins. FEBS Letters, 188(2), 215-218.
Wright, P. C., Noirel, J., Ow, S. Y., & Fazeli, A. (2012). A review of current proteomics
technologies with a survey on their widespread use in reproductive biology

investigations. Theriogenology, 77(4), 738-765.e752.
doi:https://doi.org/10.1016/j.theriogenology.2011.11.012

Yang, J., & Zhang, Y. (2015). I-TASSER server: new development for protein structure
and function predictions. Nucleic acids research, 43(W1), W174-W181.

Yu, X.-L., He, Y.-K., Xiong, T., Zhao, Y.-Q., Shi, M.-Z., Zhou, J., Liu, Z.-C., Luo, X.-
S., Fu, X., & He, H.-B. (2006). Protective effects of co-immunization with
SjCTPI-Hsp70 and interleukin-12 DNA vaccines against Schistosoma
japonicum challenge infection in water buffalo. Zhongguo ji sheng chong xue yu
ji sheng chong bing za zhi= Chinese journal of parasitology & parasitic
diseases, 24(6), 433-436.

Zhang, C., Freddolino, P. L., & Zhang, Y. (2017). COFACTOR: improved protein
function prediction by combining structure, sequence and protein—protein
interaction information. Nucleic acids research, 45(W1), W291-W299.

Zhang, Y. (2008). I-TASSER server for protein 3D structure prediction. BMC
bioinformatics, 9(1), 40.

Zhu, Y., Si, J., Harn, D., Yu, C., Liang, Y., Ren, J., Yin, X., He, W., & Hua, W. (2004).
The protective immunity of a DNA vaccine encoding Schistosoma japonicum
Chinese strain troise-phosphate isomerase in infected BALB/C mice. Southeast
Asian journal of tropical medicine and public health, 35, 518-522.

Zhu, Z., Fu, Z., Zhang, M., Han, Y., Hong, Y., Li, D., Zhao, Z., Shi, Y., Li, X., & Lin, J.
(2012). Protective efficacy evaluation induced by recombinant protein LHD-
Sj23-GST of Schistosoma japonicum emulsified with three different adjuvants.
Parasite immunology, 34(6), 341-344.

Wright, P.C., Noirel, J., Ow, S.Y., Fazeli, A. 2012. A review of current proteomics

technologies with a survey on their widespread use in reproductive biology
investigations. Theriogenology, 77(4), 738-765.e52.

Yang, J., Zhang, Y. 2015. I-TASSER server: new development for protein structure and
function predictions. Nucleic acids research, 43(W1), W174-W181.

Yu, X.-L., He, Y.-K,, Xiong, T., Zhao, Y.-Q., Shi, M.-Z., Zhou, J., Liu, Z.-C., Luo, X.-


https://doi.org/10.1016/j.theriogenology.2011.11.012

56

S., Fu, X., He, H.-B. 2006. Protective effects of co-immunization with SjCTPI-
Hsp70 and interleukin-12 DNA vaccines against Schistosoma japonicum
challenge infection in water buffalo. Zhongguo ji sheng chong xue yu ji sheng
chong bing za zhi= Chinese journal of parasitology & parasitic diseases, 24(6),
433-436.

Zhang, C., Freddolino, P.L., Zhang, Y. 2017. COFACTOR: improved protein function
prediction by combining structure, sequence and protein—protein interaction
information. Nucleic acids research, 45(W1), W291-W299.

Zhang, Y. 2008. I-TASSER server for protein 3D structure prediction. BMC
bioinformatics, 9(1), 40.

Zhu, Y., Si, J., Harn, D., Yu, C., Liang, Y., Ren, J., Yin, X., He, W., Hua, W. 2004. The
protective immunity of a DNA vaccine encoding Schistosoma japonicum
Chinese strain troise-phosphate isomerase in infected BALB/C mice. Southeast
Asian journal of tropical medicine and public health, 35, 518-522.

Zhu, Z., Fu, Z., Zhang, M., Han, Y., Hong, Y., Li, D., Zhao, Z., Shi, Y., Li, X,, Lin, J.
2012. Protective efficacy evaluation induced by recombinant protein LHD-S;j23-
GST of Schistosoma japonicum emulsified with three different adjuvants.
Parasite immunology, 34(6), 341-344.



57




NAME

DATE OF BIRTH
PLACE OF BIRTH
INSTITUTIONS
ATTENDED
HOME ADDRESS

PUBLICATION

58

VITA
Kaisone Chanda
17 October 1993
Laos

Bachelor of Veterinary Science, National University of
Laos

Napoke Village, Saithany District, Vientiane Capital, Laos
PDR

Kaisone Chanda, Wanwisa Peonsamut, Manaw
Sangfuang, Yanin Limpanont, Charoonroj
Chotwiwatthanakun, Present Sobhon, Narin
Preyavichypudee. Molecular cloning and prediction of
antigenic determinants of 23 kDa integral membrane
protein from Schistosoma mekongi. The 46th International
Congress on Science, Technology and Technology-based
Innovation (STT46). October 5-7, 2020, Ramkhamhaeng
University, Bangkok, Thailand. Page 338-346. (Oral
presentation)



	ABSTRACT
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER I
	INTRODUCTION
	1.1 Introduction to the research problem and its significance
	1.2 Goal objective of the study
	1.3 Hypothesis of the study

	CHAPTER II
	LITERATURE REVIEW
	2.1 Schistosomiasis
	2.2 Epidemiology of Schistosoma species
	2.3 Life cycle of Schistosome species
	2.3.1 Snail hosts
	2.3.2 Mammalian hosts

	2.4 Pathology of schistosome species
	2.5 Treatments for schistosomiasis – drugs
	2.6 Prevention of schistosomiasis – vaccines
	2.7 Schistosome tegument
	2.8 Schistosome 23 kDa protein
	2.8.1 The 23 kDa proteins and development of vaccine
	2.8.2 The 23kDa protein and development of diagnostic tools.


	CHAPTER III
	MATERIALS AND METHODS
	3.1 Cloning, identification and expression of Smek23
	3.1.1 Cloning identification and Characterization of Smek23 cDNA
	3.1.2. Expression of recombinant Smek23 in E. coli

	3.2 Prediction of antigenic sites
	3.3 The distribution of Smek23 in parasitic tissues by in situ hybridization techniques

	CHAPTER IV
	RESULT
	4.1 Cloning and sequencing of 23 kDa membrane protein from S. mekongi (Smek23)
	4.2 Bioinformatics identification and characterization of Smek23
	4.3 Production of Smek23 protein
	4.4 Determination of antigenic peptides
	4.5 The distribution of Smek23 in parasitic tissues by in situ hybridization techniques

	CHEPTER V
	DISCUSSION
	5.1 Cloning, identification and expression of Smek23
	5.2 Prediction of antigenic sites Prediction of B-cell antigenic epitope
	5.3 The distribution of Smek23 in parasitic tissues by in situ hybridization techniques

	CHEPTER VI
	CONCLUSIONS
	6.1 Cloning, identification and expression of Smek23
	6.2 Prediction of antigenic sites Prediction of B-cell antigenic epitope
	6.3 The distribution of Smek23 in parasitic tissues by in situ hybridization techniques

	REFERENCES
	VITA

