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Introduction
1.1.Schstosomiasis

Schistosomiasis (bilharziasis) is a tropdiakase caused by helminths of the genus
Schistosom#&family Schistosomatidae, order Digenea, classnateda, phylum Plathyhelmits
and kingdom Animalia) (Webster, 2006). This diseaf$ects at least 240 million people
worldwide, and more than 700 million people areisk in the endemic areas (Gryseels et al.,
2006). The number of identifigBichistosomapecies is now 17 and are grouped according to
their morphology of egg, intermediate host spegificcurrence and genetics (McCutchan et
al., 1983; Bowles et al., 1995; Lockyer et al, 200Were are three species which cause
majority of infection diseas&chistosoma mansgr8chistosoma haematobiwand
Schistosoma japonicutimmunopathological reactions against schistosegys trapped in the
tissues lead to inflammatory and obstructive diséashe urinary systens( haematobiujror
intestinal lesions, hepatosplenic inflammation, Bvet fibrosis . mansoni, S. japonicym
(Webster et al., 20065 chistosoma mansowias documented in Africa, the Middle East,
Carribean, Brazil, Venezuel8chistosoma haematobiumAfrica and the Middle East; argl
japonicumin China, Indonesia, the Philippines (WHO, 2013)is thesis is focused on a group
of serine proteases B mansorntherefore introduction is for that reason mostlgats.

mansoni
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Figure 1.Map showing the occurrence of schistosonss in the world
(http://www.nathnac.org)

1.2 Life cycle

S. mansortias a complex life cycle requiring passage thramgmtermediate host, afresh-
water snaiBiomphalariaspp, and through a definitive hoSchistosoma&ggs must move
through tissues of the intestine to escape fronhtst. Escape mechanism from host tissues is
facilitated by secretion of immuno-reactive molesuby eggs and the formation of host
intense strong granulomatous response by the Hoshwacts to exclude the egg into gut
(Jones et al., 2008). The eggs are then excrateddefinitive hosts with the feces.

Miracidia (invasive larvae) hatch from egteatontact with water to infect snail host.
Process is initiated by osmotic change in watghtland decrease of temperature (Mahmoud et
al., 2001). Macromolecular glycoconjugates withyfaicids on the snail surface are cues for
miracidial host-finding which are involved in batie induction and fixation processes of the
larva (Kalbe et al., 1996). The miracidium aftengtation of the snail develops into the
mother sporocyst (Schutte, 1974).



Mother sporocysts asexually produce daugigerocysts which migrate to hepatopancreas

of snails where they produce invasive larvae, cexeaThe entire development process of

cercariae within the mother sporocyst usually takeso a week (Boyle et al., 2005).

The cercariae leave the snail host under lightudtis(Asch, 1972). The cercariae react

specifically to chemical compounds on the surfddeost skin (free fatty acids, free L-arginin

and small peptides with terminally located L-argjnidy increasing the frequency of shifts in

swimming direction (Haeberlein and Haas, 2008}ryEimto host skin has three distinct

phases: (1) attachment, (2) crawling over surfapdoging for an entry site; and (3)

penetration into the epidermis (Haas and Schm@82). They transform to schistosomula

after a penetration the host skin.

The transformation includes shedding tagsslof cercaria surface glycocalyx and

development of double layer outer tegumental mendb(&amuelson et al., 1985; Skelly et al.,
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1996; Dorsey et al.,
2002). The
schistosomula are then
carried by the flow of
blood to the lungs, via
the pulmonary artery.
To develop further, the
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heart to the hepatic
portal vein (Haas et al.,
1982) where they start
to reproduce 28 and 35
days post-infection.

Adult schistosome

Figure 2.Life cycle ofS. mansoni (http://www.malevolentdesign.org/schistosomiasis/)



portal and mesenteric veins as male/female paigssarvive for many years producing
hundreds of fertilized eggs per day. They lay agdbe mesenteric or rectal veins while male

carrying a female in its gynaecophoric canal (Soéai et al., 1982).

Eqg

S. mansoradult females produce about 200-300 eggs perldaie( et al., 1983). The
process of egg maturation takes about seven dawysléying to extraction and only matured
eggs are extracted. The maturation takes placedafized medium plus serum which proves
that host’s signals are necessary for maturatiaoh{®ls and Prata, 1968). The siz&of
mansonieggs is 114 to 180 pm long by 45-70 um wide. Tdgeshell consists of three layers,
an outer microspinus, middle intermediately demskianer dense layer. Three layers are
located between the shell and mircidium, Lechm&tana containing lipoid bodies surrounds
miracidium, intermediate von Lichtenberg’s thinteplium and outer acellular Reynold’s
layer (Neill et al., 1988). The Lichtenberg’s layantains multiple nuclei, rough
endoplasmatic reticulum, lysosomes, mitochondréhoaglycogen rosettes. The Raynold’s
layer contains matrix forming interlocking filamestunder the shell pores (Jones et al., 2008).
These pores secrete various proteins and glycaass(C
et al., 2007; Jang Lee et al, 2007). Extracted eggs
contain matured miracidium (Methieson et al, 2010;

http://rgmg.cebio.org/

Figure 3.Image of egg, containing miracidium, withprominent lateral spine next to the

posterior end (SRG www.path.cam.ac.uR

Miracidium stage

Miracidium starts hatching from the egg aftex contact with the water. When miracidium
is hatched, it starts immediately locating snasthmy chemotaxis, negative geothropy and
phototaxis. The size &. mansonmiracidium is 150 to 180 pum long by 70 - 80 pmevid
(Ghaffar et al., 201(yttp://www.path.cam.ac.uk/~schisto/index.ht®RG Cambridge). The

numerous cilia on the surface together with welladleped musculature under the cilia enable




miracidium to move towards the intermediate-hosilgiBahia et al., 2006). Endogenous

glycogen reserves are utilized as an energy sdar@erobic energy metabolism in

terebratorium

circular muscle laver
Iongitodinal muaclke

EyDr T. Btewart

miracidium (Tielens et al., 1992). Flame cells for
extraction are located on both posterior and amteri
(Sato et al., 2002). The nervous system consists of
centrally located neural mass which innervates
peripheral sensory papillae and muscular fibres
(Rollinson et al., 1985). The anterior possessg®ap
of gland cells and a number of membrane folds,
altogether called terebratorium, carrying sensory
organels at the anterior extremity (Eklu-Nateylgt a
1985).

Figure 4. Miracidium picture (ALCOM,

http://www.fao.org/docrep/005/AD002E/ADO02EQ0.htm#DC)

Mother sporocyst stage

The development of mother sporocyst starstdshme after the miracidium penetration

into the fibromuscular tissue of the host’s ceppattal region, near

w4 the penetration point (Jourdane et al., 1982). déheelopment
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Figure 5.Sporocyst inside a snail (Bayne et al., @9)



Daughter sporocyst

Daughter sporocysts are developed from gainciells of mother sporocyst and are
enveloped by the tegumental structure of motheragyyst. This tegumental structure rapidly
degenerates and is replaced by somatic cells vanezdte future outer layer of daughter
sporocyst. Then the outer layer forms a surfacg spaes and basement membrane
(Meuleman et al., 1980). After 2-3 weeks of miraan penetration, such young daughter
sporocyst is developed and migrates to a digegtargd. In the gland cells, daughter sporocyst
increase in size and cercariogenesis is started.
Daughter sporocyst has typical syncytial trematode
tegument and is densely covered by microvilli.
Subtegument, surrounding the cavity with cerariae
and organs, contains cellular elements like
tegumentary, parenchymantetous, muscular and
excretory cells. Anterior part has nerve cells with

® acetylcholinesterase activity (Pan et al., 1985).

Figure 6.Daughter sporocyst (Bayne et al, 2009)

Cercaria

When the daughter sporocyst, carrying thieaz&l germinal cells, reaches snail’s
digestive gland-hepatopancreas, the cercariogestasts and takes up to a week prior cercarie
shedding (Nuttman, 1971). Germinal cells rapidiyrfonorula stage which develops into a
germ balls. Germ balls are unequally divided imto parts, body and tail of the cercariae.
Body contains five pairs of glands, two pairs aé-jacetabular penetration glands and three
pairs of post-acetabular adhesive glands. Théatiitates movement in the water. Both
divided parts are covered by tegument developed fromeval epithelium. Several thousands
of cercariae are released from host snail per Haye(al., 1985). The body of cercaria is
covered by tegument which is protected by glycocabntainig of 18% of amino acid and
82% of carbohydrate. Glycocalyx protects cercagairast osmotic shock in water. Basal

lamina and circular muscle fibres are located béniee tegument. Metabolism of cercariae is



aerobic and is supplied by glycogen reserves whiokiide energy for two days (McKerrow

and Salter, 200http://rgmg.cebio.org/

Diagram of Schistosoma mansoni cercaria

Duet opening
Head Gland
Crral sucker

Acetabular ducts (Blue)

Pre-acetabular glands (Red) — ;
Acetabulum —§

Post-acelabular glands {Red) — '
Glycocalyx (Green)

Adapted from Dorsey et al. 2002
Micron. 2002;33(3): 279323,

Tail (125uM)

Figure 7.Description of S. mansoni cercaria

Schistosomula

Schistosomula stage starts after the caegenetration into the definitive host. First step

is lost of tail and shedding of cercarial tegumeith glycocalyx. Adult tegument is made by

fusion of membrane vesicles of subtegument celliscatter membrane cells until 3 hours after

penetration (McLaren et al., 1980). Another
change is swift from aerobic to anaerobic
metabolism and blood feeding (El-Ansary,
2003). Further step is migration to liver
veins via heart and lung. The development
and maturation takes place in the liver
(Wilson et al., 1986).

Figure 8.SEM (Scanning electron microscopy) of scéiosomula (www.path.cam.ac.uk/)



Adults

Five weeks after cercarie penetration, wocomaplete their maturation. Female and male
mate, mature to form reproductive pair and migtatmesenteric vein. Both male and female
have two suckers, oral and ventral, which helpmamtain their position in mesenteric vein.
The oral sucker is surrounded by sensory papitaesting by blood feeding. Female lives on
male’s ridged gynaecophoric canal covered by small
spines. The female is slender, cylindrical and &rtban
the male is (Hockley et al., 1973). Male is appnoaiely
5-11mm long and 1mm wide, female is approximately
16mm long and 0.2 mm wide. Both male and female are
covered by syncytial tegument covered by two lipid
bilayers (Skelly et al., 1996). Female produce a360
eggs every day. Such high production is connectédd w
ingest of high number of red cells, 330 000 perrhou
Male ingests only about 39 000 red cells per hbakér,
1983).

Male and Female Schistosomes

Figure 9.Male and female, female lives in the gynaephoric canal of male (Stanford.edu)

1.3. Genetics ofchistosoma mansoni

S. mansoris a diploid organism containing seven pairs adbsomes and one pair of
heteromorfic chromosome. Female is heterogameWé) @nd male is homogametic (ZZ)
(Criscione et al., 2009). The GC content is 34.%4dufg et al., 2012). The sequencing project
of 363 megabases (MB). mansongenome identified 11,807 potential genes (Berritaal,
2009). This number of genes was reduced to 10,862gby further Sanger and llumina
sequencing (Protasio et al., 2012). The averageasigenes is 4.7 kb with introns (the average
is 1692bp) and exon (the average is 217bp). Unustrah distribution in multi-exon genes
was with very small (26bp) introns located nean8"@hile when more far introns are from

5’end the larger they are, resulting in very langeons (33.8 kb) near 3"end. Such introns



distribution was not found in any other eukaryaed its function is not clear. Variation of
proteins is increased by alternative splicing asd hy alternative splicing of unusual micro-
exon structures found in 45 genes (Berriman e2@8D9). Pre-matured RNA of 11% genes is
edited by RNAtrans-splicing mechanism (Potasio et al., 2012). Appraately 40 % of

genome consists of repetitive sequences and 608sesgds single copy or small gene

families. Mobile genetic elements made up 20% oibgee, 15% LTR transposons

(Gypsy/Ty3 and Blade clades) and 5% non-LTR trassps (RTE, CR1 and R2 clades)
(Berriman et al., 2009). Mitochondrial genome corg&86 genes, 12 protein-encoding genes, 2
ribosomal RNAs and 22 tRNA genes (Thanh et al. 1200

1.4. Host-parasite interaction

Co-evolution o5. mansonand its host has taken for millions of years. Bgihis period
many host-parasite interactions were developedsd irderactions are necessary for survival
and proper development in the host. Most of pagasteractions with the host are via gut and

tegument.

1.4.1. Gut and tegument

Gut is covered by syncytial epithelium, gadarmis, Main component of gastrodermis are
gastrodermal cells which serve for both secretiotigesting enzymes and absorption of
digested nutrient (Dalton et al., 2004). These ereg/digest hemoglobin and serum proteins to
provide enough building material for egg productiothe female parasite and general
metabolic requirements in both male and female ({Bbg1982).

The whole body of adults is covered by areplayer. This outer layer consists of outer
tegument layer, intermediate peripheral musclerkaged inner cell bodies (cytons). The
tegument layer is covered by double lipid layellecemembranocalyx, and apical plasma
membrane cover the tegument surface. Tegumentlaegtop and cell body cytoplasma are
connected by slander, numerous, microtubule-lingojptasmatic chanells and contain
mitochondria, multilaminate vesicles and discoidibs. The discoid bodies are surrounded by

a single bilayer with dense granulat mucopolysadeasontent (Wilson and Barnes, 1974).



Secreted proteins are produced in cyton’s Golgidmgacked into secretory inclusions and
transport to tegument.

First tegument function is uptake of lowietular weight solutes such as glucose,
nucletides and aminoacids. Glucose is transporgesthistosome glucose transporter SGTPs
(Peterson, 2010), nucleotides and aminoacids lhysitinh (Levy and Read, 1975).

Second tegument function is parasite prme@gainst surrounding environment,
especially immune system. One of the protecticategiies is binding host molecules on the
parasite surface such as MHC (major histocompdtilsbmplex), protease inhibito-2-
maroglobulin, complement activation inhibtor DAFe(dy accelerating factor, cholesterol
transporting molecule LDL (low density lipoproteior) Fc portion of antibodies (Sher et al.,
1978; Pearce et al., 1990; Rumjanek et al., 1988% process makes the parasite less
accessible and recognizable for immune system.

apm  apical plasma membrane
bm basement membrane

cb cell body

cc cytoplasmic connection
cy cytoskeleton

dg discoid granules

m muscle fibres

mc membranocalyx

mlv multilaminate vesicles

teg tegument

tgs tegument ground substance

Figure 10.Diagram ofS. mansoni surface (Skelly et al., 2003)

1.4.2. Necessity of immune response for development
Surprisingly, the co-evolution of host andgsite caused that immune response is not only
harmful forS. mansonbut it is even necessary for profgrmansonievelopment. Small and

less fecund adult is developed, if it grew up imuomodeficient host (Davies et al., 2001).

-10-



Correct development @&. mansonis also dependent on host hormones. Increasedidhyro
hormone level produces bigger worms but decredsgditl level produces smaller worms
(Wahab et al., 1971, Saule et al., 2002).

1.5. Immune response and pathological consequences

Three symptoms are typical rmansoninfection 1) Cercarial dermatidis 2) Acute
schistosomiasis (Katayama fever) and 3) Chronicsgztomiasis.

Itchies and papular rash are symptoms whachappear around penetration site and are
caused by cercariae penetration into the host&tet al., 1984).

Acute schsitosomiasis takes during schistesamigration in the definitive host up to 10
week after the infection. In 3-5 weeks, parasiteggrate and T helper 1 (Th1l) response is
dominant. In 5-6 weeks, parasites mature, matestartiproducing eggs, the response changes,
the Thl response decreases and Th2 response gtinerglases (Rabello et al., 1995).
Decrease of Thl response can be explained by sobgig) antigens (SEA) which inhibit
Dendritic Cells (DC) to produce IL-12 (Pearce et 2004). Activation of Th2 response is also
initiated by SEA. IPSE/alpha-1 and peroxiredoxioreted from eggs were shown to initiate
the IL-4 production in basophiles (Schramm et2007). Acute phase is manifested by fever,
malaise, hepatosplenomegaly, easinophilia andréiar(Boros, 1989).

The pathology of chronic schistosomiasim&nly a consequence of immune response
against their eggs. Most of eggs pass throughntlestine wall and leave the host with feces.
The rest of eggs are distributed mainly into ligad intestine but also into the kidney, lung or
central nervous system where they induce a grarattmms respons&ranulomatous reaction
evoked by the soluble egg antigens (SEASs) thateeased through ultramicroscopic pores in
the eggshell (Ross et al., 2002). Recent protestuity identified 188 proteins secreted from
the egg to the environment. Secreted proteins wamnevariable in function and some of them
are immunomodulating or hepatotoxic (Cass et D72 The granulomas surround the eggs
and consist of eosinophils, macrophages, lymphscykeutrophils, mast cells, and fibroblasts
(Kaplan et al., 1998). These granulomas, impaibilogd flow in the liver, cause portal
hypertension. Fibrosis of the liver and hepatosmiesgaly can also occur. Later, eggs can
migrate into the lung, where granulomas are dewsl@gnd induce pulmonary arthritis

-11 -



(Mentink-Kane et al., 2004). Seriousness of symgtdepends on the number and location of

the adult’s pair inside the host, duration of inif@c and overall health conditions of the host.

Schistosome
€gg

Collagen  “===. D4+ T cell (©)
Eosinophil @ Other cell @
Macrophage @

Nature Reviews | Immunology

Figure 11.Egg ofS. mansoni surrounded by granuloma which is made up of varios host
cells (Pearce et al., 2002)

1.6. Current treatment

Praziquantel(PZQ); 2-cyclohexylcarbonyl-1,8,4,11b-hexahydro-2H-pyrazino (2,1-
a)isoquinoline-4-one) is highly effective againktsahistosome species that are known to
infect humans and well-tolerated (Melman et alQ20In addition, the market competition
reduced the cost to US $ 0.2 for a person treataféstthe Merck patent expired (Fenwick et
al., 2003). All these facts together make PZQ it mass distribution.

The risk of mass treatment is developmemesistance to PZQ if we consider
antibacterial and antimalarial chemotherapy expegelLaboratory experiments prove that
partial but inherited resistance to PZQ may develuog also a few cases of decreased drug
sensitivity were reported. Studies of infected guats, not cured by multiple doses of

praziquantel, suggested that resistance to therdaygbe present (Botros et al., 2007).

-12 -



Schistosomicidal antihelmintics, such as hycantrergeoxamniquine, have been used.
However, these former treatments are withdrawntduepatotoxicity (Caffrey et al., 2007).

S. mansomgenome project makes a more target-based apptoachg discovery feasible,
and some promising leads have already emergebleloantext of drug discovery, potential
areas of vulnerability were explored, includingidi metabolism, GPCRs, ligand- and voltage-

gated ion channels, kinases, proteases and netidgxe(Berriman et al., 2009).

1.7. Proteases

1.7.1. Classification of proteases

Numerical classification

Enzyme Commission number (EC) is a numedlzasification which groups enzymes
according to the chemical reaction they catalyeptidases (E.C. 3.4) is group of hydrolases
which catalyze hydrolyses of peptide bonds. Endbgages (E.C. 3.4.2) are group of
proteases which are classified according to theictional amino acids in active site. This
classification provides five mechanistic classeproteases: the serine proteases (E.C. 3.4.21),
cystein proteases (E.C. 3.4.22), aspartic acicepeats (E.C. 3.4.23), metalloproteases (E.C.
3.4.24) and threonine protease (E.C. 3.4.25).

MEROPS

MEROPS database provides another proteassifatation derived from system developed
by Rawlings and Barrett (Rawlings and Barrett, )988oteases are grouped into Families and
Clans based on their structural and functionallamties (Rawlings and Barrett, 2012).
Families categorize proteases according to sirti#arin amino acid sequence of active site.
Names of families are abbreviated to a singlerde#presenting catalytic type of a protease.
Clans divide proteases according to their evolatigrsimilarities and their names are
shortened into two letter abbreviation (Rawling &azdrett, 2012).

1.7.2. Proteases &thistosoma mansoni

Proteases (a.k.a. peptidases, proteolytigreeg) represent approximately 2% of the total
number of proteins present in all types of orgasi¢Barrett et al., 2001). Proteases are very

important in many biological processes in gendral they also play an important role in
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parasitism which includes processes such as hgtiobxeystment, tissue/cell invasion, nutrient
acquisition and immune evasion (McKerrow et alQ@0 For trematode parasites causing
diseases of medical and veterinary importancegpsas operate at the host-parasite interface
facilitating migration, digestion of host proteiasd probably immune evasion (Donelly et al.,
2006). For this reason, proteases have been ineynsitudied as targets for vaccine and drug
therapies (Bos et al., 2009).

Most studied and characterized proteasegudrproteases. Both male and femal& of
mansoniadults consume huge amount of blood, containidgedis and serum proteins. Red
cells are hemolysed in esophagus and gained hebioglmested in the gut. This digestion is
performed by a various number of proteolytic enzyrmeainly cystatine and aspartatic
proteases. These gut proteases are expressed agenswith low pH optimum typical for
schistosoma gut. Several of them were expressearious expression systems, biochemically
characterized and immunohistochemically localiz8tudy carried out by Delcroix et al.
(2006) investigated to the proteolytic networkitalfout their common cooperation in the
digestive process. It concluded cathepsin B1 (SmCé&thepsin L1 (SmL1), cathepsin D
(SmCD), cathepsin C (SmCC), asparaginyl endopes#id@mAE) and aminopeptidase.
Results suggested possible way of proteases cdmperdossibly SmCB1, SmCL1, SmAE,
and SmCC cooperate to initiate host protein degi@daCathepsin D cleavdsemoglobin with
result of two peptides which are subsequently ddé&smCB1 and SmCL. Albumin is cleaved
by cysteine proteases ( Cathepsin B1, L1) or Cathdp, the resulted peptide are then
degradated by Cathepsin D or (Cathepsin B1, L1aleaminopeptidase (Delcroix et al.,
2006). There is a brief introduction of main plasyef digesting which were mentioned above.

S. mansortathepsin B1 (SmCB1) contains Cys/His/Asn catalytad typical for cysteine
proteases. SmCB1 was first sequenced proteaSeménsonand is the most abundant
cysteine protease in gastrointestinal region. Thezasoforms of SmCB1, both share specific
motif (YWLIANSWxxDWGE) which is thought to be neaasy for hemoglobin digestion
(Baig et al., 2002). Another Cathepsin B, Cathe@snwas located on the surfaceSof

mansonitegument.
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S. mansorasparaginyl endopeptidase (SmAE, legumain) is CRrcysteine peptidases
with peptide sequence at P1-P2-P3 is Thr-Ala-Asat{iu et al., 2002). SmAE Ortholog

works as a protease for zymogen activation in pl@@kamoto et al., 1999).

S. mansongathepsin L1 (SmCL1, SmCF1) aBdmansontathepsin CL2 were both localized
in gastrodermis. They share 44% similarity and prefeedor substrate with hydrophobic AA
at P2 position (Phe, Trp, Tyr) (Brady et al., 2000)

S. mansoncathepsin D (SmCD) is autoactivated aspartic eepiagases weighing 40kDa.

SmCD expressed in insect cells degraded both pggtithstrates and hemoglobin at acid pH.

S. mansorgathepsin C (SmCC) is cysteine exopeptidase wgnatiually removes

dipeptide from the N-terminal end of substrate.

1.7.3. Serine proteases

Serine protease class uses the classiciiS&$p (sequence of triad can vary) catalytic
triad mechanism, in which serine is the nucleopiistidine is the general base and acid, and
the aspartate helps orient the histidine residdenauitralize the charge from the histidine
during the transition states (Ekici et al., 2008)e active site is surrounded with substrate
binding pocket which allows the protease to bisdcsitbstrates and determines the substrate

specificity of the enzyme (Schechter and Berges,7).9

Serine peptidases are synthesized as ingutoeirsors (zymogens) because of their
specific and precise usage, thereby their usagesmnds to their structure which consists of
three domains: catalytic, substrate binding andagen activation domains (Barrett et al.,
2004). Zymogens of proteolytic enzymes consishefititact protease with an N-terminal
extension. Proteolysis of this N-terminal extengiesults in transformation from inactive

zymogen to active protease (Neurath, 1957).
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1.7.4 Serine proteases®¢histosoma mansoni

Cercarial elastase

The best characterized serine protea§e mansonis S. mansoncercarial elastase
(SMCE, clan PA(S) family S1) with typical serineatt His68/Asp126/Ser218. It was named
according to the elastin substrate which digest®i{&k et al., 2008). SmMCE has chemotrypsin
activity with hydrophobic AA at P1 position, PheR®, Trp and Ser at P3 or P4 (Salter, 2002)
and is fully inhibited by 10puM inhibitor Z-Ala-Al&ro-Phe-CMK (Dveék et al., 2008). Five
genes, encoding various isoforms of cercadial atastwere identified i8. mansonbut only
two of them are responsible for 90% of cercariabtse activity (Salter et al., 2002). Elastase
is secreted from acetabular glands of cercarigtpatiate host skin connective-tissue
macromolecules such as elastin, type IV collagénmpiiectin, laminin and keratin (Hansell et
al., 2008; Curwen et al., 2006).

Further serine proteases®¢histosoma mansoni

Even thougl®s. mansonelastase and SmSP1 (mentioned below) are the tied serine
proteases in this parasite, several other enzynthsserine protease activity were found. Such
enzymes are kallikrein-like protease foundsinrmansonhomogenate (Karvalho et al., 1998),
serine protease modulating IgE synthesis (Verwaetrdé¢, 1988) and serine protease found on
the surface transformed schistosomula cleaving temmgnt proteins (Marikovsky et al.,

1990). Presence of these serine proteases inphesesses implying their ability to influence

immune and physiological processes of definitivetho

1.7.5 Studied serine proteases

Many molecules d&. mansonare intensively studied as putative drug targgésrest
schistosomiasis. Serine proteases were so faratedléor a long time. Our group has been

trying to fill this gap. Serine proteases, whichrgvehosen for our research, share high
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similarity with human regulatory molecules. Accarglito our hypothesis, these proteases
could play important roles in host-parasite intemac Our research is focused on molecular
and biochemical characterization of these fivengeproteases. My thesis is focused on
biochemical and molecular characterization of Sm3MmBieffort was focused on expression of
SmSP1 trypsin recombinant for immunization and Iéoical studies. Other experiments
were carried out to determinate expression pragi@ression level and susceptibility to RNAI.
Some experiments were carried out together withesotier studied proteases for comparative
reason. The first is SmSP2 which share high siitylaith C. sinensidgrypsinogen. The

second is SmSP3 (Smp_103680) which is consistedlnand trypsin domains and has certain
similarities to transmembrane serine protease BojaponicumBoth cub and trypsin

domains are expressed separately isathansoniife stages except from egg. The third is
SmSP4 (smp_129230) which is a protease with siityilexr mammalian regulatory factors

such as C-anticoagulation factor and shares highasity with so calledC. sinensis
transmembrane serine peptidases. The last is Sis8#b 141450) which is most likely

chymotrypsin.

SmSP1 35 165189 222 250 484
I CuB -- Trypsin-like
SmSP2
201 501
: C e
SmSP3
54 92 331

CUB mmm Trypsin-like

SmSP4

SmSP5
7 230

Figure 12.Domain scheme of studied proteas&nSP1 contains cub, LDLa and trypsin-like

domains and SmSP3 contains cub and trypsin-likeattzsn
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SmSP1
SmSP1chistosoma manso8erine protease 1, GenbankAJ011561) is a chinterica

molecule matriptase-like protease and is compounfidtree domains, extracellular cub, LDL

binding receptor and trypsin domain.

Cub domain

Cub domain is an extracellular domain that veasél especially in developmental and
proteins with the function in the immunity (Borkadt, 1993).These proteins are involved in a
diverse range of functions, including complemetivation, developmental patterning, tissue
repair, axon guidance and angiogenesis, cell sigmdertilization, haemostasis, inflammation,
neurotransmission, receptor-mediated endocytasistianour suppression(Perry et al., 2007).
Mammalian complement subcomponents C1s/C1r, which the calcium-dependent complex
C1, are the first component of the classical pathefdhe complement system (Major et al.,
2010).

LDL (Low density lipoprotein) receptor class A

The low-density lipoprotein (LDL) is the majcholesterol-carrying lipoprotein of plasma,
acting to regulate cholesterol homeostasis in mdrmameells. The LDL receptor binds LDL
and transports it into cells by acidic endocytolsirder to be internalized, the receptor-ligand
complex must first cluster into clathrin-coatedspi®dnce inside the cell, the LDLr separates
from its ligand, which is degraded in the lysosonvetsile the receptor returns to the cell
surface (Brown et al., 1986). LDLr is closely relain structure to several other receptors,
including LRP1, LRP1b, megalin/LRP2, VLDL receptlppprotein receptor, MEGF7/LRP4,
and LRP8/apolipoprotein E receptor2). These pretparticipate in a wide range of
physiological processes, including the regulatiblipad metabolism, protection against

atherosclerosis, neurodevelopment, and transponitoients and vitamins (May et al., 2007).

Trypsin domain

SmSP1 trypsin domain is a serine proteasehwbelongs to clan PA, S1 trypsin-like
family (MEROPS http://merops.sanger.ac.ykr his trypsin domain of SmSP1 was partially

studied several years ago by Cocude et al. Thilystas focused on 468bp region of SmSP1
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which is 42% identical to vampire bat tissue plasygen, 36% identical to human protein C
precursor and 35% identical to mouse mouse plasthrkin. This sequence was cloned and
expressed 21kDa protein was used for rat immumizatising antibodies SmSP1 has been
identified as 30kDa protein from soluble antigemsrfS. mansoniClaimed SmSP1 and
kallikrein identity was confirmed by immunocrossteaty (Cocude et al., 1997). Second
Cocude’s study was focused on 248aa sequence dPSight chain showed significant
homology with mammalian plasma kallikrein and hurfetor I. This sequence was cloned,
expressed and gained antibodies were used for imloecedization which detected SmSP1 on

the surface 06. mansonf{Cocude et al., 1998).
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Aims of my master’s thesis:
Transcriptomic part:

1) Expression profile of SmSP1 domains by PCR screen
2) SmSP1 expression profile of all developmental saging gRT-PCR

3) Gene expression knockdown by RNAI
Proteomic part:

1) SmSP1 expression . coli
2) SmSP1 expression B pastoris

3) Autoinduction ancE. coli SHuffle expression of SmSP1
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2.Methods and material

Abbreviations

cDNA
dsRNA
EDTA
E-64
FPLC
IDT
IPTG
LDL
NTS
PMSF
gRT-PCR
RISC
RNA|

RT

SEM

SiRNA

Z- Phe-Arg-AMC

complementary DNA
double stranded RNA
ethylenediaminetetraacacid
tians-Epoxysuccinyl-L-leucylamido(4-guanidino)butane)
fast protein liquidromatography
Integrated DNA tedhogy
isopropylthfgalactoside
Low density lipoprarte
Newly transfomedistbsomula
phenylmethylsulfoniydride
Quantitative Reverse $caiption Polymerase Chain Reaction
RNA-induced silengicomplex
RNA interference
room temperature
scanning electronmoscope

short interfering RNA

benzyloxycarbonyl-phenylalaanginine-7-amido-4-methylcoumarin
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Solutions

Elution buffer (FPLC) 8M urea, 20mM Tris, ®3mmidazole, pH=8

Isolation buffer 8M Urea, 20mM F/HCl, pH=8

Lysis buffer 20mM Tris/HQIH=8

Refolding buffer 1 50mM Tris, 150mM Na@H=8

Refolding buffer 2 20% Glycerol, 50mMHCI, 150mM NaCl, pH=8

Refolding buffer 3 100mM Tris; ImM EDTA50mM L-Arg; 7,5% Sucrosa; 7,5%

GlycerobmM BME; 0,02% Triton X-100, pH=8
Wash buffer (FPLC) 8M urea, 20mM Tris, Mrmmidazole, pH=8

Life stage maintenance

S. mansonparasites were maintained by cycling betweeBiamphalaria glabratasnail host
and outbred laboratory mouse strain CD-1 in thenahfacilities of the institute. NTS (Newly
Transformed Schistosomula)irsvitro transformed and cultivated schistosomula from
cercariae. NTS were kindly provided by Brian Suzlkniversity of California San Francisco,

USA) and were prepared according to Ramalho-Pimaisocol (Ramanlho-Pinto et al., 1974).

2.1 Transcriptomic part

2.1.1 PCR screen

Total RNA was isolated from all developmental swfgults, eggs, miracidium, sporocyst,
cercariae, NTS) using Total RNA purification Kitghyen, Biotek) and transcribed into single
strand cDNA by SuperScript Ill Reverse Transcriptdimers for single SmSP1 domains
were used in following combinations to cover thesgons (SmSP1 cub region, SmSP1 cub
and LDL, SmSP1 trypsin, SmSP1 trypsin and SmSP1 tdgion, the whole SmSP1 region).
All primer combinations were used with cDNA fronh dévelopmental stages. The
amplification reaction consisted of 40 cycles (946€30 s, 55°C for 1 min and 72°C for 2

min) usingTaqpolymerase.
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LPCR [ cul;_}—{ LDLa | trypsin-like

2PCR [— cub ,_;; H] trypsin-like

3.PCR cub [ Lbla — trypsin-like —
4.PCR " }_{ELa ] trypsin-like —
5.PCR l_’ cb_ 1 toa ] trypsin-like — l

Figure 13.Scheme of 5 PCR reactionk.PCR covered cub domain, 2.PCR covered cub and
LDLa domains, 3.PCR covered trypsin-like domainBCR covered LDLa and trypsin

domain, 5.PCR covered cub, LDLa and trypsin domains

Primer combinations for SmSP1 PCR screen

Covering region

Forward

Reverse

SmSP1 SmSP1 cub FRD SmSP1 cub REV
cub 5-CAATTGGCATATGATGGATTGA-3 5-TTGTGTTTTCCAGCTGATCG-3
SmSP1 SmSP1 cub LDLr FRD SmSP1 cub LDLREV
cub-LDLr 5-CACCATTTATATTCAGTCCTAATGGA-3 | 5-TCTGAACCTGAGCAATCAGAAA-3
SmSP1 SmSP1 trypsin FRD SmSP1 trypsin REV
trypsin 5-CGCACAATGGGTAATGACAG-3 5-ACCTTGGCAAGCATCAATTC-3
SmSP1 SmSP1 LDLr FRD SmSP1 trypsin REV

trypsin-LDLr

S-TTTCTGATTGCTCAGGTTCAGA-3

5-ACCTTGGCAAGCATCAATTC-3

SmSP1
cub-LDLr-trypsin

SmSP1 cub FRD
5-CAATTGGCATATGATGGATTGA-3

SmSP1 trypsin REV
5-ACCTTGGCAAGCATCAATTC-3

Tab. 1 List of primer combination used for PCR scren of SmSP1
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2.1.2 Quantitative RT-PCR

Analysis of mMRNA expression using quantitative RERP(QRT-PCR) was done in order to
determine expression levels in the particulardifiges. Results of this method may indicate
the function during the life cycle of the parasited should provide the relative comparison
with other trypsin-like proteases. As well as, tlu@lternative splicing, primers were designed
to determine differences in the expression of paldr domains in the cases of multi-domain
genes.

Sets of primers were designed to achieve 150-2@6iqhuct size and 55°C annealing
temperature. Triplicate reactions were carriedioat final volume 12.4 in 96 black well
plates. PCR profile consisted of 35 cycles (94°C3fos, 55°C for 30 sec and 72°C for 1 min)
using MESA Green kit qRT-PCR Master Mix for SYBRe®8n (Eurogentec). Cytochrome
oxidase subunit 1B (SmCOX) was used due to stafeession as a reference gene (Stefanic

et al., 2010). Relative expression was calculatedraing to Nolan (Nolan et al., 2006).

List of primers used for gRT-PCR

SmSP1 LDLa domain
5 -TCGAATGGAAATGTCCAACA-3’
5 -GCCCCAGTTTTCTTCGTTATC-3"

SmSP1 cub domain
5 -TTTCCAATCTTTGATACTGAATGTG-3’
5 - ACGATCTTGTGGATTAACATGAATTA-3

SmSPL1 trypsin domain
5-CGCACAATGGGTAATGACAG-3’
5-CGTGGAACTGGAGAAAGTCG-3

2.1.3 RNA interference

Studies were performed on NTS (Newly Transformeissasomula) in 24-well plate. Each
well contained 400 NTS and approximately 1 ml CatgMedium 169 (100 U/ml of
penicillin and 100 pg/ml of streptomycin). Cultiiat took 6 days at 37°C and 5% ¢@ll
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manipulation with NTS was performed under the Eenditions to avoid contamination.
Another protease SmPEP, studied by our collabaydain, was included in these experiments

for comparative reasons.

2.1.3.1. RNAI using dsRNA (double-stranded RNA)

Constructs for dsRNA were prepared in order to kdown selected serine protease$ of
mansoni{SmSP1-cub and trypsin domains, SmSP2 (Smp_141865P3 (Smp_103680),
SmSP4 (Smp_129230), and SmPEP. dsRNA was synttdsire two corresponding PCR
products (each carrying T7 promotor at opposite &gdre 14.), using T7 Ribomax Express
RNAI kit (Promega). PCR reaction consisted of iretidn step at 98°C for 3 min; followed
with 35 cycles of 30 s at 98°C, 30 s at 55°C and 8072°C; and finally incubation at 72°C
for 7 min usinglaqg polymerase. Each PCR product was mixed with T7&gRibomax

RNA polymerase and Ribomax T7 buffer to transcRI&R products into RNA. After
incubation at 37°C for 1 hour and at 42 °C for @irhaorresponding ssRNA products were
mixed and incubate at 70°C for 10 minutes to gise to dsRNA. Solution with dsSRNA was
treated by DNase and RNase. To purified dsRNA,wsodicetate and 95% Ethanol were
added. Mixture was placed on ice for 20 minutesspided down at top speed for 10 minutes.
Supernatant was poured away and pellet was wagh@d% Ethanol. Pellet was subsequently
resuspended in dB. Resultant dsRNA in 500 bp of size was addedascB medium 169

with NTS (Newly Transformed Schistosomula) in thaf concentration 3dy/ml and
subsequently the dsRNA was delivered into NTS laksm (Stefanic et al., 2010).

T7 Gene Specific

B
= —n

Gene Specific T7

Figure 14.Scheme of production of PCR products witfl7 promotor

Primers used for preparation of dsRNA for RNAI exipents

SmSP4 (Smp_12930)
5-GGATCCTAATACGACTCACTATAGGTAGATATGTGAACATTGCTTG-3
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S-TTAAAATGTGAACACTTCAGC-3'

S-GGTAGATATGTGAACATTGCTTG-3
5-GGATCCTAATACGACTCACTATAGGTTAAAATGTGAACACTTCAGC-3

SmSP5 (Smp_141450)
5-CCTAGGTAATACGACTCACTATAGGAAATTAGAATATCGTATACAAAATG G-3
5-GACATTTCAATTGATTTATCTTCAC-3

S-GAAATTAGAATATCGTATACAAAATGG-3'
5-GGATCCTAATACGACTCACTATAGGACATTTCAATTGATTTATCTTCAC-3

SmPEP
5-CCTAGGTAATACGACTCACTATAGGAGCATACCAGTATCAACTATC-3
5-GGAAGATCTTCGCCCGATTCAC-3

5-GGAGCATACCAGTATCAACTATC-3
5-CCTAGGTAATACGACTCACTATAGGAAGATCTTCGCCCGATTCAC-3

SmSP1
5-CCTAGGTAATACGACTCACTATAGGTGGTCAATGGCCAACCGGCTCCA-3
S-GCTTTATTAAGATATTGATACCATG-3’

S-GTGGTCAATGGCCAACCGGCTCCA-3
5-GGATCCTAATACGACTCACTATAGGCTTTATTAAGATATTGATACCATG-3

2.1.3.2. siRNA (short interfering RNA) interference

Commercial service provided by Integrated DNA texthgy (IDT) was used for synthesis of
siRNA. As a control siRNA derived from cDNA mCheifftyorescent protein was used.

Experiments were carried out under the conditibas had been optimized by previous studies
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(Stefank et al., 2010 and Krautz-Peterson et al., 2007NfB8. NTS in Basch medium 169
were transferred into cuvette and electroporated 2ig siRNA (125 V, 20ms).

2.1.3.3 Quantitative RT-PCR analysis of expreskimockdowns in RNAI treated NTS

Newly transformed schistosomula treated with sSiRN$RNA and treated/untreated controls
were collected by quick pulse centrifugation andheal 3 times with Basch medium 169 after
a week incubation.Total RNA was isolated using TBfdA purification Kit (Norgen, Biotek)
and transcripted into single strand cDNA using $8pept Ill Reverse Transcriptase
(Invitrogen). Knockdown efficiency was evaluatedduantitative RT-PCR with specific
primers listed below. Triplicate reactions wereriea out in final volume of 12.5ulin 96 well

plates. Reaction was carried out as describeceichhpter 2.3.2 (Stefanic, 2010).

Primers for gqRT-PCR of RNAI treated NTS:
Smp_12930
5-ATAAGTGTCGGTTGGGGACA-3
5-GCATGTCCAGCACAAATGAC-3

Smp_141450
5-TGTCAATGGGTCAATTACGTTT-3
5-CCAACCATTTCCAGCTATTGA-3

SmSP1
5-GGACAGTCCACATTGGTGATT-3
5-CCCATCCTGCAACATAACAA-3

SmPEP

S-CATTCGTGGTGGAGGAGAAT-3
5-CGCATACTGGAACTTGAGCA-3
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2.2 Proteomic study

2.2.1 Expression ikscherichia colBL 21
2.2.1.1 Amplification, cloning and transformation

E. coliexpression system was used for production of Sm§P4in domain. SmSP1 trypsin
domain was amplified by PCR usifg mansonadult cDNA as a template and Phusion
polymerase (Finnzymes) with primers SmSP1spFRD 5
CACCGTGGTCAATGGCCAACCGGCT-3and SmSP1spREV-5
TTACAAAAAACTTGAATACC-3". PCR consisted of incubation at 98°C for 3 mitipiwed
with 35 cycles of 30 s at 98°C, 30 s at 55°C and a072°C; and finally incubation at 72°C
for 7 min. PCR reaction was analyzed by 1% agageteExpected 700bp band was cut out
and isolated by Gel Extraction kit (Geneaid). PG8dpct was cloned into pET100 Directional
TOPO®Expression Kit (Invitrogen) containing Hishéitag at the N-terminus and
transformed td. coliDH5 alpha (Invitrogen). Transformed bacteria adtwas grown in 5ml
LB medium (10Qg/ml ampicilin) at 37°C overnight. Plasmid was &etl by Plasmid isolation
kit (Genaaid). Plasmid verified by sequencing asialyas transformed inté. coli expression

strain BL 21 (Invirogen) containing T7 polymerase.

2.2.1.2 SmSPL1 trypsin expression

Overnight inoculum was poured into the 200ml LB ragd 00pg/ml ampicillin, 20mM
glucose) and grew at 37°C for 4 hours until it reatOQy= 0.7.Grown bacteria culture was
spinned down by centrifugation at 3000g for 10 riRiellet was resuspended in LB medium
(200 g/ml ampicillin, 1mM IPTG) and grown overnigtit37°C. The culture was centrifuged
at 3000g for 10 min and resuspended in lysis biig@mM tris/HCI, pH=8). Resuspended
culture was sonicated and centrifuged at12 000@@anin at 4°C. Resultant pellet was twice
sonicated in isolation buffer (8M Urea, 20mM Tri&JHpH=8) and centrifuged at 12 000g for
10 min at 4°C.

2.2.1.3 Purification by FPLC (Fast protein liquittematography)

HiTrap (GE Healthcare) column, charged with 20mMCGpwas equilibrated with the

isolation buffer. Samples were consequently waslydthe wash buffer (8M urea, 20mM Tris,
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10mM immidazole, pH=8) and eluted by the elutioffén(8M urea, 20mM Tris, 0,5M
immidazole, pH=8). Protein isolation was verifiegl ®DS-PAGE.

2.2.1.4 Protein refolding

Recombinant and purified SmSP1 trypsin domain walgected to refold in several refolding
buffers. First, it was dialyzed against buffer (Blvea, 20mM Tris, pH=8) and then against
(20mM Tris, pH=8) refolding buffer. Purified protewas gradually dialyzed against three
refolding buffers 1) 50mM Tris/HCI, 150mM NaCl, pB:2) 20% Glycerol, 50mM Tris/HCI,
150mM NaCl, pH=8 and 3) 100mM Tris/HCI; 1mM EDTAS@mM L-Arg; 7,5% Sucrosa;
7,5% Glycerol; 1ImM BME; 0,02% Triton X-100. All relling reactions were performed
overnight in 5L volume. Recombinant was also diatymto the PBS and used for

immunization.

2.2.1.5 Protein activation

Different proteases (thrombin, trypsin, matriptdaetor XlIl) were chosen according to amino
acid sequence code in the prodomain of SmSP1 afierpnce and biological role of potential
activating proteases. After protein attempts s@warid inactive recombinant SmSP1 was used
for activation experiments. This soluble SmSP1 inesbated with each of these proteases for
1 hour, 2 hours, 4 hours and overnight at 37°C. Tifferent buffers were used in this
experiment. Incubation with Trombin and trypsin wasducted in buffer containing (50mM
Tris, 50mM NaCl, 20mM Cag] 0,001% Triton X-100, pH=8) and incubation withtnatase
and factor XIl was conducted in buffer containi2@raM Tris, 150mM NacCl; 0,02 Triton-X
100, pH=8,5). SDS-PAGE and fluorometric assays \weréormed to monitor potential
activation. Fluorometric assays were carried o@&dmM Tris buffer with 20uM of synthetic
peptidyl substrate Z- Phe-Arg-AMC (benzyloxycarbleplgenylalanylarginine-7-amido-4-
methylcoumarin) and serine protease inhibitor PNI®fenylmethylsulfonyl fluoride, Sigma-
Aldrich) was used to verify possible serine progeastivity. The assay was run on an Infinitive
M200 PRO (TECAN).
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2.2.2 Expression iRichia pastoris

Different variants of SmSP1(whole SmSP1 molecailaSP1 trypsin domain and both with/
without his-tag) were tested. Egg cDNA was usettamplate for PCR in order to obtain whole
SmSP1 protein, otherwise for other variants cDNgrfradults was used instead. All four PCR
products were cloned into pPI@3 vector (invitrogen). Vectors with cloned PCRogucts
were sequenced, propagatedEircoli strain DHm in 200ml volume and isolated by Maxi
Plasmid Kit (Geneaid). These construts were sutulstransformed intd. pastorisstrain

X-33 by electoporation and spread on YPD platesasoimg 10Qug/ml Zeocin. After 3 days
incubation at 30°C, 25 colonies were selectedransterred on new YPD plates containing
100ug/ml Zeocin. Each of them was transferred into-telse with 5ml YPD media containing
100ug/ml Zeocin. They were incubated in horizontal stvadt 30°C for 5 days. Methanol up to
1% methanol was added several times per day ietangidia to maintain concentration
neccesary for protein expression. After 5 dayssahples were centrifuged and supernatant
was lyopfilised, desalted and resuspended in PBS-BAGE and fluorimetric assays were
used to verify expression and activity. The agfi@ssay was carried out with 40uM Z-Phe-
Arg-AMC substrate in two different buffers (50mMigand 50mM Citrate Phosphate, both
with/without CaC}) in the pH from 6.5 to 8.0. As a control, assag abtso tested with 1mM
serine protease inhibitor PM$Phenylmethylsulfonyl fluoride, Sigma-Aldrich) an@iM
cystein protease inhibitor E-@&¢ans-Epoxysuccinyl-L-leucylamido(4-guanidino)butane,
Sigma-Aldrich).

Combination of PCR primers for four desired PCRdpiais:

Whole SmSP1 molecule with his tag
5-CTCGAGAAAAGAGAGAAACGGTCAGTTTATGATAACGAAGAAAAC-3’
5-TAAGCGGCCGCTCAATGATGATGATGATGATGCAAAACACTTGAATACCAGT
CAGAAAACATAG-3’

Whole SmSP1 molecule without histag

5-CTCGAGAAAAGAGAGAAACGGTCAGTTTATGATAACGAAGAAAAC-3’
5-TAAGCGGCCGCTTACAAAACACTTGAATACCAGTCAGAAAACATAG-3
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SmSP1 trypsin molecule with histag

5-CACCGTGGTCAATGGCCAACCGGCT-3
5-TAAGCGGCCGCTCAATGATGATGATGATGATGCAAAACACTTGAATACCAGT
CAGAAAACATAG-3’

SmSP1 trypsin molecule without histag
5-CACCGTGGTCAATGGCCAACCGGCT-3
5-TAAGCGGCCGCTTACAAAACACTTGAATACCAGTCAGAAAACATAG-3

2.2.3 Expression in SHuffle® BL 21 Express CompeEstherichia coli

Plasmid with SmSP1 trypsin construct used for esgom in (odkaz na podkapitolu) was
transformed into the SHuffle® T7 Express CompeEerbli cells (Biolabs) and place on LB
plate containing 100ug/ml ampicillin. Selected cods were propagated in 5ml LB (100pg/mi
ampicillin, 20mM glucose) at 30°C overnight. Lat2d0ml LB media (containing 100pg/ml
ampicillin) was inoculated with overnight culturedaincubated at 30°C for 7 hours and then
temperature of media was cooled down to 18°C ai&I®as added to a final concentration
0,2mM. The culture grew overnight at 18°C. Growfiwe was centrifuged at 3000g for 10
min at 4°C. Pellet was resuspended in isolatiofelb(20mM Tris, 300mM NaCl, pH=8),
sonicated and centrifuged at 10 000g for 10 m#f&t Supernatant was purified by FPLC
HiTrap (GE Healthcare) colon charged with 20mM Golhe eluted samples were tested by
SDS-PAGE and fluorometric assays for protein aigtiluorometric assays were carried out
in 20mM Tris/HCI buffer with 20uM Z-Phe-Arg-AMC sstrate. As a control, assay was also
tested with serine protease inhibitor PM®Renylmethylsulfonyl fluoride, Sigma-Aldrich).

The assays were analyzed using an Infinitive M2RORuoremetre (TECAN).

2.2.4 Autoinduction of protein expression in theskstem

Plasmids used for expressionEncoli BL 21 andE. coli Shuffle (sections 2.1.2 and 2.1.3)
were transformed into the. coli BL 21 (Invitrogen) and spread on LB plate containi

100pg/ml Ampicilin. Selected colonies was trangfdnnto 2 ml of ZYP-0.8G media (Studier
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et al., 1990) and shaked at 300RPM at 37°C fordidsrown culture was inoculated into
400ml ZYP-5052 media (50pg/ml Ampicilin) (Studigrat., 1990) and shaked at 18°C for 2
days. Culture was centrifuged at 3000g for 10 ni#°€. Then, centrifuged pellet was
resuspended in 4 ml of lyses buffer (20mM HCI, pH=8®nicated and centrifuged again at

12 000g/10min. The supernatant, containing cytopéde fraction, was purified by FPLC
HiTrap (GE Healthcare) column charged with 20mM Golhe eluted samples were tested by
SDS-PAGE and fluorometric assays for protein attiiluorometric assays were carried out
in 20mM Tris buffer (pH=7,5;8.0;8,5) with 20uM Zh&-Arg-AMC substrate. Another assay
also tested the samples with serine protease tohiBMSF(Phenylmethylsulfonyl fluoride,
Sigma-Aldrich. Assays were analyzed byfinitive M200 PRO (TECAN).

3. Results
3.1Bioinformatic part

Nucleotide and protein sequence of SmSP1

Nucleotide sequence of SmSP1 consists of 1455 kpnamslated into protein sequence (484

aminoacid residues) at server Expasyn://web.expasy.org/translatePredicted signal

sequence, identified by SignallP program (http:Awebs.dtu.dk/services/SignalP/), is
probably cut off at position between 27 and 28 aaaid (p=0.336). Two N-glycosylation
sites were predicted at positions 111 (p=0.7956)184 (p=0.6942) by NetNGlyc 1.0 Server
(http://www.cbs.dtu.dk/services/NetNGIlyddut no O-glycosylation site was predicted by
NetOGlyc 3.1 Servemftp://www.cbs.dtu.dk/services/NetOGlycServer BILAB
(http://biomedical.ctust.edu.tw/edbcp/) for prettintof disulfide bonds between cysteines
predicted four disulfide bonds between cysteindbede positions (277-293, p= 0.76894),
(379-443, p=0.86582), (409-422, p=0.81247), (438;46-0.54911). Server SMART

(http://smart.embl-heidelberg.de/smart/show_mgifgredicted three domains cub (range

from 35 to 166), LDLa (range from 186 to 224) angbsin-like serine protease (range from
249 to 480).

at gt t gt ggt at aat at acagat acaaaatagtttgtctattattgtactagtattatgt

agatttcattgtttaatatgttttccaatctttgatactgaatgtggttctacaccattt
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F PI F DTUEZ CGS ST P F
at att cagt cct aat ggaaat at t t at t cacat aaaggt t at gaaaaacaat t ggcat at
I F S P NGNI Y S HIKGYEI K QLAY
gatggattgattcaatgtttttggttaattcatgttaatccacaagatcgtattattatt
D GLI QCFWL I HVNWPQDIRTI I I
caat cagttgattttgatctagctggtgattcaattcaat gt gat gaagat agtttaact
Q SVvVDFIDLAGD SI QCWDETDSTULT
gttt at gaaccagaagatt at caagtt gacaat at aacat ctt cagaaatt gat acattc
VYEPEDYQVD.ITSSEIDTF
acgaaaagaat t ggt aaat at ccat at t gt ggat t gacaagt t t t agagt at t at ct agt
T K RI GKYPYCGLTSUZFIRVL S S
tccaatcagttatttctagtatttaaggct cgat caact ggaaaacacaatggtttt aat
S NQL FL VFKARS STGIKHNGTF N
ctacgttattcagct at aaacaat aact t ggcaaagat agt agaat ct t cat cacagt ct
L RY S AI NNNILAKI VES S S QS
att acagt gaicaggacat gt gact cat cat t cgaat ggaaat gt ccaacat cccaat gt
I T V R
at at t gaaaat at ggagat gt gat ggat t t t ct gat t gct caggt t cagaagat gaaat a

aact gtttaagtccactttcaaaaat at ct cgtttacat agt agacaaaaacggt cagtt
K1 S R L HSROQKR SV
t at gat aacgaagaaaact ggggccgt gt ggt caat ggccaaccggct ccaaaaggt gt
Y DNEENWGRYVVNG GO QZPAZPIKGA
tgggcttttatagtttctttacgtttctccggaaacggaggacat gttt gt gcaggt age
WAF I VSLRFSGNUGGHVYVZLECAG S
ttaattagcgcacaat gggt aat gacagct gcacact gt at t caaccaat gccagat cca
LISAQWVMTAAICIQPMPDP
aagcgat ggt t t gt agacgt t ggaagat act at agaaact t t ggt ggt cct gaagtt caa
K R WF V DV GRYYRNZFGGUPEV OQ
agaat aaaactttcacaaattgttatacacccatcttacaat aaaaaaatttacgccaat
RI KL S QI vI HPSYNIKIKI Y AN
gacat agcact gt t acgt ct acaaact ccagct aat t t agat aat cgt caggt acgact t
.I A L L RL QTWPANLIUDNIRU QOQVYVRIL
tctccagttccacgtaatcctcatttatccgatttattaacagataatgttcagtgcatg
S PV PRNWPWHILSDULIULTIDNVOQCWM
gt cgct ggt t ggggagat acacat aat acaggt t caaat gat gt t ct aagacaagcagt t
V A GWGDTHNTGSNUDVLIROQAYV
cttcctgtcattaattatgatctttgcaaatcatggtatcaat at ctt aat aaagcaagc
L P VI NYDLI CIKSWY QYL NKAS
ttttgtgct ggat acaaacaaggaggaat t gat gct t gccaaggt gat agt gggggt cct
FCAGYKQGGIDACQGD.GGP
ctattgtgttacgttgggggt caaacagttcaagct ggaatt gt at cat ggggcaacgat
L LCYV GGQTVQAGI VS WGND
t gt gcaaaaccaaggaat ccgggagttt at act aat gt ggct at gt t t t ct gact ggt at
C AKPRNPGVYTNVAMESUDWY
tcaagtgttttgtaa

S S Vv L -

Figure 15.Nucleotide and protein sequence of SmSP1 showqgtee IR EINEGNEESE o
Bils:: JCEEIEgHNR o, cysteines forming disulfils@nds and three domains cliBilloLa and trypsin-like

serine protease.
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Protein alignment of SmSP1, SmSP2, SmSP3, SmSP3P5ncercadial elastase, trypsin and
chymotrypsin

190 200 210 220 230 240
| |

SnsP1 | TVNRTCDSSFEVKCPTSQCI LKI WRCDGFSDCSGSEDEI NCLSPL SKI SRLHSRQKRSV
ChynmDt rypSi N - s m o m e e oo VLSELS- ------------
TrYPSIi N s e e e i VDDDD- - - - - --------
SBEP3 s e e DIQVES-------------
SHBP4 e o EEELEFLDEI NK- - - - - -------
SnsP2 YAEKRTCLNKTQCN- - - - - - - - - m - o e oo m - - EYTGDQ | KNLTNTCG- - - - - - - IR
STEP5 e MKLEY-------------
El astasa = @ -----mimmeim e FERVS-------------
Prim cons. 2222RTC2222222CPTSQCI LKI WRCDG-SDCS&2E3E335L38LSK222L HSRQKR22
250 260 270 280 290 300
| | | |

SnEP1 YDNEENWGRVVNGQPAPK- GAWAFI VSLRFSG- - - N GSLI SAQN/MTAAI

chymotrypsin  -------- Rl VNGEEAVP- GSWPWQVSLQDK:- - - - TGFHF,
Trypsin = cee-ee-- KI VGGYTCGA- NTVPYQVSLNSG- - - - - - YHF
SMBP3  eeeeeo-- Rl | GGEl SRP- GQWPWWSVREN- - - - - DQF
SnBP4  eeeee-- NEEI LEEI DSF- | PPSLVYNYPDGS- - - RRFHL
SnsP2 KSDNQ MEKI LGGKAVEP- HSWPWAVRL SVKLPRRRSVTF

STBP5  eeeeee- RI ONGYPVNL- GEFPM VLLLGN- - - - - - THLRTGTI | APDKI L TAG-BACG
Elastasa  ------ TW.VRKGEPVQDRTEFPY! AEVRTER: - - - - T- MBTGSLVSTRAVL TA
Pri m cons. 22222234RI V2GEPV8PRG2WPW VSL RD34PRRRG2HFCGGSL | SPOWL TAAHC2C2
310 320 330 340 350 360
| | | | | |
SEP1 MPDP- - - < = <= e oo KRWEVDVGRYYRNEGGPEVQR! KLSQ VI HPSYN- - - - - - - -
ChYMDL Fypsi N TSD- - <= ccmmmemaemnm VMVAGEFDQGSSSEKI QKLKI AKVEKNSKYN- - - - - - - -
Trypsi n o W, VRLGEDNI NVWEGNEQF] SASKS! VHPSYN- - - - - - - -
SBP3 NINL- - - - me e e DNWI'VHI GDSYL DWIDSEE! LMNI SSI LTHPNYRL- - - - - - -
SnBP4 NPFYPHL- - - - - - - SANPSSWKVRI GEHDM_ NESVEHYDVEVAHVYVHPQYQS- - - - - - -
SneP2 ENKHI PVGKPVM_ADHVKST! YAHL GDHDRYKQEAAQI DHRVTVAI LHPNYHR: - - - - - -
SBP5 DPTY- - -« cemememm e EVDI FDYVNGS! SNHDEL GGSPDI S| LMLNKKFH- - - - - - - -
El ast asa N - VWQVSEL TLRNGDQOG HHOPSGVKVAPEYMPSCTASRQ
Pri m cons. NPDY222 GKPVM_A2222 S5\W\33 GEHD3NNGDEE22D321 SKVI VHP3YNASCTASRQ
370 380 390 400 410 420
| | | | | |
STePL e---- KKI YANDI AL LRLQTPANL DNRQVRL SPVPRNPHL SDL L TDNVCBWAGWGDTHN
Chymotrypsin  ----- SLTI NNDI TLLKLSTAASESQT- - - VSAV- CLPSASDDFAAGT TRVT TGWEL TRY
Trypsin  ----- SNTLNNDI M_| KLKSAASLNSR: - - - - VA- SI SLPTSCASAGTCRLI SGAGNTKS
STeP3 e---- HKLYDYDYAL | KI VSPI QYTSK- - - RRPI CI LDTTLMNTNEL AGAGSSED
SteP4 eee-- ASSSGYDI ALVKLTKPVKLGRY- - - - VNI ACL PSAGEEI QP SVGIGHEI D
SEP2 - - - - KLQTDGYDI AL L RLSEPVKTTPE- - - - | DFACL PSKNL KL TSNSKBYAVGAGSNKG
STBP5  eee-- L SKG El GLLNYNYSMNDTQE- - - « - = - <= - = - - - - KEKKNTDFFVL GFGEDKS
El ast asa RRRI RQTLSGFDI ATVM_AQWNLQSG - - - | RVI SLPQASDI PTPGTDVFI VGYGRDDN
Pri m cons. RRRI 222T2G2DI ALLKLS2P2NLTS2QVR32PVACL PSASDKL T2GT2C2VWGWGSTK3
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430 440 450 460 470 480
| | | | |

S s DVLRQAVLPVI
TNANTP- - = - - - - o e s s et e e DRLQQASLPLL
1) 72 s DVLKCLKAPI L
S o s NELRHLRI PLL
GAKNI S- = - - = - o mm e et TI LKHVGVPI V
GKI PTFDNI HSI LESLFLPFPSLFNTPFTFGRRESS| WNI KKL EEEESSKEL HEVELPI V
0 s MGQLRLG |
DRDPSR:- - - - = = = = = = = == x 22 @i e eea oo RAGG LKKGRA

3G 2TPDNI HSI LESLFLPFPSLFNTPFTFGRRESSI VNI KKLEEEESSD2L3QL2LPI L

490 500 510 520 530 540
| | | | | |
NYDL@KS- - - -------- WYQYLNKASFHEAGYK- QGG D GCPLLRYVG - - - QQ
SNT KY---------- WGTKI KDAM @AG- - - ASGVS GGPL KN----GA
SDSSEKSA- - -------- YPGQ TSNMVFEBAGYL - EGGKD:! GCPVVRS- - - - - - G
NLT QTEA- - - ----- YQGKLTETM BAGYI - MEGKD:! GSPL HNTTDHA
PN MNYATLRNGPNPI DVTI ESNVI @AGHA- EGGRD DSGGPL K----KQ
S| KY----ommmm- YADI SSKVI G - - AKNKDTRAGDSGGCGL YRYLEDT- - NR
KL KN- - - - e - - | KI PTDGAL@SNI N- GNHQGPDVGDSGCPI FDI NG- - - - - -

TVVERKHS- - - - - - - - - - - - TTG NPl §VQAAYVFGQ TAPGDSGGPLLRSPQ- - - - - -

*

S2DECKK22ATL RNGPNPY7G31 T3NM CAGYAY2GGKDSCOGDSGEPL 3C3L G2 TTDG2

550 560 570 580

| | | |
TVQAG VSWGNOIJA- KPRNPGVYTNVAMFSDVWSSVL - - - - -
WILVG VSWGSSTC- STSTPGVYARVTALVNWQQTLAAN- -

- KLQG VSWGSORA- QKNKPGVYTKVCNYVSW KQTT ASN- -
WYQ G VSFCKSRA- VPGTPG YSNLTFANNW SSI | Q- - -
W VSG | SFGY KAGYPGVYTRVSDYI PW KG AEVFTF

WH VGVTSFGLARG CGLNPGVYTSTSSHVDW SKQLATKI F
“RWG TSl -----mmmmm-- AG -N----GIFKQ - - - - - -
GPVL GVWWSHGVTL SNRLDVLVEYASVARM.GFVSSNI - - - - -

* - *

VBWG VS2GS2CANKPG2PGVYT3V37YV3W S222ASN2F

Figure 16.Protein alignment of SmSP1 with other stiied proteases, cercarial elastase,
trypsin and chymotrypsin (CLUSTALW multiple alignme nt, http://npsa-pbil.ibcp.fr/cgi-
bin/align_clustalw.pl) Alignment show homology in catalytic triad HiD &«¢ept for SmSP5

in which D is substituted by Ejjjjijllllhes whichidisulphide bonds, N-glycosylation sites
do not occur in trypsin domain therefore not shown.
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3.2 Transcriptomic study

3.2.1. PCR screen

SmSPL1 is consisted of three domains (cub, LDLrteyp$in). PCR screens revealed that
differential expression of SmSP1 gene and it ingphi®st probable splicing of cub and trypsin
domains which are expressed separately in evegg stdhole SmSP1 mRNA transcript has

been found in the eggs.

| —
—
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e
S
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————
————

1 2 3 4 5 1 2 3 4 b5 1 2 3 4 5
Cercaniae Adults Miracidia

Figure 17.PCR screen of SmSP1 for cercariae, adulésd miracidia 1.cub region, 2. cub-
LDLa region, 3. trypsin region, 4. trypsin-LDLa reg, 5. cub-LDLr-trypsin region. PCR was
positive only separate cub and trypsin domain.

1 2 3 4 5

Sporocysts

Figure 18.PCR screen of SmSPL cub region, 2. cub-LDLa region, 3. trypsin regid.
trypsin-LDLa region, 5. cub-LDLr-trypsin region. R(products of NTS and sporocysts show
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only expression of cub domain and trypsin domainly@gg stage shows expression of all
expression patterns — arrow indicates weak bangsepting the whole transcript.

3.2.2.Quantitative RT-PCR

The highest relative expression of trypsin domaimiegg stage and five times lower
expression is in adult stage. In other stagessimygomain was barely expressed. Expression
of cub and LDLa binding domain is also very low am@¢omparison with trypsin expression in
egg or adult stage is negligible. Considered tigit bxpression was identified only in egg
stage, a specific function of SmSP1 is possibkhigmstage. Very similar results were obtained
from gRT-PCR of other proteases. All studied pre¢eshowed high expression in egg stage.
SmSP3 consists of cub and trypsin domain. Trypsmain is highly expressed in egg stage,
same as cub but cub expression is much lower tlgpsih expression is in egg stage. SmSP5
has high expression in egg stage and low in atadies SmSP4 has high expression only in
egg stage. In comparison, SmSP2 possess very xjpgéssion in the worms during
mammalian infection, the highest during migratitenge of schistosomula, more than 100% of
highly expressed SmCOX.

SmSP1 expression B CUB domain
LDLa binding domain

M trypsin domain
2,57

157

) l
0 — | | | = | |

Eggs Miracidia Sporocysts Cercariae NTS Adults

Figure 19.gRT-PCR results of three domains of SmSP&lative expression.

% Expression relative to COX
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SmSP5 .
M Cercariae
W Sporocysts
W Miracidia

W Eggs

SmSP4

SmSP3

SmSP2

SmSP1

} } }
0,001 0,01 0,1 1 10 100 1000

log1o (% of expression relative to COX)

Figure 20.Comparison of relative expression of Sm3P SmSP2, SmSP3, SmSP4 and
SmSP5 in all developmental stageExpression of SmSP1 in egg is average in comparison
with other proteases but very low in other stadeesE results imply that SmSP1 has a very
specific function in egg stage. Similar functionynieave SmSP3 and SmSP5. SmSP2 and
SmSP4 show high expression in almost all stageshwihiply they function is more general,
maybe in metabolism. (Dvak, Franta, Areola, unpublished data)

3.1.3. RNA interference (RNAI)

RNAI functioned best for SmPEP, expression knockuowas achieved with both dsRNA and
siRNA. Another protease which was susceptible tARB Smp_141450 (SmSP5). SmSP1
did not respond for neither dsRNA nor siRNA.
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Figure 21.Results of dsRNAi against SmSP1, PEP, Snii2930 and Smp_141450he
only significant knockdown, 60%, was achieved f&PP mCherry was used as a control.
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Figure 22.siRNAi results of SmSP1, PEP, Smp_1293AcaSmp_141450Significant
knockdown was achieved only for PEP and Smp_141#&herry was used as a control.

3.3. Proteomic part
3.3.1Expression in pET system

SmSP1 trypsin domain was successfully amplifieohetl into pET100 Directional TOPO®
Expression Kit (Invitrogen) and transformed into &ttells. SDS-PAGE confirmed that
expressed protein has relevant weight 30kDa andiM&F confirmed SmSP1 as a purified

recombinant.
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40kDa- .
30kDa-

M 1 2 3 4 5 6 7 8
Figure 23.4-12% SDS-PAGE (Invitrogen) analysis of @@SP1 elution from FCLP.
1,2,3,4,5.6.7,8- purified SmSP1 recombinant in wayyn amount. Lower band is expressed
SmSPL1. These results were later confirmed by MATLOF.

Figure 24.FPLC purification of SmSP1 trypsin recombnant. Blue line is absorption curve
relevant to protein concentration and brown lingakk concentration. Elution phase is the blue
peak on right side.
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M 1 2 3 4 5 6 7 8
Figure 25.4-12% SDS-PAGE (Invitrogen) of refoldingof SmSP1 in 3.refolding buffer

1,5-refolded recombinant 30 minutes time poing-r&folded recombinant 60 minutes time
point; 3,7-refolded recombinant 90 minutes; 4,8rebinant which was not purified or
refolded;

3.3.2 Expression iRichia pastoris

SDS-PAGE and fluorimetric assay imply that exp@ssif SmSP1 was successfuHithia
pastorisbut the expression provides very low amount alvagtrotein. The lack of active

protein enables to confirm expression by Maldi TOF.

-42-



m No inhibitor
=1 mM PMSF

> w10 UM E-64

SP1/13  SP1T/11  SP1T/13 SP1T/15 SP1TH/11 SP1TH/15 Blanks

Figure 26.Fluorimetric assay.Selected colonies &. pastoriswhich express active
recombinant SmSP1. SP1 represent whole SmSP1, i8pfdsent SmSP1 trypsin and SP1TH
represent SmSP1 trypsin with his-tag. Fluorogepijatidyl substrate, Z-Phe-Arg-AMC, was
used as a substrate for activity measuring of setgroteases. PMSF, serine protease
inhibitor, and E-64, cystein protease inhibitorrgvemployed to determinated secreted
proteases.

1 ” BRI 3

-

35kDa- -

>
25kDa- 2
!\‘ - <— -

M 1 2 34 5 6

Figure 27.SDS-PAGE of FPLC purified SmSP1 trypsimecombinant in P. pastoris
1-not purified recombinant, 2-wash, 3-second wdsélution (125mM immidazol), 5-elution
(250mM Immidazol), 6-elution (500mM immidazol)

-43-



3.3.3 Expression in SHuffléscherichiacoli and autoinduction media

Both expression experiments were supposed to pFoeidlded and proteolytically active
protein located in their cytoplasma. Cytoplasmaath experiments were isolated and tested
by SDS-PAGE and fluorimetric assay. Neither of th@ovided any evidence which proved

that desired protease had been successfully express
4.Discussion

This thesis was planned as a part of biggaareh project which aims to characterize a
group of serine proteases®f mansoniThe aim of this thesis was a complete charactioiz
of SmSP1 and partial characterization of severaseh serine proteases involved in the
research project. Apart from SmSP1 other SmSP ggetewere never really investigated.
SmSP1 was first studied in past by Cocude at ather study, trypsin domain of SmSP1 was
expressed ii. coliand used as an antigen for immunization to gatibhadies for SmSP1
immunolocalization. This immunolocalization revehteat SmSP1 is located in schistosomula
tegument and parenchyma of adult worms and schistols which suggested possible role of
this enzyme in host-parasite interaction (Cocudd.e998). First part of my SmSP1
characterization is confirmation the previous ekpents to SmSP1 expression, immunization
and immunolocalization were successfully carriedand confirmed previous findings.
Sequence alignment of 101 other serine proteas&t lgnalysis helped us categorize studied
proteases according to their homology with the @idetermine common ancestors and their
nearest relatives. It was found out that SmSPh wrénolog of plasminogen @&. sinensisand
their common ancestor is derived from vertebrallss is in contrast with previous study in
which SmSP1 most identical enzyme was determiretgpure plasminogen (42% identity,
Cocude, 1997). Comparison of gRT-PCR results of Bingith results of other proteases
implies that SmSP1 (and also SmSP3 and SmSPHratease with specific function
especially in egg. Egg is protected by a shelvimdadamaging by immune system and
nutrition are provided from energy sources insfdedgg and the only aim of egg is an
elicitation of inflammation. This inflammation halphe egg trap through the intestine to be
excreted with feces so most of molecules secreted €gg should help stimulate immune
response to evoke inflammation. Potentially, Sm&®id be involved in this process. PCR

screen revealed information that the whole SmSBtepris expressed solely in the egg stage.
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The fact that SmSP1 contains LDL receptor coulcehaeonnection with the finding that eggs
of S. mansonsecrete specific molecules with cholesterol longeffect (Stanley t al., 2009).
Such molecule is expressed only in egg stage beadadesterol lowering effect was observed
only in mice exposed t8. mansonegg (Stanley et al., 2009). This molecule is cstesi of
three specific domains 1) a domain with extracatigignal 2) a domain which specifically
binds cholesterol transporting molecules and 3raain with proteolytic activity. Studied
SmSP1 is a proper candidate for such cholesten@ring molecule because fulfilled all
mentioned requirements. It is expressed in eggesiad possesses an extracellular cub
domain, LDL receptor and serine protease domair.réason, why egg lowering
concentration of LDL, could be to accelerate theation of inflammation. Several types of
immune cells are involved in inflammatory processhsas macrophages and T lymphocytes.
Macrophages and T lymphocytes ingest LDL with le#lpDLa receptor on their surface
(Boisvert et al., 1998). Macrophages with enharatstity of uptake of LDL were found in
mice exposed t8. mansoneggs (Flamme et al., 2007) which is a consequeéeceeased LDL
level in serum. If we consider that oxidized LDLhances pro-inflammatory response of
macrophages (Tits et al., 2011) so enhanced upfakBL into macrophages could contribute
to acceleration of inflammatory response and hedpetgg to be released faster. On the other
hand, it is hard to say if low expression of thistpase could have so massive effect and

decrease LDL level in the host.

Explanation of different transcript structafeSmSP1 in egg and other stages can be
explained that SmSP1 transcript is processed bynaltive splicing. Programs, which
determinate type of alternative splicing (AL), weleveloped mainly for a few organisms such
as human or mouse (Wang et al., 2005). To dateleganss the only worm for which such
software was constructed (Ramani et al., 2011} Tdut makes impossible determinate
whether or not SmSP1 is really processed by AL laitvtype of AL process SmSP1.
Therefore RACE and similar experiments have pakétdi determinate exact expression and

splice variants for particular domains.

RNA interference is a tool of specific geflerxing discovered i€. elegansvith a wide
range of organism, found in invertebrate, vertebeatd plants (Paddison et al., 2004). All

compartments (Dicer, RISC or RNAase H enzyme Argtej)anvolved in RNAI pathway
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were found in Schistosome genome and transcrip{maity-Peterson et al., 2008). These
findings confirm that RNAI is functional i8. mansonand can be applied nesearch under
optimized conditions. During last decade, condgionder which RNAi works best were
determinated (Stefanic et al., 2010). This doesmern that RNAi works for every gene.
RNAI efficiency varies from gene to geneSnmansonand every gene must be tested
individually for RNAI effect (Stefanic et al., 20L(RNAIi knockdown provides a few utilities.
For fundamental research, RNAI can help to deteateigene function if interesting and
informative phenotype is provided. For applied agsk, the necessity of gene function for
studied parasite can help to select potential tafge drug or vaccine. Another RNAI utility is
potential development of RNAi-based drug (Pecatl.e2011), even though RNAI therapy
was experimentally used only against mice infete8. japonicun{Pereira et al., 2008).
RNAI experiments mentioned above were pilot stutheselect which studied serine proteases
are susceptible to RNAI. Proteases susceptiblé\aiRurned out to be SmPEP, SmSP4
(Smp_129230) and SmMSP5 (Smp_141450). The readaiiuwré of RNAi for SmSP1 could be
a very low expression at NTS stage. NTS were useRBNAI experiments because RNAI is
perfectly optimized their use and also becausaeif ease availability. Possible solution of
SmSPL1 testing for RNAI is to carry out experimeadain with adults or with egg (Rinaldi et
al., 2009) because of high expression in thesestag

Second part of my work was focused on protgjression. Expression of trypsin domain
of SmSP1 was carried out to obtain expressed prégeitwo following applications,
immunization and biochemical studies. SmSP1 trydeimain was successfully expressed in
E. coli, purified, solubilized and used for immunizati&efolding process which led to
solubilized recombinant was carried out in threfdys but successful was in the last one
which contained high amount of sucrose and L-ArggnHigh amount of sucrose and L-
arginin increased the osmotic pressure of the bafid probably caused at least partial folding
of the recombinant and led to the fact that themdmnant was soluble. SmSP1 trypsin domain
possesses four cysteine bonds near to each othapi@ 3.1). This fact could have led to a
misfolding of recombinant and could also be theseanf impossibility to gain perfectly folded
recombinant. To activate soluble recombinant, i waated by four proteases which were
supposed to digest pro-domain to activate recomibinacause proteases are expressed as

zymogens. Failure of this experiment could havenlibat recombinant was only partially
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folded and activation was impossible. Another reasicfailure might have been that buffer
used for the assay was not optimal for this recoantti. Solution would be produced several

mutants and optimization of refolding conditions.

Another approach to get correctly refolded aative protein was the use of autoinduction
media ancE. coli Shuffle. ShuffleE. coliis engineered K12 strain expresses disulfide bond
isomerase DsbC. DsbC works as a chaperon whicstagsithe folding of proteins and also
promotes correction of mis-oxidized proteins irteit correct form (Chen et al., 1999).
Autoinduction media were developed by Studier Biudier et al., 1990) to gain correctly
folded protein irE. coli. This is supposed to be achieved by diauxic graf/ta. coliunder
low temperature. These conditions result in slo& gradual protein production which should
provide enough time for correct protein folding.tBexpressions were carried out under low
temperature for two days but SDS-PAGE and actedtyay revealed that protein expression
was not successful. There are several possibleeapbns for failure of these expressions.
The first is that produced protein was not stablg.icoli. After folded protein is created, it
could be degraded l&y. coli. Second, produced protein needs eukaryotic refglgystem
components (Golgi apparatus, Endoplasmic reticuluml) even chaperone presence in Shuffle
E. coliwas not sufficient for correct folding. Absencettoése components in bacterial cells
makes production of eukaryotic folded protein diffi. Third, produced protein is immediately

aggregated into conclusion bodies so there ismmtigh time for protein folding.

In case of the cause of activation failures Wee absence of eukaryotic components,
eukaryotic system was employed. Eukaryotic yPastia pastoriscould have provided active
protease because it possesses cellular comporesgssary for correct protein folding and
activation. This expression was designe® tpastorissecrete expressed recombinant into
medium. Such medium was lyophilized, purified aesteéd by SDS-PAGE and fluorimetric
assay. SDS-PAGE of purified recombinant provedginotvith relevant molecular weigh and
fluorometric assay detected activity. Activity wiakibited by serine protease inhibitor but no
inhibition was detected when cysteine proteaséitdriwas used. These findings suggest that
recombinant expression was successful but shoofageombinant makes impossible to test
recombinant by MALDI TOF. Optimization of expressiconditions will be necessary step for

confirmation of this recombinant and also for ansthier recombinant use. After enough
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amount of active SmSP1 protease is gained, SmSPhenindergone by various biochemical
analyses which should determinate functional festubuch analyses include PS-SCL
(Positional scanning-synthetic combinatory librayiehich is able to determinate % amino
acid preference of P1-P4 position. Next importanralgses are various assays which help to
determinate pH optimum, substrate, kinetic andaioin constants. Results of these

experiments will help determinate protein function.

Figure 28.Immunocalization of SmSP1 trypsin irS. mansoni adults Anti-chickenSmSP1
(1/500) localized native SmSP1 using DAPI show tpgsisignal in cuticle and parenchyma.
This respond to Cocude’s results (Cocude et a@8).9
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Figure 29.ML analysis (Maximum Likehood Analysis ofPhylogenetic tree) of 101 serine
proteases (BartoSova, Dviak, unpublish data)

These data indicate that SmSP1 is an orthologasihphogen o€lonorchis sinensiand that
they share the same ancestor from vertebrate.
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5. Conclusion

The aim of this thesis was a partial charazagon of SmSP1. This characterization was
performed by expression of recombinant and seweoé¢cular methods. SmSP1 was
expressed ifk. coli, purified, refolded used as an antigen for immatian. Several other
expression systems were tested but éhlgastorisprovided probably active protein. PCR
screen revealed that the whole SmSP1 is expresdgthagg stage and the other stages
produce only separated cub and trypsin domain. BRR-revealed that highest expression of
SmSPL1 trypsin is in egg stage and lower expressimnadult stage. RNAI experiments gave
us information that SmSP1 is not susceptible foARIN NTS. Main contribution of thesis
was to lay the foundations for further follow-usearch which could reveal actual function of
SmSP1.
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