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Introduction

1. Introduction

Despite more than a century of efforts to contralara, the disease remains a major
global problem, one of the most severe in publialtheworldwide. Data from 2006
suggest that about 3.3 billion people - half of warld's population — are living in
areas at risk of malaria, an estimated 250 miltases, leading to nearly a million
deaths (WHO, 2008a), (Figure 1.1). Malaria is @osirproblem in Africa, where one
in every five (20%) childhood deaths is due toeHects of the disease, and every 30

seconds a child dies from malaria (WHO, 2008a).

Human malaria is caused by infection with intradell parasites of the genus
Plasmodium that are transmitted bfnopheles mosquitoes. There are four species
causing human malari&lasmodium falciparum, Plasmodium vivax, Plasmodium
malariae and Plasmodium ovale. The simian malarigPlasmodium knowlesi has
recently been recognized as the fifth specieR®l@amodium causing malaria in human
populations (Cox-Singh and Singh, 200B).falciparum andP. vivax are the most
common causative agents aRd falciparum is the most lethal form. In 2004.
falciparum was among the leading causes of death worldwata & single infectious
agent (WHO, 2008b).

1.1. The life cycle ofPlasmodium falciparum

The human malari@lasmodium spp have a complicated life cycle involving two
hosts, and cycles between an asexual stage irethebvate host and a sexual phase in
an insect vector (Figure 1.2). Sporozoites arealiyttransmitted to the human host
through the bite of the femaknopheles mosquito. The parasites migrate to the liver,
and penetrate hepatocytes where they undergo dsdiusion (exo-erythrocytic
schizogony) to produce thousands of merozoResivax andP. ovale, at this stage
can remain dormant as a hypnozoite form that cactirate after symptomless
intervals of up to several years after infectidine merozoites enter the blood stream,
and quickly invade red blood cells. The asexualragpction of parasites in
erythrocytes (schizogony) and the release of méeszérom infected red blood cells
are responsible for the pathogenesis of the diseBsefalciparum develops
approximately 48 hours inside the red blood cdllsm ring stage (0-10 h post
invasion) to the trophozoite (10 — 36 h post ingasand the schizont stage (36 — 48 h

post invasion) (Figure 2). During the erythrocyichizogony, the parasite starts
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several rounds of asexual division, resulting inture schizonts (segmenters), each
containing 16-32 daughter merozoites. Approximaté8/ hours post invasion,
infected erythrocytes rupture and free merozoitestcan invade other red blood
cells and continue the cycle of parasite multigia® with extensive red blood cell
destruction. In some case, the merozoites penetinateed blood cell but do not
divide, instead they differentiate into male anthé¢e gametocytes, which can live
qguiescently in the blood stream for weeks and kerntaup by the mosquito. Once
drawn into the mosquito, the gametocytes rapidtivate, fertilise to form the diploid
zygote. After 18 to 24 hours, the motionless zydmeomes an elongated and motile
ookinete. The short-lived ookinete moves betweethosugh the midgut wall, and
lies beneath the basement membrane, develops mtgsto Through asexually
multiplication, a large number of haploid sporoesitare formed. Eventually the
oocyst ruptures and the sporozoites migrate ts#hgary glands, ready for the next
transmission cycle into the human host (Figure (DR)zewskiet al., 2008; Milleret

al., 2002a).
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Figure 1.1. Current distribution of indigenous malaria and the control status

of the disease(WHO, 2008a). White area, malaria-free countriesl/ar no
ongoing local transmission for over a decade. Gaaga, malaria-endemic
countries in phase of prevention of reintroductiddice blue area, malaria-
endemic countries in phase of elimination. Lightueblarea, malaria-endemic
countries in phase of pre-elimination. Dark blueaamrmalaria-endemic countries
in control program.
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Figure 1.2. Life cycle of P. falciparum [adapted from (Winzeler, 2008]. The
infective sporozoites are dispensed from salivalgnd) of a femaleAnopheles
mosquito into the human host. The sporozoites wudschizogony in hepatocytes to
produce thousands of merozoites which are releasedhe blood stream where they
invade erythrocytes. The erythrocytic asexual cygperiodically complete and
rupture the hosts to invade fresh red blood c8itsne merozoites differentiate into
sexual gametocytes which, when ingested by the uitosqinitiate sexual
development in the midgut, involving ookinetes audysts. The sporozoites inside
the oocysts eventually migrate to the salivary djJaawait transfer to the next
vertebrate host.
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Figure 1.2 The trophozoite stage ofP. falciparum-infected RBC [adapted from
(Tilley et al., 2008)] Red compartment: RBC cytosol; yellow compartment: P
lumen; sky blue compartment: parasite. MC: Mauretleft structure, TVN:
tubulovesicular network, C: cytosome, A: Apicoplad: Mitochondrion. Some
proteins inside the PV lumen are presented: PVIRAEPfSUB1 and some
chaperones. VPCC: putative vacuolar protein-condgothannel within the PVM.
C&* 40uM: C&* concentration in the vacuolar space. See tex} far4nore details.
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1.2. The parasite compartments

Plasmodium belongs to the phylumApicomplexa, a diverse group of unicellular
protozoan parasites characterised by the presdnggeoialised secretory organelles
at the anterior end of their invasive forms. Thpe®ozoa are pathogens of medical,
veterinary and economic importance. The Apicomplglxdum includes intracellular
parasites of humansPl@smodium, Toxoplasma, Cryptosporidium, Cyclospora,
Isospora, Babesia), cattle Theileria, Babesia, Neospora, Sarcocystis) and poultry
(Eimeria).

The merozoite: All apicomplexan parasites share features inclyginesence of a
specialised apical complex (after which the grasmamed), which is central to the
invasion process. The erythrocytic invasive forrh®lasmodium — the merozoite, as
well as other invasive forms, the sporozoite arstah ookinete, are highly polarized
cells containing the apical complex at the apical ef the parasite (Bannisteral.,
2000). These organelles consist of the rhoptriespticronemes, the apical polar ring,
and the conoid [review in (Blackman and Bannist2d01)]. The club-shaped
rhoptries and the small, elongated micronemes migua secretory organelles. They
contain products required for motility, adhesionhtust cells, invasion of host cells,
and establishment of the parasitophorous vacudl¢. (Fhe third secretory organelle,
the spherical dense granules, present in all drthe cytoplasm, are likely to be
involved in the maturation of the PV [(review in éktieret al., 2005)]. In addition to
the apical complex, apicomplexa have other exciussiructures, such as the
apicoplast [(Kohleet al., 1997; McFaddemt al., 1996; Wilsonet al., 1996)], which
may play an essential role in the synthesis oflipheme and isoprenoids (Waller and
McFadden, 2005). Another unique feature of Apicanplis the pellicle, a composite
structure consisting of the plasma membrane andltisely apposed inner membrane
complex (IMC) (Loboet al., 1999b). The pellicle is intimatelggssociated with a
number of cytoskeletal elements, includiagtin, myosin, microtubules, and a
network of intermediate filament-likproteins [review in (Morrissette and Sibley,
2002)].

In the human blood stream, the parasite grows girodifferent stages to gain

nutrients and modify the host cell before escapngl invading new RBC. The
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parasite undergoes numerous morphological chahgesghout the life cycle [review
in (Bannisteret al., 2005)].

The ring stage: After invasion, the parasite deforms into a thin bicoecasc
(Langreth et al., 1978), thicker at the cytoplasm regions around tiganelles
nucleus, mitochondria, plastid, most of the ribossnand endoplasmic reticulum
(ER) while the center region is thinner becausdes$ structures, giving the ring
shape in Giemsa staining blood smear. The pareestdes inside the newly formed
PV within the RBC, start feeding itself with haernagn catabolism through the
cytostome structure (Franaksal., 1997; Goldbergt al., 1990; Lobaoet al., 1999b) as
well as taking up other nutrients transported omfrthe plasma. As the ring stage
enlarges, it begins to synthesise molecules spédoaifihis stage (Spielmann and Beck,
2000) and to extend the surrounding PV membranev(PfAtkinson and Aikawa,
1990; Elfordet al., 1995). The ring eventually grows into the rountlephozoite

stage.

The trophozoite The difference between the ring and trophozdiges depends on
cell size and shape rather than any fundamentatnak difference, and indeed the
ring is more properly called the ring form of thhephozoite stage (Bannister al.,
2005). This is the period of most active feedinggwgh and red blood cell (RBC)
modification by exporting various parasite proteimso the host cytoplasm. In
Giemsa slides, trophozoites are characterisedsbhaige, rounded shape and dots in
the RBC cytosol, defined as Maurer’s clefts (Latlgret al., 1978; Wickert and
Krohne, 2007a). There are also small knobs onuhase of the RBC (Atkinson and
Aikawa, 1990). The membranous intracellular org@sealso increase the size and
the activity during growth (Bannistet al., 2005). The parasite continues feeding on
haemoglobin, and the haem products of haemogldgastion are accumulated into a
dark pigment, haemozoin, scattered within a lagsl f(pigment) vacuole (Egaast

al., 2002; Francist al., 1997).

The schizont: The parasite synthesises and assembles componanésemeeded for
the next cycle of RBC invasion (Floregttal., 2004). About 16 nuclei are generated
(the number may vary from 8 to 32 in a single sochiy (Margoset al., 2004) and
these move into merozoite buds formed around theaat's periphery (Bannistet

al., 2005). The merozoites are not completely matumd short before the release
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from the RBC. Finally, the merozoites are releaised protease-dependent process
[(Yeoh et al., 2007), review in (Blackman, 2008)] and the freerozoites are ready
for the next cycle.

1.3. The parasite induces alterations of the human erytlocyte

The mature human erythrocyte lacks a nucleus anerr antracellular organelles, is
devoid ofde novo protein/lipid synthesis. Thus, as the parasitevgrand replicates
within the vacuole, it drastically remodels the thoall to the favour of its adaptation.
These changes involve a range of morphological @maiological modifications of
the erythrocyte, both to facilitate accessing ttrieats and causing adhesion of the
infected RBC to the vascular endothelium [reviewlimgelbachet al., 2004; Plattner
and Soldati-Favre, 2008)]. Structures uniquePtdalciparum infected erythrocytes
have been detected by detail via electron microgemalyses, these include electron
dense protein-containing structures on the surtdd@BCs (the knobs) and several
membranous structures — the Maurer’s clefts (MQ@) @re tubulovesicular network
(TVN).

1.3.1. Structural alterations

1.3.1.1. Parasitophorous vacuole

Many intracellular parasites reside and develophiwitvacuoles. Thd eishmania
passively enters their host cells via the phagoqgyéithway and replicate within the
phagolysosomes. In contrast, apicomplexan parasiteh asToxoplasma and
Plasmodium actively invade the host cell. As a result, thesside within a
parasitophorous vacuole (PV) which maintains anmaéytH [review in (Lingelbach
and Joiner, 1998; Nyalwidhet al., 2003)]. Such a safe niche confers resistance to
some host cell defenses but significantly cutspiesites off from host metabolites.
These parasites have adopted different tactice¢aravent the problem, remodeling
their vacuole to make it permissive to vital subses (Plattner and Soldati-Favre,
2008). In case of the malaria parasite, the PVNh&a barrier between the infected
RBC (iRBC) cell cytosol and the parasite surfacke Vacuolar space represents a
proteome which is clearly distinct from the eryityte cytosol and from the parasite
cytosol (Nyalwidhe and Lingelbach, 2006).



Introduction

1.3.1.2. The Maurer’s Clefts

The membrane-bound compartment MC are the othesrretrjictural features seen in
the cytoplasm of infected RBCs [review in (Wickard Krohne, 2007b)]. Among
proteins associated with the MCs are the skeletodhing protein 1 [SBP-1, (Blisnick
et al., 2000)], the membrane-associated histidinepicitein [MAHRP, (Spycheet
al., 2003)], the ring-exported proteins REX-1 (Hawti®et al., 2004) and REX- 2
(Spielmannet al., 2006), the repetitive interspersed family (RIF)NBetteret al.,
2007) and the subtelomeric variable open readiagé [STEVOR, (Przyborskt al.,
2005)]. The MCs play a role as a parasite-indunégtinediate ‘sorting’ compartment
for proteins destined to the erythrocyte membraegi¢w in (Lanzeret al., 2006;
Przyborski, 2008; Wickert and Krohne, 2007b)].

1.3.1.3. The tubulovesicular network

The TVN projecting from the PVM to the red cell ledveen imaged by fluorescence
microscopy (Behari and Haldar, 1994; Elmendorf &faddar, 1993; Haldaet al.,
1989) and these studies suggest that the PVM and &ké all interconnected
compartments with other intraerythrocytic structuseich as the Maurers clefts. The
enlargement of the membrane most likely is due ttabyolic processes by the
parasite since mammalian erythrocytes do not sgigbdipids or proteins de novo
(Lingelbach and Joiner, 1998).

1.3.1.4. Knobs

An important aspect in virulence d?P. falciparum is the ability of infected
erythrocytes to sequester in and obstthet microvasculature of different organs
(MacPhersoret al., 1985). Cytoadhesion is mediated by the antigdgizariant P.
falciparum erythrocyte membrane protein-1 (PfEMP1) (Barettal., 1995; Hayet
al., 2009; Kilejian, 1979; Set al., 1995). PIEMP1 is concentrated on electron-dense
elevations of the membranermed as knobs (Luse and Miller, 1971; Trageal.,
1966). The knob provides a platform for adheramwder physiologic flow conditions
(Crabbet al., 1997; Deitsch and Wellems, 1996). The other mamponent of knobs
Is the knob-associated histidine-rich protein (KAHRP) @i&an, 1979), and it
contributedo altered mechanical properties of parasite-ief@arythrocytes (Rugt
al., 2006).
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1.3.2. Biochemical/ physiological alterations

In addition to morphological and structural changeshe infected erythrocyte, the
parasite alters the permeability of the RBC membi@BCM) to allow the uptake of
nutrients, the removal of “waste” and volume anal iegulation of the infected cell
(Ginsburget al., 1983; Kirk, 2001). The increase of RBC permegbib attributable
to the appearance in the membrane of 'New Permmed&aihways' (NPP) (Kirk,
2001), thought to be one or more types of chanriéxently,the involvement of
parasite encoded proteins in the generation ofpdteways was reported, either as
components of the pathways themselves or as ayxilgctors (Baumeisteet al.,
2006).

1.4. The parasitophorous vacuole- form and function

1.4.1. Invasion of erythrocytes and the PV formation

The invasion of erythrocytes by merozoites occagidly (Cowman and Crabb,
2006; Maieret al., 2006). The entire process of erythrocyte invasakes about 30 s
to 60 s and only about another 10 to 20 min tosfiam into an intracellular ring-
stage parasite (Dvoradt al., 1975; Mitchell and Bannister, 1988). Upon contaith

an erythrocyte, the merozoite attaches and orié@stsanterior end towards the
erythrocyte. The initial contact between the meitezand erythrocyte is a crucial
step, probably a random collision and presumab¥plires reversible interactions
between proteins on the merozoite surface and disé drythrocyte (Bannister and
Dluzewski, 1990). Primary attachment of the polarozoite appears to occur at any
point on the surface of this parasite stage. Séveesozoite surface coat proteins
have been described in this primary contact (Meti@f., 2006), largely comprised of
glycosylphosphatidylinositol (GPI) anchored memieramproteins. The best
characterised protein is the merozoite surfaceeprdt (MSP-1), the most abundant
protein on the merozoite surface. MSP-1 is esdefiotigparasite survival, and is one
of the major vaccine candidates (Holdgeal., 1999; O'Donnelét al., 2000).

The reorientation then occurs so that the apical einthe parasite is facing the
erythrocyte membrane. A close association knowtigas moving junction is formed
between the merozoite and the host cell membraretree microneme contents are
released at the same time (Aikaataal., 1978; Aikawaet al., 1981; Bannister and

Mitchell, 1989; Bannister and Dluzewski, 1990). Tagical membrane antigen-1
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(AMA-1) has been implicated to establish a key lbgween the weak initial contact
involving MSPs and irreversible tight associatidosmed with microneme proteins
(Alexanderet al., 2006; Mitalet al., 2005; Triglia, 2000). Two protein families, the
Duffy binding-like (DBL) protein family (Camus andHadley, 1985; Milleret al.,
2002a) andP. falciparum reticulocyte binding protein homolog (PfRh or PiREare
prime candidates for the adhessins in junction &irom (Maieret al., 2006; Trigliaet

al., 2005). The motor factor(s) ilasmodium merozoites have not been specifically
identified, but in sporozoites that invade liverllge thrombospondin-related
anonymous protein (TRAP) appears to provide theiallink (Morahanet al., 2009;
Sultanet al., 1997).

The entry phase of merozoite invasion into erytit®ds an active process by the
parasite since the mature RBC is not capable bieeiphagocytosis or receptor-
mediated endocytosis. Ultrastructural studies shbat upon the forming of the
junction, the merozoite moves toward the apical and a membrane-line invasion
pit, the PV, begins to form beyond the boundarieshe junctional bands and the
roptry constituents are discharged into the PV éniiet al., 1978; Aikawaet al.,
1981; Bannister and Mitchell, 1989; Sam-Yelloaeal., 1988). These ultrastructural
observation, together with proteomic data (Sam-ofedlet al., 2004) indicate that the
rhoptries components participate in formation o VM and the PV [review in
(Galinskiet al., 2005; Lingelbach and Joiner, 1998)].

Invasion ends with a sequence of further changest, fhe PV is sealed off by the
fusion of the RBC membrane across the mouth opithend the PVM also seals and
detaches from the RBC surface. Second, the dermaulgs (DG) move to the
merozoite surface and fuse with it to release tbeitents into the PV, causing the
further expansion of the PVM (Aikawa al., 1978; Bannister and Dluzewski, 1990).
Ring-infected erythrocyte surface antigen (RESAg first indentified dense granule
protein (Aikawaet al., 1990), was detected to release from merozoite diér
erythrocyte invasion (Culvenet al., 1991).

The biochemical composition and molecular procdsth® PVM formation remain
unclear, but recent studies of bd®hasmodium and Toxoplasma are opening some

answers. Whatever the mechanism, it is clear teRBC membrane is modified at

11



Introduction

the point of invasion, and that secretion from iierozoite rhoptries is largely if not
wholly responsible for the changes. For the lipadt of the PVM, host cell membrane
lipids are substantially involved in PVM formatigHakanssoret al., 2001; Haldar
and Uyetake, 1992; Pouveleal., 1994; Wardet al., 1993). But the composition is
somewhat unexpected when Phosphatidylinositol - 4 bisphosphate, a major
phosphoinositide in erythrocyte membranes, was doemcluded from the PV
(Murphy et al., 2007), thus providing the first evidence for argicyte phospholipid
remodeling by the parasite. Analysis of detergesistant microdomains (DRM)
obtained from a total membrane fraction of infeategthrocytes (iRBC) also revealed
several host proteins in the PVM, including flatid-1 and -2, aquaporin-1,
scramblase (Murphgt al., 2004) and most recently, aquaporin-3 (Bttal., 2009).
However, whereas a host cell DRM-associated stomiaéind 7, is excluded from the
PVM, a parasite stomatin in rhoptry DRM rafts ahd parasite RhopH proteins enter
the vacuole (Hilleret al., 2003). The mechanism of these events clearlyinegjthe

participation of both host- and parasite-deriveztdes.

1.4.2. The PV — a transit compartment

Mature erythrocytes are devoid of trafficking madry or organelles and, therefore,
the parasites must set up and regulate proteirsgoaih within the erythrocyte
cytoplasm to mediate the uptake of nutrients framhost bloodstream, in addition to
displaying parasite-encoded proteins on the ergileo surface (Charpian and
Przyborski, 2008; Cooket al., 2004). To reach the host cell cytosol or surface,
parasite proteins must passage across both thsitegopdasma membrane (PPM) and
the PVM.

Trafficking of proteins to the PV is similar to thdassical pathway of higher
eukaryotes, with proteins entering the endoplasmiiculum (ER), based on an N-
terminal ER targeting signal (Adishal., 2003; Bentinget al., 1994; Wickhanet al.,
2001). Some proteins, such as the serine-rich em{§ERA) family, remain in the
vacuolar lumen (Delplacet al., 1988; Knappet al., 1989), whereas other proteins,
such as KAHRP are directed outwards across the RWtkham et al., 2001).
Earlier studies evidenced that soluble parasitetepre destined for the host
erythrocyte pass transiently through the lumenhef PV before being secreted into
the red blood cell (Ansorget al., 1996; Baumeistegt al., 2001). Later publications
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reported that those exported parasite proteingnequconserved motif (RXLXE/Q/D),
termed thePlasmodium export element (PEXEL) or Host Cell Targeting (HCT
Vacuolar Targeting Sequence (VTS), for targetingonel the PVM into the host cell
(Hiller et al., 2004; Martiet al., 2004). PEXEL appears to be cleaved within the
parasite’s ER. The “new” n-terminus of the protiirthen acetylated (Boddey al.,
2009; Changet al., 2008). The machinery involved in protein transpmeross the
PVM is poorly understood. It has previously beeparted that PEXEL-containing
chimaeras within the PV have the appearance otklame of beads that are resistant
to recovery after photobleaching, suggesting tlesgmce of subcompartments within
the vacuole (Adisat al., 2003; Wickhamet al., 2001). These compartments may
house factor(s) that identify and translocate pnstérafficked there. Latest evidence
reported that soluble proteins must cross the PWid the erythrocyte cytoplasm in
an unfolded state, strongly supporting the existavfca vacuolar protein-conducting
channel (VPCC) within the PVM (Gehaeal., 2009).

1.4.3. The PV — nutrition acquisition and regulation of the ionic environment
Apart from being a protein sorting compartment, Fhé is also postulated to play a
role in nutrient acquisition (Lingelbach and Jojném©98). Plasmodium ingests
approximately 80% of the host cell haemoglobin itsramino acid supply and to
provide “space” for the growing parasite cell (Leval., 2003). The cytostome
structure (see 1.2 above) constantly phagocytdee$VM including haemoglobin
and transport to the food vacuole where the haevboglis digested. Those poorly
represented amino acids (cysteine, methionine,giutdmine) or absent (isoleucine)
in human haemoglobin or other essential nutritiaamals must be uptaken from the
external environment. The proposed mechanisms @diisiion might be from the
NPP (Kirk and Saliba, 2007)(see 1.3 above). Elptiysiological and biochemical
studies have shown that the PVM contains nonsekgiores that allow passive
bidirectional movement of small molecules up to @@a (Desai and Rosenberg,
1997; Kirk, 2001; Nyalwidhet al., 2002).

From the molecular sieve feature of the PVM, theidocomposition of the PV is
expected to be very similar, if not identical, twetcytoplasm of the erythrocyte.
However, if the vacuolar space contains the samie nvironment as RBC cytosol,
the parasite faces critical survival problems. dmmon with othemammalian cells,

the erythrocyte cytoplasm maintains high ¢oncentratior(140 mM) and very low
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C&* (100 nM), clearly in contrast to that of regulatracellular medium in most cells
(Alleva and Kirk, 2001). Regarding &a eukaryotic cells normally need an
extracellular C& concentration close to millimolar rang®lasmodium parasite
cleverly overcomes the problem by the maintenarfca high C&" concentration
within the PV (Gazaringt al., 2003). The [C&] within this compartmentas found

to be around 40 puM, sufficiently high to be complativith a normal loading of the
Plasmodia intracellular C&" stores (100 — 1,000-fold higher thiwat in the parasite
and RBC cytoplasm respectively). The authors aésnahstrated experimentally that,
if the C&* concentration in the PV was reduced, the maturatfothe parasites was
impaired, and eventually iscompatible with the survival of tHlasmodia within the
RBC. The sequencing of titasmodium genome (Gardnest al., 2002)and several
recent studies have identified in this paraaiteumber of signaling molecules related
to those of vertebrateells, including many proteins concerned wittf Geandlingand
signaling [review in (Garciat al., 2008)]. The key question addressed here is to
identify factors involving in the C& homeostasis and the €dased signaling
mechanisms, with the PV as a “Caeservoir outside of the parasite plasma

membrane.

1.4.4. The PV — preparation of merozoite egress

To invade the host cell, the parasite must firgilfiate egress from its infected cell,
and this process involves disruption the PVM argl ltlest cell membrane. It was
observed that egress is a rapid, and thereforanfleyence, highly regulated event
[review in (Blackman, 2008)]. The mechanism and témporal sequence of PVM
and host cell membrane rupture are not well undedst Live microscopy and
selective inhibitor studies have revealed fRafial ciparum merozoite egress is a two-
step process, but whether the PVM or the hostmelinbrane ruptures first is still
much on debate (Glushakoehal., 2005; Soniet al., 2005; Wickhamet al., 2003).
Recent work by Heussler and colleagues in livegestaerozoites has revealed some
important parallels with the blood stage egresse Tfservation, very clearly
detectable in these relatively large cells, hagedywith the work from Wickhara
al. in which the PVM breakdown precedes RBC membramture (Sturmet al.,
2006; Sturm and Heussler, 2007; Wickhetral., 2003).
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Whatever the sequence of membrane rupture is,usapablications evidenced that
the egress requires protease activity. Treatmenthefcultures ofP. falciparum
asexual blood stages parasites with a range oégsetinhibitors, such as a mixture
of leupeptin, chymostatin, antipain (a serine agstaine protease inhibitor), E64
(cysteine protease inhibitor), pepstatin (an agparbtease inhibitor) resulted in the
blocking of merozoite egress [review in (Blackm@008)]. Nevertheless, at least
three common conclusions can be drawn from theragtated data: that breakdown
of the PVM and host cell membrane is differentialdgulated; that both events are
protease-dependent; and that PVM rupture is ande64itive process. Given the
high specificity of E64 for cysteine proteases,sttstrongly implicates the
involvement of one or more cysteine proteases itMPUpture, and at least one
additional distinct activity in host cell membraneture. Members of the SERA, a
family of nine genes irP. falciparum, are one of the best potential mediators of

egress.

The SERA proteins are most highly expressed atzenhistage and localize to the
PV lumen (Delplacet al., 1987; Delplacet al., 1988; Knapet al., 1989; Knappet

al., 1991; Milleret al., 2002b), putting them in the right place and atrilght time to
take part in egress. All the SERA gene productseshecentral relatively conserved
papain-like domain as well as N- and C-terminaliaeg that contain a number of
conserved Cys residues (Millet al., 2002b). SERA5 and SERA 6 are most
abundantly transcribed and translated. Early studiso marked a close temporal
association between the proteolytic processing BRAS5 and blood-stage egress
(Delplaceet al., 1987; Delplaceet al., 1988). The processing of SERA5 was shown
to be mediated by a subtilisin-like serine proteeaied PfSUB1 (Blackmast al.,
1998; Sajidet al., 2000; Yeohet al., 2007). Using a transgenic parasite line
expressing epitope-tagged PfSUB1, Yeoh and collemaghowed that PISUB1 was
expressed in an unusual set of dense granule-td@nelles (exonemes) from which
it is released, in a fully soluble form, into th¥ Bpace just prior to egress (Yeeh
al., 2007). A selective PfSUBL1 inhibitor preventedesgr and also blocked SERA5S
processing, suggesting a link between these evBluseover, upon its release into
the PV, PfSUBL1 directly mediates the primary prbteo processing of three major
proteins on the merozoite surface, MSP1, MSP6 a&iP®(Koussist al., 2009).
Thus the PV contain factor(s), so far PfSUB1, whrelgulate both egress and
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proteolytic remodelling of the developing merozoite preparation for its release
from the infected cell.

In addition to parasite-derived proteases activitparasite egress, the latest work on
P. falciparum and Toxoplasma reveals that both parasites hijack host cell oatei
regulated calpain protease to facilitate their pscafrom infected cells
(Chandramohanadag al., 2009). The authors suggest a model involvingigalc
signal triggered late in the development stagesxeCagain, it raises the question of
how the parasite regulates Gaased signaling mechanisms (see 1.4.3 above). As a
distinct compartment from both the parasite andhibet cell cytosol, the PV resident

proteins would have unique features and functimasting for further research.

Generally, the function of gene products can bdaggd by experimental approaches
that involve in the knocking-out of individual oeveral genes. A major limitation in
determining the function of geneskhasmodium has been the inability to genetically
manipulate this parasite with ease. Also, clasgeaktics studies iR. falciparum are
limited due to the difficulties in creating geneticosses (Wallikert al., 1987).
Nevertheless, the generation of knock-oRt falciparum parasites has been

successfully applied and enabled researchersdy ptienotypic changes.

1.5. Genetic manipulation of P. falciparum

The malaria parasite represents a unique challdogdransfection because the
introduced DNA must cross multiple membranes befbrean enter the parasite
nucleus, including those of the RBC, the parasibopbis vacuole, the parasite and the
nucleus itself. Therefore, although thevitro culture system of. falciparum has
been used widely for many years (Trager and Jenk@rng), transfection of the
parasites remained elusive despite intensive sffdmansfection of malaria parasites
was first performed transiently in the sexual stagé the bird malaria parasite
gallinaceum (Goonewardeneet al., 1993). It was not until 1995 that Wu and
colleagues performed the transient transfectiorthen human malaria parasite
falciparum (Wu et al., 1995) and van Dijik first reported the stablengf@ction in
Plasmodium, using the model organism of rodent mald&iderghe (van Dijk et al.,
1995). Soon after, the similar system demonstratedst thatP. falciparum within
erythrocyte can be successfully modified by intégeatransfection (Crabb and
Cowman, 1996; Wt al., 1996). Despite the low efficiency of the falciparum
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transfection, these crucial breakthroughs shed liggw to malaria research, widened
studies of many aspects for understandifiggsmodium biology and malaria

pathogenesis in molecular terms.

1.5.1. Difficulties with P. falciparum transfection

Unlike many other systems, including the rodentamal parasiteP. berghei, P.
falciparum can only take up the circular plasmid DNA, witlvery low efficiency in
the range of 18 (O'Donnellet al., 2002), compare to the efficiency Bf berghei (~
10* — 1¢). The low competence is primarily related to teguirement of performing
the transfection at the intracellular ring stagetted blood stage cycle. Hence, the
exogenous DNA must cross the four layers of mendwabefore reaching the
nucleus. The transfection efficiencyPaberghel is, however, much higher due to the
transfection directly into the freely extracellulaerozoites, avoiding the multilayers.
P. falciparum extracellular merozoites have a short half-lifel 4o date, there is no
method to prepare sufficient vialdhe falciparum merozoites alone, not to mention for

use in transfection.

Another major obstacle is the extremely rich A/Thtemt of P. falciparum DNA
sequences, which leads to difficulties in cloningps inEscherichia coli. The AT
composition of the extragenic regionRffalciparum genes can be higher than 90%.
For most of stable transfections, vector constraotsquite large, containing both the
ampicillin resistance marker for selectionkncoli and selectable marker cassette in
Plasmodium, as well as the targeting sequence. The plasmmdteats are highly
unstable and poorly yield, often end up in extemsecombination state. The cloning
steps might take several months and are labor canguwith a need to screen large
numbers ofE. coli colonies to identify those that contain the cdri@asmids in an

unrearranged state.

Another complication ofP. falciparum transfection is their ability to maintain
transfected plasmids as stable episomal replicétion (SRFs) under the pressure of
drug selection (Kadekoppakt al., 2001; O'Donnelkt al., 2001). These SRFs are
large concatamers of the parental plasmids, comgriat least nine plasmids in a
head-to-tail array. Subsequently, the plasmid matign into a specific chromosomal

locus is achievable iR. falciparum but the methods are slow and laborious [reviewed
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in (Crabbet al., 2004)]. This problem can be circumvented by deutdmologous
recombination and removal of episome-containin@giées, using negative selection

system of marker thymidine kinasgK() (Duraisinghet al., 2002) (Figure 1.4).

The stable transfection iRlasmodium is also restricted by the limited number of
positive selectable markers. The two most commaoskd selectable markers are a
modified Toxoplasma gondii dihydrofolate reductase-thymidylate synthase gene
(DHFR-TS) (Wilsonet al., 1996), confers resistance to pyrimethamine aachtiman
DHFR gene IDHFR) which resists to the experimental antimalarialgdi?wVR99210
(Fidock and Wellems, 1997). Three other positiveectable markers have been
successfully used ifP. falciparum selections, including blasticidin S deaminase
(BSD) (Mamounet al., 1999), neomycin phosphotransferaseNEQ) (Mamounet

al., 1999) and puromyciil-acetyltransferase®?AC) (de Koning-Wardet al., 2001),

encode resistance to blasticidin, geneticin (G4f) puromycin, respectively.

1.5.2. Functional analysis by integrative transfection

At the moment applying the RNAI technique might bet possible irPlasmodium,
mostly due to the absence of RNAI pathway orthollegany of the available
Plasmodium databases [review (Militellet al., 2008)], thus, genetic studies of gene
characterisation in this parasite mainly dependntroducing exogenous DNAs by

transfection techniques, either by transient dslstransfection.

15.2.1. Gene targeting by single-crossover

The advancement of stable transfection and homakgoecombination in
Plasmodium has allowed direct studies on malaria protein fionc In T. gondii,
integration into the genome occurs preferring nomblogous over homologous
recombination, leading to efficient insertional eng#nesis (Roost al., 1997).
However, if the length of the homologous sequescsufficient (2-3 kb), double
cross-over inl. gondii is favourable (Wilsoret al., 1996). In contrast, integration in
the Plasmodium system is almost exclusively homologous, and #s ks 250 — 300
bp of targeting sequence is effective enough ferittbegration (Lobcet al., 1999a).
The Plasmodium genome is haploid and integration of transfectddlADnto the

Plasmodium genome occurs by homologous recombination (Craib @owman,
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1996). This has provided a capable system for nudattipg thePlasmodium genome

by gene disruption or allelic replacement.

1.5.2.2. Gene targeting by double-crossover homologous recdamation

using negative selection marker
Despite the ability to disrupt many genes, theeearleast two big disadvantages to
knockout by single-crossover integration. Firsttelafintegration, the plasmid
backbone is still maintained at the site of theegbotus, making it challenging to
knock out a second gene, using a different selkctabrker, as the second integration
event would be favored the first integrated plasivagkbone over the desired locus
(Cowman and Crabb, 2005). The existence of theypthbackbone can also lead to a
potential reversion event by looping the plasmicckbaut from the genome,
generating plasmids that could segregate duringzegbny. Although it is rare,
reversion has been previously reportedPirberghel (de Koning-Wardet al., 2000;
Sultanet al., 1997). Furthermore, the single-crossover recoatlmn can result in
truncated proteins with a potential dominant negaeffect as demonstrated with
PfEMP3 (Waterkeymt al., 2000). Secondly, the time required to obtaingrdaets by
single-crossover incident is prolonged due to teesistence of the circular episomal
plasmids. It takes 2 to 3 weeks for the integratdriinear DNA into P. berghei
chromosomes but at least 3 months to select tegration of circular plasmid DNA
in P. falciparum (Crabbet al., 1997; Crabhbet al., 2004) The parasites containing
integrated plasmid have to compete with the passwith episomal form. The
episomal plasmid containing parasites possibly giaster, limiting the selection of
homologous recombination parasites. In some casds impossible to isolate
parasites with gene disruptions that result in ei®ed growth rates. To isolate
integrated parasites, a growth on and off drugiegctan be applied. Episomal
plasmids are segregated non-evenly into daughtevzoikes (O'Donnelét al., 2001;
van Dijk et al., 1995), resulted in some cells obtaining manymldscopies whereas
others are plasmid deficient. In contrast, integtafplasmids will be equally
distributed into daughter merozoites. Removal afgdselection will rapidly lead to
the loss of episomal plasmids, and re-introductérdrug pressure after a period
would select for parasites with integrated evef@swman and Crabb, 2005). Thus,

the strategy of on-and-off drug cycling, howevendi consuming, has still been the
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conventional method for selecting parasites withgle-crossover homologous

recombination.

To overcome the disadvantages of single-crossaxagegy, the rare double-crossover
event has been recovered by use of a negativetiealgnarker (Duraisinglet al.,
2002). Negative selection relies on the expressioa foreign gene in a cell that
converts a normally harmless drug into a toxic drfee thymidine kinaseTK) gene
from Herpes simplex virus is an enzyme that activates nucleoside goa® such as
ganciclovir into a toxic metabolite which inhibitse de novo pyrimidine biosynthesis
pathway and DNA synthesis directly. TA&K gene was used together with the
positive selectable markbDHFR to create positive/negative selection systems. The
positive selectable marker was flanked by the twondlogous regions of target
sequence. Under the pressure of positive and wegselection, parasites containing
episomal plasmids are resistant to WR99210 butepiitde to ganciclovir. The only
survival parasites were those with integration lulde-crossover recombination,
deleting the negative selection cassette as welthas plasmid backbone, and
incorporating the positive selectable marker inte tlocus of interest on the
chromosome, generating the knockout line. Duralsiggal. had also tested the
ability of using thek. coli cytosine deaminase (CD) enzyme in negative seleciD
converts the prodrug 5-fluorocytosine (5-FC) inte t5-fluorouracil (5-FU) toxic
form, inhibits RNA synthesis as well as the thynhédg synthase. However, at the
time of experiment, th&. coli CD system was not successful as it resulted irantut
P. falciparum parasites resistant to the effect of the 5-FC buditiz.

While the double-crossover recombination by negatielection strategy using the
TK enzyme has now become the main approach to kmbakenes irP. falciparum,
the system itself has been reported not potentgindn some cases, parasites with a
single copy of the plasmid integrated via singlessover recombination could still
survive in high concentration of ganciclovir (Dwiaigh et al., 2003b; Maieret al.,
2003). The possible reason was the lack of sufficlé&k expression from one copy of
the gene, allowing some parasites to survive. Aenpatent negative selection system
Is required. The yeast fusion protein yCDUP fr&accharomyces cerevisae CD
(ScCD) and uracil phosphoribosyl transferase (SCDPRere recently successfully
applied for positive-negative selection i falciparum (Maier et al., 2006) and

shown to be very effective for double-crossoverweer, the concentration of the
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prodrug 5-FC must be in control because no passgitre obtained after selection
with more than M of 5-FC. This was likely because of the “bystanééect”,
where ScCDUP expressing parasites metabolise thdryg 5-FC to the toxic
metabolite 5-FU which could diffuse into the nor€EdJP containing parasites,
resulting in growth inhibition and killing them. lthe TK orE. coli CD negative

selection system, this “bystander effect” was alsserved (Duraising#t al., 2002).

Despite the shortcomings of the TK-negative seabectiector, the system has been
very useful in knockout studies B falciparum, including those genes which were
not able to be disrupted previously by single-coess strategy (McCoubriet al.,
2007). The application of gene disruption by dotdstessover recombination was
taken to a new level by a large scale gene knoclapproach with functional
characterisation of 83 parasite proteins that aterially exported out of the PV
into the host erythrocyte (Maieat al., 2008). The work was initially started with
pHTK vector (Duraisinghet al., 2002), and further improved by ScCDUP system
(Maier et al., 2006). In the study they were able to disruptb83 genes by double-
crossover homologous recombination. For the resg@&tes, the transfection was
successful but not the integration. While the ifigbio select the integrated form for
some genes is not a convincing proof that they esgential under laboratory
conditions, it is consistent with the suggestiomttithey might play important
functions in growth of the erythrocyte stage pdessi This study significantly
extends our understanding of the role of exportedtems in host/parasite
interactions being essential for survivalRffalciparumin vivo and defines a group

of potentially novel therapeutic targets.

While gene disruption is an important techniquaddress protein function, there are
essential genes which are impossible to knockoetnegtargeting for allelic
replacement via single-crossover recombinationde®me an important tool. This
technique is particularly useful in studying théerof mutations in drug resistance;
especially when targets are essential genes andntwfication of amino acids
would not disrupt the sequence and function ofginst Allelic replacement has also
been applied to address the role of antibodies nnmunity or to identify

polymorphisms [for review see (Cowman, 2005)].
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Figure 1.4: Schematic representation of single (A) and doubleB] crossover
homologous recombination inP. falciparum. (A) The insertion construct contains a
selection cassette (sphere box, M) and a fragnfahedargeting sequence (wide upward
diagonal box). The targeting sequence could eitieeat the 5’ or 3’ end of the target
gene (solid box), here is shown the scheme of ten® single crossover. (B) Double
crossover with the pHTK vector. TIl®HFR cassette is flanked by the two homologous
regions of the targeting sequence. The plasmidbmaek (dashed line) also contains the
Thymidine kinase cassettéTK, dot box) for negative selection. See textriaore details.
WT : target locus of wild-type parasi#®& prediction of the integrated locus.
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1.5.3. Other gene technique advances iR. falciparum

Although insight into malaria protein function hlasen achieved through the gene
disruption by homologous recombination, the techaigcannot be applied in
essential genes. The only way to control the esprasof essential genes, in the
haploid organisni. falciparum, is to regulate the gene expression system, wiash
not been described until recently. The first capdil expression system iR.
falciparum was based on the Anhydrotetracycline (ATc)- inblecsystem (Meissner
et al., 2005). However, because of its complicated sysdech the time-consuming
procedure, the method has not been widely applied.

Most recently several methods have been develdpeliiding the ribozyme-based
system (Agop-Nersesiagt al., 2008). The ribozyme was placed at the translation
start region of the gene of interest, leading &aehge of MRNA and its degradation.
RNA self-cleavage can be controlled by specificibitbrs of ribozyme activity,
keeping the mRNA stable and hence, its translatiorprinciple, embedding this
regulation system into any locus allows placingdkeee of interest under the control
of its endogenous promoter to ensure the rightnignof expression. The method is
still a newborn technique and in the process oflifig specific and harmless
ribozyme inhibitors to prevent the cells from togitects.

Another strategy is the post-translational regatatby a destabilization domain
technology (Armstrong and Goldberg, 2007). This hudt prevents proteins from
degradation by adding Shield-1, a permeable smalkecnle ligand of the human
rapamycin-binding protein FKPB12. The ‘destabili@aat domain’ of FKPB12 is
fused to the N- or C-terminus of the target prateihereby facilitating its
degradation. However, the destabilization domathrtelogy has not been developed
for secreted proteins yet. The latest advancengettie co-regulated transgene and
bsd selectable marker by a bidirectional promoter (Epg., 2008).

In P. berghe, tool for functional analyses of essential genagehbeen achieved by
the FIp/FRT site-specific recombination (Carvalboal., 2004). A site-specific
recombination system has also been developedP.infalciparum, using the
mycobacteriophage Bxbl integrase (Nkrursgél., 2006). The Bxb1l system offers a
method to complement gene function but currentéysisstem is of no advantage for
available gene knockout lines as these do not cotha required site-specifiattB

andattP site.
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With more than 60% of the genome coding for hypiithé proteins (Gardnest al.,
2002), the conventional one-by-one knockout procedkinot strong enough for the
study of protein function. Tools to identify essahtgenes in malaria parasites
require high-throughput screening selection. Omitil wecently have the transposon
based mutagenesis been developed, allowing furatigenomic studies to be
performed proficiently. InP. berghel that was the shuttle transposon mutagenesis
system, using a mini Tn5 transposon derivative &8ako et al., 2005). InP.
falciparum, it was developed by Bal@t al, using the piggyback transposable
elements (Balet al., 2005). This is the first system that allows wgtesd, random
and direct integration with high efficiency intoetR. falciparum genome. Currently
the system has only been tested the transientiesged transposase therefore a large
scale screening has not achieved (Balal., 2005).

1.6. PfPV1 - a novel parasitophorous vacuole protein

In order to identify and characterise the vacuplateins that are involved in various
processes, we have begun to analyse the PV’'s pnetéblyalwidheet al., 2002;
Nyalwidhe and Lingelbach, 2006). Proteins of the AV into the following main
classes: chaperones, proteases, and metabolic eszgonsistent with the expected
functions of the vacuole (Nyalwidhe and Lingelba2006). From the proteomic data,
we identified a protein which was named PfPV1 fdvick no functional annotations
are available. The encoding gene PF11 0302 on adsomme 11 contains no intron
and expresses a product of 4&@ino acids. PfPV1 has a theoretical pl of 4.97 and
molecular mass of 51951.49 Dalton [from PlasmoD®Bjr(ecoecheat al., 2009)].
The protein is predicted to have an N-terminal aigequence and the cleavage site is
between position 21 and 22: IYG- NV (Bendt®tm@l., 2004). ThePfPV1 gene had
been evidenced to be expressed at all stages ohtifaerythrocytic development
(Bozdechet al., 2003b; Le Roclet al., 2003). The latest update from PlasmoDB has
also reported peptide sequences of PfPV1 foundunifigd merozoite proteomics
[PlasmoDB, (Aurrecoecheat al., 2009)] and gametocyte and ookinete stages
(Aurrecoecheat al., 2009).
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1.7. Objective

While it is reasonable to speculate that vacuolamitrane shelters the parasite in a
potentially hostile environment, there are mucherorthe biological function of this
particular compartment. The aim of this study ischaracterise PfPV1 protein by
reverse genetic approaches. The generation of kowickarasites will enable us to
test whether the respective gene is essential iiideir deletion results in viable
parasites, it will enable us to study phenotypiangdes. The recombinant protein
fused to GST or 6x His-tag expressecEircoli is also studied to further proceed in

pull down assays to identify interacting patterns.
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®
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Figure 1.5: PfPV1, a conservedhypothetical protein encoded by PF11_03(. (A),
Genome browser of PF11_0302 gene (GenBank: XM_O0&34) on chromosome
11 (graphic from NCBI). The neighbouring genes PRBDO, PF11 0301 and
PF11 0303, PF11 0304 were also displayed on the {@adPeptides of PfPV1 were
detected from mass spectrometry data of free meesz@Aurrecoechest al., 2009).
(C), Protein features of PfPV1, graphic from PlaBiBo4.4. (D), Expression profile
of PF11 0302 gene, data from glass slide oligoyafBazdechet al., 2003a) on 3
different P. falciparum strain: HB3, 3D7 and Dd2, color specific for eathain as
depicted on the graphic; y-axis, averaged smootheunalized log (base 2) of
cy5/cy3 for PF11_0302. (E), Expression profile ¢f1R_0302 based on data from
photolithographic oligo array (Le Roc# al., 2003), color specific for studies on
Sorbitol- or Temperature-synchronized 3D7 straimapiées as depicted on the
graphic; y-axis, log (base 2) ratio of AffymetrixQMD expression value (normalized
by experiment) to average MOID value for all tin@ms for a gene. (F), Expression
intensity percentile, the y-axis gives the perdentif PF11_0302 gene expression
intensity in the spectrum of all other genes’expi@s intensities for that time point.
For all (D), (E) and (F), x-axis is time in hourssp invasion. (G), Expression value of
PF11 0302 normalized by Affymetrix MOID experimeiite Rochet al., 2003).
Graphs of (D) — (G) were from PlasmoDB 5.5 (Aureduesaet al., 2009).
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2. Materials and Methods
2.1.
2.1.1. Equipment

Materials

Agarose gel chambers
Autoclave 3870ELV

Biofuge fresco

Biofuge pico

Blotting apparatus

BD Falcod™ centrifuge tube
Centrifuge 5804R

Centrifuge mikro 22R

Digital camera EDAAS 120
Drying machine

Eppendorf reaction tubes
Erlenmeyer flask

Exposition cassettes

Flow Hera safe

Gene-Pulser 1l

Glass slides

Hybridization oven 6/12

Ice machine AF-20

Incubator shaker G25
Macintosh power PC 7500/100
Magnetic bubbler Combimag RCH
Medical X-Ray film
Nitrocellulose membrane
Nylon hybridisation membrane, Hybond-N+
Pasteur pipettes

PCR reaction tubes

Personal cycler

pH-meter 766

Pipette tips

Plastic petri dishes
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Gibco BRL, Neu-Isenburg
Tuttnauer

Heraeus, Hanau
Heraeus, Hanau

Phase, Lubeck

Sarstedt, Nimbrecht
Eppendorf, Hamburg
Hettich Zentrifugen,
Kodak, Japan

Heraeus, Hanau

Eppendorf, Hamburg
Kobe, Marburg

Rego, Augsburg

Heraeus, Hanau
BIO-RAD, UK

IDL, Nidderau

UniEquip, Leipzig
Scotsman

New Brunswick Scientific, USA

Apple Macintosh, USA

IKA, Staufen
Fuji, Japan

Schleicher & Schuell, Dhsse

GE Healtec@K

COPAN, ltaly

Sarstedt, Nimbrecht
Biometra, Gottingen
Calimatic, Mering
Greiner, Frickenhausen

Greiner, Frickenhausen
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Plastic pipettes

Power supply 2103 LKB
Printer stylus photo 700
Uno-Thermoblock

Vortexer Reax 2000
Waterbath

Weighing machine 1205 MP
Weighing machine P1200

Whatman-paper

2.1.2. Chemicals

Agarose low EEO

Ampicillin

Ammoniumpersulfat (APS)

Albumax

Bromophenol blue

Calcium chloride

Carbenicillin

Chloroform

Cresol red

[alpha-P?|Deoxyadenosine 5'-triphosphate
([alpha-P4dATP)

DNA labeling kit, HexaLabel Plus
Deoxyribonucleic acid type I

Diethyl pyrocarbonate (DEPC)
Dimethyl sulphoxide (DMSO)
1,4-dithio-DL-threitol (DTT)
Di-potassium phosphate

Ethanol p.a. (EtOH)

Ethidiumbromid (EtBr)
Ethylendiamintetra-acetic acid (EDTA)
Ethylene glycol-bis-(beta-aminoethylether)
N,N,N",N"-tetra acetic acid (EGTA)
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Greiner, Frickenhausen
Biochrom, USA
Epson
Biometra, Gottingen
Heidolph, Schwabach
Kottermann, Uetze/H&anigsen
Sartorius, Gottingen
Mettler, Giel3en

Schleicher & Schuell, Dassel

Roth, Karlsruhe
Roth, Karlsruhe

Roth, Karlsruhe
Invitrogen, Groningen

Merck, Darmstadt
Roth, Karlsruhe
Roth, Karlsruhe
Merck, Darmstadt

Sigma, Taufkirchen

Hartmann Analytic, Braunschweig

Fermentas, Germany
Sigma-Aldrich, Scliderf
Fluka, Neu-Ulm
Fluka, Neu-Ulm
Fluka, Neu-Ulm
Roth, Karlsruhe
Applichem, Darmstadt
Sigma, Taufkirchen

Sigma, Taudkien

Roth, Karlsruhe
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Glucose

Guanidine hydrochloride
Glycine

Glycerol

Hydrogen peroxide

Hydrochloric acid

Hydroquinone

1 kb+ DNA ladder

Isopropanol

LB-agar (Lennox)

Magnesium chloride
Manganese chloride

Methanol

[S*9 L-Methionine
Mono-potassium phosphate
Milk powder

NNN’N-tetra methylene ethylene diamine
(TEMED)

Nutrient-broth

Pepton
Phenol/chloroform/isoamyl alcohol (25/24/1)
p-coumaric acid

Ponceau S

Potassium acetate

Potassium bromide

Potassium chloride
RostisolV®HPLC Gradient Grade Water
Rotiphorese®Gel 30

Saponin

SDS-PAGE standard high range
SDS-PAGE standard low range
Sodium carbonate

Sodium chloride

Sodium dodecyl-phosphate
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Merck, Darmstadt
Roth, Karlsruhe

Roth, Karlsruhe

Applichem, Darmstadt
Fluka, Neu-Ulm
Roth, Karlsruhe
Roth, Karlsruhe
Invitrogen, Groningen
Roth, Karlsruhe
Roth, Karlsruhe
Roth, Karlsruhe
Fluka, Neu-Ulm

Merck, Darmstadt

Hartmann Analytic, Braunschweig

Roth, Karlsruhe
Serva, Heidelberg

Fluka, Neu-Ulm
Roth, Karlsruhe
Roth, Karlsruhe
Rotlarisruhe
Sigma, Taufkirchen
Serva, Heidelberg
Applichem, Darmstadt
Applichem, Darmstadt
Merck, Darmstadt
Roth, Karlsruhe
Roth, Karlsruhe
Roth, Karlsruhe
Bio-Rad, Minchen
Bio-Rad, Minchen
Roth, Karlsruhe
Roth, Karlsruhe
Roth, Karlsruhe
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Sodium hydroxide (NaOH) Merck, Darmstadt
Sodium sulphite Roth, Karlsruhe
Sorbitol Roth, Karlsruhe
Sucrose Roth, Karlsruhe
Trichloroacetic acid Roth, Karlsruhe

Tris Applichem, Darmstadt
Yeast extract Roth, Karlsruhe

2.1.3. Antibodies and working concentration

Mouse anti-GFP Roche Diagnostics, Mannheim
Rabbit anti-mouse, Horse Radish Peroxidase (HRR{®AGlostrup, dilution1:1000
Rabbit anti-mouse, Alkaline Phosphatase (AP)  DAKIOsBup, dilution1:2000

Goat anti-rabbit, AP DAKO Gilostrup, dilution1:2000
Goat anti-rabbit, HRP DAKO Gilostrup, dilution1:2000
Rabbit anti-SERP (Ansorgat al., 1996)

Rabbit anti-PV1 (Nyalwidhe and Lingelbach, 2006)
Goat anti-GST GE Healthcare, 1:2000

2.1.4. Enzymes

Restriction Enzymes (RE)
All REs were from New England Biolabs (NEBwrll, BamHI, Bglll, EcoRI, Kpnl,

Nhel, Notl, Pvull, Spel, Xbal, Xhol, Xmal.

Other enzymes

DNase | Applichem, Darmstadt
RNase Roth, Karlsruhe

Klenow fragment, DNA polymerase | NEB

KOD polymerase Novagen, Darmstadt
Phusion high-fidelity polymerase Finnzymes, Espomkiand
Tag polymerase NEB

Superscript 11l reverse transcriptase Invitrogergritngen
T4-DNA-Ligase Invitrogen, Groningen
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2.1.5. Molecular biological kits and reagents

Eppendorf gel extraction kit
Seqlab miniprep kit

QIAEX Il gel extraction kit
QIAGEN plasmid maxi kit
QIAprep spin miniprep kit

TRIzol reagent

2.1.6. Cell culture materials

Albumax
Blasticidin S
Ganciclovir
Gelafundin
Gentamycin

Giemsa

Human erythrocyte concentrate (Alyh

Human plasma (A/M)
Hypoxanthine

RPMI 1640

RPMI 1640
WR99210

2.1.7. Cells and organisms

Eppendorf, Hamburg

Seglab, Géttingen

Qiagen, Hilden

Qiagen, Hilden

Qiagen, Hilden

Invitrogen, Karlsruhe

Invitrogen, Karlsruhe

InvivoGen, San Diego, USA

InvivoGen, San Diego, USA

B. Braun AG, Melsungen
PAA, Pasching, Austria

Merck, Darmstadt

Uni-clinical centre Marburg

Uni-clinical centre Marburg
PAA, Pasching, Austria

Gibco, Karlsruhe
PAA, Pasching, Austria
Jacobus Pharmaceuticals

6

Strain genotype reference
E. coli DH5a supE44 AlacU169 (@80 | Hanahan 1983; Bethest
lacZAM15) hsdR17 recAl | Research Laboratories 198
gyrA96 thi-1relAl
E. coli PMC103 mcrA  A(merBC-hsdRMS- | Doherty, Lindemanet. al.,

mrr)102recD sbcC

1993

E. coli BL21-CodonPlus-RIL

E. coli B F—ompT hsdS(rg—
mg—) dem+ Tef gal endA
Hte[argU ileY leuw Cani]

Stratagene
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vV

L

P. falciparum 3D7 isolated in the Netherlands  The Walter and zéE
Institute of Medical
Research, Melbourng
Australia

TransfectedP. falciparum various transfection This study

2.1.8. Media and solutions

2.1.8.1. Solutions for protein-based experiments

Acrylamide solution
30% (w/v) Acrylamide
0.8% (wl/v) Bisacrylamide

Ammonium peroxo-sulphate (APS)
10% APS in ddKO

Alkaline phosphatase (AP) buffer
100 mM Tris-HCI, pH 9.5

100 mM NacCl

5 mM MgClh

AP developing solution

66 ul NBT(nitro blue tetrazolium) stock solution

33 ul BCIP(5-bromo-4-chloro-3-indolyphosphate) &teolution

BCIP stock solution

5% BCIP in Dimethylformamide

Blocking solution
Stored at -20°C
5% milk powder in PBS, pH 7.4
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Colloidal coomassie staining solution
0, 08% coomassie brilliant blue G250 (CBB G250)
1, 6% ortho-phosphoricacid

8% ammoniumsulfate

20% methanol

Electrophoresis buffer
0.124 M Tris

0.96 M Glycin

0.05 % SDS

Enhanced chemiluminescence solution (ECL)
50 mM luminol in DMSO

0.8 mM p-coumaric acid in DMSO

200 mM Tris/HCI, pH 8.8

0.01% HO,

Glycin buffer
100 mM glycin in PBS, pH 7.6

NBT stock solution
5% NBT in 70% dimethylformamide

Phosphate buffered saline, pH 7.4 (PBS)
140 mM NacCl

2.7 mM KCI

1.5 mM KH,PO,

8.1 mM NaHPG,

Ponceau red staining solution

0.2% ponceau S
3% trichloroacetic acid
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Protease inhibitor cocktail stock solution

200 pg/ml of each of the inhibitors antipain, chwtatin, aprotonine, pepstatin,
trypsin, leupeptin, elastinal and Na-EDTA in PBSoMing solution 1:200 dilution

2 X SDS-PAGE: sample buffer (reducing), stored°&t 4
100 mM Tris/HCI, pH 6.8

5 mM EDTA

20% glycerol

4% SDS

0.2% bromophenol blue

100 mM DTT

4x Separating gel buffer
1.49 M Tris/HCI , pH 8.8
0.4% SDS

4x Stacking gel buffer
500 mM Tris/HCI, pH 6.8
0.4% SDS

Western blot transfer buffer
48 mM Tris/HCI, pH 9.5

39 mM glycine

0.0375% SDS

20% methanol

2.1.8.2. Solutions for DNA-based experiments

Agarose
0.8 to 1.5% agarose dissolved in 1x TAE

Buffer A for DNA extraction
50 mM NaOAC, pH 5.2
100 mM NacCl
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1 mM EDTA
Cresol red loading buffer pH 8,8

36% sucrose
0.1g cresol red

6x DNA loading buffer
1% bromophenol blue

30% glycerol
50 mM Tris/HCI, pH 8.0
5 mM EDTA

1 kb+ DNA ladder
1 volume 1kb DNA ladder
19 volumes 6x DNA loading buffer

DNA purification solutions

Merlin |
50 mM Tris/HCI, pH 7.5

10 mM EDTA
100 pg/ml RNase

Merlin Il
0,2 M NaOH

1% SDS

Merlin 1
1 M potassium acetate (KOAC)

35.7 ml glacial acetic acid

Merlin IV
66.84 g guanidine hydrochloride in 33.3 ml Merlih |

Stir, gently heat 5 to 10 min
pH adjusted to 5.5 with NaOH
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MerlinV
200 mM NacCl

20 mM Tris/HCI pH 7.5
5 mM EDTA
50% EtOH

PEGE lysis buffer

0.5 M EDTA

10mM Tris/HCI, pH 8.0
1% sarkosyl

2 mg/ml proteinase K (proteinase K added freshpust to use)

3M sodium acetate (NaOAc) pH 5.2

Southern blotting hybridisation buffer

Depurination
0.2 N HCI: 17 ml concentrated HCI in 1 liter ¢bi

Denaturation
1.5 M NaCl

0.5 M NaOH

For 1 liter solution

87.6 g NaCl

100 ml 5M NaOH or 50 ml of 10M NaOH
Store at RT up to 3 months

Neutralisation
1MTrispH7.4

1.5 M NaCl

For 1 liter solution
87.6 g NaCl
122.1 g Tris base
pHto 7.4
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20X SC
3M NacCl

0.3M sodium citrate
pH 7.0

10X SSC for transfer
6X SSC for fixation

Hybridisation/Pre-hybridisation buffer
6X SSC

5X Denhardt’s solution

0.5 % SDS

50 % formamide

Filter through 0.45um membrane

Add freshly 100 pg/ml salmon sperm DNA (SIGMA, DNAdium salt from
salmon testes, product number D1626, CAS # 9002}49-

Washing solutions
Wash 1 2X SSC, 0.1% SDS

Wash 2 0.1X SSC, 0.1 % SDS

50x TAE
2 M Tris

2 M acetic acid
50 mM EDTA

TE

10 mM Tris

1 mM EDTA

pH 7.4 to 8.0 depending on the purpose

2.1.8.3. Bacteriological media

LB (Luria-Bertani) agar
35 g/l LB-agar
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Superbroth, pH 7.0

35 g/l pepton
20 g/l yeast extract
5 g/l NaCl

SOC-medium

20 g/l peptone

5 g/l yeast extract

10 mM NacCl

2.5 mM KCI

autoclaved

20 mM MgCb

20 mM glucose

Media were sterilised by autoclaving and allowedctwl to 50°C. Appropriate

antibiotics were then added to a final concentratib50 pg/ml.

Antibiotics

Sock working concentration
Ampicillin (sodium salt) 50 mg/ml 50 pg/ml
Carbenicillin 50 mg/ml 50 pg/ml
Chloramphenicol 34 mg/ml 3/mi
2.1.8.4. Media and solutions for parasite culture and transéction

Antibiotics for selectable markers

WR99210

a) 20 mM WR99210 stock solution

8.6 mg WR99210 in 1 ml DMSO, stored long term a1°€7

b) WR99210 working solution

Dilute 1/1000 in RPMI-Hepes (= 20 uM). Filter stse, store at —70°C or stable for 1
month at 4C.

Recommended working concentration: 5 nM (3 pl ofrkiiy solution in 12 ml

culture medium).
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Blasticidin S hydrochloride

Stock solution from supplier: 10 mg/ml, stored28°C.

Working concentration 4 pg/mi

Ganciclovir
From the manufacture’s instruction (Invivogen), gatovir is only soluble at pH
12.
Stock solution at 20 mM
51 mg ganciclovir in about 8 ml water, adjust to g with 1 M NaOH,
complete dissolve Ganciclovir.
Lower pH to 10.7 ~ 11 with HCI.
Fill up with water to 10 ml solution.
Filter sterilise, aliquot and store at —70°C obkaup to 1 month at’g.
Working concentration: 20 uM (dilute 1/1000 of dtosolution into culture

medium).

Cytomix stock buffers

Cytomix was adapted from Van den Hoff (van den Hbél., 1992).

a) 10 M KOH
b) 250 mM Hepes/20 mM EGTA
5.96 g Hepes (free acid)
0.76 g EGTA
To 80 ml with ddHO
pH to 7.6 with 10 mM KOH (~ 1,4 ml)
to 100 ml with ddHO
¢) 10ml 1 M phosphate buffer pH 7.6
8.66 ml 1M KHPQ,
1.34 ml 1 M KHPO,

Cytomix 100 ml, Stored at 4°C

6 ml 2 M KCI
7.5ul 2M CaCb
1 ml 1 M KHPOJ/KH PO,
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10 ml of 250 mM Hepes/20 mM EGTA pH 7.6
500 pul 1M MgC}

To 90 ml with ddHO

sterilised filter

Freezing solution

28% glycerol
3% d-sorbitol
0.65% NacCl

RPS medium
500ml RPMI 1640 medium (PAA or Gibco)

Supplement with:
50ml of heat-inactivated human plasma or 50ml ofdPtimax
20 ug/ml gentamycin
200uM hypoxanthine

5% Sorbitol

Dissolve 5 g sorbitol in 100 ml water, filter st@ and store at’g.

Thawing solutions

Sterile 12% NaCl

Sterile 1.6% NaCl

Sterile 0.9% NaCl + 0.2% glucose

Malaria culture medium (RPS)

2.1.9. Plasmids

Table 1. List of plasmids used in this study

Plasmid Resistance Features Reference

pARL2 WR99210 Basic vector (Przyborskt al.,
Ampicillin 2005)

pARL2-GFP WR99210 GFP expression, (Przyborskiet al.,
Ampicillin hDHFR cassette 2005)
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pARL-BSD-GFP Blasticidin S | hDHFR was removed, replaced bgd | Przyborski,
Ampicillin cassette (personal
GFP expression communication)
pHTK WR99210 Basic vector (Duraisingh MT,
Ampicillin Ganciclovir sensitive 2002)
For double-crossover recombination
pHTK-APV1-3 WR99210 Ganciclovir sensitive
Ampicillin Containing 3’-flank region of
PF11_0302
PHTK-APV1 WR99210 Knock-out construct This study
Ampicillin Ganciclovir sensitive
Containing 2 flank regions of
PF11_ 0302
pARL-DHFR-PV1g | WR99210 PV1-GFP fusion This study
Ampicillin
pPARL-APV1g WR99210 Knock-in construct This study
Ampicillin Truncated PV1 fused with GFP is non-
expressed in episomal form.
pARL-mutPV1 WR99210 Knock-in construct This study
Ampicillin Mutated PV1 at very C-terminal end
pARL-BSD-PV1g BSD For double transfection This study
Ampicillin PV1-GFP fusion
pGem-T-Easy Subcloning vector Promega, Madig
USA
pGEX-5x-3 Ampicillin Recombinant protein expression GE Healthcare Life
GST tag Sciences
pGEX-PV1 Ampicillin GST-PV1 fusion protein This sty

2.1.10.Synthetic oligonucleotides

All oligonucleotides were synthesised from MWG-EBicih AG.

Table 2. List of PCR primers used in this study

Order | Primer name Sequence 5> 3’

Knock-out primers
1 PV1-ko5F CGGACTAGTGTGATTAAGAAAAAGAATTAAAAT
2 PV1-ko5R CGTAGATCTCTATTAGTTTTGATTCTTATTATTGG
3 PV1-ko3F GACGAATTCCGATCTCTGGAATCGGTAATGTTG
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4 PV1-ko3R GCGCCATGGGTTTATGTAAATATATACATATAG
Integration primers (for integration PCR)

5 PV1-ig-5F CAGCATTTGAATATTAAATTAAATC

6 PV1-ig-5F2 GCATCGTAAAATTATAGATATTTCTATG

7 PV1-ig-3R TTTGAACATGGTCATATGTACTC

8 PV1-internalF ACAAAGATCAACTTATGGACTTACC

9 PV1-internalR AAGACATTACCTGATGAAGCATTAC

10 DHFR-ig5R TTCTTGCCGATGCCCATGTTCTG

11 DHFR-pm-5R2 TTTATCATGCACATTGGAATAATAC

12 DHFR-ig3F AAATATAAACTTCTGCCAGAATACCC
Primer specific for vectors and Southern blot proles

13 DHFR probeF AATTAGCAAATAAAGTAGAC

14 DHFR probeR TTGTAATTTCTGTGTTTATG

15 pHTK-5F GTATATATATATATATATATATATAGGTATAG

16 pHTK-5R GGTTAACAAAGAAGAAGCTCAGAGATTGCATG

17 pHTK-3F AATTCATGTTTTGTAATTTATGGGATAGCG

18 pHTK-3R GGCTTAACTATGCGGCATCAGAGCAGATTG

19 pHTK-backboneF TAGACAGATCGCTGAGATAGG

20 pHTK-backboneR TTGATCCGGCAAACAAACC

21 TK genel GGCCCGAAACAGGGTAAATAACG

22 TK gene2 CTTCCGAGACAATCGCGAACATC

23 pARL-F CGTTAATAATAAATACACGCAG

24 pARL2-Not70-F GCGGATAACAATTTCACACAGG

25 pPARL-R CAGTTATAAATACAATCAATTGG

26 DHPS-F GGTGGAGAATCCTCTGCTCC

27 DHPS-R CCAATTGTGTGATTTGTCCAC
Knock-in primers/ GFP fusion

28 PV1-XhoF GGCTCGAGATGATTAAAATAATATTAGCTAGC

29 PV1-AvrR GGCCTAGGGCTCGATATTGGTGTGTTTTGATC

30 dPV1-NotF ATGCGGCCGCACAACCAGTAACGGATTTACATG

31 dPV1-XhoR ATCTCGAGTTAACTCGATATTGGTGTGTTCTGGTC
Other primers

32 PF11_0303F TTTACAGCTACGGAAATTATATC

33 PF11_0303R CTGTAATGTCTACCTAAATATCTATC

34 GFP-Avrk TACCCTAGGATGAGTAAAGGAGAAGAAC

35 GFP-KpnR GGCGGTACCTTTGTATAGTTCATCC
Recombinant protein expression primers

36 PV1-GST-BamF CAGGATCCACAATGTGGTGGCCCCTAAGAG
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37 PV1-GST-XhoR CAGCTCGAGTTAGCTCGATATTGGTGTGTTTTG

2.2. Methods

2.2.1 Bioinformatics methods
Forin silico analysis of proteins and nucleic acids the follgyymograms were used:

Blast http://ncbi.nim.nih.gov/cqgi-bin/BLAST

Clustalw http://www.ebi.ac.uk/clustalw(Larkin et al., 2007)

MyHITs http://myhits.isb-sib.ch/cgi-bin/motif _scdRlulo et al., 2008)

MnM http://mnm.engr.uconn.edu/MNM/SMSSearchSe(Rajasekaraet
al., 2009)

OPI http://chemlims.com/OPI/MServlet.ChemInfi@houet al., 2005)

PFP http://dragon.bio.purdue.edu/pfiidawkinset al., 2006)

ScanSite http://scansite.mit.edu/motifscan_id.phtf@benaueet al., 2003)

SignalP http://www.cbs.dtu.dk/services/Signalf®endtseret al., 2004)

SMART http://smart.embl-heidelberg.dechultzet al., 1998)

Nucleic acid and protein sequences were downloademm PlasmoDB
(www.plasmodb.orpand ApiDB (vww.apidb.org (Aurrecoecheat al., 2009).

Primer designs and vector constructs wierailico confirmed in Clone Manager 7
(Sci Ed Central). Protein sequence alignment wlswed ClustawW (Larkiret al.,

2007) with parameters of Gonnet series, the gapingel0, gap extension 0.2.

2.2.2 Transfection of plasmid constructs
Plasmid constructs for transfection were clonechgishe standard cloning strategy

(Sambrook and Russell, 2001) int& coli strain strain PMC103. For difficult
constructs as pHTK-derived vectors, carbenicilliaswised for selection of positive
clones. A large number of colonies were screen dpny PCR. Plasmids from

positive clones were confirmed by restricted digesand automated sequencing.

2.2.2.1pHTK- APV1

Two DNA segments of approximately 1 kb from t#$PV1 encoding gene
(PF11_0302) were amplified from 3D7 genomic DNA and introddcento the
flanking regions of the humabHFR (hDHFR) cassette to mediate the integration of
the plasmid into the parasite genome (Fig. 2.1ecBigally, the 805 bp of 3-flank
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segment of thePF11 0302 was amplified by the primers PV1-ko3F 5'-
GACGAATTCCGATCTCTGGAATCGGTAATGTTG and PV1-ko3R 5'-
GCCGCCATGGGTTTATGTAAATATATACATATAG. The amplified product
encompasses 94 nucleotides of the encoding seqasneell as 711 nucleotides of
un-translated region downstream of the natural stmgon. The DNA segment was
inserted into EcoRI/Ncol digested pHTK vector to generate the pHIR/1-3
plasmid (restriction sites were typed in italictire oligonucleotide sequences). The
pair of primers PV1-ko5F 5’-CGE&CTAGTGTGATTAAGAAAAAGAATTAAAAT-

3 and PV1-ko5R 5- CGAGATCTCTATTAGTTTTGATTCTTATTATTGG-3’
amplified the 5-flank segment of ti#-11 0302 gene. The underlined nucleotides in
the PV1-ko5R primer are encoding two artificial stoodons. In case the single-
crossover occurs it helps to prevent the expresefothe full lengthPfPV1. The
product of 844 bp includes 352 nucleotides of thenfiranslated region, upstream of
the PV1 start codon as well as the codons repriegethie first 164 amino acids of the
translated proteins. The fragment was then insen¢d Spel/Bglll — digested
pHTKAPV1-3 vector to create the pHTWRV1 construct. Note that the final
pHTKAPV1 vector still retains the 5’ to 3’ direction targeting sequence in respect

of the drug resistance cassette.

2.2.2.2pARL-DHFR-PV1g

This vector express PfPV1 protein fused with GFRRjen the selection of hDHFR
selectable marker. Full length encoding PfPV1 segeewithout stop codon was
amplified by RT-PCR, using the primer PV1-XhoF 5'-
GGCTCGAGATGATTAAAATAATATTAGCTAGC and PV1-AvrR 5’-
GGCCTAGGGCTCGATATTGGTGTGTTTTGATC. The amplified DNA fragmen
was ligated taxhol/Avrll-restricted pARL2-GFP (Przyborskit al., 2005) to create
pARL-DHFR-PV1g plasmid.

2.2.2.3pARL-BSD-PV1g
The sequence encoding the PV1-GFP fusion proteiveator pARL-DHFR-PV1g
was placed betweexhol and Kpnl restriction site. The DNA frgament was cleaved

and inserted intaxXhol/Kpnl-restricted pARL-BSD plasmid (Przyborski, personal
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communication), thus generating the pARL.BSD-PVIasmid which also expresses
PV1-GFP fusion protein but resistant to BSD in dteBWR99210.

2.2.2.4pARL-APV1g

The basic vector for all pARL-derivative construatas from pARL-1a (Crabkt al.,
2004). The vector containes theCRT promoter to drive the expression of the
transgene. To create a knock-in parasite line,uactted version of PfPV1 was
generated so that the transgene could only be €sguleupon integration into the PV1
locus. The pARL-DHFR-PV1g was digestedgtl/Nhel to remove the region of the
CRT promoter and the first 19 nucleotides of ®@®V1 gene. Sticky ends of linear
plasmids were filled in by Klenow activity of DNAofymerase | (NEB). Plasmid was
circularised by T4 DNA ligase, creating the pARPV1g construct. Sucessfull

removal of the promoter region was assured by aatednsequencing.

2.2.2.5pARL-mutPV1

A truncated PV1 encoding fragment was created hyngs dPV1-NotF 5'-
ATGCGGCCGCACAACCAGTAACGGATTTACATG and dPV1-XhoR 5'-
ATCTCGAGTITAaCTCGATATTGGTGTGTTTGQTC. The italic nucleotides are
restriction sites ofNotl and Xhol, respectively. The underlined nucleotides represe
the original stop codon. Bold, small letters ardostiluted nucleotides in silent
mutations which result in codons for the same anaitids. Forward oligonucleotides
were primed at nucleotide 205th of the PV1 encodiaguence, relevant to Thr69
residue of PV1 protein. The 1100 bp DNA product wiagested and consequently
ligated toNotl/Xhol-restricted pARL2 to create pARL-mutPV1 construct.
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Figure 2.1: Vector maps forP. falciparum transfection plasmids

In all plasmids but pARL-BSD-PV1g, the hDHFR catsds comprised of ~ 1kb of
calmodulin (CAM) 5'- untranslated region (UTR), 6.8bhDHFR gene, and 0.6 klwrp2 3'-
UTR. In pARL-BSD-PV1g, thdhDHFR gene was replaced by ti8D gene.pHTK is a
double-crossover plasmid used for gene disruptizurgisingh MT, 2002). The 5" and 3
target sequences need to be cloned into the taoulitng sites (MSCI and MSCII),
respectively, in the same direction of tHeHFR cassette, as shown by the arrows. From the
5 to 3’ the MSCI areMlul, Sacll, Spel, Bglll, Hincll, Hpal, and within the MSCII are
EcoRlI, Clal, Ncol, Avrll, Bbel, Kasl, Narl, and Sfol. The expression offK gene is
controlled by theHSP 86 5-UTR andP. berghel 3 termination region oDHFR-TS gene.
Note that the expression cassette is head-to-heewtatation against theDiHFR cassette.
Two flanking regions of PV1 encoding sequence wapialed in the two construct
pHTK APV1-3 andpHTK APV1, respectively. The black down-pointing triang® § in the
5’-flanking fragment represents the premature simgon.pARL2 vector (Duraisingh MT,
2002; Przyborsket al., 2005) is a basic vector used mainly for expressibGFP-tagged
proteins. It uses a tail-to-head orientation of thpxression cassettes to avoid the
bidirectional influence of the CAM promoter on teepression of the gene of intereEhe
GFP fusion proteins are controlled by {GBT promoter and th&b 3’-UTR as shown in
pARL2-GFP, pARL-DHFR-PV1g andpARL-BSD-PV1g vectors. InpARL-APV1gand
pARL-mutPV1, the CRT promoter was removed so that the sequences oégttare only
expressed under the endogenous promoter upontgration into the targeting locus. The
asterisk (*) in the truncatefPV1 region indicates the modified nucleotides & 3tend
sequence. Restriction sites used in cloning inchiat¢ (N), Xhol (X), Avrll (A), Kpnl (K),
Xmal (Xm), Nhel (Nh), BamHI (B), Hindlll (H), EcoRI (E), Ncol (Nco), Spel (Spe) and

Bglll (Bg).
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2.2.3 Parasite

2.2.3.1Parasite culture

P. falciparum parasites (strain 3D7 or transfected strains) veeflévated in RPS
following the standard procedure (Trager and Jenk@r6), with either human A+ or
0+ erythrocytes, depending on the ensuing expetsnehhe parasitemia was
observed regularly by Giemsa-stained smears undemssopy and the infected
erythrocytes were replaced by fresh human erythescyhen culture reached a
maximum of 10% parasitemia at the latest. Media etesged regularly and parasite
cultures were gassed with 5% 6% G and 90% N and incubate at 37°C. Parasite
were synchronised by 5 % sorbitol at ring stagem(liuas and Vanderberg, 1979).
Trophozoites-infected erythrocytes were enrichea parasitemia higher than 90% by
gelafundin floatation (Pasvet al., 1978).

2.2.3.2Parasite transfection
Synchronised ring stage parasites with a parasateshi5 to 10% were used for

transfection. To synchronise the culture, parasitee either treated with gelafundin
one day prior to transfection or with Sorbitol taays prior to transfection. Cell pellet
from 5 ml of culture (app. 200 pl) in addition dd@ pl fresh blood (Q donated by
Jude M. Przyborski or Nina Gehde) were required dach transfection. A large
amount of plasmid DNA was required for transfectod®. falciparum, at least 50 pg
of the vector (usually 80 - 100 pug). DNA was préeifed in ethanol and the pellet
was dried in a laminar flow hood to assure theilsed condition. After DNA was
fully dissolved in 30 ul of sterile TE (pH 8.0), 38 sterile Cytomix was added. The
Cytomix/plasmid sample was mixed with the parasdizerythrocyte pellet and
transferred to a 0.2 cm Gene Pulser cuvette (BipR&Edctroporation was carried out
at 0.310 kV and 950 uF (high capacitance). Theltiaguime constant should have a
magnitude between 7 and 12 msec. After electropordbe cells were immediately
transferred to a culture flask containing 12 mmmaemed RPS and 400 pl fresh blood
(0"). Four to six hours post transfection drug setectivith WR99210 (WR) was
started. 3 pl of 20 uM WR were added daily thet fisto 6 days until no more
parasites were visible. Accordingly the culture Vied twice a week with the same
concentration of WR (5 nM) and media changes warged out. Every two days the
culture was checked for living parasit@a Giemsa-stained smears. Fresh RBS was

added once a week (~100 pl). As soon as parasées visible (average 21-30 days)
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three 1 ml aliquots containing predominantly rit@ge parasites with a parasitemia of
at least 2% were resuspended in 1 ml freezing isoland immediately frozen in
liquid nitrogen.

For double transfection, parasites already beatiegpHTKAPV1 episomally were
co-transfected with pARL-BSD-PV1g following the stird protocol above. The
double transfected parasites (db-transfected) weteinder drug selection of both 5
nM WR and 4 pg/ml blasticidin (Invivogen). Parasitesistant to both drugs were
first visible on Giemsa-stained smears after 2lsday

2.2.3.3Drug selection of integrated plasmid containing paasites
For negative selection of pHT¥V1-transfected parasites with the purpose of

double-crossover homologous recombination, 20 pldawiciclovir was added to the
WR99210 resistant population. The WR selection iooes during ganciclovir

treatment. Three batches of cell culture were edraut independently in parallel in
attempt of obtaining the integrant. Parasites masitd after adding ganciclovir and
were visible again in Giemsa-stained smears abwariimes in different cultures (12
days or 40 days or unable to recover, respectivalge recovered parasites were

cultured until parasite growth was firmly estabédh

In another approach to select parasites with thesnpid vector integrated by
homologous recombination, the pHARV1-transfected parasites were grown for 3
weeks without positive drug selection (WR) thenpmeed drug pressure and
continued to culture until parasites reappearethénGiemsa-stained blood smears.
The on and off drug cycling could be extended tar 3nore cycles until no parasite

death was observed after the addition of WR.

For the double transfected parasites, on the bauakgr of WR and blasticidin-S
resistance, 3 cycles of WR selection were applgedescribe above. Genomic DNA
was extracted at each cycle. After tH& &/cle, two independent populations were
separated. The db-transfected A population waslynptt under WR and blasticidin-
S selection and the db-transfected B population mexgatively selected by adding
ganciclovir as above. The B parasites re-appedted X0 days in the presence of 3
different drugs: 5 nM WR, 4 ug/ ml blasticidin-Sda20 M ganciclovir.
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All parasites from the attempted homologous recoutimn studies were in mixed
population and these cultures were cloned by Ingitlilution (Rosario, 1981) before
further analysed by Southern Blotting to determiinentegration into the relevant
gene had been obtained.

2.2.3.4Parasite cloning by limiting dilution

The transfected parasite culture was a mixed papuolaf episomal plasmid and the
integrated plasmid-containing parasites. Singlenetowere picked up via limiting
dilution in a 96-well microtitre plate at a diluticof 0.3 parasites per well (Rosario,
1981). Briefly, the parasitemia of ring stage cidsuwere calculated, the number of
RBC perpl culture was counted using a Neubauer hemocytanaeit the number of
parasites pepl of cell culture suspension was then determindte dilution of cell
culture suspension was added to the fresh RPSaoagiproximately 30 parasites
were seeded into the 96-well microplate. Fresh oradand 8ul of RBC per well
were fed every week. Parasite growth was monitafest 2 to 3 weeks by Giemsa-
stained smear. The positive clones were eventuedlysferred to 5ml and later to
usual culture volume. Considering the time from dtet, 4 to 5 weeks were required

to establish a firmly culture for a single parasitene.

2.2.4 Monitoring transfectants: genetic analysis

2.2.4.1PCR analysis

For the detection of the expected homologous iategr event, a quick screening
method was first performed using the combinatiornasfous primers (see the primer
map (Figure 3.5 in Result section). The same HaSIR master mix comprised ©&q
polymerase, 20 pmol of each primer in diverse cowion, 200uM of each dNTP in
suitable PCR buffer was used for different templafBypically, 1yl of genomic
DNA was used for a 5Ql-volume PCR reaction. The basic PCR program ruoouitgh
35 cycles of 9%/30 sec, 5%C/30 sec and 68/2 min 30 sec. Optimised conditions
were also tested, using different polymerases,easing concentration of PCR
components such as Kfgprimers, DNA template or changing time requjriior

each step.
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2.2.4.2Southern blot analysis

Various DNAs were double digested wiial and EcoRI or Nhel and Pwull then
proceeded for Southern blotting (SB) hybridisatith different probes, using the
standard SB protocol (Sambrook and Russell, 200utHern, 1975). Generally, 10
pg of genomic DNA and 10 units of each RE (New Endl&iolab) were used in the
double digestion in 10Qu total volume, incubated overnight or 16 hours3#iC.
Frequently two probes were required for an idehtidat, hence samples were
arranged in favor of duplicate lanes in the samle Hee 10ug digested genomic
DNAs were split into 2 distant lanes on a 0.8% agargel at ug per slot. If the

number of samples exceeded the available wells¢@nsl gel was prepared.

Gel electrophoresis was run overnight or 16 hotids7avoltages. After staining with
Ethidium Bromide (EtBr), the stained gel was alidneith a transparent ruler and
photographed under UV illumination. The gel wamtlkepurinated in 0.125 M HCI
for 20 min, denatured in denaturation buffer (0.5l8lOH, 1.5 M NaCl) for 30 min,
neutralised in neutralisation buffer (0.5 M Tris @D, 1.5 M NaCl) for 30 min,
changed into the new neutralisation buffer and inaetd soaking in 15 minutes.
DNAs on the gel were then blotted onto a pre-webdihg-N+ membrane (GE
Healthcare) in 10X SSC overnight. DNA fixation ¢r@tmembrane was carried out by
baking at 86C for 2 hours. The membrane was wrapped by Sargm\afhd stored at
4°C until needed.

Pre-hybridisation was carried out in a roller to#t 0.1 ml hybridisation buffer per 1
cnt of membrane at 42 for at least 2 hours. During the pre-hybridisatithe probes
were labelled with d-*?P]-dATP by HexalLabel Plus kit (Fermentas) followitige
manufacturer’s protocol. The probes were addedheoftesh hybridisation buffer at
10-20 ng/ml or 0.5 — & 1¢f incorporated counts per ml solution. The membraas
hybridised overnight at 42 with gentle agitation. After the hybridisatiomet blot
was washed 3 times of 20 min/ RT in Washing sotutlo(2X SSC, 0.1% SDS),
followed by 2 times of 20 min/3C€ in Washing solution 2 (0.1X SSC, 0.1% SDS).
From the last stringency wash, the blot was wrapp&hran Wrap and exposed to X-

Ray film.
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If re-probing was required, the blot was re-usedhby SDS stripping protocol (GE
Healthcare’s instruction). The boiling solution®i% SDS was poured onto the blot
and allowed to cool. This step was repeated at Betimes. The removal of the probe
was checked by exposing the stripped blot to X-fHayfor 1 week. If the signal was

persistent, the same procedure was repeated.

2.2.4.3Pulsed field gel analysis (PFGE)

The PFGE was performed using the CHEF-DR Il Vdaakngle System (Bio-Rad).
0.8 % agarose (Certified Megabase Agarose — BioRatlwas prepared in 0.5X
TBE. The chromosome blocks (see 2.2.5.4 below) werelibrpied for at least 30
min in the running buffer at room temperature beftrey were loaded on the gel.
After loading, the wells were sealed with 1% (W melting point agarose and the
gel was run at the appropriate running conditidgtisiterberg and Scherf, 1994): 0.5
X TBE/18 C in 2 phases ramping switch 90 — 300 s pulsetihdurs at 3 V/cm (or
95 volts) and 300 — 720 sec in 24 hours at 2.5 enB85 volts). After the run was
complete, the gel was stained with ethididum bravadhd photographed on a UV
transluminator. For efficient transfer, the largbl® fragments separated by PFGE
were nicked by UV irradiation in 5 minutes prior toansfer to hybridization

membranes. The DNA can then be hybridised usinglatal Southern blot protocol.

2.2.5 Preparation of nucleic acid materials

2.2.5.1Preparation of transfection plasmids

Because the tranfection of foreign DNA irRofalciparum requires a large amount of
DNA material, the transfection plasmids were predan a large volume, using the
QIAGEN MaxiPrep kit. The volume of the bacterialeonight culture was raised to
400 ml Superbroth and the plasmids were extraoctddwing the manufacturer’s

instruction, with a slightly modification of usindouble volume of resuspension-,
lysis- and neutralisation buffer. The isolated plats were precipitated in 100%
Ethanol. The DNA pellet was stored in 70% ethamneR€ until used.

2.2.5.2Preparation of P. falciparum genomic DNA

For the best yield of genomic DNA, a culture witH®% trophozoites was used
(Crabbet al., 2004). Cell pellet was resuspended in 10 ml &B&. After addition of
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100 pl of 10% Saponin, the tubes were inverted & times and incubated for 10 min
on ice. Afterwards the cell lysate was centrifuge000 rpm/ 5 min. Saponin lyses
the erythrocyte membrane and the PVM, hence tHetpmintains the intact parasites
and membraneous particles from RBCM and PVM. Theeswatant was discarded
and the parasite pellet was washed with PBS uatihore haemoglobin was visible.
The washed pellet was either directly further gdadr stored at -20°C. 250 ul PBS,
250 pl 2X buffer A and 100 ul 20% SDS were added, tubes were inverted and
incubated for 2 min at room temperature. A douldieime of phenol/chloroform was
added and mixed thoroughly. The mixture was cergatl at 5000 rpm for 10 min.
The aqueous phase containing DNA was transferrea ¢tean tube and extracted
twice with 1 volume of phenol/chloroform, once withloroform. The final aqueous
phase was then precipitated by adding 1/10 voluht® M sodium acetate (pH 5.2)
and 2.5 volumes of 100% ethanol. The precipitatétADvas kept at -2 for at
least 1 hour or overnight storage. DNA pellet wassked with 70% ethanol. The
pellet was resuspended in 100 pl TE (pH 8.0) aoickdtat 4°C.

2.2.5.3Preparation of P. falciparum RNA

For isolation of RNA fronmP. falciparum a saponin-lysis with several washing steps
was performed as described above. The pellet waisspended in 37°C Trizol
(Invitrogen). After a double cycle of freezing/thag, 200 ul chloroform were added,
mixed and centrifuged for 15 min at 13000 rpm. Tpper phase was transferred to a
new Eppendorf tube and 1 volume isopropanol wags@dthe sample was incubated
for at least 1 h at -80°C, centrifuged 13000 rpi@/n3in/ 4°C, the supernatant was
discarded, the pellet was air-dried and resuspemdadselected volume of TE (pH
7.4 to 7.6) with 1 pl RNase out (Invitrogen).

2.2.5.4Preparation of P. falciparum chromosome blocks

To resolve chromosomal DNA . falciparum by PFGE, chromosomal DNA was
embedded into agarose plugs. A parasite culturéacong 5-7% trophozoites was
saponin-lysed and the parasites were pelleted mtyifteyation. To prepare the blocks,
the parasite pellet was resuspended in three tineepellet volume of warm (5G)

PBS. The same volume of warm {8) 2% (w/v) low melting point agarose in PBS

was added and the mixture was transferred int@lingg molds (Bio-Rad) and allowed
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to set on ice. Once set, the blocks were transfeméo PFGE-lysis buffer and
incubated at 5 for 48 hours. Chromosome blocks were stored iGERBtorage
buffer at £C until used.

2.2.6 Methods on parasite proteins

2.2.6.1Fractionation of infected erythrocytes by SLO

Cell fractionation using SLO (kindly provided bydfessor S. Bhakdi) was carried
out as described previously (Ansorgeal., 1996). The trophozoite-iRBCs were
enriched by gelafundin floatation. Subsequently (®RBCs were incubated in 4
hemolytic units of SLO. The samples were incubd&enhin at RT, centrifuged at
4000g/ 5 min to extract the erythrocyte cytosofrirtihe permeabilized host cells. This
resulted in the release of all haemoglobin and RB@sol contents. Following SLO
lysis, the pellet (hamed SLO- pellet to distingufsbm other pellets below) was
washed three times in PBS or until visibly cleamirhaemoglobin. The SLO pellet
contains intact parasites, the vacuolar contentra@chbranous particles. To separate
the soluble proteins (SLO-soluble fraction/ SLO-SEm membranous fractions
(SLO-MF), the SLO pellet was lysed in 10 mM TrismM EDTA and protein
inhibitor cocktail (PIC, Calbiochem) and subjectetb three cycles of
freezing/thawing. The soluble fraction was colleicbs centrifugation at 18.000 rpm/
30min/ 4C. Equal equivalents of each fraction were analysgdSDS-PAGE and

immunoblot analysis.

2.2.6.2Labelling the newly synthesised parasite proteinsith [**S]L-methionine

The ring stage iRBCs equivalent to?1parasites (3D7) were washed twice in
methionine-freeRPMI 1640 medium and cultivated to the next stagenethionine-
freeRPS culture medium, with the addition of 100 p$]L-methionine (Helmbyet
al., 1993). The culture flask was incubated atCG3as usual for approximately 24
hours or until late trophozoites (36 - 40 hoursyaleped. The IRBCs were
fractionated by SLO as described above (2.2.6.1).

2.2.6.3Fluorescence microscopy

For live-cell imaging gelafundin-enriched parasitgtsined with Hoechst 33258

(Invitrogen) were directly applied on a glass slatel imaged immediately at room
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temperature. Images were acquired using the apptedilter sets on a Zeiss Axio

(Carl Zeiss, Jena) observer inverse epifluorescemcmscope system.

2.2.7 Immunoblotting analysis

The immunobloting analysis was performed followirtge standard protocol
(Sambrook and Russell, 2001). Briefly, proteins evérst separated on 10 % SDS-
PAGE. After SDS-PAGE, the gel and a piece of shghtgger size of nitrocellulose
membrane were soaked with transfer buffer (39 mici@l 48 mM Tris, 0.0375%
SDS, 20% methanol) for 5 min. The transfer sandwiels assembled from anode to
cathode with 3 pieces of Whatmann 3MM paper soawth transfer buffer,
nitrocellulose membrane, separation gel and 3 pie€&/hatmann paper soaked with
transfer buffer at 1mA/cfrin one hour. Proteins were stained with Poncean&Bker
bands were marked and the membrane was washed witABS until the colouring
was removed. The membrane was incubated in blockahgfion (5% skim milk in
PBS) for one hour to block unspecific protein bmglisites. Subsequently the
membrane was incubated in the first antibody [rabbti-SERP (1:500) (Ansorget
al., 1996), mouse anti-GFP (1:1000, Roche), mouseRdhitsP70 (1:1000, a gift of
T. Blisnick), rabbit anti-PV1 (1:500) (Nyalwidhe @hingelbach, 2006) or goat anti-
GST (1:2000, GE Healthcare)] atGt overnight. The next day the membrane was
washed three times with 1x PBS for 15 min follovibgdone hour incubation with the
appropriate secondary antibody, eitherseradish peroxidase-conjugated (HRP) or
alkaline phosphatase-conjugated (AP) anti-mouse, anti-goat or anti-rabhtibody,
respectively (DAKO, Santa Cruz, 1:2000). Specifiotpins were detected by ECL
(GE Healthcare) or by AP dectection.

2.2.8 Expression and purification of recombinant proteins

2.2.8.1Constructing the expression vector

For pGEX-PV1 the DNA sequence corresponding to the PV1 protéihowt the N-
terminal signal peptide was amplified using themais PV1-GST-BamF 5'-
CAGGATCCACAATGTGGTGGCCCCTAAGAG and PV1-GST-XhoR 5'-
CAGCTCGAGTTAGCTCGATATTGGTGTGTTTTG. Restriction sites are italic
typeface, stop codon is underlined. The PCR prodiast digested with the enzymes
BamHI and Xhol and ligated to the pGEX-5x-3 vector (GE Healtleyagtownstream
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of the GST encoding sequence to create the pGEXAR¢lor. The sequence was

confirmed by automated sequencing.

2.2.8.20ver-expression and solubility test of recombinanproteins in E. coli

For the expression of GST-PV1 fusion protein, tbestruct was transformed inko
coli BL21-CodonPlus-RIL (Stratagend). falciparum has a high codon bias of AGA
arginine, CUA leucine and AUA isoleucine (Nakamw@aal., 2000). TheE. coli
strain used here contains extra copies of the sporaling tRNA genes, allowing a
high level expression of proteins of interest. TH®RL-plasmid confers a
chloramphenicol resistance. 5 ml overnight cultwere seeded into 50 ml LB
medium with ampicillin and chloramphenicol. Bactewere grown to OF3o of 0.8 —
1.0 and the protein expression was induced at 1IRING in 4 hours at 3C. Every
hour the cell pellet from 1 ml culture was harvdsa@d stored at -2Q until needed.
The cell pellet was resuspended in 50 pl lysis éufflO0 mM NaCl; 25 mM
Tris/HCI, 1 mM PMSF pH 8.0). Lysozyme was added Tomg/ml and the
resuspension was sonicated 3 x 15 sec. The caltelywas centrifuged at 13.000
rpom/5 min/ 4C and the supernatant was saved as soluble fracfiom insoluble
fraction was resuspended in 25 pul lysis buffer aadul 2X sample buffer. In each
step, a sample volume equivalent to 200 pul of caeltvas analysed by SDS-PAGE.

2.2.8.3Purification of GST fusion protein from E. coli

The purification of the PV1GST fusion protein wasedified from standard protocol
(Smith and Johnson, 1988) and from the manufacsumestruction (GE Healthcare).
400 ml of bacterial culture were grown to suitaBlB. After induction, the volume
culture was split to 2 x 200 ml and spun down &066pm/ 15min/ 2C (GSA Sorvall
rotor). Cells from 200 ml of culture were subjectedgurification. The rest was stored
at -80C until needed. Cells were resuspended in 10 ndibinbuffer (1 X PBS,
5mM DTT, 1ImM PMSF) and lysed by sonication in 3 oty 10 sec ON/ 10sec OFF.
After sonication, Triton X-100 was added to thefinoncentration of 1% and the cell
lysate was clarified by centrifugation at 16000 #@® min/ £4C (SS34 Sorvall rotor).
The supernatant after centrifugation was loaded dhe equilibrated bulk-pack
column of 200 pl bed volume of Glutathione S-SepbkardB (GE Healthcare). The
unbound proteins were washed from the column 3gimih binding buffer. The
PV1GST fusion protein was eluted by elution bufif2® mM Glutathione, 50 mM

58



Materials and Methods

Tris-HCI pH 8.0, 120 mM NaCl). All samples were bsad by SDS-PAGE. The
GST protein alone was also expressed from the veckiX-5x-3 and purified for

further use as control. For GST pull-down assath BY1GST and GST protein were
dialysed against 1X PBS for 16 hours &C4before added to the pull-down

experiment.

2.2.9 GST pull-down assay
SLO-SF of late trophozoites (36 — 40 hr post inmasiwas pre-cleared before the

assay. Briefly, the lysate o&k20® parasites was incubated with @0of 50% slurry of
Gluthione Sepharose 4B and g§ of GST [followed (Sambrook and Russell, 2001)]
for at least 2 hours af@. The mixture was spun down at 13000 rpm/ 2mi@/ dnd
the pre-cleared cell lysate in the supernatant nassferred to a fresh tube. The
vitro protein interaction assay fd?. falciparum was adapted from the standard
protocol (Sambrook and Russell, 2001) and frompiteious publications (Bracchi-
Ricardet al., 2005; Murphyet al., 2004). In short, an equimolar amount of PV1GST
and GST alone was used in the assay. The moleawdas of PV1GST protein was
calculated by Compute pl/Mw at Expasy (Gasteig€)32 and the mass — molar
quantity was converted by calculation software at
http://molbiol.edu.ru/eng/scripts/01_04.htmApproximately 200 pmol of protein,
equal to 15ug of PV1GST or 549 of GST alone were bound to p0 Glutathione

Sepharose beads first, at least 2 hours@t A control of the Glutathione Sepharose

4B beads alone was also performed in parallel.ckxaed lysate from SLO-SF of
2x10P parasites (20Qu) was then mixed to the complex and incubated rigét at
4°C with gentle agitation. After 5 washing steps WitBST (Tris buffer saline and
Tween 20: 10 mM Tris HCI- pH 8.0, 150 mM NacCl, 0.IR&veen-20), the complex
was boiled in SDS-PAGE buffer, and centrifugedeimove the beads. An amount of
2x10® cells equivalent was loaded in each lane. For aithem approach, the protocol
was applied to the SLO-SF lysate frof-$]L-methionine labelled parasites and the
gel was exposed to an X-ray film for 1 week-86°C or longer. In addition, a normal
cell lysate was also subjected to the assay, tlserebd bands on the gel were
obtained and investigated by mass spectrometrylifkimelped from Dr Omid Azim

Zadeh and Bsc. Caroline Odenwald).
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3. Results

3.1. PV1 identification, orthologs and bioinformatics aralysis

Data from PlasmoDB (Aurrecoechetal., 2009) and OrthoMCL database (Chatn
al., 2006) have shown that PfPV1 orthologs are higtdpserved inPlasmodium
species. However, BLASTP searches against the genarh other Apicomplexa
(www.apidb.org (Aurrecoecheat al., 2009) and the NCBI- BLASTP cannot find
any similarity in other Apicomplexa nor other gemefhe protein shares 26.7%
identity, 44.4% similarity with PKH_092690 from. knowlesi, and 24.8% identity,
41.3% similarity with Pv092070 from. vivax [by ClustalWw2, (Larkinet al., 2007)],

(Figure 3.1). However, the predictions for PfPViklany information about domain

structure and function. Domain searches using SMARTunicet al., 2009; Schultz
et al., 1998) only reveal a coiled-coil region from resd294 to 333 besides a low
compositional complexity region in the sequence mfrol57 to 170
(**'DPNNKNQNEDNVDN'9). Interestingly, PfPV1 possesses an exclusively
glutamine-rich region at amino acid residues 30@2-@4hich does not exist in other
Plasmodium species (Figure 3.1). This glutamine-rich regisralso part of the coil-
coil region above, which is defined by Scansiteduert al., 2003) as a DUF2040
domain (DUF: domain of unknown function), assignedresidues 315 — 337.
Globpslot (Lindinget al., 2003) predicts an additional globular domain ha -
terminus, between residues 1-156 (Figure 3.1A) atiter intrinsically disorder
regions [157,167], [212, 228], [263, 270], [3712Band [404, 452].

Various motif scanning sites, MyHits (Huk al., 2008), Minimotif Miner - MnM
(Rajasekaramt al., 2009), Scansite (Obenawgtral., 2003) and PFP (Hawkiret al.,
2006) gave no significant hints to the functionPdPV1. MotifScan MyHits (Hulaet
al., 2008) barely predicted weak matches for motifdlaflycosylation,casein kinase
I (CK2) phosphorylation site, N-myristoylation, qtein kinase C (PKC)
phosphorylation site and the glutamine rich regrom 302 — 346 as depicted above.
The prediction for orthologs fror®. vivax and P.knowlesi also resulted in those
motifs. Giving that the parasite lacks any evidentéN-glycosylation (Gowda and
Davidson, 1999; von ltzsteigt al., 2008), all the prediction of N-glycosylation site
on PfPV1 and the orthologs were likely negativeuitss From the latest update of
MnM (Rajasekararmt al., 2009) and based on the conserved region of cEsses,
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some motifs were predicted (Table 3). However whethr not they are true
functional motifs requires experimental studieseviRrus attempts to identify post-
translational modifications by mass spectromety bt discover any modification
pattern, even though particular attention was paod myristoylation and
phosphorylation (Nyalwidhe, unpublished observgtioNevertheless, it remains
possible that PfPV1 may be post-translationally el

In combination with Ontology Based Pattern Ideaéfion - OPI (Zhotet al., 2005),
PlasmoDB classifies PfPV1 into GO groups: GO:00@718ell communication,
based on biological process); GO:GNF0206 (cytoastiwa, Literature Combined
database) (Aurrecoechenal., 2009) as well as the groups from literature reses!
of PV localisation, GO:PM16470785 (Nyalwidhe andchdelbach, 2006) and the
interaction network by Y2H, GO:PM16267557 (LaCoserdl., 2005).

A
294 - 33t

- Globular domain ( )Coiled-coil ) Gln rich

302 - 34¢

Surface

1.0
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Figure 3.1 Structure, feature and conservation of PfPV1. (A) Schematic
representation of full-length PfPV1 showing thensigpeptide (SP) at the N-terminus
(residues 1-21, red box), a predicted globular donf@sidues 1 — 156, light yellow
box), a coiled-coil region (residues 294 — 333egrean) and a glutamine-rich region
(residues 302-346, open rectangle). Features predicted by SMART (Letuniet
al., 2009; Schultzet al., 1998) and Globpslot (Lindingt al., 2003). The surface
accessibility map was plotted from Scansite (Obenatal., 2003).(B) Sequence
similarity by Clustalw2 (Larkiret al., 2007) between proteins encoded Ryvivax
Pv092070,P. knowless PKH_092690 andP. falciparum PF11_0302, respectively.
Sequences were retrieved from PlasmoDB. Genomessenpg from othePlasmodia
are not completed therefore the alignment of thele/group is not available. Identical
(*), highly similar (:), similar (.) residues andgs (---) are indicated. The conserved
residues are shown in bold type. The predicted rititeal signal peptides are
underlined.
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Table 3. Mini motifs predicted in PfPV1

Known motif

Position(s)
in PfPV1

Conserved in otherPlasmodium

Function

[SITIQ

202

Homologous sequences
SELMEE- - -

P.v ---K
SEVVED- - -
DL

P. k ---K
P. f ---P DSLI LNE- - -

This consensus motif i
phosphorylated by
ATM; phosphorylation
Thr; no modification
required

PxxxD

276

This consensus mot
in peptide binds
platelet fibrinogen
receptor; no
modification required

SXXXS

202,234

[SITIXXX[S/IT]

202, 234

TTUDO
X<
S

ELMEED- - - - - - - - DEHNPDAPN SH
——————— EENNLDVPHVQ SH
L L1 LNENNNDSL TSADQKNNNWPMEN Q

This consensus mot
in  beta-catenin s
phosphorylated by a
unknown target;
phosphorylation ; nd
modification required

-

This consensus mot
in glycogen synthase i
phosphorylated by
GSK3 beta;
phosphorylates N
terminal Ser/Thr; C
terminal Ser/Thr mus
first be phosphorylated

=3

Sxx[SIT]

238, 357

U3
- X<

SSYSF SKKI MFDG
SSYSF SKKI VFDG
RSFS SHVVSFDG
KKEKPFSVFF
NKEKPFSVFF

QKANAFTI QF

238

RNHFST
RNHI ST
RKHI ST

e
- x <

357

This consensus motif i
phosphorylated by
casein Kinase |
phosphorylation

Ser/Thr; first Ser mus
be phosphorylated

[FILVWI]xxx[FI
LVIxxxx[FILV
W]

74, 283,
355

[FILVW]xxx[F
AILVWIxx[FAI
LVWI]xxxxx[FI
LVW]

416

[FILVW]xxxxx
X[FILV]xxxxx[
FILVW]

109

P.v NFN
P. k NFN
P. f | FD

74

UUmo
- x <

283

UU3T
- x <

FSVF STV
FSVF STV
FTI STT
GLPPGLDLES
M_ GL PSGL DI ES
----- KN
EEY
EEY
EA

355

U3Umo
- x <

416

UU3T
- x <

109

This consensus mot
binds the #1|
calmodulin domain of
calmodulin; no
modification required
Type 1-5-10

CaM binding motif 1-
5-8-14, the relevant
sequence in P.v or P.K
is either 1-5-8-14 or 1-
5-10, the residue
positions are not
conserved in this case

CaM binding motif 1-
8-14, the

corresponding
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[

sequence in P.vand P
is type 1-5-10.
Rxx[S/T] 233 This consensus motif i
P.v DEHNPDAPN FSSH 229 phosphorylated by
P. k EENNLDVPHVQ FSSH 227 CamKll;
P. f DQ(NNNWPNI\/EQ_YSQQ 239 phosphorylation
Ser/Thr; no
modification required
[SITIXIK/R] 36 P.v EPEEI NTI ILQ\/Q\ISEHEKI L 48 This consensus mot
P. k EPEEI KN LQVQNSEHEKFL 47 in peptide is
P. f SAEAVHTL LDTENKAHQKY! 49 phosphorylated by
PKCalpha;
phosphorylation
Ser/Thr; no
modification required
[K/RIR 148 P.v FFSErKFFHLYRNDESGQDGECBSR This consensus mot
P. k FFSELRRKFFHL YRNNESNEDGDVNQN in mating factor s
P. f YFSELRRKFFQ YRDPNNKNQNEDNVD proteolyzed by Kexin2
cleaves after C
terminal  Arg; no
modification required

Table 3. Mini motifs were predicted in PfPV1 by MnM (Rajasekaraset al., 2009).
There were 69 motifs found, only some highlighteatifa were listed here, based on
the conserved region with othelasmodium species, the surface prediction score (0.8
— 1.0) and the cell localisation (consider PV l@&alon as the extracellular or
secreted). In a consensus motif, redundant amimds ac a position are put inside
square brackets; x is any amino ackly: P. vivax; P.k: P. knowlesi; P.f: P.
falciparum. The annotations of motif functions were extractedm the MnM
homepage.
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3.2. Strategy one: Gene targeting by double cross-oveiomologous
recombination using a negative selection system
3.2.1. Double cross-over integration of pHTKAPV1 under the selection of

ganciclovir still required WR99210 cycling

In order to study the importance of PfPV1 in aséxvafalciparum life cycle we
decided to knockout the encoding gene. To avoidtithe consuming process of
cycling of on and off WR99210 drug (WR), we decidedarget the PF11_ 0302 gene
by double crossover recombination with the negatelection strategy (Duraisingh
al., 2002). The 5’-flank and 3’-flank regions of PFDB02 were respectively inserted
into Spel/Bglll and EcoRI/Ncol site, in the same direction of expression of the
hDHFR cassette of vector pHTK to create the vector pAPM1 (Figure 2.1).
Transfectants were obtained after 21 days undesdtection of WR99210. Three
transfected parasite flask cultures containing ¢pesomal plasmid were then put
under the negative selection of ganciclovir by\atgtiof TK encoded in the vector.
Parasites were dead after adding ganciclovir andppeared in Giemsa stained
smears at various times in subsequent culture:llireeappeared after 12 days, line 2
after 40 days and line 3 was unable to recoverddiect the integrating event, we
carried out PCR reactions by combining a chromosspeeific primer (Figure 3.2 A,
primer a] or d]) with a vector specific primer (Birg 3.2 A, primer b] or c]).
However, we failed to detect any integration (Feg@r2 B, reaction [a + b] and [c +
d]). In fact, the full length PfPV1 was still inta@videnced by the product at 1.38 kb
fragment (Figure 3.2 B, reaction [e + f]). Techtiicat might be the results from a
mixed population of integrated and non-integratathpites so both line 1 and line 2
were cloned by limiting dilution. We were unabledbtain any single parasite clone
from line 2, and only one clone, the 1D8 was pickedh line 1. The genomic DNA
was digested withXbal and EcoRl and subsequently probed in Southern blot
hybridisation with a 5’-end probe (Figure 3.2 Cpwéver we were unable to detect
any integration event, evidenced by the plasmiddb@4 kb) and an endogenous
band (4.1 kb) in the blot (Figure 3.2 C).
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Figure 3.2. The PfPV1 locus cannot be targeted by simple negaé selection. (A),
Schematic representation of integration of the koat plasmid pHTKAPV1 into the
chromosomal PV1 locus (Chr 11). TR&PV1 locus is flanked by two genes, PF11 0301

and PF11_0303. PV1- 5 flank probe is depicted disl $ioe (=); Enzymes used in
southern blot wer&Xbal (X) and EcoRI (E). Primers used in PCR: chromosome specific,
primer a] and d]; vector specific, primer b] and @jimer for the amplification of PfPV1
encoding gene: primer €] and {B), PCR for the detection of integration, the expected
product of reaction [a + b]: 2.4 kb; reaction [d}t 1.6 kb. Reaction [e + f] amplifies the
whole PfPV1 encoding sequence at 1.38 kb as labatlehe picture. DNA templates
were from 3D7 parental parasites (lane 1); episophfl KAPV1 containing parasites
shortly after visibly reappeared (lane 2); trantddcparasite after adding ganciclovir,
recovered after 12 days (lane 3), after 40 dayse(®#).(C), Southern blot of restricted
genomic DNA from 3D7 parental parasites (lane pjs@mal pHTKAPV1 containing
parasites (lane 2), and the 1D8 clone (lane 5)utieren black stain under the plasmid
band at lane 1D8 was merely from the noise backgiaf the blot, as it was from the
same stain in the empty neighbour lane. The blatprvabed with 5’flank fragment of the
PfPV1, labelled by §i-**P]dATP. DNA markers are shown in kb. Endogenousdb&):
4.1 kb, episomal plasmid (P): 8. 4 kb.
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VAs the time requirement was not shortened by ptymgdding ganciclovir, we

returned to a traditional gene disruption protdopdrug cycling of positive selection.
Parasites were subjected to three rounds of withithout WR over several months.
Ganciclovir was also added after each cycle andilsameously kept in the culture
with other lines. Adding ganciclovir after 2 cyclesWR killed the parasites and the
parasites visibly reappeared after 8 days, we naimegopulation as 2 cyc-WG (ie,
adding ganciclovir after 2 cycles of WR). The nolBacycles WR was still kept in

culture and ganciclovir was also added afterwardthds point ganciclovir did not

completely kill the population, there was a mixdefad and ill-looking parasites under
the microscope. However, the parasitemia was reedvafter 5 days and the culture

was labelled as 3 cyc-WG population.

To analyse the integration, we examined the genddNAs by Southern blots.
Similar to the first attempt with the 1D8 parasitdter 3 cycles of WR without
ganciclovir we were unable to detect any integragwent (Figure 3.3 B, left panel,
lane 2, 3 and 4). Alternatively, adding gancicloafter 2 WR cycles caused the loss
of the episomal plasmid band, as shown in FiguseB3.lane 5, the disappearance of
the 8.4 kb band. Interestingly, there was one sraetire expected size of integration
(5.4 kb) although the endogenous band (4.1 kb)stithdhere. We supposed that this
might refer to the mixed population between theegnated and non-integrated
parasites. Assuming that the 3 cyc-WG parasiteddmvalso obtain the same result we
did not repeat the blot for the mixed populatiort iment directly to isolate single
clones by limiting dilution. 4 clones were obtain€R, C3, E10, and F8. Analysis
revealed the presence of the 4.1 kb endogenous, laratdition to a size shift
between 5 and 6 kb (Figure 3.3 B, middle and rjggntel), closely to the expected
integration band. C2 clone gave a “supposed integrasignal slightly shorter than
other clones. We concluded that by combination & ¢ycling and the selection of
ganciclovir, the pHTKPV1 did integrate into the chromosome, as showithe

integration band of 5.4 kb by the PV1 5-end probe.
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Figure 3.3.The episomalpHTK APV1 only disappeared after adding ganciclovir to
rounds of WR99210 cycling. (A), Schematic representation of integration of the
knockout plasmid pHTKPV1 into the chromosomal PV1 locus (Chr 11). RiEV1
locus is flanked by two genes, PF11_0301 and PRA3.0PV1-5'probe is depicted as
solid line &=). The REs used for diagnostic digest wet®l and EcoRIl. The stop
codon at the end of 5-flank region was introducBde expected sizes of hybridised
bands with 5-end probe are indicated as 4.1 kb3for (wild type) and 5.4 kb for
integrated parasité€B), Southern blot of restricted genomic DNAs hybridiseith 5’
probe. Lane 1, 3D7 parental parasite; lane2, e@b@iATKAPV1 containing parasite,
cycle 0 of WR; lane 3, pHTKPV1 parasite, WR-cycle 2; lane 4, pHARV1 parasite,
WR-cycle 3; lane 5, 2 cyc-WG parasite, ganciclovéis added after cycle 2 of WR; lane
P, signal from 0.5ug digested pHTKPV1 plasmid. Because of the strong signal at 8.4
kb from the plasmid (P), the control lane was reetbfrom the membrane after the first
exposure, drawn as the solid rectalljlé.ane C2, C3, E10 and F8: single clone from 3
cyc-WG population. Blots from the middle panel aight panel were independently
performed. DNA markers were shown in kb. The arrbar (~) highlights the
integrated smealetter E marks theendogenous ba (4.1 kb.
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3.2.2. pHTK APV1 integrated into chromosome but not in a simplelouble cross-

over or a 5’ or 3’ single cross-over.

Giving that the endogenous band of ¥l locus still appeared in 4 clones above,
and the band corresponding to the integrated $sreappeared, we predicted that the
integration indeed occurred, but to identify theum@a of the recombination, we
carried out more hybridisation analysis with the1P3/ probe and thelK gene
specific probe. The obtained signals were unexpgeard different from predicted
results (Figure 3.4 B). Consistent with the reduttm 5’ probe, hybridising the
Xbal+EcoRI-digested genomic DNA with the PV1-3' probe alsonfirmed the
disappearance of the episomal plasmid (8.4 kb) gaceiclovir was added after 2 or
3 cycles of WR, as shown in Figure 3.4 B, rightgdatane 2, 3, respectively. The 3’
probe gave a band at approximately 4.2 kb in athgte lines, referring to the
endogenous gene locus. However, the expected 3dakt of integrated DNA was
not observed. It could be because of the singledtmgous recombination at the 5’
end that the size corresponding to the endogenans lof 3’ probe still exists.
However, in that case there must be another bamdoaind 7 kb from the plasmid
backbone (schematic integration at Figure 3.5) thete was no such other band

besides the endogenous size.

If the single cross-over in either 5’ or 3' end paped, theTK gene in the plasmid
backbone would also integrate into the chromosaimexefore we carried out the
hybridisation with the TK probe. In fact, we perfoed the experiment with the TK
probe first, stripped the membrane and re-probel thie 3’ probe and collected the
data for the 3’ probe as above. For the TK probeoalgh the episomal plasmids were
gone, the blots of those clones were all positiigure 3.4 B, left panel). However,
the obtained sizes were decreased gradually alengjirhe of drug cycling. The first
cycle of WR gave the same signal as the plasmitraof8.4 kb), but the fragments
were shorter after adding ganciclovir in the secand third cycle (Figure 3.4 B, left
panel, lane 1, 2, 3). In all single clones, a sirbat cloudy signal at the range of 5 to
6 kb can be observed. A band shift was also obderv€2 compared to other clones,
the same phenomena as with PV1-5" probe. Notichal the intensity of the TK
signal was much stronger than the PV1-3’'end sigwal,measured the density by
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Multigauge software (Fujifilm), the TK intensity waapproximately from 2 to 3.5
fold higher than that of the endogenous band (Eigu C).
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Figure 3.4. pHTKAPV1 integrated into chromosome but not in a simplelouble
cross-over or a 5 or 3 single cross-over. (A)Schematic representation of
integration of the knockout plasmid pHARV1 into the chromosomal PV1 locus
(Chr 11). ThePfPV1 locus is flanked by two genes, PF11_0301 and P§33. The
RE used for diagnostic digest is showtbdl and EcoRl). Probes for southern blot
were depicted as: 3 end probe: straight line witbvehead ), TK probe: small
grid box &=). The stop codon at the end of 5-flank region wasoduced. The
expected sizes of hybridized bands with 3-end prodre indicated as 4.2 kb for 3D7
(wild type) and 3.5 kb for integrated parasitéB), Southern blot of restricted
genomic DNAs. The blot was first probed with the frkgment (left panel), stripped
and re-probed with 3-end probe (right panel). Laselabeled in the figure: 3D7:
wild-type parasite; 1, episomal pHRARV1 containing parasite, cycle 1 of WR; 2,
cycle 2-WG; 3, cycle 3-WG, DNA from this populatisras not high enough so the
signal was weaker than the others’ ; Lane C2, OB &nd F8: single clone from 3
cyc-WG population respectively. The strong sigridd.d kb from the plasmid control
was cut off after the first exposure, drawn asdbied rectanglll. Theoretically, the
blot with TK probe would not give any signal oncdauble cross-over occurred, but
the reaction happened in all clones hé€, Density measurement of TK band vs
PV1-3' band. Signal intensity was measured by Maltige Software (Fujifilm). E:
PV1 endogenous band; TK/ PV1-3end probe: ratio of The signal vs PV1-3’
endogenous band.

The existence of th€K gene can be explained by a single cross-over eentthe

obtained results were not consistent with the ebgaecesult. If the homologous
recombination happened at 5’ or 3’ end of the taggae, the hybridized product with
TK probe would give a size of 7 kb or 9 kb, respety (Figure 3.5). Moreover,
besides the endogenous or/and the integrated Ilaedh’ probe and the 3’ probe
would also give another signal at the same sizéhasTK probe for the plasmid

backbone but there were no such signals.
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Figure 3.5. Schematic representation of possible integration ewnt of pHTKAPV1
into PV1 locus. (A),genotypic analysisf P. falciparum transfected with pHTKPV1. (l.
APfPV1), disruption of PfPV1 by double cross-oveegration; (I.APfPV1-5’) and (lll.
APfPV1-3"), the single cross-over recombination éviem one copy of the full length
plasmid integrated into 5’ end or 3’ end, respetivThePfPV1 locus is flanked by two
genes, PF11 0301 (pale blue box, 301) and PF11l Q382 blue box, 303). The
pHTKAPV1 plasmid contain thdmp resistance cassette (AmpR, whitdK cassette
(green),hDHFR (lavender) and 5’ (red) and 3’ (gold) homologoegion of PfPV1. The
Notl site marks a full circle of plasmid. The prematstop codon (STOP) was introduced
into the 5’ region of PfPV1. Left arrow, transcigt start site and the direction of TK
cassette. The REs used for diagnostic digest wbat (X) and EcoRI (E). Probes for

southern blot: 5" probe, red bd«); 3’ probe: gold line with arrowhead {), TK probe:
green, small grid box==). The expected sizes of diagnostic bands areateticin kb. In
the case of th&coRlI site in the cloning join between the hDHFR céssand the 3
region, the site is at the beginning of the homolsgyregion and this site will not include
in the cross-over recombination, hence it alwaigksttogether with the hDHFR cassette.
(B), Result and possible outcomes of the integratiorsdnythern blot with 4 different
probes:PV1- 5, PV1-3', TK specific and DHFR probe. gDNA®re digested witiXbal
and EcoRI. Upper, leftpanel, the obtained results; upper, right paegpected sizes if a
double cross-over occurred; Bottom, left panel, eex@d sizes if a single cross-over
happened at the 5-end; Bottom, right panel, exdesitees if a single cross-over happened
at the 3-end. At the result panel, the size ofitegrated band with 5-probe was between
5 and 6 kb and the exact size was not indicatadesaent to the result from the TK
probe.
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3.2.3. The TK encoding sequence might still exist in thentegrant but appears
not to be active
Despite adding ganciclovir, the parasites quicklgovered after a few days whereas
the TK probe also yielded a positive signal in gisation (Figure 3.4). It is probable
that either the TK activity was not efficient oretke was no TK function at all. We
carried out the PCR with TK specific primers andi@aic DNAs from these clones.
The primers TK gene F/R amplified a product of @fbfrom the 1131 bp coding
sequence oK gene. The TK probe was also from the same prirbatswith the
DNA template from initial pHTHKAPV1 vector. For control, we used a pair of primers
to amplify the full lengthPfPV1 coding sequence. The PV1 sequence was positive in
all clones (Figure 3.6 B), confirming that tf®/1 gene locus was not disrupted.
Meanwhile, the PCR of TK specific primers yieldedugestionable result, inconsistent
with the Southern blot. The expected 605 bp fragmeas positive in gDNAs from
episomal pHTKAPV1 containing parasite and mixed population of c3&yG
parasites. However, none of the clones yieldedodymt at 605 bp, but a faint band
around 1 kb (Figure 3.6 A). We could not exclude ftossibility that these are
unspecific, but they only occur in gDNAs from siagtlones, not in gDNA from
mixed population. Giving the fact that the integthpHTKAPV1 parasites survived
in ganciclovir, the TK probe (amplified from thensa specific primers) yielded
positive results for the clones in Southern bldat ot the correct size in the PCR, we
assumed that somehow upon the integration intelthemosome DNA, th&K gene
rearranged and caused no toxic effect to parasitegganciclovir treatment. The
inefficiency of the TK selection system has pregiglbeen reported [see Introduction
1.5.2.2, (Duraisinghet al., 2003a; Maieret al., 2006)] with the explanation of
insufficient TK activity from one copy upon singteoss-over recombination. To our
knowledge, this is the first report of a possibladtivation of thelK in the negative
selection system iR. falciparum. In an attempt to analyse the sequence of the 1 kb
fragment from the PCR above, we failed to clonertlto subcloning pJET1 vector

(Fermentas) and the event for TK was not furthataed.
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Figure 3.6. Inability to amplify the specific TK fragment from pHTK APV1-
integrated parasite clones. (A)PCR by TK gene F/R primer, product: 605 b,
PCR by PV1-XhoF/PV1-AvrR primers, amplify full letingPV1, product at 1372 bps.
Lane 1, 3D7 wild type parasite. Lane 2, episomaliWWiPV1 containing parasite.
Lane 3, mixed population parasite after 3 cyc WBanciclovir. Lane C2, C3, E10,
F8: single clone, respectively. Lane (P), pHIRV/1 vector control. PCR components
were followed standard conditions. PCR programcy8es of 95C/30 sec, 5C/30
sec, 68C/ 1min 30 sec. The question mark depicts the wvknd kb product from
single clones.

3.2.4. Analysis of transfectants with the DHFR probe

Probing the blot with the hDHFR probe revealed arbiguous result. The hDHFR
probe was amplified by DHFR probe F/R primers, emgassing the last 250 bps of
hDHFR gene and 62 bps of hrp2 - 3’ region. Theoreticahg hDHFR probe would
detect a 0.85 kb fragment frodibal and EcoRI double digested DNA containing the
hDHFR cassette (CAM 5" kDHFR gene — hrp2-3’) used in this stufbee Figure 3.5
for the schematic RE map). Indeed, there was nd BaBD7 parasite (Figure 3.7 B,
lane 1), confirming the absence bDHFR in wild type genome. The 0.85 kb
fragment was observed in pHZWRV1 control, the episomal plasmid and the DNA
from 2 and 3 WR cycles. Upon the negative seledipganciclovir, the 0.85 kb band
was invisible, as shown in 2 cyc-WG parasites duedsingle clones C2, C3, E10 and
F8. The PCR with hDHFR probe primers were positivall clones (Figure 3.7 A).
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Thus the invisibility of the 0.85 kb fragment in &bern blot analysis is very likely
because of the low copy number of hDHFR cassette time plasmid integrated into
the chromosome. As shown in Figure 3.7 B, the hDHkfRal was visible only in
episomal plasmid containing parasites. There wéterdaint bands around 6 and 9
kb in all pHTKAPV1 containing parasites, presumably unspecifioag from the
plasmid. Probing the blot from single clones whie hDHFR probe also revealed the
band at 9kb. The size of pHRIRV1 is 9257 bp and hybridisation of the hDHFR
probe with the digested pHTY¥V1 control detected a specific band at 0.85 kband
faint undigested plasmid signal slightly higherrtiibe 9 kb band from genomic DNA
of the clones (Figure 3.7 B, lane P). We do nots|age that the 9 kb band is the
result from the integration into other gene loduentPfPV1. There are several reasons
supporting this interpretation. First, the parasitesist against WR implicating that
the IDHFR is fully active. Since the firskbal site is inside théhDHFR gene it is
unlikely that this site was altered. The secofidl is next toEcoRI in the multiple
cloning site of the original vector (see Figure fdbthe schematic RE map), meaning
both two sites are at the edge of the 3' homolsgegion and naturally these sites
will not be included in the cross-over recombinatiBlence these regions always stick
together with the BHFR cassette. WhileEcoRI activity is affected by site
preferences and star activitgbal is not. The digestion was completed as shown in
the blot, hence in any possibility, episomal oegrated hDHFR cassette (even the
unspecific integration) would always react with gpecific probe to give a signal at
0.85 kb. Moreover, if the integration happenedratiarelated gene locus, the PV1- 5’
and 3’ probe would detect other cross-reacted bamais the endogenous 4.1 kb/
PV1- 5’ probe (Figure 3.3), 4.2 kb/PV1 3’ probediie 3.4) and the integrated band
5.4 kb from the PV1- 5’ probe (Figure 3.3).

To further confirm the targeting of pHT¥V1 into the right locus on chromosome
11, we attempted to undertake the pulse field dett®phoresis (PFGE) and
hybridise the membrane with both PV1 probe and hRHiFobe. Unfortunately, at
the point of this experiment, despite several griale failed to establish the PFGE
condition and could not provide more evidence fa targeting of pHTKPV1 into
the PfPV1 locus. Nevertheless, with all the analysed datava@pwe firmly suggest
that the pHTKAPV1 integrated into the PfPV1 locus on chromosoténla manner
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that maintained both the endogenous locus, intreditite WR resistance marker - the

hDHFR gene as well as inactivated thi€ gene.
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Figure 3.7 Analysis of the integrated pTHAPV1 into P. falciparum by the hDHFR probe. (A).

A specific fragment ohDHFR (312 bps) was amplified in all clones, the primpair hDHFR probe
F/R was used for both PCR and for the probe intesuatblot. 3D7: parental parasite; epi: episomal
pHTKAPV1 containing parasite (cycle O of WR); mix: &tes in mixed population after adding
ganciclovir into cycle 3 of WR; C2, C3, E10, F8ngle clone, respectively; P: pHRARV1
plasmid control. The amount of DNA input might ri the same in all reactions therefore the
product signal intensity also varig®). Southern blot with hDHFR probe. Lane 1, 3D7 pakent
parasite; lane 2, episomal pHARV1 containing parasite (cycle 0 of WR); lane 3 TpAPV1
parasite, cycle 2; lane 4, pHARV1 parasite, cycle 3; lane 5, 2 cyc-WG parasiémcilovir was
added after cycle 2 of WR; lane P, signal from jigbdigested pHTKPV1 plasmid. Because of
the strong signal at 0.85 kb from plasmid, the la@es cut from the membrane after the first
exposure. Lane C2, C3, E10 and F8: single clorspectively.(C), overlap of the result from
Figure 3.2 B (PV1 5’ probe) and Figure 3.6 B, [gnel (nDHFR probe). The membranes for both
probes were identical, P, plasmid band; I, integtdiand; E, endogenous PV1 band; WR, hDHFR
band.
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3.2.5. The PfPV1 appears to be essential for asexual stadevelopment ofP.
falciparum

As shown in Figure 3.6 B, the full length PfPV1 f@ia encoding sequence is still

intact, we checked the expression of PfPV1 pravginWestern blot (Figure 3.8). All

clones express a positive band at around 55kDalasita the wild type 3D7 parasite,

indicating that thePfPV1 gene is fully expressed despite the integrationthef

transfected vector into the chromosome.
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Figure 3.8. Protein PfPVL1 still expresses inpHTK APV 1-integrated clones.A
total of 1 x 10 cell equivalents were loaded and probed with SBRP as the PV
marker and anti-PV1 antibodies. Size marker is showkDa. Cell fractionation by
SLO was carried out as described in Material anthblds. S: supernatant from SLO
lysis. P: pellet after SLO lysis, this fraction taims the PV and the parasite proteins.

From the Southern blot in Figure 3.3, we noticedt tthe signal intensity of the
endogenous PV1 band is visibly equal to that adgrated band. We then carried out
the quantitative Southern blot (Figure 3.9), commathe signal of the endogenous
band from the blot hybridised with the PV1-5 proaed the signal from a probe
against the single copy gene dihydropteroate sgetfizHPS). The intensities of the
bands were determined yultigauge Software Fujifilm(Figure 3.9 C). In PV1-5
probed blot, the endogenous 4.1 kb fragment (E)thadntegrated 5.4 kb band (1)
were observed at close ratio 1:1 in all clones (f@g3.9C). The same blot was
stripped and hybridised with DHPS probe. We obgkthe 3 kb DHPS fragment in
all parasites (Figure 3.9 B). Comparing the signtnsity of the DHPS fragment and
the endogenous PV1 band we verified the single abglge PV1 gene as well as the
integrated band (Figure 3.9 C). We assumed thapainasite has duplicated the PV1

locus before integration to accommodate both thkecBen cassette and the
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maintenance of the endogenous gene. This sugdedt®tPV1 has an important, if
not essential function folP. falciparum during their erythrocyte development.
Because of the importance of the gene, it is ndallyegossible to disrupt the
endogenous locus.
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Figure 3.9. Quantitative southern blot confirms the single copyof endogenous
PfPV1 locus after the integration To ensure an equal loading, the blot was first
probed with the PV1-5’ fragmerf#\), stripped and re-probed with the DHPS probe
(B). The 648 bps DHPS probe was amplified by the paprwher DHPS-F/DHPS-
R.(C), density measurement of PfPV1-related band. Si¢noah the endogenous
band of PV1-5 end probe in each lane was compaitbdime respective lane at the
DHPS probed hybridization by density measurementuliijauge Software,
Fujifilm). All the signal intensities were at cldgel:1 ratio, ensuring the single copy
of PfPV1 gene. Lane 3D7; parental 3D7 cell line; lane C3, €10, F8: single
clones, respectively. EPV1 endogenous band; I: integrated band; I/E: ratio of
integration band v®V1 endogenous band; DHPS/E: ratio of the single dHPS
gene vePV1 endogenous band.

3.3. Strategy two: episomal expression of PV1-GFP folloed by integration
into the endogenous PV1 coding region
3.3.1. The episomal pHTKAPV1 in the double transfected parasites only

disappears after negative selection with ganciclavi

As it appeared that the deletion of PV1 might be¢hde we designed a
complementation experiment. We expected to be tabiiesrupt the endogenous gene
locus through the pHTKPV1 vector and concomitantly express a copyPii#V1
from an episomal plasmid, which should not recorahiith the endogenous gene
locus. For this purpose, parasites already bedhegpisomal pHTKPV1 were co-
transfected with the pARL-BSD-PV1g vector contagnia Blasticidin S deaminase
(BSD) cassette as selectable marker. The PfPVIfugasl to the N-terminus of GFP
and the fusion PV1-GFP encoding sequence was deotroy theCRT-5 promoter
(Figure 3.10A). Double transfected parasites weosvg under blasticidin S pressure
and cycles of WR99210. Using the fluorescent mmopy, we observed the glowing
of the fusion PV1GFP protein and its localizatiarthe PV (Figure 3.11 A). Thus the
episomalPV1GFP transgene could be expressed in blood stage fewadifter 3
cycles of WR, ganciclovir was added. Parasites wiei@d and re-appeared after 10
days. We then isolated single clones by limitinigitebn and carried out the Southern
blot hybridisation.

We first analysed the mixed population of doubénsfected parasites, using gDNAs
from each cycle of WR (Figure 3. 10 B). The pARLIB8V1g existing episomally

can be detected at a 3.8 kb band with PV1-3’ pasbevell as the BSD specific and
the GFP probe. In all lanes except the wild typ& 3®e also observed the expected
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1.2 kb fragment from pARL-BSD-PV1g plasmid whenuhating the blot with PV1-
5 probe. The PV1-5 probe also gave a positivagrinant of pHTKAPV1 episome
(8.4 kb band) even after prolonged more than 3esyof WR (Figure 3.10 B, lane 6).
Similar to the pHTKAPV1 single transfected (Figure 3.3 B, lane 5),ha touble
transfected parasites, the episomal pAPK1 band only disappeared once
ganciclovir was added to the culture, as showniguré 3.10 B, lane 5, from thé®3
WR cycling population. However, the expected 5.4 iktegration band was not
present; instead we detected a minor band of appat&ly > 2.5kb (Figure 3.10 B,
5’ probe, lane 5 and 7). The possibility that thiegment is due to cross-reactivity
between the PV1-5' probe and the pARL-BSD-PV1g pidswas ruled out because
this band was absent from the WR cycling, non-gdowr population and from the
control pHTKAPV1 and pARL-BSD-PV1g plasmid.
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Figure 3.10 Genotypic analysis of double transfected parasitewith pHTK APV1 and
pARL-BSD-PV1g vector. (A), Schematic representation of pARL-BSD-PV1g vector,
pHTKAPV1 vector, the wild type locus (3D7) of PfPV1 aheé expected integration event.
Details on pHTKAPV1 vector and chromosome DNA are referred in @IBA. For pARL-
BSD-PV1g vector, the start codon ATG and the stogioa are displayed. The fusion PV1-
GFP protein was controlled B falciparum CRT promoter andP. berghei dhfr-ts 3° UTR.
Left to right arrow: the direction of BSD casseffdie RE used for diagnostic digest were
Xbal (X) and EcoRI (E). Probes for southern blot are depicted base@ARL-BSD-PV1g
vector: 5’ probe, open bagg==); 3’ probe: solid line with arrowhead#=), BSD probe:
solid box @mm). For the rest of plausible event, see Figure 3blle expected sizes of
diagnostic bands are indicated in kB), Southern blot of double transfected parasites with
different probesPV1- 5’, PV1-3’, BSD and GFP probe. The respectivabe for the blot is
labeled. gDNAs were digested wikibal + EcoRl. Membranes were hybridised with PV1-5’
and GFP probe first, stripped and re-probed witii-8Vand BSD probe, respectively. Lane
1, 3D7 wild type parasite; lane 2, lane 3 and ldndouble transfected parasites after first,
second and third cycle of WR, respectively. Duritihge period of WR cycling, parasites were
always put under pressure of BSD. Lane 5, afteretluycles of WR, ganciclovir was added,
parasites found dead and reappeared after 10 ldays.6, double transfected parasites after 4
cycles of WR, no ganciclovir; lane 7, parasitesivier from lane 5, continued growing
without BSD but WR and ganciclovir in 2 months. Téeong signal from the plasmid
controls might cause the noise background aftdopged exposure. We removed these lane
after the first exposure and marked it as the safidal, pTK for pHTKAPV1 and pARL for
pPARL-BSD-PV1g vector; none other band out of thgested fragments was detected. E,
endogenous band.

3.3.2. The PfPV1 gene might act as selectable marker itself to mamin the
pPARL-BSD-PV1g vector when blasticidin S was removed

In addition to isolate single parasites, anothectbaf post-ganciclovir population
(DNA after 3 cycles of WR, added ganciclovir) wasmioved from blasticidin S
pressure for more than 2 months. Surprisingly, signal corresponding to the
plasmid pARL-BSD-PV1g was still detected by all ipes: PV1-5’, PV1-3’, GFP and
BSD specific probe (Figure 3.10 B, lane 7). Thismpdmenon led to the question why
parasites kept maintaining tB&D gene without the selection with blasticidin S. One
possibility is, if PV1 is essential, and the endumss locus is altered, the episomal
copy may act as selectable marker itself and keajpteining the pARL-BSD-Pvlg
vector even though the drug pressure was alreadgwed. Another interesting point
is at the disappearance of the pHIRV/1 fragment, the intensity of the pARL-BSD-
PV1 signal was much stronger in comparison to tltwgenous band (Figure 3.10 B,

lane 5 and 7).
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3.3.3. Single clones from double transfected parasites pesss different

genotypes

We were able to isolate 19 clones (out of 96 wéfisin the mixed population after
adding ganciclovir into 3 cycles of WR parasitesntmuously under the pressure of
blasticidin S). This number of clones was acceptatdnsidering that 30 parasites
were seeded into the 96 well-microplate. Amongédhsngle lines, clones D3 and F9
were the two slowest growing clones, especiallydiihe. This parasite line took 2
weeks longer than other clones to have enough ralater the first DNA extraction.
The D3 clone did not react with anti-GFP antibodythe immunoblot and did not
glow under the fluorescent microscope; hence ividex the evidence of loss of the
pPARL-BSD-PV1g vector in this line (Figure 3.11).rHater experiments, we cultured
the D3 clone without adding blasticidin S. On th&eo hand, the F9 clone only
slowly grew at the beginning of recovering from @@ microwell plate. Once the
parasites fully recovered under the normal cultordition, the F9 parasite grew as
normal as the others. The GFP expression of F9ecleas also confirmed by
fluorescent microscopy and immunoblotting (Figur#l3. We picked up B10 clone

as representative for normal growth lines.
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Figure 3.11.Not all clones from the double transfected parasitecan co-express both
PV1 and PV1GFP fusion protein (A), Fluorescence microscopy of the mixed
population of double transfected parasites andtteand F9 clone. The D3 clone did not
glow and is not shown here. The nuclei were stamwead Hoechst 33258 (blue). The
PV1-GFP fusion protein was observed in a regiomosunding the parasite (green). The
merging of two colour channels was shown, as wll dverlay with bright field (BF).
(B), Immunoblot of double transfected parasite clodetotal of 1 x 10 cell equivalents
after SLO fractionation were loaded and probed with-GFP or anti-PV1 antibody. Size
marker is shown in kD&fPV1 protein is expected at 55 kDa but always appslightly
higher than its calculated MW. PV1GFP fusion pmisiexpected at ~80 kDa, GFP alone
is around 26 kDa. In the blot with anti-GFP antipothe parasite 3D7 did not react as
expected. The dark signal on the 3D7 lane was fft@rhaemoglobin contamination. D3
clone also did not react with anti-GFP antibodyoviied the evidence of loss of the
pARL-BSD-PV1g vector in this line. The B10 and F®re both had the signal of
PV1GFP fusion protein at ~80 kDa and the degradeg €ignal at ~26 kDa. In the blot
with anti-PV1 antibody, the endogenous PfPV1 proteas observed in all lanes and the
fusion PV1GFP protein was only detected at B1OEthdlone.

85



Results

From the fact that the mixed population k&3D without drug pressure even after 2
months, we removed blasticidin S on clonal parasite 3 weeks and analysed by
Southern blot. Genomic DNAs were collected righeaB weeks of non-blasticidin.
We continuously applied the WR pressure during témoval of blasticidin S.
Because of time limitations, we only carried out ®outhern blot using PV1-5’ and
TK probes. In agreement with mixed population, Engones F9 and B10 in PV1-5
probed blot gave a strong 1.2 kb signal from pARREBPV1g backbone vector even
after 3 weeks of blasticidin S removal (Figure 3A)2 The unknown >2.5 kb band
which appeared at mixed population (Figure 3.1018Vprobe, lane 5, lane 7 and
Figure 3.12 A) also occurred in both clone F9 arid.BThere is one band at ~5kb
from the F9 culture before blasticidin removal. Shincharacterised band also
occurred in the pARL-BSD-PV1g control lane in tlparticular blot. Because the
control was directly loaded from the digested plasamd the identical initial plasmid
sample had been used for the blot in Figure 3.1Dgraviously shown to result in
only the 1.2 kb fragment (Figure 3.10, PV1-5’ prphee considered this ~5 kb signal
merely a cross-reaction which occurred only in thigent experiment. Southern blot
of clone F9 showed an ambiguous result, espediaéyhigh molecular weight and
fuzzy bands at unknown sizes detected before timoval of blasticidin S (Figure
3.12A, F9 clone). These bands were absent from faplalations of B10 clone ( with
or without blasticidin S). However, after removibigsticidin S, the F9 clone gave the
same result as B10 clone. Due to the time limitatiwe did not further investigate if

the blasticidin S reversion could cause any effecthe double transfected parasites.

The D3 clone has obviously lost the pARL-BSD-PVHEgter since the 1.2 kb band
disappeared. Interestingly, while losing the epigbfPV1 copy, the D3 clone
displayed a similar pattern to parasites with grghnsfected pHTKPV1: a band at
the same size of the endogen®iBV1 gene (4.1 kb) and another band at integrated
size (5.4 kb) (Figure 3.12 A, PV1-5 probe). Moreoyv while the TK gene
disappeared at F9 and B10 clones, faintly preseatedixed population, it appeared
at D3 clone in the same pattern of pHARV1 single transfected parasite (Figure 3.12
B). The disappearance oK in the F9 and B10 clone led to the assumption ttinat
negative selection indeed created a pressure te fitve integration of pHTKPV1
removing the TK encoding gene. However, the intggmamight not happen at the

right locus because the expected fragment (5.4vkis)not observed.
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Integration PCRs were also performed but no produ&s obtained despite the
combination of alternative integration specific npers. To further analyse the
genotype of the double transfected parasites, wierpged PFGE and the blot was
first probed with PfPV1 probe andExp-1 probe as control of a gene locus on
chromosome 11 (Figure 3.12 C). We have plannedrif the blot and re-hybridise
the blot with the hDHFR probe and the BSD probewkler, because of the time
consuming required for completely removing the pidbe, these analyses could not
be carried out. The DNA blocks used for the PFGEewsom blasticidin-treated F9
clone and non-blasticidin D3 clone. The PV1 intérpepobe using in the PFGE
confirmed that the PfPV1 gene was undisrupted annebsome 11 in both double
transfected F9 clone and D3 clone which share #mesgenotype as pHTPV1
transfected parasite. The PfPV1 internal probeatsm detect the PfPV1 sequence in
the entire pARL-BSD-PV1g plasmid. We suggest thatdameary pattern on F9 clone
was from the pARL-BSD-PV1g plasmid. Whether thatgra was from the episome
or integrated pARL-BSD-PV1g into another chromosamas difficult to differentiate
and require more controlled probes. Unfortunatedie to time constraints, we did not

continue with these analyses.

With these data above, once again, it is confirtiied thePfPV1 gene locus is not
easily disruptable. Although there is the episoroapy of the gene in double
transfected parasites, it is not controlled byeghdogenous regulators. Moreover, the
PfPV1 was fused to GFP and this might affect fuorctof the protein. Hence, the
over-expressed fusion protein might cause negaéffect or unable to fully
complement the endogenous gene. We therefore amcehat the PfPV1 plays an
essential function in erythrocytic developmenPofal ciparum.
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Figure 3.12 Single clones from double transfected parasites diky different
genotypes. (A),Southern blot with the PV1-5 probe. Lane 3D7,dMipe parasite;
Mix, parasites after three cycles of WR99210, +agdavir, + blasticidin S; F9, D3,
B10, single clone isolated from the mixed populaticespectively. (+), blasticidin S
was continuosly applied on the culture),(blasticidin S was removed from the culture
in 3 weeks. The signal from 1.2 kb fragment of epial pARL-BSD-PV1g plasmid
was too strong thus the respective part on the memsbwas removed after the first
exposure. Even though, the intensified band cdhbstiobserved hereBj, Southern
blot with TK probe confirmed for the first time thess ofTK gene. DNA samples as in
blot A, except this time all the DNAs from clonegne from (+) blasticidin S — treated
parasites. pTK signal from pHT¥V1 backbone and pARL for pARL-BSD-PV1g
vector; E, endogenous band; noise: the cross-ietagjaal from the hybridization. The
band at >2.5 kb was presented with a question ni@k.PFGE analysis of F9 and D3
clone.Expl probe is used as a control of chromosome 11. Mieifternal probe was
specific for intact PfPV1 encoding sequence hehoedurs on endogenous locus and
the episomal copy from pARL-BSD-PV1g. PFGE conditess shown in Material and
Methods.
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3.4. Identification of interaction partners of PfPV1 by GST pull-down assay

In order to identify proteins that interact withPRf1, in previous experiments we had
studied the immunoprecipitation and blue native EAMyalwidhe, unpublished
data) but none of these identified any interactidare we carried out the pull-down
assay of the recombinant PfPV1-GST fusion protaththe parasite extract.

3.4.1. Purification of the recombinant PfPV1-GST protein

The recombinant PfPV1-GST fusion protein was ovgiressed irkE. coli (Material
and Methods). The fusion protein was partially lobte (data not shown) but the
soluble portion was much higher. We purified théulle fraction following the
instruction from the manufacturer (Material and Muts). The purified PfPV1-GST
was obtained at apparent 80 kDa (Figure 3.13 Alibddy to GST recognized both
the PfPV1-GST fusion protein and the degraded G3gdu(e 3.13 B). We used this

purified protein for further experiments.

Figure 3.13 Purification of PfPV1-GST
fusion protein. (A) SDS-PAGE of purified
PfPV1-GST fusion protein. (B) Western blot,
with anti-GST antibody. Lane TL, total lysate

kDa [ from E. coli cell pellet. The pellet was
_ resuspended, lysed, separated by
85 — S == centrifugation and the supernatant was further
70 — ! ’ . N purified (Material and Methods). Lane E, final
60 T . elution after purification. Sample amount was
50 ™ ' loaded equivalent to a volume of 2000f
0 — & initial bacterial culture. Protein ladder is
- displayed in kDa. PfPV1-GST fusion protein
was expressed at approximately 80kDa,
30 — ® pointed at arrow bar. The 26 kDa signal on
s — panel B was from the degradation of GST
51 . alone. Anti-PfPV1 antibody also recognised
20 — jo the PfPV1GST fusion protein, but because of
the high background blot, the data is not
shown here

89



Results

3.4.2. GST pull-down assay was not able to detect any intection

To identify PfPV1 interacting proteins we used themeric PfPV1-GST protein as
bait in the GST pull-down assay. Late trophozo@te3D7 parasites were fractionated
by SLO and the soluble proteins after SLO (SLO-8€&ie incubated with the PfPV1-
GST protein, along with the control of GST protaimd the Glutathione Sepharose 4B
beads. We did not detect any distinguished banithriee samples, except for some
fragments containing PfPV1 peptides exclusively egppd at the PfPV1-GST
containing test tube (Figure 3.14A, band numbemd 3a), probably the degraded
product from PfPV1-GST. The parasite extract waso atross-reacting with the
Glutathione sepharose beads since bands were eldsatvhe test tube of parasite
extraction bound to beads without bait protein (iFéy3.14, lan®). We analysed
some most abundantly identical bands, they wereFPfgzand number 2) and
PfGADPH (band 4). To increase the sensitivity af #ssay, we labelled the parasite
proteins with®>S- Methionine. However, we still did not detect atifference, and the
cross-reacting bands were identical in all samplégrefore, at this point, under the

conditions of this experiment, we cannot detectiatgracting partners of PfPV1.
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Figure 3.14 GST pull-down assay of PfPV1-GST fusion protein ancparasite
extract from SLO pellet did not detect any interacing proteins. Three test tubes
were prepared for the assay, each tube containetht@ibne Sepharose 4B beads,
SLO supernatant extracted from 2 x®Ifarasites and the chimeric PfPV1-GST
protein (lane +PV1-GST), GST protein (lane +GST)beads without bait protein
(lane ®). (A) Coomasive gel prepared for mass spectrometryspararoteins were
not labeled. Bands were identified by Mass spewttry: 1. PfPV1; 2, PfEF; 3,
PfPV1; 4, PfGADPH. The PV1-GST fusion protein an8TGprotein in the test tube
were marked with arrow. Protein ladder was showkDa. (B) X-ray film exposure
from pull-down assay witf°S- labelecbarasite proteins also gave identical bands in
all test tubes.
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4. Discussion

Malaria is one of the most lethal infectious dissasorldwide. Understanding the
biology of the causative ageRtasmodium will lead to better control of the disease.
The biogenesis and maintenance of the parasitoploracuole within the infected
erythrocyte is an essential factor for parasiteigat. The PV has been postulated to
be involved in various pivotal functions, howevétld is known about the PV
contents and their respective functions. Our grbag@ previously provided the first
PV’s proteome research (Nyalwidhe and Lingelbad)62 and has continuously
exposed more members of this important compartmfenbng several hypothetical
proteins found in the first round of analysis, thevere two proteins predictably
containing a signal peptide, hence in agreemett betng exported from the parasite,
adding further support to the validity of our désyalwidhe and Lingelbach, 2006).
The protein PfPV1 encoded by PF11 0302 gene wésefuanalysed and its location
inside the PV was confirmed biochemically and motpgically [(Nyalwidhe and
Lingelbach, 2006) and unpublished data]. In orademddress the function of this
protein we used a gene knock-out strategy by dectugsover and a negative
selection (Duraisinglet al., 2002). We also searched for the interacting prstef

PfPV1 using the GST pull-down assay.

4.1. PfPV1 knock-out studies

For the knock-out strategy, we used the negativecsen strategy to select the
double-crossover recombination. Initially we did nbtain any integration event after
the first trial with ganciclovir selection withoWR cycling. Therefore we put the
knock-out construct transfected parasites on thiv&e cycles and added ganciclovir
afterward. This time we were still unable to deldte encoding gene of PfPV1
protein but interestingly we obtained both endogsnand knock-out band from the
specific Southern blot hybridisation and the epiabmlasmid was also eliminated
(Figure 3.3). Our data also showed that the TK dimgpsequence was maintained in
the parasite despite the ganciclovir press@encerning the target gene, the same
phenomenon was also observed in previous reporte(Mtal., 2008). The authors
did a large scale gene knock-out work for 83 genssg the same double-crossover
strategy with both pHTK (Duraisingtt al., 2002) and ScCDUP system (Maetial .,
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2006). There were 3 genes that gave the exactrpaseour result, showed both wild-
type and knock-out bands. Mawtral did not describe more details about the problem
but went to the same conclusion with ours, thattéingeting into the endogenous loci
was accompanied by a duplication event for maimtgiexpression of the gene. We

concluded that thBfPV1 gene is essential for in vitro growth.

Our suggestion was further validated by complemegnexperiment, although the
results were confused at the first look. We were afde to obtain the knock-out
parasites. Instead we collected various parasites liwith different genotypes in
respect of foreign constituents from transfectectars. There was one clone, the D3
clone which lost the complementary copy of PfPV4ptiyed the same genotype as
the single transfected pHT¥V1 parasite clones (Figure 3.12). The D3 clone als
kept the TK encoding sequence and displayed bahetidogenous and integrated
fragment. Meanwhile, the F9 and B10 clone, whichpregsed the episomal
PfPV1GFP fusion protein, lost thEK and did not generate the correct integration
band but integrated into somewhere instead (FigLir2).

At a brief look, it was somewhat a surprising restdowever, it could be interpreted
in several ways. It could be that the intracellldancentration of PfPV1 is important
for the parasites. The episomally chimeric PfPV1PGifotein was controlled b@RT
promoter but notPfPV1's endogenous promoter. Although the localisatidn o
PfPV1GFP protein in the PV was confirmed by micamsc and biochemical
experiments, the expression profile could alsocaffgotein activity. Data extracted
from PlasmoDB show that, whereas b@RT and PfPV1 are expressed throughout
the erythrocytic development stages, the expressi@msity percentile of PfPV1 is
always kept at a constant level in respect to geetsum of all expression intensities
at one time point (Figure 4.1). Moreover, the PfRMds fused to GFP and this might
affect function of the protein, thus not strong egio to completely compensate the
function of the endogenous one. One interestinglltreis when the episomal
pHTKAPV1 fragment disappeared, the intensity of pARL-BL signal was much
stronger than the endogenous PV1 and persistemiiytained even after the removal
of blasticidin S (Figure 3.9 B, lane 5 and 7). light be because the parasite needs
time to gain enough copies of the episofl to keep a proper function.
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From the results of F9 and B10 clone, we suggesi@dhe episomal expression was
limitedly complementing the activity of PfPV1, aalst in low level. In these two
clones, the loss of thEK cassette is an evidence of losing the full leniTKAPV1
backbone. We assumed that, under the pressuregativie selection of ganciclovir
and to keep the parasite resistant to WRhiDEFR cassette and a possibly unknown
part of pHTKAPV1 must recombine into the parasite chromosomedinmnate the
TK cassette. Therefore the unexpected 2.5 kb bandr@~8j12A) was probably from
an unspecific integration which at this point wad mentified. We supposed that at
the critical point, some parasites did not dupéc#tte endogenouBfPV1 locus
because of the limitedly complementary expressiomfepisomal copy, as happen in
F9 and B10 clone. Conversely, some other parasite) as D3 clone, for unknown
reasons lost the episomal copyRiPV1, and had to duplicate the endogenous locus to
maintain the expression and obtained the same ymmaas single pHTEPV1

transfected parasites (Figure 3.12).

Overall, we were unable to disrupt tiéPV1 gene, however the integration did
happen when the gene was duplicated (Figure 3I#sd data support our suggestion
that the PfPV1 is essential for the survival oftlergcytic parasites. One might argue
that further data need to be performed to ensus¢ the locus is open to
recombination. We have independently transfecteml3D7 parasite two replacement
plasmids. The pARAPV1g plasmid contains a fragment of PV1 gene fuseGFP
yet theCRT promoter region is removed from the vector. Onppm the integration
into the PV1 locus would the GFP express under the endogenfid¢1Ppromoter.
The second knock-in construct is the pARL-mutPVasplid bearing two silent
mutations at the very end of tR¥/1 gene. Through the WR cycling we suppose that
the single homologous recombination would happenthat PV1 locus and the
integration would be detected by sequencing, thiestected parasites are on culture
now. Currently we are also collecting the DNA blsctor PFGE followed by
Southern blot to monitor the chromosomes of botpeernents: the single and

double transfected parasites.
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Figure 4.1 Expression profile of PfPV1 (panel A) ad CRT protein (panel B).
Profiles were taken from PlasmoDB (www.plasmodb.o&hown is the percentiled
expression level of the respective gene relativalltother genes at a time point. Data
in green are of parasites synchronised by sorhbitgburple of parasites synchronised
by temperature and in grey is data below the cenfié threshold. Data for
gametocytes were obtained by sorbitol synchromisadind sporozoite data represent
an average of two replicates. Abbreviations: Syrapute; ER, early ring; LR, late
ring; ET, early trophozoite; LT, late trophozoiteS, early schizont; LS, late schizont;
M, merozoite; G, gametocyte

4.2. A possible genetic re-arrangement by integrated pasites to inactivate
TK activity
Several major problems of gene targeting by siogbss-over recombination strategy
were time consuming by cycles of on/off positiveuglrselection and in some
instances, the persistence of episomal concatainés. well established that the
episomal plasmids are lost rapidly in the absencelrog selection as they are
separated unevenly amongst the daughter parasiteseas the plasmids integrated
into the genome are segregated normally with e&acbntosome (O'Donnekt al.,
2001; van Dijket al., 1995). The unstable nature of the episomallyicaphg
plasmidscan be exploited to isolate rare parasites in asteztedpopulation that
possess integrated forms. Drug cycling ensures dftat subsequent on/off drug
cycles, all transfecteR. falciparum parasites obtained had integrated the plasmid by
single cross-over homologous recombination. Howewrinstances where gene
targeting is not favoured, transfect@ddsmids can change to stably replicating forms
(SRFs) thaare maintained episomally in the absence of driecgen (O'Donnellet

al., 2001). These SRFs are large concatamers of tlemtph plasmids, comprising
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from 9 to 15 plasmids in a head-to-tail array. T8iRF DNA, although absent of
single origin of replication, is effectively segedgd between the daughter merozoites
even in the absence of pressure selection. Andag proved that the replication
happens through both rolling-circle amdcombination dependent mechanisms
(O'Donnell et al., 2002). Thus even after several cycles of posifigiection, the
episomal concatemer might still exist and prevleethomologous recombination. To
overcome these limitations, we used the negatilecten system by the activity of
TK gene (Duraisinghet al., 2002). The TK enzyme converts prodrug such as
ganciclovir to toxic metabolites. In principle, tloaly survival parasites were those
with integration by double cross-over recombinatitihus deleting th@dK cassette

and incorporating the positive drug marker intottémget locus.

The ideal advantage of negative selection by Tiigtwas initially thought to avoid
drug cycling and to eliminate the plasmid backb@Daraisinghet al., 2002), but
there have been reports that the drug cycling sftpe selection were also required
(Kadekoppala et al., 2008) and that some genemtisns using the TK system have
resulted in the absence of double crossover whilBtaining the episomal plasmid or
single crossover with insertion of the full plasnmdluding theTK gene (Duraisingh
et al.,, 2003a; Maiekt al., 2006). Our experiments also evidenced that wédcoot
get the integration when adding ganciclovir rigfteiathe transfected population was
recovered. The integration only happened when negaelection was applied on
parasite population after several cycles of WR yFeg3.3), yet th8K sequence was
still detected by Southern blot, but not at theceesize by PCR (Figure 3.6).

The fact that pHTKPV1 clones survived after adding ganciclovir wHising the
episomal plasmid but still harbouring the TK encmdgene was explained by Maier
as the insufficient expression of TK enzyme frome @opy of the gene for potent
negative selection (Maieat al., 2006). From our data, we came to a disagreement
with the speculation of integrating one copy of € gene into chromosome. Given
that the integrated PV1 and the endogenous PVXliscat 1:1 ration (Figure 3.9), the
density measurement of the signal in Figure 3.4wsldothat the TK signal was
stronger 2 to 3.5 fold compared to the endogenmsisand, therefore, the integrated
PfPV1 band. Moreover, according to the first TK aiidge selection report in

Plasmodium, the transfected parasites exhibit a marked “lngigaeffect” on addition

96



Discussion

of ganciclovir (Duraisingtet al., 2002). The “bystander effect” is the phenomenon
when the neighbouring cells not expressing the thegaelectable markers are killed
alongside those expressing them. Therefore it i&kely that the TK activity was not
sufficient. We supposed that the concatameric plhsvas integrated into the parasite
genome in multiple plasmid backbones. We were unabbmplify a 605 bp specific
TK fragment in single clone parasites, but a ~Ibkhd (Figure 3.6 A, clone C2, C3,
E10 and F8). In the existence of SRF concatamer,evidence of sequence
rearrangement or additional sequence was deteCt&biinellet al., 2001) and our
Southern blot also proved that the original TK wak intact in the epsiomal plasmid
containing parasites (Figure 3.6, lane 2 and 3.ethigopulation). We assumed that
upon integrating, the parasites re-arrange the digt@d sequence to inactivate its
activity, therefore prevent the lethal effect fromonverting ganciclovir to toxic

metabolite.

The genetic rearrangements to inactiveifegene had been reported at high frequency
in the murine leukemia virus-based vector (Parttzdbaet al., 1995; Varela-
Echavarriaet al., 1993) used in mammalian cell culture research, sooprisingly
because of the nature of retrovirus-based systera.doser parasitic system, Valdés
et al. while testingTK gene as a negative selection systemTfgpanosoma brucel
reported the loss of TK activity due to the occooe of point mutations and
frameshifts (Valdest al., 1996). So far there has been no detailed exptamain
problems of applyingfK negative selection iRPlasmodium. We report here for the
first time a possibility of genetic rearrangemehtlos negative selection marker on
transfected DNA upon the integration. It would beacer if we successfully cloned
and sequenced the unspecific ~1kb band appearedritransfected clones (Figure

3.6). In the content of this thesis, we did notHar analyse this event.

4.3. Blasticidin S resistance

Blasticidin S has been successfully used in mRnfalciparum genetic transfection
experiments (Mamoust al., 1999; Sidhuet al., 2002; Wanget al., 2002). In these
studies, transfected parasites were selected threxgression of thé\spergillus
blasticidin S deaminaseB$D), which converts blasticidin S to a nontoxic

deaminohydroxy derivative. We were surprised whenD3 clone derived from the
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double transfected parasites lost the BSD-contgingctor but still survived under
the blasticidin pressure. Although very weak amavg} grown, the D3 clone was able
to maintain a parasitemia enough for visibly detdainder the microscope. After we
detected the positive clone in limiting dilutioo, ¢ollect enough parasite material for
DNA extraction, the D3 clone was 2 weeks delay tbeo clones. Fluorescent
microscopy, immunoblot and Southern blot confirntleel loss of pARL-BSD-PV1g
vector in this clone (Figure 3.11 and 3.12, lane).DRecently, the problem of
blasticidin resistance . falciparum studies has also been reported (Hdtllal.,
2007). The authors, when attempting to generatereetg disruption in the FCB
parasite, ended up in blasticidin S-resistant passhat lacked th8SD sequence
from the transfection plasmid. After some experitaghese authors concluded that a
mutation in the plasmodial surface anion channe&bA@) was responsible for
blasticidin resistance. They envisioned that thecsed changes in PSAC serve to
alter its selectivity profile and prohibit blastioh S access to its intracellular target.
However, that resistance could be generated ooy fthe FCB parasite, not from
other parasite isolates used in their experimedB3( W2, and 7G8). The authors
proposed that the FCB isolate presumably carrgsrmissive genetic background for

the selection of required changes in PSAC.

In our case, it is possible that the D3 isolat® ajenerated some alteration in its
background thus resistant to blasticidin S. We @¢mdt answer whether its resistance
was from the altered PSAC or else. So far thereblean no report of blasticidin S
resistance in the 3D7 parasite isolate. Howeveouingroup we also observed some
blasticidin S tolerantce occurred only in 3D7 paessalready bearing anmDHFR-
containing vector (Spork and Baser, personal conication). We therefore agree
with Hill's statement, that the acquisition of Hiaglin S resistance may require
multiple changes at the level of the parasite genofherefore, even though the
blasticidin S has shown the limitation to its useransfection, so far the problem has
only been observed in the unique background pasadsiven the usefullness of BSD
application in manyP. falciparum single transfections, we suggest that the use of

blasticidin S is still reliable in meticulously dpsed data.
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4.4. ldentifying interaction partners

In an attempt to identify interacting proteins WiRFPV1 by GST pull-down assay, we
performed experiments with proteins from trophozaitage parasites. Unfortunately,
we did not detect any protein partner (Figure 3.NBt shown in the content of this
dissertation, but in immunoprecipitated studiesghtative PAGE or pull-down assay
with His-tag recombinant, PV1 protein also yieldew interaction (Andrea
Ruecker/2007 and Caroline Odenwald/2008, bachleé&sig).

Aside from the proteomic data in our group (Nyakadand Lingelbach, 2006),
PfPV1 has been spotted in LaCount’s network (LaCaatiral., 2005) where the
authors identifiedP. falciparum protein—protein interactions using a high-throughp
version of the yeast two-hybrid assay (Y2H). Theyfgrmed more than 32,000 yeast
two-hybrid screens, of which 11% yielded positiveswvhich the identities of both
interacting protein fragments were determined. i8teractions were identified for
PfPV1. There are three conserved, unknown functmoteins encoded by
PF14 0649, PFIO175w, PF11 0160 and other threeipsoencoded by PF14 0197
(zinc finger protein, putative), PFB0300c (Meroeosurface protein 2 — MSP2) and
PFE1590w (early transcribed membrane protein 5 -RAMPS5) (Figure 4.2),
whether or not these interactions are true positeguire further investigation.
Recombinant expression of the proteins mentionedvebandin vitro binding
between the individual proteins with PfPV1 mightpht® confirm the interaction. In
our pull-down assays and in the previous experimemé only examined the parasite
extraction at trophozoite stage, particularly & kdte trophozoite. Given the fact that
in the whole asexual parasite cycle, BifeV1 gene is expressed at high level in the
spectrum of all expression intensities (Figure 4,1#e could not rule out the
possibility that the proteins above are only intéreg with PfPV1 in a certain time
point. Because our data do not cover all of thgestawe temporarily could not state a

conclusion about the interacting proteins.
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Figure 4.2 Y2H interactionsof PfPV1 (LaCountet al., 2005).Data was based on 1
protein interaction network fdp. falciparum derived from yeast two-hybrid studies.
Information of the interacting partners was prodide the box collected fron
PlasmoDB(www.plasmodb.orgfAurrecoecheat al., 2009) Blue: PfPV1 was pre
Red: PfPV1 was bait in the Y2H study.
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4.5. Conclusion: PfPV1 — a conserved, unique protein wit unknown but

essential function

The P. falciparum genome predictably contains at least 5,409 opedingdrames
(ORFs) but over 60% lack sequence similarity toegefrom any other sequenced
organism (Gardneet al., 2002). Also, detection of over 2,400 proteins rhgss
spectrometry showed that a large number of thopethgtical ORFs are transcribed
and validated (Sam-Yellowet al., 2004). Thus, almost two third of the plasmodial
proteins appear to be unique to this organism. ridedi putative roles for these
unannotated ORFs in the absence of homologs inr otinganisms remains
challenging, discovery of their roles and idenéfion of Plasmodium specific key
regulatory elements will be fundamental to conthad important pathogen.

PfPV1 is one of the unannotated proteins spegifielasmodium. Location in the PV,
unable to knock out, this protein also does nodushe any known functional domain,
thus making the elucidation of its function is mdifficult. At this point we can only
present some predicted functions of PfPV1 througinformatics research, although
the obtained scores are rather low (Table 3). We ptesent here the data extracted
from PlasmoDB in searching for genes that havendam expression profile to PfPV1
(Table 4). Of 100 defined matches, there are 12gqmedictably contain a signal
peptide, half of their products are unknown funttiproteins, the others encode
various products, from phosphatase to proteaseutii-transmembrane proteins. The
top 3 genes that score the highest profile sintylaiw PfPV1 but do not contain a
signal peptide all encode for metabolism transpert€FE1150w - the multidrug
resistance protein, PFA0375c — the lipid/sterdl$ymporter and PFF1430c - a
putative amino acid transporter (Table 4). The hiypsis that genewith similar
functions have similar expression profiles has beately considered as one of the
methods in finding gene's cellular role Plasmodium (Le Rochet al., 2003).
Although those clues are not the clarified hints deserved to further exploration to
understand the biological function of PfPV1. Extexgdthe PfPV1 interaction assays
to the whole erythrocytic stages could help tortethe function of PfPV1.
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Table 4. Expression profiles similarity to PfPV1

[Profile . _— [SignalP
No. [Gene] Distance] [Annotated GO Function] [Product Description] Peptide]
PF11 0302 | O N/A conserved, unknown function Y
1 PF14 0201 | 1.1811 molecular_function surface proRf113 Y
2 PF14 0614 | 1.2541 hydrolase activity phosphatagative Y
3 PF11 0246 | 1.3042 molecular_function conservekhann function Y
4 PFC0450w | 1.3604 N/A conserved , unknown functipry
5 PFE1340w | 1.438 N/A conserved, unknown function Y
6 PFLOO65w | 1.4732 molecular_function conservednomin function Y
7 PFLO790w | 1.5361 molecular_function conserved, AB@sporter Y
transmembrane domain,
unknown function
8 PF11 0174 | 1.5644 cysteine-type peptidase | cathepsin C, homolog Y
activity
9 PF14 0761 | 1.5912 long-chain-fatty-acid-CoA acyl-CoA synthetase Y
ligase activity
10 | PF11 0212| 1.6314 nucleotidyltransferase tRNA nucleotidyltransferase, | Y
activity, RNA binding, putative
molecular_function
11 PF13 0265| 1.6363 N/A conserved, unknown functionY
12 | PF10_0208| 1.6593 molecular_function endomembpestein 70, Y
putative
13 | PFIO700c 1.6621 N/A met-10+ like protein, pu@ti | Y
14 | PFE1150w | 0.7 ATP binding, multidrug multidrug resistance protein -
efflux pump activity, ATPase
activity, coupled to
transmembrane movement of
substances
15 | PFA0375c 0.7945 hedgehog receptor activity lipid/sterol:H+ symporter -
16 | PFF1430c 1.1409 amino acid transmembrane | amino acid transporter, -
transporter activity putative
17 | PF11_0384 | 1.1989 molecular_function cleft lip and palate associated | -
transmembrane protein-related
18 | PFD0415c 1.2852 N/A conserved, unknown function -
19 | PF14 0477 | 1.2992 signal sequence binding, signal recognition particle -
GTP binding, nucleoside- SRP54, putative
triphosphatase activity, 7S
RNA binding
20 | PFI11085w 1.3033 N/A ubiquitin-like protein, putative | -
21 | PF14 0528 | 1.3126 molecular_function hemolysin, putative -

Table 4. Expression profile similarity to PfPV1.Search on PlasmoDB for 100 genes
that have a (glass slide) expression profile simdathat of PfPV1, distance method by
Euclidean distance in 3D7 parasite, no time shidwaed. A secondary search found 13
genes that contain a predicted signal peptide.lishen this table was extracted for top
21 genes, first selected on signal peptide pres@eees from no. 1 to no. 13); followed
by profile distance (genes from no. 14 to no. Alifalic). N/A: not annotated yet; Y in

SignalP peptide column: contains signal peptidetaleere extracted from PlasmoDB
(Aurrecoecheat al., 2009).
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Summary

Summary

Malaria is one of the most lethal infectious dissasorldwide. Understanding the
biology of the causative ageRtasmodium will lead to better control of the disease.
The biogenesis and maintenance of the parasitoplovacuole (PV) within the

infected erythrocyte is an essential factor forapde survival. The PV has been
postulated to be involved in various pivotal funos, however little is known about
the PV contents and their respective functions. @aup had previously provided the
first PV’s proteome research and have continuoasgyosed more members of this
important compartment. The protein PfPV1 was a pedidcovered PV localisation

protein, encoded by the PF11 0302 gene. In ordexdtbress the function of this
protein a gene knock-out strategy was applied.akctefor the interacting proteins of

PfPV1 was also carried out using the GST pull-dassay.

The first attempt to knock out the encoding gene tha double-crossover strategy in
the presence of a negative selection. The knockégarasite was unable to obtain.
However, the integration into ti&#PV1 locus did occur, evidenced by the presence of
both endogenous and knock-out band in the spesmificthern blot hybridisation. The
PfPV1 gene was therefore assumed to be essential fertim growth, thus the
targeting into the endogenous locus was accompamyed duplication event for

maintaining expression of the gene.

The assumption was further validated by the sedamatk-out strategy, using the
complementing experiment. The result had been ¢ggeio be able to disrupt the
endogenous gene locus through the knock-out vedide concomitantly expressing
a copy ofPfPV1 underthe control of a foreign promoter from an episomialsmid,
which should not recombine with the endogenous ¢mries. However, the gene was
still resistant to be disrupted. Various clonesenisplated from the double transfected
parasites. One of the clones has lost the episoopgl of thePfPV1 gene and showed
the same southern blot result as the single tretesfeparasite, indicating that the
parasite needs to maintain the expression of tld@ganous gene. Other clones, if
keeping the episomal copy of tRéPV1, did not show the specific integration. The
result strongly suggests that tiREPV1 expression needs to be controlled by its
endogenous promoter to be fully active.
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The data has also proved for the first time thaame cases of the negative selection
strategy, upon the integration, tRasmodium parasite might rearrange the thymidine
kinase encoding sequence in order to inactivatedtsvity, therefore prevent the
lethal effect from converting ganciclovir to toximetabolite.

In the GST pull-down assay, no interacting proteias obtained. However, the
experiment was carried out with the cell extraotrfrtrophozoite-stage parasites, thus

might not detect interactions at other stages.

In conclusion, the data suggest that PfPV1 is aseed, unique protein with

unknown but essential function during the intraergtytic cycle.
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Zusammenfassung

Die Malaria ist noch immer eine der verheerendstéektionskrankheiten weltweit.
Das Verstandnis der Biologie des ihr zugrunde helga Pathogen$?lasmodium
falciparum ist notwendig, um erfolgreich gegen diese Krankkierzugehen. Dabei
ist die Genese und Aufrechterhaltung der parastagghVakuole (PV) innerhalb des
Erythrozyten ein essentieller Faktor fiir das Ulimate des Parasiten. Obwohl diese
grundlegende Bedeutung fir den Parasiten bekannt bkeibt die genaue
Zusammensetzung und die Funktion vieler Bestamdtddr PV weiter ungeklart.
Unsere Gruppe hat dabei das erste Proteom diesepdttments verétffentlicht und
in der Vergangenheit weitere Komponenten dessalbemtifiziert. PfPV1 ist eines
dieser neu entdeckten Proteine. Um Informationertigfech der Funktion dieses
Proteins gewinnen zu konnen, wurde in der vorliedgenArbeit eine Knock-out
Strategie gewdahlt. Zudem wurde versucht, Interakpartner von PfPV1 mit Hilfe

von GST Pull-Down Assays zu identifizieren.

Beim ersten Versuch des Knock-outs wurde eine Dm@@bssover Strategie mit

negativer Selektion verfolgt, wobei sich der ertradt Knock-out Parasit nicht weiter

kultivieren lie3. Die Integration in den PfPV1- Lok war jedoch erfolgreich und so

wurde bei der spezifischen Southern-Blot Hybridiang sowohl eine endogene als
auch eine Knock- Out Bande detektiert. Die Schhlgsfung aus diesen Ergebnissen
ist, dass PfPV1 fir das Uberleben des Parasitefitrm-essentiell ist, und dass im

Zuge der Integration in den endogenen Lokus einglikation stattgefunden haben

muss, welche die weitere Expression des Gens gesiellt hat.

Die obige Annahme wurde durch die Ergebnisse deitew Knock-Out Strategie
weiter bestatigt. Hierbei wurde versucht, das erdegGen mit Hilfe eines Knock-
Out Vektors zu zerstoren, wahrend gleichzeitig PfPyhter der Kontrolle eines
fremden Promotors von einem episomalen Plasmidireignt wird, welches nicht

fahig ist mit dem endogenen Lokus zu rekombiniededloch lie3 sich auch mit Hilfe
dieses Ansatzes das PfPV1-Gen nicht zerstorenAadyse verschiedener Klone der
doppelt transfizierten Parasiten zeigte folgendgeBnisse. Bei einem der Klone war
festzustellen, dass die episomale Kopie von PfP¥roren gegangen war. Dieser

Klon zeigte zu dem dasselbe Muster im Southernt ®ie die einzel transfizierten
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Parasiten. Dies geht konform mit der oben genanAterahme, dass der Parasit zum
Uberleben auf die Expression des endogenen Gerewasgn ist. Weitere Klone
zeigten bei der Analyse, sofern sie die episomatpi& behalten hatten, keine
erfolgreiche Integration. Diese Ergebnisse weisarauf hin, dass die erfolgreiche
Expression von PfPV1 die Kontrolle des endogenemiBters bendtigt.

Die wahrend dieser Arbeit generierten Daten zemen ersten Mal, dass die negative
Selektionsstrategie bei Integration dazu fihremkaass bePlasmodium falciparum
die Thymidin-Kinase kodierende Sequenz dahingelmeodifiziert wird, dass sie ihre

Aktivitat einblRRt und Ganciclovir nicht mehr in seitoxische Form tberfuhrt.

Bezuglich des GST pull down Assays gelang es niatgragierende Proteine zu
identifizieren. Mdglicherweise finden Interaktionemit PfPV1 jedoch in
Entwicklungsstadien des Parasiten statt, die irsadiéArbeit nicht bertcksichtigt

wurden.
Zusammengefasst lassen sich die Ergebnisse diadsit A0 interpretieren, dass

PfPV1 ein einzigartiges, konserviertes Proteinesgentieller, aber noch unbekannter

Funktion darstellt.
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