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I ntroduction

1. Introduction
|. Trypanosoma brucei

1.1 Trypanosoma brucei, the cause of African sleeping sickness

Human African Trypanosomiasis (HAT), also knownséeeping sickness, is a vector-borne
parasitic disease which primarily affects the pebreiral populations in some of the least
developed countries of Central Africa. (Berrimanal, 2005). Trypanosoma bruceis a
unicellular eukaryote that causes sleeping sickimleeamans and nagana in livestock. It lives
exclusively as an extra-cellular parasite unlikeheot members of this family of
Trypanosomatidae, such &sypanosoma cruzand Leishmaniaspecies, which possess intra-
cellular stagesT. bruceiparasites undergo a complex life cycle throughtoedstream of
their mammalian host and the blood-feeding insesttor, the tsetse flyGlossinaspp.)
(Hellemond and Tielens, 2006).

1.2 Epidemiology

Sleeping sickness threatens millions of people GncBuntries of sub-Saharan Africa. The
number of new cases is currently between 50,000 &n600 per year. The parasites
concerned are extracellular protozoa belonging e TrypanosomaGenus. They are
transmitted to humans by tsetse fl@lgssina Genus) bites which have acquired their
infection from human beings or from the animalsenoir. Tsetse flies are found in Central
Africa and only certain species transmit the dise&sfferent species have different habitats.
They are mainly found in vegetation by rivers aaf#tels, in gallery-forests and in vast
stretches of wooded savannah. Sleeping sicknesgssocnly in those regions where there are
tsetse flies that can transmit the disease (Figiurehttp://www.eanett.org/whatis/

For reasons that are so far unexplained, therenarey regions where tsetse flies are found,
but sleeping sickness is not. HAT takes two fordepending on the parasite involvéd.
brucei gambiensés found in West and Central Africa. This form megents more than 90%
of reported cases of sleeping sickness and cauda®mic infection. A person can be infected
for months or even years without major signs orstgmms of the disease. When symptoms do
emerge, the patient is often already in an advamisehse stage when the central nervous
system is affectedl. brucei rhodesiensis found in Eastern and Southern Africa. This form
represents less than 10% of reported cases anéscamsacute infection. First signs and
symptoms are observed after a few months or weEks. disease develops rapidly and

invades the central nervous systehttp://www.who.int/mediacentre/factsheets/fs25Yen/

1
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Other parasite species and sub-species of tyganosomasenus are pathogenic to animals
and cause animal Trypanosomiasis in many wild asrdestic animal species (in cattle the
disease is calletilagana a Zulu word meaning “to be depressed”). Animas tost the
human pathogen parasites, especialty. rhodesiensghus domestic and wild animals are an
important parasite reservoir. Animals can alsorffected withT.b. gambiensehowever the
precise epidemiological role of this reservoir & get well known. This disease Kills live
stock and is a major obstacle to the economic deweént of the rural areas affected (WHO
report, 2006).

Figure 1.1 Distribution of Trypanosomiasis in cawgg considered endemic in Africa
(W.H.O.).

1.3 Classification

Trypanosomes are protozoans which belong to theratl Kinetoplastida. They contain a
range of ubiquitous free-living species which aesthpgens of invertebrates, of vertebrates
and even of some planfSrypanosomaspecies cause sleeping sickness and Chagas disease
whereas the leishmaniases kill and debilitate hest&lof thousands of people worldwide each
year. The taxon Kinetoplastida was created by nmitiwo groups: Bodonidae and
Trypanosomatidae (Simpsat al, 2006). Organisms of the former group are charae

by the presence of two flagella and a quite largetkplast. This group is formed by both
free living organisms and parasites of fish andlsn&rypanosomatidae have only a single
flagellum and a smaller kinetoplast than Bodoniddes former comprise, Trypanosomatidae,
of which all members are parasites of invertebraaéisclasses of vertebrates or plants. The
genusTrypanosomas further divided into two sections, accordingttie place of where the

2
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parasite develops in the insect host. Salivarieldgvin the anterior portion of the digestive

tract and within the salivary gland, while the stearia develop in the hindgut. brucei

belongs to the salivaria sub-genus (Lewhal, 1980).

Kingdom

Subkingdom

Phylum

Subphylum

Infraphylum

Microphylum

Class

Subclass

Order

Genus

Sub-genus

Species

Subspecies

Eukaryote

Sarcomastigophora

Mastigophora

Zoomastigophora

Kinetoplastids

| Metakinetoplastina |

Prokinetoplasina

Neobodonida Eubodonida Trypanosomatida Parabodonida
Monoxenous Leishmania Trypanosoma Phytomonas
insect
trypanosomatids |
Salivaria Stercoraria
I |
T. vivax T. congolense T. brucei T. evansi T. cruzi
T.brucei T.brucei T. brucei
brucei rhodesiense gambiense

Figure 1.2 Phydogtic tree off .bruceiaccording to Simpsoet al., 2006
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1.4 Morphology

T. bruceilive in the blood and tissue fluid of a mammaliaost; the bloodstream form
trypomastigotes are relatively long (about 20 pwmjh a flagellum that emerges from the
posterior end (defined relative to the directionnadtion) and is attached along the body of
the parasite. The cell surface is protected byiek tlayer of variant surface glycoprotein
(VSG) which is changed at frequent intervals: #nsigenic switching enables the parasite to
survive indefinitely in the face of recurrent imneuresponses. Stumpy, nondividing forms
may survive preferentially when the parasites aleenn up by a feeding tsetse fly. The
parasites in the fly midgut differentiate into fh@cyclic form which is morphologically quite
similar to bloodstream forms, although the kine&splis relatively nearer to the nucleus.
Before entering the mammalian bloodstream, procytltypanosomes differentiate into
epimastigotes and then into VSG- bearing metacyolims in the tsetse fly salivary glands
(Figure 1.3). The major cell surface protein (VS@GAfrican trypanosomes are linked to the
plasma membrane via glycosyl phosphatidylinosi@®Pl) anchors whose composition varies
according to the antigenic variant and life cyckge (Claytoret al, 1995).

Figure 1.3 Major cellular forms of trypanosomatidefined by cell shape, flagella
presence and position of the basal body, kinetbplas nucleus (Gull, 1999).
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Posterior Anterior
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3.  Flagellar pocket 8.  Mitachandrion
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5. Axoneme and paraflagellar rod 44, Glycosomes
6. Golgi

Figure 1.4 Trypanosome cell architecture withatans of the major features of the cell
(Matthews, 2005).

Membrane transport functions are important botkeims of interaction with insect vectors
and mammalian hosts as well as recycling VSGs. dnmgpomes have a polarized
endomembrane system which restricts both exocytasid endocytosis, which occur
exclusively through the flagellar pocket (Overathal, 2004; Fieldet al, 2004). They appear
to have a reduced dependence on the acto-myosiomkebalanced by an elaboration of the
tubulin-based cytoskeleton. These organisms havensimbers of the tubulin superfamily
especiallyd- ande- tubulin presence is characteristic for basal &sa@ind flagella. There is no
actin-based motility known so far and acto-myosiymven not be necessary for cytokinesis
(Berrimanet al, 2005). The following organelles of the trypanossm.e. kinetoplast and
nucleus are precisely positioned between the postend and the centre of the cell (Figure
1.4). The motility of the parasite is dependent rupts single flagellum, which has a
conventional axonemal structure (9 X 2 + 2) plus amsociated paraflagellar rod. The
mitochondrion is a single elongated structure thas from the posterior to the anterior of the
cell. Bloodstream form mitochondrion is simple tlasstructure largely devoid of cristae and
does not contain a functional respiratory chainuslienergy generation is dependent on
glycolytic reactions compartmentalized within glgomes. The kinetoplast (i.e. the mtDNA)
consists of mass of catenated DNA molecules. Tis#tipoing of kinetoplast is different in
bloodstream form and procyclic form. The kinetoplaas many other unusual features and is

composed of two classes of circular DNA moleculesxicircles, containing genes that
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encode mitochondrial proteins and minicircles whaeitode short guide RNAs (Matthews,
2005). The Golgi complex is more extensive in th@obdstream form as compared to the
procyclic form, the lysosome and the endosomeslhtecated in the posterior region of the
cell. The endoplasmic reticulum (ER), the mitochgadacidocalcisomes and the glycosomes

are all dispersed throughout the cell volume (Feldl, 2004)

1.5 Life cycle

The T.bruceihas exquisite co-ordination of events occurringhasparasites proceed through
their life cycle. They make a series of transitidmstween three major environments:
mammalian host, tsetse midgut and tsetse saliviarydg The life cycle is characterized by
changes in cell shape, cell cycle, metabolism,aserfcoat, etc. At two of these transition
points, bloodstream to tsetse midgut and tsetseasgalgland to mammalian bloodstream,
there is a specific pattern of events. In each,dhsetransmitted parasite (stumpy form and
metacyclic, respectively) exhibits particular diffatiated attributes useful to its survival in
the next environment. On reaching that environmanteach situation, the cell enters a
proliferative cell cycle and colonizes the midgutbdoodstream, respectively. In one of the
other transitions, tsetse midgut to the salivargngd| the parasite differentiates to an

epimastigote form (Gull, 2001).

Figure 1.5 Life cycle stages aftbruceiin insect vector and mammalian host. Arrowheads

represent differentiation events in the trypanostfeeycle (Barretet al, 2007)
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The trypanosome is transmitted between mammaliatsHiy the tsetse fly;lossinaspp, in
which it initially establishes in the midgut aft@blood meal but then migrates to the salivary
glands in preparation for transmission to a new matian host (Figure 1.5). In mammals,
the parasite survives free in the bloodstream,dgoable to evade antibody responses through
antigenic variation (McCulloch, 2004; Pags al, 2004). Trypanosomes proliferate in the
mammalian system as morphological slender formsethbeing replaced by the non-
proliferative stumpy form as parasite numbers iaseg(Matthewst al, 2004).

The accumulation of division-arrested form limitsetincrease in parasite numbers and
thereby prolongs host survival and disease trarssomsThe uniform arrest of stumpy form in
Gl phase of the cell cycle ensures that the moogitdl changes that occur upon
transmission to the tsetse fly can be coordinatéd ve-entry into the cell cycle. This is
important because correct organelle positionirgusial for successful completion of the cell
cycle of tsetse midgut procyclic forms. Upon uptalethe tsetse, bloodstream trypanosomes
replace the VSG coat with a less-dense surfacecomaposed of procyclin, which is also GPI
anchored (Roditi and Linger, 2002). Energy genenatilso switches from being exclusively
based on glycolysis to a mitochondrion-based raspy system, which requires structural
elaboration and metabolic activation of the orgnefter proliferation in the tsetse midgut,
the parasite migrates to the salivary gland. Thmagtigote forms generated there attach to
the gland membrane through elaborations of theeflag membrane. After further
multiplication, the parasite undergoes divisioreaty reacquires a VSG coat and is released
into the salivary gland lumen, in preparation foogulation into a new mammalian host
(Matthews, 2005).

1.6. Metabolism of parasite

An adaptive evolution shapes the metabolism ofgi@swhich results in the development of
novel pathways that are integral for parasite stgwe of host defenses. Yet the availability
within the host of an assortment of metabolitescihincludes small organic molecules for
energy generation or building blocks for assembiimagromolecular structures. The parasites
lack various core pathways of metabolism that aesgnt in many other organisms (Boeta
al., 2005).

T.bruceiresides in the bloodstream within an aerobic emwirent, but use glycolysis (i.e.
without oxidative phosphorylation) for energy geaatem (Figure 1.6). In bloodstream forms,

glucose catabolism is aerobic, requiring an oxydependent alternative terminal oxidase for
7
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regeneration of the NADreduced during glycolysis, and pyruvate is the-pradiuct of
metabolism. These parasites compartmentalize matlyeo glycolytic enzymes behind the
peroxisomal membrane, giving rise to glycosomesldodstream form, approximately 90 %
of the peroxisomal or glycosomal, matrix proteins glycolytic enzymes (Moyersoest al,
2004).

Bloodstream form contains cytoplasmic phosphoghteerkinase which means it needs
multiple pathways in order to maintain a balanc&®P and ADP concentrations inside the
glycosomes (Misset and Opperdoes, 1987). The gi8ephosphate shuttle, which is
essential in bloodstream form, is again operatwetbere is a second route for maintaining
glycosomal NAD/NADH homeostasis. This pathway utilizes NADH-degyent fumarate
reductase to generate succinate from the phosphpgnaovate intermediate of glycolysis.
This fumarate reductase activity is present on dutaw multifunctional protein, which also
has the NADH-dependent cytochrome c reductaseigc{Besteiroet al, 2002). There is
also pyruvate phosphate dikinase, a glycosomakprofor which the functional role is not
known (Bringauckt al, 1998; Coustoet al, 2003).

The sugars are not thought to be readily availabthe digestive tract of the tsetse fly. The
glucose content of the blood meal is depleted hagmllowing ingestion. The tsetse flies
unlike many other invertebrate vectors do not aeqautrients by feeding on sugar-rich plant
sap (Tetaucet al, 1997; Vedrenneet al, 2000). The shift towards mitochondrial energy
generation in procyclic form can therefore be cdessd to reflect a predominance of peptides
and amino acids. These are liberated by digestidheoblood meal, as the primary carbon
source available for ATP production. In the pregeatglucose, the end-products of proline
catabolism are equimolar amounts of £&hd succinate. The enzymes required for this
catabolism result in the generation of ATP througlbstrate-level phosphorylation, and
NADH and FADH which both provide electrons for the respiratomgia (van Weeldeet
al., 2003, 2005).
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Figure 1.6 Energy metabolism in bloodstrebimrucei

Procyclic form relies on mitochondrial energy getiem (Figure 1.7) for its viability
(Bochud-Allemann and Scheneider 2002; van Weekteal, 2003). These form express a
cohort of unusual enzymes, some of which are mbagacteristic of anaerobic metabolism
(Riviere et al, 2004; Coustotet al, 2005). At least in procyclic form acetate is arde
product of energy metabolism because; despite tbgepce of a complete cohort of Krebs
cycle enzymes. This observation does not of copreelude a role for the Krebs cycle in
these parasites energy generation at some poiirtgdilre transmission cycle through tsetse
(van Weelderet al, 2003, 2005). In the absence of glucose, the gtiaciorms are critically

dependent upon oxidative phosphorylation for engegyeration (Lamouet al, 2005).
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Figureé Energy metabolism in procyclic form

T.bruceialso retains an ability to synthesize carbohydraie evidenced by the presence in
the genome of the key gluconeogenic enzyme fruetpgebisphosphatase (Morret al,
2002; Hannaeret al, 2003). It is known that many of the enzymes foundT.brucej
including components of the branched respiratogirctacetate:succinate CoA-transferase,
NADH-dependent fumarate reductase and pyruvate phlabe dikinase, are expressed
(Bringaudet al, 1998; Van Hellemonet al, 1998 A,B; Besteiret al,2002). The evidence
indicates that differences in the expression osehenzymes, between different forms are
always likely to reflect the environment in whidtat cell type lives (Ginger, 2006).
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1.7 Pathogenesis

The infection is initiated after the bite of a teysome-infected tsetse-fly, the metacyclic
trypanosomes in saliva of fly, differentiate to thleodstream stage and spread via the local
draining lymph node into the vascular system. Imadout not all infections, a local skin
reaction or chancre occurs at the site of inoauathich is caused by a local inflammatory
response to the parasites, and subsides after Usw&he early (or hemolymphatic stage)
commences 1-3 weeks after an infective fly bite predents with periods of fever, lasting 1-7
days and generalized lymphadenopathy. During thisog, the parasites proliferate within
the blood and lymphatic system. Symptoms includeegd malaise, anemia, headache,
pyrexia, weight loss and weakness. Immune-actimativy evident from lymph node
enlargement, hepatomegaly, and splenomagaly. Ttee (laeningoencephalitic) stage of
infection coincides with the invasion of the CNS pwrasites and is associated with
psychiatric, motor and sensory disorders, alondy wieep abnormalities. If untreated, late-
stage patients progress to a final stage involsgigures, somnolence, coma and death.

Both T.b. rhodesiensandT.b. gambiensefections follow this sequence of infection stage
but with a marked difference rate of progressidrb. gambiensgresents as a chronic
infection, in which progression to late stage nalgetseveral months or longer, and late-stage
CNS infection may last several years. On the otiand, T.b. rhodesiensas generally
regarded as an acute infection, with progressioatestage occurring in a matter of weeks
and the late-stage CNS infection leading to deathinv3 months, although this may not
always be the case.

Trypanosomes primary immune-evasion strategy isg@mt variation. The parasites are
covered with a coat of I0VSG molecules attached to the trypanosome cell nane via
GPI anchor (Mageet al, 2002). VSG is an immunodominant antigen, capableliciting
both T-cell dependent and independent B-cell respendepending on its conformation.
Antibody opsonized trypanosomes are effectivelardd by the host lymphoreticular system
(Macaskill et al, 1981). Thereafter the parasite undergoes antgeariation. For this
purpose the VSG occupy 10 % of the trypanosomesrgerand has a repertoire of more than
1000 transcriptionally inactive VSG genes but oalgingle active transcription site. VSG
molecule plays a pivotal role in host responses @gits polyclonal B-cell activation, and in
human infection this manifests in the generatioraofo-antibodies and immune complex
disease. Phospholipase C is responsible for tleeate of the GPI anchor through release of

VSG molecule in a soluble form. Given the centad rof inflammatory immune responses in
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sleeping sickness pathogenesis, it is possiblartimtinogenetic variation in host populations
may influence disease progression and outcomen(&tay, 2004).

The changes in the cell of the parasite as it te@gefrom the mammalian bloodstream to the
tsetse fly and back again must be highly regulatetlinterconnected. Mapping of the events
that occur during synchronous transition from bkiogam stumpy forms to procyclic form
has revealed that the developmental program opahnasite is temporally ordered (Matthews,
1999). Inappropriate migration of the kinetoplastidg or after segregation of that organelle
would be likely to disrupt the highly orchestraigents required for successful cell division.
The mitochondrion and the mitochondrial genome rtfelhave a central role in the
development of the cell; this is evident from thgortance of mitochondrial metabolism in
surface antigen regulation (Vassadtaal, 2004).

1.8. Diagnosis

Trypanosomes are variable and inconstant charaaeads the clinical symptoms are
insufficient for diagnosis of sleeping sicknessrallyh detection of trypanosome specific
antibodies by agglutination assays, immunoflouneseeor ELISA, diagnosis of mainly.b.
gambiensesleeping sickness is facilitated. The card agghiitom test for trypanosomiasis,
CATT/T.b. gambienséMagnuset al, 1978) is used iT.b. gambiensendemic areas for
mass screening of the population at risk. Due @atinent cost and risks, definite diagnosis
should be obtained by demonstration of the parasiteody fluids. Unfortunately, simple
parasitological techniques such as microscopic eéxaion of a lymph node aspirate, or of a
wet or thick blood film are insensitive, especidily diagnosis ofl.b. gambiens@fection,
where the number of parasites in the blood carotye Due to the workload, parasitological
examination is in practice limited to clinical @relogical suspects.

Due to the selective permeability of the blood-braarrier and the high toxicity of second
stage drugs, accurate determination of the resggedisease stage is important for optimal
treatment. There are no specific clinical signsegtdn very advanced cases or any clear
changes at blood level indicating the evolution nfrothe hemolymphatic to the
meningoencephalitic stage (Bisstral, 1997). According to the W.H.O., stage determorati
should be performed by examination of the cerebnasgdluid (CSF) for the presence of
trypanosomes, the white blood cell count and tked frotein concentration (W.H.O., 1998).
For follow-up after treatment, the blood and theF@% the patient is re-examined on several
occasions (ideally 3, 6, 12, 18 and 24 months d&fer end of treatment). A patient is

considered cured when during this 2 year followpapiod no trypanosomes are detected in
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the blood, lymph or CSF (W.H.O., 1998). Thus, CSfneination plays a key role in
diagnosis, selection of treatment and post-treatrf@low-up of sleeping sickness patients
(Van Meirvenne, 1999; Buscher and Lejon, 2004; Keiyn 2004).

1.9. Treatment

Therapy is complicated by the different diseasgestaln the meningoencephalitic stage, the
selective permeability of the blood-brain barrieotpcts trypanosome in the brain against the
action of several drugs, effective in the hemolyatgh compartment. Treatment of
meningoencephalitic stage sleeping sickness rexjiineic drugs and hospitalization (Van
Nieuwenhove, 1999; Legraat al, 2002; Burri and Brun, 2003). First stagd. rhodesiense
infection is treated with suramirgambienseinfection with pentamidine. Pentamidine is
usually well tolerated, whereas suramin may haverseadverse effects (Lejon and Buscher,
2005).

Treatment of the meningoencephalitic stage reliesost exclusively on melarsoprol, an
arsenicum derivative. It is administered intravesipand requires hospitalization for at least
10 days for the short, accepted standard coursei (&uwal, 2000; Schmicaet al, 2004), or 35-

36 days for the old treatment schedule. The wodsemse effect is treatment associated
encephalopathy, which occurs in 5-10 % of patientbis fatal in 50-100 % of them (Pegn
al., 1994). Alternatives for late stagel.b.gambiense sickness treatment are
difluoromethylornithine (eflornithine) and nifurtox. Both drugs are used for treatment of
melarsoprol refractory cases, but difluoromethyitbine has been introduced as first-line
drug by some organizations. In view of the obseriuemtease in melarsoprol resistance,
clinical trials on combination therapy are ongofhgjon et al, 2005).

Eflornithine was developed over 20 years ago, amd wegistered for the treatment of
gambiensalisease in 1990. While the drug is safer than reefaol, eflornithine does have
side effects; fever, unusual bleeding, weaknessrtta, nausea, stomach pain, and vomiting
are common, while rarer side effects such as csrong, loss of hearing, hair loss, headache,
anemia, leucopenia and thrombocytopenia have aso lbbserved. The administration of
eflornithine, which requires multiple daily infusis, limits its use in the context of rural
Africa, despite the determination of some prograrade it as a first-line drug.

With the development of parasite resistance to somthe available drugs, a number of
studies have attempted to combine existing drugs/éscome treatment failures. The major

challenge in developing a new drug that can ensustainable disease control will be to find
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a safe and affordable, orally administered drug theeffective against both forms of the
disease, in both disease stages, and that doesedauaite any particular skills or care to
administer. The ideal regimen should not last mthven a few days, thus making it

manageable by peripheral health staff in an ouepatontext (Simarret al, 2008).
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ll. Phospholipases A

2.1. Lipases

2.1.1 General Feature

Lipases [EC 3.1.1.3] are a family of hydrolase eney cleaving glycerol esters of long chain
fatty acids (water insoluble). They are differemn esterases [EC 3.1.1.1], which hydrolyze
esters of short chain fatty acids (water solub®&)ihadaet al, 1989). Lipases are serine
hydrolases which act at the lipid-water interfacae catalytic triad is composed of Ser-
Asp/Glu-His and usually also a consensus sequdalyeX-Ser-X-Gly) is found around the
active site. The lipases are a versatile grougnalymes and often co-express other activities
like phospholipase, lysophospholipase, cholestesierase, cutinase, amidase and other
esterases. Generally, lipases have preference hier substrate type, whether it is a
triacylglyceride or a diacylglyceride, and thereforhave diacylglyceride and
monoacylglyceride as products, rather than glycarm fatty acids. The regioselectivity is
often rather high for the positiors1-l andsn3 and less frequently f@an2. The lipases
belong to thew/p hydrolase family (Svendsen, 2000). Interfacialvation of lipases can be
traced to the unique structural characteristicshig class of enzymes. Lipases contain a
helical oligopeptide unit that shields the actiwe.sThe movement of the oligopeptide flap
probably occurs when the enzyme docks to the plubigith surface which facilitates
translocation of the substrate to the cleavage siigases have biological functions in
bacteria, fungi, plants, higher animals in addittbey function as biocatalysts in numerous
industrial processes including such areas as odsfats, detergents, baking, cheese making,
leather and paper processing. Moreover, lipasestreremost used enzymes in synthetic
organic chemistry, catalyzing the chemo-, regiond/ar stereoselective hydrolysis of

carboxylic acid esters or the reverse reactiorrgaic solvents (Reetz, 2002).

2.1.2 Classification

The lipase enzymes consist of a large family shgwhe same overall structural fold but

which has versatility of loop structures in contagth the substrate, and exhibits versatile

substrate specificities. The lipases can be grouptd subfamilies by analysis based on

sequence homology, thus dividing them into two niamilies.

The mammalian lipase family includes pancreatiadg hepatic lipase, lipoprotein lipase and

pancreatic lipase —related protein. Within microliases, several families have now been

found, the bacterial lipases, containing the Sthgoccus lipase family, Pseudomonas lipase
15



I ntroduction

family, Bacillus lipases and others, and the furlgses with thdRhizomucor miehdipase
family, Candida rugosdipase family and other subfamilies (Svendsen0200

2.1.3 Substrate specificity

Lipases may be divided into three categories ddpgnén substrate specificity like
nonspecific, regiospecific and fatty acid-specifdonspecific lipases act at random on the
triacylglyceride molecule and result in the compléreakdown of triacylglyceride to fatty
acid and glycerol. Regiospecific lipases are 1&eHjT lipases which hydrolyze only primary
ester bonds (i.e. ester bonds at atoms C1 and Cglyakerol) and thus hydrolyze
triacylglyceride to give free fatty acids, 1,2 (RdBacylglyceride and 2-monoacylglyceride.
The fatty acid-specific lipases exhibit a pronouhdatty acid preference ranging from
triacylglycerides with long-chain fatty acids, siar medium-chain fatty acids and
unsaturated fatty acids.

Another important property of lipases is their drmafstereoselective nature, wherein they
possess the ability to discriminate between thentwraers of a racemic pair. Such
enantiomerically pure or enriched organic compouargssteadily gaining importance in the
chemistry of pharmaceutical, agricultural, syntbetirganic and natural products. The
stereospecificity of a lipase depends largely andtiucture of the substrate, interactions at
the active site and the reaction conditions (Gept, 2004).

2.2 Phospholipases

2.2.1 General characteristics of phospholipases

Phospholipids are present in all living organismd are a major component of all biological
membranes along with glycolipids and cholesterohzynes aimed at modifying
phospholipids, namely phospholipases, are conségueitdespread in nature, playing very
diverse roles from one of common component in snak®em to signal transduction and
digestion in humans. The phospholipases are a e&mgotd crucially important group of
enzymes that hydrolyze phospholipids (PLs) relepaivariety of products, like for example
lysophospholipids, free fatty acids (FFAs), diatytgrols (DGs), choline phosphate and
phosphatidates, depending on the site of hydrolySisey play crucial roles in many
biochemical processes related to, among othergstiin and inflammation. They are used

for industrial applications like bread making, esifitation for different applications and
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degumming (De Mariat al, 2007). Apart from these roles, phospholipaseyg plaritical
role in generating lipid-derived second messendggesause their products are often second
messengers, they are highly regulated by the [Eell.a given ester bond, there are separate
secreted as well as cytoplasmic phospholipases different substrate specificities and
modes of regulation. Phospholipases also have @& waitd complex array of regulatory
mechanisms involving cytoplasmic proteins, as weadl different effector lipids (e.g.,
phosphatidylinositol 4,5-biphosphate, or Pler C&* . Many of these enzymes are water
soluble while their substrates are insoluble arghoized in a 2-dimensional matrix. They
have thus evolved unique strategies for carryingama regulating catalysis at an interface.
They have a large increase in activity toward assake organized in an aggregate (e.qg.
micelle) compared to the same substrate presestach@onomer in solution which is known

as interfacial activation (Roberts, 1996).

2.2.2 Family of phospholipases (PLA, PLB, PLC, PLD)

Phospholipases are classified according to the lotgaled in a phospholipid. The IUBMB
enzyme nomenclature for respective phospholipasstaged below and with substrate

specificity for each (Figure 1.8)

Phospholipase A(PLA;) 3.1.1.32
Phospholipase A(PLA;) 3.1.1.4

Phospholipase C (PLC) 3.1.4.3
Phospholipase D (PLD) 3.1.4.4
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Figure 1.8 Reactions catalyzed by RLRLA,, PLC and PLD

Phospholipase A(PLA))

PLA; activities have been detected, by measuring hysiobf phosphatidyl choline (PC) to
lysophosphatidyl choline, in many cells and tissiresn various organisms. PLAfrom
different sources (Figure 1.9 a-e) show considerabfjuence similarity to human hepatic and
pancreatic lipases (HHL and HPL) and the pancregigse-related protein 2. All these
enzymes have the typical Ser-His-Asp catalyticdtrihe activity of most of these lipases

increases in the presence of Cavhile with EDTA correspondingly acts as an intobi

Phospholipase A (PLA>)

PLA,s (Figure 1.9 f-jare the most widely studied phospholipases whiersabdivided into
four categories:

1. Secreted PL& (SPLAS)

2. Cytosolic PLAs (cPLAS)

3. C&™-independent PL#s (iPLA,S)

4. Platelet-activating factor acetyl hydrolase (PA)
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These overall categories are further subdivideadl 154t different groups.

sPLAss have a large number of disulphide bridges (547ickvis consistent with working in
an extracellular environment and require millimatancentrations of Gaions for optimum
catalytic activity. cPLAs preferentially hydrolyze phospholipids containargchidonic acid
and play a key role in the biosynthesis of eicog#moFull activation of these enzymes
requires C& binding to an N-terminal C2 domain and phosphoiyfabn serine residues.
IPLAs contain 7 to 8 ankyrin repeats (one of the mostrmaon sequence motif), contain the
consensus lipase motif GXSXG. PAF-AH acts on péatattivating factor (PAF) and not on
long chain phospholipids. PAF-AH has implicationgnfammation and atherosclerosis.

Phospholipase C (PLC)

PLCs (Figure 1.9 k) belong to a large superfamilyenzymes called phosphoinositide-
specific phospholipases (PI-PLCs). The EC numbet.431 is associated with
phosphatidylinositol phospholipase C activity. R molecules were found in a broad
spectrum of organisms including bacteria, simpleaeyotes, plants and animals. Whereas the
eukaryotic PI-PLCs play a central role in most algmansduction cascades, the prokaryotic
enzymes act as virulence factors in some pathogeadteria. There is large structural
similarity between them. Both the eukaryotic and fitokaryotic enzymes need cofactors,

calcium and zinc, respectively, for optimum catialyctivity.

Phospholipase D (PLD)

PLD is a ubiquitous enzyme found in bacteria, fungants and mammals. The PLD
superfamily (Figure 1.9 1) includes enzymes tha iavolved in phospholipid metabolism,
nucleases, toxins and virus envelope proteins &honvn function. Phosphatidic acid (PA),
one of the reaction products is involved in sigmahsduction (Leirogt al, 2000). The PLD
enzymes have a characteristic modular structurevhith a common catalytic domain is
flanked by regulatory sequences. These includd-lpiding PX and PH domains and motifs
that are unique to the PLD enzymes. The activereg®mn of the PLD superfamily consist of
a conserved sequence motif, the HXK{X)motif (or the HKD motif), members of this
superfamily share two copies of such a motif (DeiMet al, 2007).
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Figure 1.9 Phospholipase structural diversity. @artrepresentation of the structures of the
enzymesa. T. lanuginosuphospholipase Ab Homology model of the vespid venom PLA

c Guinea pig pancreatic lipase-related proteird 5. hyicusP1 lipase.e Outer membrane
PLA. sPLAs from different originsf Pig pancreaticg Human synovial fluidh Taiwan cobra
venom. i A. mellifera | S.violaceoruber k Phospholipase C fronBacilllus cereus |
Phospholipase D fror8treptomycesp. Strain PMF (De Mariet al, 2007).

2.3 Phospholipase A(PLA))

The phospholipase APLA;) superfamily consists of a broad range of enzydedmed by
their ability to catalyze specifically the hydrolysof the ester bondsiK2) of substrate
phospholipids. The products of the Pl#action are free fatty acid and lysophospholipid.
The fatty acids released are arachidonic acid (A®d oleic acid (OA) which are important
stores of energy but more importantly AA can alsaction as a second messenger and as the
precursor of eicosanoids, which include prostagl@dnd thromboxanes generated through
the cyclooxygenase reaction, and the leukotriemgeserated through the lipoxygenase
reaction. The other product of PkAction, lysophospholipid, is important in cell sijng,

phospholipid remodeling, and membrane perturbafldve actions of these enzymes can be
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important for down-regulating cell signals, as seenase of the PLA-catalyzed hydrolysis

of the bioactive phospholipid, platelet activatfiagtor (PAF), to its inactive lysophospholipid

form. The progress in genomics has observed ameiqrain the number of PLAsubgroups.

This has lead to the characterization of new suljggavith the expectation of even more in
the future (Six and Dennis, 2000).

2.4 Classification of PLA

PLA,

have been systematically classified on the basith&f nucleotide and amino acid

sequence. The diverse PLAnzymes have been classified into Groups fromXMahus far
(Table 1 and 2 according to Six and Dennis, 20@Baske and Dennis, 2006). A broader

classification of the PLAthat has historically been used to describe Pddtivities for which

sequence data are not available.

(1%}

Table 1
PLA;groups utilizing a catalytic histidine
Group Initial/lcommon sources Size (kDg) Disulfid
bridges
I A Cobra, krait venom 13-15 7
B Mammal pancreas 13-15 7
Il A Human synovial fluid, platelets, rattlesnakéyer venom 13-15 7
B Gaboon viper venom 13-15 6
C Rat/mouse testis 15 8
D Human/mouse pancreas/spleen 14-15 7
E Human/mouse brain/heart/uterus 14-15 7
F Human/mouse testis/skin 16-17 7
1] Beellizard/scorpion/human 15-18 5
\% Mammal heart/lung/macrophage 14 6
X Human spleen/thymus/leukocyte 14 8
IX Snail venom (Conodipine-M) 14 6
Xl Green rice shoots (PLAI) 12.4 6
B Green rice shoots (PLAI) 12.9 6
Xl Mammal heart/kidney/skin, Muscle 18.7 7
X1l Parvovirus <10 0
XV Symbiotic fungusbtreptomyces 13-19 2

This classification has numerous caveats, e.gGtioeip IV-C PLAis generally referred to as

cPLA,y, despite its being a €aindependent enzyme. However, the system remaiefsilus
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for making generalizations when describing propserdf multiple PLA groups or when the
specific identity of a PLA is unknown. With the expansion of the superfanufythese
enzymes, it has become increasingly difficult tonayalize the properties of the PiA
However, in general, the mammalian sB&AGroups I-B, 1I-A, C-F, I, V, X, XII) have low
molecular masses (13-19 kDa) and lack specifiatyafachidonate-containing phospholipids.
The cPLAs (Group IV, comprising three subgroups) have highelecular masses (> 60
kDa), and preferentially hydrolyze arachidonatetaonng phospholipids (although Group
IV-C PLA; exhibits only a marginal preference). Finally, ifFeA, (Group VI) have high
molecular masses (about 85 kDa) but are not sedector arachidonate-containing
phospholipids. The Garequirements of the PL& do not distribute within this classification
system as most of them require millimolar conceiuing of C&" for enzymatic activity while
others require uM levels. Some only on the otherdhaequire C& for translocation to
membranes but not for activity. Except Group IV-@ieh requires no Ca similar to the
IPLAs (Balsindeet al, 2002).

Table 2
PLA;groups utilizing a catalytic serine
Group Initial/lcommon sources Alternate names employpd e Siz C&™
(kDa) | effects
v A Human U937 cells/platelets, RAW | cPLA 85 <mM
264.7/rat kidney
B Human pancreas/liver/heart/brain cRRA 114 <mM
C Human heart/skeletal muscle cRiA 61 None
VI A-1 P388D1 macrophages, CHO iPLAr iPLA-A 84-85 None
A-2 Human B-lymphocytes, testis iPLA 88-90 None
B Human heart/skeletal muscle iPiyfor iPLA,-2 88 None
VIl |A Human/mouse/porcine/bovine plasma  PAF-AH 45 None
B Human/bovine liver/kidney PAF-AH(II) 40 None
VI A Human brain PAF-AH Iba; (subunit of 26 None
trimer)
B Human brain PAF-AH lf, (subunit of 26 None
trimer)
ACS,lysosomal PLA 42 None
XV Human,murine,bovine (LPLA)), LLPL
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2.5 Catalytic mechanism of PLAs

Mechanistic studies have shown that catalysis blyAs® does not take place via the
formation of the classical acyl-enzyme intermediateserine esterases. Instead, the siBLA
use a His residue, assisted by an Asp to polarx®iad HO which then attacks the carbonyl
group. The C# ion bound to the conserved Cdoop is required to stabilize the tetrahedral
transition state intermediate, which for this claB®LA,s plays an active role in catalysis.

On the other hand, the catalytic mechanism of treu® IV cPLA is completely independent
of C&" and interacts with the membrane where its sulestsalbcalized. The cPLAappears
to function as a serine hydrolase, acting via ayl-@czyme intermediate. Although its
catalytic mechanism has not been fully clarifidigyt can be defined as serine hydrolases
because a role for His, as in the classical Setfidstriad has not been demonstrated so far.
The IPLA; also appears to function as a serine hydrolasé, thé active Ser residue located
in the middle of the consensus sequence GXSXG,hwisicommon to many other lipases as

well. These enzymes function via an acyl-enzymermediate (Balsindet al, 1999).

2.6 Interfacial catalysis of PLAS

The phospholipase JAacts on the aggregated form of its substrate gtodgpds and is

probably one of the best characterized examplesteffacial catalysis. The catalysis occurs
on the substrate interface and the enzyme remansdoto the interface during several
catalytic turnover cycles. It is proposed that gdof PLAy to its substrate is part of a lipid-
water interface such as a micelle or membrane. effzyme (E) first binds to the interface
itself but not to any individual phospholipid maldes. This produces an interfacially
activated enzyme (E*), which subsequently bindshaspholipid substrate (S) as shown in

equation:

3 E* o E*S___, E*P E*+P
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Figure 1.10 sPLAcatalytic mechanism on phospholipid substrate gi¢aal, 1974)

To work on a bilayer vesicle, PLAFigure 1.10) stays associated with the interfabéenit
hydrolyzes successive phospholipid substrate mi@sc(scooting mode). Alternatively, it
dissociates from the interface after each catalgtient (hopping mode). Use of anionic
vesicle substrates forces the equilibrium towarldbooting mode. Only about 9-10 carbons
of the sn2 acyl chain interact with the enzyme. The remaindf the chains presumably
remains buried in the interface (Dennis, 1994). iApem this mechanism, this process is
regulated by diverse factors including the membrehnarge, fluidity, mode of membrane
binding (insertion, orientation) and allosteric tamational effects (Ragt al, 2007).

2.7 Role of PLAs in arachidonic acid metabolism

In general, not one but several Pisare involved in cellular regulation and lipid mesger
formation. This mechanism includes participationapfleast two different PLA namely,
cPLA; and sPLA, for generation of arachidonic acid (AA) in celfsctivation of the cPLA
is the foremost event and may be mediated by sSegegnals, such as phosphorylation
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cascades, intracellular €aelevations and perhaps phosphatidylinositol 4spfsphate
levels. The synchronous coupling between thesakignay converge to produce a prolonged
activation of the cPLA In cells not expressing sPkAthe cPLA probably contributes most
of AA mobilized during cellular activation. Howevean those cells that contain sPi,Ahe
bulk of AA release appears to be mediated by tHeAsPnot the cPLA. Many types of
eicosanoid-producing cells (e.g. phagocytes, ma#is,cplatelets) synthesize and secrete
sPLA,. Once secreted, it associates with the other auidace of the surrounding cells and
releases AA which can be captured by these celtsdduce eicosanoids. Despite its lack of
AA specificity, the sPLA releases AA in preference to other fatty acidd.AsPaction
appears to be dependent on cRLAhus, cPLA is key for AA signaling even in those
settings where the sPLAs the major effector of the response.

Although iPLA, does not appear to be directly involved in effegstimulated AA release, it
is important for the AA metabolism, in particulasr fphospholipid fatty acid remodeling.
Thus, the iPLA participates in the main pathway through whichdéks incorporate AA and
other fatty acids into membrane phospholipids. AAereleasing PLAs use different AA
pools for the release. Thus, by regulating fattid aemodeling reactions, the iPLAnay
influence the subcellular distribution of AA amoddferent compartments and the relative
amount of fatty acid present in each compartmeatsiBde, 1999).

Free arachidonic acid (Figure 1.11) is then comeento potent bioactive mediators by the
action of various cyclooxygenases (COX), lipoxygasa(LO), and cytochrome P450s. The
eicosanoid production cascade often works in aineat fashion, with multiple enzymes
creating a single product and multiple productsngcas a substrate for a single enzyme.
COX activity produces prostaglandins (PG) and hygetcosatetraenoic acids (HETES)
whereas lipoxygenases can create leukotrienes HHJES, and lipoxins. Cytochrome P450s
catalyze the production of HETEs and epoxy-eicassaoic acids, as well asoxidation of
various eicosanoids. Other enzymes can furtheomaaticosanoids by catalyzing hydration,
dehydration, ang-oxidation reactions. Eicosanoid-producing enzyraed their biological
receptors are differentially expressed among varicell and tissue types, enhancing

signalling specificity (Buczynski, 2007).
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Figure 1.11 Arachidonic acid metabolism and biosgsis of prostaglandins (Kubata al,
2000)

In resting cells, arachidonic acid is stored witthie membranes usually esterified to glycerol
in phospholipids. A receptor-dependent event, maggia transducing G protein, initiates
phospholipid hydrolysis and releases the fatty dnid the intracellular medium. PLA
catalyzes the hydrolysis of phospholipids st (stereospecific numbering)-2 position.
Therefore, this enzyme can release arachidonaesingle-step reaction. On the other hand,
PLC and PLD do not release free arachidonic acidcty. Rather, they generate lipid
products containing arachidonate (diacylglycerotl gshosphatidic acid). After they are
released, free arachidonate has possible fatesrdikeorporation into phospholipids and
metabolism by distinct enzyme pathways like COX, B@d cytochrome P450. The end
products of these pathways modulate different diesvin the cell like ion channels, protein
kinases and ion pumps. The eicosanoids may alsohexcell of origin and the action may be

terminated by uptake into phospholipids, or enyzerdégradation (Piomelli, 2001).

2.8 Importance of phospholipase Ain eukaryotes

Phospholipase A& presence in pancreatic juices and in cobra vemamdiscovered around
the beginning of the twentieth century. The rolehese secreted PLA in digestion and
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shake venom has since been well documented. Evadeegan to appear in the last several
decades that PLA are also present in most types of cells andthiggt are involved in many
different cellular functions including general ipmetabolism and membrane homeostasis.
During the same period, the view about Blsfsubstrate, phospholipids and their metabolites
which are involved in a large number of cellulanttol systems including signal transduction
and eicosanoid production has also been changesltdBLAS actions, which affect a wide
range of human physiological functions and disedsekiding asthma and allergy, the
initiation and maintenance of parturition, bloodtthg, atherosclerosis, sepsis, inflammatory

bowel disease, arthritis and other inflammatorgdses (Dennis, 2000).

Post-translation
&
Translation

Transcription

Figure 1.12 Signal transduction mechanism of pholgpdises.iPLA which regulates
phospholipid reacylation, cPLAIs activated by external stimuli, precedes withivation

and/or secretion of sPLALPS (lipopolysaccharide) (Balsingeal, 2002).

Signal transduction (Figure 1.12) mediates chargesellular metabolism and function.
Phospholipases are required for transduction saegliular signals across the cellular plasma
membrane. Several signal activated phospholipaS&$g) may be activated by a given
agonist in a given cell. This signalling cascadgif® with one or more phospholipases that
are directly coupled to the receptor. These phdgpses may be Ptins-PLC, PLC, PLD,

PLA, or a combination of all depending on cell type agnist. Some phospholipases e.g.
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PLCs are induced and provide very long-term sigf@lgrocesses such as cell proliferation
and differentiation. The exact sequence in whigs¢éhSAPs are activated appear to be highly
cell-type specific. The activated hydrolysis of ppbatidylinositol-4,5-bisphosphate
[Ptins(4,5)B] by a phosphoinositide-specific phospholipase @n@PLC) is involved in
signal transduction pathway. The products inoditdl5-triphosphate [Ins(1,4,5%)Pand
diacylglycerol (DAG) intracellular targets are ‘Gatorage organelles and protein kinase C
(PKC) respectively. The activated protein kinas@hosphorylates the lipocortin moiety of
the lipoprotein-PLA complex and PLA s liberated. In the presence of elevated cytosoli
Ca ions, PLA is activated and splits phospholipids into lysquialipid and arachidonic
acid. Different cells express a different complemeh enzymes for metabolizing lipid-
derived messengers which indicates that this diggapathway is considerably complex
(Liscovitch, 1992).

2.9 Phospholipases in trypanosomes

Phospholipids constitute the major proportion dhltdipids in African trypanosomes. Both
procyclic and bloodstream form d@f.bruceicontain phospholipids of all classes present in
mammalian cells, such as phosphatidylcholine (P@hpsphatidylethanolamine (PE),
phosphatidylserine (PS), phosphatidylinositol (Bhosphatidylglycerol (PG), cardiolipin and
sphingomyelin. Trypanosomes do not obtain intacispholipids from their hosts, but instead
synthesize their own phospholipids using headgrqspsh as choline, ethanolamine, and
inositol) acquired from the host and fatty acidsicihare then often modified. Fatty acid
composition of these lipids of the parasite diffelsring life cycle (van Hellemond and
Tielens, 2006). Both elongation and desaturatiorfatiy acids in trypanosomes has been
observed.T.brucei uses three of its elongases (elongases 1-3) indsleam form and
procyclic form to elongate pre-existing fatty acidsmyristate (C14:0) and stearate (C18:0)
respectively; therefore, elongase 4 shown to el@ngalyunsaturated fatty acids may be the
only elongase which may play a role in arachidama synthesis from unsaturated fatty
acids (Leeet al, 2006)

Eukaryote cells experience various environmentaallehges (e.g. thermal, osmotic,
oxidative, glucose deprivation, and extremes of pH)ormal processes, some of which may
be associated with cell differentiation. To thesansient changes in the extracellular
environment, cells have developed several resppasieways including the activation of

phospholipases after osmotic stress. In the tryg@matid Leishmania donovania
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phospholipase D is activated during hypotonic shdekh T.brucej the life cycle of which
involves alternating sojourns in vertebrates anetses flies, environmental differences
encountered by the cells include temperature vanatglucose deprivation, and osmotic
differences (Subramanya and Mensa-Wilmot, 2006@spholipases play important roles in
generating lipid second messengers. One of the diestcterized is phosphatidylinositol
(P)-specific phospholipase (PL) C (PI-PLC). Phagmtylcholine (PC)-degrading activities
have been the subject of a number of studies iic@irtrypanosomes (Bertelét al, 2000).
Glycosylphosphatidylinositols (GPIs) are glycolipith eukaryotesT.brucei has a surface
coat which comprises predominantly , the GPIl-anethafariant surface glycoprotein (VSG).
Free GPIs that are not linked to proteins exislange amounts in the protozoan parasites,
T.brucej Leishmania majorand in vertebrates (McConville and Menon, 200(0)e Tree
glycolipids, glycolipid A (also termed P2; EtN-phpd®-Man3-GlcN-Ptdins) and glycolipid C
(or P3; EtN-phospho-Man3-GIcN-(2-acyl)-Ptins) arequced in bloodstream forif.brucei
(Mastersonet al, 1989; Mayoret al, 1990). Some free GPIs (e.g. glycolipid A) are
precursors of protein-linked GPIs (McConville anémén, 2000)T.bruceiexpresses a GPI-
specific phospholipase C (GPI-PLC). The enzyme a$ secreted but associated with
intracellular vesicles (Bulowt al, 1989). There are two possible substrates for FAR}-in
vivo: GPIl-anchored proteins (e.g. VSG) and free imflatar GPIs. There is no evidence that
free GPIs are cleaved in.brucei In differentiating parasites, GPI-PLC contributesthe
release of VSG from the plasma membrane (Gruszyaskal, 2003). The biological
functions of GPI-PLC in non-differentiating bloodsatm formT.bruceiis not resolved. In
addition it is not clear how the enzyme is prevdrftem digesting intracellular GPIs. They
accumulate at the endoplasmic reticulum (ER) wiet@l-PLC associates with glycosomes
(Zhenget al, 2004). GPI-PLC is a membrane protein, which lgoégtide signals that direct
soluble proteins to glycosomes (Parsons, 2004;audmya and Mensa-Wilmot, 2006).

In four different species, calcium-independent pihadipase A was the predominant PC-
degrading activity. The levels of PLAaried widely, with very high activity iif. bruceiand
relatively low activity inT.lewisi T. bruceiPLA; appears to bear lysophospholipase activity
and as such it participates in the supply of fattyt and polar-head moieties for the synthesis
of cellular phospholipids. InT. cruzi due to mechanism of membrane-lipid adaptation
suggests the action of phospholipase A activitypat of a deacylation-reacylation cycle
(Wainszelbaunet al, 2001). It was observed th@t congolensgossessed a mixture of free
fatty acids and lysolecithin produced by the actdrphospholipases and phospholipase A
on phospholipids ( Nokt al, 1993). In trypanosomes, the process df @#lux is controlled
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with products of PLA and is not initiated by depletion of intracellulaools. Arachidonic
acid stimulates CAinflux in a process that cannot be mimicked byrshbain saturated fatty
acids. Metabolic processing of arachidonic acidptostaglandin D contributes to growth
arrest. T. brucei bloodstream forms produce prostaglandins (Kubettaal, 2000) and
therefore, phospholipases may play a pivotal moli¢siregulation (Ridgley and Ruben, 2001).
The fate of unsaturated fatty acids liberated ftipnds in T.bruceiis not certain, but free fatty
acid has been implicated on regulating calcium tgation in the cells (Eintrachet al,
1998: Catistiet al,2000). The fatty acids have been shown to serva asecursor for
prostaglandin biosynthesis ihbrucei Presence of PLAactivity in T.bruceiwas observed
after cleavage of fatty acid ah-1of phosphatidylcholine (GPCho, after new nomencit
(Fahyet al, 2005). TbPLA has been cloned, identified and characterizef inucej which

is intracellularly localized within the cytosol amehose preferred substrate is GPCho which
are the major phospholipids Thbruei TbPLA; is constitutively expressed in both procyclic
and bloodstream forms trypanosomes. Lysoglycerqgtaiglylcholine (lysoGPCho)
synthesis is mediated by TbPLAwhose level is 3-fold higher in bloodstream foem
compared to procyclic form. This enzyme does nquire metal co-factors for activity, but it
does require interfacial activation prior to casay Furthermore, this enzyme appears not to
be essential for cell viability or for virulence am mammalian host (Richmond and Smith,
2007 A, B).

2.10 GPI-phospholipase C (GPI-PLC) and variable sdace glycoprotein
(VSG) inT. brucei

During the parasitemia, the majority of the divigliparasites (e.g. long slender form) belong
to the same antigen type, called the homotype,essprg each T(densely packed identical
VSG molecules on their surface. GPI-linked VSG espnts 10 % of the total trypanosome
protein content, and on every peak of infectiome, ltlest is confronted with the release of an
enormous quantity of these molecules (Paulnetlal, 2001).The molecular structure of
trypanosome GPI show the presence of a trypanospedfic galactose modification on the
molecule (Fergusoat al, 1985; 1988). Based on the VSG N-linked carbohgdrdSGs has
been categorized into three groups (Fergusbral, 1989). Group | VSGs encompass a
collection of molecules carrying a single consergggosylation site, about 50 amino acid
residues from the C-terminus (Zamee al, 1990). In contrast, group Il VSGs have a
conserved glycosylation site five or six residuesf the C-terminus as well as an additional,
second less conserved glycosylation site (Zaetza, 1991). Finally, group lll, thus far, is
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represented only by one single trypanosome vananfl.bruceiMITat 1.5. While this VSG
variant is characterized by the presence of thhgepgylation sites, it is so far the only VSG
known that lacks the trypanosome-specific galactoséification of the VSG-GPI anchor
(Magezet al, 2002).

The parasite has a repertoire of about 1000 diftevé& &G genes, can switch expression from
one VSG to another that has a different amino @&aduence. It is this mechanism of
antigenic variation that enables trypanosomes tmewhe host's immune response (Cross,
1990). The trypanosome VSG anchor is unique initedatty acids are strictly myristate, a
14 —carbon saturated fatty acid. The VSG anchocomsstructed as free GPI, which is
subsequently attached to the newly synthesized fs@e endoplasmic reticulum (ER).
Glycolipid A itself is synthesized in a pathway which glucosamine, mannose, and
phosphoethanolamine are sequentially added to phtdplinositol (Englund, 1993). This
undergoes a myristate-specific fatty acid remodglheaction to replace its longer chain fatty
acids with myristate (Mastersat al, 1990). The myristate exchange involves attachraént
myristate at botlsn-1andsn-2 positions of GPl. Remodelling generates the distgyilated
GPI which is then added to newly synthesized VS@ttyFacid remodelling reaction
involving deacylation and reacylation, which seen@grovide an adequate explanation for
the exclusive presence of myristate on the VSG @ndre myrsitates are added in the final
stages of GPI biosynthesis in a remodeling reac{idorita et al, 2000). Myristate exchange
and fatty acid remodelling appear to occur in défé subcellular compartment. Myristate
exchange may be a proofreading or a repair meanaioisVSG, ensuring that VSG are fully
myristoylated (Buxbauret al, 1996).

These parasites express up té ddpies of GPI anchor and/or GPI-related glycobpier cell
(Fergusoret al, 1994). VSG is liberated as a soluble moleculeneans of a GPI-PLC (Fox
et al, 1986). When VSG is cleaved by a GPI-PLC, the distyylglycerol (DMG) of the GPI
anchor is left in the membrane while VSG is reldasea soluble form (Zamzet al, 1988).
Cleavage of the VSG-GPI anchor correlates withirldeiction of an enhanced inflammatory
response during chronic trypanosome infectionstdughich the role of GPI-PLC activation
on the interaction between trypanosomes and theitmosune system is established (Magez
et al, 2002).

Procyclic trypanosomes express a different celfaser coat, made up of 1@rocylcin
glycoproteins (Roditet al,1987; Mowattet al, 1987; Richardsoet al, 1988) and a smaller
number (18) of poly-N-acetyllactosamine containing free GRI#lico et al, 2003; Vassella

et al, 2003; Nagamunet al, 2004; Ropeket al, 2005). The procyclins are polyanionic, rod-
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like proteins encoded by procyclin genes (Roditl &layton, 1999)T.bruceicontains (per
diploid genome) two copies of the GPEET1 gene eingol GPEET repeats, one copy each
of the EP-1 and EP-2 genes, encoding EP1 procyclins with 30 and 25 exmsiss repeats,
respectively, two copies of tHeP2-1gene, encoding EP2 procyclin with 25 EP repeats, t
copies of th€EP3-1gene, encoding EP3 procyclin with 22 EP repeato$fa-Serranet al,
1999). The EP1 and EP3 procyclins contain a sinfglglycosylation site, occupied
exclusively by a conventional MgBIcNAc, oligosaccharide, at the N-terminal side of the
EP repeat domain (Treumaenhal, 1997; Acosta-Serranet al, 1999). Whereas neither EP2
nor GPEET procyclin is N-glycosylated. GPEET1 pityis phosphorylated on six of seven
T residues (Butikofeet al, 1999; Mehlertet al, 1999; Schlaeppet al, 2003). GPEET and
EP procyclins contain similar GPI membrane ancliGrgtheret al, 2006) . Procyclic form
express an abundant stage-specific GPI anchoredmigtein, the procyclic acidic repetitive
protein (PARP) which contains palmitate esteriftedinositol, and stearate ah-1 in a
monoacylglycerol moiety. Addition of GPI anchor ratyi to PARP is dependent ole novo
protein synthesis, excluding the possibility thatdrporation of fatty acids into PARP can

occur by a remodelling of pre-existing GPI anch@iisld et al, 1991).
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lI. Aim of this study

The parasites lack the ability to synthesize axdbmfic acid (AA) from acetate (Frayha and
Smyth, 1983). Nonetheless, they acquire fatty &cioh their environment and utilize it into
their AA and prostaglandin (PG) synthedisorucej T.cruzi leishmania species a@tithidia
fasciculataconvert AA and PGHto PGs (Kubateet al, 2007). Trypanosomes produce
different prostaglandins like PGDPGE and PGE which possibly interfere with the host’s
immune response (Kubatt al, 2000). InT.brucej a PGRLa synthase activity has been
identified which is capable of specifically conveg PGH to PGF, (Kubataet al, 2000).
Figarellaet al. (2005) reported the effect of PGDn the population density regulation of the
T.brucei bloodstream form. The PGDinduced a programmed cell death (PCD) with
characteristic features of apoptosis which is &sown to be induced by PGs in higher
eukaryotes.

It has been reported by Eintractal. (1998) that free AA can regulate Cdlux across the
plasma membrane and inhibits cell growth in a pssciat appears to involve metabolic
processing of AA into prostaglandins. One part oA As stored within membrane
phospholipids of both bloodstream and procyclierfer Richmond and Smith (2007) reported
the identification and characterization of cytosqhospholipase An T.brucei This enzyme
deacylates GPCho containing long polyunsaturatechaghly unsaturated fatty acids.

T. brucei bloodstream forms produce prostaglandins (Kuletal, 2000) and therefore,
phospholipases may play a pivotal role in its ragah (Ridgley and Ruben, 2001). So,
several attempts had been made to identify andactearze phospholipase;Aactivity in
T.brucei Until now, there is no success on proposed sefciphospholipase Aactivity
instead PLA/LYsoPLA activity has been reported. As reportecbby group (Figarellet al,
2005; 2008), the PGs induces apoptosis and ceflityeregulation inT. brucei So, it was
imperative to search for PlAactivity in these parasites.

The object of this study was to identify, clone aracterize PLAfrom T.brucei A search

of T.bruceigenome database revealed a putative phospholpaskke gene which urged to
identify and characterize this protein. The clonargd biochemical characterization of this
protein was carried out by heterologous expressmoiE. coli and Sf9 insect cells. The
localization of TbPLA in T.bruceibloodstream form and procyclic form was also aptes.
The objective achieved in this study was the clgrand expression of this protein. On the

other hand, localization and functionality of ttpsotein was attempted. In addition, the
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detection of PLA in T. bruceican be utilized as potential target in inhibit&tmdies and for
understanding the metabolic pathway of arachidaoid and prostaglandins in brucei
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2. Materials and methods

|. Materials

1. General

1. Cloning
1.1 DNA sequence of T. brucei phospholipase A; (TbPLA,)

The following gene sequence of ThPlwas selected from GeneDB for cloning experiments
Th 09.211.3650, phospholipasesAike protein, putative, T. brucel, chr 9

5’ATGGTAACGT GGGCGCTEASTATTTTGTT CGCGTAGTCC GATGGTCGAC AGAAGCATTC
CTAATTTGGC CCACACGGCC ACTTTTTGAC TATGCCACCT CACK3TG TGTTCCCATA
AGCGGCACAT TTATTACTTC GGTTCTGCTC TGCTTCTACG GGTUOACT TTTCTGGTCT
ACCGCCATGG TTGCTGTCGG GTTTATCATC TCCGGTGTGT TACTTGT GAGCCCTCTT
CCACTATTGA AACCCATTGG CGGTCGCTAT AGCGTGGGCC TTEANTAT GAACGGCTGC
CGTTCCCAAT CCATACCACC AGTAGCTGTG TTTTATCCTA CTANTGGT CCCAGAGAAA
AAGGGACTAC CGTATGTCCC GTTTGGAGAT GACCGTTTTC TTGGGGT GGCGGCGTAT
GCAAACGTGC CATTTTTCTT CATAAGGGAT TTCTCCTTTG TTCSICAG TGCGTCCCGA
AACGCGGTGC CCGCCGCTTT GCTCAACCAA TATGAGAGAG TGCCTAT TGTTGTGTTC
AGTCACGGTC TTGCCGGATA CCATTTGTTC TACAGTTGCT TTATGGA TCTTGCGGCG
CGGGGTGCAA TCGTGATTTG TCTTGGCCAT TGCGACAATA GTEITT CATGCGTGAC
AGTAGCGGTA AGGAAAGTGA AGTTCCGCTC AAGGACTATG GAREET ACCCGCACGT
GAAGCCCAAG TTGCACAAAG GGTAAGCGAG GTGAGGGGAA HNUG CCTAACGGAA
AAGGACTTTT GGACAACTTT GGGCTACATT AATTCAGATA TTGMIGTT TCTTAGCAAA
CCGTTGCAGG TACATCTTGC GGGTCATTCA TTTGGCGGTG C@ACT CGCGGCTGCA
TTAGAAGAGA ACCAAAATCC CGTGAAGGGA GTCAGCGTAA AGAN®&IA TACGTTTGAC
CCATGGATGG TACCAATACA AAATGAACAT TTTTGCAACC CGCTITGA TGGCCGTAAA
TCCTATACTG TTCCAACGGT TACTGTGCAT TCAGACGACT GGBAAGA TTCTGAGAGT
TGGGAATTCT TTAAAAGGAT GAAAGCGCTG GTGTTAGAAC AABCRATA TGCTTCGCTC
AATGAAGTGG AGAAACAAGC GCTCTTTGGT ATTGTGGTCA CGRMAIAC GAACCACCTT
TCTCTTGTAG ATGTCTCTGT ACTCAGTCCC GTCATGCATG GAMTTG GGCCACAGTG
TCACCGCGAG TACAAATTAT GGAGTGGTGT AATGCACTTC TTCTCGC AAAGCAAAAT
ACCGAAGTGT GTTCAACGTG TTAR
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1.2 Primers
Primers for cloning (Invitrogen)

Both primers were chosen according to the geneesmguabove and plasmids multiple
cloning restriction sites. The sense primer hass#iction site foBamH21only and the anti-
sense primer has Rstl restriction site only which are indicated below ibyerted arrows.
The primers were designed to include the signaltigep transmembrane sequence and
termination codon of protein using the OligoPerf&ctesigner from Invitrogen. The
following was the primer sequences for both senskaati-sense respectively:

Sense primer 5 -TAT G'GA TCC ATG GTA ACG TGG GCG CTG A- 3’
mAar length: 28
Ha°C

Anti-sense primer 5 -ATA ACT GCA ‘GCT AAC ACG TTG AAC ACA CTT CGG T-
3!
Primer length: 34

Tm 58°C
Primers for Northern blotting (Operon)
Sense primer 5-ATGGTAACGT GGGCGCTGAA GTAT- 3
mAar length: 24
BA.57°C

Anti-sense primer 5-CTAACACGTTGAACACACTTCGGTA- 3
Pamength: 25
TrRa.84°C
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2. Protein sequence of TbPLAfrom databank

The following protein sequence of TbPL#as chosen from GeneDB for peptide synthesis

Tb 09.211.3650, phospholipase-ke protein, putative]. brucei,chr 9

MVTWALKYFV RVVRWSTEAF LIWPTRPLFD YATSLHCVPI SGTFIV&L CFYGFPLFWS
TAMVAVGFII SGVLFLVSPL PLLKPIGGRY SVGLVHMNGC RSQSIPPAV FYPTNMVPEK
KGLPYVPFGD DRFLRGVAAY ANVPFFFIRD FSFVRISASR NAVPARNQ YERVPPIVVF
SHGLAGYHLF YSCFALDLAA RGAIVICLGH CDNSASFMRD SSGKBSE KDYGWEVPAR
EAQVAQRVSE VRGTLQRLTE KDFWTTLGY| NSDIDKFLSK PLQVHEAS FGGATVLAAA
LEENQNPVKG VSVKSVYTHPWMVPIQNEH FCNPLSDGRK SYTVPTVTVH SDDWVKDSES
WEFFKRMKAL VLEQSAYASL NEVEKQALFG IVVTKNTNHL SLVDUSP VMHGNIWATV
SPRVQIMEWC NALLRFAKQN TEB35TC

Peptide sequences for antibody production againstblPLA ; in rabbit:

Peptide 1: LEENQNPVKGVSVKSVYTFD

Peptide 2. TVSPRVQIMEWCNALLRFAKQNTEV

The underlined peptides in the protein sequence selected for antibody production as they

revealed significant hydrophilic properties. Thegere analyzed using hydrophilic (Kyte-

Doolittle) and surface (Emini) probability calcutats.
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3. Experimental organisms

3.1 Escherichia coli

Bacterial strains XL-1 (subcloning) and BL-21 (DE@xpression) competent cells were
bought from Stratagene, Germany and stored at -7@&e shot TOP 10 and MAX
Efficiency”DH10 Bac competent cells were bought from Invitrmg8ermany and stored at -
70°C.

3.2 Spodoptera frugiperda (Sf9)

Insect cellsSf9 (fall armyworm) stabilates were bought from Inegen, Germany, stored at -

70°C and propagated at 27°C in an incubator.

3.3 Trypanosoma brucel

In this work two forms of trypanosomes, bloodstreamd procyclic form were used.
Bloodstream forms were from a monomorphic straiovkm as strain EATRO 427 clone
MITat 1.2 (Molteno Institute Trypanozoonantigenic type, Cambridge) with the VSG
(Variable Surface Glycoprotein) antigen variant 2@Iross, 1975). Procyclic form was

obtained from MITat 1.2 using a standard transfaiongorotocol (Overatlet al, 1986).

3.4 Animals

Stabilates of bloodstream form trypanosomes weepgred with infection in Wistar rats
bought from Charles River Laboratories, Germanyaim animal model to propagate
trypanosomes. The animals were maintained in tih@arhouse facility of the Interfaculty

Institute of Biochemistry, University of Tuebingen.

4. General chemicals

Acetone analytical grade Fluka, Buchs (Switzerland)

Acrylamide/bisacrylamide (Rotiphorese Gel 30)  Roth, Karlsruhe

Adenosine Sigma, Deisenhofen
Agar-agar Roth, Karlsruhe
Agarose (Rotigarose) Roth, Karlsruhe
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Ampicillin Sigma, Deisenhofen
Ammonium persulfate (APS) Merck, Eurolab,GmBH, Mannheim
L- Arginine Sigma, Deisenhofen

Bathocuproinedisulfonic acid disodium salt (BCS) Sigma, Deisenhofen
Bovine serum albumin (BSA), Fat free Sigma, Deisenhofen
Bradford protein assay reagent Bio-Rad, Munich

5-Bromo-4-chloro-3-indolyl phosphate (BCIP) Sigma, Deisenhofen

Calcium chloride Merck, Eurolab,GmBH, Méuam
Canusal (Heparin-Na) CP Pharmac. Ltd. Wrexham (UK)
Cellfectin® Reagent Invitrogen, Karlsruhe

Chloroform Merck, Eurolab,GmBHarimstadt
Coomassie brilliant blue R-250 Serva, Heidelberg

5"- [*?P] dATP Amersham Biosciences, Freiburg
DEAE-Sephacel Sigma,Deisenhofen

Dimethyl formamide Sigma, Deisenhofen

Disodium hydrogen phosphate Merck, Eurolab,GmBH, Darmstadt
DNA ladder 1kb Fermentas, St. Leon-Rot
Dilinoleoyl phosphatidylcholine (DL-PC) Sigma, Deisenhofen

dNTP mix Fermentas, St. Leori-Ro
Dulbecco’s PBS (1X) PAA Labs., GmBH, Pasching s&ia
Ethanol VWR InternationBlarmstadt
Ethidium bromide Roth, Karlsruhe
Ethylenediamine tetraacetic acid (EDTA) Roth, Karlsruhe

EX-CELL 420 serum free medium w/ L-Glutamine Invitrogen, Karlsruhe

Fetal bovine serum (FBS) Invitrogen, Karlsruhe
Formaldehyde (37 %) Sigma, Deisenhofen

Hydrogen chloride Merck, Eurolab,GmBH, Datadt
Gentamicin Sigma, Deisenhofen

D-Glucose monohydrate Sigma, Deisenhofen

L-Glutamine Sigma, Deisenhofen

L-Glutamic acid Sigma, Deisenhofen

Glycerine  87% Sigma, Deisenhofen

L-Glycine Sigma, Deisenhofen

Haemin Sigma, Deisenhofen
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HEPES

L- Histidine

Hypoxanthine

Iscove’s Dulbecco’s medium
L- Isoleucine

Isopropanol

IPTG (Isopropyl-beta-D-thiogalactopyranoside)

Kanamycin

Leupeptin

Lipoxygenase

L- Lysine

Magnesium chloride
Magnesium sulfate

MEM amino acids

MEM vitamin solution
Mercaptoethanol

Methanol

L- Methionine

Myristic acid

Nitro blue tetrazolium (NBT)
L- Ornithine
Paraformaldehyde
Penicillin/ Streptomycin
Pepstatin

Phenol red

L- Phenylalanine
Phospholipase Afrom porcine pancreas
Pfu DNA polymerase
Potassium chloride
Potassium dihydrogen phosphate
Prestained protein ladder
Protein G

Protein molecular marker

L- Proline
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Sigma, Deisenhofen

Sigma, Deisenhofen

Sigma, Deisenhofen

Sigma, Deisenhofen

Sigma, Deisenhofen

Merck, Eurolab,GmBPArmstadt
Fermentas, St. Leon-Rot

Merck, Eurolab,GmBHarimstadt
Sigma, Deisenhofen

Sigma, Deisenhofen

Sigma, Deisenhofen

Merck, Eurolab,GmBH, Daraut
Merck, Eurolab,GmBH, Datadt
Sigma, Deisenhofen

Sigma, Deisenhofen

Merck, Eurolab,GmBH, Daxtadt
Merck, Eurolab,GmBPArmstadt
Sigma, Deisenhofen

Sigma, Deisenhofen
Sigma, Deisenhofen

Sigma, Deisenhofen

Fluka, Buchs

Sigma, Deisenhofen

Sigma, Deisenhofen

Sigma, Deisenhofen

Sigma, Deisenhofen

Sigbeisenhofen

Stratagene Europe Netherlands
Merck, Eurolab,GmBH, Datatt
Merck, Eurolab,GmBH, Darmstadt
Fermentas, St. Leon-Rot
Roche Diagnostics Bn Mannheim
Sigma, Deisenhofen

Sigma, Deisenhofen
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Pluroni¢® F-68

Restriction enzymes and buffers
Roti-Load 1(4 X, non-reducing)
Roti-Load 1(4 X, reducing)
Sodium azide

Sodium acetate

Sodium chloride

Sodium dihydrogen phosphate
Sodium dodecyl sulfate
Sodium hydroxide

TagDNA polymerase

T4 DNA ligase

TEMED

Tetracycline

L- Threonine

Tris

Triton X- 100

Trypan blue

L- Tryptophan

Tween 20

L- Tyrosine

L- Valine

Yeast extract

5. Plasmids

pCR®2.1-TOPO (3931 bp)
pMalC2e (6646 bp)
pFastBac 1 (4775 bp)
Bacmid (bMON14272)

6. Kits
AccuPrimeTagDNA polymerase high fidelity

Hot StarTaqgmaster mix kit
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Invitrogen, Karlsruhe
Fermentas, St. Leon-Rot
Roth, Karlsruhe
Roth, Karlsruhe
Sigma, Deisenhofen
Sigma, Deisenhofen
Fluka, Buchs
Merck, Eurolab,GmBH, Darmstadt
Sigma, Deisenhofen
Sigma, Deisenhofen
Invitrogen, Karlsruhe
Fermentas, St. Leon-Rot
Roth, Karlsruhe
Sigma, Deisenhofen
Sigma, Deisenhofen
Roth, Karlsruhe
Roth, Karlsruhe
Sigma, Deisenhofen
Sigma, Deisenhofen
Roth, Karlsruhe
Sigma, Deisenhofen
Sigma, Deisenhofen
Roth, Karlsruhe

Invitroga, Karlsruhe
New England Biolabs, Framkfu
Invitrogen, Karlsruhe

Invitrogen, Karlsruhe

Invitreg, Karlsruhe
Qiagen GmbH, Hilden
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Pfu DNA polymerase
QIAquick gel extraction kit
QIAprep spin MiniPrep test kit
NucleoBond AX (MaxiPrep)
NucleoBond AX (MidiPrep)

7. Antibodies

Anti-rabbit IgG alkaline phosphatase conjugate
Alexa Flour 594 goat anti-rabbit IgG

Anti-VSG (antigen variant 221, rabbit)

8. Materials and Equipments
Amicon microcentrifuge MC 13
Analytical plus fine weighing maschine
Beckman TL-100 ultracentrifuge

Biofuge A

Stratagene Europe, Netherlands
Qiagen GmbH, Hilden
Qiagen GmbH, Hilden
Macherey-Nagel GmbH, Dueren
Macherey-Nagel GmbH, Dueren

Sigma, Deisenhofen

Invitrogen, Karlsruhe

Heraeus, Osterode
Ohaus
Beckman, Munich

Heraeus, Osterode

Biometra standard power pack P25 power supply Biometra analytik GmbH

Bluemarine 100 agarose electrophoresis
Centrifuge Sigma 3K12

Cell culture flasks (T-12; T-25; T-75; T-175) steri

Chromatography paper 3MM Chr

Cuvettes semi-micro

Cuvettes UV-micro

Electrophoresis minigel mighty small Il SE 250
Eppendorf and PCR cups

Falcon tubes (15 and 50 ml)

Flouresence microscope Olympus BH2 RFCA
Gene power supply GPS 200/400

GFL water bath shaker

Glass slides with cover glass

Serva electrophoresis
Sigma, Deisenhofen
Greiner, Frickenhausen
Whatma@mbH, Dassel
Sarstedt, Nuembrecht
Brand GmBH, Wertheim
Hoefer, San Francisco
Greiner, Frickenhausen
Greiner, Frickenhausen
Olypmus, Hamburg
Pharmacia
Hampshire, UK
Roth, Karlsruhe

Heidolph MR 2002 IKA RCT classic magnetic stirrediKA Labortechnik, Staufen

HLB 2448 GS weighing maschine
Hybond —ECL nitrocellulose membrane
Inverted microscope ID 02
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Mettler
Amersham Biosciences, Freiburg

Zeiss, Oberkochen
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Inverted microscope Axiostar plus
Incubator Hera cell with C£and 37°C
Incubator with 27°C

Incubator

Lab shaker model Kuehner
Microtiter plates (6- well)
Micropippetes SL-PetteXE
Microwave oven

Neoblock 1

Neubauer Haemocytometer
Orbital shaker

PCR minicycler PTC-150 MJ research
PCR sprint

pH meter (pH 539)

PP- sterile test tubes (15 ml, 50 ml)
Pressure cooker

Round filter paper MN 615

SFCA sterile filter membrane
Shaker

Sonifief® Cell disruptor B-30

Sterile pump

Vaccum centrifuge

Vortex genie

Ultracentrifuge TL-100

Ultrospec 3000 spectrophotometer
Water bath

9. Databank and softwares

THMM server version 2.0

Brenda Enzyme Information System

DNAMAN GATC Biotech DNA sequencing/ viewer

GeneDB Hosted by Sanger Institute

Invitrogen Primer OligoPerfect Designer

PubMed (NCBI Homepage)

Zeiss, Oberkochen
Hereaus, Q@ster
Koettermann, Uetze-Hasaig
INFORS AG, Bottrgan
B. Braun, Melsungen
Greiner, Frickenhausen
Nichiryo
Panasonic
Neolab Miggie,Heidetg
Brand, Wertheim

Biozyme, Oldendorf
Hybaid, USA
WTW, Weilheim
Greiner, Frickenhausen
CS Solingen, Solingen
Macherey-Nagel GmbH, Dueren
Nalge, Hereford, UK
Infors AG
G. Heinemann, Schwaebisch Gmind
Microgon Inc., USA
Bachofer, Reutlingen
Bender & Hobein ABwitzerland
Beckman, USA
Pharmacia Biotech, Cambridge, UK
Schott, Mainz

http://www.cbs.dtu.dk/services/ TMHMM/

http://www.brenda-enzymes.info/

http://www.qgatc-biotech.com/de/

http://www.genedb.org/

http://www.invitrogen.com/

http://www.ncbi.nlm.nih.gov/
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2. Media, Buffers and solutions

2.1 Media for different organisms

2.1.1 Escherichiacoli

Luria-Bertani medium (LB-medium) pH 7.0

Tryptone 109
Yeast extract 59
NacCl 10g

All components were mixed in distilled water andjusted to pH 7.0 using NaOH.

Afterwards, the final volume was made upto 1 laed then autoclaved.

Transformation medium for E. coli (TSS)

Supplemented in LB-medium

DMSO 5%
MgCl, X 6 H,O (50 mM) 10.2 g/l
PEG 6000 10 %
SOB medium

Tryptone 209
Yeast extract 59
NaCl 05¢g

Distilled water was added to above chemicals anxkedhi The final volume of the solution
was made to 1 liter and then autoclaved. Afterwat@anl of filter-sterilized 1 M MgGland
10 ml of filter-sterilized 1 M MgS@was added to this solution prior to use.
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SOC medium
To the autoclaved SOB medium, 1 ml of filter-sieatl 2 M glucose was added to a final
volume of 100 ml. Subsequently, aliquots of 5 mtled medium were made and stored at —

20°C till further use.

Ampicillin stock solution (1000 X)
Ampicillin (50 mg/ ml) was dissolved in 70 % eth&aod stored at -20°C.

X-Gal stock solution (500 X)
X-Gal (20 mg/ ml) was dissolved in dimethyl formamiand stored at -20°C.

Culture plates
Agar-Agar in LB-medium 1%

IPTG dioxane free, freshly prepared
IPTG (0.1 M) was dissolved in sterile distilled waand filtered.

Column buffer pH 7.4

Tris 20 mM
NaCl 200 mM
EDTA 1 mM

The solution was adjusted to pH 7.4 using HCI.

2.1.2 Baculovirus Expression Vector System

Ex-Cell 420 Serum-Free with L-Glutamine liquid medium

The medium was bought from SAFC Biosciences. Befoopagating and infection i8f9

insect cells, the medium was supplemented witlodahg additives under sterile conditions

Fetal Bovine Serum (FBS) 10 %
Pluroni® F-68 0.01 %
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Penicillin/ Streptomycin solution 5 ml/l

RIPA (Radio-lmmunoprecipitation Assay) Lysis buffer pH 7.4

Tris 50 mM
NaCl 150 mM
NP-40 1%
Sodium deoxycholate 0.5 %
EDTA 1mM
SDS 0.1%
Sodium azide 0.01 %

The solution was adjusted to pH 7.4 using NaOH

2.1.3Trypanosoma brucel

2.1.3.1 Citrate-Glucose-Anticoagulant (CGA) pH 7.7

Sodium citrate X 2kD 100 mM
Glucose 40 mM

2.1.3.2 Separation buffer pH 8.0 (Lanham and Godfrey, 1970)

NaHPQ X H,O 57 mM
KH,PO, 3 mM
NaCl 44 mM
Glucose 55 mM

2.1.3.3 Cdll culture medium

2.1.3.3.1 Basic medium or Minimum Essential Medium (MEM) pH 7.4

The medium was prepared according to Eagle (1985&%hmvas modified by Duszenla al,

(1985 and 1992).
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[mg/ ml]
CaCh X H,O 265
KCI 400
MgSO, X 7 H,O 200
NaH,PO, X H,O 140
NaCl 6800
HEPES 7140

Above chemicals were dissolved in distilled wated adjusted to pH 7.4 using NaOH.

[mg/ ml]
L-Arginine/ HCI 126
L-Cysteine 24
L-Histidine/ HCI X H,O 42
L-Isoleucine 52
L-Leucine 52
L-Lysine 73
L-Methionine 15
L-Phenylalanine 100
L-Threonine 48
L-Tryptophan 10
L-Tyrosine 100
L-Valine 46
L-Ornithine/ HCI 10
Adenosine 12

The amino acids and adenosine were dissolved fifletiswater and then added the following

commercial stock solutions:

[ma/ ]
MEM non-essential amino acids solution 10
MEM vitamin solution 10
Phenol red 10

The medium was sterile filtered using pump an@ffifSFCA membrane) and stored at 4°C. It

can be used for up to 3 months.
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2.1.3.3.2 Compl ete bloodstream culture medium (BF-medium) pH7.4

The following stock solutions were added to theidasedium for preparation of a complete

culture medium:

[mI/ 1]
NaHCG (750 mg/10ml distilled wgte 30
L-Cysteine (30.3 mg/10 ml dietl water) 10
BCS (5.6 mg/10ml dist water) 1
Hypoxanthine (13.6 mg/10ml with 0.INdOH) 10
2’-Desoxythymidine (3.9 mg/10 ml distilled veaX 10
L-Glutamine (292 mg/10 ml distdl water) 10
BSA/ Myristic acid (50 X) 20
FBS (Heat inactedit 30 min. 56°C) 150
Penicillin/ Streptomycin solution 5
Glucose 54¢g

Preparation of myristic acid linked to defatted B@2erguson and Cross, 198424 mg
myristic acid was dissolved in 100 pl ethanol (9%l gradually added to a BSA solution (1
g defatted BSA/ 20 ml distilled water). The aliggsiof 20 ml were made and stored at — 20°C.

The BF-medium was adjusted to pH 7.4 using NaOHemMards, it was sterile filtered and
stored at 4°C which can be used for up to 4 weeks.

2.1.3.3.3 Procyclic culture medium pH 7.4

The following substances were added to the basidiunefor the cultivation of procyclic

parasites:

[mg/ ml]
L-Glutamine (29.2 mg/ ml distilled veat 10
Haemin (2.5 mg/ mlin 0.1 M N4 3
Pyruvate (22 mg/ ml distiliedter) 10
L-Proline (60 mg/ ml distilledater) 10
FBS (Heat inactivated: 30 min. atGp 100
Penicillin/Streptomycin solution 5
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The medium was adjusted to pH 7.4 using NaOH. Aieds, it was sterile filtered and

stored at 4°C which can be used for up to 4 weeks.

Trypanosoma Dilution Buffer (TDB) pH 7.7

NaHPO, X 12 H,O 18 mM
NaH,PO, X H,0O 2 mM
KCI 5 mM
NacCl [0
MgSO, X 7 H,O 1 mM
Glucose X HO 20 mM

Freezing medium for stabilates (TDB-Glycerin)

TDB 7 il

87 % Glycerin (20 % end concentration) 23 ml

Phosphate Buffered Saline (PBS) pH 7.4

NaHPO, X 12 H,O 10 mM
KH,PO, 10 mM
NaCl 120/
KCI 78nM

Protease inhibitor mix (1000 X)

Pepstatin m
Chymostatin 1mM
Leupeptin 1 mM

All three inhibitors were dissolved in DMSO andrstbas aliquots at -20°C.
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Cell lysis buffer

NaHPO, X 12 H,O
KH,PO,

Protease inhibitor mix
Triton X-100

Both the phosphate components were dissolved ondid water and titrated to pH 7.4. The

protease inhibitor mix was added to the solutiamtoh X-100 was only added for membrane

fraction isolation.

ZnCl, stock solution (50 X)

ZnCl, 6.85 mg / ml (end concentration 0.2 mM)

2.2 Buffers and solutions

10 mM
10 mM

1%
0.15%

10 mM

2.2.1 Buffers and solutions for molecular biology

TE-buffer pH 8.0
Tris
EDTA

DNA gel electrophoresis

DNA sample buffer pH 8.0
Glycerol

Bromophenol blue
EDTA

TAE buffer pH 8.0 (50 X)
Tris
EDTA

Acetic acid

40 mM
2 mM

5%
0.025 %
0.1M

0.04 M
0.002 M
57.1 ml
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The solution was adjusted to pH 8.0 with acetidaci

2.2.2 SDS-PAGE (SDS-#lyAcrlyamide Gel Electrophoresis)

2.2.2.1 Resolving gel and separating gel solutions (according to Laemmli, 1970)

Stock solutions
APS (freshly prepared)
1 M Tris-HCl pH 8.8

0.1 g/ ml in deionized wat

Tris 24.2 g/ 200imbdeionized water
1 M Tris-HCI pH 6.8

Tris 12.1 g/ 100imdeionized water
SDS 10% 10 g/ 100 ml in oleized water

Resolving gel
(12 % T fogél)

Acrylamide/ Bis (Rotiphorese gel 30) 2.15 mi
Deionized water 1.27 mi
1 M Tris-HCI pH 8.8 2.28 ml
10 % SDS 0.057 ml
10 % APS 0.019 ml
TEMED 0.006 ml
Stacking gel
(5.2 % T for 1 gel)

Acrylamide/ Bis (Rotiphorese gel 30) 0.5 ml
Deionized water 2.1 ml
1 M Tris-HCI pH 6.8 0.375 ml
10 % SDS 0.03 ml
10 % APS 0.015 ml
TEMED 0.003 ml

51



Materials and Methods

Running buffer pH 8.3

Tris 3.03 g/l (25 mMm)
Glycine 14.4 g/l (192 mMm)
SDS 1q/ (0.1 %)

2.2.2.2 Coomassie staining

Staining solution

Coomassie Brilliant Blue R-250 19/l

Ethanol 400 ml/ 1
Acetic acid 100 ml/ |
Distilled water 500 ml/ |

Coomassie Brilliant Blue R-250 was dissolved inaethl. Subsequently, other solutions were

added after Coomassie was completely solublizedtagolume was made up to 1 liter.

Destaining solution

Ethanol 400 ml/ |
Acetic acid 100 ml/ |
Distilled water 500 ml/ |

2.2.2.3 Silver staining

Fixation solution

Acetic acid 12 %
Ethanol 40 %
Formaldehyde (37 %) 0.05 %
Wash solution

Ethanol 50 %

Distilled water 50 %

Pretreatment

NaS,03 X 5H,0 (10% in distilled water) 0.2 %
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I mpregnation

AgNO; 0.2 %
Formaldehyde (37 %) 0.075 %
Development

Na,CO; 6 %
NaS,03 X 5H,0 (10% in distilled water) 0.004 %
Formaldehyde (37 %) 0.005 %
Stop solution

Ethanol 40 %
Acetic acid 12 %

All solutions were made in distilled water.

2.2.2.4 Gel drying solution

Glycerol 87 % 2.3%
Ethanol 25 %

The solution was made in distilled water and volunaale up to 1 liter.

2.2.3 Western blotting

Transfer buffer pH 9.2

Tris 5.82g/ (48 mM)
Glycine 293¢/l (39 mM)
SDS 3.75 ml (10 %)
Methanol 200 ml/ | (20 %)
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Wash buffer pH 7.4

Tris 1.21lg/ (10 mM)
NaCl 8.766 g/ | (150 mM)
Tween 20 1mi/l (0.1%)

TrisBuffered Saline (TBS) pH 7.4

Tris 5.82 ¢/l (25 mM)
KCI 0.29g/l
NaCl 8g/l

Blocking solution
Milk powder 10% in 2 X PBS

2 X Phosphate Buffered Saline (PBS) pH 7.4

NapHPO, X 12 H,O 7.26 g/ |

KH.PO, 0.48 ¢/ |
NaCl 16 g/ |
KCI 0.40 g/ |

Alkaline phosphatase (AP buffer) pH 8.9

Tris 2.42 g/l (20 mMm)
NaCl 8.77 g/l (150 mM)
MgCl, 2.03 g/ (20 mM)

Color development solutions
BCIP, Toluidine salt (fresh solution in DMF) 7 mg/ 250 pl (0.38 mM)
NBT (fresh solution in 70% DMF) 16.25 mg/ 500 pl (0.40 mM)

The BCIP and NBT solutions were dissolved in 50MMlbuffer for each blot.

Primary antibody (Anti-TbPLA) in TBS 1:2000
Secondary antibody (Anti-Rabbit 1gG, alkaline phusase conjugated) in TBS 1:20 000
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2.2.4 Northern blotting

10 X FA gd buffer pH 7.0

MOPS 41.86 g/ | (200 mM)
Sodium acetate 4109/l (50 mM)
EDTA 3.72 g/l (10 mMm)

The solution was adjusted to pH 7.0 using NaOH
1 X FA Running buffer
10 X FA gel buffer ael/ |

37% Formaldehyde naA0|

5 X Loading buffer

Bromophenol blue solution 16 pl
EDTA (500 mM, pH 8.0) oAl
37 % Formaldehyde 720 pl
100 % Glycerol 2000 pl
Formamide 3084 pl
10 X FA gel buffer 4000 pl
Ampuwa volume made up to 10 ml

The loading buffer was stored at 4°C which candedudor 3 months.

20 X SSCpH 7.0
NacCl 175.3 g/ | (3 M)
Sodium citrate X 3 kD 88.2 ¢/l J0M)

500 mM sodium phosphate pH 7.2
NaHPO, X 12 H,O (500 mM)

The solution was adjusted to pH 7.2 using? 6.

Hybridmix sodium phosphate

SDS 70 g/ (7 %)
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EDTA (pH 7.5, 93.05 mg/ml = 0.5 M) 4 rhl/

Sodium phosphate (500 mM) uvoe made up to 1000 ml
Phosphate wash

SDS 10 g/ (1%)

Sodium phosphate (500 mM) naol

Ampuwa volume made up to 1000 ml

Stripping buffer
SDS 10 g (1%)

Ampuwa volume made up to 1000 ml

2.2.5 Immunoflouresence

Fixation solution (Freshly prepared)
Paraformaldehyde 049 (4 %)
PBS volume mag to 10 ml

The solution was warmed (not boiled) in microwaveero till paraformaldehyde was

solublized and put on ice.

1% BSA solution (Freshly prepared)
BSA 10 mg/ml in PBS

Sodium phosphate pH 7.2 containing Glycine
NaHPO, X 12 H,O 35.81 g/ |

Glycine 7.51 9/l (0.1 M)

0.2% Triton solution (Freshly prepared)
Triton X-100 2 mg/mlin PBS

Bisbenzimide solution
Bisbenzimide 1 mg/ml in distilled water
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2.2.6 PLA; enzyme assay

All chemicals were solublized in deionized water
Solubilization buffer for DL-PC
Tris 6.057 g/ | (50 mM)

Sodium deoxycholate 4159/ | (20 mMm)

Dilinoleoyl phosphatidylcholine (DL-PC) stock solution
DL-PC 12.5 mg/ml in solubilization buffer

Lipoxygenase stock solution

Lipoxygenase 3.6 ug/ ul

Stock solution was diluted to 1:100 with Ampuwa.

Phospholipase A, from porcine pancreas (stock solution)
Phospholipase Afrom porcine pancreas 3 mg/ml

Stock solution was diluted to 1:100 with Ampuwatug/ ml.

Reaction buffer 1: TrissHCI pH 8.5 buffer
Tris 6.057 g/ | (50 mMm)

Reaction buffer 2: TrissHCI pH 8.5 containing sodium deoxycholate buffer

Tris 6.057 g/ | (50 mM)
Sodium deoxycholate R | (6 mM)
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Il. Methods

1. General methods

1.1 Protein determination with Bradford method

Protein concentrations were determined for all erpents using the Bradford method
(Bradford, 1976) with BSA in 2 pg, 4 ug, 6 pug, 8 pigd 10 pg/ ml concentrations as
standard. The concentrated Bradford reagent (Bm)-Raas diluted to 1.5 with deionized
water. The diluted reagent was pipetted in a vol@n@00 pl in each cuvette. As reference,
took 100 ul deionized water for standards or buifeisamples. All standards were performed
in duplicate. The reaction mixtures were incubdt@dS min. at room temperature and then

read against reference at 595 nm in an Ultrosp80 3fectrophotometer.

1.2 SDS-PAGE

The glass plates, assembly, comb and spacers \eeed with ethanol. The glass plates
with spacers were fixed inside the assembly. Astimeed above in 2.2.2.1, resolving gel
mixture was poured carefully in between glass pléé&ing care not to let air bubbles in the
solution and the gel was polymerized (polymerizatione was from 15 to 30 min.) with
overlay of deionized water. After the gel had podyired, stacking gel mixture was poured
above the gel carefully and immediately added cambop of it till completely immersed
between plates. Polymerization time was 45 min. @unthg this time, protein samples were
prepared after protein estimation from Bradford hodt (1.1) from 10 to 20 pg protein
concentration per sample. Reducing sample dildiuffer was added to samples and adjusted
the volume accordingly. The samples were boiledl@°C for 5 min. and loaded into
respective wells with protein molecular marker. Tieger cooling system was attached with
the assembly and running buffer was added in ugperower reservoir. The electrodes were
attached accordingly into power supply and SDS-PA@IS run at constant voltage (160 V)
till bromophenol boundary reached bottom of the Gadl was removed carefully from plates
and placed in Coomassie staining solution for It @en destained or in fixation solution
for silver staining (2.2.2.3) or followed immedigtéor Western blotting.
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1.3 Western blotting

The protein samples were resolved in SDS-PAGE @n#)immediately blotted. The gel was
placed on an anode plate in Semi-Dry apparatusvals overlaid onto blotting paper
(Hybond—ECL nitrocellulose membrane) sandwichedvbeh three layers of Whatman filter
papers soaked with transfer buffer (2.2.3) on eawe respectively. It was carefully
assembled to remove any air bubbles in betweemmigrabrane, gel and filter papers. The
electro transfer was carried out at about 10 V (@0 for 1 h with cathode side above the
assembly. Thereafter, the membrane was blocked Mith6 milk powder in 2 X PBS (2.2.3)
for overnight at 4°C. After overnight blocking, theembrane was washed for 5 X 5 min. in
wash buffer with gentle shaking. It was incubatethwihe first antibody diluted in TBS
buffer for 1 h at room temperature in fresh disptsdags with gentle shaking. Subsequently,
the membrane was washed as above and incubatedalkdhne phosphatase conjugated
secondary antibody diluted in TBS for 1 h with derghaking. The blot was washed and
finally, it was developed (2.2.3) and color develgmt was observed carefully. When the
bands appeared, the reaction was stopped with R88lat was scanned after drying on filter

paper.

1.4 Northern blotting
1.4.1 Sample preparation

Samples of total RNA from bloodstream form out loé fogarithmical and stationary phase
were centrifuged at 3000 rpm for 5 min. Cells weeshed twice in PBS (pH 7.4). The cell
pellets were used for RNA isolation as per manufaets instruction using the RNeasy Mini
Kit (Qiagen, Gemany). The RNA was eluted with 40Ampuwa (Fresenius, Germany) and

stored in liquid nitrogen.

1.4.2 RNA electrophoresis

Gel was prepared by weighing 0.6 g agarose, whia$ avssolved in 50 ml 1 X FA running
buffer (2.2.4) by heating in microwave. To the waagarose solution, 900 ul 37 %
Formaldehyde and 1 ul Ethidium bromide was addedgemtly mixed. The agarose solution
was polymerized in the gel apparatus and coolechdowadditional 30 min at 4°C.

The RNA sample concentration was measured in amodgiec 3000 spectrophotometer

(Pharmacia Biotech). A test agarose gel was load#dthe calculated amount of 1 pg RNA
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in order to verify the measured concentrations. é&sgreriments, samples of 10 -20 pg RNA
were denatured at 65°C for 5 min. which were thewled on ice. Samples were loaded in the
gel for electrophoresis and run for 1-2 h at 80Afterwards, the gel was photographed under
UV light. The running pattern of three bands of IR[2250 bp, 1850 bp and 1350 bp) were
used as control to monitor RNA loading and as &erival standard for the molecular weight.

1.4.3 Sandwich diffusions blot

For blotting, the gel apparatus was filled with2®BSC (2.2.4). The RNA capillary transfer
was performed on Hybond N+ Nylon membrane (Amerghasrper standard protocol. After
16- 24 h, the blot was taken out and washed twi@0iX SSC and left under dark to dry. The
cross linking for fixation of RNA on the membraneasvdone with UV Stratalinker 1800

(program: Auto Cross Link).

1.4.4 Hybridization and marking with [*P] dATP

Following the reverse transcription of total RNAthwvthe Omniscript reverse transcription kit
(Qiagen), unlabelled probes were amplified by PGRgithe HotStalag PCR kit (Qiagen)
after the manufacturer’s instructions. The PCR pobavas run on a gel electrophoresis. The
respective bands were cut out of the gel, purifigth the QIAquick gel extraction kit and
eluted with Ampuwa (deionized water). The probesenstored at -20°C and directly before
hybridization, radioactively labeled witf?P] dATP (Amersham) using the Hexalabel DNA

labeling kit (Fermentas).

1.4.5 Development

Hybridization was performed in 1 % BSA in Hybridxxgodium phosphate (2.2.4) with 50 pl
hybridized probe (1.4.4) at 68°C (water bath) oightth In order to prevent unspecific
binding, 100 ug /ml Salmon sperm was added, whiak previously denatured at 95°C. After
hybridization, the membrane was washed three tiime&0 min., once with 0.5 % BSA in
phosphate buffer and then twice with washing buffesr the development, the blot was
packed in a fresh disposable bag, covered with amyXfiim and left at -70°C in a
development cassette for 1-48 h. The developmemnst deme with X-ray film developer
(SRX-101A, Konica).
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1.4.6 Stripping

The stripping of the hybridized membrane was dame20 min at 68°C in a water bath with
1% SDS (2.2.4). Afterwards, the membrane coulddasel dor further hybridizations.

1.4.7 Analysis

The developed film was scanned and bands intensisysemi-quantitatively estimated with
GelScan V5.1.

2. Standard protocols for molecular biology

The sense and anti-sense primers were solubliz€# ouffer (2.2.1).
2.1 Reverse transcriptase PCR (RT-PCR)
Samples of total RNA from bloodstream form out af blood was isolated and following

reaction mixture was prepared using Omniscript r&éranscription kit (Qiagen) according

to manufacturer’s instructions

Reaction mixture

10 X RT Buffer 2 ul

dNTP mix 2 ul

Oligo dT 2 ul

RNase inhibitor (10 U/ul) 1l

Template RNA (1.9 pg/ul) 1l

Reverse transcriptase 1l

Deionized water 11 pl volume made till 20 pl

The reaction mixture was incubated at 37°C for dnH afterwards heat inactivated at 85°C

for 5 min.
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2.2 Polymerase chain reaction (PCR)

The PCR reactions were performed using AccuPiTiag@ DNA polymerase high fidelity kit

(Invitrogen) according to manufacturer’s instruogo The reaction mixture was as follows

Reaction mixture

10 X AccuPrime PCR buffer 1 0udl
Sense primer TbPLA(1:10 diluted) 2 ul
Anti-sense primer TbPLA(1:10 diluted) 2 ul
cDNA (1:100 diluted) 5 ul
Distilled water (Fermentas) 80.6 pl
AccuPrimeTaq DNA polymerase 0.4 ul

The following program for PCR reaction was used

1. Initial denaturation 94°C 2 min.

2. Denaturation 94°C 30 sec.

3. Annealing 56°C 30 sec.

4. Extension 68°C 2 min.
30 cycles to step 2

5. Final extension 68°C 10 min.

6. End 4°C 72 h

2.3 DNA digestion with restriction enzymes

The restriction enzymes and respective buffersnjeatas or New England Biolabs) were
used to digest plasmid DNA and constructs. Accgydonrequired analysis, the plasmid and
plasmid constructs with gene of interest were chddior suitable restriction enzyme using
DNAMAN software. The reaction mixture consisted DNA, respective buffer for each
enzyme, restriction enzyme and elution buffer t&enap the volume till 20 pl. The reaction
mixture was incubated at 37°C and for differentetispan depending on enzyme and DNA

concentration.
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2.4 Agarose gel electrophoresisfor DNA

The gel was polymerized by weighing 0.5 g agards® (agarose gel) dissolved in 50 ml 1X
TAE buffer (2.2.1) by heating in microwave oven ibuagarose was completely solublized
and solution was clear. The solution was left tolcand immediately added 0.5 pg/mi
Ethidium bromide. The solution was poured in gaitticey tray with sample comb and allowed
to solidify at room temperature. The sample wapared by adding sample buffer (2.2.1) to
the calculated amount of DNA. The sample was loadéa gel with 1 kb DNA ladder
(Fermentas). The electrophoresis was run at 80 nstaat for 1 h until the blue boundary
reached the bottom of the gel. The gel was phopdgré under the UV light transilluminator
(312 nm). The DNA bands were visualized and migratof DNA was estimated against
DNA ladder.

2.5 DNA extraction

After DNA was resolved in agarose gel, the gel whkxed on a UV transilluminator and
immediately the required DNA band was cut out fribr@ gel with the help of clean scalpel
and placed in pre-weighed sterile eppendorf. THargess was measured and QlAquick gel
extraction kit (Qiagen) used as per manufacturessuction. Finally, DNA was eluted with

specific volume of elution buffer (Qiagen).

2.6 DNA estimation
After gel extraction, DNA purification and for DNAequencing, DNA was quantitatively
measured &t = 260 nm, 280 nm and 320 nm with different volurassmg an Ultrospec 3000

spectrophotometer (Pharmacia Biotech).

2.7 Ligation

The vectors (pCf2.1-TOPO, pMal-c2E, pFastBac-1) in concentratioB®hg with DNA of
interest (TbPLA) in different ratios of 1 to 3 or 1 to 6 were uded ligation reaction. The
Rapid DNA ligation and transformation kit (Fermesjtavas used according to manufacturer’s

instruction.
Ligation was performed using following reaction aire

Vector DNA (50 ng) volume depending oNADconcentration
Insert DNA volume depeargion DNA concentration
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10 X ligation buffer 2 ul
Deionized water up to 20 pl
T4 DNA ligase (5 U) 1l

The reaction mixture was incubated for 1 h at 28f@@r 17 h at 16°C.

2.8 Transformation

The freshly ligated DNA construct in a volume gfiPwas transformed into One shot TOP 10
E. coli (Invitrogen) or expression grade BL-21 (DE3) competent cellaguprotocol from
Stratagene. The competent cells were thawed ofoicB min. Then, the cells were gently
flicked and 50 pl of competent cells were transf@érinto pre-chilled tubes.

The calculated amount of 50 ng experimental DNAstatt was added into pre-chilled tubes
with competent cells. As a control, pUC19 was adaedther tube with competent cells and
immediately swirled the tubes gently. The tubesewacubated on ice for 20 min. The cells
were heat-shocked at 42°C in water bath for 45re#c@One shot TOP 10 cells were treated
at 42°C for 30 seconds). The duration for the Bbatk was critical for maximum efficiency.
Afterwards, the tubes were left on ice for 2 misuterewarmed SOC medium in a volume of
250 pl was added to each tube and incubated at ®#°C h with shaking at 225-250 rpm.
The transformation mixture in volumes of 100 ul 20 pl was streaked on two prewarmed
LB-agar selective plates containing appropriatébastic (and containing X-gal and IPTG if
blue-white screening was desired). The plates wengbated at 37°C for overnight (at least
17 h for blue-white color screening). The blue cadd colonies was enhanced by further

incubating the plates for 2 h at 4°C following theernight incubation at 37°C.

2.9 Bacterial culture stabilates
The fresh starter culture of tested clones andestgliycerol (50 %) were added in volumes of
700 pl and 300 pl respectively in cryo vials. Theds were immediately frozen in liquid

nitrogen and stored at -70°C.

2.10 DNA purification

2.10.1 MiniPreparation (MiniPrep)
After transformation, the colonies were selected amre inoculated into respective 3 ml

liquid LB medium with ampicillin (50 mg/ ml). Theuttures were propagated at°@7with
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shaking at 225-250 rpm for overnight (17 h). Alethuffers used were from QIlAprep spin
Miniprep test kit (Fermentas).The starter culturasvharvested by centrifugation at 13,000
rom (Amicon microcentrifuge MC 13) for 2 min. Thepgrnatant was discarded and the
pellet was re-suspended in 150 pl P1 buffer, indé&r 5 min. at room temperature. The
re-suspended cells were lysed by adding 150 plliaékd?2 buffer, gently inverting the
solution 4 -6 times and stand for 5 min. The solutivas neutralized with 210 pl N3 buffer,
inverted and left on ice for 5 min. It was centgéa for 10 min. at 13,000 rpm and the
supernatant was pipetted out in new eppendorf.hi® dolution, 900 pl ice cold analytical
grade (100 %) ethanol was added and centrifugetionin. at 13,000 rpm. The supernatant
was removed and the pellet was washed with 1 mtade 70 % ethanol by centrifuging for
10 min. at 13,000 rpm. The supernatant was disdaadd the pellet was left to dry for 30 to
45 min. by inverting the eppendorf with open lidndly, the DNA pellet was gently
solublized in 50 pl elution buffer. The DNA was r&td at -20°C which can be further used
for gel extraction, restriction enzyme digestionverification of DNA band on agarose gel

electrophoresis.

2.10.2 MidiPreparation (MidiPrep)
The fresh starter culture of either selected colonyfrom stabilates were inoculated and
cultivated in specific volume of liquid LB mediumitty ampicillin (50 mg/ml) in flask under
shaking 225-250 rpm for overnight (17 h) af@7NucleoBond AX (MidiPrep) plasmid DNA
purification kit from Macherey-Nagel was used. Thein culture was harvested by
centrifugation at 5000 rpm for 15 min. &C4
The medium was discarded and the cell pellet icofalwas carefully re-suspended in 8 ml
buffer S1 with RNase A. Cells were lysed by addshml buffer S2 to the suspension. The
suspension was mixed gently by inverting the tudresf 8 times. The mixture was incubated
at room temperature for 5 min. without vortex, s releases contaminating chromosomal
DNA from the cellular debris into the suspensioheTpre-cooled (€£) 8 ml buffer S3 was
added to the suspension and immediately mixedysgedd by inverting the falcon 6 -8 times
until a homogenous suspension containing an offeMtdcculate was formed and incubated
on ice for additional 5 min.
The lysate was clarified by centrifuging at 500énrfor 25 min. at 2C and simultaneously,
the column AX 100 (Midi) included in the kit waswliprated with buffer N2. The column
was allowed to empty by gravity flow and flow thgluwas discarded. The cleared lysate

after centrifugation was filtered using folded diltpaper pre-wet with buffer N2 in a small
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funnel. The lysate was loaded onto the wet filtepgr and flow through was collected. The
clear lysate was loaded onto the column. The flomugh from this step was saved for
analysis. The column was washed with 12 ml buff@r ahd flow through was discarded.
Finally, the plasmid DNA was eluted with 5 ml buff8l5. The DNA was immediately
precipitated with 3.5 ml isopropanol and centriftige 10,000 rpm for 30 min. af@. The
supernatant was discarded and the pellet was wastied? ml (70 %) ethanol, vortexed
briefly and centrifuged at 10,000 rpm for 10 mibr@m temperature. The supernatant was
carefully removed and allowed the pellet to dryaim temperature for 30 min. The DNA
pellet was reconstituted in appropriate volume latien buffer with constant flicking till
pellet was completely dissolved. The solublized DMWAs used for further analyses like
agarose gel electrophoresis, DNA estimation, w@gin digestion with enzymes,

transformation or DNA sequencing.

2.10.3 Bacterial colony PCR
The PCR was performed using HotSTeaq master mix kit from Qiagen. The following

master mix was prepared

Master mix
For 8 reactions (12.5 pl master mix/ reaction)
HotStarTag master mix 100 pl
Sense primer 8 ul
Anti-sense primer 8 ul
RNase free water 84 ul

The master mix in volume of 25 pl was added to eR€IR tube including positive and
negative controls. The colonies were picked from-ddar plates and inoculated into
respective PCR tube. Simultaneously, the seleabdzhyg after inoculation was streaked on
LB agar plates with ampicillin. The agar plates svarcubated at 3T for overnight (17 h).

The PCR reaction was performed as follows:

Program

1. Initial activation 95°C 15 min.
2. Denaturation 94°C 30 sec.
3. Annealing 56°C 30 sec.
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4. Extension 72C 1 min.
35 cycles to step 2

5. Final extension 72°C 10 min.

6. End £c 9h

After PCR reaction, 10 pl from each sample wasédadnd run in agarose gel with DNA

ladder in order to identify correct clones.

2.11 DNA sequencing

The isolated plasmid constructs after verificatmm agarose gel electrophoresis (2.4) and
DNA quantification (2.6) were send for sequencing@ATC Biotech using single Run 24

supreme reaction in concentration of 30 -100 nghjal total volume of 30 ul. The results of

sequenced DNA were analyzed with DNAMAN software alygnment with plasmid

construct.

3. Cultivation and handling of organisms
3.1Escherichia cali
3.1.1Cultivation on agar plates

The bacterial cells were cultivated on agar-agah WwB-medium and ampicillin (2.1.1). LB-
medium was prepared as 2 X stock solution and mdd pre-warmed 2 X agar-agar under
sterile conditions. After cooling to room temperatuampicillin (1 ml/ I) and X-gal (2 ml/ 1)
were immediately added and poured into cultureeglathe plates were left to solidify. When
the agar was solidified, the plates were packeaustkrile conditions and stored at 4°C till

further use.

3.1.2 Preparation of competent cells (Chung et al., 1989)

A single bacterial colony of XL-1 competent celler& picked from LB-agar culture plate
containing tetracycline (5 mg/ ml in 70 % ethantiat had been incubated at 37°C for
overnight (17 h ). This clone was inoculated intanBliquid LB-medium with tetracycline
and incubated at 37°C with shaking at 225 rpm feernight (17 h). After the overnight
incubation, 1 ml of the starter culture was inotedainto 100 ml LB-medium with
tetracycline and propagated at 37°C with shakirZeatrpm till the absorbance reached 0.8 at
600 nm. Then the cells were harvested at 5000 gurd min. at 4C and the cell pellet was
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re-suspended in 10 ml TSS medium (2.1.1). Subséguer®0 pl aliquots were made in
cryogenic vials which were immediately frozen iquiild nitrogen and stored at -70°C.

3.2 Spodoptera frugiperda (Sf9)

3.2.1 Culturing of Insect cells

Insect cells (Sf9) were bought from Invitrogen @x&n master stocks which were used as the
host for the baculovirus transfer vector. The aeltstabilates were washed with pre-warmed
serum-free medium by centrifuging at 1700 rpm fomt. at 4°C. The cells were re-
suspended in fresh pre-warmed serum-free mediwnlume of 20 ml at a cell density of 8
X 10° cells/ ml. Insect cells were propagated underraeree conditions at 27°C grown in
passages of increasing concentration of FBS whioligles protection from cellular shear
forces in suspension culture. The growing passageect cells was grown till cell density of
4 X 10 cells/ ml reached. After which, cells were diluteith serum-free medium including
Pluroni® F-68 and penicillin/ streptomycin. These cells evased for transfection or further
propagated till 30 passages.

The stabilates of the insect cells were made bwygusulture passages. The cells were
monitored to ensure that they were healthy and gwxponentially in the medium. The
medium was replaced when the monolayer of cellshe 80 % confluence. Pre-warmed Ex-
Cell 420 serum-free medium (2.1.2) including Plic8nF-68 and penicillin/ streptomycin
was added to the cells after harvesting with ckrgation. The cells were dispersed with
careful pipetting. The viable cells were counted adjusted the cell density to 4 X®1¢&lls/

ml with serum-free medium and were cooled to 4°€ug-free medium containing 20 %
DMSO (v/v) was prepared. The cells were carefullspended in serum-free medium
containing DMSO. The suspension was cooled at 47 aiquots of 1 ml were made in
cryogenic vials. The aliquots were placed immediyate liquid nitrogen. The vials were
frozen at - 20°C for 12 h and then at -70°C for roight. Afterwards, the vials were
transferred to liquid nitrogen immediately and afieveek, the viability of the stabilates were
tested with cultivation in fresh Ex-Cell 420 serfiee medium (2.1.2) with increasing

concentration of serum.
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3.2.2 Vitality assay with trypan blue

The trypan blue (0.4 %) solublized in PBS was mixatth 100 ul cell suspension. The cells
were then counted in Hemocytometer. Only the deslts @absorbed the trypan blue and

therefore, cell vitality should be more than 80d@6tfansfection.
3.2.3 Transfection

The recombinant bacmid with the gene of interest i8alated and purified from DH10 Bac
competent cells. The recombinant bacmid was usettdnsfection in insect cells. The main
culture of insect cells passage was diluted witlirsefree medium with defined cell density
and seeded at 1 X 4@ells/ ml per well of 6 well tissue culture pldate2 ml of growth
medium containing antibiotics as stated above. CHtis were allowed to attach at 27°C for 1
h and then bacmid DNA: CellfecfinReagent complex was prepared for each sample
including negative control and Cellfectionly. The recombinant bacmid and Cellfe&im a
volume of 6 pul were mixed separately in 100 ul seftee medium. Both the solutions were
combined to 200 pl total volume, gently mixed andubated for 1 h at room temperature.
During this incubation, the media from the attachellis were carefully washed twice with 2
ml of serum-free medium without antibiotics. Sertree medium without antibiotics in a
volume of 800 pul was added to each tube contaiDiNg.: lipid complexes and gently mixed.
This mixture was then added carefully to each welhtaining cells and the plate was
incubated for 4 h at room temperature. Afterwatids,DNA: lipid mixture was removed and
2 ml of medium containing FBS and antibiotics wakded to each well. The plate was

incubated at 27°C for 72 h until there were micogscally signs of viral infection.

3.3 Trypanosoma brucei

3.3.1 Isolation from rat blood and stabilates production of bloodstream form

Trypanosome strain BF-221 kept as frozen rat stedslin liquid nitrogen were used for the
propagation of the parasites in Sprague-Dawley Tdts rat stabilates with cell density of 5 X
10" cells were intraperitoneally injected in anesttedi rat. After 3 days of infection, the
parasitemia in rat at a cell density of 1 X t@lls/ ml was achieved. The animal was prepared
for sacrifice in CQ environment. The thorax of the animal was cut egesind washed with 2

ml CGA (2.1.3). Thevena cava inferiowas cut and the blood was sterile collected with
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Pasteur pipette into fresh falcon tube. The resbdbiwas collected by puncturing 5 ml CGA
in left ventricle and again collecting it in freshlcon tube. Afterwards, the blood was
centrifuged (Sigma 3K12) at 3000 rpm at 4°C for 1® min.

The blood plasma and erythrocytes were removed fognof the visible phase of buffy coat
which consisted of parasites. The buffy coat wasléal onto DEAE-Sephacel in a column
prepared with filter paper on lower and upper lapérmaterial pre-equilibrated with
separation buffer (2.1.3.2). The flow through wadlected which was turbid due to the
presence of parasites and this flow through watribeged (Sigma 3K12) at 3000 rpm at 4°C
for 5 min. The supernatant was discarded and tlHs were re-suspended in 5 ml TDB
(2.1.3). The cells were washed twice by centrifggifSigma 3K12) at 3000 rpm at 4°C for 5
min. and then the cells were used for further expents.

For stabilates production, the buffy coat was adheftransferred with the help of sterile
Pasteur pipette and re-suspended in 4 ml CGA. éumbre, 6 ml BF-medium (2.1.3.3.1) and
2 ml Canusél (200 U, Heparin-Na) were added to the suspensiwh cell density was
calculated. The cell density was adjusted at 2 Xc&lls/ ml and mixed in 1: 1 with freezing
medium for stabilates (2.1.3). The aliquots wepefied in volume of 1 ml each in cryo vials
on ice. Finally, the stabilates were frozen at @®r 1 h and then at -70°C for overnight.
Next day, the stabilates were transferred to liguicbgen until further use.

3.3.2 In vitro cultivation of bloodstream form

Trypanosome bloodstream form frozen stabilates wesed for axenic cultivation. The
stabilates were thawed under warm water and cefiension was transferred into falcon tube
with 9 ml pre-warmed bloodstream form medium (23.83 and washed by centrifugation
(Sigma 3K12) at 3000 rpm at 4°C for 5 min. The soptant was removed carefully till
approximately 1 ml was left. The cells were re-smgjed and counted. For counting the cells,
10 ul of the cell suspension were diluted to 1: 486 counted in Hemocytometer. The starter
culture in culture flask with bloodstream form maui was adjusted to cell density of 2.5 X
10° cells /ml and cultivated in an incubator at 37°GwmB % CQ. After 20 h incubation, the
cell density in starter culture reached till 1 X° t@lls/ml. The starter culture was diluted with
medium to main culture and this was propagatedrdougly to experimental requirements to
cell density of 2.5 X 10cells/ ml. After 40 h incubation, the main cultueached a cell

density of 2 X 18 cells/ ml (stationary phase) which was used fathier experiments.
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3.3.3 In vitro cultivation of procyclic form

The procyclic form frozen stabilates were used drenic cultivation. The stabilates were
thawed under warm water and running culture of yehc form was prepared in procyclic
culture medium (2.1.3.3) using the same procedsidesacribed for bloodstream form (3.3.1).
The culture cell density was adjusted at 5 X &élls/ ml and cultivated in an incubator at
27°C without CQ. The running culture was diluted to a cell density2.5 X 16 cells/ ml

during the week either for running or main cultdepending on the experiment.
4. Cloning of phospholipase Agene fromTrypanosoma brucei
The complete gene of TbPLAvas cloned using total cDNA from bloodstream fomith

sense and anti-sense primers (see Materials 1i2hwlere synthesized using DNA sequence
(see Materials 1.1) from GeneDB , hosted by Sahggtitute (http://www.genedb.orgy/ This

gene sequence included signal peptide and transraambequence of protein.

4.1 Sub-cloning of TbPLA, gene in competent cells

After PCR with AccuPrimeTag DNA polymerase, the reaction product was verifed
agarose gel electrophoresis and then it was uselbrie into sub-cloning plasmid pER1-
TOPO (Invitrogen). The following ligation reactiomixture was prepared according to the kit

(Invitrogen)

PCR product 4 ul
Salt solution 1l
TOPO vector 1l

The reaction was gently mixed in PCR tube and iatedb for 30 min. at 22°C in pre-
programmed PCR machine with program ending at 41@. PCR tube was placed on ice.
One Shot TOP 10 (Invitrogen) competent cells wdrawved on ice and transformation
protocol proceeded (2.8). The plates were incubate8l7°C for 17 h and thereafter, white
colonies appeared. These colonies were selectecllated into starter culture and incubated
at 37°C for overnight. MiniPrep (2.10.1) was pemfied and finally, the DNA plasmid was

solublized in specific volume of elution buffer. §IDNA was analyzed with restriction
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analysis withNdelto confirm for correct orientation of insert DNAdh verified on agarose
gel electrophoresis. The correct clone DNA washienrtdouble digested witBamH1 and
Pstlenzymes to cleave out the insert DNA with thescEig sites. The reaction mixture was
run on agarose gel electrophoresis and insert Da#dlwas cut out and proceeded with gel
extraction protocol using QIAquick gel extractioi (Qiagen) (see 2.5). The insert DNA was
solublized in specific volume of elution buffer aDNA was quantified (see 2.6) and send for
DNA sequencing (2.11) and verification. The stabksaof correct clone were made (see 2.9)

and stored in liquid nitrogen till further use.

4.2 Cloning of TbPLA,genein competent cells

The insert DNA was ligated with expression vectddapc2E (NEB) using ligation kit
(Fermentas) (see 2.7) performed at 16°C for 17fterdards, the ligase was inactivated for
10 min. at 65°C. The ligation product was furtheed in transformation into One Shot TOP
10 (Invitrogen) sub-cloning competent cells usihg transformation protocol (2.8). The
colonies were picked from selective agar plate medfied with bacterial colony PCR
(2.10.3). The reaction mixture was run on agaradestpctrophoresis to identify the correct
clone. The correct clone with plasmid construchvgene of TbPLAwas picked and starter
culture was cultivated for overnight. The startalture 1.5 ml was used simultaneously for
stabilate production and the rest of culture wasdusr MiniPrep. The construct DNA in a
volume of 3 pl was used to transform (2.8) into BL({DE3) or Rossetta 2 expression
competent cells. The colonies were picked and hatwolony PCR (2.10.3) was performed
to verify for correct insert DNA including positivand negative controls. These products were
run on agarose gel electrophoresis and verifiedctireect clone. The starter culture of the
clone was cultivated for stabilates and storedguid nitrogen until further use.
The gene of TbPLAwas also cloned into baculovirus expression sysim. construct of
TbPLA; with pMal-c2E and baculovirus vector pFastBac-Tevdigested wittBamH1and
Pstl enzymes simultaneously to cleave out the insertADMth these specific sites.
Afterwards, pFastBac-1 and insert DNA was purifiemin agarose gel using QIAquick gel
extraction kit (Qiagen) (see 2.5). The purifiedeirisDNA and pFastBac-1 were used to
perform ligation reaction (2.7) at 16°C for 17 hdahen left at 4°C. The ligation reaction
product of pFastBac-1 with TbPLAvas used to transform (2.8) into XL-1 competentscel
The colonies were verified by bacterial colony P@R.0.3) and starter culture cultivated for
MiniPrep (2.10.1). The colonies were also verifiedcorrect clone using restriction digestion
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with Ndel, HindlllandEam1105 1The correct DNA construct was used to transfamto i
MAX Efficiency®DH10Bac competent cells by using transformationtqaol (2.8) on
selective LB-agar plates containing kanamycin, gentin and tetracycline. The white
colonies were picked and analyzed to verify sudaéssansposition to the bacmid. The
recombinant bacmid DNA with insert was analyzedP@R using M13 sense and anti-sense
primers with HotStamag master mix kit from Qiagen and run on agaroseefggtrophoresis.
Finally, correct clone was picked and starter ¢eltaultivated for MiniPrep (2.10.1). The
DNA from MiniPrep was solublized in a specific voie of elution buffer and another starter

culture from the same clone was used for stabilates

5. Heterologous expression of phospholipase ;Agene from
Trypanosoma brucei in Escherichia coli and Spodoptera frugiperda
(Sf9)

5.1 Expression in bacteria

The starter culture of construct of TobPL#ith pMal-c2E in either BL-21(DE3) or Rosetta 2
expression competent cells was cultivated for agaitn(17 h) at 37°C with shaking at 225
rpm. The logarithmic phase growing bacterial cilien starter culture were used to inoculate
into LB liquid medium (with ampicillin for BL-21(DB) or chloramphenicol and ampicillin
for Rosetta 2) in the ratio of 1:100. The cells aveultivated at 37°C with shaking at 225 rpm
till the absorbance of culture reached 0.8 at 600 Subsequently, the culture was divided
into portions, one portion of the culture was deatgd as control culture (without induction)
and other remaining cultures were induced with IR®Ginal concentrations ranging from
0.1mM to 1mM. All the cultures were additionallyogm for different experiments at
different temperatures at 16°C, 27°C or 37°C fortispan of 9 h.

The cells were harvested subsequently by centtifugat 5000 rpm for 15 min. at 4°C. The
medium was discarded from control and induced c&he cell pellets were frozen at -20°C.
These were re-suspended in 5 ml of column buffelr.12 and sonicated the suspensions for
short pulses of 10 sec. for 5 times on ice in aifsofi Cell disruptor B-30 with following

specifications:
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Timer Hold
Output control 5
Duty cycle 50 %
Continuous

The lysates were centrifuged at 5000 rpm for 20. mird°C. The supernatant was separated
and protease inhibitors mix (2.1.3) was added imately after centrifugation. The pellet
was re-suspended in 5 ml column buffer with pragaakibitors mix (2.1.3). All supernatants
and pellets were estimated with Bradford method)(and analyzed on 12 % SDS-PAGE
(1.2) in reducing conditions.

5.2 Expression in Sf9 insect cells

5.2.1 Isolation of P1 viral stock

The transfected cells from well of plate with sigrfdate stage infection were collected with
the medium containing virus in a volume of approxiely 2 ml and sterile transferred to
falcon tube. The suspension was centrifuged at I@f0for 5 min. at 4°C to remove cells
and large debris. The clarified supernatant comgigiruses was sterile transferred to another
falcon tube and this was labeled the P1 (low ital) stock which was protected from light
and stored at 4°C.

5.2.2 Amplification of Baculovirus stock

The culture passage of insect cells was dilutedh wérum-free medium with defined cell
density and seeded at 2 X®1klls/ ml. The multiplicity of infection (MOI) wasalculated,
whereas MOI ranges from 0.05 to 0.1:

Inoculum required (ml) = MOI (pfu /ml) X numbef cells

dntof viral stock (pfu / ml)
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@fu /ml X (2 X 10) cells

5 X 1¢ pfu /ml

Inoculum required (ml) = 0.4 ml

The diluted 20 ml insect cells were infected witld @l P1 viral stock and incubated with
shaking at 27°C for 72 h. After 72 h infection, thedium was collected by centrifugation at
1700 rpm for 5 min. at 4°C and the supernatant tnassferred to fresh falcon tube and this
was labeled the P2 (high viral titer) stock. Theval stock was used for further infections
for large scale volumes from 30 ml, P3 (highesaMiter) cultures. After every infection, the

supernatant and cell pellet was preserved at 4°C.

cdl lysis

The cell pellet was washed twice with PBS pH 7.4réysuspending the cells. The cell
suspension was centrifuged at 1700 rpm for 5 mmil #he wash solution was carefully
removed. After removal of the final wash solutioom the cells, a volume of 1 ml RIPA lysis
buffer was added. The cells were re-suspended arexed briefly. The cell suspension was
incubated on ice for 5 min.

The lysate can be either used immediately or fraet20°C for further use. The lysate was
centrifuged at 10,000 rpm for 10 min. at 4°C tolgtelhe cell debris and membranes. The
supernatant was carefully transferred to fresh.tim¢h the supernatant and the cells pellet

were stored at -20°C till further use.

6. Immunoprecipitation

The insect cells lysate was centrifuged at 10,q08 for 10 min. at 4°C and immediately
transferred the supernatant to an another eppentoef pellet was re-solublized in RIPA
lysis buffer. Protein G agarose was prepared byhingsthe beads twice with PBS and then
restored the suspension to 50 % slurry with PB%® Sdiluble pellet fraction was pre-cleared
by adding 100 pl of washed Protein G agarose biead/ $50 %) per 1 ml of cell lysate and
incubating on an orbital shaker for 10 min. at 4T@e Protein G beads were removed by
centrifugation at 10,000 rpm for 10 min. at 4°C drahsferred the supernatant to another

eppendorf. The protein concentration of the sugantavas determined by Bradford method
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by diluting it with PBS because of the interfererafedetergents from RIPA buffer. The
protein concentration of supernatant was set at B0 The anti-TbPLA antibody in
concentration of 10 pg was added to the supernaf&et mixture was gently rocked on an
orbital shaker for overnight at 4°C.

Afterwards, the immunocomplex was captured by agldwashed 100 pl Protein G agarose
bead slurry (50 pl packed beads) and gently rockedrbital shaker for overnight at 4°C.
The agarose beads were collected by pulse cerdtitug(i.e. at 10,000 rpm for 5 secs.). The
supernatant was discarded and washed the beane8with 800 pl PBS. The agarose beads
were re-suspended in 50 pl PBS. The immunocompitxlveads were analyzed by adding 4
X reducing sample diluting buffer and gently mix@the suspension was boiled for 5 min. to
dissociate the immunocomplex from the beads. Tladevere collected by centrifugation
and either SDS-PAGE was performed with the supamair was frozen at -20°C for later
use. The frozen supernatant was re-boiled pribettbaded on SDS-PAGE.

7. lIsolation of cytosolic and membrane fraction for analysis from
bloodstream and procyclic form

The starter culture ofrypanosoma brucd8F-221 bloodstream form was cultivated (3.3.2).
After 20 h, the starter culture reached a cell igms 1 X 167/ ml in 50 ml culture. The cells
were harvested by centrifugation at 3000 rpm fanif. at £C. The cell pellet was washed
twice with 5 ml TDB (2.1.3) containing 100 pl 0.2vZnCl, (10 mM stock solution) per 1
ml. The cells were lysed in 200 ul of first lysigfter which consisted of 10 mM phosphate
buffer containing ZnGl and protease inhibitor for 15 sec. in sonicator amdlified
microscopically for lysis of cells. The lysate wiasubated on ice for 1 h and centrifuged at
10,000 rpm for 15 min. at°@. The supernatant was separated and the solubdeotig
protein fraction was stored at@

The cell pellet was washed twice in 10 mM phosplatiéer containing ZnGland protease
inhibitor mix in a volume of 200 ul. The buffer waarefully added onto cell pellet and was
not re-suspended. The pellet was washed by cegutiftn at 10,000 rpm for 15 min. atGt
and the supernatant was discarded. The secondbyffisr consisted of 10 mM phosphate
buffer containing protease inhibitor mix in a voleraf 200 pl was added to cell pellet and
vortexed for 1 min. at room temperature. Subsedyethie suspension was incubated for 20
min. at room temperature. The solution was cergatl (Ultracentrifuge TL-100) at 60,000
rom for 1 h at AC. The supernatant was separated and stored afT#¥Cpellet was again

76



Materials and Methods

washed in 200 pl of 10 mM phosphate butfentaining protease inhibitor mix and was not
re-suspended. The pellet was centrifuged at 60;p@0at 4C for 1 h. The supernatant was
discarded and the pellet was re-suspended in 2QRindl lysis buffer consisted of 10 mM
phosphate buffer containing protease inhibitor amx 0.1 % Triton X-100. The solution was
vortexed and left at°€C for overnight. All the fractions were precipitdtevith ice cold
acetone in 1:3 ratio and left at 22Dfor 30 min. The fractions were centrifuged at000, rpm
for 15 min. The pellet was solublized in 10 mM pploste buffer containing protease
inhibitor mix in a volume of 20 ul. The protein iesation was done with Bradford method.

Subsequently, all fractions were stored at 4°QGuitlher use.

8. Immunoflouresence microscopy

The trypanosomes from starter culture at a celbiterof 1-5 X 16 cells per reaction were
harvested by centrifugation and the medium wasfuéyaemoved. The cells were washed
twice and carefully re-suspended in 200 pl PBS pH 3ubsequently, the fixation solution
(2.2.5) in volume of 300 pl was added to the cellgh and carefully inverted. The cells were
fixed for overnight at 2C.

The fixed cells were centrifuged (Biofuge A) ata@) rpm for 20 sec. and the supernatant
was carefully removed. The cell pellet was cargfulashed in 1 ml PBS with centrifugation.
Afterwards, the supernatant was discarded anddle were re-suspended in 500 pl glycine-
sodium phosphate buffer and the suspension wagated for 15 min. at room temperature.
The permeabilization was achieved by adding 50®.@21 % Triton X-100 solution. The
solution was inverted, incubated for 5 min and tleamtrifuged. The supernatant was
discarded and the cell pellet was re-suspende@0nul primary antibody diluted in different
concentrations in BSA/ PBS, thereafter incubatediftn at 4C. After incubation, the cells
were washed twice in 250 pul BSA/ PBS in bench teptrfuge. The cell pellet was re-
suspended in 100 pl secondary antibody Alexa F3@dr anti-rabbit in a working dilution of
1: 500 and incubated for 1 h in dark &C4 For visualization of nucleus and kinetoplast,
freshly prepared 1 pl Bisbenzimide stock solutioaswadded to each sample tube and
incubated for additional 5 min. Finally, the peNeas carefully washed once with BSA/ PBS
and then twice or thrice with 200 pl distilled wat&he pellet was re-suspended in
approximately 100 ul distilled water and pipetted 0 pl from each sample on object slide

and let it dry in dark under aluminium foil. Afteamples were dried on Immunomount object
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slide, the samples were observed under the migoes@@lympus BH2 RFCA) and images
were made with Olympus camera U-PMTVC and savexbmputer.

9. PLA, enzyme activity assay

The PLA enzyme activity assay was a modified assay franedezet al, 2003. The assay
was based on a coupled enzymes using dilinoleoysmpiatidylcholine (DL-PC) as
phospholipase substrate and lipoxygenase as cgugimyme. The substrate was prepared by
solubilizing 5 mg dilinoleoyl phosphatidylcholin&igma) in 400 ul chloroform (analytical
grade) at AC taking care to pipette it in as quickly as pogsidnd immediately vortexed. The
aliquots were made with a final concentration @1mM and 80 pl each. The aliquots were
then dried with speedvac to complete dryness fanith and immediately re-suspended in 50
mM Tris-HCI pH 8.5 containing 10 mM sodium deoxytdte (2.2.6) in a volume of 983.6 ul
each. The resulting substrate solution was eqatkol for 10 min. at 2& and stock substrate
solutions were stored at -20°C.

The total reaction medium 1 ml consisted of 19.2D-PC dissolved first in calculated
volume of reaction buffer 1(2.2.6). Subsequenttyyad volume of the reaction buffer 2 was
added to the mixture and mixed. The coupling enzgdepul lipoxygenase was added to
reaction tube. Finally, the reaction mixture wamnsferred in cuvette. Before measurement,
the volume was made up to either with buffer fontool or samples and mixed by inverting.
Controls without either phospholipase or lipoxygenavere carried out. The reaction was
followed spectrophotometrically in an Ultrospec BGpectrophotometer for O to 60 min. by
measuring the increase in absorbance at 234 nntodile formation of the hydroperoxides.
Absorbance values from sample were subtracted &amtrol for calculation. Specific activity

was calculated by using the formula:

e=Alcl
c=Alel

Whereg = 25000 M! cm?, A = difference of absorbance, | = 1 cm.
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3. Results

1. Characteristics of TbPLA, protein

The genome database ®f bruceicontains the gene of a putative phospholipagdik&
protein (TbPLA) and is located on chromosome 9. It has a gergiHenf 1344 base pairs
(bp). Characteristically, this protein contains 44iino acids in the open reading frame and
has a molecular weight of 49.9 kDa including a algand transmembrane sequence. This
phospholipase A does not contain a GPI anchor but has a predisigdal sequence.
Sequence homology analysis shows 28.35 % sequemdkargy with platelet-activating
factor acetyl hydrolase (PAF-AH) fro@anis familiaris

The protein sequence of TbPLAontains a conserved lipase motif of GHSFG as shown
Figure 3.1. It has a sequence identity with grodpRLA, PAF-acetyl hydrolase isoform II
from residue number 75 to 443 (underlined in FigBE) and belongs to the phospholipase

A, family due to this similarity.

MVTWALKYFVRVVRWSTEAFLIWPTRPLFDYATSLHCVPISGTFITSVLL
CFYGFPLFWSTAMVAVGFIISGVLELVSPLPLLKPIGGRYSVGLVHMNGC
RSOQOSIPPVAVEYPTNMVPEKKGLPYVPEFGDDRFLRGVAAYANVPEFFIRD
FSEVRISASRNAVPAALLNQYERVPPIVVESHGLAGYHLEYSCFALDLAA
RGAIVICLGHCDNSASFMRDSSGKESEVPLKDYGWEVPAREAQVAQRV
SEVRGTLORLTEKDFWTTLGYINSDIDKFLSKPLOVHLAGHSFGGATVLA
AALEENONPVKGVSVKSVYTEDPWMVPIONEHFCNPLSDGRKSYTVPTV
TVHSDDWVKDSESWEFFKRMKALVLEQSAYASLNEVEKOQALFGIVVTKN
TNHLSLVDVSVLSPVMHGNIWATVSPRVOIMEWCNALLREFAKONTEVCS

TC
Signal Transmembrane
anchor sequences
N — = — —C

77 78 447

1 30 31

Figure 3.1 Predicted protein sequence ofT.brucei phospholipase A-like protein

(TbPLA ) from GeneDB
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An alignment of predicted amino acid sequence (f€d&i2) of phospholipase,Arom T.
brucei with those of other putative phospholipasglike proteins fromT. cruzj Leishmania
major and characterized human platelet-activating faatmtyl hydrolase from suggests that
this protein is a phospholipase.A

The protein contains a conserved GHSFG lipase niotdficated by bar, Figure 3.2) in
comparison with above mentioned proteins and afpan lipase motif, a FSHGL motif
which is also conserved among these proteins aguifisantly elaborates the sequence
similarity and relates them with phospholipasefémily. As calculated by TMHMM server
2.0 (transmembrane helix topology prediction mejhothis protein possesses a
transmembrane helix (46 amino acids) from amind &aitill 77 on its N-terminus as shown
in Figure 3.3. The transmembrane sequence pretiatdhe protein is associated itself with
either the cell or an organelle membrane. In aoldjitTbPLA contains 24 amino acids on its
N-terminus which comprises a signal sequence usedairgeted secretion after protein
synthesis. The most likely cleavage site for sigre@juence in this protein is between position
19 and 20 as predicted by SignalP 3.0 server (spg@atide prediction). The analysis with
OGPET v 1.0 (O-glycosylation prediction electrotool) in this protein predicted that it is o-
glycosylated on T (Threonine), at position 266 e tsequence which suggest that it is a
glycosylated protein. Analysis of the phylogendtee (Figure 3.4) indicates that TbPLA
(highlighted with light grey box) is closely reldtevith other phospholipase,Aike proteins

from different organisms.
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TbPLA2 MVTWALKYFVRVVRTVSFEAFLIWPTFEY_FISYHCSPI ICVRO

TcPLA2 MSATAGFFATAFRSFWDYVVEYVI SLH L 27
LmPLA2 . MHPIFDYILSIHYLMAP FEYILS H P 16
HsSPAFAH ..., MVPPKLHVLFCLIMGEL VL C L 16
Consensus

TcPLA2 FAFFPLSN LRIFGLGAVFFLH IPILGIN AAAMIZLLFRV 67
LmPLA2 CASVILSSLLAAAG/GVKWKVMIMNVE (LVGSANF VAPLYV@GBL
HSPAFAH  AVVYPFDWQYINPVAKNKXSVAWVI /NLIAAVIRAASII GQBEI
Consensus f

TbPLA2 SGTFITSVLLCFYGFPLFSSTMMVGM 3FIGG\ELVLPL;PL 80

ETN'P AN KVPEXO
TcPLA2 PIL=IPV & LYY € CVHFW\SI+SQSCPFLAV 1
LmPLA2 QP IdeCHRYe/GTVEG (RGERWMPRVIKI 2
HsPAFAH PRGN..de YV eCTILLMFHHTNKGLFLY)\{§ YPSQLCRID.P™2
Consensus g vg yp

TbPLA2 PLLKPI( eFYgSVI—MI\G\IFS@SPPVAV

TbPLA2 KCL_FYVFFCDLRFLFEVA\NYANVPNVPFREFRFVRFSARISASES0
TcPLA2 KCGI QYI [fFND\RFMAEL5ISSACVB VL \REFRFVRF\AT_RATIE7
LmPLA2 SCI QYI EFGEREY:;\LAEI ASYYSVPPNAIKELDLLRLRKKMRE36

HsPAFAH  LDTLVI [gNHE.."YFAEL_SIFFIGSTHVM.MCLNILRLLSCTSMTTL30
Consensus p g

TbPLA2 A\PAALLNNCEER\gV CYHS'REFFS A DLAZO0
TcPLA2 A\HPPIPLI NSSGIIPL[gVI | CYHFLAESALL 2SS 187
LmPLA2 A\EPAPLF-QRG( FI CCF.GWL)EHLY AMDLIAG
HsPAFAH ANWNEL’LRIGGEHRY V CAFRAL)EAI 7S, ASLAT69
Consensus a p f shgl ys dl a

ASFNVRCSDS.....SGKESIE/PLKDYG 234

Vi ASFVRESRDS.... ERGGKKIFL=ICVDVD221
LmPLA2 AL AR\/RCCRDA...... EREIRIPILNTQVG 210
HsPAFAH &l VWAAVERBOSAS\SATYYFKDQEAGEKSCILSWLYLRZ09
Consensus g Vv h d sa

TbPLA2 €Al YICL
TcPLA2 €A
€A

TbPLA2 WEVP... AFREAQVACQRWEERFTLTRLRLT. EICFWV LG G 268
TcPLA2 WISSP...VCIEEALAQRWISTRFTLKRLRLS.. EFEFVK/KLGG 255
LmPLA2 W SEE...DFRAPCLEVE!I RETLNTI KRI R...SGICELLALALG 244
HsPAFAH KQEEETHRNECW\ARRESKECLQAl SLILD GHGKPVKNA49
Consensus r e

TbPLA2 YINSDIICKFLSKPLQ. \WHIA(EEEEETN] VI AAAL EEEQIQN306
TcPLA2 FADLD/E(YLLR(PRPRVHLILEgSIEE@Aa /1 T/AANCEND EEQES
LmPLA2 YCKET\CKYI 1IK<PRR..| HL_(EeSIZEENITL AAALAIDNCQI QA282
HsPAFAH DLKFDMEEQLKDSIRRH <M\EgSIEEENIVI VIQTEDEDQRES9
Consensus ghsf ggat

U

TcPLA2 SK..PNENPVCSV/IVARPW/HPLCNEL[ZL FPI EECRGRN..R 329
LmPLA2 ASEFGG\SI 5ISSTVY[BPVMNPLQLC MFL/IXIKTIPRKQR3a2
HSPAFAH R..CCGALDAWMFFL_(BDEVY<I RIPCLF FFINBEYFPYPAN327
Consensus d f

TbPLA2 P...VKGVSS\/\ESWT%PVWPI CNEI'\E;FPLFEGF\’)GRK..SQAI

TbPLA2 YTVPTV/ VHSDEVWKDKBE W FF/ERFIKALVLQVLEQS...... 375
TcPLA2 YTTPTLANVHSDLVWVDQII VBFENRFQILLL'LEPSQP...... 363
LmPLA2 FETTPTLCl FSEEVWRRSEEQFEREFFEKAI VANCPAQPRTTEES®2
HsPAFAH  IIKMKKCYSFDKEIKKMIT RGSVHQIA-FADFTFATGKIIGH367

Consensus
TbPLA2 ....AYASLSL\EVEKALFFII VITINTTNgLSLVEVSVLSPW 411
TcPLA2 ....SISSLSSLSEKEKARFFTEKTTSSTNg YSV/{EWLLSPVYV 399

LmPLA2 ALVSAN\DAKLWWKIKT YW ( TIKDYIR(GLGHIEVSL FSPVFSRY2
HsPAFAH  NLKLK(DDILISNVVAIDLSNKASLAFL(gL CL GLHKDFDQWRQC7?
Consensus h

TbPLA2 MVHGSNIWTV. ‘FV%I\/EV\EN\ICLFF_LKEFAIEQI\S”EVCST ..... 446

TcPLA2 | HFGCKNSILSgRVAINEWANSN LRFI KIKEHANSY TSRTSAR438
LmPLA2 LYRAAYITTSFRREVIFAFAANREI RFIEKG/SGPLPLDTKL442
HsSPAFAH  LIEESDDEM_I ‘GTIﬂNTTNQHM‘ILQNSS(EIEKYN ...... 441
Consensus p i

TbPLA2 ... 446
TcPLA2 ... 438
LmPLA2 NDSALAAALRG 453
HsSPAFAH .......... 441
Consensus

Figure 3.2 Amino acid sequence alignment of TbPLAwith phospholipases A from TcPLA, (T. cruz),
LmPLA, (Leishmania major) and HsPAF-AH (human platelet activating factor-aetyl hydrolase).

Conserved motifs are marked with black boxes andpiase consensus motif labeled with a bar above it.
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TMHMM posterior probabilities for Sequence
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Sequence length: 447
Sequence number of predicted transmembrane hélitéds): 2
Sequence expected number of amino acids (AAS) iIH$M6.75847

Possible N-terminal signal sequence

Sequence TMHMM2.0 outside 1 30
Sequence TMHMMZ2.0 TMhelix 31 53
Sequence TMHMM2.0 inside 54 54
Sequence TMHMM2.0 TMhelix 55 77
Sequence TMHMMZ2.0 outside 78 447

Figure 3.3 Predicted transmembrane and helix analys in TbPLA

82



Results

<l primaces | 4 leaues
phospholipase A2, group N [Homa sapiens]
unniemed protein product Homa sapiens]

& FREDICTED: phospholipase A2, group N [iacace mulats)

& PREDICTED: similar fo LOL-phospholipase A2 Omitharsnchus anatines]

& phospholipase A2, group VI (platelet activating factor acetibpdrolase, plasma) [Gallus gallus]
FREDICTED: similar to plasma P& F acetdhwdralase [fonodelphis domestica]

o frogs & toads | 2 leaves

ey
_t‘d bony fishes | 3 leaues

MGCE2553 protein [Menopus laewis]
FREDICTED: similar to platelet acfivating factor acetdbiedrolase 2 [omithorhwnchus anatinus]

FREDICTED: similar to platele activating factor acehdbudralase 2 [Canis familiaris]
pHmates | 4 leases

PREDICTED: platelet activating factor acetihydrolase 2, 40kDa [Equs caballuz)
platelet activating factor acetdhydrolase 2, 40kDa [Bos taurs]
FREDICTED: similar to platelet activating factor acetdbdrolase 2 [Macaca mulats]

FREDICTED: similar ta platelet acfivating factor acetdhydralase 2 [Monodelphis domestics]
rodents | 4 leaves

<] mosses | 2 leaves

basidiomwcetes | 3 leaves
ascomcetes | 9 leaes

@ hynothetical protein TRIADDRA FT_ 55422 MHchoplas adhaerens]

| kinetoplasfids | 3 leaes

-+ hypothetical protein PCHPTS_06036 [Pswchromonas sp. G
4 kinetoplastids | 2 leawves

< kinetoplastids | 2 leawes
Thir9.211.3650 |[[phospholipase A2 like profein, putedive|Trpanosoma brceilchi Sl Manuzl o

phospholipase &2- like protein Trvpanosoma bruce TREU92T]
@ predicted dienelac

&

ciliates | 9 leaues

T cvenobarteria ] 2 leaves
firmicutes | 10 leanes

funicates | 2 leawes

wiery toed ungulates | 2 leaves

ey toed ungulates | 2 leases

rodents | & leaes
@ LOL-phospholipase 42

{ @ predicted profein fematostella vectensis]
nematodes | & leaves

phospholipase &2, group VIl [Canis lupes familiaris]

FREDICTED: similar fo phospholipase A2, group U [Equus caballus)

PT3]

“«—

tone hwdral.

Figure 3.4 Phylogenetic tree analysis of TOPLA The tree was calculated using the NCBI
BLAST tree view widget. The arrow indicates theadtion and homology of TbPLA2with
other phospholipases,AMaximum sequence difference and distance is (B&%.represent

distance of 0.85.
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2. Cloning of TbPLA; in E.coli

The PCR reaction with AccuPrinleaq polymerase using sequence-specific primers yieided
product between 1000 and 1500 bp which correspotaléte open reading frame (ORF) of
TbPLA; (Figure 3.5). After gel extraction, this PCR protlwas ligated into subcloning
vector pCR 2.1 using the TOPO-TA cloning kit (Imegen). The DNA construct was
transformed into TOP 10 competent cells and theddgd colonies. Positive clones were
propagated and the DNA was isolated from the agdiag the method of MiniPreparation
(MiniPrep) (see Material and methods). The DNA ¢arg obtained was verified using
restriction enzymeéNdelAnalysis on agarose gel revealed bands at 4458ndp841 bp as
expected (Figure 3.6). The clone containing thisADddnstruct was further propagated and
the DNA was obtained by the method of MiniPreparati Afterwards, this DNA was
analyzed and digested witBamH1 and Pstl to cleave out the TbPLAgene fragment.
Additionally, TbPLA, was extracted from the agarose gel and the DNA extnation was

estimated spectrophotometricallyaat 260 nm.

DNA ladder PCR product

bp

4000
3500
3000
2500
2000

1500 <«— 1344 bp
1000

750
500

250

Figure 3.5 PCR analysis on 1 % agarose gel of TbRR; with AccuPrime Taq
polymerase
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Clones
1 2 3 4 5 6

bp
6000
5000
St SRR ao00 4 4453 bp
3000
-— -
2000
1500
1000

750
500

250

Figure 3.6 Analysis on agarose gel of plasmid comstts of pCR 2.1 containing TbPLA, from clones in

TOP 10 competent cells afteNdel digestion

The TbPLA was ligated into the expression vector pMal-c2éctviivas previously digested
with BamH1 and Pstl The ligated construct was successfully transfornn@o XL-I
competent cells and propagated. Positive clonas filds transformation were picked and
further cultivated. The DNA construct from the adsnwere obtained using the method of
MiniPrep and analyzed usiidgamHlandPstl (Figure 3.7). The confirmed clone was further
selected and cultivated to gain the respective DidAstruct which was further transformed
into BL-21 (DE3) expression competent cells. Thenek obtained were analyzed and
verified using the method of bacterial colony PGee( Material and method). As shown in
Figure 3.8, this was performed including a negatwgatrol (without any template DNA), a
positive control (template DNA for primers) and ttespective clones to be analyzed. The
obtained DNA construct was sequenced by GATC Bhotemd aligned with known gene
database sequence to confirm sequence homologyg WHIAMAN®, this DNA sequence
was converted into the respective protein sequeamte aligned with known database

sequence in order to evaluate and verify the sempuen
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DNA Clones
ladder 1 2 3 4 5 6

bp

8000
6000 *— 6646 bp
5000
4000
3500
3000
2500
2000

1500 o 1344 Dbp

1000
750

500

250

Figure 3.7 Plasmid constructs of TbPLAIn pMal-c2E from clones in XL-1 competent cells a#r BamH1

and Pst1 digestionanalysis on 1 % agarose gel

DNA Negative Positive pMalC2B6¢& 1 2 3
ladder control control

Lane 1 2 3 4 5 6 7

bp

5000
4000
3500
3000
2500
2000
1500
<+— 1344 bp
1000
750

500

250

Figure 3.8 Bacterial colony PCR of clones from BL-2 (DE3) competent cells with construct of pMal-c2E

TbPLA ; analysis on 1 % agarose gel
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As a result of unsuccessful heterologous over-esgowa attempt, the verified pMal-c2E-
TbPLA; construct was transformed into Rosetta 2 exprasstwnpetent cells and positive
clones obtained were verified with bacterial col®t@R (see Material and method) as shown

in Figure 3.9.

DNA Positive Clonel 2 3 4
ladder entrol
Lanel 2 3 4 5 6

bp

5000
4000
3500
3000
2500
2000
1500
<+— 1344 bp
1000
750

500

250

Figure 3.9 Bacterial colony PCR of clones from Rosta 2 competent cells with construct of pMal-c2E -

TbPLA ;analysis on 1 % agarose gel

3. Gene and protein sequence alignment of clones

The multiple gene sequence alignment of clones fildfarent cloning experiments indicated
constant alterations (point mutations) at threeitjpps as compared to the known gene
sequence from GeneDB af brucei(Figure 3.10). These alterations had been verifigd
translating the several sequenced TbPgéne (Figure 3.10) to amino acid sequence using
the software DNAMAN. The amino acid multiple sequence alignment shawatthere was
not only a single but rather three constant amitidsaalterationsas compared with known
database which included, instead of phenylalarfieq leucine (L), isolecine (1) to serine (S)
and valine (V) to leucine (L) as indicated with eagtks in Figure 3.11. The conserved

sequence was highlighted in black in Figure 3.14.tli® other hand, characteriz€dbruceli
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phospholipase A(TbPLA;) (Richmond and Smith, 2007), had also containéeration at
two position as compared to database sequenceeb#éforcharacterization. The TbPLA
amino acid sequence reported had alterations froowhk database instead of proline (P) to
serine (S) and alanine (A) to glycine (G). This gegjs that the amino acid sequence of
TbPLA; as indicated in database can have alterationsilaBite TbPLA, in the case of
TbPLA,, the clones having alterations at three positiostead of F, land Vto L, S and L

respectively are constant as verified from sevegphrate clone sequences.
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TbPLA2 CGCTCAAGTATTTTGT TCGCGTAGT CCGATGGTCCAJRCAAGCAT T TAAT T TGGCCCACACCCCIEY]
2007.02.22 CGCTGAAGTATTTTGTTCCCGTAGTCCGATGCTCCACEGAAGCATTOITAATTTCCCCCACACCCCCRES
2007.03.26 CGCTGAAGTATTTTGTTCGCGTAGTCCGATGCTCCACEGAAGCAT TOYTAAT T TGGCCCACACGCCCIES
2007.05.18 78
2007.05.30 80
2007.06.04 80
Consensus

TbPLA2 160
2007.02.22 160
2007.03.26 160
2007.05.18 158
2007.05.30 160
2007.06.04 160
Consensus

ThPLA2 240
2007.02.22 240
2007.03.26 240
2007.05.18 238
2007.05.30 240
2007.06.04 240
Consensus ggllccl:al:llll togt ctaccgecat ggtt gct gt cgggtttatc tctccggtgtgttatttcttgt gageect ctt
TbPLA2 320
2007.02.22 320
2007.03.26 320
2007.05.18 318
2007.05.30 320
2007.06.04 320
Consensus

TbPLA2 [AGTAGCTGTGTTTTATCCTACTAATATG ZAG g STATG ZGAGATGACCG 400
2007.02.22 AGTAGCTGTGTTTTATCCTACTAATATC : G STATG STTTC g 400
2007.03.26 AGTAGCTGTGTTTTATCCTACTAATATC : G STATC = = 400
2007.05.18 AGTAGCTGTCTTTTATCCTACTAATATC T = STATC SGAGATCACCG 308
2007.05.30 400
2007.06.04 400
Consensus

TbPLA2 480
2007.02.22 480
2007.03.26 480
2007.05.18 478
2007.05.30 480
2007.06.04 480
Consensus

TbPLA2 560
2007.02.22 560
2007.03.26 560
2007.05.18 558
2007.05.30 560
2007.06.04 560
Consensus

TbPLA2 640
2007.02.22 640
2007.03.26 640
2007.05.18 638
2007.05.30 640
2007.06.04 640
Consensus

TbPLA2 720
2007.02.22 720
2007.03.26 720
2007.05.18 718
2007.05.30 720
2007.06.04 720
Consensus ga gttccget at ggat gggaggt acccgeacgt
ThPLA2 ZAAG g “GGTAAGCCAGGT CAGGGGAACACT TCAACGCCTAACGGAAAAGCACT TTTGCACAACT 1T
2007.02.22 ZAAC = =G =GTGAGGCCAACACT TCAACGCCTAACCCAAAAGCACTTTTCCACAACT TTIEEN]
2007.03.26 ZAAC 3 =G =GTGAGGCCAACACTTCAACGCCTAACCCAAAAGCACTTTTGCACAACT TSN
2007.05.18 SAAG = -GCTAAGCCAGGT CAGGCCAACACT TCAACGCCTAACCGAAAAGCACTTTTCCACAACT TTIREES
2007.05.30 SAAG g “GCTAAGCCAGGTCAGGGCAACACT TCAACGCCTAACCGAARAGCACT TTTCCACAACT TN
2007.06.04 ZAAC g =G =GTCAG CAACACTTCAACCCCTAACCCAAAACCACTTTTCCACAACTY 800
Consensus t

ThPLA2 880
2007.02.22 880
2007.03.26 880
2007.05.18 878
2007.05.30 880
2007.06.04 880
Consensus

TbPLA2 960
2007.02.22 960
2007.03.26 960
2007.05.18 = 958
2007.05.30 |CCACTGTACTCGCGGCTGCATTAGAAGAGAACCAAAAT CCCGTGAAGCCACTCAGCCT AAAGAGCCTGTATACCT TTCACKIETN]
2007.06.04 |CCACTCGTACTCGCCGCTGCATTACGAACAGAACCAAAAT CCCCTGAAGCCACTCAGCCTAAAGACCCTCTATACCTTTCACHIE
Consensus ccact gt act cgegget geat t agaagagaaccaaaat cccgt gaagggagt cagegt aaagagcegt gt at acgt t t gac
TbPLA2 [CCATGCATGETACCAATACAAAATGAACATTTTTGCAACCCGCT TTCTGATGGCCGTAAATCCTATACTGT TCCAACCC THETIEN
2007.02.22 |CCATGCATCETACCAATACAAAATGAACATTTTTCCAACCCCCTTTCTGATGCCCGTAAATCCTATACTGTTCCAACGCTIETOEN]
2007.03.26 [CCATGCATGSTACCAATACAAAATGAACAT TTTTGCAACCCGCTTTCTGATGCCCGTAAATCCTATACTGT TCCAACGC TIETSEN]
2007.05.18 ICCATGCATGSTACCAATACAAAATGAACATTTTTGCAACCCGCTTTCTGATGGCCGTAAATCCTATACTGTTCCAACCCTIETSEES
2007.05.30 ICCATGCATGSTACCAATACAAAATGAACATTTTTGCAACCCGCTTTCTGATGGCCCTAAATCCTATACTGTTCCAACCCTETYIY
2007.06.04 |CCATGCATCETACCAATACAAAATGAACATTTTTCCAACCCCCTTTCTGATGCCCGTAAATCCTATACTGTTCCAACCCTIETIEN]
Consensus ccatggat g taccaatacaaaat gaacat ttttgcaacccget ttctgat ggeegt aaat cet at act gt t ccaacggt
TbPLA2 [TACTGTGCATTCAGACGACTGGGTAAAAGATTCTGACAGT TGGGAATTCT TTAAAAGCATCAAAGCGCTCCTGT TACAACKIEEED)
2007.02.22 [TACTGTGCATTCAGACGACTCGCTAAAAGATTCTCACAGTTCCGAATTCTTTAAAAGCAT CAAAGCGCTGCTCTTACAACIEEES]
2007.03.26 [TACTGTGCATTCACACGACTGGGTAAAAGATTCTCACAGT TGGGAATTCT TTAAAAGCATCAAAGCGCTCCTCT TACAACKIEEES]
2007.05.18 1118
2007.05.30 [TACTGTGCATTCAGACGACTGGGTAAAAGATTCTGACAGT TGCGAATTCTTTAAAAGCAT CAAAGCCCTCCTCTTACAACKIEEES]
2007.06.04 [TACTGTGCATTCAGACGACTCGCTAAAAGATTCTCACAGTTCCGAATTCTTTAAAAGCAT CAAAGCGCTCCTCTTACAACHIEEES]
Consensus tact gt gcat t cagacgact gggt aaaagat t ct gagagt t gggaat t ct t t aaaaggat gaaagcgcet ggt gt t agaac
TbPLA2 1200
2007.02.22 1200
2007.03.26 1200
2007.05.18 1198
2007.05.30 1200
2007.06.04 1200
Consensus aatctgca at get t cgct caat gaagt ggagaaaca gegcet ctt t ggt at t gt ggt cacgaagaat acgaaccacct t
TbPLA2 [TQUCTTGTAGATGTCTCTGTACTCAGTCCCGTCATGCATGGAAATATCTGGGCCACAGTGTCACCGCCAGTACAAATTA
2007.02.22 [TQUCTTGTAGATGTCTCTGTACTCAGTCCCGTCATGCATGGAAATATCTGCGCCACAGTCTCACCGCCAGTACAAATTA
2007.03.26 [TC@CTTGTAGATGTCTCTGTACTCAGTCCCGTCATGCATGGAAATATCTGCGCCACAGTCTCACCGCCAGTACAAATTA
2007.05.18 q

2007.05.30 =

2007.06.04 [TUCTTGTAGATGTCTCTGTACTCAGTCCCCTCATGCATCGAAATAT CTCCCCCACAGTCTCACCCCCACTACAAATTA
Consensus tc cttgtagatgtct ct gt act cagt cccgt cat geat ggaaat at ct gggccacagt gt caccgcgagt acaaat t at
TbPLA2 [GGAGTGGTGTAATGCACTTCTTCGCTTCGCAAAGCAAAATACCGAAGTGTGTTCAACGTGTTA

2007.02.22 |GCAGTGGTGTAATGCACTTCTTCGCTTCGCAAAGCAAAATACCGAAGTGTCTTCAACGTCTTA

2007.03.26 |CCAGTGGTGTAATGCACTTCTTCGCTTCGCAAAGCAAAATACCGAAGTGTCTTCAACGTCTTA

2007.05.18

2007.05.30

2007.06.04 | CCAGTGGTGTAATCCACTTCTTCGCTTCGCAAAGCAAAATACCCAACTCTCTTCAACCTCTTA

Consensus ggagt ggt gt aat gcact t ct t cget t cgcaaagcaaaat accgaagt gt gt t caacgt gt ta

Figure 3.10 Gene sequence alignment of differentaries in comparison to TbPLA

database sequence and constant alterations are madk with asterisks in sequence
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TbPLA2 translation
2007.02.22 translation
2007.03.26.translation
2007.05.18.translation
2007.05.30.translation
2007.06.04.translation
Consensus

TbPLA2 translation
2007.02.22 translation
2007.03.26.translation
2007.05.18.translation
2007.05.30.translation
2007.06.04.translation
Consensus

TbPLA2 translation
2007.02.22 translation
2007.03.26.translation
2007.05.18.translation
2007.05.30.translation
2007.06.04.translation
Consensus

TbPLA2 translation
2007.02.22 translation
2007.03.26.translation
2007.05.18.translation
2007.05.30.translation
2007.06.04.translation
Consensus

TbPLA2 translation
2007.02.22 translation
2007.03.26.translation
2007.05.18.translation
2007.05.30.translation
2007.06.04.translation
Consensus

TbPLA2 translation
2007.02.22 translation
2007.03.26.translation
2007.05.18.translation
2007.05.30.translation
2007.06.04.translation
Consensus

Y TVALKYFVRVWRVSTEAFLI WPTRPLFCYATSLECVPI SCTFI TSVLLCFYCFP

twal kyf vrvvrwst eaf | i wpt rpl f dyat sl hcvpi sgtfitsvllcfygfpl wstanvavgfi sgvlflvspl

§FCCCRFLRCVAAYAN

*
PYMYPI CNEFFCNPLSCCRKSYTVPTVTVHSCEVVKESESVEFFKRVKALVLECSA
PVIMEPI CNEFFCNPLSCCRKSYTVPTVTVHSCLEVVKESESVEFFKRIVKALVLECSA
PVIMEPI CNEFFCNPLSCCRKSYTVPTVTVHSCCEVVKESESVEFFKRIVKALVLECSA
PVMEPI CNEFFCNPLSCCRKSYTVPTVTVHSCEVVKESESVEFFKRVKALVLECSA
PVMEPI CNEFFCNPLSCCRKSYTVPTVTVHSCEVVKESESVEFFKRVKALVLECSA

sFFFI RCFSFVRI S2S
sFFFI RCFSFVRI SﬂS
sFFFI RCFSFVRI SﬂS

PVMEPI CNEFFCNPLSCCRKSYTVPTVTVHSCLVVKESESVEFFKRVKALVLECSANASLNEVEKCALFCI WTKNTNFL
pwm pi gnehf cnpl sdgr ksyt vpt vt vhsddwvkdseswef f kr nkal vl eqsa asl nevekqal f gi vvt knt nhl

SLVCVSVLSPVM-CNE VATVSPRVC MEVCNALLRFAKCNTEVCS
SLVCVSVLSPVM-CNE VATVSPRVC MEVCNALLRFAKCNTEVCS
SLVEVSVLSPVMECN VATVSPRVGI MEVCNALLRFAKGNTEVCS

SLVCVSVLSPVIVECNI VATVSPRVGI MEVCNALLRFAKGNTEVCS
SLVEVSVLSPVMECN VATVSPRVG MEVCNALLRFAKGNTEVCS
SLVEVSVLSPVNECNE VATVSPRVG NEVCNALLRFAKGNTEVCS
sl vdvsvl spvnhgni wat vspr vgi mewcnal | r f akgnt evest

Figure 3.11 Protein sequence alignment from severaéquenced clones in comparison

with TbPLA ;known database sequence. The constant alterationsthree positions

instead of F, l and V to L, S and L respectively a& marked with asterisks
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4. SDS-PAGE analysis of heterologous bacterial expression

Heterologous expression of TbPLAn pMal-c2E plasmid within the correct clone was
attempted in BL-21 (DE3) and Rosetta 2 expressampetent cells at different conditions by
induction of IPTG at final concentrations of 0.1 m®&3 mM, 0.5 mM and 1mM as well as
varying temperatures of 16°C, 27°C and 37°C fortiperiod of 9 h and 12 h. The induced
bacterial cells were harvested by centrifugatigsedtl in buffer (see Material and method) and
fractionated into soluble and membrane fractiortge fusion protein MBP (Maltose binding
protein) with TbPLA expression was expected to be at the molecularo$iz80 kDa in the
fractions of the induced cells as compared to tharol cells.The corresponding fractions
obtained from different parameters were resolved SBi$-PAGE as shown in Figures 3.12,
3.13, and 3.14. The SDS-PAGE gels did not showedeitpected band at a molecular size
100 kDa in induced cells. Although at low temperatoondition, the bacterial growth is not
optimum as compared to 37°C but there was no esijore®f target fusion protein. On the
whole, the expression of TbPLAn BL-21 (DE3) competent cells was not succesafuseen

in SDS-PAGE gels.

(A)

Control Induced
Sug 10 pg 20 pg Sug 10 pug 20 ug

kDa kDa
120 120
100 100 €¢—
85 85
70 70
60 60
50 - 50
40 40
30 30
25 25
20 e WSS )
15 . NS p— 15

Figure 3.12 Coomassie stained 10 % SDS-PAGE to agaé heterologous expression of
TbPLA in BL-21 (DE3) competent cellanduced with 0.3 mM IPTG at room temperature
for 12 h. (A) control and induced cells lysate $&bdu fraction in different protein

concentrations.
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(B)

KDa Control Induced
5ug 10ug 20 pg 5ug 10ug 20 pg
120 - ) ) kDa
100 IQ f‘:, - i ﬂ - 120
85 [ ' - § = 100 ¢—
70 - P e 85
60 L 70
60
50 .= —— . 50
— . *
40 40
30 30
25 -~ = ——— o e 25
20 20
—_ e ————-  ——

Figure 3.12 (B)Control and induced cell lysates membrane fradtiatifferent protein

concentrations.

kDa

116

66
45
35
25

17

Lane 1 2 3 4 5 6 7 8 9 10

Figure 3.13 SDS-PAGE 10 % gel coomassie stainedhadterologous expression in BL-21
(DE3) competent cellsCellswere induced with IPTG and incubated at room teatpee for
12 h. Lanes (1) protein molecular marker (2) cdrtedl lysates soluble fraction, (3) induced
cell lysates soluble fraction with 0.1 mM, (4) ireal cell lysates soluble fraction with 0.2
mM, (5) induced cell lysates soluble fraction witts mM, (6) protein molecular marker, (7)
control cell lysates membrane fraction, (8) inducell lysates soluble fraction with 0.1 mM,
(9) empty, (10) induced cell lysates soluble fr@atwith 0.5 mM
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kDa

116

66

45

35

25

Lane 12 3 4 5 6 7 8 9 10

Figure 3.14 Heterologous over-expression in BL-2IDE3) competent cells and resolved
on 10 % SDS-PAGE Coomassie staineells were induced with 1 mM IPTG for 12 h.
Where lanes (1 and 2) were control and inducedlysdtes soluble fraction at 37°C, lanes (3
and 4) control and induced cell lysates solubletiva at 25°C, lane (5) empty, lane (6)
protein molecular marker, lanes (7 and 8) contnal mduced cell lysates membrane fraction
at 37°C and lanes (9 and 10) control and inducédysates membrane fraction at 25°C.

Due to toxic nature of the protein and possibly roeamne lytic activity of the TbPLA the
BL-21 (DE3) competent cells were not able to owgiress this protein. This led to an
attempt to express the protein in Rosetta 2 exjpresompetent cells. As Rosetta 2 cells
contained specific tRNAs for the codons rarely fun E. coli for enhanced eukaryotic
protein expression. Therefore, the construct of LAPin pMal-c2E was transformed into
Rosetta 2 competent cells. The cells were induckedvaaying IPTG concentrations,
temperatures and for the time period of 9 h. Afedg, both the control and induced cells
were harvested by centrifugation and lysed withatgpic buffer (see Material and method)
.The cell lysates were split into soluble and meanbrfractions. These fractions each from
control and induced cells were resolved on 12 % -BBSE under reducing conditions as
shown in Figure 3.15, 3.16 and 3.17.The fusiongwnoband of MBP and TbPLAN all gels
was expected at a molecular size of 100 kDa. Tkedjd not show this band of 100 kDa in
induced cell lysates as compared to control celhtlys. These competent cells were also
unable to over-express the TbPigkotein due to toxic nature of this protein for thecteria.

On the whole, the heterologous expression of ThHhAacterial cells was not successful
although the cloning of the gene was confirmed. t8e, problem remained to express the
protein in a suitable host or use another exprassystem for this eukaryotic membrane

protein.
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kDa
116 <«—

66
45
35

25

“ e 17
,_7—‘ 4 \

Lane 1 2 3 4 5 6 78 9

Figure 3.15 Analysis of heterologous expression iRosetta 2 competent cells on
coomassie stained 12 % SDS-PAGHhe cells were induced with IPTG in the concerdrat

of 1 mM for 9 h. where lanes (1 and 2) were contell lysates soluble and membrane
fractions at 16°C, lanes (3 and 4) induced celatiys soluble and membrane fractions at
16°C, lane (5) empty, lanes (6 and 7) control slates soluble and membrane fractions at
37°C and lanes (8 and 9) induced cell lysates soktd membrane fractions at 37°C.

kDa
116 <«+—

Lane 12 3 4 5 6 7 829 10

Figure 3.16 Heterologous expression in Rosetta 2rapetent cells and fractions resolved
on coomassie stained 12 % SDS-PAGEhe cells were induced with 0.1 mM IPTG for 9 h.
Lane (1) control cell lysate after 3 h, lanes (2=8jtrol cell lysates soluble and membrane
fraction at 16°C, lanes (4-5) induced cell lysatekible and membrane fraction at 16°C, lane
(6) protein molecular marker, lanes (7-8) contedl tysates soluble and membrane fraction at
37°C and lanes (9-10) induced cell lysates solabhttmembrane fraction at 37°C.
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i | 116 <€—
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5 | 17

Figure 3.17 Analysis of heterologous expression iRosetta 2 competent cells on 12 %
SDS-PAGE stained with coomassie brilliant blueThe cells were induced at 27°C for 9 h.
Lane (1) control cell lysate after 3 h, lanes (& @) control cell lysates soluble and
membrane fractions, lanes (4 and 5) 0.1 mM IPTG@¢ed cell lysates soluble and membrane
fractions, lanes (7 and 8) 0.5 mM IPTG induced lyalates soluble and membrane fractions
and lanes (9 and 10) 1 mM IPTG induced cell lysatdsble and membrane fractions.

5. Expression of TbPLA, in Sf9insect cells

The Bac-to-Bac Baculovirus expression system pessithe efficient method to generate
recombinant baculoviruses and permits the hightlexpression of protein in insect cells.
This method utilizes the site-specific transpositiproperties of the Tn7 transposon to
simplify and enhance the process of recombinanmih®NA that can be used to infect
insect cells for large-scale expression of theginot~or this purpose, the sequenced construct
of TbPLA; in pMal-c2E and the pFastBac-1 plasmid for Bacwiss expression were
simultaneously restriction digested wBamHZlandPstlas shown in Figure 3.18 (A) and (B)
respectively. The pFastBac-1 after digestion reackad band of 4692 bp and 83 bp as
expected. This TbPLAgene after digestion from construct revealed a siz1344 bp and
then utilized for gel extraction. The purified DNAf pFastBac-1 and TbPLAwere
spectrophotometrically estimated to determine thecentration. This DNA of TbPLAwvas
used for cloning in the Baculovirus expression exystAfterwards, this TbPLAgene was
ligated into pFastBac-1 plasmid. The ligated cartstwas verified by restriction digestion
with Ndelwith expected bands at 5214 bp and 841 bp. Theote@ bands were confirmed
on agarose gel as seen in Figure 3.19. The ligatbmstruct from lane 5 in Figure 3.19 was
used for transformation into XL-1 competent cellbe colonies obtained were selected for
confirmation of correct construct and orientatidrgene.
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(A) (B)

bp
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5000 «— 4692 bp
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3500
3000 N 3280 bp
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1500 «— 1496 bp
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1000
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250

<+— 83 Dby 250

Lane 1 2 3 4 Lane 12 3

Figure 3.18 Analysis of restriction digestion on 1%agarose gelA) lane (1) DNA ladder,
lane (2) empty, lane (3) pFastBac-1 double digesiddBamHlandPst], lane (4) pFastBac-
1 digested withEam11051 (B) lane (1) DNA ladder, lane (2) empty, lane ¢®nstruct of
TbPLA; in pMalC2E double digested witamHlandPstl Note the band at 1344 bp.

bp

8000

6000 5214 b
5000 *— P

4000
3000
2000
1500

0 «— sa1bp

500

250

ane 1 2 3 4 56

Figure 3.19 Ligation reaction of TbPLA, with pFastBac-1 analyzed | and digested with
Ndel on 1 % agarose gelLane (1) DNA ladder, lane (3 and 4) contains ligatreactions
which were performed at 16°C with ratio of inserjplasmid in 1:3 and 1:6 respectively, lane
(5 and 6) contains ligation reactions which werdgrened at 22°C with ratio in 1:3 and 1:6
respectively.

The colonies were verified for correct constructthwhe method of bacterial colony PCR.
This reaction included negative control (withoutya@emplate DNA) and positive control
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(pMal-c2E-TbPLA). The correct clones were verified on agaroseageshown in Figure
3.20.

bp

6000
5000
4000
3000
2000
1500 «— 1344 bp

| LR
| TR

:

1000
750
500

Lanel 2 # 5 6 7 8 9 10 11 12 13 15

Figure 3.20 Bacterial colony PCR of construct of TBLA, in pFastBac-1transformed
into XI-1 competent cells on 1 % agarose gdlanes: (1) DNA ladder, (2) negative control,
(3) positive control, (4-9) clones, (10) DNA laddér1-15) clones.

The clone containing the correct construct fromelam was selected. This clone was
propagated in LB-medium with ampicillin and the hwt of MiniPrep was performed to
obtain DNA construct. The DNA orientation was viexdf using restriction enzymes likédel

and Eam11051 After the digestion witiNdel the bands were expected at 5214 bp, 841bp
and forEam11051at 4559 bp, 1496 bp (Figure 3.21). This implicatedt the gene was
ligated in correct orientation in the plasmid whazn be further utilized.
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5214 bp
4559 bp

i1

f

1496 bp

<« 841 bp

Lane 1 2 3 4 5

Figure 3.21 Analysis on 1 % agarose gel verificatioof construct of TbPLAin
pFastBac-1 The construct was digested witlde1(lane 3) andeam1105](lane 5).

After confirmation of the correct construct, thecombinant plasmid of TbPLAn pFastBac-

1 was transformed into DH10Bac competent cells. dibees containing recombinant bacmid
transposed with TbPLAwere verified with the help of PCR method using MsEhse and
anti-sense primers with HotSt&aq polymerase. This PCR reaction yielded a produth wi
the size of 3644 bp. Furthermore, these recombinacinids were purified with Qiagen PCR
purification kit and verified with PCR using M13rns® and anti-sense primers as depicted in
Figure 3.22 (A). The recombinant bacmid was furtkerified using restriction enzyme
EcoR1which depicted a band at 3644 bp as shown in Ei§ut2 (B). Certainly, this confirms
the correct orientation of the gene of TbRlirthe plasmid which was utilized for infection

in insect cells.
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Figure 3.22 Analysis of transposed recombinant bacichin DH10Bac competent cells on
1 % agarose gel(A) PCR using M13 sense and anti-sense primersefmymbinant bacmid
in clones. Lane (1) DNA ladder, lanes (2 and 3)taims purified recombinant bacmids with
Qiagen gel extraction kit. (B) lane (1) DNA laddé@&nes (2 and 3) contains recombinant

bacmid digested, analyzed wiBtoR1and purified with Qiagen gel extraction kit.

6. I nsect cell expression analysiswith SDS-PAGE

The purified recombinant bacmid transposed wittsipia containing TbPLAwas used for
infection inSf9insect cells. The insect cells were grown at Admisity of 2.8 X 18 ml and
infected with the recombinant bacmid. After 72 hirdection, the cells were centrifuged and
the P1 (low viral titer) supernatant was used twther infectionsExponentially growingsf9
insect cells were infected with the P1 viral stoEkllowing an established infection, the
suspension was centrifuged and the P2 (high viel) tsupernatant was separated and pellet
was stored at 4°C. Furthermore, this P2 viral staggernatant was utilized in infection in
growing culturedSf9 insect cells for P3 (higher viral titer). Afterish the culture was
centrifuged to separate supernatant and cell pdltet P3 viral stock supernatant and pellet
were preserved at 4°C for further analysis. Thedtdd cells from all infections were lysed

with RIPA buffer (see Material and method). Aftaetlysis, cell lysates were centrifuged at
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13.000 rpm for 15 min. at 4°C to separate the $elabhd membrane fractions which were
analyzed including the supernatant of infectedsceyl SDS-PAGE using a 12 % gel (Figure
3.23). The gel depicted a prominent band at mosécsize of 58 kDa in only the membrane

fraction of P2 viral stock cell lysates (lane 7Higure 3.23).

Lane 1 2 3 4 5

Figure 3.23 Heterologous expression of TbPLAIn insect cells after 72 h infection and
resolved on 12 % SDS-PAGE gel stained with coomasdbrilliant blue. Lane (1) protein
molecular marker, lane (&f9cells supernatant, lane (8j9cell lysates soluble fraction, lane
(5) P1 viral stock supernatant, lane (6) P2 vitakls supernatant, lane (7) P2 cell lysates
membrane fraction, lane (8) P3 viral stock supamiaand lane (9) P3 viral stock cell lysates

membrane fraction.

For the optimization, the exponentially growing eot cells were infected with the
recombinant bacmid transposed with TbBLiAr the time period of 120 h. After 120 h of
infection, the culture was centrifuged and supemaand cell pellet were separated. Similar
procedure was followed for 72 h infected insectscdlhe P2 and P3 viral stocks supernatant
and cell pellet were preserved at 4°C.On the whbke cells were lysed with RIPA buffer as
described in Material and method. The cell pelfedm each infection were fractionated into
soluble and membrane fractions. These fractionsidimy the supernatant of infected cells
were analyzed on 12% SDS-PAGE as stated in Fig@ee Additionally, this gel suggested a
band of 58 kDa in P3 viral stocks cell lysates meanb fraction (lane 7, Figure 3.24). This

certainly meant that the infection period may panple in the expression of protein in insect
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cells. This comparative infection period was intethdo evaluate the expression level of this
protein and to determine the optimum time for itifatto yield the maximum expression of

TbPLA, in insect cells.

Figure 3.24 Analysis of heterologous expression Bf9 insect cells after 120 h on silver
stained 12 % SDS-PAGE.Lane (1) Sf9 control cells supernatant, lane (2)viral stock
supernatant, lane (3) P2 cell lysates membrandidraclane (4) empty, lane (5) protein
molecular marker, lane (6) P3 viral stock supematiane (7) P3 cell lysates membrane

fraction, lane (8) P3 cell lysates pellet.

7. Western blot analysis of heterologous expression

In order to ascertain that this protein band in gleé (Figure 3.23 and 3.24) was definitely
TbPLA,, the Western blot analysis was performed. Theldeland membrane fractions from
P1, P2 and P3 viral stocks after 72 h of infectimnnsect cells were analyzed by Western
blotting using an anti-TbPLAIn a working dilution of 1. 2000. The SDS-PAGE Quassie
stained gel and blot of the gel certainly defirfest the band observed at molecular size of 58
kDa (denoted with an arrow, Figure 3.25) was thedbaf TbPLA. The band was observed
only in the membrane fraction of cell lysate fro&\Rral stock.
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SDS-PAGE Western blot
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Figure 3.25 Heterologous expression of TbPLAIN insect cells after 72 h and analysis
with 12 % SDS-PAGE coomassie stained and Western bjdane (1) protein molecular
marker, lane (2) P2 viral stock membrane fractiane (3) P2 viral stock cell supernatant, (4)
P2 viral stock membrane fraction, lane (5) P2 vstdck cell supernatant, (6) protein

molecular marker.

In comparison, insect cells after 120 h of infectwere analyzed with Western blot. The cell
pellets from P2 and P3 viral stocks were lysed actionated into soluble and membrane
fractions. These fractions and the cell superndtant each infection were resolved on 12 %
SDS-PAGE. Then the gel was blotted and analyzedguanti-TbPLA. The soluble and

membrane fractions from P2 and P3 viral stockg 420 h from two independent infections

were verified to determine the intensity of expr@s®f this protein as shown in Figure 3.26.
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SDS-PAGE Western blot
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Figure 3.26 Detection of TbPLA with 12 % SDS-PAGE silver stained and Western blot
analysis of heterologous expression in insect cel$ter 120 h lanes: (1) empty lane, (2)
cell supernatant, (3) P2 infected cells supernat@ht P2 infected cell lysates membrane
fraction, (5) protein molecular marker, (6) P3 @péndent infection 1) infected cell lysates
membrane fraction, (7) P3 (independent infectiomfigcted cell lysates soluble fraction, (8)
P3 (independent infection 2) infected cell lysatesmbrane fraction, (9) P3 (independent
infection 2) infected cell soluble fraction.

8. Immunopr ecipitation

The insect cell lysates membrane fraction was $akdb in RIPA lysis buffer and subjected

to immunoprecipitation. The anti-TbPLAntibody was used to capture the expressed protein
from insect cell lysate. For this purpose, Pro@iroupled agarose bead was utilized. After
immunoprecipitation of the lysate with antibodyetimmunocomplex was obtained. The
fractions obtained at every step of this methodewesolved on 10 % SDS-PAGE under
reducing conditions. Two different bands were obsérin lane 6 which contained

immunocomplex at the molecular size of 50 kDa ah#Ra respectively (Figure 3.27).
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Figure 3.27 Immunoprecipitation of TbPLA; from infected insect cellsResolved on 10 %

SDS-PAGE and silver stained. Lanes (1) P3 supermata) P3 soluble membrane fraction,
(3) P3 supernatant of immunocomplex, (4) P3 indelpkellet, (6) immunocomplex of protein
with anti- TOPLA, antibody.

9. Western blot analysis of bloodstream and procyclic form cellsfor TbPLA,

The bloodstream and procyclic form cells were vated at a cell density of 1 X 1@ells/
ml. The cells were centrifuged and afterwards lyseth hypotonic buffer. The lysates
obtained from both forms of cells were used fortHfar analysis. The cell lysates were
fractionated into soluble, membrane and VSG frastidor bloodstream form using the
protocol described (Material and method). The pecbcyform cell lysates were fractionated
into soluble and membrane fractions. These frastivtom both forms of parasites were
resolved on 12 % SDS-PAGE and subsequently analyzety Western blot with anti-
TbPLA; to identify TOPLA in both forms of the parasites. Both forms of pdeacell lysates
were analyzed separately onto two blots. The biotsaled a single band at a molecular size
of 50 kDa and visible only in membrane fractionboth parasite forms, indicated in Figure
3.28 (A) and (B). Bloodstream form membrane fratfimm rat blood in the cell density at 3
X 10” was analyzed on the blot as shown in Figure 386 P depicting a band at 50 kDa.
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Figure 3.28 Western blot analysis of TbPLA in T.brucei bloodstream and procyclic

form. (A) blot showing bloodstream form cells lysatectrans; lanes: (1) protein molecular
marker, (2) empty lane, (3) cell lysates membraaetion, (4) empty, (5) VSG fraction, (7)
cell lysates soluble fraction, (8) empty lane, FQ)A, from porcine pancreas. (B) blot with
procyclic form cell lysates fractions; lanes (3)l dgsates soluble fraction, (9) cell lysates

membrane fraction.
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Figure 3.29 Western blot analysis of TbPLAn T.brucei bloodstream form. Blot showing

(1) protein molecular marker, (2) membrane fraction

For a comparative study, logarithmic and stationargses bloodstream as well as procyclic

form cell lysates were analyzed. The lysates weetibnated into cytosolic and membrane
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fractions simultaneously analyzed on the same Bloé. blot revealed a prominent band at a
molecular size of 50 kDa in only membrane fractionsll analyzed forms (Figure 3.30). A
single band at the molecular size of 50 kDa wasmoesi on the blot in the cell lysates
membrane fraction (lane 3, Figure 3.31). This expent was performed several times
(results not shown) till the same reactivity at alecular size of 50 kDa was observed. This
revealed that this protein is expressed in evéeydiage of the parasite. In spite of antibody
recognition of the protein in cell lysates, it wasperative to investigate the preimmune
serum from rabbit and its reactivity with the pateasell lysates. The preimmune serum was
analyzed on blot with the cell lysates from bloogis form. The bloodstream form cell
lysates were fractionated as described previousSlgure 3.32 depicts the analysis of
preimmune serum against the membrane fraction Blomdstream form from rat blood in the

cell density at 3 X 10showing a band at 36 kDa only in the cytosolictien.
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Figure 3.30 Comparative Western blot of bloodstreanand procyclic form. 12 % SDS-

PAGE gel ; lanes: (1) protein molecular marker, ¢2Jl lysates soluble fraction from
logarithmic phase of bloodstream form, (3) cellayes membrane fraction from logarithmic
phase of bloodstream form, (4) empty lane (5) lyslates soluble fraction from stationary
phase bloodstream form, (6) cell lysates membraraetion from stationary phase
bloodstream form, (7) empty lane, (8) cell lysatetuble fraction from procyclic form, (9)

cell lysates membrane fraction from procyclic form.
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Figure 3.31 Analysis of bloodstream form cell lys&s against anti-TbPLA. Lanes: (1)
protein molecular marker, (2) empty lane, (3) ¢gdlates soluble fraction from bloodstream

form, (4) empty lane, (5) membrane fraction froradalstream form.
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Figure 3.32 Analysis of bloodstream form cell lys&s against preimmune serumLanes:
(1) protein molecular marker, (2) empty lane, (3l dysates soluble fraction from

bloodstream form, (4) empty lane, (5) membranetivadrom bloodstream form.
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10. Transcription of TbPLA,gene from T. brucei

The expression level of TbPLAgene in different life cycle stages of the parmsias also
determined using Northern blot analysis. The mompimo strains ofT. brucei221 cells
were obtained from rat blood as well as framvitro grown cultures in logarithmic and
stationary phase were recovered and their total RM#s obtained (see Material and
Methods). The total RNA from these stages was usedNorthern blot analysis. The
sequence specific-primers for the gene of ThPlv&re used for the probe as stated in
Material and method. This definitely indicated thenscriptional expression and level of this
protein throughout all growth phases of the paeasds depicted in Figure 3.33 (A). The
comparison of band intensities in case of TbPlAthree stages (Figure 3.33 B) showed that
the expression of TbPLAwas significantly regulated in vitro cultured logarithmic phase of
the parasites as compared to other growth stadesefbre, it can be proposed that TbBLA
gene is expressed throughout the life stages odsfiar and specifically prominent in
logarithmic phase. The Northern blot complementesl data of Western blot with.brucei
cell lysates indicating the transcriptional andngiational expression of this protein
throughout the life cycle of this parasite. On Wieole, this speculates the significance of this

protein in the parasitic life cycle.
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Figure 3.33 (A) Comparison of transcriptional expresion of TbPLA, in rat blood,
logarithmic phase and stationary phase of .brucei. (A) Blot with TbPLA,, loading control
as beta tubulin and rRNA of.brucei from rat blood, bloodstream log phase (16 h) and

stationary phase (40 h) respectively.

B
Rat blood Logarithmic Stationary phase
logarithmic phase phase
0.5 0.7 0.5
TbPLA;

0.3 1.0 0.3

Beta tubulin 0.6 1.0 0.6
rRNA 1.0 0.81 0.97

Figure 3.33(B) Semi-quantitative analysis of blots with GelScahand value of the most

intense band as standard was taken as 1.
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11. PLA, enzyme activity assay with cell lysates of bloodstream and procyclic
formsof T. brucei

The phospholipase Aactivity was determined using a coupled assay hvhitilizes
dilinoleoyl phosphatidylcholine (DL-PC) as a substr and lipoxygenase as a coupling
enzyme. The PLAactivity was constantly monitored spectrophotoroelty atA = 234 nm.
The phospholipase Yactivity released the product linoleic acid whichsaurther oxidized
by lipoxygenase giving rise to the correspondingirbperoxide derivative. The standard
reaction mixture contained 25 uM DL-PC, 0.23 mg/amdl lipoxygenase in 50 mM Tris-HCI
pH 8.5 containing 3 mM deoxycholate. The reacticas vetarted by adding either known
phospholipase Afrom porcine pancreas or bloodstream as well asygfic form cell lysates
soluble and membrane fractions. The control wasrtas the buffer in which the cell lysate
was prepared. The reaction was proceeded for Switin.measurement at= 234 nm. Then,
the value of specific activity was calculated (8é&terial and method) using the absorbance
values. This activity assay was established witAPitom porcine pancreas in increment of
concentrations (Figure 3.34). This standard cuiv@ined was to demonstrate the optimum
condition for the assay and further utilize thisasfor activity estimation in parasite cell

lysates.
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Figure 3.34 Activity assay standard curve for knownand commercially available PLA
from porcine pancreas.Different concentrations of PL,Aused for the activity assay. The
PLA; from porcine pancreas in concentration of 0.06g5Q083 ug, 0.125 pg, 0.25 pg and
0.375 pg were used.

The soluble and membrane fractions frdmbruceibloodstream and procyclic forms were
used for comparative activity assay to determine éxpression and activity level of
phospholipase Ain both forms. Both the forms of parasite werdureld at a cell density of 1
X 10° /ml. The bloodstream form cells from two phasemelg logarithmic and stationary
phase were taken and cell lysates were preparescdlhlysates of both forms of parasites
were fractionated into soluble and membrane frastim order to evaluate the regulation of
activity of this protein in different fractions afells and throughout the life cycle of this

parasite (Figure 3.35).
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Figure 3.35 Comparative activity assay for PLA with different cell phases of parasites

BF stands for bloodstream form and PC for procyidien. Whereas BF 17s was cell lysates
soluble fraction after 17 h cultivation, BF 17m wedl lysates membrane fraction after 17 h
cultivation, BF 40s was cell lysates soluble frastafter 40 h cultivation, BF 40 m was cell
lysates membrane fraction after 40 h cultivatioBsRnd PCm were cell lysates soluble and

membrane fractions respectively. Each fractionsvig was measured with 25 pg protein

concentration.
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4. Discussion

4.1 Characterization of TbPLA,

The phospholipase Asuperfamily constitutes enzymes which are ubiagitm nature. They
have several functions in living organisms, likencgleling membrane phospholipids and
formation of lipid-derived second messengers. Qiwrgig the vast distribution and
significance in nature, phospholipasgif a valuable target and worth to be studied taitle
in T. brucei Especially, as it has not been identified or stigated till now in this organism.
PLA; is important for the liberation of arachidoniccdéiom phospholipids and synthesis of
prostaglandins if. brucej which urged for a thorough investigation into taracterization
of this enzyme. Trypanosomes produce prostaglarichns free arachidonic acid (Kubagh
al., 2000) and prostaglandin synthesis has also bseowtred inT. cruzi (Kubataet al,
2002) and Leishmania (Kabutuet al, 2003), which gives an idea of distinct similarity
among most of the kinetoplastids. Figare#a al, (2005 and 2006) reported that the
prostaglandin B and its metabolites are involved in apoptosis @agulation density
regulation inT. brucei Involvement of prostaglandins in host-parasitéeriactions and
virulence of the parasite could help to understdral various pathways. Prostaglandi F
synthases fror. brucei(Kubataet al, 2000 and Okanet al, 2002),T. cruzi(Kubataet al,
2002) and Leishmania (Handmanal, 1995 and Kabututat al, 2003) have been identified,
which show analogy in the kinetoplastids. T cruzi and Leishmania, the putative
phospholipase Alike protein has not been characterized until fovbioinformatic analysis
has predicted that respective proteins are encatthth the genome of these organisms. This
surely indicates that the kinetoplastids have eawla metabolism for arachidonic acid and
prostaglandin similar to higher eukaryotes. Thestexice of these enzymes in kinetoplastids
elaborate further that these parasites do not cetelpl depend on the host's metabolic
machinery for prostaglandin synthesis and reguigtiubataet al, 2007).

T. bruceiprocyclic form synthesizes the largest fatty a@@) product which is stearate
(C18), however in the bloodstream form is predomilyamyristate (C14) (Moriteet al,
2000). It has been revealed tAabruceimake the bulk of their fatty acids by a mechanism
involving endoplasmic reticulum (ER)-based elonga$ELOs) which is a type Il FA-
synthase system and has a specialized role in ffeasites. Four ELOs have been found in
these parasites encodedblyO 1-4genes. It has been shown that the gé&ig3 1-3together
account for synthesis of saturated FAs up to ancleaigth of C18ELO1 converts C4 to C10,
ELO 2extends the chain length from C10 to myristate4)CandELO 3 extends myristate to
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C18 (Leeet al, 2006). One remarkable feature of the trypanos&i® system is that it
utilizes short-chain acyl-CoA primers and this idigtiishes the ELOs of trypanosomes from
conventional ELOs and allows the former to synttesiAsde novo

ELOs synthesize lipids containing polyunsaturatés FPUFA). T.bruceiexpresse&LO 4
which is specific for PUFAs and elongates arachaden(C20:4) by two carbon atoms.
Although arachidonate is available for salvage fribi host serum, other PUFAs must be
synthesized which are incorporated into phosphagipThe myristate requirement for VSG
production by thel.bruceibloodstream form and the need for londger novosynthesized
FAs in membrane phospholipid biosynthesis, andntiteients available in the environment,
are all factors that have to be balanced by thasutar when regulating the ELO pathway
(Englundet al, 2007). Regulation of the ELO pathway in thesegites could also influence
the FA composition of membrane phospholipids. As thembrane lipid composition is
altered when the parasite moves between the difféegnperatures that exist in the insect
vector and the mammalian host consequently thd lgpmposition changes are needed to
adjust for the effects of temperature on membraundify. Triacylglycerols and steryl esters
have been proposed to act as FA reservoifisbnucei The nutrient-rich environment of the
host, the parasite stockpiles lipids by uptaketlssis or both. However, despite these FA
reserves, it seems that the ELO pathway .bfuceiprovides an essential supply of FAs for
incorporation into phospholipids (Engluetal, 2007).

Apart from this, Richmond and Smith (2007) havenideed and characterized a cytosolic
phospholipase Afrom T. brucei It has a specific activity towardsnt1 esters of diacyl
phospholipids, exhibits lysoPLAactivity and shows very little activity towardsuteal lipid
substrates. This study proposed tfatbrucei PLA; has 21 % homology with PLArom
proteobacteriunsodalis glossinidysa bacterial secondary endosymbiont of Glossisetge)
flies (Toh et al, 2006). Furthermore, it has been postulated Thabrucei acquired this
enzyme through horizontal gene transfer (HGT) &ftemg its adaptation to a parasitic
lifestyle in its tsetse host (Richmond and SmitB02). Similar sequence homology to
phospholipase Ais absent from the protein databasesTorcruziand Leishmania. Due to
this observation, it has been proposed that thig i@ occur only inT. bruceibecause the
other kinetoplastids do not use Glossina as a Kg3T. between prokaryote-eukaryote is still
presumed to be rather rare and atypical but is roostmon in the protists (Boucher and
Doolittle, 2000; Fieldet al, 2000; de Koninget al, 2000). PLA in T. bruceihas been
extensively studied and biochemically characterig®gthmond and Smith, 2007) and its

preferred substrate is Glycerophosphatidylchol®BEBCho). One important observation is that
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the amino acid sequence Bf bruceiPLA; is not homologous t@. bruceiPLA,. They have
sequence identity only within the lipase consenvedif GXSXG.

It has been claimed by Richmond and Smith (200&) #hsearch of th&. bruceigenome
database did not reveal any cytosolic PbAmologues. However, our study found thatThe
brucei genome database does contain a putative ;fik& protein, which possesses a
transmembrane domain in its sequence designatimpst probably as a membrane protein
rather than a cytosolic protein. Indeed, the enzwag characterized by us using cloning and
heterologous expression in insect cells and wighrntteasurements of the respective enzyme
activity. In addition, our study has identified BALA; in the membrane fractions ©f brucei
bloodstream and procyclic forms.

TbPLA; amino acid sequence from database shows ~40 % bgynolith phospholipases,A
from T. cruziandLeishmania majoas well as with human PAF-acetyl hydrolase. Afrarh
these phospholipases,ATbPLA; shows considerable homology with PisAfrom bacteria,
ciliates, nematodes and plants as seen from BLA&T \tiew widget (see page 78 in Results).
The amino acid sequence of TbPL8ontains the lipase consensus motif GHSFG, which
indicates that it might be a member of the lipasaily. The identification of phospholipase
A, in T. bruceiplays a significant role in understanding the roelia pathway of arachidonic
acid and formation of prostaglandins in these pi@®s

4.2 Heterologous expression of TbPLA,

Heterologous expression of a recombinant proteimnsextremely powerful tool in the
analysis of membrane proteins and several expressistems have been developed so far.
Most proteins from a variety of organisms have bbeterologously expressed either in
bacterial cells (Laage and Langosch, 2001) or inselts (Luckowet al, 1993; Ciccaronet

al., 1997). The general strategy is to geneticallg fissthe N- or C-terminus of the protein of
interest with certain tags, e.g. His-tag, GFP (@Gr#aorescent protein) or MBP (Maltose
binding protein). These fusions are designed towafor efficient expression, detection and
especially affinity purification of the expressemiein (Laage and Langosch, 2001). Both of
the above stated heterologous expression systemesutibzed for expression of TbPLAN

this work.

Efficient expression requires the use of an effitipromoter driving transcription of the
plasmid-borne protein and the choice of an appab@xpression host cell system. In case of

bacteria, combination of the bacteriophage T7 ptemwith BL-21 (DE3) or Rosetta 2 cells
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are the most frequently used expression systenosir@ of the TbPLA gene into bacterial
subcloning and expression plasmids was succesafuljudged by restriction enzyme
digestion. Bacterial colony PCR with sequence-gpeg@rimers was used to confirm the
correct plasmid construct and its correct orientatSequence identity of the TbPLdene in
the construct was verified by DNA sequencing. Timenesting finding from these cloning
experiments was that the gene sequences of th&wcssrom several independently derived
clones possessed constantly altered bases at 2lop®sn comparison with the known
database sequence. When these base alterations fpatiations) were translated in silico,
then it was interpreted into only three constaninamacid residue alterations in the one
construct analyzed. Translation of these alteratiato the amino acid residues indicated that
these three constant alterations were at posis8n@- to L), 270 (I to S) and 324 (V to L).
These constant alterations did not appear in thieeacenter of the enzyme (i.e. GHSFG) and
probably the activity of this enzyme. The clonergiaig the confirmed construct was used for
heterologous expression in bacteria, BL-21 (DE3) &ovsetta 2 competent cells. Protein
expression was carried out using final concentnatiof IPTG ranging from 0.1 to 1 mM and
varying temperatures. The induced cell were lysgabtonically and separated into cytosolic
and membrane fractions by centrifugation. Unfortalya however, neither fraction contained
the fusion protein when resolved on SDS-PAGE, &tkiDa in case of the MBP.

The unsuccessful attempts to express ThPibAbacterial cells were most likely due to the
toxic nature of this protein for bacteria. It midhe that the transmembrane sequence of this
protein was toxic to the bacterial cells and thetéaal protease system may have degraded
this protein immediately upon its synthesis to prévthe cells from its deleterious effects. A
high-level expression of membrane proteins contgimydrophobic protein domains remains
a difficult task inE.coli due to their toxic effects exerted on the hostsc@laage and
Langosch, 2001). Therefore, the bacterial exprassiomembrane proteins had frequently
been restricted to their soluble domains. On tlerohand, over-expression of full-length
membrane proteins is highly desirable since theindmembrane domains (TMD) often
contain important structural information for foldinoligomerization or subcellular sorting
(Laage and Langosch, 2001). Consequently, it wasdeé to heterologously express the
protein in the Baculovirus expression system ushfiginsect cells. The verified TbPLA
construct from previous cloning experiments in baeterial system was obtained and the
TbPLA; gene fragment was extracted out of the plasmids §kene fragment was introduced
into the Baculovirus plasmid by subcloning in baetecells. After successful cloning, the

recombinant construct was transposed into a bacusithg transformation into DH10Bac
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competent bacterial cells. The recombinant bacnad extracted and confirmed by bacterial
colony PCR using sequence-specific primers. Thefipdrrecombinant bacmid was then
introduced into the growing culture of insect célsviral infection.

The infected insect cells were cultured in passagéscreasing volumes in order to generate
high viral titers. The supernatant from infectedlscand the cell pellet were separated by
centrifugation and stored at 4°C for further analy&ccording to the amplification rate of the
viral titer, the supernatants from recombinant Bawws stocks were labeled P1 (low viral
titer), P2 (higher viral titer) and P3 (highestatititer). In order to establish the optimum
conditions of infection, the time span for infectiras established to be best at 120 h. After
the infection period, the infected cells were lysed fractionated into soluble and membrane
fractions.These fractions along with control insect cell snpéants were analyzed on SDS-
PAGE. The infected insect cell lysates membranetibra depicted a prominent protein band
at 58 kDa on SDS-PAGE which revealed the over-esgioa of a protein. This protein band
had an increased molecular size in comparisong@xipected size of 50 kDa. This difference
in molecular weight could be due to post-transta@lomodifications of the protein within
insect cells. The expressed TbRLFom membrane fraction of the infected insect celés
further verified by Western blotting using a potycal antibody. The TbPLAantibody
reacted with the prominent band seen at 58 kDa est¥vh blots. It can thus be concluded

that theT. bruceiPLA; protein was cloned, over-expressed and identified.

4.3 Biochemical and immunological characterization in T. brucei
cells

In order to investigate whethphospholipase Ais expressed it .bruceibloodstream and/or
procyclic forms, biochemical characterization melkhaovere used to determine its function.
Cells from the logarithmic and stationary phaseblafodstream and procyclic forms were
analyzed by Western blot to evaluate the presehddBLA, and by immunoflouresence to
determine the possible localization in the cell.stéen blots of membrane fractions from
bloodstream and procyclic forms showed evidencébdfLA; by reaction of the protein with
the anti-TbPLA antibody. Furthermore, this analysis revealed THdRLA, was expressed in
both the logarithmic and the stationary phaseslondstream as well as in procyclic forms.
As judged from Western blots, the protein is exgedsin rather low concentrations in
membrane fractions of different life cycle stagédypothetically, when the level and
activation of this enzyme reaches a high conceatramside the cell, then it could potentially

lyse the parasite from within by producing excessioants of fatty acids and
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lysophospholipids. The appropriate level of TbRLad consequently the products of this
enzyme should be crucial for the normal functioningT. brucei The detection and
recognition of TbPLA with specific antibodies in the membrane fractiohbloodstream and
procyclic cells at a molecular size of 50 kDa appéy directs towards the presence of this
protein in these parasites. The membrane fractbbioodstream form cells at a cell density
of 3 X 10 depicted the similar molecular size and intensiand. The band on the blot
appeared with less intensity due to low level @ firotein in the cells and even though with
prolonged development time period of the blot thate but could not intensify the band.

To further elaborate and ascertain that TbPRisfa true phospholipase,fa specific activity
assay (Jimeneet al, 2003) was established using the known and comallgr@available
phospholipase Afrom porcine pancreas. This activity assay utdize coupled enzymatic
assay in which phospholipase: Aeleases linoleic acid from th&t2 position of DL-PC
substrate. Linoleic acid is then a substrate fpodygenase, which further oxidizes it into
hydroperoxides. This activity was followed spectrofpmetrically by measuring the increase
in absorbance a = 234 nm due to the appearance of hydroperoxidegreducts of the
assay. Cell lysate fractions from bloodstream aratyelic forms corresponding to a cell
density of 1 X 1& ml were examined using this assay to determirdetel of activation of
the phospholipaseAn the parasites. Cell lysates from the logarithamd stationary phases
of bloodstream form as well as from the procycbeni were fractionated into soluble and
membrane fractions. The specific activities of ehémctions in nM/min were measured as

shown below in the Table 3:

Bloodstream formp  Procyclic form

nM/ min nM/ min

Membrane Cytosolic| Membrane Cytosolic

Logarithmic

phase 0.25 0.15 0.57 0.12
Stationary

phase 0.25 0.13 n.d. n.d.

Table 3 Phospholipase;Apecific activity values with cell lysate fract®from bloodstream

and procyclic forms
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The specific activity of the procyclic form membeafraction was 0.57 nM/min as compared
to the cytosolic fraction which was 0.12 nM/min. @® other hand, the specific activity of
bloodstream form logarithmic phase and stationdrgsp membrane fractions determined
were both 0.25 nM/min. In comparison, the speafitivities of the cytosolic fractions from
logarithmic and stationary phases were 0.15 nM/#mith 0.13 nM/min respectively.

The specific activity in membrane fraction of proly to both phases of bloodstream form
has activity factor of 2.28. The cytosolic fractiah procyclic to bloodstream form has
activity factor of 1.25. In addition, procyclic formembrane to cytosolic fraction has specific
activity factor of 4.75 and both phases of bloagtstn form membrane to cytosolic fraction
has specific activity factor of 1.92. This indicatéhat the specific activity is high in
membrane fraction of procyclic as compared to béd@ém form. The cytosolic fractions in
both procyclic and bloodstream form contains eapacific activities. On the whole, the
results suggest that there is a phospholipasetvity in T. bruceilogarithmic and stationary
phases of bloodstream and procyclic forms as datedrfrom the specific activities.

In order to inhibit TbPLA specifically it has been attempted to find an appate specific
inhibitor (Lucas and Dennis, 2005). However, simaeh phospholipase.fas a group-

specific inhibitor, the search for TbPLApecific inhibitor/s was so far unsuccessful.

4.4 Regulation and expression of TOPLA, in T. brucei

Mature mRNA production in trypanosomes is a stepewprocess that differs in several
aspects from the biogenesis of mMRNA in most eukaesyoUllu et al, 1996). The
trypanosome gene arrangement is highly compact svitall intergenic regions separating
one gene from the next. Trypanosome protein-codeges are organized as polycistronic
rather than monocistronic transcription units. Rerimore, the 5° ends of all mature mMRNAs
are formed by trans-splicing contrary to transaoiptinitiation. The partners in trans-splicing
are the polycistronic pre-mRNA, which contains thBNA coding regions preceded by a 3’
splice site, and the spliced leader (SL) RNA, wipcbvides the capped SL sequence and the
5" splice site (Maiet al, 2000). Individual mature mMRNAs are generated framtycistronic
precursors by 5 trans-splicing of a 39-nt capeediér RNA and 3" polyadenylation. There is
no consensus polyadenylation signal in the 3 -usteed region (3"-UTR). Instead,
experimental evidence suggests that polyadenylawoars within a short region of 100-400

nt upstream of the polypyrimidine trans-splice sigiBenzet al, 2005).
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T. bruceiphospholipase ATbPLA;) production from mRNA level to the protein trarigla
was examined in detail (Richmond and Smith, 20070 & had been stated that it is
controlled at a certain required level considerthg potential damage a membrane lytic
enzyme such as TbPLA&an invoke, if it was allowed to be expressed abuirollable levels

in the cell. Similarly, the evidence for phospheBp A in T. bruceiat the transcriptional
level and the regulation in different life stageflstioe parasite could give a clue to the
synthesis of arachidonic acid and its metabolitesorder to compare and evaluate the
transcriptional regulation of the TbPLAyene in the bloodstream form, the transcriptional
expression level was analyzed using the total RidbAnfthe logarithmic and stationary phases
as well as the logarithmic phase isolated fronbltabd. The experiment was conducted with
the beta-tubulin gene from bloodstream form cedls doading control. The rRNA from each
of the bloodstream form cells were obtained andhibwed the three expected bands at
positions of 2250 bp, 1850 bp and 1350 bp .

Using sequence-specific probes, Northern analy$isTlmPLA, showed two bands at
approximately 3,700 bp and 3,500 bp in each stagetioned above. The transcripts from
TbPLA; blot showed two mRNAs which had different sizessipons and strengths of
signals. These two transcripts may be alternatieisglforms of a single gene, which are
expressed in the bloodstream forms. In additionltipte alternatively processed products
could be produced from intergenic regions with salvpolypyrimidine tracts (Benet al,
2005). In addition, it can be postulated that tiifeent mRNA transcripts (Benet al, 2005)
could be due to the transcription of complete lbngt intergenic regions starting from 5
UTR including ORF of the gene and 3" UTR region dstream till the next ORF of other
gene as seen in the gene database (GeneDB).

The band intensity of the transcripts from eaclyeststated above was performed with semi-
quantitative densitometric calculations of the extfye gene. The results indicated that the
most intense band among the three respective sthgasasite was from logarithmic stage of
parasite which was depicted as the lower band datgd with an intensity value of 1, and the
size of 3,500 bp as compared to the upper bandhgan intensity value of 0.7 and a size of
3,700 bp. These values were calculated in compan$dands from beta-tubulin as loading
control which were similar in expression level ach life stage of the parasite.

The Northern blot analysis indicated a stage-spergigulation of TbPLAgene transcripts.
The gene was expressed at a low level in the s&atygphase of parasites in culture and cells
in the logarithmic phase isolated from rat blootl.wias relatively more expressed and

regulated in the logarithmic phase. This can berpreted as the parasite’s requirement of
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building up resistance against the host immuneesystluring the infection stage or cell
density regulation of the parasites. The expregsiofile of the transcripts indicates a distinct
significance of TbPLA throughout the life cycle of the parasites. Althbughese results
brings us a step closer in understanding the esimesevel of TOPLA mRNA, it is still not
proven that TbPLA functions in a pathway to release arachidonic &@t phospholipids
within cell or organelle membranes, nor if thiscmdonic acid liberation or TbPLAtself is
essential for the cellular viability and stabildf/the cell. Moreover, there is a need for further
experiments to understand and answer some fundahtgréstions concerning the nature of
TbPLA; and to resolve the structure-function relationsbfigthis enzyme using site-directed
mutagenesis, generation of deletion mutants forLR3Pas well as substrate-specificity and

inhibitor kinetic analysis.

Conclusion

Sleeping sickness vectdtbruceiis an eukaryotic organism whose metabolism isstiigect

of extensive searches for the possible targetsardtug development against this disease. On
the other hand, there are several proteins invoivetifferent pathways still not investigated
or identified. One of such a pathway is the pho#plib metabolism and the enzymes
involved in it. This study was conducted to identiand characterize &. brucei
phospholipase Awhich metabolizes phospholipid substrate frer2 position resulting in
the production of arachidonic acid and eicosanoldese products play a vital role in the
intracellular metabolism and regulation of the péess cell membrane. This work
concentrated on the cloning, heterologous overesgion of the phospholipase, And
simultaneously characterization of this enzym@.ibrucel

The cloning of TbPLAwas successful in the bacterial plasmids. The bletgous expression
of TbPLA; in bacterial cells did not yield the expected pmotas seen on SDS-PAGE.
Eventually, the expression was attempted iniBé@ct cells which yielded the expression of
this protein and specifically in the membrane fi@tt This expression was verified with
Western blot analysis depicting a molecular size 58f kDa. The expression at the
transcriptional level regulation of TbPLAvas analyzed with the Northern blot. The blot
showed two transcript bands of different size, nsiy and strengths in logarithmic,
stationary phase fromm vitro culture andr. bruceicells in logarithmic phase from rat blood.
The transcript in the logarithmic stage from celltare showed high expression level at a size
of approximately 3500 bp. Phospholipasg a&tivity assay with DL-PC substrate indicated
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the evidence of specific activity in nanomole caorcations in cell lysates soluble and
membrane fractions of logarithmic, stationary phakéloodstream and procyclic forms of
the parasites. The specific activity was relativieigh in cell lysates membrane fractions of
both the forms of parasites. Among the fractiongcyclic form membrane fraction had
twofold activity in comparison to bloodstream forin. general, this study concludes the
evidence of PLAin T. bruceithrough the cloning, over-expression and charaetgon in
parasites.
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5. Summary

Human African trypanosomiasis or sleeping sicknessaused by infection with the tsetse-
fly-transmitted protozoanTrypanosoma bruceilt lives exclusively as an extra-cellular
parasite unlike other Trypanosomatidae. The subispeof this parasite includé&. b.
rhodesiens€in East and Southern Africa) afid b.gambienséin West and Central Africa).
These parasites, along with the non-human infecfivb. bruceiare zoonoses, and disease
control is impeded by substantial wild and domesitimal reservoirs of infection.
Historically, sleeping sickness had caused madsis® of life, and related animal diseases
(Nagana) which have had a crucial impact on theeldgwment of sub-Saharan Africa
(Sternberg, 2004). Currently, the incidence of @ileg sickness is rising, and the control is
restricted due to inadequate development of dragstlaese parasites are gaining resistance
against current medicines.

The parasite lacks various core metabolic pathypagsent in the mammalian hosts, but also
shows a set of parasite specific pathways. Thersagyand their metabolites involved in the
lipid metabolism have been proven to be potentafjdts for the development of novel
chemotherapeutics. In this context, elucidationtte parasite's specific metabolism is a
prerequisite for drug development (Boraal, 2005; Van Hellemonet al, 2006; Ginger,
2006).

One of the enzymes of lipid metabolism which playsignificant role in the cell is the
phospholipase A Phospholipasesfare the enzymes which catalyzes the hydrolysihef
fatty acid ester at then-2 position of the phospholipids to produce fregyfacids, such as
arachidonic acid and lysophospholipids. Both thedpcts represent precursors for signaling
molecules that can exert a multitude of biologittadctions (Schaloske and Dennis, 2006).
The phospholipaseAconsists of 15 groups and includes five distigpes of classes, namely
the secreted PLA(SPLA), the cytosolic PLA (cPLAy), the C&" independent PLAGPLA)),

the platelet-activating factor acetyl hydrolaseARFAH) and the lysosomal PLA (Burke
and Dennis, 2009). They perform various functionsliving organisms including lipid
modification in the cell membrane, lipid-derivedceed messengers. The Pileleases
arachidonic acid from phospholipid which is furtheetabolized to form prostaglandins,
thromboxanes, or leukotrienes.

Although a PLA was described ifi. bruceiearlier (Richmond and Smith, 2007), a Rlbas
not been investigated so far. Figareia al, (2005 and 2006) have reported that the

prostaglandin Pand its metabolites exerted a role in apoptosiscati density regulation in
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T. brucei This encourages in the investigation and idematifon of a PLAIn these parasites.
This work deals with the identification and chaesization of PLA in T. brucei The
TbPLA; gene sequence from GeneDB was utilized using segugpecific primers to amplify
the DNA which was sub-cloned in the bacterial cdéfigrthermore, the verified recombinant
plasmid was cleaved with restriction enzymes taaettthe gene of TbPLA This gene
fragment was inserted into the expression plasméiteansformed into the BL-21(DE3) and
Rosetta 2 expression competent cells for heterolwgexpression. The attempt for
heterologous expression in the bacterial cellsndidyield the target protein due to the toxic
nature of this protein for the bacterial cells. Doethis, another heterologous expression
strategy was followed namely Baculovirus expressgatem using Sf9 insect cells. The
verified fragment of TbPLA was introduced into the plasmid of Baculovirusteys and
amplified. The recombinant bacmid obtained contgnifbPLA was used to infect the
growing insect cells. After the completion of thefeiction period, the cells were lysed and
fractionated. The insect cell lysates soluble amnirane fractions were resolved on SDS-
PAGE which showed a protein band only in membraaetion at a molecular size of 58 kDa
verified with Western blot using polyclonal antilyoalgainst ToPLA. In general, the TbPLA
was successfully cloned and heterologously expdessine Sf9 insect cells.

In order to investigate the expression of phosplaske A during the course of the life cycle
of T. brucei,cells from the logarithmic and the stationary ghésquivalent to slender and
stumpy forms) of bloodstream trypanosomes and tleeyplic form were analyzed by
Western blotting to evaluate the presence of ThPk#hin these cells. The respective blots
showed that the enzyme is present in the membracédns from all forms at a molecular
size of 50 kDa. As judged from these results, thetgin is expressed in rather low
concentrations, which seems to be a consequenitg lmfgh "toxicity”, as its products (free
fatty acids and lysophosholipids) are both membraciere and would inevitably lyse the
cells from within by exceeding an acceptable tho&slconcentration. On the other hand, the
appropriate level of TbPLAactivity seems to be crucial for the parasitetsisal.

The Northern blots of different bloodstream formesealed two bands at sizes of 3,500 bp
and 3,700 bp, respectively. Interestingly, theelaktand was rather similar in all forms, while
the former band was strongly expressed only inaéture forms from the logarithmic phase.
These two transcripts are most probably alternglieiisg forms of the single gene (Bert
al., 2005). The expression profile of the transcripticates a distinct significance of TbPLA

throughout the life cycle of the parasites.
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To ascertain that the analyzed proisia true phospholipase,fa specific activity assay was
performed using commercially available PLfkom porcine pancreas as control (Jimeaez

al., 2003). Bloodstream and procyclic forms were usedetermine the enzyme activity in
different cell fractions. The results show that TBR is a membrane located enzyme
expressed throughout the life cycle with a morenttaofold higher expression in the
procyclic insect form. From these observations ttogiewith the data from the Northern and
Western blotting it can be postulated that TbRle&ists inT. bruceias a membrane protein.
Because of its importance for the parasite througits life cycle, it seems to be a promising

target for drug development to be explored in nuztil.
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Zusammenfassung

Die Afrikanische Trypanosomiasis oder Schlafkrarikiaerd ausgeldst durch die Infektion
mit dem durch die Tsetsefliege Ubertragenerypanosoma bruceiDer Erreger lebt
ausschlieBlich als ein extrazellularer Parasit endals andere Trypanosomatida. Die
Unterarten dieses Parasiten bestehenTals rhodesiensén Ost- und Sudafrika) und. b.
gambiense (in West- und Zentralafrika). Diese Parasiten musan mit dem nicht
humanpathogeneii. b. bruceisind Zoonosen und die Eindammung der Krankheid wir
erheblich erschwert durch substanzielle Reservoirswild- und Nutztieren. In der
Vergangenheit hat die Schlafkrankheit zu einem meassVerlust an Leben gefuhrt und die
verwandte Tierkrankheit (Nagana) hatte einen eeideinden Einfluss auf die Entwicklung
des Bereichs Afrikas sudlich der Sahara (Sternb20§4). Zurzeit steigt die Anzahl der
Erkrankungen wieder und die Bekampfung ist limitierdurch  fehlende
Medikamentenentwicklung und durch die Tatsaches diis Parasiten Resistenzen gegen
aktuelle Medikamente entwickeln.

Dem Parasiten fehlen verschiedene zentrale Stoffsedwvege verglichen mit dem
Saugetierwirt, aber sie haben auch einige parapéaifische Wege. Die im Lipid-
Stoffwechsel beteiligten Enzyme und ihre Metabalit@ben sich als potentielle Ziele fur die
Entwicklung neuer Chemotherapeutika herausgestelltdiesem Zusammenhang ist die
Aufklarung der parasitenspezifischen  Stoffwechsgjéinge eine  grundlegende
Vorraussetzung fur die Medikamentenentwicklung @or2005; Van Hellemond, 2006;
Ginger, 2006).

Eines der Enzyme des Lipidstoffwechsels, das em@fikante Rolle in der Zelle spielt, ist
die PhospholipaseAPhospholipasensind Enzyme, die die Hydrolyse von Fettsaureestern
an dersn-2 Position des Phospholipids katalysieren um fiatsauren, wie Arachidonséure
und Lysophospholipide herzustellen. Beide Prodwshktel Vorlaufer fur Signalmolekile die
eine Reihe von biologischen Funktionen austiben ébdri8chaloske and Dennis, 2006). Die
Phospholipase A gliedert sich in 15 Gruppen und beinhaltet funindeutig zu
unterscheidende Typen von Klassen, namlich dieetiekie PLA (SPLAy), die cytosolische
PLA, (cPLA,), die C&" unabhangigen PLA(IPLA,), die Plattchenaktivierender Faktor
Acetyl-hydrolasen (PAF-AH) und die lysosomale BL@urke and Dennis, 2009). Sie tben
verschieden Aufgaben im lebenden Organismus ausgchdiel3lich der Modifikation von

Lipiden in der Zellmembran und der Bildung von vhipiden abstammenden Second
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Messangern. Die PLAspaltet Arachidonsaure von Phospholipiden ab, weelweiter zu
Prostaglandinen, Thromboxanen oder Leukotriendaféngechselt wird.

Obwohl eine PLA in T. bruceischon beschrieben wurde (Richmond and Smith, 2807v)e
bis heute noch keine PLAIntersucht. Figarella et al., (2005 and 2006) hdierichtet, dass
Prostaglandin Pund seine Metaboliten eine Rolle bei Apoptose dexdZelldichteregulation
in T. bruceispielen. Dies ermutigt die Suche und Identifizigyuder Phospholipase,An
diesen Parasiten.

Diese Arbeit beinhaltet die Identifikation und Chlterisierung von PLAIn T. brucei Die
TbPLA; Gensequenz von GeneDB wurde verwendet um miteglsenzspezifische Primer
die DNA zu amplifizieren, welche dann in Bakteriehen subkloniert wurde. Weiterhin
wurde das verifizierte rekombinante Plasmid mitRéstriktionsenzymen geschnitten um das
PLA>-Gen herauszuschneiden. Diese Genfragment wurdedaim Expressionsplasmid
einligiert, in BL-21(DE3) und Rosetta 2 Zellen tsfwrmiert um fir die heterologe
Expression zur Verfugung zu stehen. Der Versuch Heterologen Expression in
Bakterienzellen lieferte nicht das erhoffte Protesehr wahrscheinlich weil das Protein
toxisch fur Bakterien ist. Deshalb wurde eine aad8trategie fir heterologe Expression
verfolgt, ndmlich das Baculovirus Expressionssysterter Verwendung von Sf9 Insekten
Zellen. Das uberprifte Fragment von TbRLAurde in das Baculovirus System einkloniert
und weiter amplifiziert. Das rekombinierte Bacmidt IALA, wurde mittels Infektion in die
Insektenzellen gebracht. Nach Abschluss der Indekperiode wurden die Zellen lysiert und
fraktioniert. Die l6sliche und die Membranfraktiater Insektenzelllyse wurden auf einer
SDS-Page aufgetrennt, welche nur in der Membratitnaleine 58kDa Proteinbande zeigte.
Die Membranfraktion der Insektenzellen zeigte airwh Western blot mit polyklonalen
Antikdrpern gegen TbPLAeine Bande bei 58kDa. Zusammenfassend lasst spyensdass
TbPLA; erfolgreich kloniert und heterolog in Insektenaelexprimiert wurde.

Um die Expression der Phospholipase #ahrend der verschiedenen Stadien des
Lebenszyklus vonTl. brucei zu untersuchen wurden Zellen aus der logarithreiscand
stationédren Phase von Blutfom Trypanosomen (acerivatu slender und stumpy Formen)
und aus prozyklischen Fliegenformen mittels Westelot untersucht, um die Level an
TbPLA; in den Zellen beurteilen zu kdnnen.

Die entsprechenden Blots zeigen, dass das Enzymden Membranfraktion aller
Trypanosomenformen eine Bande bei 50 kDa vorlidggtgehend von diesen Ergebnissen ist
das Protein in eher geringer Konzentration exprnimigvas eine Folge seiner hohen

,Joxizitat’ zu sein scheint. Seine Substrate (fréiettsauren und Lysophospholipide) sind
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beide membranaktiv und bei zu hoher Konzentratidre  einem vertretbaren Schwellenwert)
wurden sie unweigerlich zur Lyse der Zellen voneimrheraus flihren. Andererseits scheint
ein gewisser Level an PLAAktivitat absolut notwendig fiir das Uberleben desasiten zu
sein.

Der Northern blot der verschiedenen Blutform Trypsomen zeigt je zwei Banden von
3.500bp und 3.700bp Grolie. Interessanterweise wwdetdtere Bande in allen Formen sehr
ahnlich, wahrend die Bande bei 3.500bp nur in Bhutf Trypanosomen aus Zellkultur stark
exprimiert war. Diese zwei Transskripte sind hoelasirscheinlich alternative Splicing
Formen desselben Gens (Benz et al., 2005). Dare&sipnsprofil der Transskripte zeigt die
eindeutige Signifikanz der TbPLAvAhrend des gesamten Lebenszyklus des Parasiten.

Um sicher zu stellen, dass das untersuchte Profeitiche eine Phospholipase,Ast, wurde
ein spezifischer Enzymassay mit gekaufter PbBAs der Bauchspeicheldriise eines Schweins
als Kontrolle (Jimenez et al., 2003) durchgefiuBhut- und Fliegenformen der Trypanosomen
wurden verwendet um die Enzymaktivitat in verschiresh Zellfraktionen zu bestimmen. Die
Ergebnisse zeigen, dass TbRL#Nn in Membranen lokalisiertes Enzym ist das wétirdes
gesamten Lebenszyklus exprimiert wird, mit einehmas zweifach héheren Expression in
Fliegenformen.

Ausgehend von diesen Beobachtungen zusammen miDd&én vom Northern blot und
Western blotting kann man postulieren, das TbPIPAT. bruceials Transmembranprotein
vorliegt. Wegen seiner Bedeutung fir den Parasitéihrend des ganzen Lebenszyklus
scheint TbPLA ein viel versprechendes Ziel fur die Arzneimittglgicklung zu sein, das es

sich lohnt noch naher zu untersuchen.
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