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ABSTRACT

The potential of cystae proteas®NA -vaccine constructs to protect mice agaifdasmodium
bergheiinfection was investigatedThe fultlength genes encoding the orthologs of falcighin

and falcipair2 were identifiedn the datbase isolated and amplified by a nested polymerase
chan reaction (PCR) using the genomic DNA of a rodent malaria parB&tenodium berghei,

as template. The oligonucleotides used to prime the PCR were designed based on the identified
contigs at the Welcome Trust Sanger Institute containing the eysteine proteases reading
frames. The gel purified amplicons were cloned into pcDNA3AmpStrepTag vector and the
presence of the genes in positively transformed -Blie E. coli strain were confirmed via
colony PCR, restriction digest and sequencing. TBerghepainl (BP1) and Berghepai?

(BP2) genes amplified contairb60 bp and 1407 bp open reading frames encoding 519 and 468
amino acids with molecular masses of3d0kDa and 546 kDa, aml isoelectric pointof 7.52

and 6.01, respectively. Sequencelgses and alignments showed thath deduced proteins
belong to peptidase_C1 superfamily, ladksignal peptides and possésgh identity (up to

78%) with their corresponding cysteine protease orthologs from other malaria species and
conservation of He Cys, His and Asn residues that constitute the catalytic triad.
Immunoflouresence study with pcDNA3 plasmids harboring these genes and StrepTag
sequences, in frame, confirmed the transient expression of these proteins-iti@@Sected
mammalian ce. The pcDNA3AmMpBP1StrepTag and pcDNA3AmMpBP2StrepTag midipreps
were cut with two sets of restriction endonuleases (BamHI/Xhol and Hindlll/Xhol) for onward
ligation into pVaxl already cut with the same enzymes systems. The later strategies were
adopted to alow for the subcloning into pVdx in order to produce
pVaxlKanTransinBPStrepTag and pVaxlKanBPStrepTag DNA vaccines for both enzymes
with and without transin signal peptide respectivéliean total plasmid DNA poduced with
transinwas 2.73mg while those witbut transin sequence w8.02mg. Seven goups ofmice

(ten mice per group) werachimmunized with the vaccineonstructs and all the animalsre

each sunsequentlychallenged with1.43 x 10 P. bergheiiRBC. Mice in the positive and
negativecontrol groug were given membranfitered PBS as placebo in plaof DNA vaccine

and the groups were either challenged with the parasite or left unchallenged respectively.
Paragaemia,animal weights and red cell counts were dateed during the experiment. Deaths

were also closely monitored and survival rate of the experimental groups were noted. All values
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observed were statistically compared with valuethethree control groups (Negative, Positive
andvectorcontrols).Immunzationwith the DNA vaccine constructs lowered the parasitaemia in
mice vaccinated with pVax1StreptagBP2, pVaxlTransinStreptagBP1, and
pVaxlTransinStreptagBP2. This pattern in parasite burden also affected, in identical manner, the
red cell counts, meaneight and ultimately the percentage population of healthy survivors seen.
Animals vaccinated with bergheipain2 gene insert were better protected against the lethal
infection than those vaccinated with Bergheifpa@mcoding pdsmids. Better protection were
seen in groups of mice immunized with DNA vaccine with transin signal peptide than those
without it. The possibility of plasmidDNA integration into the genomic DNA of experimental
animals was also checked using P@Rhnique andesults obtained did n@howany possible
integration This study suppostthe immunogenicity of plasmodium cysteimetease (CP)and
demonstratethe potentialbf bergheipairbased DNAvaccine to proteciice against infection

due toP. berghei Though the protectioappeared to depend on the homologue employadsit

enhancedby the incorporation of signal peptide sequence at teadof the CP gene.
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CHAPTER ONE
INTRODUCTION
1.1Background of the study

Malaria is a lifethreatening parasitic disease caused by various species of plasmodia and is
transmitted via the bite of mosquitoes . It is thought to be man’s most important parasitic disease.
According to the World Health Organization there are 300 to 500 million clinical cases of
malaria each year resulting in 1.5 to 2.7 million deaths (IDRreereport, 1996) with Sub
Saharan Africa known to be the region with the highest malaria infection rate. In fact, it is

reported that 8890 % of malarial deaths occur in this region (IDR centre report, 1996).

Four plasmodiunspecies(Plasmodium fal@arum Plasmodium vivaxPlasmodium malariae
and Plasmodium ovaleare responsible for malaria infection among human Ritfalciparum
infection accounting for most dlie death cases encounter@ujip, 2005) hatis whyresearch
efforts on malaria has focused largely Bnfalciparum. Plasmodium berghels a causative
agent of rodent malaria and usually presents similar cerebral infection equivalent to Ehat by
falciparum in human (Albay et al., 1999). The major feaurof P. bergheiinfection are

anaemia, splenomegaly, fever and liver damage (Thurston, 1953; Sudhir and Saxena, 1980; ).

The management of malaria requires the use of chemotherapeutic substances. Chloroquine and
sulfodoxinepyrimethamine are two of the mononly used antimalarial drugs. In recent time,
however, drug toxicity and the increasing incidence of drug resistance (Rosenthal, 1998; Ekland
and Fidock, 2007) have constituted the major challenges facing chemotherapeutic efforts against
malarialinfecton and he molecular basis for this resistancestii highly speculative which

makes it difficult to develop amtermeasures (Salganik et aB8T). These challenges are even

more apparent in developing countries of the world where the purchasiitg ebihe majority



of the populace is quite low. The ultimate solution to the pandemic is the development of an

effective vaccine against the disease.

The conventional approaches at developing effective malarial vaccine is largely carried out using
isolaed proteins or glycoproteins which had been implicated in the life cycle of the disease
(Ramachandra et al., 2000). Most of these proteins are enzymes which catalyse key reactions
which areimportant for the parasite’s survival. Such approaches havereddhie extraction of

large quantity of the immunogenic substance and so, recently, biotechnological tools have been
utilized to identify genes coding for these proteins from where recombinant molecules are
subsequently expressed, biochemically charag@riZakin et al., 1990; Byouriguk et al.,

2004) and used during immunization regimen.  Again, it has been observed that when isolated
proteins are used to elicit immune response, the parasites exhibit an unusual mechanism of
evading such response by antnual change of its surface coat (a phenomenon known as
antigenic variation). This ability is a genetic property of the organism and so has made the

development of an effective vaccine almost impossible.

DNA vaccine researcls relatively recent deveboment in vaccine methodologig a novel and
powerful alternative to conventional vaccines efforts. This new technique has the potential of
overcoming most of the difficulties faced in attemptdevelopimmunizing antibodies using
conventionaprotein immunizationmethod. DNA vaccines, involves the deliberate introduction

into tissues of a DNA plasmid carrying an antigealing gene that transfects cells in vivo and
results in an immune response. DNA vaccines have several distinct advantages, which include
ease of manipation, use of a generic technology, simplicity of manufacture, and chemical and
biological stability (Whalen, 1996). DNA vaccination results in the induction of specific Thl

and CD8 T cell responses and their ability to protect various host modelst agieicisons due
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to viruses, bacteria and protozoans have been demonstratethiGduand Daeyin, 2006;

Carter et al., 2007).

The use of a wide variety of genes encoding particular pathogen’s enzymes is a common feature
being exploitedin the design oDNA vaccine (Carter et al., 2007). Cysteine proteases [EC
3.4.22] (Dixon et al, 1979) are found among various protazd8youngKuk et al., 2004;
Nicolas et al., 2009; Caldeira et al., 2009). In malaria, cysteine proteases have been shown to
play very immrtant roles duringhe life cycle of the parasites which includeaemoglobin
hydrolysis, erythrocyte rupture, erythrocyte invasion by the parasites and malarial sporozoite
egress from oocystes (Rosenthal, 1998; 2004; Aly and Matuschewski, 2005). TKas ma
cysteine protease a good target for vaccine develophdentifying cysteine protease genefn

berghei and targeting it as a psible candidatdor the development of model DNA vaccine

against malaria is what this stushfendsto achieve.

1.2 Statement of Problem

The use of insecticides and bed nets plusentchemotherapeutic management of malaria, have
not succeeded in eradicatimgalaria infection. Problems facing chemotherapy of malaisa
largely due toobservedgrowing incidence ofesistance pose by plasmodium parasites against
commonly usedantimalarials Ekland and Fidock, 2007 Despite several scientific efforts, to
date, there is no effective malarial vaccimeuse(Richie and Saul, 2002; Kaba et al., 2011})e
development of effective malaria vaccine will provide a long term antidisease management

alternative to chemotherapy .

1.3Research Null Hypothess

DNA vaccine based on cysteine protease gene will not confer protection against

Plasmodium berghenfection.



1.4 Aims and Objectivesof the Study

The aim of this study is tinvestigate fi vaccinationwith DNA vaccine encoding cysteine

proteasewill protectmiceagainst infection due t®lasmodiunberghei

Theobjectivesof this studyare

1. Toidentifyandisolatethe genecoding for cysteine protease P. berghei.
2. To design and construbtiNA vaccineencoding cysteine proteaseRafberghei
3. To evaluate the potentiaf the DNA vaccineonstructo protect mice again§t. berghei

infection.

1.5 Justification for the Study

Every year, malaria is one of the leading causes of death and disease worldwide, especially in
the developing world. It kills more than one million people each year, most of them-in sub
Saharan Africa, with sevenfive percent of these deaths occurring in children under five.
(http://lwww.malariaconsortium.org/pages/malaria.h2012). In Africa malaria is the biggest
killer of children under five yearsld, who account for with nearly 90 percent of all malaria
deaths. It is estimated that a child dies every 45 seconds from the disease
(http://www.malariaconsortium.org/pages/ana_challenges.htn2012). The impact of malaria

on children remains a serious obstacle to the achievement of many of the Millennium
Development Goals (MDGSs), including Goal 2 (universal primary education) and Goal 4 (the
reduction of infant mortality) ttp://www.malariaconsortium.org/pages/malaria_challenges.htm

2012). There is a dare need to alter the existing sad statistics associated with malaria .in Africa

The managemerdtrategy adopted over the years against malaria infection has to be reviewed.

This is in view of the fact that chemotherapy, which is a major component of the disease



management strategy, has suffered a lot of setback posed mainly by the increasemgencfd

drug resistance observed with field use of most antimalg&#land and Fidock, 2007).

It is thought that the development of effective malaria vaccine will provide a long term
antidisease management alternative to chemothergpgveral effortsat raising preventive
antibodies in trying to develop effective malaria vaccine have over the years failed. The failure
recorded with conventional approach to immunizatismg recombinant proteirgiggests the

need tary other alternatives in the sehrfor the malaria vaccine

DNA vaccination provides a new direction required for this deviation. DNA vaccine is a new
and promising approach that is thought to have the potential of overcoming most of the
challenges put forward by conventional protemmunization regimen (Whalen, 1996; Carter et

al., 2007).

The gene of malarial cysteine protease is the chosen target for this DNA vaccine research
because of the crucial roles the enzyme plays during the pre and intraerythrocytic stages of the
parasite ife cycle (Rosenthal, 1998; Byoung et al., 2004; Aly and Matuschewski, 2005).
Furthermore, the gene has been considered as a good target for vaccine design (Nicolas at al,
2009). In Leishmania, cysteine protease has been identified as target for inespmese in

human leishmaniasis (Rafati et al., 2001) and the vaccine potentials of both the protein as well
as plasmid DNA encoding the enzyme have been screened in experimental animals (Zadek

Vakili et al., 2004; Rafati et al., 2005; Doroud et ab12).



CHAPTER TWO
LITERATURE REVIEW
2.1 Introduction

Malaria is caused by various protozoan parasites belonging to the genus plasmbdgim
parasitic disease is transmitted via the bite of plamodiame mosquitoe vectorDifferent
species of plasmodium have been associated with different forms of malaria in human and

animals.

The staistics associated with malaria is alarming; There are 300 to 500 million clinical cases of
malaria each year with resultant 1.5 to 2.5 oilldeaths. Again, children aged one to four are
the most affected group in terms of vulnerability to infection and dé&attthermore,The costs

of malaria in Africa alone amounted to US $ 1.8 billion annually (IDR, 1996). It is believed that
40 % of theworld’s populatim, spanning about 90 countries, are at risk of the infection and
that 8090 % of malaria deaths occur in SubSaharan Africa where 90 % of the infected people

live.

In Africa malaria is the biggest killer of children under five years wlio account for nearly 90
percent of all malaria deaths and it is estimated that a child dies every 45 seconds from the
disease Ifttp://www.malariaconsortium.org/pages/malaria_challenges.htm,20h2 impact of
malaria on children remains a serious obstacle to the achievement of many of the Millennium
Development Goals (MDGS), including universal primary educationand the redoétiofant

mortality (http://www.malariaconsortium.org/pages/malaria_challenges.htm)2012

Pregnant women are far more vulnerable to malaria than other adults: they amnésumore

likely to contract and twice as likely to die from malaria than other adults. This is due to the



typical immunosuppression associated wjhegnancy and increased levels of the hormones

cortisol and oestrogd(ihttp://www.malariaconsortium.org/pages/malaria_challenges.htm)2012

Studies (http://www.malariaconsortium.org/pages/malaria_chakeshtm, 2012) have shown
that in Africa malaria in pregnancy accoufds 400,000 cases of severe maternal anaemia and

200,000 newborn deatlesch year

Placental infection, premature birth and low birth weight (a significant factor in infant mortality)
are also caused by maternal malaria. In addition, severe maternal anemia increases the risk of
perinatal complications. Malaria, therefore, is serioushdéring the achievement ahprove

maternal healt (http://www.malariaconsortium.org/pages/malaria_challeinges 2012)

The cost of malaria to Africa is estimated at $12.5 billion per year, which represeptrdeit
of affected countries economic growth (GDP)
(http://lwww.malariaconsortium.org/pages/malaria_challenges.htm,20? some countries,
malaria accounts for up to 4iercentof total health expenditure and-30 percentof hospital
admissionghttp://www.malariaconsortium.org/pages/malaria_challenges.htm)2012
Productivity is reduced and staff turnover increased by ilinelssed absenteeism and children’s
education is severely disrupteldural and poor populations carryetioverwhelming burden of
malaria because access to effective treatment is extremely limited

(http://www.malariaconsortium.org/pages/malaria_challenges.htm), 2012



The acquisition of drug resistance by plasmodium has sevemkyented global
chemotherapeutic control of malaria (Ekland and Fidock, 20@@)rrently, the most effective
malaria drugs are derived from artemisinin and used in combination with othgs dru
(http://lwww.malariaconsortium.org/pages/malaria_challenges.h#t12) The use of two
different drugs together aims to ensure parasites resistant to one drug are killed by the other
before resistancespread (http://www.malariaconsortium.org/pagesilaria_challenges.htm

2012) Thefact that malaria parasites a complex organism with complicated life cycle and that

the science of immune response associated with malaria is not fully understood by researchers
are two major challenges tine developrant of effectivemalarial vaccine by conventional

vaccine techaology.

It is hoped that the new technique of DMAsedvaccination will provide the much needed

effectivemanagemendlternative to chemotherapy.

2.2 Classification of plasmodium
Plasmodiunbelongs to the familyPlasmodiidagLevine, 1988), ordelaemosporidand

phylumApicomplexa

Plasmodium berghes a rodent malarial species belonging to the subgémekeiaand has the

following taxonomic classification:



KINGDOM Protista

Subkingdom Protozoa

Phylum Apicomplexa

ORDER Haemosporida

FAMILY Plasmodiidae

GENUS Plasmodium
SUBGENUS Vinckeia

SPECIES berghei(Garnham 1964)

2.3Life cycle of Plasmodium

The life cycleof malaria(Figure 2.1) is a complex ondor several reasongirst, plasmodium
goesthrough several ages during its life cyclenvolving both invertebrate (mosquito) and
vertebrate (mammalian) hosts. Secondly, in the process of development, the parasite experiences
different intracellular and extracellular environmenits addition, the parasitgossesses a large
genome on 14 chromosomes encodingapproximately5000 proteins Poolan and Homan,

2002) It is believed that the compliyx of malariallife cycle reflects a seriesf evolutionary
adaptations thatptimised its ability to exploiits hosts Aravind et al., 2003).

Infectious sporozoites imosquito’s saliva enter the mamlian host’s bloodstrearas the
mosquito feeds on host’s blood. The plasmodium parasite usually differentiates into a series of
morphologically distinct formsvhether they are in theertebratehost or in the vectoidn each

host the parasitealternates between invasive (sporéepimerozoite, and ookinete) and

replicative stages (trophozoite, schizont, and oocyst) (Hall et al., 2005).
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2.3.1Sporogonic stage in mosquito vectorThe Anophelesnosquitovectorfirst picks up the

male and female sexual forms of plasmosdium from the blood during a blood meal. In the vector,
the sexual forms (gametocytes) recombine and generate genetically distinct sporozoites
(Greenwood, et al. 2008)he parasites complete their sexdalelopment to gametes whie
gametocytesiretaken into the mequito midgut during blood mealhe gametes fuse to form a
motile zygote termed the ookinete, which penetrates the chitinous peritrophic membrane
surrounding the blood meal and theasseshrough the epithelial cells of the midgut lining to
lodge in the basal lamina. There it grows into an oocyst that divides into numerous sporozoites.
The oocyst bursts releasing sporozoites into the homocoel which then invade the salivary glands
to completethe cycle(Aravind et al., 2003)The sporozoites are known to go through several
metanorphoss during its passage through the Midgut and salivary glands of the infected
mosquitoand the vector can become infectious to another mammalian host in abouedk®

after its blood meal infectiorDevelopment of plasmodium withinghvector is influenced by
ambianttemperature and this partly account for the preponderanewaxinfections outside

tropical and subtropical regions (Greenwood et al., 2008)

2.3.2Stages in mamalian hosts:

In the mammalian host, the cycle is divided itwo mainstages; the prerythrocytic and the

erythrocytic stages.

2.3.2.1Preerythrocytic stage

Upon entry into the bloodstream of the mammalian host, sporozéitagl by lymph and
blood to invade specific tissues and develop as “exoerythrocytic” stages before infecting the

blood cells.In mammals, these stages occur in hepatocytes, divide through a process termed

12



schizogonyand differentiatend mature intthousands of mezoites(Aravind et al., 2003)For

P. falciparum the development of the parasites into schizonts within the liver takes an average
of 6.5 days (Moorthy et al., 2004)he schizonts then ruptureleasing thousands of merozoites
into the fepatic venous circulation and will invade any erythrocyte if it is not pick up by

phagocytic cellsThe liver stage isisuallyasymptomatic.

2.3.2.2Erythrocytic stage

The asexual erythrocytic stage of the cycle stafttsn a single merozoite invade a red blood

cell and is enclosed within a parasitophorous vacy&esan et al., 1997)Here, three
morphologically dstinct forms are easily seeme first is the ring form which account for 24
hour of the intraerythrocit phase in P. falciparum and is known to be metabolically
nondescrip(Susan et al., 1997 he ring stage is immediately followed by the trophozoite stage

a very active period during which most of the red blood cell cytoplasm is consumed. The last
form is the schizont stage. The trophozoites undergo several rounds of binary divisions leading
to the formation of schizont which actually contains numerous merozoites. The schizonts burst
from the host cell releasing the merozoites which invade new ecytbsoand so initiate another
round of the infectionSusan et al., 1997Yhe duration of erythrocytic cycle varies amgon
plasmodium species: ranging from 24hr in simiarknowlesi 48 hr inP. falciparum P. vivax

andP. ovaleto 72 hrs inP. malariae(Aravind et al., 2003).

2.4Clinical and pathological features ofmalaria

Theclinical manifestations of malaria result from schizont rupture and additiomatlye case
of P. falciparum from trophozoite adherence to endothelial c&lsser, vomitting and/ or

diarrhoea are the majsignsobserved in uncomplicated malaria. In adults, severe infection due
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to P. falciparumin human is chacterized by multiorgan damage, including renal failure. Severe
malarial infection in children couldome with prostration, respiratory distress, severe anaemia,
and /or cerebral anaemi#lypoglycemia, acidosis are some additional abmdities associated

with malaria(Greenwood et al., 2008).

Genetic factors, age of patient and intensity of transmissiatd influencesusceptibility to
cerebrh and severe malaria (Greenwood et al., 2008). Malaria interact with other infectious
diseases (like HIV) to modify the susceptibility and / or severity of either dis€agafection

with Helminths as well aswontyphoid Salmonellaspp couldaffect malarial patients differently

(Greenwood et al., 2008).

2.5 Management of malaria

2.5.1Vector Control

The epidemiology of malaria infection and disease argelg a function of seasonality,
abundance and feeding of Anopheles mosquito vector (Greenwood et al., [4088uito \ector
control has been essential for successful malaria elimination programeross the world
(Greenwood et al.2008).Contemporary vector control strategiasludethe use of insecticide
treatednets (TNs), longlasting ITNs (LLINs), and IRS. IRS with DDTvas an essential
component of the Global Malaria EradicatiBrogramme in the past century and remains highly
effective inregions where mosquitoes are sensitovéhe insecticide Resistance to pyrethroid
insecticideshas been identified as one ofthe most pressing research problems for vector
biologists (Greenwood, 2008)Only pyrethroid insecticides are licensed for uselTihs.
Therefore, tools to rapidlgetect the many genetic mechanisthat can underlie pyrethroid

resistance are urgently needed.
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2.5.2Chemotherapy of malaria

The principal drugs currently in use to treat malarial infections include Chloroquine, Quinine,
Amodiaquine, Mefloquine, Halofdrine, Artemisinin, SulphadoxirByrimethamine,
AtovaquoneProguanil, and Lumefantrir@rtemether.The old compounds (quinine, isolated
from Cinchora bark in 1820) and the new compounds (artemisinin, purified Armtemisia
annuain 1972) are produstofancient herbal therapies (€&nwood et al., 2008). Antimalarial
drugs, singly or as combination regimen, interfere w#lhtainaspects of parasites metabkoli

that differ significantly from that of the human host (Ridley, 20(asmodium aganelles sub

as lysosomal food vacuole, apicoplast and acristate mitochondrion with their associated
metabolic roles in haemoglobin degradation, parasite transcription/translationa system and
limited electron transport respectively, constitute the major drug saofeixisting antimalarials.

The deelopment of drug resistance observed against antimalarials has led to a marked
resurgence of research interest in the 1960s (Powell,, Miller, 1992) and this has continued

and is being encouraged by recent advanceuman and plasmodium genomes’ research

outcomegPatel et al., 2008)

2.5.3Vaccine efforts against malaria

Malaria vaccine is one of the control efforts towards controlling the disease. The key goals of
any vaccine research are thought to include the induction of strong immune response, the
identification of stagespecific protective antigens and successful coatmn of candidate
immunogens (Moorthy et al., 2004). Even though tlaeedew vaccines atlifferenttrial stages,

to date no effective vaccine against malaria is in circulgfdchie and Saul, 200XKaba et al.,

2012) Efforts at developing such malari vaccine had utilized whole attenuated strains,

recombinant proteins ardNA vaccines targeted at different stages of plasmodium life cycle in
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rodents and human models with various degree of efficacies (Richie and Saul, 2002; Moorthy et
al., 2004). This progress could be accounted for, in part, by the increase in Worldwide funding
for malaria fromUS$149 million in 2000 to almost $1-2 billion in 2008dorthy et al., 2004;

Pigott et al., 2012)Continued funding will no doubt speed up the production of effective

malaria vaccine candidates.

DNA vaccination against malaria is a relatively new field with very few literatutes available but
interestingly human clinical trial for a mukintigen maldal DNA vaccine has been carried out
between 1997 and 1998, and between 2000 and 2001 (Richie et al. 2012). The vaccine was
found to be safe and well tolerated but did not evoke antibodies production and hence protection
of volunteers (Richie et al.022) With approximately 5300malarial antigens identified
(Moorthy et al., 2004) in this pegtenomic era, there is a wealth of information that could fast
track devéopment of vaccine particularly, DNA vaccineagainst different species of

plasmalium.

2.6 Review of eazymes involve in the metabolic activities of plasmodium.

A number of enzymes have been foumglasmodium and play key role in the parasite survival.
Plasmodiumparasitesare highly dependent on glucose and very sensitive to oxidative stress.
Preuss et al.2012) have identifiedjlucose6-phosphate dehydrogenase (G6P®key enzyme

of Pentose phosphate pathway (PB®a drug targeBoth plasmodiunparasitesand the hunma

host have complete PPP and they both seem tmp@tantfor the parasitesMajor differences
betweerparasiteand human G6PBould be exploited for antimalarial drug design Preuss et al.

(2012)
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Protein kinases of plasmodium are another major class of enzyme relevant to the parasite
metabolism. Most keyenzymesin the inositol pathway are phosphorylated, which strongly
suggests additional levels of regulation and crosstalk with other proteiregitizet coregulate

different biological processed dlevichet al., 2011 cAMP-dependent protein kinase- Aand
phosphatidylinositekignaling are involed in the regulation of host cell invasion (Lasonder et al.,
2012). In addition, the second messenger cAMP has been shown tmpgmetant for the

parasités ability to infect the host's liver, but its role duriparasitegrowth inside erythrodgs,

the stage responsible for symptomatialarig is not clear. The P. falciparum genome encodes

two adenylyl cyclases, thenzymesW KDW V\QWKHVL]HQE$G8B8$&3I1$&D @D ]DU HW
2012) and W LV WKRXJKW W Krbpartadirdl& dusng e \éryEncytic stage of the P.
IDOFLSDUXP OLIH F\FOH %LRFKHPLFDO FKDUDFWHUL]DWLRQ
and sensitivity to a number of small molecule inhibitors. These inhibitorpatifisiteggrowing

inside red bloodells (Salazar et al., 2012).

Histone deacetylases (HDACs) are anothersclafs plasmodium enzymes. Theyfect post
translational modifications of proteins by altering the acetylation state of lysine residues
(Andrewsand Fairlie, 2012) HDACs control epigenetic changes that teggell transformation

and proliferation of transformed cells associated with many diseases and they are thought to be
validated drug targets for some types of cancer and are promising therapeutic targets for a range
of other diseases, includingalaria(Andrewset al., 2012)The absence of licensed vaccine for

preventingmalarianecessitating the search for new therapies. HDAC inhibitoreraszging as
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a promising new class of antimalarial drugs with potent and selective action against Plasmodium

parasitesn vitro (Andrewset d., 2012) Recent studies on the effects of HDAC inhibitors on the

growth and development of P. falciparum have providegortant new information on

transcriptional regulation imalariaparasitesand have validated the potential of this class of

inhibitors formalariatherapy Andrewset al., 2012)

Another metabolic pathway crucidr the survival and replication of thearasiteis the

synthesis of the purine nucleoside monophosphates (Jersey et al., 2011). The identification and

characterization of inhibitors of thenzymesas antimalarial drughave been reviewed (Jersey et

al., 2011). The acyclic nucleoside phosphonates (ANBs} thoughtto be excellentdrug

candidatedor many reasonghey are good inhibitors of the two Plasmodienzymes can be

selective compared to the human enzyme, can arrest parasitemia in cell bagedhas® low

cytotoxicity to the human host cellave stable carboiphosphorous bon@ndare stable within

the cell (Jersey et al., 2011).

Plasmodiumparasitesalso possess a single pyruvate dehydrogenase (PDH) enzyme complex
that is localized to thelastidlike organelle known as the apicoplast. However, unlike most
eukaryotes, Plasmodiuparasitedack a mitochondrial PDHThe PDH complex catalyses the
conversion of pyruvate to acet@bA, animportant precursor for the tricarboxylic acid cycle

ard type Il fatty acid synthesi¢FAS I1) (Pei et al., 2010).
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Infection of red blood cells (RBC) subjects thwlaria parasiteto oxidative stressMalaria

parasitesadapt to the oxidative stress during their erythrocytic stages with the help of vital

thioredoxin redox system and glutathione redox system. Glutathione reductase and thioredoxin

reductase arémportant enzymesof these redox systems that hglprasitesto maintain an

adequate intracellular redox environmé@lapoor and Banyal, 2009 Activities of glutathione

reductase and thioredoxin reductase in P. bengffiested host erythrocytes were found to be

higher than those in normal host cells ( Kapoor and Banyal, 2009 ). €hegemesbeing

mainly confined to the cytosolic part of célée P. berghei may promise advances in

chemotherapy omalaria( Kapoor and Banyal, 2009 )

Closely related to these enzymes amother enzyme, gampngdutamylcysteine synthetase

(gammaGCS). Plasmodim bergheiparasiteslacking expression of gamnagdutamylcysteine

synthetase (gamm@cCs), the rate limiting enzyme in de novo synthesis of GSH, were generated

through targeted gene disruption thus demonstrating, quite unexpectedly, that G&8nmnot

esential for blood stage development.

Proteases of plasmodium are a class of enzymes that has received a lot of research attention.

Facipains of Plasmodium falciparum, in particurly, has been extensively worked because of the

promise it offer as target fantimalarials Rosenthal 1998; RosenthaR004). Therefore, the

next section will be devoted to different classes of malaria proteases.
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2.7 Proteases and their biological roles

Proteases are enzymes that catalyze the degradation of peptide bonds probeins and
peptides. Proteinases (or endoproteases) catalyze hydrolysis of internal bonds while
exopeptidases are known to catalyse cleavagetions involvingone or two amino acids from
either ends of a peptide chaiBxopeptidases could be aminopeptidase or carboxypeptidase
depending on the terminus that is being acted (piKerrow et al., 1993)Depending on the

pH rangeover which they are actiyeproteases have also been classified as acid, neutral or
alkaline proteases (North, 1982Dn the basis of their catalytic mechanisms, proteinases are
either aspartidEC 3.4.23) metalloproteinas¢EC 3.4.24) serine protmases(EC 3.4.21)or
cysteine proteinasd&C 3.4.22) The later classification appearstiethe most reliable and one

that ismost widely usedby researcherdNprth, 1983.

Proteases are found in abundance in nature, in both plant and animal as iwdghelewer
kingdoms of the protistdNorth, 1982. Their biologtal roles in nature amiversedepending on
their natural cellular location.These roles range from tissue penetration, digestion of host
protein for nutrientsevasion of host immune responsd® other processes such as tissue
catabolismand apoptosis (McKerrow et al., 93). Other identified biological roles of proteinase
involves their roles in posttranslational processing of primary translation prodaitvation and
inactivation of specific proteinstheir roles during morphogenesis and differentiatian
microorganismas well as in several disease processes (pathogenesis) (North, TH@&2)roles,

in most cases, are stage specifiang parasite’s life cycle.
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2.7.1 Cysteine proteases

Cysteine proteasalerived their name due to the function of a catalytic cysteine, which mediates
protein hydrolysis via nucleophilic attack on the carbonyl carbon atom of a susceptible peptide
bond (Rosenthal, 2004)Cysteine proteases are subdivided into clans. Diffeclam do not
share sequence and structural identity and probably have inteppeancestry Clans sharehe

use of a cysteine to catalyse the hydrolysis of peptide bandsaresubdivided into families
based on sequence identities and similari{i@ssenthal, 2004) For example, proteases
belonging to clan CA utilize catalytic Cys, His, and Asn residues that are invariably in this order
in the primary squence of the protease. Clan,GAamily C1 (papakfamily) cysteine proteases

are well characterizefor many eukaryotic organismsé are the best characterized cysteine
protease oPlasmodium Plasmodiumfalciparumis thought to have up to four falcipaithe
common name foits cysteine proteases) belongiagthe CA clan. The second clan of interest

in plasmodium is clan CD. Member of this clan utilizes a catalytieGyis dyad (in this order in

the primary sequence) for activity. Clan CE , characterized by His, Glu (or Asp), Cys catalytic

residues is alscepresented in thi. falciparumgenome (Rosenthal, 2004).

2.7.11 Cysteine protease catalytic mechanism

Though structurally distinctcysteine and serine proteasasry out analogous reactions and in
having a catalytic triad features. While the catelyfiad in serine proteases consists of Ser195,
His57, and Aspl02, in cysteine proteases on the other hand, Cys 25, His159 and Asnl75
constitute the putative catalytic triad. These amino acid are conserved in all members of the

papain fanly (Higaki et d, 1989).
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, Q S D S D Ef@rogéhkoftHis 57s within hydrogerbonding distance of the thiol group of Cys

25. The third member of the triad, Asn175, can also form hydrogen bomdHw&I57 a similar

role Asp102 play in serine protease. The catalytic state of papain was shown to exist as the ion
pair where the negatively charged thiolate anion is paired with the positively charged

(protonated) imidazole of His159 ig#ki et al, 1989

Thecommon feature in the catalytic mechanism of all cysteine pratesades use of thiol group

of cysteine as a nucleophile. The first step is deprotonation of the thiol in the enzyme’s active
site by an adjacent amino acid with a basic side chain, usuhbitidine residue. The next step

is nucleophilic attack by the deprotonated cysteine’s anionic sulfur on the substrate carbonyl
carbon. In this step, a fragment of the substrate is released with an amine terminus, the histidine
residue in the protease restored to its deprotonated form, and a thioester intermediate linking
the new carboxyerminus of the substrate to the cysteine thiol is formed. The thioester bond is
subsequently hydrolysed to generate a carboxylic acid moiety on the remainingatsubstr

fragment, while regenerating the free enzyiH@gaki et al, 1989

2.71.2 Occurrence, Isolation and biochemical characterization of cysteine protease

In both plant and animal kingdoms, cysteine protgeasdst abundantly in nature.y§teine
protease$iave been foundnd in some instances isolated from various sources inclifdivegat
(Dominiguez and Cejudo, 1996@he rhizome off urmeric(Curcuma longa (Nagarathnam et al.,
2009), rice Lee et al., 2004) the latex ofCarica papaya(pawpaw pant), tissues of nematode
(Yatsuda et al., 2006vormssuch a€EEntamoeba histolyticl_.uaces and Barrett, 198&ndin
several pathogenic bacteriddtson and Mudgett, 2004ju et al., 201) and protozoauch as

African and south American trypanosomes, plasmodium and LeishmgBiancertz and
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Hungerer, 1978McKerrow, 1993;Brooks, et al., 2000Rosenthal, 2004 Cysteine proteasef
typical papairfamily type hydrolyse haemoglobin, casein, gelatnd different erythrocyte
membrane proteins such as spectrin, protein 3, actin and gycophorin (Bgokng004). Thg
are known torequire reducing conditions for theactivitiesand to pssessacidic pH optima

(Boncertz and Hungerer, 19Menard et lg 2000;ByoungKuk, 2004).

2.713 Cloning of cysteine proteasegene and molecular characterization ofits
recombinant protein

Recombinant DNA technology has been used extensively in the production of large amount of
severalproteins incluthg cysteine proteases. The technique allows for the production of large
amount ofa protein whenever study requiring the protein in its puresemipure state arises.
Pameret al. (1991) have produced a recombinant cysteine protease using cDNA isotated f
Trypanosoma brucei rhodesiens@d showedhat the recombinant protein is identical twatve
enzyme in terms ofsubstrates hydrolysis and response to inhibitdecombinant falcipains,
cysteine proteases froRlasmodium falciparumhave been produced and character{&utenai

et al., 2000; Kumar et al., 200 Na et al. (2010) have also cloned gene of cysteine protease from
Plasmodium vivaxand have overexpressedhe proteincompetentE. coli cells grown in LB
medium by induction with 1mM isopropyl-thio- -D-galactopyranosi

Cysteineproteaseequired for the molting c®nchocerca volvulughird stage larvabave also

been cloned and characterizedUmstigmanet al.(1996) It hasbeen previously reported that

the gene coding foenzyme domain of protozoan cysteine protéades an introrf{fNene et al.,

1990) and so a number of molecular study on cysteine protease gene had employed genomic

DNA as template for PCR amplification.
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2.71. 4 Biological functions of cysteine Protease

Cysteine proteases have been associatikdseveral biological functions in nature few of which
include: degradation of extracellular matduring parasite penetration, involvement in molting
processes, immunogbulins’ hydrolysis as a way to escape host immune response (Renard,
2000). Cysteine proteinase ntamoeba histolyticahystolysin, is thought to be implicated in

the parasite’s infectiveness and invasiveness (Luaces and Barrett, 1988).

2.7.1. 5Biological roles of cysteine protease in plasmodium

Valuable informatio reagarding the function of cysteine proteaseplasmodiumare now
available fromseveralstudies.Hydrolysis of haemoglobin is the best characterized biological
function of plasmodiuncysteine proteaséRosenthal, 2004)nhibition studies have shown that

a trophozoite’s cysteine protease glagy role in the degradation adrythrocytehaemoglobin

in an acidic food vacuoléo provideamino acidsfor parasiteprotein syntlsis (Shenai et al
2000)eventhough only a fraction of the acids is utilized (KrugliaK et al., 2G08) the authors
have associated such hydrolysis to falcigairralcipain3 is another identified food vacuole
hemoglobinase (Sijwali et al., 2004)he amim acids releasealso help tanaintain the osmotic
stability of the parasite and to provide space for the growing intraerytrocytic parasite (Rosenthal,
2004).

Another possibléiological functionof cysteine proteasa malaria is in erythrocyte rupturdie
enzyme appearo bevery important in the release of merozoites, which rapidly invade other

erythrocytes and so initiate another asexual cycle (Rosenthat, 2po4li et al., 2004

24



Apart from haemoglobin hydrolysis and erythrocyte rupture, cysteine protease, in nadaria,
have been associated with the processedf cells invasion by merozoites Sijwali and his
colleague42004) had ruled out the chance of falcipdirparticipatng in erythrocytic hydrolytic
event. The enzyme is now thought to be involveddarythrocytesinvasion by merozoites

(Greenbaum et al., 200Kumar et al., 2007)

During gametogenesis, a nonerythrocytic stage of malaria life cycle, the cleavgayaeibcyte
surface protein Pfs230 was found to be blocked by the mempmneant cysteine protease
inhibitor E-64d, suggesty the possible role of cysteine protease in this st&geckout
experiment involving falcipakl gene had led to marked decreaseoocyst production

suggesting the role of this protease in sexual stage of the infection (Rosenthal, 2004).

2.8 The science ofDNA vaccination

Wolff et al. (1990 were the first to demonstraieat plasmid DNA aftebeing injected in saline

can betaken up and expressedthe cells ofmouse skeletal musc({®ontgomery et al., 1997).
They also, along with other studies, showed that the plasmid DN/A asigixtrachromosomal
molecules with no evidence of integration into mouse genomic Mxtgomey et al., 1997).

Ulmer and his collegues in 1993 first demonstrated that protective immunity could be elicited by

DNA vaccine technologyMontgomery et al., 1997).

It has long been established that the pathway of cellular immune response megoigegionof
antigen in the context of major histocompatibility complex (MHC) molecules by cytotoxic T
Lymphocytes (CTLs)Nlontgomery et al., 1997DNA vaccinehas been defineds a plasmid
containing a viral, parasitic or bacterial gene that can be expressed in mammalian cells (in the

case of infectious diseases) or a gene encoding a mammalian protein (in the case of
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noninfectious diseases, such asn@ar, autoimmunity, and aflgy). Once admistered, the
Plasmid carrying the geneoding for the antigeneof intere$, uses the host machineries to
express the protein and the rémg protein then evoke the needed immune response
(Montgomeryet al.,1997) Since the objective isah to raise antibodies against the DNA itself,
DNA vaccine has also been described as BiNédiated or DNAbased immunization (Whalen,
1996) The action o DNA vaccineis thought to be dependent on the means of delivery, the
kind of an antigen encoded, the dose of DNA, and the accompanying-iz¢fosequences

(Kofta and Wedrychowicz, 2001).

It is postulatedhat antigens produced insitlee cells, for example muscle cells, are geed in
the contextof MHC | to antigerpresenting cells, with the released proteins being engulfed by
macrophages that present immune peptides in the context of MHC Il. These, in turntheduce
Th1l or Th2 types of immune response. The Thl dependegmbnss ischaracterizedby the
production of IgG2 antibodies (IgG1 in humans) and by the activity of cytotozedl, the Th2
dependent response by IgM, IgG1l (IgG4 in humans), IgA and IgE resptmggsieral, DNA
vaccination induces Thdependent rathethan Th2dependent immuneesponsegKofta and
Wedrychowicz, 2001) The outcome of vaccination often depends on theeroift the
administration DNA vaccinationinduces the Thtlependent response, while protdorm

generates the Th2 resporis®fta andWedrychowicz, 2001)

DNA vaccines are thought to beefficient priming vaccines but do not boost efficiently.
Suppression of immune response was seen when several DNA gagereeadministered into a

single site in an animal (Sedegah et al., 2004).
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The major advantages credited to DNA vaccine technology include: the ease of maniptiation
use of generic technology argimplicity of its production(Whalen, 1996)Others includeheir
low cost, long shelf lifedue to theirchemical and biologicadtability, lack of requirement for a

cold chain and ability to induce goodctll responsefle et al., 2000; Carter et al., 2007).

Though recently introduced, DNA vaccine technology have been tried on a nahthseases
thatareof global significanceProtection of mice againstfluenza virus infection was observed
after vaccination with DNA encoding viral protein (Ulmer et al., 1993). Several studies on the
ability of DNA vaccination to inducerotective immunityagainst Leishania infection in
rodentsare availableand have showed promising degrees of protection (Carter et al., 2007,
Meby et al., 2001; Campdseto et al., 2002) Kurup and Tewari (2012) have demonstrated the
induction of protective immune response in micengi& DNA vaccine encodingrypanosoma
evansibeta tubulin genePotent induction of CDST cells werealsoseen after vaccination with
Plasmid DNA carrying the gene for circumsporozoite protefrPlasmodium yoelalone or in

combination with another DN&accine (Hoffman et al., 1997).

Initially, the major challenges facing DNA based vaccinatiortlzmeofsafety issues, tolerability

and the chancesf production of antDNA antibodies following vaccination Kofta and
Wedrychowicz 200]). Scientists & also interested in knowing if persistent antibody production

in small doses could induce immunological tolerance or if cells containing a vector could be

identified and destroyed by cytotoxic T cdllKofta and Wedrychowicgz22007).

In human production of antigenspecific antibodies has been quite difficult even when

excellent CTL inductionafter malaria DNA vaccine tiliawas observedLe et al., 2000).
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CHAPTER THREE
MATERIALS AND METHODS
3.1 Materials
3.1.1Experimental Animals

BALB/c mice (20259, both sexesyerein house bred afnimal house of the Department of
Biochemistry, Faculty of Science, Kaduna State Universfigduna Nigeria The mice were

used forin vivo maintairanceof the P. bergheinfection

For the vaccination experimerijghty (80) female Balb/c mice were bougfbm the animal
house of Nigeriarinstitute for Trypanosomiasis Resear&dgduna, Nigeria All the animds
were certified healthy by the animal scientist in thetitute before piechag and were never

used for any scientific experimentatiprior to purchase

3.1.2Parasite
Plasmodium berghe{ANKA strain) used for this work was obtained fromthe Nigerian

Institute for Medical Research (NIMR), Lagos, Nigeria.

3.1.3Reagents/Chemicals
Molecular biology grade chemical compounds and reageeteused. All other reagentssed

wereof analytical grade.

3.1.4 Labaratories used during the studies:

Preliminary studies involving infection of mice, collection gm@paration of infected blood,
isolation of parasite from infected blood, DNA extractions, immunization and post immunization
analyses were all carried out at the Center for Biotechnology Research and Trammagu

Bello University, Zaria, Nigeria.  Molecular Biology studiesincluding identification,
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amplification, cloning of geneglesign and production of DNA vaccine contructs were done
using the facilities available at the Centre for Biomolecular Interaction, Department of Biology

and Chemistry, Uniersity of Bremen, Germany

3.1.5Bioinformatics websites consultecind softwares utilized

The following websites and sofwares were employed for the bioinformatic studies: Wellcome
Trust Sanger Institutén{tp://www.sanger.ac.uk/National centre for Biotechnology Information
(http://www.ncbi.nlm.gov, Plasmodium Genomic ResourcePlasmoDB
(http://plasmodb.org/plasmp/Ewropean Bioinformatics Instituténifp://www.ebi.ac.uk ExPasy
(http://web.expasy.or)y/ Clustal Omega (1.1.0) available at the website Eafropean
Bioinformatics Institute Ifttp://www.ebi.ac.ukand Geneious Pro 5.5.3 sofwaneade available

at the Center for Biomolecular Interaction, University of Bremen, Bremen, Germany.

3.2Methods
3.2.1 Experimental Design

The chart below shows tlitagrammatic sequence of activities designed towards the realization
of set objectives.
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P. berghei Growth and Isolation

Genomic DNA Extraction

CP-gene Identification and
Amplification

CP-gene cloning

\ /
CP-gene sub-cloning into

CP-gene sequencin,
B . g pVaxl

Bioinformatics

Figure 3.1 Flow chart of the experimental design

3.2.2Parasite Inoculation

DNA vaccine production

Immunization Studies

First Objective

Second Objective

Third Objective

Blood from an infected mouse with risingarasitatemia (between 2@0%) was collected in

3.8% (w/v) Sodiumcitrate solution (in PBSpH 7.2. The suspensiorwas administered to

healthy mice intraperitoneally (0.2 ml per mouaedl the parasitaemia monitorgereafter.
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3.2.3Monitoring of Parasitaemia

The course of irdction in infected animals washonitored via microscopic Giemsaained thin
blood smeargxamination. The peent of infected red blood cells seen within a microscopic

field, with evenly spread RBC#s/astaken as a measuo¢ infection.

3.2.4.Counting of Red Blood Cells

The number of red blood cell®o(¢ both infected and normal RB@ animal whole blood was
counted using Naeuber improved counting chanasedescribed by Turgeon (2007For a
dilution factor of 200, 1Qul of blood collected from animal’s tail were added to 1990f the
counting fluid (contaimg no anticoagulant). Afteshaking the mixture wa then taken with a
droping pipette for onward charging of the chamber. The red cells were viewed on X100

objective lense and then adjusted to X 400 objective for the count.

The number of red cells in a wf blood was calculated using the formula blelow:

Red cell density =CxDx50x 16
(Numberof cellsper mlof blood)
Where,
C = microscopic count at x 400 magnification.
D = dilution factor

3.2.5 Removal of leucocytes and plateletsand separation of parasites from infected
erythrocytes.

In order to reduce the chances adntamination of DNA from other sources, mainly from
leucocytes and platelets, the infected blood was first treated with glass beads and dextran
solution prior to erythrocyte lysis usinge method of Zukerman et al. (1967), maatifiby

Knox et al. (1977)Citrated (3.8% Sodium citrate in PBS, pH, 7.2) infected blood from newly
sacrificed mice w&s mixed with egqal portion of PBSG containinGrade A dextran (molecular
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weight 200,000~ 275,000) and 0.2 %w/v) glucose. The modification being that 3.0% of
dextran was usethstead of 3.6 % and 6% employed by the former and the datérors
respectively The suspension waalowed to stand at 4C in tall glass cylinders for thiy
minutesto allow for good separation of the white blood cells from the red. déis supernatant
was thendiscarded and the whole process repeated. The erythrocytes at tld #ade
processes wamemolysed andlasmodia released by treatment wial016 %(w/v) saponinas
described by Spira and Zuckermd®62 and Zuckerman et al1967) Infected erythrocytes
were washed with PBS in a microfuge tube. The supernatant was removed and akdudf700
the saponin solution added. After the cells wkiéy suspended in the saponin solution, the
mixture was then incubated at 37 for 15 minutes The lysed red cells were then centrifuged at
8000 rpm for one minute, the supernatant discarded and the saponin treatment repeated for
another 10 minutes. The parasit(a thick brown pellet) were then washed three to four times

by centrifugation at the same speed VABS

3.2.61 Isolation of Genomic DNAfrom P. bergheiisolate

This wascarried out using Genomic DNA extraction kit (genomic DNA Tissue MiniPrep Kit,

Zymo Researchps described by the manufactunesing the general protocol of cell lysis,

ethanol precipitation and DNA recovery as described by Rotureau et al (288%). berghei

suspensio DV DGMXVWHG WR —0O0 ZLWK GLVWLOOHG ZDWHU LQ
: "LIJHVWLRQ %XIIHU DQG (20-A0/nf WeBUiRriédiatgQaodet ta it. The

suspension wathen mixed and incubated at ®5for 20 minutes. Seven hundredicrolitres of

Genomic Lysis Buffewas thereafter added to each tael mixed thoroughly by vortexing.

The mixture was subsequently transferred to Z@pan ™ Il column in a collectionube and

centrifuged at 10,000 IRU RQH PLQXWH 7R WKH VSLQ FROXPQ LQ D
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of DNA PreWash Buffer was added and centrifuged at 10,09@ox one minute. This was
followed by aZDVKLQJ VWHS LQ ZRNA Wash Buffdd wRsl added to the spin
column and faher centrifuged at 10,000gxfor one mnute. Finally, the spin column wa
transferredo a clean microcentrifuge tube and EA material in the column vethen eluted
ZLWK — O R '"1u¥feHdD distiedRv@ateE by adding the Elution Buffer tioe spin
column, incubating it for 2 to 5 minutes at room temperatame centrifuging at 10,000g«for

30 seconds. The eluted DNA svanmediately quantified and stored-&0 °C for future use.

3.2.62 Isolation of Genomic DNAfrom organs of experimenal mice

DNA wasisolatedfrom tissues of muscle, liver and spleen of representative mice selected from
experimental groups using the Qiagen total DNA extraction kits as described in the handbook
(http://www.qgiagen.com2012). Exactly 25 mg ofiver (10 mg for spleen) tissues were cut into
pieceswith a cleanscalpeland placed in 1.5 ml microcentrifuge tube. To each tube, 480
buffer ATL was added. Tenty micro liters of proteinase &t 20 mg/mlwas then added and

the content mixed thoroutyhby vortexing, and was thereafter incubated at 66or one to two

hours or until complete lysis of the tissue was observed. During the incubation, the tube was
shaken at 30 mins interval to disperse the samyter the incubation, the lysate wasriexed

briefly for 15 s and was followed by the addition of 26@DAL buffer and immediately mixed
thoroughly by vortexing. Two hundred micro liters of-880% ethanol was the added to the

sample and mixed again thoroughly by vortexing

The mixture waghen pipetted into DNeasy Mini spin column placed in a 2 ml collection tube
(provided) and immediately centrifuged at 600§ X8000 rpm) for 1 min. The flovthrough
and the collection tube were discarded andONeasy Mini spincolumnplaced in a nev2 mi

collection tube (provided). Exactly 506—-&AW1 buffer was then added to the column and
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centrifuged at 6000 g (8000 rpm) for 1 min. The flowhrough and the collection tube were
again discarded and the DNeasy Mini spin column placed in a new 2lmtton tube
(provided). Exactly 500—A0V2 buffer was then added to the column and centrifuged at 20, 000
X g (14 000 rpm) for 3 min to dry the DNeasy membrane. The-floaughand the collection

tube were discarded, the DNeasy Mini spin column placed in a clean 1.5 ml microcentrifuge
tube, and 200—da® AE buffer was finally pipetté directly onto the DNeasy membrane and

incubated for 1 min at room temperature before it wagelny centrifugation at 6000gk (8000

rpm).

3.2.7DNA Quantification

All deoxyribonucleic acid (genomic DNA and Plasmid DNA) quantification wedene by
automated NBLOOO NanoDrop Spectrophotomer following the manufacturer’'s guidelines.
Double distilled water was used to initialize the machine while elution buffer (Tris buffer at pH
8.0) was used as blankgain, the absorbance value$ the DNAsolutionat 260 and 280 nm

wastaken and their ratioAzeonndA2s0nm Noted.

3.2.8 Preliminary search of plasmodium data bank from PlasmoDB, Wellcome Trust
Sanger Institute and National Centerfor Biotechnology Information (NCBI)

In an attempt to get atthe sequence coding for Bdigipain, a cysteine protease from
Plasmodium bergheiwe found that there are two genesHn bergheidata base that are
orthologs of Falcipail and Falcipai? of Plasmodium falciparunrespectively. Literature
search showed h&t Bergheipaiw2 exists in the PlasmoDB data with the gene ID

PBANKA 093240. The gene is 1407 base pair long. The sequence for berghkijpawever,
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exist in the PlasmoDB data base only as a P. berghei's putative gene. Its gene ID is

PBANKA_132170 ad has 1560 nucleotide bases.

Most works in the past focused oralEipain2 and its orthologs (bergheipai inclusive)
because of its potential role as malarialmbtherapeutic target. ThoughlEipatl has since
been identified, it is only recentthat it has been linked functionally to erythrocyte invasion and
so it was thought that this steine protease , rather thaaldipain2, might be a likely candidate

for vaccine research.

We here set out to camuct plagnids carrying coding sequences for these enzymes with the

hope ofassessingheir potentials as candidates for DNA vaccine ag&nsiergheiinfection.

Primer designs

Nested and standard sets of primers were designed for both enzymes by searchirtbewithin
contigs for sequences flanking the &hd 3- ends. The nested primers were simply nucleotide
sequences outside (before and after) the genes. The standard primers, on the other hand, contain
restriction sites for BamH1 at the-&hd flanking sequees and that of EcoR1 at the-éhd

flanking sequences. The primers are given below:
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Nested PCR Primers

For Bergheipairl

Sense’5’-CTTTGGGGCAAGATG3 (A total of 15 bp)
Antisense: 5-GCTGCATGTTTAGS3’ (A total of 13 bp)

For Berdhapain-2

Sense: 5-GAAACATAATACATCATG -3’ (A total of 18 bp)
Antisense: 5-TTCCCTATCGGTAG3’ (A total of 14 bp)

Standard PCR Primers;

For Bergheipairl

Sense (With BamHI site underlined and initiation codon marked bold red):
5-CGGGATCCATG ATAAACGATATAAGAC -3’ (A total of 27 bp)

Antisense (With EcoRI site underlined):
5'-CGGAATTCTAAAATTGGAAAGAAAACG -3 (A total of 27 bp)

For Bergheipair2

Sense (With BamHI site underlined and initiation codon marked bold red):
5'-CGGATCCATGAATTACCATTCTAGCC-3' (A total of 26 bp)

Antisense (With EcoRI site underlined):
5'-CGGAATTCTTCAATTATAGGAGCAT-3 (A total of 25 bp)

These primersvhose characteristics are givem Table 3.1, were ordered fromnlitrogen

(Germany)
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Table 3.1Primers for PCR amplification and their characteristics

Bergheipain-1 Bergheipain-2
Parameters
For Nested PCR For StandardPCR For Nested PCR For Standard PCR
Forward Reverse Forward Reverse Forward Reverse Forward Reverse
(OSK2026) (OSK2028) (OSK2027) (OSK20D) (OSK2B0) (OSK2®B2) (OSK2®1) (OSK2®3)
Length (bp) 15 13 27 27 18 14 27 25
MW(g/mol) 4648 3955 8325 8373 5499 4189 8219 7680
T (°C) 47.8 36.0 61.9 58.9 44.6 42.0 65.0 58.1
GC (%) 53.3 38.5 40.7 33.3 27.8 50.0 48.1 36
Average T, (°C) 41.9 60.4 43.3 61.55
Annealing TemperatuiC) 40.0 45.0 40.0 45.0

The PCR conditions and programme parameters are givappendices (V). PCR products @re analysed on 1.% Agarose gel

after electrophoresis as described below.
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3.2.9Gel Electrophoresis

A 1% agarose gel was prepared bysdlging 1.5 g of agarose in &AE buffer and heated in a
microwave for 4 min. Immediately after removing the hot agarose liquid from the microwave, 3
— O Ritiairf was added to it with a brief gentle swirlibgfore the liquid wa poured into a
template with comb already set in it, antbaked to solidify. The PCR products (25) @ere
mixed with 3 —&f loading dye. The sam@ewere placed n wells of gel and run in
electrophoretic system (100 volt) for 1 hour. After 1 hr, the gel was takarramsilluminator

for viewing (Roe et al., 996).

3.2.10Preparative Gel Electrophoresis

For eaclgene — O RI WKH 3&5 SURGXFW ZDV VWDLQHG ZLWK
— O PL[W XU lbadeDd Vintd/ K single agarose well (casted specially fquapative
purpose) and run for thunder 100 volt in an edtrophoretic system. At the end of 1 hr, the
DNA bands were identified under blue light transilluminator and were carefully excised out of
the gel using a clean scalpel (sterilized with 70% Ethanol). The gel block containing the
amplicons were separately cut into pieces and transferred into a clean microfugedkaptan

on ice before extraction (Roe et al., 1996).

3.2.11Recoveryof amplicon from the gé after agarose electrophoresis

This was carried out using GeneJET Getraction Kit of Fermentas. The procedure involved
adding 1:1 volume of binding buffer to the gel slice contained in microfuge tube and incubating
the gel mixture at 560 °C until the gel slice is completely dissolved (around 10 min.). The
tubes were nverted every few minutes to facilitate gel melting. The solubilized gel solution was
then transferred into GeneJET purification column and centrifuged at 10000 rpm for one min.
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The flow-through was discarded and the column placed back into the s#lesti@o tuke. To

the purification column —O RI ELQGLQJ EXIIHU ZDV DJDLQ DGGHC
minute, the flow through was discarded and the column placed back into the same collection
WXEH 7KHUHDIWHU —0 R zZBEeV&en&KT | putificationvcod@BG HG WF
centrifuged (1000rpm for 1 min.), the flow through discarded and the colum placethtatte

same collection tube. The empty GeneJET purification column was centrifuged as above for
additional 1 min to completely remewvesidual wash buffer. Finally, the GeneJET purification
FROXPQ ZDV WUDQVIHUUHG LQWR D FOHDQ PO PLFURFHQW
added to the center of timembrane of theurification column. The set up was then centrifuged

for 1 min and the eluate (purified DNA was stored2f °C until requiredRoe et al., 1996).

3.2.121 Strategy for the cnstruction of DNA Vaccines without transin signal peptide

Nested PCR reaction protocol were employed to amplify genes(berghepain 1 and
Bergheipain 2from P. bergheigenomic DNA usingfu DNA polymerase. The internal primers
used for both genelarborBamH1 and EcoRIrestriction sites. The genes were ahed into
BamHI/EcoRI digested [@NA3 Amp Streptag vector Succesdil insertion and expression of
the genes into the vectarere checked througtolony PCR and immunofluoresence technique
on cos7 cellsrespectively. 8quencingechniques was used torfirm the presence of the insert
and tocheck if they are in frameMidipreps of recombinanPlasmid (pcDNA3BP1StrepTag
and pcDNA3BP2StrepTadhat gave positive outcome were further cut vdmHI and Xhol
restriction enzymesin order to intoduce the strépg detetion peptide at the 3’ terminusnd
were sibcloned intgpVaX1 vector that was previously cut with BamHI and Xhol enzymes. The
chimeras so formed were transformed iKtdl Blue E. coli cells and colonies were screened

using colony PCR. Plasmid midipreps were made from positive colonies and ste26dGit
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until required for vaccinationFigure 3.2 gives the diagrammatic design of pVaxl vacine

constructs without transin signal sequences.

BamH ¥hal

Figure 3.2 Design of pVax1KanBP1Streptag and pVax1KanBP2Streptag Constructs
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3.2.122 Strategy for the cnstruction of DNA Vaccines with transin signal peptide

Since preliminary online search has shown that the full genes of cysteine protease from
plasmodiumbergheido not have a signal peptide, it is thought that introduction of a signal
peptide in the final expression vector will e enzymes’ cellular secretiofor this, anew set

of primers pne sense primer for bergheipainl (with ECORV restrictib@),sanother sense
primer for BergehipainZalso having EcoRV restriction enzyme site) and a third antisense
primer (to be used foidentification of streptag sequence bath genesluring colony PCIR
harbouring both a signal peptide sequence and @itXtol restriction site were designed and
ordered(eurofins mwg/operon, Anzinger Str. &a-8560 Ebersberg, Germany). The primer
pairs were used to amplify Bergipainl and 2 from midipreps ([P&IAIIIAmMpStreptagBpl/2)
made from olonies 5 and 6 of BP1 an@ positive transformantsbtained in section 3.2.12.1
above. For PCR, an pfu polymerase with annealing temperature o€C4&nd Primer elongation
time of 3 minute were used as showmappendix IV The clean up copies of these amplicons
were then cloned in frame into EcoRV/Xhol digestedpcDNA3 Amp Transin streptag
Midipreps from positive transformant were then digested with Hindlll and Xhol and
subsequently subcloned into Hindlll/Xhol digested pVax1Midipreps sufficient for the
vaccination purpose were made and store@@fC. Figure 3.3 gives the diagrammatic design

of pVax1 vacine constructs with transin signal sequences.
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Hindll | ¥hol

|Tr:|n|-in A’ H $heptag

Figure 3.3 Design of pVaxlTransinKkanBP1Streptag and pVaxlTransinKkanBP2Streptag
Constructs
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3.2.13Restriction Digest of PCR amplicon and the vector

Both amplicons and the eukaryotic expression vept®dNA3AmpStreptag (invitrogen), were

digested using BamHI and EcoRI restriction enzyifid®e et al., 1996) The vector contains a

streptag and an ampicilin resistance region. The restriction digestion re@egoappendix VI)

of Bergheipain  DPSOLFRQ LV D —O UHDFWLRQ PL[WXUH PDGH XS
—0 — O RI ; GLIHVWLRXQ EXIOHRI %BR+RD@G+ — O RI (FR5,
Bergheipsi UHDFWLRQ PL[WXUH LV D —R0 WKEBXRH PDGRJIXS—BI

RI ; GLIHVWLRQ EXbLbHU —O6-RIR%BRSH DQG —O RI (FR5, 7
contained in 1.5 mL microcentrifuge tubes, were then placed into an incubator s&€af®B71

hour. Thereafter they were removed éotumn purification of the digest.

3.2.14Column Purification of product of Restriction Digest

After the restriction digest, the digest were mixed with equal volume of Germddimg buffer

L H — O Rl % HUQ®& H L-&PEARHN was transferred into separate GeneJET column
and centrifuged at 13000 rpm for 1 min. The flow through was discarded and the column placed
EDFN LQWR WKH FROOHFW Lwashing XuEfer wag tEeR Added to the—cOGlurRn
and centrifuged as above. The empty column was agaianteifuged to completely get rid of
residual washing buffer. Finally, the columns were transferred into clean microfuge tubes and

the bound DNA eluted wi — O DQG —O RI HOXWLRQ EXIIHU UHVSHF

3.2.15Ligation Reaction

(DFK Rl WKH OLJDWLRQ P2l FROWLRWHGQJ —O RGEWKH LQVHU
—O0 WKH SF'1$ YHFWRWUS$ OLIDVRI EXITHU DEONA ligase@ivitg aV KH 7
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total volumeof 16.5ul mixture (appendicexX andXl). The mixture was vortexed manually by
gentle hitting with index finger and then given a short gpipproximately 3000 rpm for 5
second). The tubes were finally kept at room temperature for 45 minutes (for BamH1/Xhol) or

were incubated at 1% overnight for the blunt ended EcoRYV and the Xhol1 ligation mix.

3.2.16Transformation of Ligated vector into Competent cells

The ligated products were transformed into XBlile chemically competenE. coli cells.
%ULHIO\ —0O0 Rl WKH LFHG FRPSHWHQW FHOOV ZHUH PL[H
kept on ice for 10 minutes. The cells were heat shockeexactly 90 seconds and immediately
transferred to the ice (€) for additional period ofour minutes. After the four minutes, Lrof
SOCMedium, that was already warmed to °€7 was added to the cells and thereafter incubated

at 37°C with continuous shaking (250 rpm in ) for 45 minutes. At the end of the 45 minutes
LQFXEDWLRQ WKH WXEHV ZHUH FHQWULIXJHG IRU VHF DW
removed and discarded. The pelleted cells were then resuspended in nremduah before

EHLQJ WUDQVIHypipdid&intd lale&dy prepar€ ampidikanamycinculture plate.

Each plate was prepared and labeled separately and were finally incubated overnif@t at 37

3.2.17Replica Plating and colony PCR of transfamed cells

At the end of 24 hr culture of the transformed cells, plates were taken and the colonies from
each plate were simultaneously replica plated on a new amifdaiiamycinmedia plate as well

as used for PCR. In this PCR reaction, Taq polymenasas used to catalyze DNA
SRO\PHUL]DWLRQ DQG LQ SODFH RI WKH WHPSODWH WKH J
UHDFWLRQ PL[ FRQVLVWHG RI —O RI HDFK RI WKH LQWHU

—O RI G173V 2 (sthe RKHBWJIEBROIIHU ZDV GHYRLG RI WKLV V|
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3RO\PHUDVH 20 ardla RdceCoGbacteria, taken from bacterial plate with a pipette
tip, dipped into the mixture, providing the DNA templdtee appendix V for the detailed
reaction mix) Positive (with appropriate Nested PCR products of bergheipasnd
bergheipair2) and negativeontrol PCR(one without the primer and g¢lother without DNA
template) PCR controls were run side by side the PCR of the colonies. The Program used on the

thermocycler with the Tag polymerasegiven in appendix VI

3.2.18MiniPrep aration (MiniPrep) -Amplification of positive transformantsin small
Amount

To amplify copies of plasmid containing gene of interest, positive bacterial clones were
inoculated on LuriBertani (LBymedium. For each of the genes, a clone was picked with a

yellow pipette tip and was dipped into a liquid bacterial medium containmb &f LB-medium

DQG —O RI PJ P/ DPSLFLOLQ VROXWLRQ LQ D P/ FXOW:
incubator (Unifron) and left for the bacteria to multiply at°87with slight shaking (250 rpm)

overnight orfor nine hours.
3.2.19Midiprep aration (MidiPrep) -Amplification of pVax1 in XL 1 Blue E. coli cells

In this procedure, copies of pVaxl1 vector were amplified after transforming into competent

coi FHOOV ([DFWO\ PLFUROLWHUV RI QlwereCtraRgtoidH U F L D O (
LOQWR — O R themicatyockHpeterEE. coli cells as described for ligated plasmid
DERYH %ULHIO\ —0O0 RI WKH LFHG FRPSHWHQW FHOOV Z
pVax1® (Invitrogen) andkept on ice for 10 minutes. The cells were heat shocked (aEB7or

exactly 90 seconds and immediately transferred to the i€€)(dor additional period of four

minutes. After the four minutes, 1 mL of Soc Medium, that was already warmed’@ ®as

added to the cells and thereafter incubated 8€3#ith continuous shaking (250 rpm in ) for 45
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minutes. At the end of the 45 minutes incubation, the tubes were centrifuged for 30 sec at 800
USP DQG WKHQ — O RI WKH VXS&¢tiUThd WwlBted\elld MEr& héhG D QG
UHVXVSHQGHG LQ UHVLGXDO PHGLXP DSSUR[LPDWH-O\ —C
pipette into already prepared and warrkatiamycinculture plate. The plate was labeled and

was finally incubated overnight at 3. One of positive colonies was then use for the actual
midiprep (i.e. the preparation of large amount or copies of the pVaxl in a pure form). For the

midi prep, a positive colony was taken with a micropipette tip from positive plate and dipped
intoa 1000 M YROXPHWULF IODVN FRQWDLQLQJ P/ RI /% PL[HC(
Kanamycin solution. This inoculum was culture overnight at@with shaking (250rpm) in a

Unitron incubator. Shortly before bacterial cells were harvested, the, @he alture medium

was determined using a Biophotometer (eppendorf) and was found to be around@638.%

X 10" cells per the 200 ml culture suspension used). The cells were transferred into a 300 mL
centrifuge tube and were harvested by centrifugatto®080 rpm for 15 minutes in Evolution

RC centrifuge (Sorval).The plasmid DNA (pVaxl) from these cells were extraction using the

MachereyNagel Highcopy Plasmid DNA purification kit as outline in the user manual.

3.2.20Isolation of plasmid-containing inserts from bacterial colony Plasmid DNA
Miniprep aration)

At the end of the bacterial growth period (9 hr), the tubes were removed from the incubator and
were centrifuged at 4000rpm for 15 minutes. The plasmid were isolated from theabaetés

using the GeneJET Plasmid Miniprep Kit of Fermentas. First, the supernatant in each tube was
GLVFDUGHG DQG WKH FHOOV ZHUH FRPSOHWHO\ UHVXVSHQG'
pipetting up and down until no cell clumps remain. TotHd FHOOV VXVSHQVLRQ
Solution was added and mixed thoroughly by inverting the tub®@didhes until the solution

becomes viscous and slightly clear. At this point, care was taken not to vortex the solution and
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that the tubes were not incubd for more than 5 min. The lysis step is immediately followed by
WKH DGGLWLRQ RI —O RI 1IHXWUDOL]J]DWLRQ 6ROXWLRQ Z
inverting the tube 4% times). The tubes were then centrifuged at 13980 for 5 min to pellet

the cell debris and chromosomal DNA. The supernatant (containing the plasmids) was gently
transferred into the supplied GeneJET spin column by pipetting, being careful that the white
precipitate was not pipetted along. The tubes were then centrifuged fior, thensupernatant
discarded and the columns placed back into the same collection tube. The column was then
ZDVKHG WZLFH E\ DG &Wwa3l Solutieqr @nd céntrifigéar 1 min. At the end of

the second round of washing, the column was placstk bnto the collection tube and
centrifuged empty at 13000rpm for 1 min. in order to remove the residual ethanol in the wash
solution from the plasmid prepation Finally, the columns were transferred imew 1.5 mL
PLFURFHQWULIXJH W XieHBuffer@&s carefdip) pigdtt€dointo the central of the
silica membrane of the column, taking care that there was no contact between the pipette tip and
the membrane. After about one minute of incubation at room temperatu?® {22, the tubes
werecentrifuged at 13000rpm for 1 min., the column were discarded and thehilough (the
plasmid extract solution) store a0 ° C until required for sequencing reactions and for
subcloning.

3.2.21pVax1 Plasmid DNAMidipreparation

The harvested celiwere resuspended in 8 mL Resuspension Buffer (containing RNase A) by
pipetting the cells up and down using 10 mL pipette attached to an eppendorf easypet. This was
followed by the addition of 8 mL of lysis buffer, mixed gently by inverting the tube Stand

then incubated at room temperature-PBSC) for 5 min. While the incubation was going on, the

NucleoBond Xtra Column was equilibrated by applying 12 mL Euilibration buffer onto the rim
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of the column filter, wetting the entire filter. The columuridg equilibration, was allowed to
empty by gravity flow. After the five minutes of the incubation mentioned earlier, 8 mL of
Neutralization Buffer was added to the suspension and immediately mixed gently by inverting
the tube 10 15 times. The lysatesimixed well and immediately loaded on the already
equilibrated column. Thereafter, the set up of NucleoBotidca Column filter was washed by
applying 5 mL of equilibration buffer to the rim of the filter. The column filter was then
discarded by turnimp the column upside down in a waste container. The NucledBxta
Column was then washed with 8 mL of wash buffer and the plasmid eluted with 5 mL elution
buffer into a 50 mL centrifuge tube. The next protocol that followed was the concentration of
NudeoBond Xtra eluates with NucleoBofidKtra Finalizers; This is done by adding 3.5 mL of
roomtemperature isopropanol to the 5 mL eluates and leaving it to sit for 2 minutes. The plunger
of a 30 mL syringe, provided, was removed and a NucleoBdiimlizer attached to the outlet.

The syringe was filled with the precipitated mixture, the plunger inserted back into the syringe.
The syringe was held in a vertical position and the mixture pressed out of the syringe through the
NucleoBon& Finalizer, by appling minimal pressure on the plunger. The flawrough was
discarded, the NucleoBofidFinalizer removed from the syringe, the plunger pulled out and the
NucleoBond Finalizer reattached to the syringe outlet. The syringe was then filled with 2 ml of
70 % ethanol, the plunger inserted back, and while the syringe is held in a vertical position, the
ethanol was slowly pressed out through the NucleoBoRmhalizer. The flowthrough, again,

was discarded. To dry the filter membrane, the NucleoBd¥idalizer was removed from the
syringe, the plunger pulled out, the NucleoBBriinalizer reattached to the syringe and air was

pressed through the NucleoBSh#inalizer as strongly as possible while touching a tissue with
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the tip of the NucleoBorfdFinalizerto soak up ethanolThis is done for atleast three times until

the membrane is dry.

To elute the DNA, the NucleoBofid Finalizer was removed from the 30 mL syringe, the
SOXQJHU RI D, P/ VA\ULQJH ZDV DOVR SXOOHG R XIMCI, —/ R
pH 8.5) was pipetted into the 1 mL syringe and the NucleoBdidalizer was now attached to

the outlet of the | mL syringe and the NucleoBBrfinalizer outlet was placed over a 1.5
microcentrifuge tube in a vertical position and the plasBDiMA eluted drop by drop by

inserting the 1mL plunger. The eluate was transferred back into the syringe and eluted into the
same collection tube a second time. Finally, the NucleoBdtidalizer was removed from the

syringe, the plunger pulled out to @spe air, the NucleoBorfd Finalizer was reattached to the

syringe and the air pressed out again to force out as much eluate as possible. The plasmid yied
was determined usgy UV spectrophometer (the firsSt(tHOG ZDV —J P/ DQG WKF

integrity confirmed by agarose gel electrophoresis.

3.2.22 In vitro cultivation, maintenance and Transfection COS7 cells with
pcDNA3AMpBPL/BP2Streptagconstructs

Aliquot of COS?7 cells, taken from a vial from liquid nitrogen, was thawed and used to prepare

a culture plate; the cedlwere grown irb mL DMEM, pH 7.4 supplementedith 10% Foetal

&DOI 6HUXP )&6 L HPL[HG RLW&K6 —/ RI '0(0 R@eD SHWU
microlitres of Gentamicin50 mg/mL) was used as antibiotic for tinevitro cultivation, giving

DQ HIITHFWLYH DQWLELRWLF FRQFHQWUDWLRQ Runderanl P/ $I1V
inverted microscop®r growth and confluencyf the expected cell confluency was not attained,

the spent medium was removed, cells were then edadhvice with PBS(pH 7.4), the washing

PBS removed with pasteur pipette and dislodgedéiting them with 1 mL of tgysin solution
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for 2 min, the tripsin was removed by suction with Pasteur pipette, incubated for 2 minute at 37
°C in a CQ-incubator anch fresh DMEM medium added to the culture petri dish. The Dish was
then returned to the GEncubator to continue cultivation for another 24 hr.

The cells were maintained in vitro by continuous subcultivation. Parent cells in a petri dish were
taken to damilar flow and the spent medium removed using pateur pipette. The cells were then
washed twice with PB§H 7.4), the washing PBS removed with pasteur pipette and dislodged
by wetting them with 1 mL of tripsin solution for 2 min (the tripsin was remadwe suction

with Pasteur pipette), incubated for 2 minute af@%n a CG-incubator. At the end of the two
minute 10 mL of DMEM medium (supplemented with 10 % FCS) was added to the culture petri
dish and the medium pipetted again into a sterile cageitube with the dislodged cells in the
medium. Theclump of cells were separatadto single celldy several rounds dituration with

a pipette. Therafter, the cells (now in 10 mL were splitted into two new sterile petri dishes (5 mL
per dish).The Dishes were then returned to the@@ubator for a fresh round of growth. This

process is repeated whenever there was need for subculturing.

After the second 24 hrs of cultivation, the parent €O&lls which were still less than 50%
confluent, wee harvested as described above and were completely dislodged in a fresh DMEM
medium by tituration with 10 mL pipette (attached to easypet) in a 30 mL plastic centrifuge
tube. One mL of this stock cell suspension were seeded into each of 12 wellswefl 24
microtitre plate. The plate was placed back into carbon dioxide incubator for another 24 hours.
The cells hawg attained 6680 confluency, were taken from the incubator, the medium in them
sucked out and 1 mL of fresh DMEM medium (supplemented with)&6 DQG f—/ R
gentamicine per mL of mediunmas added gentlyp theon top of the growing CO3 cells in

each well. The plate was then returned to the incubator. Immediately, aliquot of all the plasmid
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DNA constructs were made ready for transfectioi.5 mL microcentrifuge tubes by preparing,

IRU HDFK '1% D —J —/ '1$ VWRFN FRQFHQWUDWLRQ L
ZLWK —/ SRO\HWK\OLPLQH 3(U WKHHUW®RN VW RFN—IKY 6 HH DSl
and Xfor the detailed geparation. During sample preparation the PEI was the last component
added and usually as a drop (2.5 ) on the inner wall of the microfuge tube to allow for
simultaeneous mixing. The mixtures were voe@and kept at room temperature for ten minutes

beforH WKH\ ZHUH H D F kreleased-dropvigeSitdda well on the already labelled 24

wells plate. Finally, the plate was incubated for 18 hrs.

3.2.23Immunofluoresence screening of the transfected CQO3 cells

After about 18 hrs of incubation, the nn@ah in the wells were aspirated, the cells were washed
WZLFH ZLWK P/ RI ; 3%6 DQG ZHUH IL[HG ZLWK —/ SHU

3)$ IRU PLQXWHY 7KH PHGLXP ZDV DVSLUDWHG DQG —
each well. The plate & left on ice for exactly 2 mins but the methanol was also aspirated and

followed immediately with washing twice with 1 mL (per well) of 1XPBS (containing 3%BSA).

$IWHU WKH UHPRYDO RI ZDVKLQJ VROXWLRQ —/ R1 '0(0

addced to each well and the cells were incubated for 8D minutes.

After 45 minute incubation, each of the wells was washed twice WitnL of 1x PBS
(containing 3%BSA) and immediately aspirated. Two hundred microliters of Antistrep antibody
(primary antibody), prepared to 1:1000 dilutions with 1x PBS in 3%B®as then added to
each well ad left at room temperature for 1% hr. After this incubation period, the cells were

aspirated, washed twice with 1 mL (per well) ofABS (containing 3%BSA) and mediately
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LQFXEDWHG ZLWK — X PBA 0 3SWBEAR) Qf theB&WidaE/Ru@ibody

(Donkey antisheep G8) at room temperature for another 1% hr.

The cells were then washed twice withABS before viewing on a fluorescent microscope

3.2.24Sequencing of Berpeipainl andBergheipain2 genes

The BP1 and BP2 gene inserts wesgjuenceds part ofmidiprep pgasmid DNA (pcDNA3)
samples of some selected positive clon@fie presencef the genes within the plasmid and
whether the genesere in frame with Streptag sequemere ascertained by sequencwigthe

gene.

JRU WKH VHTXHQFLQ Joflthe Bifr tiye. 8&1Q WK H primer per reactionSince

the concentration of thelasmidDNA must be between 450 QJ 500 QJ -wds used

and the volume of the DNA sample used was calculated based on individual stock
concentration. The volume abubledistilled water used was also calculated such that it gives
WKH WRWDO UHDFWLRQ YROXPH RI be eontaifed®hondH@imdét UHD F\
(either sense primer or strep specific prirasmpresented in appendices XIX and)XTherefore,

a totalof twelve reactions were mad&X per each gene).

The tubes were taken to the Thermocycler and run with the sequegrammeovernight (see
appendix XII1). Alongside thisthe sephadex (50 superfine) column rfi 96-well microtitre
plate) wasZHWWHG ZLW K ,0 and lkefRiet@iGI€ overnight. The following morning,
the columns were centrifuged at 2000 rpm4aninute (Eppendortentrifuge5810 R). Exactly
—/ RI GRXEOH GLVWLOOHG ZDWHU ZDV DSSOLHG WR WKH F
mentioned. Water was applied again and the plate centrifuged for thetitirdThe PCR

reactions sampleZHUH PDGH XS WR — [ ,@ LanvdKkwere-thénRppledte the
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column after a nev@6-wells plasticbase was placed under the microtitre plate column. The
centrifugation was carried for the last time at 2000 rpm for 4 minutes and the eluted DNA
collected in the base 98ells plate, labelled and taken to Marks Plank Institute, University of

Bremen, for bromatography.

3.2.25Screening of Plasmid DNA minipregmidiprep for the presence of streptagequence

The streptag sequence is a detection signal sequence. Its product, a streptag peptide, gives a
fluorescent signal that could be used for deteabibpossible expression of genes of interests

Since the bergehipain gene constructs were made in such a way that they bear the streptag
sequence at their &nd (not separatl by a stop codon), a sucdaiggene expression is easily
detected using a fluoresnt microscope (OLYMPUS, IX 70). The aim of the step is, therefore,

to check if the streptag sequence exidtame as part of the gene constructs

In order to do this, Tag Polymerase PCR reaction waix made as previously described except
that the primer combination in this case consists of an internal sense primer argpatiép

primer (in place of reverse primer).

3.2.5 Immunisation Studies
3.2.26.1Experimental Design and Grouping

Eighty hedthy femaleBalb/c mice weighing between 0to 23g were purchased from
Nigerian Institute for Trypanosomiasis Research (NITR), KadNigeria. The mice were left
to acclimatize to th@nimal room environmen at the Center for Biotechnology Resea and
Training, ABU, Zaria All animals were given sufficient feed (Pelletized Grower’s marskagpf
company, LagsNigeria) and were give wat@d libitum throughout the study perio&.ixty of

these mice were randomly placed in sespeacialinsectproof cages (made in Germanyjsee
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appendix XI1V) representing the seven experimégi@ups: the first two groups (Negse and

Positive controls) ha®d mice eachwhile the remaining groups hdaD mice per cageBody

weights of all aimals weredetermned before they wergandomlydivided into groups. The

various experimental groups and their treatment are given below:

Group Number

Vi

Vil

Experimental Group
(CageTag)

Negative Control

Positive Control

PlasmidControl

pVax1BR1-No Transin

pVax1BR2-No Transin

pVax1BR1-With Transin

pVax1BR2-With Transin

Brief Description of Treatment

Mice were not vaccinated and were not
challenged witP. berghei

Mice were not vaccinated but were challenged
with P. berghei

Mice were vaccinated withaked plasmid
DNA (pVaxl)and werdaterchallenged with
P. berghei

Mice were vaccinated witBNA vaccine
(pVax1BP1Streptagand were later challenged
with P. berghei

Mice were vaccinated witBNA vaccine
(pVax1BP2Streptagand were later challenged
with P. berghei

Mice were vaccinated witbNA vaccine
(pVaxiTransinBP1Streptggand were later
challenged witP. berghei

Mice were vaccinated witbNA vaccine
(pVaxiTransinBP2Streptggand were later
challenged witP. berghei
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The renaining tverty mice (from theeighty that were purchased) were infected viRthberghei
infected red cellswo weeks before theommencement of parasite challenge in otdeserve as
source for infected blood required for challenging fifty five experimental mice ( groups Il to

VII).
3.2.26.2Vaccination and challengeof experimental mice

All the mice in groups 1l to VIl were primed.m. with 50 —-g of appropriate plasmid NDA. At

two weeks intervals they were given the first (Zpof plasmid DNA per mouse) and the second
(10 —gof plasmid DNA per mouse) vaccine boosts. Animals in groups | and Il were not given
any vaccine but werd LY HQ — O R-filteretdFPBB(PHQ H4)instead (see appendes

XXV and XXVI for details of the vaccine administration).

Exadly twenty eight days after priming|ldahe experimental mice with the exceptiontbbse in
group |, were each challenged with 1.43 X 0 bergehiRBCs (approximately 0.15 mL of
PBS suspension containing 3.8% Sodium citrate as anticoagul@anmup | animals were left

uninfected but were given 0.15 mL of the membyrhltered PBS.
3.2.26.3Collection of Blood and Serafrom experimental mice

Five ses of blood samplegdays o, 6, 13, 20, and 2Were collectedbefore challenge. After
challengemore samplesverealsocollected at 3 days intervaldays31, 34, 37, 40, 43, 46, 49,
and 52 post prime VaccinéAll samples were diluted with membrafikered PBS and

subsequently stored in refrigerator (&G} until required
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3.2.26.4 Determination of animals body weights

Weights of all animals were taken at day28, 0, 15, 23, and 60 relative to the day of priming

(day 0) For days post challenge, only surviving animals in a group were weighed.
3.2.26.5Determination of Parasitaemia

Thin smears were made using drop of blood collected from animal’s tail immediatehg befo
challenge andater at3 daysinterval until day 24 post challenge. The smears were fixed with
methanolfor 30 secondsstained with giemsa and were microscopically examined for the
presence and percentage of infected red dedisthose animals thatisvived beyond the 24 day

post challenge, the determination of parasitaemia continued until day 60 post challenge when the

experiment was terminated
3.2.26.6Collection of tissuesfrom representative miceand gDNA Extraction

Onday 12 post challenge (i49" day after prime vaccination) a representative mouse from each
group was sacrificed after chloroform anaesthesia and blood and organs (Muscle, liver and
Spleen) collected in 2 mL sterile plastontainers. Genomic DNA was isolatédm these
tissuesand werescreenedor BP1 and BP2 genes using their respective specific primers to run

PCR.
3.2.26.70bservation of experimental animals

Animals were observed for possible sign of toxicity throughout the duration of the expierime
Deatls were recordedand whenever death oaced the deachnimd wasopened up for gross

observatiorof sign of malaria infectiond@rkened liver and enlarged spleen).
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3.2.27Histopathology

On the twenty fourth day post challenge, representative mice (a mouse from agghvegoe
sacrificed and the internal orgafuscle, liver, spleen, cerebral cortex, heart, kidneys, and
lungs) collectedin sample containers arftked for twenty four hours by preserving them in
neutral phosphate buffered saline formalin (10% formalin). Smears from such tismeethen
prepared and stained with haematoxylin and eosin. The histopahatological pisvknes

examined for the presenoéparasites and possible tissue infiltrations.

3.2.28Statistical Analysis of Data

The datageneated from this studyParasitaemiaRBC count and body weighivere analyzel
usingSPSS (version 17.0).malysis of variance (ANOVA) was used to tesdriationsbetween
various experimental groupshile DUNCAN multiple test was used to check for variation
within each groupThe statistical analyses were done at the Data Processing Unit of the Institute

for Agricultural Research (IAR), Ahmadu Bello Warsity, Zaria.

56



CHAPTER FOUR
RESULTS
4.1Bioinformatic Identification of Bergheipain homoogues and primer design

Various online Bioinformatics tools were used to identify geme®lasmodium berghehat

were orthologous to Falcipain 1 and Falcipain Plaismodium falciparumFigures 4.1 and 4.2
presents the complete nucleotide sequences coding Bergheipain 1 and Bergheipain 2
respectively. Figures 4.3 and 4.4 are tbentified contigs harbouring Bergheipain 1 and
Bergheipain 2 genes respectively andm where the primers used for amplification were

designed.Table 4.1 present the nucleotide sequences used for the nested PCR protocols.
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ATGATAAACGATATAAGACGAATAAACATTACC ACAAGCAGTATCGAAAGTTTGAA
TGAAAATAGCAAATATTTAAAAAGAAATCACAAGAGGACTATAAAAATATGTGCAT
ATGCAATTACAACATTTGCATTATTTTTTATTGTTGTAGTATATTTTAAAAATCAAAC
AAATGTAAATGATGCAAATAGAAATACTTTAGCAGCAATCGATGAAACAAGCTTAA
TGAATAAAGAAATAGCATATTTAAGAGAAATTTTGAAAAAATATAAAACAAAAACA
AATGAAA ATAATGAATATGCATACGAAAAAAACGACGATATTAACGGAGATGGCGA
AGACGAGCACGAATTGCTATTAATGTTACATAAATTTTTAAAAAATAAAGGTAATCC
TAATAAAATAGATAGGTTTGATATTAACAATAATGACTCAAATAAAAATCGTGGTA
ATGAAAATATTGATCAAATAAACATACTTAGTCAAAAACTTGAAAGCATGCATGAT
AACATAAAATATGCATCAAAATTTTTCAAATATATGAA AGAATACAATAAAAAATA
CAAAAATATAGATGAACAATTAGTAAGATTTGAAAACTTTAAAACGAATTATATGA
AAGTTAAAAAACACAATGAAATGGTAGGTAAAAATGGTATTACATATGTACAAAAA
GTAAACCAATTTAGTGATTTTTCTAAGGAAGAACTTGATAGTTATTTTAAAAAATTA
TTACCTATTCCACACAATTTGAAAACTAAACATGTAGTACCACTAAAAACACATTTA
GACGATAATAAA ATTAAACCAAAAGAAGGTGTATTAGACTATCCAGAACAGCGGGA
TTATAGAGAATGGAATATATTACTTCCTCCAAAGGATCAAGGTATGTGTGGGTCTTG
CTGGGCATTTGCTAGTGTAGGAAATTATGAAGCTCTTTTTGCAAAAAAATATTCTAT
ATTACCTATAAGTTTTAGTGAACAACAAGTTGTTGATTGTTCTAGTGACAATTTTGGA
TGTGATGGCGGTCATCCATTTTTATCATTTTTATATTTTA TAATAATGGGGTATGCTT
TGGCGATAATTATGAATACAAAGCTCATGATGATTTTTTCTGCTTAAGTTATAGATGT
GCGTATAGAAGTAAATTAAAAAAAATTGGCAACGCATATCCATATGAATTAATTAT
GTCCTTAAATGAAGTAGGGCCAATAACTGTTAATGTTGGTGTATCCGACGAATTTGT
ATTATATTCGGGTGGTATATTTGATGGAACATGTGCTTCGGAGTTAAATCATTCTGTT
TTATTAGTGGGATATGGTAAAGTTAAAAGGAGCTTAGTATTTGAGGATAGTCATACT
AATGTAGATAGCAATTTGATAAAAAACTATAAGGAAAATATCAAAGACAGCGATGA
TGACTATTTGTATTACTGGATCATTAGAAATTCATGGAGTTCAACTTGGGGAGAAGG
TGGCTATATAAGGATTAAAAGAAACAAATTAGGAGACGATGTTTTTTGTGGAATTGG
TATTGACGTTTTCTTTCCAATTTTATAA

Figure 4.1 Nucleotide sequence of Bergheipait obtained from gene data bank of
PlasmoDB.[The start and stop codons are coloured blue and red respectizession
Number: PBANKA_ 132170; Sequence length:1p60
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ATGAATTACCATTCTAGCCATCATATTAGACCCGAGGAGGAAATATTTGTTGATAAG
GGTATACAAAATGTACAGTTACGAAGAAAAAATAAAATGCTTATAGTTACCCTGGC
TATAGTTTTAGGTATGTTTGGTTTTACCGTCATATATTTTAATAGAACAAATAAATCA
TCATTTAATAATGGAAATGTTGAAAATTATTCGAATGATGACTATTTAATAAATTAC
TTATTAAAAAGCAAAGCAGTAAAGAAATTTA TGGGATCTAAAATTGAAGAACTTAT
AGTAGAAAGTGAACAAAATGAAAAGAATAGCATTATCGTTAAAGATAATAAAAATA
ATGACTATAACGAAAAATCTGTATTATTTAATAAAAATAACGACAGCAAATCATTCA
CAACAAATTTACATGATATGCAATCTATTATGAACAATTTAGAATCTGTGAACATTT
TTTACAATTTCATGAAAGAATATAACAAACAATATAATTCAGCTGAAGAAATACAA
GAGAGATTTTATATCTTTTCTGAAAATTTAAAAAAAATTGAAAAGCATAATAAAGAA
AATCATTTGTATACAAAAGGTATTAATGCATTTAGTGATATGCGTCATGAAGAATTT
AAAATGAAATATTTAAATAATAAACTAAAAGAAAACCACAGCATTGATCTCCGACA
TTTAATTCCTTATACTACTGCAATTAGTAAGTACAAGTCTCCAACCGATAAAGTTAA
CTATACAAGTTTTGATTGGAGAGATTATAATGTTATTATAGGCGTTAAAGATCAACA
AAAGTGTGCTTCATGCTGGGCATTTGCTACCGCTGGTGTTGTCGCAGCCCAATATGC
TATTAGAAAAAATCAAAAGGTTTCTTTAAGTGAACAACAATTAGTTGATTGTGCACA
AAATAATTTTGGATGTGAAGGAGGTATACTTCCATATGCTTTTGAAGATCTTATAGA
CATGGATGGTTTATGTGAAGATAAATATTATCCATATGTAAGTAATGTTCCAGAATT
ATGCGAAATTAACAAGTGTACCGAAAAATACTCAATTTCAAAATTTGCATTAGTACC
ATTCAATAATTATAAAGAAGCTATTCAATATTTAGGTCCAATCACAATAGCTGTAGG
TGTAGATGATGATTTTGAATCTTACAATGGTGGTATATTCGATGGAGAATGTACAGA
TTTTGCAAATCATGCAGTTATGCTTATTGGATATGGTGTTGAAGAGGTATATGATAA
GCGTCTTAAAAAAAATGTTAAAGAATATTATTA TATAATTAGAAACTCTTGGGGTGA
AGACTGGGGAGAACGTGGTTACATAAGACTTAAGACTAACGAATCAGGAACACTCA
GAAATTGTGTGTTAGTACAAGGTTATGCTCCTATAATTGAATAA

Figure 4.2 Nucleotide sequence of Bergheipalobtained from gene data bank of
PlasmoDB.[The start and stop codons are colowlee: and red respectivebicession
Number: PBANKA_093240; Sequence length:1407
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TTTTTATTACTTTATTATTATTAATTTTTTTTTATAGCAAAAAAATTTCGTAACGAAAT
AAATTTTTTAAATGATATTTTATTATATATATATTTATTTATAAAAATAATACACAAA
CGTAAGAAAGTTTTTATTTCTTTGGGGCAAGATGCATAAACGATATAAGAC GAATAA
ACATTACCACAAGCAGTATCGAAAGTTTGAATGAAAATAGCAAATATTTAAAAAGA
AATCACAAGAGGACTATAAAAATATGTGCATATGCAATTACAACATTTGCATTATTT
TTTATTGTTGTAGTATATTTTAAAAATCAAACAAATGTAAATGATGCAAATAGAAAT
ACTTTAGCAGCAATCGATGAAACAAGCTTAATGAATAAAGAAATAGCATATTTAAG
AGAAATTTTGAAAAAATATAAAAC AAAAACAAATGAAAATAATGAATATGCATACG
AAAAAAACGACGATATTAACGGAGATGGCGAAGACGAGCACGAATTGCTATTAATG
TTACATAAATTTTTAAAAAATAAAGGTAATCCTAATAAAATAGATAGGTTTGATATT
AACAATAATGACTCAAATAAAAATCGTGGTAATGAAAATATTGATCAAATAAACAT
ACTTAGTCAAAAACTTGAAAGCATGCATGATAACATAAAATATGCATCACAATTT TT
CCAATATATGAAAGAATCAATAAAAAATACAAAAATATAGATGAACAATTAGTAAG
ATTTGAAAACTTTAAAACGAATTATATGAAAGTTAAAAAACACAATGAAATGGTAG
GTAAAAATGGTATTACATATGTACAAAAAGTAAACCAATTTAGTGATTTTTCTAAGG
AAGAACTTGATAGTTATTTTAAAAAATTATTACCTATTCCACACAATTTGAAAACTA
AACATGTAGTACCACTAAAAACACATTT AGACGATAATAAAATTAAACCAAAAGAA
GGTGTATTAGACTATCCAGAACAGCGGGATTATAGAGAATGGAATATATTACTTCCT
CCAAAGGATCAAGGTATGTTGGGTCTTGCTGGGCATTTGCTAGTGTAGGAAATTATG
AAGCTCTTTTTGCAAAAAAATATTCTATATTACCTATAAGTTTTAGTGAACAACAAG
TTGTTGATTGTTCTAGTGACAATTTTGGATGTGATGGCGGTCATCCATTTTTATCAT
TTTATATTTTCTTAATAATGGGGTATGCTTTGGCGATAATTATGAATACAAAGCTCAT
GATGATTTTTTCTGCTTAAGTTATAGATGTGCGTATAGAAGTAAATTAAAAAAAATT
GGCAACGCATATCCATATGAATTAATTATGTCCTTAAATGAAGTAGGGCCAATAACT
GTTAATGTTGGTGTATCCGACGAATTTGTATTATATTCGGGTGGTATATTTGATGGAA
CATGTGCTTCGGAGTTAAATCATTCTGTTTTATTAGTGGGATATGGTAAAGTTAAAA
GGAGCTTAGTATTTGAGGATAGTCATACTAATGTAGATAGCAATTTGATAAAAAACT
ATAAGGAAAATATCAAAGACAGCGATGATGACTATTTGTATTACTGGATCATTAGA
AATTCATGGAGTTCAACTTGGGGAGAAGGTGGCTATATAAGGATTAAAAGAAACAA
ATTAGGAGACGATGTTTTTTGTGGAATTGGTATTGACGTTTTCTTTCCAATTTTA TA
AACATGCAGCAAAAAAAATTTAATGAAAAAAAAATTAATACTGAATAATGATAA AA
GCTAAATTGTGAAAAAGGGAAAATTGCATTTTATTACAAATACCTTCTACACCCGTA
TATAATACGTTCATAAAATAGTACGACATACTATATTTTTTTTTATCTAACTAAAAAA
AATGAACGT

Figure 4.3 Contig containing Bergheipain1 Nucleotide sequence.

[The sequence of Bergheipain 1 gene is coloured blue; the external primers are in yellow box
while part of the internal primers are bolden blue and underlined. The restriction sequences used
for cloning purpose are not indicated]
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TTTTTATTAAAAAATAATTAAATTAATGT TTTTTTTTAATTAATGTGGAGTTTTATATT
TATATATAAATTTAATTCATCATAATATTTTGCAAAAAAAAATTAACATA GAAACAT
AATACATCATGAATTACCATTCTAGCC ATCATATTAGACCCGAGGAGGAAATATTT
GTTGATAAGGGTATACAAAATGTACAGTTACGAAGAAAAAATAAAATGCTTATAGT
TACCCTGGCTATAGTTTTAGGTATGTTTGGTTTTACCGTCATATATTTTAATAGAACA
AATAAATCATCATTTAATAATGGAAATGTTGAAAATTATTCGAATGATGACTATTTA
ATAAATTACTTATTAAAAAGCAAAGCAGTAAAGAAATTTATGGGATCTAAAATTGA
AGAACTTATAGTAGAAAGTGAACAAAATGAAAAGAATAGCATTATCGTTAAAGATA
ATAAAAATAATGACTATAACGAAAAATCTGTATTATTTAATAAAAATAACGACAGC
AAATCATTCACAACAAATTTACATGATATG CAATCTATTATGAACAATTTAGAATCT
GTGAACATTTTTTACAATTTCATGAAAGAATATAACAAACAATATAATTCAGCTGAA
GAAATACAAGAGAGATTTTATATCTTTTCTGAAAATTTAAAAAAAATTGAAAAGCAT
AATAAAGAAAATCATTTGTATACAAAAGGTATTAATGCATTTAGTGATATGCGTCAT
GAAGAATTTAAAATGAAATATTTAAATAATAAACTAAAAGAAAACCACAGCATTGA
TCTCCGACATTTAATTCCTTATACTACTGCAATTAGTAAGTACAAGTCTCCAACCGAT
AAAGTTAACTATACAAGTTTTGATTGGAGAGATTATAATGTTATTATAGGCGTTAAA
GATCAACAAAAGTGTGCTTCATGCTGGGCATTTGCTACCGCTGGTGTTGTCGCAGCC
CAATATGCTATTAGAAAAAATCAAAAGGTTTCTTTAAGTGAACAACAATTAGTTGAT
TGTGCACAAAATAATTTTGGATGTGAAGGAGGTATACTTCCATATGCTTTTGAAGAT
CTTATAGACATGGATGGTTTATGTGAAGATAAATATTATCCATATGTAAGTAATGTT
CCAGAATTATGCGAAATTAACAAGTGTACCGAAAAATACTCAATTTCAAAATTTGCA
TTAGTACCATTCAATAATTATAAAGAAGCTATTCAATATTTAGGTCCAATCACAATA
GCTGTAGGTGTAGATGATGATTTTGAATCTTACAATGGTGGTATATTCGATGGAGAA
TGTACAGATTTTGCAAATCATGCAGTTATGCTTATTGGATATGGTGTTGAAGAGGTA
TATGATAAGCGTCTTAAAAAAAATGTTAAAGAATATTATTATATAATTAGAAACTCT
TGGGGTGAAGACTGGGGAGAACGTGGTTACATAAGACTTAAGACTAACGAATCAGG
AACACTCAGAAATTGTGTGTTAGTACAAGGTTATGCTCCTATAATTGAA TAAAAAT
AATATTAT GTACCGATAGGGAAAATAATAAGCACCGCTATCCGTATTCAAATATATA
TATATATATATAGTTGCACTTTATGGACGAATA

Figure 4.4 Contig containing Bergheipain2 Nucleotide sequence.

[The sequence of Bergheipd@mene is coloured blughe external primers are in yellow box
while part of the internal pmers are bolden blue and underlin&te restriction sequences used
for cloning purpose are notdluded
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Table 4.1. Sets oNested PCRprimers designed for the amplification of Bergheipain 1 and
Bergheipain 2 homologs

Primers design

Gene External Internal
Bergheipain 1 Sense 5-CTTTGGGGCAAGATGC-3’ 5'-CCGGATCCATGATAAACGATATAAGAC -3
(A total of 15 bp) (A total of 27 bp)
Antisense 5-GCTGCATGTTTAG-3' 5'-CCGAATTCTAAAATTGGAAAGAAAACG -3’
(A total of 13 bp) (A total of 27bp)

Bergheipain 2 Sense 5'-GAAACATAATACATCATG-3' 5-CGGATCCATGAATTACCATTCTAGCC-3’

(A total of 18 bp) (A total of 26 bp)
Antisense 5-TTCCCTATCGGTAC3’ 5'-CCGAATTCTTCAATTATAGGAGCAT-3'
(A total of 14 bp) (A total of 25 bp)

BamHI sites (underlined were added to sense primers whiecoRI sites (underlined were
added to the antisense primerstiation codos were marked bold red
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4.2 Preliminary Preparation and isolation of P. bergheiisolates

Plasmodium bergheivas grown in mice and the infected animals were sacrificed when the
parasitaemia was between 20 to 35 %. In order to get rid of othsibleosource®f DNA
contamination like white blood cells and plateleét® harvestedblood was treated witB.6 %
dextran solution. This approach removed substantial amoutgucbcytes and platelets as

revealed by microscopic observatidtigte 4. )

4.3 Amplification of Bergephain 1 and Bergephain2 genes

Two genes for cysteine proteasere identified from literature survey and Blast search on some
DATA banks. External and internal primers weesigned andsed to amplifthese genessing

a nestedPCR protocolwith the gDNAs as templateBoth genes were successfully amplified
usinggenomicDNA isolated from thd>. berghei isolateWhen the PCR product were run d

% agarose gel the genes appeamenund 1500 bpregionwith BP 2 running ahead of BP1

(Plate 4.2 indicating that BP1 is longer than BP2.
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Plate4.1. Giemsa staind pictures of infected red cell

[Before (A) and after (B) the removal of platelets and leucoclgtesreatment with
dextran solutionand the pooled leucocytes (@yrows identify the leucocytés.
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1.5 kbp ===
1.0 kbp =—

PLate 4.2. Analysis of Bergheipain genes amplified by nested polymerase chain
reaction using genomic DNA isolated from P. bergheias template.

[pfu polymerase was used with reaction conditions as outlined in the methods.
Electrophoresis was carried out on 1% agaros¢ gel.

KEYS:

Lane 1 (DNA marker)

2 (Amplification carried out using external primers of Bergheipainl)

3 (Amplification carried out usg internal primers of Bergheipainl)

4 (Amplification carried out using external primers of Bergheigin

5 (Amplification carried out using internal primers of Berghei@ain

6(control amplification without DNA template)

7(control amplification withat BP1 primers)

8(control amplification without BP2 primers)

9(control amplification without pfu DNA polymerase)

10(control amplificatiorusing genomic DNA @trypanosoma congolense
with BP1 primers)

11 (control amplification using genomic DNATof/panosoma congolense
with BP2 primers)
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4.4 Cloning of Bergheipainl and Bergheipain2 genesito pCDNA3Streptag Vector
and their transient expressionin vitro

The genes’ bands on agarose gel were excised, melted and column purified using
GeneJET purification kitThey were then subjected to restriction digest with EcoRI and
BamHI before they were ligated to pCDNA3 vector previously cut with the same
restrictionenzyme systemaAfter transforming XL1 blueE. coli cells with the ligation
products, some positive colonies on BEnpicilin plates were screened for the presence

of the recombinant plasmids of both genes and replica plates were at the same time
prepared.Colony PCR for both genePlates 4.3 and 4.¥revealed greater than 90% o

the transformed cells had picked up the recombinant plaSralule 4.2gives the yield

and parameters othe midiprepsof some selected colonies that gave positive
amplification during colony PCRAgarose gel electrophoresiflate 45) of the
minipreps(appendix Xlll)and midipreps showhatthey are indeed plasmids DNA the
expected base lengtBince the gene inserts in the plasmids havep&ig sequences at

their 3' end in order to confirm that the midipreps carry the genes with the required
streptag, each gene was amplified using gene specific primer as the sense primer and
strep specific primer as the reverse prinkdate4.6 shows that all the midipreps halde

gene and the streptag sequence in thearein the rejuired position Restriction digest
confirms the presence of an insert of approximately 1500gzse the plasmids_lates

4.7and 4.8.

Attempt towardsin vitro expression of these genes on mammalian COS7 cells was
carried out using immunoflouresence technique with Donkey antisheep Streptagged

antibody as the primary antibody and conjugate donkey antisheep agtsbody as
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secondary antibody. Cells were transéekc with the pCDNA3BP1/2Streptag plasmids
when cells had attained about 60% conflueaogl immunoflouresee carried out 24 hr
after transfection. Plate4.9 gave positive in vitro expression of each gene in COS7

cells.
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Plate 4.3, Result of the olony polymerase chain reactionafter XL1 Blue
E.coli cells were transformed with pcDNA3AmpBergheipainlStreptag
recombinant plasmid and allowed to grow on Ampicilin LB-plate.

KEY:
Lane 1 (10 kbp DNA Markers)
2-12 were positive colonies screened,
13 (Negativecontrolswithout primer$
14 (Negative controls without Taq polymerase)
15 (Positive control bergheipain 1amplicon was used as template for
the PCR)

[For all reactions,Tag polymerase was used withe sensanternal primers
(OSK2027/29 of Bergheipaih
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Plate 4.4. Result of the colony polymerase chain reaction after XL1 Blue

E.coli cells were transformed with pcDNA3AmpBergheipain2Streptag
recombinant plasmid and allowed to grow onAmpicilin LB.

Lane 1 (10 kbp DNA Markers)
2-12 were positive colonies screened,
13 (Negative controls without primers)
14 (Negative controls without Tag polymerase)

15 (Positive contrelbergheipair2 amplicon was used as template for
the PCR)

[For all reactions, Taq polymerase was used with the sense internal primers
(OSK2031/33 of Bergheipaig].
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Table 4.2. Yield for pcDNA3ErgheipairilStreptag and pcDNA3Bergheipain2Streptag
Midiprep from representativepositive colonies

Colonynumber  Plasmid Nomenclatu  Plasmic
Gene DNAConc. Azeo/Azgo Azeo/Azgo
(ng/ 4
5 pCDNA3BP1Streptag  1311.1 1.87 2.35
z
@
2
Q
g, 6 pCDNA3BP1Streptag  1494.6 1.87 2.35
@
5 pCDNA3BP2Streptag  1299.3 1.88 2.34
@
'c
Q.
@
)
g 6 pCDNA3BP2Streptag  1815.9 1.87 2.33
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Plate 4.5. Electrophoregram of minipreps andmidipreps of pcDNA3AmpStrepTagBP1and
pcDNA3AmMpStrepTagBP2

KEY:

Lanes 1 and2 (DNA-Ladde;

2 to 6 (minipreps from positive colony withcDNA3AmMpStrepTagBP1)

7 to 11(minipreps from positive colony withcDNA3AmMpStrepTagBP2)

13 and14 (midiprepsfrom Colones 5 and with pcDNA3AmpStrepTagBPflespectively

15 and 16 (midipreps from Colonies 5 and 6 with pcDNA3AmMpStrepTagB&pectively.
[Electrophoresi was carried outrol % Agarose ggl
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Plate 4.6. Screeningof pcDNA3AmMpStrepTagBP1and pcDNA3AmMpStrepTagBP2
midipreps for the presence ofBergheipain 1 and Bergheipain 2 genes having Sreptag
sequencedownstream of the 3’ ends of the genes

KEY:
Lane IDNA Ladder)
2-6 (pcDNA3AmMpStrepTagBP1 construct used as template for PCR)

7-11(pcDNA3AmMpStrepTagBP2onstructsused as template for PERAmplifications
were done usingTaq polymerase withgene specific internal primes (OSK2@7 for
Bergheipainl an@SK2®1 for Bergheipain 23s the sense primer and Stegpspecificprimer
(OSK997) ) as reverse primeElectrophoresis was carried out on 1 % agarosg gel.
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Plate 4.7. Analysis of Restriction Digestof pcDNA3AmMpStreptagB1

KEY:
Lane 1(DNA Ladder)

2 (Single digestion withBamH1)
3 (Single digestion withEcoR1)
4 (Double digestion withBamH1 and EcoR1)

5 (Intact pcDNA3AmMpStreptagB1vector without digestion)
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Plate 4.8. Analysis of Restriction Digestof pcDNA3AmMpStreptagB2

KEY:
Lane 1 (DNA Ladder)

2 (Single digestion with BamH1)
3 (Single digestion with EcoR1)
4 (Double digestion with BamH1 and EcoR1)

5 (Intact pcDNA3AmMpStreptagB2 vector without digestion)
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Plate 4.9. Outcomeof in vitro expression of Bergheipain genesusing immunoflouresence
analysis

KEY:

Plate 1 (COS7 cells were transfected wi@DINA3BP1Streptay

Plate 2 (COS7 cells were transfected with pPCDNA3BP2Streptag)

Plate 3 (Negative control; COS7 cells were transfected with PBS in place of the
recombinant vector)

Plate 4 (Positive control; COS7 cells were transfected with Transialidase gene (TS1pDEF))

[Yellow arrows indicate regions of fluorescence].
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4.5 Sequence Analysis and Bioinformatic studies of Bergheipainl and Bergheipain2

Following nestedPCR reactionswith genomic DNA extracted fron®. bergheiisolate and
subsequent ligation intocPNA3Streptag ector, sets of sequencing primers were designed and
used to sequence full genes of bergheipainl and bergheipano2h directionsThe nucleotide
and deduced amino acid seqoes of both genes are given iiglires4.5 and4.6 respectively.
Nucleotide and decduced amino acid sequences extending beyond the 3’ endevkthatg
the plasmid show that botpenes weran frame with the streptag sequence (Figureé ahd

Figure 48) in place

The sequencedergepainl (BP1) and Berghepaid (BP2) genegontain1560 bp and 1407 bp
reading frames encoding 519 and 468 amino acids with molecular masses and isoelectric points
of 60.31138 kDa and 545&3 kDa, and 7.52 and 6.01, respectivélyable 4.3. Sequence
analyses and alignments showed that deduced proteins belong to peptidase C1 supiyfa
(Figure 4.9 and lack signal peptid@g-igure 410 and Figure 4.1). Multiple sequence allignmén

using Clustal Omega 1.1.@oft ware mailable at the website ofEuropean Bioinformatics
Institute (http://www.ebi.ac.ukconfirmed that the sequenced genes are cysteine protease belong
to thepapain family(Figure 4.12) apart from exhibiting stronglentity (up to 78%) with their
corresponding cysteine protease omigsl from other malaria speci€Bable 4.3, they were

found to possessonservation of the Cys, His and Asn residues that constitute the catalytic triad
(Figure 412). Figure 4.B presents the phylogenic relationship among these plasmodium

cysteine proeases (BP1 and BP2useged inclusive).
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1 ataaacgatataagacgaataaacattaccacaagcagtatc
INDIRRINITTSSI
46 gaaagtttgaatgaaaatagcaaatatttaaaaagaaatcacaag
ESLNENSKYLKRNHK
91 aggactataaaaatatgtgcatatgcaattacaacatttgcatta
RTIKICAYAITTFAL
136 ttttttattgttgtagtatattttaaaaatcaaa caaatgtaaat
FFIVVVYFKNQTNVN
181 gatgcaaatagaaatactttagcagcaatcgatgaaacaagctta
DANRNTLAAIDETSL
226 aataaagaaatagcatatttaagagaaattttgaaaaaatat
NKEIAYL REILKKY
271 aaaacaaaaacaaatgaaaataatgaatatgcatacgaaaaaaac
KTKTNENNEYAYEKN
316 gacgatattaacggagatggcgaagacgagcacgaattgctatta
DDINGDGEDEHELLL
361 ttacataa atttttaaaaaataaaggtaatcctaataaaata
LHKFLKNKGNPNKI
406 gataggtttgatattaacaataatgactcaaataaaaatcgtggt
DRFDINNNDS SNKNRG
451 aatgaaaatattgatcaaataaacatacttagtcaaaaacttgaa
NENIDQINILSQKLE
496 agc catgataacataaaatatgcatcaaaatttttcaaatat
S HDNIKYASKFFKY
541 aaagaatacaataaaaaatacaaaaatatagatgaacaatta
KEYNKKYKNIDEQL
586 gtaagatttgaaaactttaaaacgaattat aaagttaaaaaa
VRFENFKTNY KV KK
631 cacaatgaa gtaggtaaaaatggtattacatatgtacaaaaa
HNE VGKNGITYVQK
676 gtaaaccaatttagtgatttttctaaggaagaacttgatagttat
VNQFSDFSKEELDSY
721 tttaaaaaattattacctattccacacaatttgaaaactaaacat
FKKLLPIPHNLKTKH
766 gtagtaccactaaaaacacatttagacgataa taaaattaaacca
VVPLKTHLDDNKIKP
811 aaagaaggtgtattagactatccagaacagcgggattatagagaa
KEGVLDYPEQRDYRE

Figure 4.5Nucleotide sequence and the deduced amino acid sequence of Bergephafter
cloning into pcDNA3AmpStretag Vector.
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856 tggaatatattacttcctccaaaggatcaaggt tgtgggtct
WNILLPPKDQOQG CGS
901 tgctgggcatttgctagtgtaggaaattatgaagctctttttgca
CWAFASVGNYEALFA
946 aaaaaatattctatattacctataagttttagtgaacaacaagtt
KKYSILPISFSEQQV
991 gttgattgtictagtgacaattttggatgtgatggcggtcatcca
VDCSSDNFGCDG GHP
1036 tttttatcatttttatattttcttaataatggggtatgctttggc
FLSFLYFLNNGVCEFG®G
1081 gataattatgaatacaaagctcatgatgattttttctgcttaagt
DNYEYKAHDDFFCLS
1126 tatagatgtgcgtatagaagtaa attaaaaaaaattggcaacgca
YRCAYRSKLKKIGNA
1171 tatccatatgaattaatt tccttaaatgaagtagggccaata
YPYELI SLNEVGPI
1216 actgttaatgttggtgtatccgacgaatttgtattatattcgggt
TVNYV GVSDEFVLYSG
1261 ggtatatttgatggaacatgtgcttcggagttaaatcattctgtt
GIFDGTCASELNHSYV
1306 ttattagtgggatatggtaaagttaaaaggagcttagtatttgag
LLVGYGKVKRSLVFE
1351 gatagtcatactaatgtagatagcaatttgataaaaaactataag
DSHTNVDSNLIKNYK
1396 gaaaatatcaaagacagcgatgatgactatttgtattactggatc
ENIKDSDDDYLYYWI
1441 attagaaattcatggagttcaacttggggagaaggtggctatata
IRNSWSSTWGEGGYI
1486 aggattaaaagaaacaaattaggagacgatgttttttgtggaatt
RIKRNKLGDDVEFCGI
1531 ggtattgacgttttctttccaatttta taa 1560
GIDVFFPIL *

Figure 4.5Nucleotide sequence and the deduced amino acid sequence of Bergephaftelr
cloning into pcDNA3AmMpStretag Vector(continuation).
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1 aattaccattctagccatcatattagacccgaggaggaaata
NYHSSHHIRPEEEI
46 tttgttgataagggtatacaaaatgtacagttacgaagaaaaaat
FVDKGIQNVQLRRKN
91 aaa cttatagttaccctggctatagttttaggt tttggt
K LIVTLAIVLG F G
136 tttaccgtcatatattttaatagaacgaataaatcatcatttaat
FTVIYFNRTNKSSFN
181 aatggaaatgttgaaaattattcgaatgatgactatttaataaat
NGNVENYSNDDYLIN
226 tacttattaaaaagcaaagcagtaaagaaattt ggatctaaa
YLLKSKAVKKF G S K
271 attgaagaacttatagtagaaagtgaacaaaatgaaaagaatagc
IEELIVESEQNEKNS
316 attatcgttaaagataataaaaataatgactata acgaaaaatct
ITVKDNKNNDYNEKS
361 gtattatttaataaaaataacgacagcaaatcattcacaacaaat
VLFEFNKNNDSKSFTTN

406 ttacatgat caatctatt aacaatttagaatctgtgaac
LHD QS NNLESVN

451 attttttacaatttc aaagaatataacaaacaatataattca
I FYNF KEYNKQYNS

496 gctgaagaaatacaagagagattttatatcttttctgaaaattta
AEEIQERFYIFSENL

541 aaaaaaattga aaagcataataaagaaaatcatttgtatacaaaa
KKIEKHNKENHLYTK

586 ggtattaatgcatttagtgat cgtcatgaagaatttaaa
GINAFSD RHEEFK

631 aaatatttaaataataaactaaaagaaaaccacagcattgatctc
KYLNNKLKENHSIDL

676 cgacatttaattccttatactactgcaattagtaagtacaagtct
RHLIPYTTAISKYKS

721 ccaaccgataaagttaactatacaagttttgattggagagattat
PTDKVNYTSFDWRD Y

766 aatgttattataggcgttaaagatcaacaaaagtgtgcttcatgc
NVIIGVKDQQKCASC

811 tgggcatttgctaccgcetggtgttgtcgcagcccaatatgctatt
WAFATAGVVAAQYAI

856 agaaaaaatcaaaaggtttctttaagtgaacaacaattagttgat
RKNQKVSLSEQQLVD

901 tgtgcacaaaataattttggatgtgaaggaggtatacttccatat
CAQNNFGCEGGILPY

Figure 4.6. Nucleotide sequence and theleduced amino acid sequence of Bergephain 2
after cloning into pcDNA3AmpStretag Vector.
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946 gcttttgaagatcttatagac gatggtttatgtgaagataaa
AFEDLID DGLCEDK
991 tattatccatatgtaagtaatgttccagaattatgcgaaatt aac

YYPYVSNVPELCEIN

1036 aagtgtaccgaaaaatactcaattticaaaatttgcattagtacca
KCTEKYSISKFALVP

1081 ttcaataattataaagaagctattcaatatttaggtccaatcaca
FNNYKEAIQY LGPIT

1126 atagctgtaggtgtagatgatgatttigaatcttacaatggtggt
IAVGVDDDFESYNGG

1171 atattcgatggagaatgtacagattttgcaaatcatgcagtt
IFDGECTDFANHAYV

1216 cttattggatatggtgttgaagaggtatatgataagcgtcttaaa
LIGYGVEEVYDKRLK

1261 aaaaatgttaaagaatattattatataattagaaactcttggggt
KNVKEYYYIIRNSWG

1306 gaagactggggagaacgtggttacataagactta agactaacgaa
EDWGERGYIRLKTNE

1351 tcaggaacactcagaaattgtgtgttagtacaaggttatgctcct
SGTLRNCVLVQGYAP

1396 ataattgaa  taa 1407
I'1E *

Figure 4.6. Nucleotide sequence andhe deduced amino acid sequence of Bergephain 2
after cloning into pcDNA3AmpStretag Vector(continuation).
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1 ataaacgatataagacgaataaacattaccacaagcagtatc
INDIRRINITTSSI
46 gaaagtttgaatgaaaatagcaaatatttaaaaagaaatcacaag
ESLNENSKYLKRNHK
91 aggactataaaaatatgtgcatatgcaattacaacatttgcatta
RTIKICAYAITTFAL
136 ttttttattgttgtagtatattttaaaaatcaaa caaatgtaaat
FFIVVVYFKNQTNVN
181 gatgcaaatagaaatactttagcagcaatcgatgaaacaagctta
DANRNTLAAIDETSL
226 aataaagaaatagcatatttaagagaaattttgaaaaaatat
NKEIAYL REILKKY
271 aaaacaaaaacaaatgaaaataatgaatatgcatacgaaaaaaac
KTKTNENNEYAYEKN
316 gacgatattaacggagatggcgaagacgagcacgaattgctatta
DDINGDGEDEHELLL
361 ttacataa atttttaaaaaataaaggtaatcctaataaaata
LHKFLKNKGNPNKI
406 gataggtttgatattaacaataatgactcaaataaaaatcgtggt
DRFDINNNDSNKNRG
451 aatgaaaatattgatcaaataaacatacttagtcaaaaacttgaa
NENIDQINILSQKLE
496 agc catgataacataaaatatgcatcaaaatttttcaaatat
S HDNIKYASKFFKY
541 aaagaatacaataaaaaatacaaaaatatagatgaacaatta
KEYNKKYKNIDERQ L
586 gtaagatttgaaaactitaaaacgaattat aaagttaaaaaa
VRFENFKTNY KV KK
631 cacaatgaa gtaggtaaaaatggtattacatatgtacaaaaa
HNE VGKNGITYVQK
676 gtaaaccaatttagtgattttictaaggaagaacttgatagttat
VNQFSDFSKEELDSY
721 tttaaaaaattattacctattccacacaatttgaaaactaaacat
FKKLLPIPHNLKTKH
766 gtagtaccactaaaaacacatttagacgataata aaattaaacca
VVPLKTHLDDNKIKP
811 aaagaaggtgtattagactatccagaacagcgggattatagagaa
KEGVLDYPEQRDYRE
856 tggaatatattacttcctccaaaggatcaaggt tgtgggtct
WNILLPPK DQG CGS
901 tgctgggcatttgctagtgtaggaaattatgaagctctttttgca
CWAFASVGNYEALFA

Figure 4.7. Nucleotide sequence and the deduced amino acid sequence of Bergephagene
after cloning into pcDNA3AmpStretag Vector showing the position of ®eptag
(Underlined)
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946 aaaaaatattctatattacctataagttttagtgaacaacaagtt
KKYSILPISFSEQQV
991 gttgattgttctagtgacaattttggatgtgatggcggtcatcca
VDCSSDNFGCDGGHP
1036 ttittatcatttttatattttcttaataatggggtatgctttggce
FLSFLYFLNNGVCFG
1081 gataattatgaatacaaagctcatgatgattttttctgcttaagt
DNYEYKAHDDEFEFF CLS
1126 tatagatgtgcgtatagaagtaaattaaaaaaaattggcaacgca
YRCAYRSKLKKIGNA

1171 tatccatatgaattaatt tccttaaatgaagtagggccaata
YPYELI SLNEVGPI
1216 actgttaatgttggtgtatccga cgaatttgtattatattcgggt

TVNVGVSDEFVLYSG

1261 ggtatatttgatggaacatgtgctticggagttaaatcattctgtt
GIFDGTCASELNHSYV

1306 ttattagtgggatatggtaaagttaaaaggagcttagtatttgag
LLVG YGKVKRSLVFE

1351 gatagtcatactaatgtagatagcaatttgataaaaaactataag
DSHTNVDSNLIKNYK

1396 gaaaatatcaaagacagcgatgatgactatttgtattactggatc
ENIKDSDDDYLYYWI

1441 attagaaattcatggagttcaacttggggagaaggtggctatata
IRNSWSSTWGEGGYI

1486 aggattaaaagaaacaaattaggagacgatgttttttgtggaatt
RIKRNKLGDDVFCGI

1531 ggtattgacgttttctticcaattttagaattcgatatcggt acc
GIDVFFPILEFDIGT

1576 tggagccacccgcagticgaaaaa taa 1602
WSHPQFEK *

Figure 4.7. Nucleotide sequence and the deduced amino acid sequence of Bergephagene
after cloning into pcDNA3AmpStretag Vector showing the position of $eptag
[Underlined] (continuation).
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1 aattaccattctagccatcatattagacccgaggaggaaata
NYHSSHHIRPEEE!
46 tttgttgataagggtatacaaaatgtacagttacgaagaaaaaat
FVDKGIQNVQLRRKN

91 aaa cttatagttaccctggctatagttttaggt tttggt
K LIVTLAIVLG F G
136 tttaccgtcatatattttaatagaacgaataaatcatcatttaat
FTVIYFNRTNKS SFN

181 aatggaaatgttgaaaattattcgaatgatgactatttaataaat
NGNVENYSNDDYLIN

226 tacttattaaaaagcaaagcagtaaagaaattt ggatctaaa
YLLKSKAVKKF G S K
271 attgaagaacttatagtagaaag tgaacaaaatgaaaagaatagc

IEELIVESEQNEKNS

316 attatcgttaaagataataaaaataatgactataacgaaaaatct
ITVKDNKNNDYNEKS

361 gtattatttaataaaaataacgacagcaaatcattcacaacaaat
VLFEFNKNNDSKSFTTN

406 ttacatgat caatctatt aacaatttagaatctgtgaac
LHD QS NNLESVN

451 attttttacaatttc aaagaatataacaaacaatataattca
I FYNF KEYNKRQ Y NS

496 gctgaagaaatacaagagagattttatatcttttctgaaaattta
AEEIQERFYIFSENL

541 aaaaaaattgaaaagcataataaagaaaatcatttgtatacaaaa
KKIEKHNKENHLYTK

586 ggtattaatgcatttagtgat cgtcatgaagaatttaaa
GINAFSD RHEEFK

631 aaatatttaaataataaactaaaagaaaaccacagcattgatctc
KYLNNKLKENHSIDL

676 cgacatttaattccttatactactgcaattagtaagtacaagtct
RHLI PYTTAISKYKS

721 ccaaccgataaagttaactatacaagttttgattggagagattat
PTDKVNYTSFDWRDY

766 aatgttattataggcgttaaagatcaacaaaagtgtgcttcatgc
NVIIGVKDQQKCASC

811 tgggcatttgctaccgcetggtgttgtcgcagcccaatatgctatt
WAFATAGVVAAQYAI

856 agaaaaaatcaaaaggtttctttaagtgaacaacaattagttgat
RKNQKVSLSEQQLVD

901 tgtgcacaaaataattttggatgtgaaggaggtatacttcca tat
CAQNNFGCEGGILPY

946 gcttttgaagatcttatagac gatggtttatgtgaagataaa
AFEDLID DGLCEDK

Figure 4.8 Nucleotide sequence and the deduced amino acid sequence of Bergephajerie
after cloning into pcDNA3AmpStretag Vector showing the position of &eptag
(Underlined)
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991 tattatccatatgtaagtaatgttccagaattatgcgaaattaac

YYPYVSNVPELCEIN

1036 aagtgtaccgaaaaatactcaattticaaaatttgcattagtacca
KCTEKYSISKFALVP

1081 ttcaataattataaagaagctattcaatatttaggtccaatcaca
FNNYKEAIQYLGPIT

1126 atagctgtaggtgtagatgatgattttgaatctt acaatggtggt
IAVGVDDDFESYNGG

1171 atattcgatggagaatgtacagattttgcaaatcatgcagtt
IFDGECTDFANHAYV

1216 cttattggatatggtgttgaagaggtatatgataagcgtcttaaa
LIGYGVEE VYDKRLK

1261 aaaaatgttaaagaatattattatataattagaaactcttggggt
KNVKEYYYIIRNSWG

1306 gaagactggggagaacgtggttacataagacttaagactaacgaa
EDWGERGYIRLKTNE

1351 tcaggaacact  cagaaattgtgtgttagtacaaggttatgctcct
SGTLRNCVLVQGYAP

1396 ataattgaagaattcgatatcggtacctggagccacccgcagttc

ITEEFDIGT WSHPQF
1441 gaaaaa taa 1449
EK *

Figure 4.8 Nucleotide sequence and the deduced amino acid sequence of Bergephajerie
after cloning into pcDNA3AmMpStretag Vectorshowing the position of &eptag
[Underlined] (continuation).
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Table 4.3 Some deductions made from Bergheipainl and Bergheipain2 Open Reading

Frames
DeducedParameters
Cysteine protease  Number of  Number of Molecular
basepairs  amino acids pl weight (kDa)
Bergheipainl 1560 519 7.52 60.31138
Bergheipain2 1407 468 6.01 54.45853
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Figure 4.9. Blast outcomeshowingenzymefamily of Bergheipain 1 and Bergheipain 2.
KEY:
A (Blast of Bergheipain 1 nucleotide sequencagainstNCBI data bank)

B (Blast of Bergheipain 2 nucleotide sequence against NCBI data bank)
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SignalP-4,8 prediction {euk netuorks}: Sequence signalP-4,8 prediction {euk networks); Sequence

o e\
h
B.6 - | 8.6 ¥‘|
é % \[‘I ‘-"5,
2 8.4 © 8,4 V I
—_— WA
AR e AT L M SO
‘ HINDIRRINITTSSIESLNENSKYLKRNHKRTIKICAYAITTFALFFIVVVYFKNOQTNYNDANRNTLAR HEFHEVHEYALLALYYAGAC COIMETHATARYGIFTHARLLNGSKIALE MIIEKDEEYHHANEREEHEE
Bergheipainl from P, berghei Transialidase from I.congolense
Measure  Position  Value Cutoff signal peptide? mizsgre onlsition 0 Z\églue Cutoff signal peptide?
max. C 68  0.106 ' '
max.Y 21 0399
Max.Y 68  0.103
s 25 0113 max.S 11  0.865
max ' meanS 1-20  0.752D1 -2005900.450 YES
mean S 1-67 0.077 Name=Sequence SP="YES' Cleavage site between pos.
D 1-67 0.092 0.500 NO Name=Sequence 20 and 21: GQC -CD D=0590 D -cutoft=0.450
SP='NO' D=0.092D -cutoff=0.500 Networks= " SignalP -noTM

Networks=SignalP  -TM

Figure 4.10 Outcome ofsignal peptide predictionof the aminoacid sequence of
Bergheipain 1.

[Transialidase sequence (right) was usedtaadard reference of protein having the signal peptide].
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SignalP-4.8 predicti
signalP-4.8 prediction (euk netuorks): Sequence

Ceuk

i 5. |
oo LITTTTTTTFTTTTTTTTTTITTT TR T oo LTI \:| \’IIHIII"\"TIT\’I'IWI»‘"I'\"I"WIW T

HINDIRRINITTSSIESLNENSKYLKRNHKRTIKICAYAITTFALFFIVVVYFKNQTNVNDANRNTLAA

HETHPVNCYALLALVVAGAC COHHETHATAAVGT THAALLHGSKHALRNKTTPKDGEVHHSNP QP GHKE
o 10 20 E a0 50 60 7¢ ]
Position

10 20

38 a0

50 60
Position

Bergheipain 2 from P_berghei Transialidase from I._congolense

Measure  Position  Value Cutoff signal peptide?

" . I
max. C 68 0.106 Measure Position  Value Cutoff signal peptide?
Max.Y 68 0103 max. C 21 0.209

' ' max. Y 21 0.399
max. S 25 0.113
mean S 1-67 0.077

max. S 11 0.865
D 1-67 0.092 0.500 NO Name=Sequence mean S 1-20

0.752 D 1-20 0.590 0.450 YES
SP='NO' D=0.092 D -cutoff=0.500 Networks=

Name=Sequence SP='YES' Cleavage site between pos.
SignalP -TM 20 and 21: GQC -CD D=0.590 D -cutoff=0.450
Networks= SignalP -noTM

Figure 4.11 Outcome ofsignal peptide predictionof the aminoacid sequence of
Bergheipain 2

[Transialidase sequence (right) was used as standard refecémretein having the signal peptide]
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BP1Query - sequence
Bergheipain -1
chabaupain -1
Falcipain -1
Vivapain -1
BP2Query - sequence
Berghepain -2
Chabaupain -2
Falcipain - 2a
Falcipain -3
Vivapain -3
Vivapain -2

BP1Query - sequence
Bergheipain -1
chabaupain -1
Falcipain -1
Vivapain -1
BP2Query - sequence
Berghepain -2
Chabaupain -2
Falcipain - 2a
Falcipain -3
Vivapain -3
Vivapain -2

BP1Query - sequence
Bergheipain -1
chabaupain -1
Falcipain -1
Vivapain -1
BP2Query - sequence
Berghepain -2
Chabaupain -2

Figure 4.12 Alignment and comparison of amino acid sequences @ergephainl and Bergephain?2 seuencesith those

-- MINDI RR---- I NI - TTSS ESLNENSYLKRNHKRTI KI CAYAI TTFALFFIVVVY
-- MINDI RR---- I NI - TTSS ESLNENSYLKRNHKRTI KI CAYAI TTFALFFIVVWVY
-- MNNDI RR---- | NF- TTTA DSLNENGTYSGNHKKTI KI CAYAI TAIALFFI GG/Y
MVAIKEMKE----- FAFARPSLVETLNKKKK-LKKKEKRTFVLSI YAFI TFIIF CI GL Y
-- MAQDI KI ----- MNL- TKSSLEALNRN@LSKKSSRKIL KI CMYAIL TFAMCG/VLIC

------ MNYHSSHHRPEEBFV DKG - QNWQLRRKNKM-- LIV TLAIVL GMFGFTVIY
------ MNYHSSHHRPEEBFV DKG - QNWQLRRKNKM-- LIV TLAIVL GMFGFTVIY
------ MNYHSS H RPEEBVIF\DKG - QNARLRKKN@M-- LIV TLAIVL SMEGFTVIY
-- MDYNVDYAPHEVI SQQGRFVDK- YVDRKIL KNKKSL--- LVII SLSVLSVVG-VLFY
-- MEYHVEY SPNEVI KQEREVFVGK- EKSGXFKRKFSI ---  FIVL TVSI CFMFALMLF
-- MDYHVRQYMQDPI NGEERKGFVGQGYDKAIL KKKKNG-- LILL SVSAI CIFV CSAFY
-- MEYHVEY SNDKSHKPEKELFVEK- SFGGRN&KGRKSL--- LVVLSVSAMCLLAGSAFY

FKNQTN/NDANR-----=-====-=--- NTLAAI DETSLMNKEIA YLREIL KKYKTKTNE
FKNQTN/NDANR-----=-====-=--- NTLAAI DETSLMNKEIA YLREIL KKYKTKTNE
FKYQTD----- Re----e-eemeeeee- NALNAI DEAELMNKEIA HLREIL KKYKATTND
FTNKSSAH--------- NNN---------- NNKNEHSLKKEHE ELL RVLLEKYKKQKDG

LTAMBNDGI. TQSGSHNQS GS LKGLSSTPGDCEIL NKAEI ETLRFIF SNYPHGNRD
FNRTNKSS-- FNNGNENYSNDDYLI NYLLKSKAVKKF--- MGXI EELIV ESEQNEKN
FNRTNKSS-- FNNGNENYSNDDYLI NYLLKSKAVKKF--- MGXI EELIV ESEQNEKN
FNKTNKSS-- FNN_NVONYSIDDYLI NYLLKSKVVKKF--- MGXI EELIV ESEKNAKN
FTPNS- RKSDLFKNSS/ENNNDDYII NS LKSPNGKF--- 1V SKI DEALSFYDSKKND
FTRNE-- NNKTLFTNS.SNN NDDYIl NS LKSES&KKF--- 1V SKLEELI SSYDKEKKM
FTRPAKRDGG/TY-- KIA DKVDDDYII NFLLKSKNGKKF--- 1A SKVQELI STYDVKKEN
FTRTGKGNDGPLYGMLDESSDLFII TSLLKSPGGKKF--- 1V SKLQELIA SYDED/NS

] — EYAYE KNDD NG
] — EYAYE KNDD NG
) EFEYP TNDDVNED
IL NESSNEEDEEKY TLNSETYNNKNNVSN KNDSI KSKKEEY! NLERILL EKYKKFI NEN
PTGDDVEKPADA-- ALPN---  E---eo- EDQKVK--  |A DAGKHI KLMKQYNEIVA DM
(S JE— IV KD-
(S E— IV KD-
i\ V—— IV KN

of other Plasmodium cysteine proteases

Falcipain - 2a

) N E—— KYNE
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Falcipain -3
Vivapain -3
Vivapain -2

BP1Query - sequence
Bergheipain -1
chabaupain -1
Falcipain -1
Vivapain -1
BP2Query - sequence
Berghepain -2
Chabaupain -2
Falcipain - 2a
Falcipain -3
Vivapain -3
Vivapain -2

BP1Query - sequence
Bergheipain -1
chabaupain -1
Falcipain -1
Vivapain -1
BP2Query - sequence
Berghepain -2
Chabaupain -2
Falcipain - 2a
Falcipain -3
Vivapain -3
Vivapain -2

Figure 4.12. Alignment and comparison of amino acid sequences @ergephainl and Bergephain?2 seuencesvith those

] B AQHG
Y S— ASPS

GED EHELLLMLHKFLKNKGNPNKI DRFDI NNNDSN-------------- K- NRG-- N

GED EHELLLMLHKFLKNKGNPNKI DRFDI NNNDSN-------------- K- NRG-- N

SEDGEHQ LLMLHKLL KNNA-- NKVNTFGH NNE-------nrnmememee S-— N

NEENRKELSNL HKLLEI NKLIL REEKDD------- KK- VY--- LI NDNYDEKG- ALEI

SEDNKEQLAKMLRELL KKK NERKKKFREDPNGNEEGKE- VI NI SVPSFNYKRVS- ANQD

N2V Z— NEKSVLFNKN

N2V Vo) Z—— NEKSVLFNKN

PN )= () A — NKKTPLFKKN

GNNNNADFKGL -------- SLFKEN- TPSNNF

EENNVNWNG DDKDNKSV- SFVNKKNGNLKVN
GTYRFAKR DQCTRNNCYSPY- GKNAAQV- EV
KEGPT----- GA--- HSTS/ATVSRKQGNK--

ENI DQI NIL SCKLESMHDNI KYASKFFKYMKEY NKKYKNI DEQLVRFENFKTNYWKVKKH
ENI DQI NIL SCKLESMHDNI KYASKFFKYMKEY NKKYKNI DEQLVRFENFKTNYWKVKKH
TNTDNTYIF TQKLESMQDNI KYASKFFKYMKKY NKKYENVDEQL ERFENFKI SHVKVKKH
G-- MNEBEWKYKKEDPI NN KYASKFFKFMKEHNKVYKNI DEQVRKFEIF KI NY1 SI KNH
DSDDEERE/SVAQ EGLFVNLKYASKFFNFMNKYKRSYKDI NEQVEKYKNFKIMNYLKI KKH
NDSKSFTTNLHDMRQIMNN_ESVNIF YNFMKEYNKQYNR\EE QERFYIF SENLKKI EKH
NDSKSFTTNLHDMRQIMNN-ESVNIF YNFMKEYNKQYNR\EE QERFYIF SENLKKI EKH
NDGKKFSANL YDVKFIMSNLESVNIF Y NFMKKFNKQY NSEEMERFYIF TENLKKVEKH
I HNKDYFI NFFDNKFLMNNAEHI NQFYMFIKTNNKQY NPNEMKERFQVFLQNAHKVNIVH
NNNQ@SYSNFDTKFLVDNLETVNLFYIFL KENNKKYETSEEMXRFIIF SENYRK ELH
VAQVNLVNPLVDTKFLMANLETVNSFYLFMKEHGXEY STADEMQQRYL SFAENLAKI KAH
- VPKKI ElI NFADSRFLMINLEKVNAFYLFMKEHGKKYKTEEBVQQRYLAFTENLARI NSH
* . . *

*- * ok . % .

of other Plasmodium cysteine proteasegontinuation)
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BP1Query - sequence
Bergheipain -1
chabaupain -1
Falcipain -1
Vivapain -1
BP2Query - sequence
Berghepain -2
Chabaupain -2
Falcipain - 2a
Falcipain -3
Vivapain -3
Vivapain -2

BP1Query - sequence
Bergheipain -1
chabaupain -1
Falcipain -1
Vivapain -1
BP2Query - sequence
Berghepain -2
Chabaupain -2
Falcipain - 2a
Falcipain -3
Vivapain -3
Vivapain -2

BP1Query - sequence
Bergheipain -1
chabaupain -1

Figure 4.12. Alignment and comparison of amino acid sequences @ergephainl and Bergephain?2 seuencesvith those

NEMVGKNG TYVQKVNQ@FSDFSKEELDSYFKKLLPIP H----  NLKTKHVVPLKTHLDIENK
NEMVGKNG TYVQKVNQFSDFSKEELDSYFKKLLPIP H----  NLKTKHVVPLKTHLDIENK
NEMIGKNG/TYVQKVNQY DFSKEEFNNY-KKFLSVPH----  DLKTKYLVPLKEHLANNN
NKLNK-- NAMYKKKVNQ@SDY SEEB_LKEYFKTLLHVPN----  HMI EKY SKPFENH. KDNI

NET----  NQWKMKVNQSDY SKKDFESYFRKLLPIP D----  HLKKKYVVPFSSWNN&G
NKE--- N- HLYTKG NAFSDVRHEEFKMKYLNNKLKEN--- HS DLRHLIP YTTAI SKYK
NKE--- N- HLYTKG NAFSDVRHEEFKMKYLNNKLKEN--- HS DLRHLIP YTTAI SKYK
NKE--- KKYMYKKG NPFSDVRPEEFKMRYLNSKLSES--- TII' DLRHLIP YSAAI SKYK
NNN-- KNS YKKELNRFADLTYHEFKNKYLSLRSSKPLKNSKY- LL DOQWNYEEVI KKYK
NKK--- TN YKRGWKFGDL SPEEFRSKYLNLKTH@ FKTLSPPVSYEANYEDVI KKYK
NSR--- ENVLYRKGWRFGELSFEHE KKKYLTLKSFD- LKSDGE KSPRVSDYDOI HKYK
NSK--- ANIL YKKGTNQYBI SFEEFRKTMLTLRFDLKKKLA-- NSPYVSNYDDVLKKYK

* * * - %

| Kemmmmmeee PKEG VLDYPEQRDYREWNILLPP KDQCM:GSt\/AF/SVGN\EALFAKK
| Kemmmmmeee PKEG VLDYPEQRDYREWNILLPP KDQGCGSOVAFASVGNEALFAKK
| Temmmmmeee PANDLVCGDFPDSRDYRGKY TLLPPKDQGVCGSOVAFAIA NFEYLFAKI

LI SEFYTNGKRNEKDIF SKVPEIL DYREKGYV HEPKDQG.CGSOVAFAVGN ESVFAKK
KN----  VVTSSSG\NLLADVPEIL DYREKGYV HEPKDQG.CGSOVAFAVGN/ECMYAKE
----------- SPTDKV-- NYTS-DWRDYNVII GVKDQKCASCWAFAAGYVAAQYAI R
----------- SPTDKV-- NYTS-DWRDYNVII GVKDQKCASCWAFAAGYVAAQYAI R
----------- SPTDKV-- NYKSFDWREHNAIIAY KDQKRCASCWAFAAGVI EAQYAI R
----------- GN ENF-- DHAAYDWRLHSG/TPWKDQKNCGSWARS GS/ESQWAI R
----------- PADAKL-- DRIA YDWRLHGG/ TPVKDQALCGSOVABSVGSVESQWAI R
----------- PKDGTF-- DYVKHDWREFNAVTPVKDQKNCRCWARBTVGVVESQYAI R
----------- PADAVV:- DNEKYDWREHNAVSEI KNQNLCGSOVARAVGAVESQYAI R

*k = kek ok ookkkk - -k

YSLPI SFSEQQ/VDCSINFGAMGGHPFLSFLYFLN- NG/CFGDNYEYKAHDOFFCLSY
YSLPI SFSEQQ/VDCSINFGAMGGHPFLSFLYFLN- NG/CFGDNYEYKAHDOFFCLSY
KGTMPAT SFSEQQ/VDCSTDNYGOGGHFYSFLYFI N- NG/CLGDEYPYKGHDOFFCLNY

of other Plasmodium cysteine proteasegontinuation)
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Falcipain -1
Vivapain -1
BP2Query - sequence
Berghepain -2
Chabaupain -2
Falcipain - 2a
Falcipain -3
Vivapain -3
Vivapain -2

BP1Query - sequence
Bergheipain -1
chabaupain -1
Falcipain -1
Vivapain -1
BP2Query - sequence
Berghepain -2
Chabaupain -2
Falcipain - 2a
Falcipain -3
Vivapain -3
Vivapain -2

BP1Query - sequence
Bergheipain -1
chabaupain -1
Falcipain -1
Vivapain -1
BP2Query - sequence
Berghepain -2
Chabaupain -2
Falcipain - 2a
Falcipain -3

Figure 4.12. Alignment and comparison of amino acid sequences @ergephainl and Bergephain?2 seuencesvith those

- NKNIL SFSEQEVVDCSKDNFGMGGHPFY SFLYVLQ NELCLGDEYKYKAKDDMRCLNY
HNKTIL TLSEQEVVDCKLNFGMGGHPFYSFI YAI E- NG CMEDDYKYKAMDNLFCLNY
KNQ KVSLSEQQVDCAQNNGEGGLP YAFEDLI DVDGLCEDKY YPYVSNVPELCEI N
KNQ KVSLSEQQVDCAQNNGEGGLP YAFEDLI DVDGLCEDKY YPYVSNVPELCEI N
QNK- KI SLSEQQ.VDCSQNRNGEGGLP YAFEDLI DMGG. CEDKY YPYVADVPELCEI N
KNK- LI TLSEQELVDCS-KNYGCNGG NNAFEDMIELGG CTDDDYPYVSDAPNLCN D
KKA- LFLFSEQELVDCSVKNNGCYGGYNAFDDMIDLGA. CSMDYPYVSNLPETCNLK
KKE- LVSLSEQEMMDCSFKNYGOGGNPIAF EDLLDLGG CKEKEYPYVDVTPELCDI D
KNQ HVLI SEQELVDCSDKNFGCFGG_ASLAFDEMIDLG\LCSESDYPYVG:KPRKCEI K

*** *** * k% k% k. -k * % *

RCAYRSKLKKI GNAYPYELIM SLNEVGPI TVNVGVSDBE-VLYSGE DGTAASELNHS/L
RCAYRSKLKKI GNAYPYELIM SLNEVGPI TVNVGVSDBE-VLYSGE DGTAASELNHS/L
RCSFLGSVHFI GOVKPNELIMAL NYWGPVTI GVGASDBE-VLY SGG&FDGECASELNHAVL
RCKRKVSLSSI GAVKENQLILAL NEVGPLSVNVGYNNDFVAY SEGVYNGTCEELNHS/L
RCKNKVTLSSVGG/KENELI RALNEVGPVSVNVGVTDOFSFYGGHB- NGTCEBELNHS/L
KCTEKYS SKFALVPRINNYKEAI QYLGPI TIAV GVDDDFESYNG @G- DGECTDFANHAVM
KCTEKYS SKFALVPINNYKEAI QYLGPI TIAV GVDDDFESYNG @G- DGECTDFANHAVM
KCKEKYTAI EYALVPYDNYKEAI QYLGPLTIAV GASEDFQDYDGGF DGECTG-ANHAVI

RCTEKYQ KNYLSVPDNKLKEALRFLGPI SI SVAVSDOFAFYKEGF DGEC@QLNHAVM
RCNERYTI KSYVSIP DOKFKEALRYLGPI S| SIAA SDOFAFYRGG-YDGECGAARPNHAVI

RCKNKYKI TTYVEIP QLRFKEAI KFLGPI SVSI CANDOFVY YEGAL.FDGSCGESPNHAVI

KCKEKYTI KSYVKIP EEKYKEAI QFLGPLTLGLTVNDLOFYDYKEGF SSECTEEPNHEVM

. ** . ***- * ***

LVGY®&VKRSLVFEDSHTN/DSNLI -- KNYKENI KDSDDDYLY YWII RtS/\BSTWBEGGY
LVGY&VKRSLVFEDSHTN/DSNLI -- KNYKENI KDSDDDYLY YWII RNSASSTWGEGGY
LVGYGQKKSLAFDOSHSN/DSSLI -- KKYKENI KGDDDH'T YYWII RNSAGTEWGEGGY
LVGYGQEKTKLNYNNI ------- QTYNKENSNE@DDNII YYWII KNSASKKWEENG-
LVGYGQQSXKIF QGEKNAYDPASGVTKKGALSYPSKADDGE QY YWVII KNSASKFWEENG-

LI GYGEEVY DKRLKKNVKEYYYII RNSWCEDWEERGY
LI GYGEEVY DKRLKKNVKEYYYII RNSWCEDWERGY
LVGYW/ESVF DESLKKNVDQYYY! RNSWSDAWGEEGY
LVG-GWKEIV NPLTKKGEKHYYYI KNSWGQWGEERG

LVGY®KDI Y NEDTGRMEKFYYYII KNSWGDWEGGY

of other Plasmodium cysteine proteasegontinuation)
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Vivapain -3 LVGYQEBWY------nmmmmmemememeae DAMBRKNEKRY YFWIKNSWCEKWEEKGY

Vivapain -2 IV GYWEEMF----------mmeemmeeee NSESNASEKHYYYI KNSAGENWGEKGF
** i **: ::***. *k% *:

BP1Query - sequence | Rl KRNKLGDDVFCQ G DVFFPIL -----nnmmmmmmmmmemm oo

Bergheipain -1 | Rl KRNKLGDDVFCQ G DVFFPIL ----mmmmmmmmmm e

chabaupain -1 | RLKRNKEGDDGFCG/GTDVFFP Y--onmmmmmmmmmm e

Falcipain -1 VRLSRNKN@NVFCG GEEVFYPIL -----mnmmmmmmmmcmmceceee

Vivapain -1 IVRI SRNKEGDNVFCG GVEVFYPIL KGQ@NSADI QHSGBSSLEGPRFEGKPIP NPLLGL
BP2Query - sequence | RLKTNESGTLRNQV- LVQGWPI E--mmmmmmmmmmmmm e

Berghepain -2 | RLKTNESGTLRNQV- LVQGWPI E---mmmmmmmmmmmm oo

Chabaupain -2 VRLKTDESGALRNQV- LVQAYVPIl E--mmmmmmmmmmmmm e

Falcipain - 2a | Nl ETDESA_.VRKCG. GTDAFIPLI E--mnmmmmmmmmmmmoccccccceee

Falcipain -3 | NLETDENGYXKKTCSY GTEAYVPLLE- e

Vivapain -3 VKl QTDEY ALVKTCL GAQAFVALI DEV------mmmmmmmmmmmmceeceee

Vivapain -2 VRl ETDELGLQKTNN MIEAYVPLLD-------mmmmmmmmmmmmmmmm oo

BP1Query - sequence = ----eeeeeee-
Bergheipain -1 = s
chabaupain -1 = e
Falcipain -1 e
Vivapain -1 DSTRTGHHHHHH
BP2Query - sequence  ----eeeeeee-
Berghepain -2 s
Chabaupain -2~ s
Falcipain -2a = e

Falcipain -3 e
Vivapain -3 -
Vivapain -2 e

Figure 4.12. Alignment and comparison of amino acid sequences @ergephainl and Bergephain2 seuencesvith those
of other Plasmodium cysteine protease&ontinuation)
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Table 4.4 Alignment of predicted Bergheipain aminosequencesfrom PCR-purified gene fragments against common
malarial cysteine proteass.

Query squences Subject sequences

Berghepains Falcipains Vivapains Chabaupains
1* 2 1 2A 2B 3 1 2 1 2
Bergheipainl Maximum 94 35 51 88 88 34 41 NABO 65 NABO
Identity (%)
Query 100 62 72 63 63 63 100 NABO 99 NABO
coverage(%)

E - value 0.0 4ed47 0.0 4e42 le-42 2e-45 le-134 NABO 0.0 NABO

Brgheipain2 Maximum 99 32 45 44 43 43 78
Identity
Query 100 77 100 100 100 98 99
coverage(%)
E - value 0.0 4e53 1e128 3e128 4e132 9e-129 0.0

*:Values were obtained from NCBI data bank andare expressed as peent
NABO: Not available on blast outcome
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@ Our BP2 Query sequence
=

*

& Berghepain-2 PBANKA_093240

9o
@ Chabaupain 2 PCHAS_091190
@ Vivapain- 3 PUX_091410
9 o ) )
@ Vivapain-2 PUX_091405
2
b & pPlasmodium knowlesi strain H P.knowlesi ortholog of falcipain
» @ Falcipain 3 PF3D7_1115400
9
@ Falcipain 2a PF3D7_1115700
D Falcipain 1 PF3D7_1458000
g
@ Vivapain-1 PUX_195290
o
@ Plasmodium vinckei vinckei strain VIBA cysteine profease
@ & chabaupain 1 PCHAS_ 132500

@ Plasmodium yoelii yoelii str. 17 XNL hypothetical protein

@ Our BP1 Query sequence
=r——1

g

@ Bergheipain 1 PBANKA_132170

I 0.2 I

Figure 4.13. Dendogram showng combined phylogenic relaionship between BPland BP2 genes with those of otherrelated
plasmodium cysteine protesases
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4.6 Subcloning into pVax1vector and production of DNA vaccines

Two ses of DNA vaccine were required for the vaccination and so two different strategies were
employed forthe ultimate transfer ahe genes into the DNA vaccine vec{pVax1). The first

set of vaccine posse=sno signal peptide but have the streptag sequence thiilsecond set of
vaccines hasoth the signal peptide as wek the streptag sequencen order to produce the

first set of vaccing the midipreg having the gene inserts were cut with BamHI arbXand

the inserts ligated intpVaxl, dready cut with the same BamHI/Xhol enzymes. The positive
transformants will habour p@aBP1Streptag or pValBP2Streptag mabamant DNA molecule
which were identified via colony PCRIlates 4.10 and 4.1dgave the kctrophoregram of the
colony PCR for such set of vaccines. Positive colonies were thkedpfoom Kanamycin LB

plate and grown in 200 mL of LB mediufmom where midipreps (the vaccines) were made. The

Midipreps and their optical density properties aregiin Table 4.

Introducing the transin signal pepticht the 5 end of the berghaip genes necesitated the
design and use of a differeset ofprimers bearing EcoRV (blunt end cujteand Xhol (sticky
endcuttel) restriction sitesOSK2034/0OSK99primers andDSK2035/0SK99primers for BP1
and BP2 respectively were used for this cloning strategdmplicons generated with these
primers were cut wittEcCORV/Xhol enzyme system, gel purifieénd ligated into FONAS3
vector which had been cut previoushth the same enzymesd gel purified (seappendix XIV
for the percentage yield of the gel purificatio)late4.12 show that only 1 irl9 colonies had
the required plasmid for Bergheipainllo single positive colony was seen for Bergheipain2
indicatng a very low transformation efficiency. The TransiiB®eptag was then cut out of the
pcDNATransinBP1Streptag by cuting with Hindlll and Xhol restriction enzymes raamdféred

into pVax1 previouslycut with the same enzymeBlate 4.13gave the outcome of the colony
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PCR done when transformation was carried out with the ligation products. For this, the
efficiency of transformation mproved greatly.Screening thamidipreps from some selective
positive colonies on the kanamycin plébe the presence of Bergheipainl gene gave a positive
result (Plate 4.14)igation step for BP2 imequiredseveral adjustment of ligation conditions.
When the ligation was done at 4G for 6 hrs and the ratio of the insert to the cut plasmid raised,
the lIgation was successful, however, with very low efficiency of transformatsoshown in

Plate 4.15 The corresponding colony PCR d&anamycin LB platefor pVaxl carrying the

TransinBP2Streptag sequemnas also successful (Plate 4.16).

All the positive colonies were finally picked from the replica pi&tnd midipreps of the
vaccines were made. Table&bfresents the data of the midipreps of all the ODNWA vaccine
constructsproduced.The amount of the vaccine produced ranged from 1.6 mg for control

plasmid (pVaxl) to 3.4 mg for pVax1KanBP2Streptag
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10 kbp =

Plate 4.10. Result of the colony polymerase chain reaction after XL1 Blu&.coli cells were
transformed with pVax1KanBP1Streptag recombinant plasmid and allowed to grow on
Kanamycin LB plate.

KEY:

Lanes 1(DNA ladder)
2-8 (from pcDNA3StreptagBP-Lolony 5)
9-16 (from pcDNA3StreptagBP4colony 6)
17(control well; amplification carried out with BP1 antisense primer
(OSK2029) in replace of Stregpecific primer (OSK997).

[Amplification, except the controls was carried out with Internal sense primers and antiStrep
primer having Xhol sitg.
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10 kbp  =—

Plate 4.11 Result of the colony polymerase chain reaction after XL1 Blu&.coli cells were
transformed with pVax1KanBP2Streptag recombinant plasmid and allowed to grow on
Kanamycin LB plate.

KEY:

Lanes 1 (DNA ladder)
2-5 (from pcDNA3StreptagBR2olony 5)
6-11 (from pcDNA3StreptagBP&2olony 6)
12(control well; amplification carried out with BP2 antisense primer
(OSK2033) in replace of Stregpecific primer (OSK997).
[Amplification, except the controls was carried out with Internal sense primers and antiStrep

primer (OSK997)having Xhol site.]
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Plate 4.12. Result of the colony polymerase chain reaction after XL1 Blu&. coli cells were
transformed with pcDNA3AmMpBP1Streptag recombinant plasmid and allowed to grow on
Ampicilin LB plate.

KEY:

Lanes 1 (DNA ladder)
2-20 (positive colonies from the ampicilin LB plate)

[Both inserts and gDNA3 vector were cut with ECORV and Xhto allow for addition of
transin signal peptide.]

100



Plate 4.13. Result of the colony polymerase chain reaction after XL1 Blué&. coli
cells were transformed with p/ax1KanTransinBP1Streptag recombinant plasmid
and allowed to grow on Kanamycin LBplate.

[Amplifications were carried out witl©SK34 (having EcoRV site)and OSK997strep
specific, having Xhol siteprimers. TransinBP1Streptag recombinant ing&s$ cut from
pcDNA3TransinBP1Streptag midiprepith Hindlll and Xhol and introduced intpVax1
previously cut with the same set of restriction enzymes.

KEY:

Lane 1(Ladder)
Lanes 220 (positive colonies on lknamycin plate).
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Plate 4. 14 Screening ofpVaxlKanTransinBP1Streptag midipreps from representative
positively transformed XL1 Blue E. coli coloniesfor the presence of Bergheipain 1 gene.

[Amplifications were carried out using OSK2034 and OSK977 primers as the sense and reverse
primers respectivelyXL1 Blue E. coli colonies were grown on Kanamycin LB plates.]

KEY:
Lane 1 (Ladder)
Lanes 25 (PCRwas carried out with four representatp@sitive colonies on kanamycin plate).
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10 kbp

1.5 kbp ——

Plate 4.15. Result of the colony polymerase chain reaction after XL1 Blug&. coli cells were
transformed with pcDNA3AmMpBP2Streptag recombinant plasmid and allowed to grow on
Ampicilin LB plate.

KEY:

Upper gel

Lanes 1(DNA ladder)
2 to 11(colonies 1 to 10 of BP21II)
12 to 20 ( colonies 1 to 9 of BF2II)

Lower gel

Lanes 1 (DNA Ladder)
2 (colony 10 of BP®)
3 & 4(colonies 1 &2 of BP5 I)
5&6 (colonie 1 &2 of BPZII)
7 to 11(colonies 1 to 5 of BP2I)
12 to 16 (colonies 1 to 5 of BF&I).

[Both inserts and pcDNA3 vector were cut with EcoRV and Xhol to allow for addition of
transin signal peptideAmplification was carried out wittDSK2035 (having EcoRV site) and
OSK997 (having Xhol site and streptag sequ¢rmemers. Various Ligation reactions (see Methods
section) were tried for transformation and I, 1l and Il represents the various ratios of cdimentt

insert and that of the vector ()CDNA3), bdilyested with EcoRV and Xhol enzynjes
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Plate 4.16. Result of the colony polymerase chain reaction after XL1 Blu&. coli
cells were transformed with p/axlKanTransinBP2-5 Il (1) Streptag recombinant
plasmid and allowed to grow on Kanamycin LBplate.

[Amplification were carried out witlOSK35 (having EcoRV site) and OSK997 (strep
specific, having Xhol site) primers. TransinBP1Streptag recombinant insert was cut from
pCDNA3TransinBP1Streptag midiprep with Hindlll and Xhol and introduced inexPv
previously cut with the same set of restriction enzymes.]

KEY:

Lane 1 (Ladder)
Lanes 211 (positive colonies on kanamycin plate).
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Table 4.5Plasmid DNA from Midipreps of positivemnies

Plasmid DN, Plasmid concentratior{ -g/ml)
(Azec/Azgc) Total
Plasmids
Viakl  ViaF2 Vialk3 Vial4 produced
(mg)
No Transii
1. pVax1KanBP1strept: 1325.6 1085.C 1364.5 15447 2.637¢
(1.85) (1.92) (1.87) (1.88)
2. pVax1KanBP2strept: 17539 1784.1 1889.7 1379.1 3.403¢
(1.85) (1.87) (1.86) (1.87)
With transin signal peptid
1. pVax1TransinKanBP1strepi 1481.7 987.¢ 1146.: 1430.z 2.52¢
(1.86) (1.89) (1.88) (1.90)
2. pVax1TransinKanBP2strep: 1429.¢ 1460.¢ 1437.C 1532.« 2.9301
(1.90) (1.90) (1.91) (1.91)
Controlplasmic 759.c 725t 8351 1018.f 1.668-
(pVaxl) (1.89) (1.9 (1.89) (1.88)

Note: Each vial contains 508-of the eluted plasmid.
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4.7 Results of mmunisation studies with DNA vaccine

Forin vivotest of the dkctiveness of the DNA vaccines to protect mice against infection due to
Plasmodium berghemice were immunized with separate vaccine construct. The experimental
designconsiss of seven groups of ten mice each except the positive and ¢fagives control
groups which ha& mice each. All the animals, with the exception of the negative controls, were
thereafter challenged with same inoculums of iRB&mples of aminlsail blood were taken at
intervals throughout the study programme arsed to determine gpasitaemia anded cell

counts Animals weights were taken andaths were also closely monitored and survival rate of
the experimental groups were noted. All values observed were statistically compared with values

of three control groups (Negative, Postand plasmid controls).

Immunisation with the DNAbased vaccine construclewered the parasitaemia in mice
vaccinated with pVax1StreptagBP2, pVax1TransinStreptagBP1, andlpxémsinStreptagBP2
(Figure 4.14. Parasitaemia in grputreated with pVax1StreptagBPhpwever, remained
progressively high and was not found to be significantly different with that in the positive control
mice (group 2)Figure 4.15gave the pattern of red cells counts observed in the experimental
groups. Aimals vaccinated withpVax1BP5treptag pVax1TransinStreptagBP1 had caathiat

were not significantly different from that seen in the unvaccinated noninfected (negative control)
group but which were statistically different from the values obtainedhenpbsitive control
group. The group which was vaccinated with pVax1StreptagBP2 had the next higher red cells
count Animals which were vaccinated with pVax1StreptagBP1 had very low mean red cells
count as themean valuewas notsignificantly different (p> 0.05) from the positive control
group. Figure 4.16shows the changes in animal mean weight pre and post challengel pAti

groups showed increase mean weight from the time of prime vaccination up to the time the
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animals were challenged with lifeagasites. From the point of challenge forward variation

mean weightsamong groups became conspicuous; thers significant drop inweight in
challengedanimals whichpreviouslyreceived PB&lone omaked pVaxl (plasmid control) and
those given pVax1StreptagBPRigure 4.17and appendix XXVII givethe survival rate for all

the experimental groups. By the "60day post challenge groups vaccinated with
pVax1BP2Streptag, pVax1TransinBP1Streptag and pVax1TransinBP2Streptag had 37.5%, 25%
and 25% survival rates respectively. With the exception of mice in the negative control group

which had 100% survivl, animals in all other groups died BYyday post challenge.

Plates4.17A and 4.1/ are the photomicrographs of the liver cells from theerimental
groups The organs of representative mice taken from all the experimental groups were fixed in
10% Formalin before taken for histopathology. Groups with high paeasa (2, 3 and 4)
visibly hadhemosiderin deposits anshowed large areas of necrosis. Their blood vessels seem
to lack blood in them. Hepatocytes from three groups of mice immunized with the DNA
vaccines (groups 5, 6 and fiad low parasitaemia andiere not as deranged as those of the
positive and pVaxlcontrols, indicative of some level of protectidnflammatory cellswere

also seerin liver of infected animals.

The safety usage of these DNA vaccimes/ivo was studied by ch&ng the possibility of
plasmid integration into the genomic DNA of expeental animalsWhen the genomic DNA of
immunized mice in all groups were scrutinized for possible integration by the plasmids, results

obtained(Plate 4.8) gaveno amplicorfor all the experimental groups.
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Vaccination groups

60 —¢—-Ve control

S0 =i—-+ve control
(ﬁ 0 —#—pVaxl control
S
.ggo

=>=pVax1BP1Streptag

8
‘720
%2 =i=pVax1BP2Streptag
S
%0

=0-pVax1lTransinBP1Streptag

2'7 pVax1TransinBP2Streptag

Timepost challenge
(Days)

Figure 4.14 The effect of vaccination with DNA vaccine constructs on
parasitaemiaof experimental mice.

Vaccination groups

-ve control (mice in this group were not vaccinated with DNA material but were given
PBS as placebo and were not subsequently challenge® wirghe).

+ve control (mice in this group were not vaccinated with DNA material but were given
PBS as placebbut were subsequently challenged withberghe).

pVaxl1 control (this is the vector control group in which mice were vaccinated with the
pVaxl1 vector not harbouring any gene insert).

pVax1BP1Streptag (mice in this group were vaccinated with pVax1BRit&g)e

pVax1BP2Streptag (mice in this group were vaccinated with pVax1BP1Streptag).

pVax1TransinBP1Streptggice in this group were vaccinated with
pVax1TransinBP1Streptag

pVax1TransinBP2Streptag (mice in this group were vaccinated with
pVax1TransinBP2Streptag).

[Each point is a mean value except were onlyraoase survived and is monitojed
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Figure 4.15. The effect of vaccination with DNA vaccine constructs ored cell
countsof experimental miceon the 24" day post challenge.

Vaccination groups

1 (mice in this group were not vaccinated with DNA material but were given
PBS as placebo and were not subsequently challengeé woirghe).

2 (mice in this group were not vaccinated with DNA material but were given
PBS as placebo but were subsequently challengedPwikerghé).

3control (this is the vector control group in which mice were vaccinated with the
pVaxl1 vector not harbouring aggne insert).

4(mice in this group were vaccinated with pVax1BP1Streptag).

5 (mice in this group were vaccinated with pVax1BP1Streptag).

6 (mice in this group were vaccinated with
pVax1lTransinBP1Streptag).

7 (mice in this group were vaccinated with
pVaxl1lTransinBP2Streptag).
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30 -

Vaccination arour
=¢=-ve Control
== +ve Control

(9)

—A—pVax1 Control

AnimalMean Weigth

=>=pVax1BP1Streptag
5 - == pVax1BP2Streptag

(»)

-30 -20 -10 0 10 20 30 40 50 60
Time relative to challenge withp.
berghe-iRBC

Figure 4.16. Variation in animals’ weights before legative valuesynd post
(positive values)challenge

=0—pVaxlTransinBP1Strepta
. . . . . pVax1TransinBP2Strepta

Vaccination groups

-ve control (mice in this group were not vaccinated with DNA material but were given
PBS as placebo and were not subsequently challenge® wirghe).

+ve control (mice in this group were not vaccinatetth DNA material but were given
PBS as placebo but were subsequently challengedPwlierghé).

pVaxl1 control (this is the vector control group in which mice were vaccinated with the
pVaxl1 vector not harbouring any gene insert).

pVax1BP1Streptag (mécin this group were vaccinated with pVax1BP1Streptag).

pVax1BP2Streptag (mice in this group were vaccinated with pVax1BP1Streptag).

pVax1TransinBP1Streptag (mice in this group were vaccinated with
pVax1lTransinBP1Streptag).

pVax1TransinBP2Streptag (mice in this group were vaccinated with
pVax1TransinBP2Streptag).

[Animals were challenged with P. berghRBC on day OEach point is a mean value

except were only onmouse survived and is monitordgtror bars were constructed with

standard deviation]
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Plate 4.17A Photomicrograph comparing the various liver pathology with
parasitaemiafrom representative mice taken from experimentagroups 1, 2 and3. H &
E X 200-400.

[Group 1: not vaccinated and not challenged WAthberghei Group 2: positive contrehot
vaccinated but challenged with tRe berghej Group 3: pVaxl control grougnimals were
vaccinated with pVax1 and later challenged viathberghei.Upper plates & the pictures of

the hepatocytes while the lower plates are the corresponding giemsa stained blood smears
Blue arrow in 1A showing nucleus of intact hepatocytes, yellow arrows points to hemosiderin
pigments, blue arrow in 2A points to region of necragisle red arrow in 3A points to
infiltration of perivascular inflammatory cells].

111



Plate 4.17B  Photomicrograph comparing thevarious degrees of pathology of liver
cellswith parasitaemiafrom representative mice taken from experimentagroups4,
5,6 and7. H & E X 200-400.

[Group 4: vaccinated with pVax1BP1Streptag and challenged Rvitterghej Group 5:
vaccinated with pVax1BP2Streptag and challenged withPtHeerghei Group 6: animals

were vaccinated with pVax1TransinBP1Streptag and later challengedPwitbrghei;

Group 7: animals were vaccinated with pVax1TransinBP2Streptag and later challenged
with P. bergheiUpper plates are the pictures of the hepatocyte®wind lower plates are

the corresponding giemsa stained blood smé&d.arrow show empty blood vessel, Blue
arrow points to enlarged heppatocytes with with no nucleus, while yellow arrow points to
hemosiderin].
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Figure 4.17 Survival rate among different groups of vaccinated mice

Vaccination groups
-Ve: (mice in this group were not vaccinated with DNA material but were given
PBS as placebo and were not subsequently challenged wgrghe).
+Ve: (mice in this group were not vaccinated with DNA material but were given
PBS as placebo but were subsequently challengedPwiterghé).
pVaxl1 control(this is the vector control group in which mice were vaccinated with the
pVaxlvector not harbouring any gene insert).
pVax1BP1Streptagmice in this group were vaccinated with pVax1BP1Streptag).
pVax1BP2Streptagmice in this group were vaccinated with pVax1BP1Streptag).
pVax1TransinBP1Streptamice in this group were vaccinatedth pVax1TransinBP1Streptag).
pVax1TransinBP2Streptamice in this group were vaccinated with pVax1TransinBP2Streptag).

Animals survival during the immunization period were expressed either as the ratio of the

number of animals challenged with P. beigRBC to the number of animals alive [3 to 24 days
post challenge] or in terms of percentage of survivors [for 60th day post challenge].

113



1.5kb

Plate 4.18 Screening for possible integration of plasmid DNA into genomic DNA
extracted from liver of vaccinated mice from different experimental groups on the
twelveth day post challenge (40 days post prime vaccinatipn

[PCR was carried out with gespecific forward primer and streptagecific primer as reverse
primer. LanelDNA Ladder; Lanes 20 8PCR results with genomic DNA from liver of
representative mice taken from Groupss/é(control .i.e No infection ,no vaccination), 2(positive
control i.e. vaccinated with PBS and Infected), 3(plasmid control, vaccinated with pVax1l and
infected), 4(vacinated with pVax1BP1), 5(vaccinated with pVax1BP2), 6(vaccinated with
pVaxlTransinBP1), 7(vaccinated with pVax1TransinBP2); Lane 9 (PCR result with genomic
DNA from splea of representative mice taken from group 7 i.e. vaccinated with
pVaxlTransinBP2; Laes 10 to 13 were positive controls (PCR done with pVax1BP1,
pVax1BP2, pVaxlTransinBP1 and pVaxlTransinBP2 as templates respectively); Lane 14
(DNA Ladder). Picture indicative of absence of genomic DNA integrdtion.
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CHAPTER FIVE
DISCUSSION
5.1Bioinformatic study preceeding gene amplification

The goal of thisprojectis to study the vaccen potential ofDNA vaccine encoding cysteine
proteaseof P. bergheiusing animalmodel. The study started with bioinformatgearchof the
gene of theargetenzymefollowing similar patternemployedby Caldeira et al (2009) for the
amplification of Chaubaupaih and-2 from Plasmodium chaubaudi Blast search on the
available Plasmodium berghei genome database at the Sanger lastitIMEBIwebsites led
to the identification of two putative cysteine proteases sequences (BergHeizaid
Bergheipain2) that wereorthogous to the previously described falcipdirand falcipain2
respectively(Mohmmed et al.,, 2003and their contigs The contigsprovided therequired
information for the design of primers used subsequently for gene amplifichtidhe past,
cysteine protease genfom protozoan parasites have been amplified bygdesy degenerate
primers based upon consensus sequences flanking the adgvbissidine, cysteine and
asparagine residues (Eakin, et al., 19@nard et al., 200Byoungkuk et al., 2004 For this

study, however, the primers were designed based on already existing gene sequences.

5.2 Genomic DNA isolation, amplification andcloning of Bergheipain genes

Prior to DNA isolation, the infected mice blood were treatgith glass beads andextranin
order to get rid of other sources of DNA such as leucocgtes platelets. This approach
substantially ierease the red cell/leucocytes ratind providedoaraste isolatethat is largely
free from other contaminating nucleic aci@®NA isolatedfrom this sourcehad appreciable
yield and gave good Asy/Azgo ratio. Amplification of cysteine protease genes froievea

brasiliensisplant (Peng et al., 2008paragonimus westermaadult worms (Kim et al., 2000),
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Boophilus microplushick (Renard et al.,200@nd even in prokaryotes suchEscherichia coli

(Joo et al., 2007) were carried out using cDNA as template@&. The bergheipaigenesin

this work were ampplifiedusing genomic DNAinstead The use of cDNAN this study was
thought to bainnecessary since protozoan gelma@ge been reported to laskrons (Nene et al.,

1990; Rosenthal and Nelson, 19924 cysteine protease gednem Trypanosoma cruias been
previously amplified with genomic DNA as the template ( Eakin et al., 1990 high fidelity

pfu- DNA-Polymerase was employed for the PCR reactions since Taqg polymerase is capable of
misincopoating bases as it lacks;&onucleaseactivity (Eakin, et al., 1990)The nested PCR
adoptedgave very clear and distinct bands on agarose efdudregram. The nested PCR
appoach to gene amplification alloweir specific amplification of gene sequence that would
otherwise have been mared by unspecific amplificatidlsing the PCR conditions outlined in

the Materials and method section, we have successfully amplified both Bergheapai
Bergheipain2 gena. Amplicon generated were around the expected size of 1500 base pairs and

BP2 band visibly moved faster than BP1’s indicating the greater size of the later.

The restriction sites foBamH1 and EcoRlwere neccessaryfor subsequent cloning into
pcDNA3 plagnid and sowere encoperated into the internal primers in the course of primer
design. This allowed for successful cloning of the BP1 and BP2 genes into pcDNA3 plasmid
vector. Colony PCR and restriction digest comfirmed the presence of the gene inseet in t
pcDNA3. The pcDNA3was a strategy that would permit the monitoring of the gene expression
in vitro on eukaryotic COS7 cellthe attachment of a strep tag at the carboxyl terminal end of
the expresssed enzyme proteireacoporation of #&ransin signal peptide at its amino terminus.
Similar strategy employing immunological detection of expressed protein using the strep tag has

been used previousl|Kéliwer-Brandl et al. 2017).
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Attempt in this studyto transiently transfecCOS/ cellswith pcDNA3BP1 and pcDNA3BP2
gave positiveexpressiorof the geness the presence afreptag was comfirmed usingntk
Streptag rabbit polyclonalantibody with immunoflouresence techniqueThis result gives

credence to the cloning strategy gmdsets optimism thathe genswill be expressdin vivo.

5.3 Sequencing andbioinformatic studies of Bergheipainl and Bergheipain2 genes

The locations of each bergheipain gene insert in the recombinant pcDNA vector were
comfirmed followingbioinformatic stdlies on the sequence generated using Gensnfsvare

The genes were found to be correctly inserted into the vector andinwieaene with streptag
sequence. The strep tag @ oligonucleotide thahas been designed andas use for
immunological identification oftlonedgenes (Koliwer-Brandl et al., 2011)The open reading
frames of BP1 and BP2 were found to be 1560 bp and 1407 bp with predicted amino acid
residues of 519 and 468 respectivehymilarly, their molecular masses and ieotric points

were predicted to be aproximately 60.31 kDa and 54.46 kDa; and 7.52 and 6.01,
respectivelylhese values were identical toathpredictedfor cysteine protease froHevea
brasiliensis (Peng et al.,, 2008) anBlasmodium falciparun{Rosenthal and Nelson, 1992).
BLASTsearchesausing the assembled contigé the genesshow thatboth genes belong to
Peptidase_C1 superfamilyith specific hit on Peptidase C1A, where pagda enzyme
belong. The three residues, Cys25, His175, armh®/5, constitute the putative catalytic triad of
papain (Higai et al., 1989) and all cysteine protedssenging to papain family have
nucleotides coding for these residues conserved.expected allignment with amino acid
sequence of other plasmodiwysteine proteases ( Figure 4.16) revealedlibdtgenegossess

the CGSCWAF, LNHSVL, and NSWmotifs corresponding to the cysteine, Histidine and
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Asparagine catalytic triadAgain, aligning our genes with reference BP1(Accession Number:
XM 672551.1) and Bergheipain2 (Accession Number: AY06373763.1) located in PlasmoDb and
NCBI data banks gav@4% and 99% maximunidentity respectivelyto the eference genes,

thus further cofrming that our genes were actually the expected cysteine proteases from
Plasmodium bergheAgain, the genes were phylogenetically related to their orthologues in other

species oplasmodium.
5.4Design andproduction of DNA vaccine constructs

The pVaxf forms the vector backbone tife DNA vaccine constructdesigned and used in this
study The pVax1® is a 3.0 kb plasmids vector that has beeesigned for use in the
development of DNA vaccines and its construction is reported to be consistent with the Food and
Drug Administration (FDA) document of the United State of America (www.invitrogen.com).
The plasmid possesshaman cytomegaloirus (CMMmmediateearly promoter which permits
efficient, highlevel expression of recombinant protein (Andersson et al., 1987; Boshart et al.,
1985; Nelson et al., 1987). The plasmidoghas T7 promoter site which allows for vitro
transcription in the sese orientation and sequencing through the insert, multiple cloning site for
gene insertion during cloning, Bovine growth hormone (BGptlyadenylation signal for
efficient transcription termination and polyadenylation (Goodwin and Rottman, 1992), and
Kanamycin resistance genghich permits selection of vector . coli (Davies and Smith,
1978). The plasmid also has pUC origin to enable its high-oggplication and growth inE.

coli (Bolivar et al., 197& Bolivar et al., 197B). All these plasmigroperties areritical in the
design of DNA vaccineand their presence or absence have been found to affect the optimal
function of DNA vaccinegWilliams et al., 2009) Carter et al(2007) andMuleke et al.(2007)

havesuccessfullyemployed pVaxl as vehicle for DNA vaccinatidtaving successfullgloned
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the genes into pcDNA3, the gene inserts were then cut out of pcDNA3 and subcloned into
pVax1® vector.Eventhough the cloning strategy gated involving EcoR\{a restriction enzyme

that produces blunt ends) did not allow for quick ligation, we have ultimately suceeded in
ligating our gene inserts intihe pVax1® (after incubating the ligation miat 15°C for six

hourg and has producethe \accine constructsiihigh enough amount that could be required

for thein vivoimmunisation studies

5.5 Outcome of studies involving immunization with the DNA vaccine constructs

Immunization withDNA vaccine constructs lowered the parasitaemia in mice vaccinated with
pVaxlStreptagBP2, pVaxlTransinStreptagBP1, and pVaxlTransinStreptagéRallenged

with lethal inoculums ofP. bergheiinfected red cellsLowering of parasitaemia was not
observed inthe group given pVaxlStreptagBP1Progression in the rise of parasia is
usually a sign of progression of the disease and animals normally comenmitbvihe diseaséd

left untreated. Parasitaemia in the positive control group (those given PBS in place of vaccine
and later challenged with the parasite) as well aptdsanid contol group, continue tose until
theygetto well over 50% by the 24 day post challenge. Significant lowering of the parasite
burden in vaccinated mice blood could easily be attributed to vaccination regimens
administeredThere is not clear explanation as to why animals vaccinated with bergheipainl
gene insert were not protected against the infection. One possible guess, howevére ttaild

the in vivo expression of the GBenefailed or that the expression was not sigoenough to
evoke significant rise in antibody titre against the proteasm studies have shown that drop in
parasitaemia correlated well with the level of antibodies in se@artér et al., 200Mor et al.,

1995; Shalaby et al., 2003)t is worthy of note that transient expression of all the vaccine

constructs on COS3 cells gave positiveesults Generally, itseens that animals vaccinated
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with the plasmid carrying Bergheipain2 webeter protected than those vaccinated with
Bergheipanl vaccines. This is contrary to ourgpectation; falcipainl gene hasen linked to the
invasion of RBCs by merozoites and is therefore thought to be a better candidate for vaccine
production (Mohammed et al., 2003) than its BP2 counterpart whose role as a haemoglobinase
has long been establish@dheryl et al., 2005) Sinceanaemia andplenomegalyaremajor sgns

of infection due taPlasmodium(including P. berghe) (Thurston, 1953), the red cell counts of
animals in all the experiméad groups were determined anmean values compared on the 24th

day post challenge, when the infection is thought to be ternMieain Values of positivepVax1l
controls and pVax1BP1Streptag were minimal while those belonging to groups vaccirthated wi
PBS, pVaxlStreptagBP2, pVaxlTranStreptagBP1l, and pVaxlTransinStreptagBP2 were
maxmal (Figure 426). This pattern in red cell counts among experimental groups followed that
observed for parasitaemi@he mean weights for all grougsre-immunization, werewithin the
expecté range(19-23g corresponding to-8 weeks age of mice)sed by other researchers
(Carter et al.2007;Sukumararet al., 2003) Even at the point of challengthe mean weights of

all the groups were not significantly different. However, the values clearly adsuaniationas

the infection progressealongsidevariation in parasitaemia and red cell counts as earlier

explained.

Histopathological studies showed thatere vaccinatiorappearedeffective, there were lesser
degree of liver damage. Though parasites were seen in some vaccinated liver, it is thought that
this is part of the initial adaptation of such hepatocytéected cells as the parasites must first
pass through the liver to g® the blood. It is expected that such liver will recover with time in

animals that overcame the infection. Hepatocytic necrosis were seen in animals vaccinated with
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pVax1BP1Streptagjust as in those of the positive control and the pVaxl control grbug
percentage survival of healthy mice sed¢mfollow the pattern for the parasitaemia and red cell

counts.

The protection ofour experimentalmice by the DNA vaccines could ke largely due to
antibodies production accompanyitige transcription and translation of the gene ingartgvo.
Normally, the DNA vaccine coding for an @gen is transcribed and translated after its
administration. The protein antigen so produced is then degraded into short peptides by
ubiquination andproteolysis. This peptides are then taken up by the MHC Class | and I
complexes, which are then recognized by the CD4helper cells and CD8+ cytolytic T
lymphocytes(Viswanathan, 2005)Upon activation, these cells produce cytokines to stimulate
the Bcells to produce antibodies against the antiddaswanathan, 2005)This isa simplified
mechanism foprotection due to DNAased immunizatiorin fact, it iswell known thatDNA-

based immunization can stimulate all effector arms of the immune respensetibodies and

CD4+ and CD8+ T cellsGrifantini et al., 1998 Again, pecific immune response has been
associated with DNA vaccination; for example, vaccination with DNA vaccine encoding genes
of Leishmania major,ndicates that the protection observed with the Leishmanial DNA is
mediated by acquired specific immune response rather than by the activation of nonspecific
innate immune mechanism€gmposNeto et al., 2002)Protective immune responses against
internal pathogensare known to require a balance between2Thnd Th1 type of cellular
responses with the productiori type 1 cytokines such as IFAhd antibodies of the IgG2a
isotype in mice (Qazi et al., 2005%creening for the production of antibodies specib

Bergheipainl and 2 was natarried outin this work. The successful expression of these genes
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in vitro on mammalian COS cells in this study however,gives hope that the protection
observed could be associated to the genes’ expression in the vaccinated mice and the possible
production of antibodies by the B cellBhough the percentage population of healthy survivors

was not very high, the results show tthiaother parameters are optimizeit is possible to

enhance this survival rate

On the safety usage of DNA vaccindsur major areas of concerns have been identified
(Donnellyet al., 1997Gurunathan, et al., 20D@ include: the possibilityof plasmid integration

into the host genome, thereby increasing the risk of malignancy (by activating oncogenes or
inactivating tumor suppressor genes); the possibility of having idduegponses against
transfected cells, thereby triggering the developnoérautoimmune disease; the possibility of
inducing tolerance rather than immunity; and the possibility of stimulating the production of
cytokines that alter the host’s ability to respond to other vaccines and resist inféichols et

al. (1995) Of these four areas, avhaveonly tried to study the possibility of plasmid DNA
getting integrated into host genomic DNA using PCR tool. No possible integration was observed
in this study Nichols et al. (1995) using sensitive PCR methqgdsere also unable todetect
integrationafter mice were injected i.m. with plasnilddNA encoding influenza nucleoprotein

(NP).
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CHAPTER SIX

SUMMARY, CONCLUSION AND RECOMMENDATION

6.1 Summary

1.

Bergheipain 1 and Bergheipain 2 genes were amplitietied into pcDNA3 vector,
sequenced and subcloned into pVax1 expression vector. The gene were transiently
expressedh vitro on COS7 cells.

Immunisation with the DNA vaccine constructs lowered the parasitaemia in mice
vaccinated with pVax1StreptagBR#2/ax1TransinStreptagBP1, and
pVax1lTransinStreptagBP2

The pdtern of parasitaemia seém affecedthe red cell counts, mean weights,
pathology of the liver and ultimately, animals survival.

Better protection was found among mice vaccinated with plasmids carrying Bergheipain
2 gene. In addition, those with transin signal peptides seems to give better protection
than those without.

Integration of plasmids DNA into gDNA of the mouse was naeoted.

6.2 Conclusion

Orthologoues of falcipainl and 2 were amplified frdn berghes genomic DNA using a

Nested PCR protocol. Both genes were cloned into pCDNA3 vector and used to transformed

XL1 Blue E.coli cells. Midiprep were prepared from positive colonies on ampitlinplate

from where the fullgenes were sequenced. The genes belongetinlageC1 papainlike

cysteine protease family witdl the catalytic trid residues well conservedn vitro trarsfection

of COS7 cells with the pCDNA3BP1Streptag angCDNA3BP2Streptag using

immunofluoresence techniquevealed transient expression of the genes.

The genes were successfully subcloned into pVaxl using stratbgtegig¢lded four vaccine

contrwcts; two had transin signal peptide white remainingwo constructsio not.
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Immunisation with the DNA vaccine constructs lowered the parasitaemia in mice vaccinated
with pVaxlStreptagBP2, pVaxlTransinStreptagBP1, and pVaxlTransinStreptagBP2. This
patten in parasite burden also affected the red cell counts, mean weight and ultimately the
percentagepopulation of healthy survivors seen in different experimental groups. Animals
vaccinated with érgheipain2 gene insert were betpeotectedfrom P. bergh&infection than

those vaccinated with Bergheipaicbntrary to expectationBetter protection were seen in
groups of mice immunized with DNA vaccmbaving transin signal pepgdhan those without

it.

Integrationof plasmidsDNA into genomic DNA of the vaccinateahimals was not observed,

allayingthe fears of any danger that the usage of this vaccine could lead to.

6.3 Recommendation

The general observation is that DNA vaccine are more effective when used as prime vaccin
while recombinant proteingrere known toboost betterlt is recommended that further
studies be carried out to study the effecitombineadminstration ofpVax1BP as prime

vaccinefollowed byboosting with BP recombinant molecule.

Again, ®veralantigenic molecules have been identified at different stages of the life cycle of
plasmodium. It is recommendehat investigation be carried out see the protective
potential of vaccination with multigene DNA vaccine harbmg cysteine protease

seqenceandthose of other molecules.

Sigh et al. (2007) observed thatirmal model parasigesuch a®. bergheicontain cysteine

proteases which are quite different from those of the key human paaaditeave even
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produced engineered mutant bergheipait2t might lead to animal model parasite with a
protease repertoir more similar to that Bf falciparum It is recommended that such
engineerecsequence be used in the futuras part othe design and construction of DNA
vaccine and its efficacy testad animal model.Alternatively, sitedirected mutagenesis
could be used to creat mutation on éatalytic residus of the enzyme thereby producing
catalytically inactive proteasethen expressedh vivo. The vaccine potential of DNA

vaccine having such segncesould then be tested in mice.
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APPENDICES

Appendix I: PCR Reaction Mix for Tag Polymerase

Component Volume
X1 Reactio;/
gDNA Template 1.0
Forward Primer 0.5
Reverse Primer 0.5
Taq Polymerase Buffer 2.5
dNTPs 0.2
MgCl, 1.5
ddH,O 18.3
Taq polymerase 0.5
Total 25
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Appendix Il :  PCR Reaction Mix for pfu Polymerase

Component Volume
X1 Reactio;/

gDNA Template 1.0

Forward Primer 0.5

Reverse Primer 0.5

Pfu Poymerase Buffer 5.0

dNTPs 1.0

ddH,O 41.0

Total 50
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Appendix IlI:

PROGRAM FOR NESTED PCR

CNTRL TUBE LID=105
Temperature Time( Hr:Min:Sec)
1 T=95°C 0:05:00
2 T=95°C 0:01:00
3 T=40°C 0:01:00
4 T=72°C 0:03:00
5 GO TO 2 REP 29
6 T=72°C 0:05:00
7 Hold 4.0°C ENTER
end °C

The program runs for 3.52 hr
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Appendix IV:  PROGRAM FOR STANDARD PCR with pfu polymerase

CNTRL TUBE LID=105
Temperature Time(Hr:Min:Sec)
1 T=95°C 0:05:00
2 T=95°C 0:01:00
3 T=45°C 0:01:00
4 T=72°C 0:03:00
5 GO TO 2 REP 29
6 T=72°C 0:05:00
7 Hold 4.0°C ENTER
end °C

Note that this same programme was use8 BANDARD PCRprogramme amplificatiomvith
0OSK2034/2035 and OSK94®treptag reverse primeprimers and pftas DNAPolymerase.
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Appendix V: Colony PCR Reaction Mix Using Taq Polymerase

Component

Volume
—/

X1 Reaction

gDNA Template (inthis case is
positive clone)

A piece of the clone using yello
pipette tip

Forward Primer 0.5
Reverse Primer 0.5
Taq Polymerase Buffer 2.5
dNTPs 0.2
MgCl, 1.5
ddH,O 18.3
Total 25
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Appendix VI: Program For Standard PCR With Tag Polymerase And Internal Primers

CNTRL TUBE LID=105
Temperature Time( Hr:Min:Sec)
1 T=95°C 0:05:00
2 T=95°C 0:01:00
3 T=45°C 0:01:00
4 T=72°C 0:01:30
5 GO TO 2 REP 29
6 T=72°C 0:05:00
7 Hold 4.0°C ENTER
end °C

The program runs for 2.57 hr.
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Appendix VII Outcome ofisolation of Genomic DNA from P. bergheiisolates

P. bergheBample Concentration (ngHy Aoso/280
1 29.0 1.83
2 69.0 1.68
3 67.0 1.84

Note: that gDNA from sample 2 was @ on the basis of gel picture when they were all subjected to
Nested and standard PCR with bergheipain 1 and 2 prirtarsiple 2 gDNA was used for preparative
PCR.
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Appendix VIII. Electrophoregram of Nested PCR amplification using three
samples of genomic DNA extracted from differenP. bergheiisolates.Pfu
polymerase was used with reaction conditions as outlined unders methods.
Electrophoresis was carried out on 1% agarose gel.
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Appendix IX: Reaction Mix for Restriction Digest

Component Bergehipain-1 Bergehipain-2
X1  Reaction Volume X1  Reaction Volume
—/ —/
Amplicon  purified  from| 49 29
agarose gel

X10 Restriction digest Buffer

6 (10% of total volume)

4(10% of total volume)

BamHl 1 1
EcoR1 1 1
ddHO 3 5
Total 60 40
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Appendix X: Ligation Reaction Mix For BamH1/Xhol

Component
X1  Reaction Volume
Insert 2 =
Vector 2
X10 T,DNA ligase Buffer 1.5
T, DNA Ligase 1
ddH,O 8.5
Total 15
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Appendix XI: Ligation Reaction Mix For EcoRV/Xhol

Component
X1 Reaction Volume
—/

,QVHUW QJ —0O |2

S9HFWRU QJ —O |4

X10 T,DNA ligase Buffer 2

T, DNA Ligase 2
ddH0O 10
Total 20
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Appendix XII . Yidd from PCR preparative agarose gel electrophorest$dre and after

Restriction Digest wittBamH1 and EcoR1

Diges Genge
Bergheipainl  Bergheipain2

Before Restriction Dige  Total volume¢l) 50 30
Concentration (ng#H) 115.¢ 44t
Az601280 1.8¢ 1.8€

After Restriction Dige Total volume¢!) 50 30
Concentration (ng#H) 71.C 22.€
Aosorsc 1.9¢ 1.74
Recovery (9 60.37 51.4¢
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Appendix XIlI . Yield for pcDNA3BP1/2Streptag Minipreps from representative colonies

Gene Colony Plasmid Nomenclatu Plasmic  AxsoAzs0  Assd/Azso
number DNA
Conc.
(ng/ 4
1 pCDNA3BP1Strept 16¢ 1.8¢ 2.2z
o 2 pCDNA3BP1Strept 461.7 1.8€ 2.2¢
‘©
-% 5 pCDNA3BP1Strept 410.c 1.87 2.2¢€
e
(@)]
g 6 pCDNA3BP1Strept 387.2 1.87 2.31
8 pCDNA3BP1Strept 492.¢ 1.8€ 2.3C
1 pPCDNAS3B2Strepta¢ 116.¢ 1.9C 2.2F
Q 2 pPCDNAS3B2Strepta¢ 150.2 1.9C 2.2z
©
2 _
% 5 pPCDNAS3B2Strepta¢ 397.1 1.87 2.31
@ 6 pPCDNAS3B2Strepta¢ 345.: 1.87 2.3C
8 pCDNAS3B2Strepta( 340.2 1.87 2.32
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Appendix XIV. Yield ofgene inserts recovered from agarogels after the
pcDNABP1/2Streptag plasmids were cut with EcoRV/ Xhol

DN# Plasmic Aze0/Azso Aze0/Azzo Aozo Aoso Aogo
DNAConc.
(ng/ H

Gel Extracto | 226.2 1.8¢€ 0.3¢€ 12.641 4,524 2.39¢

pcDNAS cut
with EcoRV/
Xhol
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Appendix XV. Evaluation of the quality of the DNA vaccines with(B) and without (A) the

transin signal sequence, after freezingand thawing associated with long distant

transportation (from Bremen, Germany the place of production to Zaria, Nigeria where
the vaccine was used) The PCR amplification were carried out using genspecific

forward primers and streptag specificprimer as the reverse primer.
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Appendix XVI: Reaction Mixture for the transfection of Cos7 cells with Plasmids
Miniprep (pc DNA3BP1Streptag& pcDNA3BP2 Streptag) constructs

Bacterial colon®  Stock Transfectior Amount (-L)of components of the 106L of
number Concentration concentration of transfection solution

of Plasmid the stock (B

DNA plasmid Sterile NaC Plasmid DN, PE

(-¢/100 ) (150mM)  construct(volume of
stock used)

Bergheipai-1
1 16¢ 15 88.62 8.8¢ 2.5
2 461.7 15 94.2¢ 3.2t 2.5
5 410.: 15 93.8¢ 3.6¢€ 2.5
6 387.2 15 93.6: 3.87 2.5
8 492.¢ 15 94.4¢ 3.04 2.5
Bergheipair-2
1 116.¢ 15 84.61 12.8:¢ 2.5
2 150.2 15 87.51 9.9¢ 2.5
5 397.1 15 93.72 3.7¢ 2.5
6 345.: 15 93.1¢€ 4.34 2.5
8 340.2 15 93.0¢ 4.41 2.5
Negative Contrc - - - - -
well-1
Negative Contrc - - - - -
well-2
Negative 92.5 5 of PB 2.t
(PBS)Control - -
well-3
Negative (PB¢ - - 92.5 5 of PB 2.t
Controlwell-4
Positive (T-1) 68¢ 15 95.32 2.1¢ 2.5
Control welil
Positive (T-1) 68¢ 15 95.32 2.1¢ 2.5

Control weli2
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Appendix XVII : Reaction Mixture for the transfection of Cos7 cells with midipre of the
Plasmids (pd®NA3BP1Streptag& pcDNA3BP2 Streptag) constructs

Transfection volume of componemtL()

Components (in 10QL of Total volume)

Positive Stock Plasmid DNA Amount of PE|
Colony from Plasmid DNA Transfection  gierie150  Stock plasmid (uL)
where concentration concentration mM NaCl DNA
plasmids were  (ug/u L) (ng/ 100pL)
Extracted
BP-1
5 1311.1 1.5 96.36 1.144 2.5
6 1494.6 1.5 96.50 1.004 2.5
BP-2
5 1299.3 1.5 96.35 1.154 2.5
6 181.9 1.5 96.67 0.826 2.5
Positive 980 1.5 95.983 1.517 2.5
Control
(PDEFTS2)
Negative PBS 0 96 1.5 2.5
Control
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Microscopic view of COS7 cells grown o 24 Wells Titre Plate (A)And
155

Tissue Culture work on COS7 cells (B)
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Appendix XIX: Sequencingprimers for bergheipainl

Location on vecto
(5D 3)

pPCDNIIIAmpStrepPrimet

Sequence (D 3I)

825 to 844;
63 Nucleotide from
the BamH1 site

Sense(OSK204-
(20 bp; 50% GC; Tm=8)

5-CTAACTAGAGAACCCAG3

1115 to 1134;
125 nucleotides
from streptag’'s 3’
terminus.

Antisense(OSK204!
(20bp; 60 %GC; Tm=%8)

5-AGTGGCACCTTCCAGG-3’

Location on gene
(5D3)

|
Bergheipainl

Internal Primers

Primer Sequence (B 3)

1. 3261034t | Sens+1(OSK204 5-ACGGAGATGGCGAAGAC(-3’
(21 BP; 62% GTm=58C)
2. 6961071 | Sense-2(OSK204" 5-TTCTAAGGAAGAACTTG3'

(20bp;30%GC;Tm=4a)

3. 1116to 113

Sens3(0SK204¢
(21bp; 38% GC; Tm= 0)

5-CTGCTTAAGTTATAGATC3Z

4. 1348 to 136:

Sense-4(0OSK205:
(21bp; 331%GC;Tm=4T)

5-GAGGATAGTCATACTAAT-3’

1. 1280 to Antisense-1 (OSK2049) ( 20BP;40% GC; 5-ATGATTTAACTCCGAAC- 3’
1299 48°C)
2. 82310 84. | Antisense2(OSK205( 5-GCTGTTCTGGATAGT(-3'
(19 BP;42% GC; Tm=C}
3. 5741059 | Antisense3(OSK2051 5-CAAATCTTACTAATTGT T3’
( 22BP;27% GC; Tm=@
4. 200 to 21¢ | Antisense4(OSK205: 5-TGTTTCATCGATTGCT3’

( 20BP;40% GC; Tm=a9
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Appendix XX: Sequencing primers for bergheipain2

Location on gene

|
Bergheipain2

Primer Sequence (B 3)

(5D3) Internal Primers

1. 314to 33 Sens1 (OSK205: 5-GCATTATCGTTAAAGAT-3’
(21BP;24% GC; TH&°C)

2. 660 to 68( Sense-2(0SK205! 5-CCACAGCATTGATCTCC-3
(21bp:52%GC:Tm=5a)

3. 952 to 97 Sens-3(0OSK205¢ 5-GAAGATCTTATAGACAT(3
(20 BP; 35% GC; Tm="G)

4, 1316 to Sense-4(0OSK205 5'-GAGAACGTGGTTACATAA-3

1336 (21 bp: 43 %GC;Tm="8)

1. 1175t0119: | Antisense1(OSK205¢ 5-ATCTGTACATTCTCCA -3
(20 BP;40% GC; Tm=43

2. 838 to 85¢ Antisense2(0OSK205¢ 5-TCTAATAGCATATTGGG(-3’
(21BP;43% GC: Tr8€C)

3. 417 to 44( Antisense3 (OSK206( 5-GCAATCTATTATGAACAATT -3
( 24BP; 25 % GC; Tm<@J

4, 129to 14° Antisense4(OSK206: 5-TATGACGGTAAAACCA-3

(19 BP;37% GC; Tm=%5)
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Appendix XXI: Map of pVax1° (http://www.invitrogen.com)

— —
) T e A < .
2R RasEX oo T oo g
N =
2oL U=XXQ<To

Comments for pVAX1 :
2999 bp

CMV promoter: bases 137-724
T7 promoter/priming site: bases 664-683
Multiple cloning site: bases 696-811

BGH reverse priming site: bases 823-840
BGH polyadenylation signal: bases 829-1053
Kanamycin resistance gene: bases 1226-2020
pUC origin: bases 2320-2993
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Appendix XXII :

Sequencing RactionMixture

Reaction Mixture

Bergheipainl clones

Bergheipain2 clones

2 5 8 5 6

DNA stock concentration 461.7 410.3 492.9 397.1 345.3 | 340.2
Volume ofddH 2 —/ 6.92 6.78 6.99 6.74 6.55 6.53
9ROXPH RI VWRFEFN '1$% 1.09§J XYRXG —1.01 1.26 1.45 1.47
Volume of Primer 1 1 1 1 1 1
(sense/strepf SHFLILF —/

9ROXPH RI %LJ '\H —/ 2 2 2 2 2 2
7TRWDO YROXPH —/ 11 11 11 11 11 11
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Appendix XXIIl : PCR PROGRAM FOR SEQUENCING REACTION

CNTRL TUBE LID=105
Temperature Time( Hr:Min:Sec)

1 T=95°C 0:02:00

2 T=95°C 0:00:15

3 T=60°C 0:00:15

4 T=60°C 0:04:00

5 GO TO 2 REP 60

6 T=60°C 0:07:00

7 Hold 4.0°C ENTER

END

The program runs for 6.08 hr
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Appendix XXIV : Picture of animals housed in special Experimental Cages
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Appendix XXV: $PRXQW

—J

DQG YROXPH

—O RI YDFFLQH DGPLQLVWHUHG WR H[SHUL

W
AN

Plasmid Midiprep Plasmid | Concentration | Amount of Plasmid DNA | Amount of Plasmid DNA to | Amount of Plasmid DNA
Storage | of Plasmid DNA| WR EH DGPLQLYWH DHE LQIOVWHUH G R—EH WEPMW) LV
Vial —J PO WKDW ZLOO FRQWODQQFR@WDLQ | WKIDRM XMKHO FR(
of the Plasmid Plasmid the Plasmid
A. Control Plasmid
1. pVaxl A 725.5 68.9 34.46 13.78
B 835.1 59.87 29.94 11.97
C 1018.5 49.09 24.55 9.82
B. Without Transin
1. pVax1BP1-5-colony6 A 1085.0 46.1 23.05 9.22
B 1364.5 36.64 18.32 7.33
C 1544.7 32.37 16.19 6.47
D 1325.6 37.72 18.86 7.54
2. pVax1B2-5-colony3 A 1784.1 28 14 5.6
B 1889.7 26.46 13.23 5.29
C 1379.1 36.26 18.13 7.25
D 1753.9 28.5 14.25 5.7
C. With Transin
1. pVax1BP1-4-colony 1 A 987.8 50.62 25.31 10.12
B 1146.3 43.62 21.81 8.72
C 1430.2 34.96 17.48 6.99
D 1368.4 36.54 18.27 7.31
2. pVax1BP25-colony4 A 1429.9 34.97 17.49 6.99
B 1460.9 34.23 17.12 6.85
C 1437.0 34.79 17.40 6.95
D 1532.4 32.63 16.32 6.53
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Appendix XXVI: Picture of the intramuscular administration of Vaccine on mice thigh
muscle (quadricep). Disposable 1 ml insulin syringe, 29G x %2 (0.33 x 13 mm) (Agary
pharmaceutical LTD China) was used for vaccine administration.
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Appendix XXVI | : The survival rate of mice in all experimental groups

. *
survival rate
Experimental

Group Days (post challenge)

3 6 9 12 15 18 21 24 60
1 5/5 5/5 5/5 5/5 4/4 4/4  4/4  4/4 100%
2 5/5 5/5 5/4 52 4/1  4/1 4/1 4/0 0%
3 10/20 10/10 10/8 10/7  9/7 9/4  9/4  9/2 0%
4 10/20 10/10 10/6 10/5 9/4  9/3 9/3 9/2 0%
5 10/20 10/10 10/7 10/6 9/5 9/4 9/4 9/4 37.5%
6 10/20 10/10 10/4 10/4 9/3 9/3 9/3 9/3 25%
7 10/20 10/10 10/20 10/9 9/6 9/6 9/4  9/4 25%

+:Animals survival during the immunization period were expressed either as the ratio of the
number of animals challenged with P. bergiRBC to the number of animals alive [3 to 24 days
post challenge] or in terms of percentage of survivors [for 60th day poEnde]l

Vaccination groups

1 (mice in this group were not vaccinated with DNA material but were given
PBS as placebo and were not subsequently challenge® wirghe).

2 (mice in this group were not vaccinated with DNA material but were given
PBS as placebo but were subsequently challengedPwihlerghe).

3 (this is the vector control group in which mice were vaccinated with the
pVaxl1 vector not harbouring any gene insert).

4(mice in this group were vaccinated with pVax1BP1Streptag).

5(micein this group were vaccinated with pVax1BP1Streptag).

6(mice in this group were vaccinated with
pVax1lTransinBP1Streptag).

6 (mice in this group were vaccinated with
pVax1lTransinBP2Streptag).
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