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ABSTRACT
Human malaria, caused by four species of the ialitalar protozoan parasi®lasmodiumis
a major health and economic burden in the tropissres the disease is endemic. The biotin-
dependent enzyme acetyl-CoA carboxylase catalysmesdmmitment step ide novofatty
acid biosynthesis in several organisms. Acetyl-@a#boxylase is a target for anti-parasitic
drug development due to its relevance in membraogehesis. This study describes the
detection of acetyl-CoA carboxylase and the padiwlracterisation of the biotinoyl domain

of the enzyme of the mouse malaria parafitasmodium yoelii

Acetyl-CoA carboxylase mRNA was detected by RT-Ré&Rormed on total RNA isolated
from P. yoelii 17XL-infected mouse erythrocytes using primersigied from PY01695
OREF of the Plasmodb-published MALPY00458 gen® oyoelii17XNL. The RT-PCR was
confirmed by sequencing and comparative analysishef sequenced RT-PCR cDNA
products. Northern blot analysis performed on tBfdIA using probes designed from a 1 kb

region of the gene showed that the transcript weatgr than the predicted 8.7 kb ORF.

An immunogenic peptide corresponding to Bheyoeliitheoretical acetyl-CoA carboxylase
sequence was selected using epitope predictiomarttiple sequence alignment algorithms.
The immunogenic peptide was coupled to rabbit albucarrier for immunisation in
chickens and the affinity purified antibody titreasvapproximately 25 mg. The anti-peptide
antibodies detected a 330 kD protein Rn yoelii lysate blot, which corresponds to the
predicted size of the enzyme. The enzyme was atectbdn situ by immunofluorescence

microscopy using the anti-peptide antibodies.

A 1 kb region of theP. yoeliiacetyl-CoA carboxylase gene containing the biotirdmmain
was cloned and expressedkn coli as 66 kD GST-tag and 45 kD His-tag protein. Both
recombinant biotinoyl proteins were shown to camtéiound biotin using peroxidase-
conjugated avidin-biotin detection system. This gasjedin vivo biotinylation of the

recombinanP. yoeliibiotinoyl protein, possibly by thE. coli biotin protein ligase.

The Proscan™ and the NetPhos 2.0™ algorithms wessl uo predict protein kinase
phosphorylation sites on the biotin carboxylase #redcarboxyltransferase domains of the
enzyme. The three-dimensional structure of thermgt and the biotin carboxylase domains
were predicted using the SWISS-MODEL™ homology niiate algorithm. Homology



modelling revealed a similarity in the 3D conforioatof the predictedP. yoelii biotinoyl
domain and thee. coli biotinoyl protein with negligible root mean squateviation. The
model also revealed the possibility of inhibitif®y yoelii and falciparum acetyl-CoA
carboxylases with soraphen A based on the simjlamitconformation withS. cerevisiae
biotin carboxylase and the stereochemical propedighe residues predicted to interact with

soraphen A.

This study demonstrated that malaparasite expresses acetyl-CoA carboxylase and,
combined with data on other enzymes involved ityfacid metabolism suggests that the
parasite synthesizes fatty acides novo This enzyme could be a target for rational drug

design.
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CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW

1.1 An overview of malaria

Malaria is caused by hematoprotozoa parasiteseofjgéimusPlasmodiumlt is transmitted by the
bite of the female anopheles mosquito. Four speaiethe Plasmodiumparasite infect man
namely:Plasmodium falciparum, .Rvivax, P ovalaeand P. malariae These four species show
different clinical manifestations (Maegraith 1968hite 1992; Gilles 1997; Nostest al 1999).
Generally malaria infections are characterised dweff, headache painful joints and weakness
(Gilles, 1997; Van den Ende and Van Gompel, 199Hit&y 1992). The majority of mortal cases
of malaria in humans are caused fajciparummalaria and 1 — 2% of patients infected with
Plasmodium falciparundie as a result of the infection. The major corgilons of &alciparum
infection are cerebral malaria and placental malaoften resulting in coma and pregnancy
complications, respectively (Gilles, 1997; Hwettal, 2006; Van den Ende and Van Gompel,
1997; White, 1992). 90% of the world malaria casesur in the sub-Saharan regions of Africa.
At the moment, clinical cases of malaria in the ld@re approaching 500 million infections and
over 5 million deaths per year. More than threertgnaf the deaths from the disease are infants
below five years (McKean, 2002; WHO, 2003; WHO, 200 The symptoms of malaria appear
about 9 to 14 days after a bite from an infectedoudo. In the absence of drug treatment, the
infection can progress rapidly to become severdahéaparasites infect and destroy red blood
cells causing anaemia and obstruct the blood eaigdl by sequestering and attaching to the
endothelial cells that carry blood to vital orgaarsl the brain causing cerebral malaria (Gilles,
1997; Huntet al, 2006; Van den Ende and Van Gompel, 1997; Wh82). Malaria caused by
the other species infecting humans is rarely f&Esmodium vivaxand Plasmodium malariae
infections often reoccur if not properly treatethefe are several drugs available to cure malaria.
A major hindrance in malaria chemotherapy is dregjstant parasites. Quinine based drugs are
commonly available and are still effectively usedreat the disease in malaria endemic regions
of the world (Goldringet al, 1999; Gregson and Plowe, 2005; Ment@l, 1997; Wainwright
and Amaral, 2005). The disease has a major econamp&ct in countries where it is endemic. It

is estimated that an average of 1.3% is lost inuahreconomic growth due to reduced



productivity in countries where the disease is emdgSachs and Malaney, 2002; Sachs, 2002;
WHO, 2003; WHO, 2005Db).

1.2 Geographical distribution of human malaria

Figure 1.1 shows the geographical distribution aflaria in the world. Most malaria occurs
between the Tropic of Cancer (latitude 23.5° Noahdl the Tropic of Capricorn (23.5° South).
Infection is often seasonal with peak infectionscuwsdng during the rainy season when
mosquitoes, the parasite vector, reproduce at ewvatdd rate. There are also cases of malaria
outside these latitudes in Southern Africa, NewhbD@hdia) and in the Northern parts of Africa
(WHO, 2003; WHO, 2005a; WHO, 2005b). Malaria is Htygendemic in West Africa and
Central Africa especially around the Congo basinsiMmalaria cases in these parts of Africa are
chloroquine resistant (WHO, 2005b). There are spaeses of malaria infections in parts of
Kenya’'s Rift valley that were previously thought be too high above sea level for malaria
transmission. Scientists believe that this may keabse of human migration and climatic
changes (WHO, 2003; WHO, 2005Db).

Malaria is wide spread in other parts of the wardluding Asia, South America, Central
America and Southern Mexico. Drug resist®tasmodium falciparums present in parts of
Cambodia, Myannmar, Thailand and Laos (Rietveld kodznetsov, 1997; WHO, 2003; WHO,
2005b).Plasmodium vivaxnfection is also prevalent in these areas. Malhds been eradicated
in the Caribbean but there were reports of an eatbof falciparummalaria in Haiti (Rietveld
and Kouznetsov, 1997). The malaria eradication qammgnes of the 1940’s and 1950’s combined
with widespread use of screening methods have grtwvbe successful in eliminating the disease
in North America and Europe. However, human migratemains the possible threat to malaria
eradication in the non-malaria regions of the wgReetveld and Kouznetsov, 1997).

1.3 Treatment and management of malaria

The approaches currently being used in the tredtrmed management of malaria are vector
control and anti-malarial drugs. Vector control legn successful over the years in controlling
and managing malaria all over the world. In Nortin&ica, malaria was eradicated in the 50s

through the use of insecticides such as DDT (drohtbphenyl-trichloroethane) (Curtis and



Mnzava, 2000; Teklehaimanet al, 2007). In developing countries, the use of DDAE mot
being as successful as in North America. However use of household insecticides, insecticide-
treated bed nets and removal of stagnant watendrthe house has been quite a success over the
years (Curtis and Mnzava, 2000). In malaria endemigons of Africa, homes are built with
mosquito screens to prevent mosquitoes enteringbthikeling. The use of DDT has been
discouraged and discontinued due to the envirorahemipact of this compound (Curtis and
Mnzava, 2000).

Wery high
High
Moderate
Low
Mo malaria

Figure 1.1 Geographical distribution of malaria The broken lines represent the tropic of Cancer
(23.5°N), the equator (0°N or S) and the tropi€apricorn (23.5°S). The area of dense malaria tiofec
in Africa is between the tropics (Sachs, 2002; WEEQ)5b).

Malaria cases in South Africa are limited to regidoelow 1000 m above sea levels such as the
Limpopo province, Mpumalanga province and the nedbt of KwaZulu-Natal (RSA, 2004).
The transmission of malaria in South Africa is seas just as in many malaria endemic regions.
The transmission rate is believed to be minimalrduthe winter and dry seasons. Three drug
regimes are currently recommended in South Afrexaely: mefloquine (taken on weekly basis),

doxycycline (taken on daily basis) and chloroquiftaken on weekly basis). Several



organizations have been set up by the health minist combat the disease, a web-based
awareness site such as www.malaria.org.za androbséanding institutions such as the South
African Malaria Initiatives (SAMI, http://www.acgto.za/sami/) are part of governmental
approach towards management of malaria in Souticgdénd the rest of Africa.

The use of drugs in the treatment of malaria datek to 1891 when the dye, methylene blue
[3, 7-bis (dimethylamino)-phenothiazinium chlorideyas used to treat malaria infections
(Brasseuet al, 1999; Gregson and Plowe, 2005; Wainwright ancafat 2005). This dye was
initially used as a biological stain to stain DNRe@rson, 1972). Although the precise mechanism
of action of the dye was not understood, methylelue and its analogue were predominantly
used as malaria chemotherapy in the early daysatdria treatments (Farbet al, 1998). Since
the discovery of anti-parasitic effects of methg@eblue, the use of drugs to treat malaria
infection has become wide spread and has provee tery effective in controlling the disease
(Wainwright and Amaral, 2005; White, 1992; Whédeal, 1999). Thus, case management relies
only on the use compounds such as chloroquinanadiain, and pyrimethamine. Some of these
drugs are cheap and widely available in malariaeemd regions. Chloroquine and quinoline
derivatives are believed to inhibit the parasitp@ymerisation of toxic heme to non-toxic
hemozoin (Montet al, 1999; Pandegt al, 1999). Quinine has also been found to be effedti
reducing the expression of monocyte surface recgpto which malaria infected erythrocytes
adhere to (Goldring and Nemaorani, 1999).

A major impediment in anti-malaria chemotherapyhis improper use of drugs against malaria
infections (Peters, 1974; Peters, 1998; Ridley,2200hite, 2004; Whiteet al, 1999). This
problem is very common in malaria endemic regiams laas resulted in selection pressure on the
human malaria parasite to develop resistance mesharo most anti-parasitic drugs (Gregson
and Plowe, 2005; Mentingt al., 1997; Wainwright and Amaral, 2005). The increasenalaria
mortality amongst children in these regions is timehe evolution of drug resistant parasites.
Chloroquine resistant strains &asmodium vivaxand falciparum are predominant in some
malaria endemic regions (Gregson and Plowe, 20@Hgy 2002; White, 2004; Whitet al,
1999). An effective strategy used to combat chlonogrresistant malaria is through the use of
combination of drugs to treat malaria cases (Wagitrand Amaral, 2005; White, 2004; White



et al, 1999). An example is the use of mefloquine (angjine derivative)-amodiaquine
combination or sulfadoxine-pyrimethamine combinatibhere has not been any reported case of
artimesinin-resistanPlasmodium thus artemesinin has proved to be the best alirdboice to
treat malaria cases (Brassetial, 1999; Goldring and Nemaorani, 1999).

1.4 The life cycle of malaria parasites

Malaria is transmitted through the bite of the fé&ar@nopheles mosquito during a blood meal as
illustrated in Figure 1.2. The insect picks up plaeasite in the blood of an infected human. In the
gut of the mosquito, the parasite reproduces sixuatiergoing several morphological changes.
The parasite migrates to the salivary glands ofnttusquito (Matteelliet al, 1997; Meis and
Verhave, 1988). The mosquito introduces the parasiick into humans during another blood
meal. Therefore th&lasmodiumparasite life cycle spans between human (and otiedaria
susceptible animals) and mosquito. In a single mitsdite, approximately twenty sporozoites
enter the human blood stream and immediately nag@the liver (Matteellet al, 1997; Meis
and Verhave, 1988). The sporozoite will pass thinosgyveral hepatocytes and eventually settling
in just a single hepatocyte. This begins the listage of the parasite life cycle, which is also
known as the pre-erythrocytic stage. The sporogaitevelop into schizonts. In human malaria,
the pre-erythrocytic stage varies between spetme®. falciparum the pre-erythrocytic stage
lasts 5 — 6 days post infection. The schizontsungpthe liver cell releasing the merozoites into
the blood stream. The merozoites invade the reddbtells to start the erythrocytic stage. The
clinical symptoms and pathology of malaria is exgr@ered at this stage of the parasite life cycle
(Gilles, 1997; Van den Ende and Van Gompel, 199Mit&y 1992).

Most anti-malaaria drugs target the erythrocytegestéMacreadiest al, 2000; Ridley, 2002;
Wainwright and Amaral, 2005). The entry into theodd stream by merozoites is of
immunological significance because the merozoites exposed to the immune system and
antibodies before invading new red blood cells (yfagh, 1968; Matteellet al, 1997). Once in
the red blood cell, the merozoites begin a perioceplicative asexual cycle in the erythrocytes.
The merozoite transforms into the ring, trophozoaed schizont stages. The time taken to go
through these transformations varies between tiierelint species of thBlasmodiumparasites;

48 h forP. vivaxandP. falciparum 50 h forP. ovalaeand 72 h folP. malariae(Matteelliet al,



1997). The schizonts burst the erythrocytes anédavnew erythrocytes or transform into
gametocytes. The gametocytes taken up by mosquriagiblood meal undergo fertilization in

the gut of the mosquito to begin the insect stddbeoparasite life cycle (Matteebi al, 1997).

€) Infected mosquito bites ) sporozoites

: .| merozoites
are produced

— liver of human

Sporozoites in — - human; sporozoites undergo
salivary gland | }E =\ migrate through schizogony in
QK /J S &= bloodstream to liver cell;
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Figure 1.2 Life cycle of thePlasmodium parasite. The light brown portion on the figure represents th
insect stage of the cycle and the light green pontepresents the mammalian stage of the cydapted
from Pearson Education Inc. (2004). Published byj&ain Cummings

1.5 Diagnosis of malaria

Proper management of malaria cases is based acteacy of diagnosis of the disease. Most
mortality cases are as a result of late and impeediagnosis of malaria (Bell and Peeling, 2006;
Bell et al, 2006; Moody, 2002; Moody and Chiodini, 2002; Teonet al, 2006). The gold
standard for the detection and therefore diagnafsmsalaria is the use of the light microscope to
detect the blood stage of the parasite (Moody amiddi, 2002; Tomaket al, 2006). The red
blood cells are not nucleated in mammals and slonailbe stained by nucleic acid dyes such as

methylene blue and azure-B. However, the presehdkeoparasite in the red blood cells will



result in the staining of the parasite in the r&mbd cell due to the parsite’s nucleic acids. This
method still remains the most accurate and stansimological method to detect and diagnose
the disease. The method still faces numerous clggke such as ability to differentiate the
infecting Plasmodiumspecies and the lack of trained microscopists itari@aendemic regions
(Moody, 2002; Moody and Chiodini, 2002).

These problems resulted in the development of inooromatographic-based detection (Bell
and Peeling, 2006; Moody, 2002; Moody and Chiod2p2) techniques called RDTs (rapid
diagnostic tests). These techniques are quite aagystraight forward to use with very rapid
results and it requires less technically qualifiedsonnel. The most commonly available RDT is
based onPlasmodiumlactate dehydrogenase (pLDH), an enzyme that iatively highly
expressed by the parasite at the blood stage otyble for the parasite energy metabolism.
Using immobilized and enzyme-labelled antibody clied against recombinant pLDH, the
presence of pLDH could be detected for the diagnosimalaria. The drawbacks of RDTs are
false positive, false negative results and thetssioelf life of the detection kit (Banoet al,
2006; Bell and Peeling, 2006; Belt al, 2006; Chiodiniet al, 2007). Storage conditions have
proved to be very important to the proper functgnof the detection kit and hence accurate
diagnosis of the disease. This has been a subjexinzern in impoverished malaria endemic
regions of the world (Chiodinet al, 2007). Another approach towards antibody-mediate
diagnosis employs the use of antibody directed rsgjas synthetic peptide derived from a
Plasmodiumprotein. Synthetic peptides deduced from molecalesh as histidine-rich protein
and lactate dehydrogenase have been used forddaqtion of anti-peptide antibodies (Tongr
al., 2006). These antibodies are used in ELISA fortmaletect the presence of the native protein

in the sera of infected patients.

Most recently, a quantitative real time PCR-basei@ction technique has been developed based
on conserved nucleotide sequences onRlaEmodiuml8S ribosomal RNA for detection of
broad spectrum malaria infection as well as spespesific 18S ribosomal RNA for specie-
specific detection (Bell and Ranford-Cartwright020 Colemaret al, 2006). By using primers
corresponding to conserved as well as specie-speedions on the 18S subunit of the ribosomal

RNA gene, a mixed infection and/or infection by tmadar specie ofPlasmodiumcould be



diagnosed by PCR amplification (Bell and Ranfordt®@eght, 2002; Bellet al, 2006; Coleman
et al, 2006; Menst al, 2006).

1.6 The influence of thePlasmodium genomics projects on antimalarial drug discovery

The Plasmodiunparasite’s metabolic pathways were revealed afieuencing the genome Bf
falciparum strain 3D7 and partial sequencing of other specafeBlasmodium.Approximately
14% of the predicted proteins in tRefalciparumstrain 3D7 genome were identified as enzymes
and thus were assigned Enzyme Commission numbexsiii€r, 1999; Gardneat al, 2002a;
Ginsburg, 2006; Kooigt al, 2006). It was envisaged that due to the AT rdsnof the genome
some redundant proteins may be involved in unknowatabolic pathways (Ginsburg, 2006;
Kooij et al, 2006). This may be due to the evolutionary distabetween the parasite and other
organisms whose genomes are well characterizedamalysis of theP. falciparumstrain3D7
genome revealed that the parasite possesses tabatietmachinery” for a functional glycolytic
pathway. There is no functional gluconeogenic pathiwecause genes coding for enzymes such
as fructose bis-phosphatase and absence of trehglgsogen and storage forms of carbohydrate
involved in this pathway were not identified in th@rasite (Gardner, 1999; Gardeg¢al, 20023,
Gardneret al, 2002b). The genes coding for the enzymes ofTi@A cycle were identified.
However, it is not clear whether the TCA cycle peris the complete oxidation of products of
glycolysis (Gardner, 1999; Gardnetr al, 2002a; Gardnegt al, 2002b). Genes coding for fatty
acid biosynthesis in thelasmodiunmparasite were identified. The ability of the pat@a$o carry
out de novofatty acid biosynthesis has been a subject of éef@aardner, 1999; Gardnet al.,
2002a; Gornicki, 2003). This will be discusseduti in Section 1.12.

The spread of drug resistant malaria strains reguihe development of more effective anti-
malaria drugs that the parasite cannot build upstasce to. The hunt for more effective anti-
malaria drugs has been enhanced by the completeerseiqg of theP. falciparum genome

(Hammartonet al, 2003; Macreadieet al, 2000; Olliaro and Yuthavong, 1999). Functional
genomics and a proteomics approach are currentblieapin the validation of new anti-

Plasmodiundrug targets. Several synthetic and natural prischive been screened for potential
use to treat malaria. There are three major catgan which potential drugs against malaria

parasites can be classified; they are (i) druggetarg the cell cycle and signal transduction (ii)



drugs targeting the biochemical processes of thestive food vacuole and (iii) drugs targeting
macromolecular and metabolite biosynthesis (Di l@mmet al, 2005; Ginsburg, 2006; Hoffman
et al, 1998). Potential candidates for drug targetstrbasactively involved in the life cycle of
the parasite and must differ significantly from themologue of the host. There must be no
salvage pathway to circumvent the inhibition of theget. The target must have low potential for
resistance development and must be involved in atteanand rate limiting biochemical
processes (Hammartoget al, 2003; Macreadieet al, 2000; Olliaro and Yuthavong, 1999).
Chloroquine, artemesisnin and quinine are inhibitof hemozoin biosynthesis; an important
detoxification pathway of th&@lasmodiumparasite (Montiet al, 1999; Pandewt al, 1999).
Pyrymethamine, cycloguanyl and sulfonamide drubghibfolate biosynthesis. In the apicoplast,
the proposed site of fatty acid synthesis, trialpghiolactomysisn and fosimidomysin inhibits
fatty acid elongation pathways in other apicompteyarasites. Therefore these drugs may be
active against the malaria parasite (Peradzal., 2002; Suroliaet al, 2004; Surolia and Surolia,
2001; Walleret al, 2003).

By and large, the complex nature of tRéasmodiumlife cycle has resulted in the slow
identification of antiPlasmodiumdrug targets. A good number of available anti-maldrugs
are against asexual blood stage of the parasgtecyi€le. The logical explanation to this is that
most severe pathological conditions of malariaatiten are experienced during the asexual life
cycle of the parasite (Van den Ende and Van Goni@87). The accessibility of the blood stage
and the relative ease to which the asexual bloagestould be growin vitro in laboratory
cultures makes this stage very attractive for dmigrvention studies. There are several
approaches to target the hepatic stage of theifalds cycle; especially in relapsing malaria.
The transition by the parasite from asexual to akxtage also has the potential for drug
intervention (Hammartoat al, 2003; Olliaro and Yuthavong, 1999).

1.7 Overview apicomplexa fatty acid biosynthesis

Apicomplexa are parasitic protists that constitatebroad phylum of protozoa including
PlasmodiumTheilerig Babesia CryptosporidiumandToxoplasmawhich cause a wide range of
infections in animals. They have a non-photosyithehloroplast-like organelle called the
apicoplast or plastiqCarteret al, 1998; Gleeson, 2000; Menard, 2007; Raphal, 2004a;



Ralphet al, 2004b; Wilson, 2002). The origin of this orgdeeas not well understood, however,
there is a general belief that the plastid in apiglexa resulted from an evolutionarily distant
endosymbiotic event (Carteat al, 1998; Gleeson, 2000; Ralgt al, 2004a; Ralphet al,
2004b). This event is postulated to be a sequenerdmcyotosis that began by a cyanobacterium
endocytosed by a eukaryote to form a common ancestomodern day algae such as
dinoflagellates. A second endocytosis occurred Iy apicomplexa ancestor engulfing a
photosynthetic eukaryote that previously engulfeccyanobacterium (Carteet al, 1998;
Gleeson, 2000; Ralpét al, 2004a; Ralptet al, 2004b). Studies have shown that a homology
exists between the ORF of the plasmodial plastitbges and the plastid of red algae (Radpph
al., 2004a; Ralplet al, 2004b; Wilson, 2002). There is a difference pihmn on the number of
membranes of a single plastid in an apicomplexameS authors stipulated that a plastid in
Plasmodiums two (Carteret al, 1998; Gleeson, 2000; Ralghal, 2004a; Ralplet al, 2004b)
while others believe that the number is greaten tha (Walleret al.,2000).

The apicoplast oPlasmodiumparasites comprises of a highly reduced genomesmadof 68
genes on a 35 kb circular DNA (Gardredral, 2002a) and has been shown to contain genes
coding for ribosomal RNA, transfer RNA and RNA miois. ThePlasmodiunplastid contains
genes for approximately 17 ribosomal proteins, I#®somal RNA, 23S ribosomal RNA,
transfer RNAs, RNA polymerase and several protélihgs suggests that the apicoplast plastid is
able to carry out protein synthesis (Gleeson, 280phet al, 2004b; Wilson, 2002). Although
not all genes necessary for protein synthesis @gept in the plastid genome. The gene coding
for ribosomal protein S9, vital for protein syntlseds not present in thBlasmodiumplastid
genome but encoded in its nuclear genome (Ratpal, 2004b; Wilson, 2002). Initially the
function of the apicoplast was not well understoAtter the sequencing of the. falciparum
genome, several apicoplast targeted genes andnzatere discovered to be related to fatty acid
metabolism. Due to the evolutionary origin of th@caplast, the organelle presents a range of
metabolic pathways that differ significantly frommet metabolic pathways of the host (Rath
al., 2004b). In addition to apicoplast targeted prste~ 551 nuclear encoded proteins may be
targeted to the apicoplast based on bioinformaticklaboratory based studies. About 60% of the
putative apicoplast-targeted proteins have no ddfihiological functions when compared to

other organisms. This suggests that the apicoptast possess unknown specialised functions
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that could be unique to the apicomplexa paras®sadneret al, 2002a; Ralplet al, 2004b).
Therefore the apicoplast offers numerous protents raetabolic pathways that can be targeted
for anti-parasitic chemotherapy (Gornicki, 2003;nddaet al, 2002; Perozzeet al, 2002;
Waller et al, 2003). By and large the plastid is believed ¢oifvolved in protein metabolism,
haem biosynthesis, fatty acid metabolism, synthekisssential amino acids, electron transport
and isoprenoid biosynthesis (Gardeeial, 2002a; Gleeson, 2000; Ralphal, 2004a; Ralptet

al., 2004b; Zuegget al, 2001).

Fatty acids in most biological systems are synfeeksby two distinctly but relatedke novofatty
acid synthase (FAS) pathways namely; the Type | pAthway and the Type Il FAS pathway.
The Type | FAS is a large multifunctional enzymeghwive enzyme domains found in the
cytosol of fungi and other eukaryotic organism vehércatalyses reactions of fatty acid chain
elongation. The Type Il FAS consist of separate amshofunctional enzymes. The chain
initiation and elongation reaction of the Type A% is catalysed by discrete enzymes namely
acyl carrier protein (ACP)-ketoacyl-ACP synthas@:ketoacyl-ACP reductas@;hydroxyacyl-
ACP dehydrase and enoyl-ACP reductase. This enognlex is found in bacteria and plant
plastids (Gardneet al, 2002a; Ralptet al, 2004b). Thd’lasmodiungenome encodes the genes
for Type Il fatty acid synthase (FAS).

The apicoplast was earlier proposed to be an oligarfer fatty acid biosynthesis in
apicomplexan parasites after the enzyme compenpéftgpe || FAS enzymes were identified in
the organelle (Prigget al, 2003; Ryallet al, 2003; Walleret al, 2003). This postulate was later
strengthened after tHelasmodiumgenome was sequenced. These findings aroused besidy
that thePlasmodiunparasite is capable d& novoType Il fatty acid biosynthesis. Enzymes such
as acyl carrier protein (ACP) afieketo ACP synthase Il are localized in the filstamosomes
of the Plasmodiumgenome to be sequenced. These proteins have anmiial leader peptide
targeted to the apicoplast. Similar observationsevmeade inToxoplasma gondi{Gardneret al,
2002a; Surolia and Surolia, 2001). Pyruvate presetite apicoplast oPlasmodium falciparum
is thought to be the precursor of acetyl-CoA; thbssrate that initiatesle novofatty acid
synthesis. The pyruvate could have been formed fiomorted phosphoenolpyruvate by

pyruvate kinase (Ralpkt al, 2004b). Previous studies have demonstrated Rhdalciparum
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synthesises acyl carrier protein (ACBXketo ACP synthase 11l and malonyl-CoA of the Type
fatty acid synthase complex (Priggeal, 2003), thus capable of initiating fatty acid syathesis

in vivo. Figure 1.3 illustrates an overview of the prombs$atty acid biosynthesis pathway in
apicomplexa parasites. The phosphoenolpyruvateoduged in the cyotosol by glycolysis and
transported into the plastid through a membranaquhosphoenolpyruvate transport protein
(Gleeson, 2000; Gunthet al, 2007; Keet al, 2000a; Ralplet al, 2004b).

The phosphoenol pyruvate is converted to pyruvatéhle pyruvate dehydrogenase complex.
Pyruvate is an important source of carbon in plaftty acid biosynthesis in plants (k¢ al.,
2000a; Keet al, 2000b; Ohlrogget al, 2000). The plastid pyruvate dehydrogenase coxrids
evolutionary relationship with cyanobacteria. Thgnabacteria-like pyruvate dehydrogenase
complexes have been localisedPnfalciparumand Toxoplasma gondiiAlthoughP. falciparum
seem to lack mitochondrial pyruvate dehydrogendise, parasite does have mitochondrial-
targeted subunits of keto-acid dehydrogenasengtetoglutarate dehydrogeanse complex (Ralph
et al, 2004b; Walleret al, 2003). The pyruvate dehydrogenase complex isemgu of four
distinct subunits namely: &1 E13, E2 and E3. All enzymes and cofactors of the pgteiv
dehydrogenase complex have been established toekenp in the apicoplast &f. falciparum
(Gardneret al, 2002a). Lipoic acid is synthesised from an oay®ACP precursor by the
enzyme lipoic acid synthase (LipA). A homologuelLgdA is targeted to the apicoplast of tRe
falciparum genome. Lipoic acid is attached to the E2 subahithe pyruvate dehydrogenase
complex to form a transient lipoic acid-E2 complaxprocess catalysed by lipoate-protein ligase
(LipB). LipB is found in both the mitochondria apthstid. InP. falciparum LipB contains the
apicoplast signal peptide, suggesting that the raezgnay be targeted to the apicoplast. In the
next step, an acetyl group is attached to thedimid-E2 complex; this is catalysed by E1-
thyamine pyrophosphate complex (E1-TPP). The aggbip is attached to coenzyme A (CoA)
to form acetyl-CoA. The CoA is synthesised from egpho-CoA by an enzyme called
dephospho-CoA kinase. Other sources of CoA in Bi@asmodium parasite are glycerol-
phospholipid and sphingolipid pathways. The ac€yA enters thele novobiosynthesis of fatty
acids (Mitamura and Palacpac, 2003; Raplal, 2004b) where it is converted to malonyl-CoA
by acetyl-CoA carboxylase. Malonyl-CoA enters thgpd Il FAS-mediated chain elongation

(discussed in Section 1.13).
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1.8 Overview of acetyl-CoA carboxylase

Acetyl-CoA carboxylase (ACC) [EC 6.4.1.2] is an yme that catalyses the carboxylation of
acetyl-CoA to form malonyl-CoA in the rate limitiregep ofde novofatty acid biosynthesis. This
reaction is driven by ATP hydrolysis (Abu-Elheigial, 2000; Abu-Elheig&t al, 1995; Al-Feel

et al, 1992; Brownseet al, 2006; Luet al, 2005; Wakilet al, 1983). In addition to being
involved in fatty acid biosynthesis, ACC may bedtwed in the synthesis of polyketides and
possibly in yet unknown biosynthetic pathways legdo the production of unknown compounds
(Al-Feel et al, 1992; Hopwood and Sherman, 1990; Sasalkil, 1993). The product, malonyl-
CoA, formed by ACC, becomes an important substiatdatty acid synthesis in the liver and
lactating mammary glands of animals. Malony-CoA substrate for the chain elongation system
of enzymes in the endoplasmic reticulum and in nigsues with fatty acid chains greater than
20 subunits. Malonyl-CoA is involved in numeroudldar functions such as the synthesis of
eicosanoid, glycolipids, sphingolopids and glycegids. Malonyl-CoA also plays an important
function in the regulation of fatty acid oxidatidsy inhibiting palmitoyl-CoA transferase |
(Brownseyet al, 2006). Therefore the availability of malonyl-Ca@an alter the rate of fatty acid
biosynthesis -oxidation and ketogenesis (McGarry, 2002). By &nde, the role played by
ACC in the production of malonyl-CoA emphasisesithportance of ACC in carbon and energy

metabolism in organisms expressing this enzyme.

Figure 1.4 illustrates the rate limiting step irtyaacid biosynthesis catalysed by ACC. The
enzyme transfers a carboxylate ion (C_C)Gb acetyl-CoA (Boonet al, 2000; Brownset al,
2006). The first step is the ATP-dependent phospaton of bicarbonate to carbamoyl
phosphate. This step is catalysed by the carbaptmgdphate synthatase sub-domain of the biotin
carboxlase domain (Boor al, 2000; Brownsewt al, 2006). In the second step, the phosphate-
activated carboxylate ion is transferred to thetibianoiety in the biotinoyl domain to form
carboxybiotinyl ACC. The carbondioxide is subsedlyedetached from the biotin molecule and
transferred to acetyl-CoA in the final step. Thispsis catalysed by the carboxyl transferase

domain (Boonet al, 2000; Brownsegt al, 2006).

In mammals, there are two isoforms of ACC namelyCAQACC o) and ACC2 (ACCB), as

illustrated in Figure 1.5. These two isoenzymesyvartheir amino acid sequence suggesting
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possible variation in function between these twazysnes. ACCL1 is expressed in the lipogenic
tissues as a ~ 265 kD monomeric protein, where iitvislved in the rate limiting step of fatty
acid biosynthesis. ACC2 is a 270 — 280 kD monomamatein expressed in the skeletal and heart
muscle where is it believed to play an importané o the regulation of fatty acid oxidation
(Brownseyet al, 2006; Heet al, 1996; Luet al, 2005).
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Figure 1.4 Formation of malonyl-CoA from acetyl-CoA and bicarbonate Step 1 is the
phosphorylation of the carboxylate ion to form eanoylphosphate; Step 2 is the transfer of
carbamoylphosphate to the biotin molecule on tléir@yl domain to form carboxybiotinyl ACC; Step 3
is the transfer of carboxylate ion to acetyl-CoAfdam malonyl-CoA. Steps 1 and 2 are catalysedhey t
biotin carboxylase domain (or subunit) and Step &Gitalysed by the carboxyl transferase domain.
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The complex structure of ACC may suggest the coxpbture of its catalytic and regulatory
properties. ACC found in higher animals, protozbaxpplasma gondii plants and yeasts have
three protein domains. The biotin carboxylase danmituated at the N-terminal region of the
enzyme. The biotin/lipoyl binding domain (the biotcarboxyl carrier protein or biotinoyl
domain) is situated closer to the biotin carboxglamain at the N-terminal region of the
enzyme. The carboxyltransferase domain is situateélde C-terminal region. In some organisms
including mammals, the carboxyltransferase domairiurther subdivided into an N-terminal
transferase and a C-terminal transferase domaiow(seyet al, 2006; Cronan and Waldrop,
2002; Haet al, 1996; Luet al, 2005). ACC exists in the form of a dimer or pobr of up to

4 000 A unit (~ 400 nm in lengthn vitro studies have shown that the dimeric form of ACC

shows low catalytic activity while the polymeriaifo is more active (Brownsest al, 2006).
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Figure 1.5 Domain organisation of the multi-enzymeadomain acetyl-CoA carboxylase (A) Acetyl-
CoA carboxylase 1 (ACC 1)Bj Acetyl-CoA carboxylase 2 (ACC 2) with the mitoctuial signal
sequence (filled box) at the N-terminal (Hardie &aah, 2002).
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ACC2 has a predicted molecular weight of 290 kbgéa than ACC1. ACC2 was first isolated
from rat heart (Thampy, 1989; Thampy and Wakil, 8388Thampy and Wakil, 1988b). Sequence
analysis of ACC2 showed that it has an N-termieglugnce extension. This sequence (not found
in ACC1), which contains a mitochondrial targetinmtif, differentiates ACC1 from ACC2.
ACC is made up of an ATP binding motif, a proteindse recognition site and other numerous
catabolite binding sites that are involved in tlegulation of the enzyme. Three dimensional
structural studies have been reported for the rbicairboxyl carrier protein oE. coli and
Saccharomyces cerevisigBobertset al, 1999; Waldropet al, 1994) as well as the carboxyl
transferase domain dbaccharomyces cerevisig€hanget al, 2003). To date, there is no
resolved 3D structure for mammalian, plant andqroan ACC domains. The important nature
of this enzyme in various organisms as a “managécarbon and energy metabolism makes it

attractive to resolve its three dimensional strrectu

Some plants express both the multi-enzyme-domage #%CC as well as the multi-enzyme-
subunit type ACC complex. The multi-enzyme-subuyiite ACC complex form is localised in
the plastid of plant cells whed® novofatty acid biosynthesis takes place, and the reuliiyme-
domain ACC is localised in the plant cell cytoddé novofatty acid biosynthesis found in plants
is very similar to the pathway of yeast, and higaeimals (Konishiet al, 1996; Sasaket al,
1993; Zutheret al, 1999). The plant plastid multi-enzyme-subunit AComplex (similar to
those found in prokaryotes) dissociates into foratgdn subunits namely: the biotin carboxyl
carrier protein (biotinoyl protein), biotin carbdage, a-carboxyltransferase andB-
carboxyltransferase (Figure 1.6). The plastid AGUnwvolved only in fatty acid biosynthesis,
while the cytosolic ACC is involved in flavonoidptocyanin, malonated amino acids, very long
chain fatty acid biosynthesis and other naturadpots found in plants (Sasaki and Nagano,
2004; Theleret al, 2001).

Grass and some monocotyledonous plants lack the tian codes for the multi-enzyme-domain
ACC subunits complex, but encodes the multi-enzgmm@ain ACC that is targeted to both the
plastid and the cytosol. The lack of the multi-eneysubunit ACC complex in grasses confirms
the sensitivity shown towards herbicides by thdaatp. Herbicides such as fenoxaprop, diclofop

and sethoxydim (Figure 1.8) inhibit the activity thle multi-enzyme-domain ACC, while the
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multi-enzyme-subunit ACC complex is insensitiveh&rbicides (Davi®t al, 2000). There is no
defined molecular weight of plant ACC. But studiggve shown that the plant single multi-
enzyme-domain ACC is in the form of a dimer rangfmym about 210 kD to 250 kD. The
observed size in pea ACC is about 650 — 700 kDal8asd Nagano, 2004). The usual flow of
carbon from photosynthesis to primary and seconatabolites in plants is controlled by ACC.
Therefore in plants, ACC and malonyl-CoA (produ€tAcCC) are vital for the regulation of
metabolite flux through the fatty acid biosynthesind degradation pathways (Jelenskaal,
2001; Jelenskat al, 2002).

—Biotin

Essssn B
I | I | I |
I I I
Biotin cartoxylase Biotin carboxyl  a-carboxyl transfera: B-carboxyl transfera:
carrier protein

Figure 1.6 The multi-enzyme acetyl-CoA carboxylaseomplex(Sasaki and Nagano, 2004).

1.9 Transcriptional regulation of acetyl-CoA carboylase

Eukaryotic ACC can be regulated at the level ohgaiption, regulated allosterically and

covalently (Brownseet al, 2006; Sasaket al, 1993). In mammals, ACC1 expression is often
controlled by the feeding state of the animal. dle of animals used for isolation of tissue ACC
is often controlled to enable high level expressibthe enzyme (Song and Kim, 1981; Thampy
and Wakil, 1988a). The hepatic expression of AC@asreased during insulin deficiency and
starvation, and restored by feeding a low fat drehsulin treatment (Iritani, 1992; Thampy and
Wakil, 1988b). Therefore hepatic ACC1 transcriptisrcontrolled by factors such as low blood
glucose, insulin, thyroid hormone hormones involwedatabolism and transcriptional factors.
The enzyme is expressed in high levels in lactatimgnmary glands, which is an indication of

the inducible nature of this enzyme (Brownsgyal, 2006; Hardie and Pan, 2002). The most
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significant transcriptional factors are the steegulating elements binding-protein-1c and other

lipogenic enzymes (Zhargg al, 2003).

The expression of ACC2 in mammals is increasedhduwstarvation, which is antagonistic to the
ACC1 expression (Brownsegt al, 2006). This is because most fatty acid biosysithés
incorporated into membrane synthesis and lipidagger Thus fatty acid biosynthesis is required
for early stages of cell growth and developmenth#se fatty acids are not exhausted, dbe
novo fatty acid biosynthesis decreases (feed back itdm). The decrease and increase in fatty
acid biosynthesis is therefore achieved by theesgion of the key enzyme, ACC (Brownsy
al., 2006; Thampy and Wakil, 1988b). Eukaryotic otigars control ACC transcription by RNA
editing. This process is universally known to affgene regulation (Sasa&i al, 1993). ACC in
plants is also believed to be post-translationsdiyulated by assembly and disassembly of the
monomeric proteins of the heteromeric enzyme coxmsulting to controlled activity of ACC
(Sasaki and Nagano, 2004; Theédral, 2001).

1.10 Allosteric regulation of acetyl-CoA carboxylas

Allosteric regulation of ACC is achieved by the diimy of citrate to the enzyme resulting in
polymerization of the inactive dimeric form of tle@zyme to the active filamentous polymer
(Boone et al, 2000; Brownseyet al, 2006; Hardie and Pan, 2002; Munday, 2002). Other
metabolites such as glutamate and other dicartmadids activate ACC1; this indicates the
possible effect of amino acid metabolism on ACGvégt(Booneet al, 2000). The substrates of
fatty acid biosynthetic pathways, including male@pA, free CoA and fatty-acyl CoA esters,
have been shown to inhibit ACC1 (Booeeal, 2000; Mouleet al, 1992). Mammalian ACC2
does not polymerize as readily as the ACC1, whighgssts that both enzymes may have
different allosteric regulators. ACC2 is howevetiated by citrate just as ACC1; a crucial
process in skeletal muscles. Citrate is an impor@agent used in most isolation procedures for
ACC (Song and Kim, 1981; Thampy and Wakil, 1988 citrate binding site on ACC is yet to
be identified (Boonet al, 2000; Hardie and Pan, 2002).
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1.11 Regulation of acetyl-CoA carboxylase by phosphylation

Most studies to date on the regulation of ACC bgsggorylation and de-phosphorylation have
focused on mammalian (especially humans) and y&@&t There is also evidence that ACC is
regulated by phosphorylation iBrosophila melanogaste(Pan and Hardie, 2002). The link
between ACC and pathologies such as diabetes aggltplinas encouraged the research on the
“phospho-regulation” of ACC in human species. AGOregulated by phosphorylation and de-
phosphorylation by protein kinases and phosphai@esvnseyet al, 2006; Davie®t al, 1990;
Hardieet al, 1998; Hardie and Pan, 2002).

5’AMP-activated protein kinase (AMPK) phosphorykataree serine residues of the mammalian
ACC namely S€P, Sef?® and Ser™. Sef”® lies on the N-terminal region of ACC1 before the
biotin carboxylase domain. S&° and SeF' lie on the central region of ACC1, between the
biotin carboxyl carrier protein (BCCP) and the aaytransferase domain (Brownsey al,
2006; Hardie and Pan, 2002). Phosphorylation of°Smrcurs more rapidly than the other two
residues; confirmed by site-directed mutagenesisACC1, phosphorylation of Sérresults in
inactivation of ACC1, which is reversed by dephasplation by protein phosphatase-2C
(PP2C) or by cleavage of the N-terminal 10 — 20r&Bion of ACC1 containing the Séresidue
(Brownseyet al, 2006; Hardie and Pan, 2002).

In vitro studies with AMPK confirmed that there are othesgble phosphorylation sites on
ACC1 that may be phosphorylated by other protemages (Hardie, 2003; Hardé al, 1998;
Hardie and Pan, 2002; Pan and Hardie, 2002). AGD1be phosphorylated by protein kinase A
(PKA) at Sef’ and Ser® resulting in minimal inhibition of ACC1. Howevethere is no
evidence for thén vivo phosphorylation of ACC1 by PKA. AMPK is the onlyopein kinase that
has shown significant relationship to energy mdtaboin terms of induced expression of the
enzyme in various physiological conditions relatecenergy changes (Hardie and Pan, 2002).
The regulation of ACC2 by AMPK in the mammaliantgys is still not well understood. ACC2
purified from rat muscle can be phosphorylated iaagdtivatedin vitro by AMPK. Although the
Ser? residue found in ACC1 is absent in ACC2,%%in ACC2 is thought to be the equivalent
of the ACC1-Ser (based on the hydrophobic amino acid residuesnar®ef?). ACC2-Sef'%is
phosphorylated by AMPK (Hardet al, 1998; Hardie and Pan, 2002).
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1.12 The apicomplexa plastid acetyl-CoA carboxylase

Until recently, parasitic organisms suchRlasmodiumwere thought to be incapable aé novo
fatty acid biosynthesis. This was based on theilibabf Plasmodium knowleso incorporate a
radio-labelled carbon precursor to its lipids sysikedn vivo (Holtz, 1977; Ralplet al.,2004b).
The malaria parasite was assumed to depend entirelis host for fatty acid requirement and
other lipid precursors for cell wall synthesis. Waarried out on the lipid composition and lipid
turn over of malaria parasite-infected red bloodlscehowed that infected red blood cell
exhibited a remarkable alteration in their lipidwuosition (Beaumelle and Vial, 1988a; V&l
al., 1984). Lipid precursors such as phosphatidyteitzanine, phosphatidylcholine, and
phosphatidylserine are taken up by the parasites Jiggested that tH&lasmodiumparasite is
capable of scavenging lipid precursors from thd.hbisis uptake was shown to be enhanced by
the presence of lipid transfer proteins (Beaumafid Vial, 1988b; Beaumellet al, 1988) and
these lipids are incorporated into parasite mendwa@hloroquine was also shown to inhibit the
uptake and assimilation of lipid precursors usirgliolabelled inositol, 13fC]-palmitoyl-
lysophosphatidylcholine (Viaét al, 1988). However, this postulate was refuted aiftevas
discovered that the malaria parasite expressedsgbaecode fode novdfatty acid biosynthesis
as revealed by the malaria genome analysis. Wonle diy several authors have shown tRat
falciparumis capable of incorporating acetate into its faityd synthesis (Gardnet al, 2002a;
Mitamura and Palacpac, 2003; Ralphal, 2004b; Surolia and Surolia, 2001; Walkdr al,
2003).

In Toxoplasma gondiiACC and the gene expressing ACC have been watkckerised. Due to
the relatedness of this parasite to fRlasmodiumparasite, it is likely that there exists a
correlation between the apparent functional sintiée of the ACC gene and protein between
these protozoan parasites (Gornicki, 2003; Mitamamd Palacpac, 2003). Theoxoplasma
gondii genome encodes two copies of ACC gen®S ({1 and ACC2 coding for the multi-
enzyme-domain ACC (Jelensle al, 2001; Jelenskat al, 2002). Both enzymes are biotin-
dependent and they catalyse the first step irdéh@ovosynthesis of fatty acids in the parasite
(Jelenskeet al, 2001; Jelensket al, 2002; Laueet al, 1995; Zutheet al, 1999). Studies using
the Toxoplasmaparasite lysates have shown ACC activity. The gesrecoding the two ACC

isoforms have multiple introns within their opemadeng frames; this is similar to the mammalian
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and yeast ACC gene structure. Both mammalian aradty&CC amino acid sequences share
some common sequence motifs with TexoplasmaACC sequence especially in the enzyme
domain regions. ACC1 is smaller than ACC2; a phesraon common to the mammalian ACC.
Jalenskeet al. (2002) postulated that ACC1 is apicoplast-targeted is involved in thele novo
fatty acid biosynthesis. ACC2 is the cytosolic forithey observed that ACC1 is inhibited by
plant herbicide such as aryloxyphenoxypropionatesaodinafops. This inhibitory effect on the
parasite ACC by herbicides underlines the poteriitialtargeting protozoan parasite fatty acid
synthesis for anti-parasitic drug intervention.

1.13 Apicoplast Type Il FAS-mediated chain elongatin

Figure 1.7 illustrates the proposed reaction steyesl by apicomplexa to produce palmitic acid
(Ralphet al, 2004b; Suroliaet al, 2004; Wilson, 2002). Malonyl-CoA is attachedatxyl carrier
protein (ACP) in a ping-pong reaction mechanisnalgaed by malonyl-CoA:ACP transacylase.
This enzyme has been cloned, expressed and ch#@adteP. falciparum(Priggeet al, 2003).
Although this enzyme is necessary for parasiteigairvits potential as an anti-parasitic agent is
yet to be exploited (Suroliet al, 2004). Malonyl-ACP is the substrate that is cardlly added

to the fatty acid chain, thus each cycle resultshie addition of two carbon moieties from
malonyl-ACP. The chain elongation step is dividetbifour distinct reaction steps namely:

condensation, reduction, dehydration and redug¢&amoliaet al, 2004).

The Type Il FAS-catalysed chain elongation in th@camplexa plastid begins with the
condensation of acetyl-CoA with malonyl-ACP; unlike Type | FAS chain elongation that uses
acetyl-ACP as substrate for the condensation Sapliaet al, 2004; Wilson, 2002).This first
step is catalysed bg-ketoacyl-ACP synthase 11l (KAS 1l or FabH), whildhe subsequent
condensation steps (cycles 2 — 7) are catalysed BFgbB/F (KAS I/1l) isoezyme (Surolet al,
2004; Wilson, 2002). FabH is annotatedRnfalciparum(Plasmodb ID PFB0505c, located on
chromosome 2)yvivax knowlesj bergheiand chabaudias a beta-ketoacyl-ACP synthase 1l
precursor. FabB/F is annotated . falciparum (Plasmodb ID PFF1275c, located on
chromosome 6)ivax knowlesj berghej yoelii andchabaudias the beta-ketoacyl-ACP synthase
[l precursor. P. falciparum FabH is inhibited by 1,2, dithiole-3-one (an anaiegof
thiolactomycin) with an Ig of 0.5 — 10 uM (Prigget al, 2003). Thiolactomycin (Figure 1.8) is

22



a competitive inhibitor of bacterial and plant katgl-ACP synthase (Sasaki and Nagano, 2004;
Suroliaet al, 2004) and has been shown to inhkitfalciparumgrowth in human erythrocyte at

concentrations less than 50 uM (Gornicki, 2003).

The second step in the Type Il FAS chain elongaisotine reduction of-ketoacyl-ACP toB-
hydroxyacyl-ACP. This reaction step is catalysed NMADP-dependentp-ketoacyl-ACP
reductase (Suroliat al, 2004). This enzyme is annotatedPinfalciparumas putative 3-oxoacyl-
ACP reductase (Plasmodb ID: PFI1125c, located amncbsome 9), as well as mivax
knowlesj berghej yoelii and chabaudi(Gornicki, 2003). No inhibitor of this enzyme hlasen
identified. B-hydroxyacyl-ACP is dehydrated to enoyl-ACP pyhydroxyacyl-ACP dehydrase
(FabA/z). The FabA isoenzyme is bifunctional, itatgses the dehydration @Fhydroxyacyl-
ACP and the trans-isomerisation tfns-enoyl-ACP to cis-enoyl-ACP. Cis-enoyl-ACP is
channelled into the production of unsaturated fattyds (Suroliaet al, 2004; Surolia and
Surolia, 2001). FabZ is characterisedRn falciparum (Plasmodb ID PF13 0128, located on
chromosome 13) (Sharmed al, 2003). Orthologues of FabZ have been identifie®. vivax
knowlesj berghej yoelii and chabaudi and annotated as thH&hydroxyacyl-ACP dehydrase
precursor in the Plasmodb database. In the finahgation step, enoyl-ACP is reduced to
butyryl-ACP by enoyl-ACP redcutase (Fabl). Thisyne is NADH-dependent in apicomplexa
Type Il FAS as contrasting the NADPH-dependent Hogue of the Type | FAS (Surolet al,
2004; Surolia and Surolia, 2001). Fabl is inhibitadtriclosan (Figure 1.8) a broad spectrum
antimicrobial agent (Sugunet al, 2001; Suroliaet al, 2004; Surolia and Surolia, 2001). In
Plasmodiumtriclosan inhibits Fabl (Plasmodb ID PFF0730caked on Chromosome @jth an
ICs50 Of 0.2 — 1.2 uM. The Fabl ortholgue has been atadtinP. vaivax knowlesj berghej
yoelii and chabaudi The final product of the first elongation cycleutyryl-ACP) enters the
second cycle by condensing with malonyl-ACP catdylsy FabB/F. Cerulenin (Figure 1.8) is an
inhibitor of FabB/F (Johnsomt al, 1994; Lacket al, 2006). After the seventh cycle, the
resulting product is a 16-carbon atom fatty acidleda palmitioyl-ACP. This product is
hydrolysed to palmitate (Surolet al, 2004; Wilson, 2002).

In summary, fatty acid metabolism is vital to eneand membrane biogenesis. Acetyl-CoA

carboxylase is central tde novofatty acid metabolism. The two major types of ge€nA
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carboxylase are the multi-enzyme domain type fomndumans, yeast and monocot plants and
the multi-subunit enzyme complex found in bacteaiad dicot plantsDe novo fatty acid
synthesis is initiated by the acetyl-CoA carboxglasediated carboxylation of acetyl-CoA to
form malonyl-CoA. This reaction is the committe@stin fatty acid synthesis and is ATP-
dependent. Malonyl-CoA is elongated to palmiticdasia a series of repetitive steps of

condensation, reduction and dehydration reactiateysed by fatty acid synthase (FAS).
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2004).
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There are two types of FAS responsible for elomgatf malonyl-CoA, namely the Type | FAS
and Type Il FAS. The type | FAS is a large multegme domain (multi-functional) polypeptide
found in humans and fungi, while the Type Il FASmade up of discrete and mono-functional
enzymes (complex) found in bacteria and plant dplasts. Apicomplexan parasites have been
shown to express a nucleus-encoded acetyl-CoA xgids®e and Type Il FAS, which are
targeted to the apicoplast. Howeve€ryptosporidium parvunfan apicomplexa) has been shown
to express cytoplasmic-targeted acetyl-CoA carlaseg/land Type | FAS (Zhu, 2004; Zaual,
2004; Zhuet al, 2000). There are inhibitors of acetyl-CoA candage and FAS. Fatty acid
metabolism is targeted for anti-parasite chemotherdue to the relevance of fatty acid

metabolism to the survival of parasites.
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Figure 1.8 Inhibitors of acetyl-CoA carboxylase andType Il fatty acid synthase (Jelenskaet al,
2001; Jelenskat al, 2002; Suroliat al, 2004)
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1.14 Aim and objectives of the study

There are no experimental data published to datgesting that thd’lasmodiumparasites
express functional acetyl-CoA carboxylase. Howetleere seem to be homologues of acetyl-
CoA carboxylase inP. falciparum (Plasmodb-gene number PF14 066R)asmodium yoelii
yoelii (Plasmodb-gene number PY0169and Plasmodium berghefPlasmodb-gene number
PB000494.02.0) as a fragment and as hypothetiaaltyptated proteins iRlasmodium chabaudi
(Plasmodb-gene number PC000014.02.0). The ideatidic of the gene that codes for acetyl-
CoA carboxylase in the malaria parasite suggests ttie Plasmodiumparasite is capable of
fatty-acid synthesis. However, there is no evidetitat the gene coding for acetyl-CoA
carboxylase is expressed as a functionally acthayrae capable of initiating the rate-limiting

step of fatty acid synthesis. It is still uncleamhthe parasite metabolises fatty agidsivo.

Lipid metabolism is elevated iR. falciparuminfected erythrocytes, when compared to non-
infected erythrocytes in which fatty acid metahwlis almost non-existent (Hanadgal., 2002;
Perozzoeet al, 2002; Sherman, 1979; Wallet al, 2003). The majority of the lipids synthesised
during the intra-erythrocytic stage d?lasmodium parasite cycle are channelled towards
membrane biogenesis including organellar and twdsicular membrane networks in the
cytoplasm of infected erythrocytes (Hanagtaal, 2002). Other findings (Beaumelle and Vial,
1988b; Moll et al, 1988) propose thdlasmodiumparasites meet the demand for important
lipids by simultaneously importing lipids from itsosts and employingle novo pathways.
Perhaps this is a clever adaptation by the parasiieaximise cellular energy turnover, sirtm
novo biosynthetic pathways are often energy consuniiingrefore, there is the possibility that
Plasmodiumparasites exhibit a well developed mechanismpid Ibiosynthesis needed to meet
its lipid demands for its atypical form of cell fiferation and survival in its host environment
(Hanadeet al, 2002; Laueet al, 1995).

Based on the available dataBlasmodiumipid metabolism, much is yet to be understooduabo
the Plasmodiumfatty acid synthesis, the fate of acetyl-CoA casgtbase and how the parasite
manages carbon and other energy sources. Theisigué of these biochemical processes for
parasite survival can not be overlooked as potem&hways for antPlasmodiumdrug
intervention. The gene encoding acetyl-CoA carbasglinP. yoelii strain 17XNL has been

sequenced and published (Plasmodb ID: PY01695).abligy of the parasite to synthesise fatty
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acids de novovia the acetyl-CoA carboxylase-mediated commitmstefp of malonyl-CoA

formation depends on the transcription of the gamgbsynthesis of the enzyme.

This study was aimed at establishing the preseh@cetyl-CoA carboxylase and the mRNA
transcript encoding the enzyme at the eythrocyiges of P. yoelii strain 17XL propagated in
BALB/c mice. Therefore the objectives are as fodow

1. The presence of the mRNA transcript will be essldd by RT-PCR using primers
designed to amplify the region of the open readiaghe. The RT-PCR cDNA products
will be sequenced to confirm the RT-PCR resultse Bize of the transcript will be
determined by Northern blot analysis.

2. Anti-peptide antibodies produced in chickens agdftagsmodiunproteins have shown to
be an effective tool in the detection and chargdéon of plasmodial proteins.
Antibodies will be produced in chickens againstramunogenic region of the theoretical
acetyl-CoA carboxylase amino acid sequence puldishehe Plasmodb database. The
presence of the enzyme in parasite lysates aniryaeliiinfected-red blood cell will be
evaluated using anti-peptide antibodies on a Westdéot and by immunofluorescent
microscopy.

3. The DNA coding for the predicted biotinoyl domaihtiee enzyme irP. yoelii 17XL will
be cloned intde. coliexpression systems. The expressed protein wilhbeacterised for
the presence of attached biotin.

4. Homology modelling of thé. yoeliiacetyl-CoA carboxylase biotinoyl protein and biotin
carboxylase domains will be carried out. Insighasgd from the modelling will assist in

possible identification of potential enzyme inhilog.
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CHAPTER 2
GENERAL MATERIALS AND METHODS

2.1 Introduction
This chapter describes several basic biochemiaalnunochemical, parasitological and

molecular biology techniques used in this study.

2.2 Materials

The following reagents and antibodies were purathdsem Sigma-Aldrich-Fluka (Steinheim
Germany) B-mercarptoethanol, 4-chloro-1-naphthol, acrylamidgarose, ampicillin, avidin,
Biomax® X-ray film, bisacrylamide, bromophenol blue, caniodlin, chloramphenicol,
Coomassie Brilliant Blue G-250, Coomassie BrilliaBtue R-250, diethyl pyrocarbonate
(DEPC), Ellman’s Reagent, Ficoll Type 400, formaei@reund’s complete adjuvant, Freund’s
incomplete adjuvant, Giemsa stain, glycine, guaidthiocyanate, guanidine-HCI, Herring
sperm DNA, isopropyl thioglucopyranoside (IPTG)cysteine kanamycin, maleimidobenzoyl-
N-hydroxysuccinimide ester (MBS), molecular biologsade phenol, mouse monoclonal anti-
biotin IgG, N-laurylsarcosine, ovalbumin, peroxidasonjugated avidin, p-iodophenol,
polyvinypyrrolidine, Ponceau S, rabbit serum albonsaponin, Sephad&«25, Sephadex G-10,
Semi-dry blot unit,N,N,N’,N’tetramethyethylenediamine (TEMED), Triton X-100yptione,
Tween-20, urea and yeast extract. Bovine serummitband Expand High Fidelity PCRsystem
were purchased from Roche (Mannheim, Germany). ghgeint purchased from BioRad
(California USA) were Poly Prépaffinity column, Mini Protean Il vertical PAGE unit, IIi"
vertical PAGE unit and VesaDocimaging system. The following were purchased from
Fermentas (Vilinius, Lithuania): 10x T4 DNA ligabaffer, T4 DNA ligase, Biotin DecalLabel
DNA labeling kit, JATP, DNA MassRuler, ANTP mix, EcoR, molecular biology grade DTT,
Notl, Buffer O, shrimp alkaline phosphatase (SAP) and PageRulstained Protein Ladder.
Single stranded RNA ladder was purchased from Newgldfhd BioLabs. Molecular biology
reagents were purchased from Solis Biodyne (Tadtorita) 10x PCR buffer (Mggland
detergent-free) PCR Mgg&J25 mM] solution andrag polymerase. Cells, plasmid and antibodies
purchased from Novagen (Damstadt, Germany) wer@Bkells (glycerol stock), JIM109 cells

(glycerol stock), and Rosetta (DE3) pLysS commércampetent cells, pET-28a and mouse
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monoclonal anti-His-Tag IgG, peroxidase-conjugaseééep monoclonal anti mouse IgG. PEG
6000 was purchased from Merck Biosciences (Damst&dirmany). G333¢C fixer and
STRUCTURIX G128 were purchased from AGEAMorstel, Belguim). ABTS was purchased
from Boehringer (Mannheim, Germany). Orbital shagkincubator was purchased from New
Brunswick Scientific (New Jersey USA). SulfoLinkCoupling Gel and Snake skindialysis
membrane were purchased from Pierce Perbio Sci@reenbodegem, Belgium). pGEX-4T-1,
Hybond-C" Extra nitrocellulose membrane, HMW protein standaehd Ultrspec 21@00
UV/visible spectrophotometer were purchased fromH&althcare (Buckinghamshire England).
Biotin-conjugated monoclonal anti-GST antibody wasrchased from Anaspec (California
USA). Peroxidase-conjugated rabbit anti-lgY antypoand FITC-conjugated donkey anti-
chicken-IgY were from Jackson Immunochemicals (Bgivania, USA). TALON metal
affinity resin was from Clontech (California, USAmprom I° Reverse Transcription System
was purchased from Promega (Wisconsin, USA). Oligteotide primers were synthesized by
ProLigos. (Paris, France). Synthetic pLDH peptide was sysi#teel by GeneScript (New Jersey,
USA) while Synthetic PyACC peptide was synthesizsd Auspep (Melbourne, Australia).
VersaMax™ ELISA plate reader was purchased from egabr Devices Corporation
(California, USA). Nunc Maxi Sorp 96-well ELISA plate was from Nunc products (Rodkil
Denmark). DNA purification kit was purchased fronE@LAB Biotechnologie (Erlangen,
Germany). Avanti J-26 XPI centrifuge was from Beckman Coulter (Dafiia USA).
GeneAmp' PCR thermocyler was from Applied Biosystems (@afifa USA). Virosonic cell
disruptor was purchased from VirTis (New York, USA)

2.3 Biochemical and immunochemical techniques
This section describes routine biochemical and imocthemical techniques that were used in

this study.

2.3.1 Sodium dodecyl sulfate polyacrylamide gel efophoresis
The discontinuous Sodium dodecyl sulfate polyacmytke gel electrophoresis (Laemmli, 1970)
was used to anaylse (i) the purification profiletioé anti-peptide IgY, (ii) recombinant protein

expression and (iii) purification of recombinanbi&ins.
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2.3.1.1 Materials
Monomer solution [30% (w/v) acrylamide, 2.7% (whis-acrylamid¢ Acrylamide (73 g) and

bis-acrylamide (2 g) were dissolved and made @btbml with distilled water. The solution was

stirred, filtered though Whatman No. 1 filter paped stored in an amber bottle &C4

Separating gel buffer [1.5 M Tris-HCI, pH 8.8lris (45.37 g) was dissolved in 200 ml of
distilled water, stirred, pH adjusted to 8.8 witlCHand the volume made up to 250 ml with

distilled water. The solution was filtered with Whean No. 1 filter paper and stored at 4°C.

Stacking gel buffer [500 mM Tris-HCI, pH §.8Tris (3 g) was dissolved in 40 ml of distilled

water, adjusted to pH 6.8 with HCI, and the volwvees made up to 50 ml with distilled water.

The solution was filtered with Whatman No. 1 filfaper and stored at 4°C.

10% (w/v) Sodium dodecylsulfate (SDSDS (10g) was dissolved in 100 ml of distilledteva

and stirred continuously until the detergent hagalved and stored at RT.

Initiator reagent [10% (w/v) ammonium persuljat@mmonium persulfate (0.1 g) was dissolved

in 1 ml of distilled water and stored at 4°C.

Tank buffer [250 mM Tris-HCI, 192 mM glycine, 0.1%w/v) SDS, pH 8.8 Tris (15 g) and
glycine (72 g) were dissolved in about 5 L of dliistl water and stirred. Before use, SDS (1 g)
was added to 1 L of the buffer.

Reducing sample buffer [125 mM Tris-HCI, 4% (w/\DS, 20 % (v/v) aglycerol, 10% (v/\f3-

mercaptoethanol, pH §.8Stacking gel buffer (2.5 ml) was mixed 4 ml d% SDS, glycerol

(2 ml) andp-mercaptoethanol (1 ml), mixed thoroughly and mageto 10 ml with distilled
water. 35ug of bromophenol blue was added as tracking dyestordd at RT.

Non-reducing sample buffer [125 mM Tris-HCI, 4% YW&KDS, 20 % (v/v) glycerol, pH 6.8
Stacking gel buffer (2.5 ml), 4 ml of 10% SDS anygcgrol (2 ml) were mixed thoroughly and
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made up to 10 ml with distilled water. Bromophehhle (35u9) was added as tracking dye and
stored at RT.

Coomassie stain solution [0.1 % (w/v) Coomassieidyke5:4 (v/v/v) acetic acid-methanol-water

solutior]. Coomassie dye (0.1 g) was completely resusugknmael:5:4 (v/v/v) acetic acid-

methanol-water solution.

2.3.1.2 Method

Reducing or non-reducing SDS-PAGE was carried sulescribed by Laemmli (1970) using a
Bio-Rad vertical slab electrophoresis apparatusani®yy (separating) and stacking gels were
prepared according to Table 2.1. Prior to castinp@® gel mixture, the Bio-Rad Mini PROTEAN
1" vertical slab electrophoresis accessory unit wascfeaned and rinsed with ¢Bl. The unit
was made up of a gel-casting stand with castingagastwo ten-well gel combs (1.5 mm thick),
two 81.5 mm x 101.5 mm and 72.5 mm x 101.5 mm gidates. The gel-casting unit was

assembled according to the manufacturers’ instrosti

Table 2.1 Recipe for two 72.5% 101.5x 1.5 mnt Laemmli SDS-polyacrylamide gels

Reagent Separating gel Stacking gel
12.5% 10.0% 5.5% 4% 3%’
Monomer solution 6.25 ml 3.75 ml 2.75 ml 9dlo 720l
Separating gel buffer 3.75 ml 3.75 ml 3.75m 0 0
Stacking gel buffer 0 0 0 1.75 ml 1.75 ml
10% SDS 150 pl 150 pl 150 pl [i)) 70l
Distilled water 4.75 ml 7.25 ml 8.25 ml 4.3 ml 4l
Initiator reagent 75 ul 75 ul 75 ul 3b 35ul
TEMED 7.5 ul 7.5 ul 7.5 ul 16l 15l

& Stacking gel for 12.5% and 10.0% separating gel
® Stacking gel for 5.5% separating gel.

Unpolymerised running gel solution were appliednsstn the glass plates to a height of about
6 cm from the base and overlaid with water to pnéwxidative inhibition of polymerisation of

the acrylamide. Once polymerised, the water ovewag removed and then the stacking gel
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slurry was applied up to the brim of the glassgdand the gel comb was immediately inserted
in the stacking gel and allowed to polymerise. Saspwere loaded and the gel unit was
immediately connected to a power pack. Electrophisn@as performed at 36 mA (18 mA per gel
slab) until the dye front was about 0.5 cm from loétom. The gels were immediately removed
from the unit, stained with Coomassie Blue R 258inghg solution and destained. The
electrophoregram was imaged using the BioRad VesaDimage documentation system. The
molecular weight of the protein band was determungidg the graph of Log molecular weight of
standards against distance migrated (mm) intotheing gel.

2.3.2 Western blot

Proteins resolved on SDS-PAGE gel and subsequelatyro-transferred onto a membrane such
as nitrocellulose, PVDF and nylon and are deteastag antibodies or probes that recognize the
blotted protein. The Western blot method used is $tudy was basically that of Towbat al.
(Towbin et al, 1979). This technique was used in this work etedt recombinantly expressed
protein inE. colicell lysate resolved by SDS-PAGE andrivo expressed protein iRlasmodium
cell lysate resolved by SDS-PAGE.

2.3.2.1 Materials

Blotting solution [50 mM Tris, 0.2 M glycine, 20%/{¢) methanol, 0.1% (w/v) SOSTris
(6.05 g), glycine (15.01 g) and methanol (200 mdrevmade up to 1 L with ¢ and stored at
4°C. Prior to use, SDS (1 g) was added.

Ponceau S reagent [0.2% (w/v) in 1% (v/v) acetid]a®onceau S (20 mg) was resuspended in

1ml of glacial acetic acid. The volume was madeaup00 ml with dHO and stored at RT.

Tris buffered saline (TBS) [20 mM Tris-HCI, pH 7.8,2 M NaC]. Tris (2.42 g) and NaCl
(11.69 g) were dissolved in 950 ml of g/ The pH was adjusted to 7.4 with HCI| and the

volume made up to 1 L with dB. The solution was stored at 4°C.

Blocking solution [5% (w/v) non-fat powdered milk iTBS. Locally sourced (Elit8) fat-free

powdered milk (5 g) was suspended in 100 ml of TB8s solution was prepared fresh.
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BSA-TBS [0.5% (w/v) BSA in TBF BSA (0.25 g) was dissolved in 50 ml TBS. Thisusion
was used fresh.

Substrate reagent [0.06% (w/v) 4-chloro-1-napht@d015% (v/v) HO,, 20% (v/v) methanol in
TBS]. 4-chloro-1-naphthol (30 mg) was dissolved in nagtol (10 ml). Four ml of this solution
was made up to 20 ml with TBS and®4 (10 pl of a 30% solution) was added and kept away

from light. This solution was used fresh.

2.3.2.2 Method

After SDS-PAGE, one of the duplicate gels was st@ito display the protein band patterns and
the other gel was used for blotting. Nitrocellulosembrane was cut to the dimension of the gel
(7.2 cm x 10.5 cm) and six pieces of blotting papere cut to the dimension of 8.2 cm x
10.5 cm. The gel was carefully placed on the nélloéose membrane from one side to avoid
trapping air bubbles. The nitrocellulose membraekevgas sandwiched between the six blotting
papers (three on either side) and placed in betweerelectrode plates of the semi-dry blotting
apparatus with the nitrocellulose membrane tow#rdsanode. The semi-dry blotting apparatus
was connected to a power supply unit {(7.0 V, 258,16 h) or (17.0 V, 250 mA, 1.5 h)}. After
transfer, proteins on the nitrocellulose membraeeewisualized with Ponceau S Reagent and
the molecular weight marker proteins marked witheacil. The nitrocellulose membrane paper
was destained in di@® and blocked for 1 h with the Blocking Buffer. Selquent steps were
carried out on a “belly dancer”. The nitrocellulasembrane was then washed 3x (5 min/wash)
with TBS and incubated for 2 h in the required tillo of the primary antibody or probe
resuspended in BSA-TBS. The nitrocellulose membraas washed 3x (5 min/wash) in TBS
and incubated in the appropriate dilution of seespdantibody or probe diluted in BSA-TBS.
The nitrocellulose membrane was washed 3x (5 msi)vien TBS and incubated in the substrate
reagent until the band suggestive of the detectetip appeared on the membrane. The image

was captured with the VesaDoc imaging system aadblibt stored.
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2.3.3 Bradford standard protein assay
2.3.3.1 Materials
Bradford dye reagent [0.06% (w/v) Coomassie BrlliBlue G-250 in 2% (v/v) perchloric agid

Coomassie Brilliant Blue G-250 (0.3 g) was resusleeinn 500 ml of 2% (v/v) perchloric acid in
dH,O. The solution was stirred for 1 h at RT, filter@th Whatman No.1 filter paper into a

brown bottle and stored at RT.

Ovalbumin stock solution [0.5 mg/ml of buffe©valbumin (1 mg) was dissolved in 2 ml of the

appropriate buffer. Different stock solutions wprepared for each experiment.

Protein standards [0 — 5@ ovalbumin/10Qul of buffer]. Proteins standards were prepared by re-

suspending 10 to 5@y ovalbumin in 10Qul of buffer. Three independent working solutionsreve

prepared for each experiment.

2.3.3.2 Method

Dye Reagent (0.9 ml) was mixed with the solutiontloé protein standards (0.1 ml) in a
microfuge tube. The dye-protein solution was alldwe react at RT for 30 min and the
absorbance value for each solution was read atn58®5The mean absorbance value for each
protein concentration and for the two experimentss wecorded. The absorbance value was
plotted against the amount of protein in»ag scatter. The solution with the unknown protein
concentration was treated in a similar way andptioéein concentration derived by interpolation

on the standard curve.

2.3.4 Coupling synthetic peptides to rabbit albumircarrier for antibody production

Synthetic peptides derived froR. yoelii acetyl CoA carboxylase precursor related (Plasmodb
ID: PY01695) andP. yoelii L-lactate dehydrogenase (Plasmodb ID PY03885)fui-peptide
antibody production in chickens were coupled tobralalbumin carrier molecule. They are
coupled to a carrier because the molecular weiglhe peptides ranges from 1500 — 2000 Da
and thus the peptides alone are unable to elidimamunogenic reaction in the host. The peptides
were designed and synthesized to have a termirsineyresidue that provided a functional

sulthydryl (SH) group that enabled the covalenaditment to the carrier and to the affinity
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matrix. Prior to coupling, the cystine residue waduced with DTT in order to acquire free
terminal SH residues. The rabbit albumin carries &ativated with MBS; a hetero-bifunctional
linker that links a primary amine fuctional group one molecule to a sulfhydryl functional
group on another molecule (Hermanson, 1996). Thexedctivation of a protein molecule by
MBS involves the covalent modification of theamine groups of lysine residues on the protein
molecule. The MBS-rabbit aloumin complex was pedfon Sephadex G-10 and Sephadex G-25
size chromatography columns (1.5 x 12.Cciinear flow rate of 8.5 cm/h) to separate coupled
activated rabbit aloumin from unreacted MBS andlEmeeaction products.

2.3.4.1 Materials
Phosphate buffered saline (PBS), pH M™&aCI (8 g), KCI (0.2 g), N&dPO, (1.15 g) and
KH,PQO, (0.2 g) were dissolved in 1 L of d&.

MEC Buffer [0.1 M NaHPO.2H,0, pH 7.0, 0.02% (w/v) NajN 1 mM Na-EDTA].
NaHPO,.2H,0O (15.6 g), N&EDTA (0.3724 g) and sodium azide (0.2 g) were alis=sd in
900 ml of dHO. The pH was adjusted to 7.0 with NaOH and theiwel was made up to 1 L
with dH,O.

Peptide reducing buffer [0.1 M Tris-HCI, pH 8.0,miM N&-EDTA]. Tris (2.24 g) and Na
EDTA (0.3724 g) were dissolved in 150 ml of #H The pH was adjusted to 8.0 with HCI and

the volume was finally made up to 200 ml with,@H

Ellman’s reagent buffer [0.1 M Tris-HCI, pH 8.0,MM N&-EDTA, 0.1% (w/v) SD§ Tris
(1.21 g), Na-EDTA (0.3724 g) and SDS (0.1 g) were dissolve@0nml of dHO. The pH was
adjusted to 8.0 with HCI and the volume was finatigde up to 100 ml with di®.

Dithiothrietol [10 mM. Dithiothrietol (7.71 mg) was dissolved in 5 mf peptide reducing
buffer.
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2.3.4.2 Method

This laboratory had previously determined empitjctilat 4 mg of a synthetic peptide is enough
to produce between 4 — 10 mg affinity purified mbbynal antibody in a chicken between 12 — 15
weeks of four immunisation schedules (Goldring @ogétzer, 2003).

Calculations
The peptide was coupled to the rabbit aloumin eaat 40:1 peptide-carrier ratio. The amount of
rabbit albumin (carrier) to be coupled to 4 mg ghthetic peptide was determined by the

formula;

68200x L x 41079 (peptidg

, x1000=carrier (mg)
40 Mw( peptidg

The molar mass of rabbit albumin in 68 200 Daltons.

The carrier was activated with MBS at 1:40 carBS ratio. The amount of MBS needed to

activate the calculated amount of rabbit albumarrier) was determined by the formula:

carrier (mg)
200

Where 314.26 is the molar mass of MBS.

31426x40x% x1000= MBS(mg)

Activating the carrier with MBS
MBS (1 mg) was dissolved in 50 of DMF, made up to 200l with PBS and the volume of the

solution containing the required molar quantityMBS was added to 0.8 ml solution of the

rabbit albumin (estimated amount) in PBS. The smiutvas mixed gently for 30 min at RT on a
rotary mixer. The mixture was loaded onto Sepha@ef5 size exclusion chromatography
column (1.5 cm x 12.5 cm) pre-equilibrated with #&C buffer. The MBS-rabbit albumin
complex was eluted with the MEC buffer by collegtiinactions (1 ml). The £&o nmoOf the eluate
was determined for each fraction. The first sdtadtions with Agy nm> 0.5 were pooled (~ 2 ml

total volume).
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Reducing the peptide with DTT
Peptide (4 mg) was initially resuspended inb®f DMSO and the volume was made up to

0.5 ml with the peptide reducing buffer. DTT reagé®5 ml) was added to the peptide and
allowed to react (1 h, 37°C) with occasional mixifit¢ne reduced peptide mixture was loaded
onto Sephadex G-10 MEC column (1.5 cm x 11 cm)elatkd with the MEC buffer. Fractions

of 1 ml were collected and a sample from each ifvacivas analysed for free —SH residue with
the Ellman’s Reagent (1@ of fraction + 10ul of Ellman’s Reagent). The first set of fractions

showing intense yellow colour compared to the firattions were pooled (~ 2 ml total volume).

Reacting the reduced peptide with the MBS-activatader

The pooled MBS-rabbit albumin solution was mixedhwthe pooled reduced peptide solution.
The mixture was incubated at RT overnight. The tsmuwas aliquoted equally into four

microfuge tubes and stored at —20°C.

2.3.5 Preparation of immunogen for immunisation inchickens

The peptide-carrier complex used for productiommti-peptide antibody in chickens was mixed
with Freund’s complete (FCA) or incomplete adjuvdRtA). The FCA is made up of heat
attenuated and driellycobacteriummixed in mineral oil to elicit cell-mediated immtynthat
will result in production of antibody against theptide as well as the carrier. The FIA is mineral

oil without theMycobacteriunproducts.

2.3.5.1 Method

The peptide-carrier complex solution was allowedhaw at RT and dispensed into a 20 mi
scintillation vial containing equal volume of FCABIA. The mixture is triturated using a 2.5 ml
syringe until an emulsion was formed and the eronlsivas loaded into a 2.5 ml syringe.
Chickens were immunised intra-muscularly on thegydabreast muscles with approximately
0.4 ml of the immunogen containing ~ 125 pg of sgathetic peptides. The first immunisation
was carried out with FCA and the three subsequeoster immunisations were carried out with
FIA at two-week interval with a similar dose. Egigem each chicken were collected daily,
labelled and stored at 4°C until the isolationmflzody.
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2.3.6 Isolation of immunoglobulin Y (IgY) from chidken egg yolk

The solubility of proteins in an aqueous environtrggpends largely on the surface availability
of hydrophilic amino acids of the protein. Thesa@iophilic amino acids form hydrogen bonds
with water molecules in the hydration shell (laydrwater molecules surrounding an ion or
molecule in an agueous solution) of the proteinenolles. Dextran and PEG are widely used as
protein precipitation agents. These polymers (dexand PEG) are preferentially excluded from
the hydration shells around the proteins. Thisdwithe protein solution to it solubility limit
(Chunet al, 1967; Ingham, 1984; Polsat al, 1985). Polyethylene glycol (PEG) is a linear
water-soluble non-ionic polymer with molecular watigarying from 0.2 kD to 20 kD depending
on the extent of polymerization. It is widely ugedextract proteins at room temperature without
denaturation of the proteins (Ingham, 1984; Pokstoal, 1985). PEG with MW 4 kD to 6 kD is
routinely used in protein precipitation. Polymeasger than this offer no advantage, since their
solutions are more viscous (Atha and Ingham, 1%8dham, 1984). By and large, the shorter
time required for precipitation of proteins by PB@&d little effect on the stability of the proteins
makes PEG a molecule of choice for protein isotatammpared to organic solvents and

ammonium sulphate.

In this study, PEG 6000 (MW ~ 6 kD) extraction wased to isolate IgY from eggs collected
from chickens immunised with the synthetic peptid@sbit albumin complex using the method
of Polsonet al., (1985). The buffer system was sodium dihydrogeosphate buffer, pH 7.6
containing sodium azide as an anti-microbial presigre. Chickens were housed and cared for at
the University of KwaZulu-Natal Farms at Ukulingdietermaritzburg. The use of chickens for
this study was approved by the University’s Ethi€@mmittee with ethical clearance project
number: AE/GOLDRING/99/08 for 2001 and 025/04/Anirfta 2008.

2.3.6.1 Materials

Isolation buffer [0.1 M NabPO4.2H,0 pH 7.6, 0.02% (w/v) Naf]l NaH,PO,.2H,O (15.6 g) and
0.2g (NaN) were dissolved in 950 ml of @B, titrated to pH 7.6 with NaOH and made upto 1 L
with dH,O.
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IgY Storage Buffer [0.1 M NapPO,.2H,0O pH 7.6, 0.1% (w/v) Nah. NaH,PO,.2H,0 (15.6 )
and 1g (Nah) were dissolved in 950 ml of @B, titrated to pH 7.6 with NaOH and made up to
1 L with dH,0.

2.3.6.2 Method

Egg yolks were separated from albumin and carefulighed under slow running tap water in
order to remove traces of albumin. The yolk saceevpeinctured and squeezed carefully into a
measuring cylinder to determine the yolk volume oTyelk volumes of the isolation buffer were
added and stirred slowly to mix with the yolk. SOPEG-6000 [3.5% (w/v)] was added and
stirred continuously until the entire PEG-6000 digsd. The precipitated vitellin fraction was
removed by centrifuging (4420, 30 min, RT). The supernatant was filtered thoagfunnel
packed with cotton wool. The volume of the filtratas measured and PEG [8.5% (w/v)] was
added to the filtrate and stirred thoroughly. Thiigon was centrifuged (442§ 10 min, RT) to
pellet the precipitate. The supernatant was digchehd the pellet dissolved in a buffer volume
equivalent to the original egg yolk volume. PEG-8(002% (w/v)] was added stirred thoroughly
and centrifuged (4426, 10 min, RT). The final pellet was dissolved i thuffer with volume
equivalent to's the original yolk volume. The purification profilwas analyzed by applying
samples collected at each step of the isolatiorhogebn a reducing-SDS-PAGE (Laemmli,
1970). The final IgY concentration was determinesing the extinction coefficient of

Img/ml
E = 125(Coetzeret al.,1985).
280nm

2.3.7 Preparing affinity chromatography matrices aml purification of anti-peptide IgY

Affinity purification offers specificity-based seqadion of biomolecules based on unique
biological interactions. The matrix consist of padyylamide, dextran or agarose polymerized
beads. The matrix is insoluble and is usually concrally synthesized to acquire specific
functional groups such as aldehyde, carboxylic,doydiroxyl, amine and hydrazide. The ligand
is immobilized on the matrix (solid) support by meaf several coupling reactions. Molecules
to be purified adsorb on the immobilized ligandsewlpassed though the affinity column. The
remaining components in the mixture are washedheffcolumn. The column is washed with 5x

the appropriate column buffer before eluting theaslded molecules. A buffer of low pH or high
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ionic strength is often used to disrupt the af§irbased interaction between the adsorbed

molecules and the ligand.

SulfoLink® Coupling Gel is a 6% beaded agarose that has diesvatized to have iodoacetyl
group spaced by a 12-atom structure (Pierce Suifolthanual). This enables the covalent
bonding of molecules such as peptides and proligiaisds with free SH functional groups to the
iodoacetyl functional group on the affinity suppofhe 12-atom spacer is designed to decrease
steric hindrance between the coupled ligand andaffiaity-bound molecule, enhancing the
binding of the molecule to its ligand. The molectdebe coupled must be in monomeric units
without a disulfide linkage. Thus, the molecule mie reduced with DTT to acquire free SH
reactive functional group prior to coupling to th#inity support. The reducing agent (DTT)
must be removed to prevent competing with the depior bonding on the iodoacetyl functional
group on the affinity matrix. The SH group reactshwhe iodide on the iodoacetyl functional

group on the matrix to form a stable thioether bond

2.3.7.1 Materials
Coupling buffer [0.05 M Tris-HCI, pH 8.5, 5 mM W&DTA]. Tris (6.5 g) and NAEDTA
(1.86 g) were dissolved in 900 ml of gl The pH was adjusted to 8.5 with HCI and the nadu

made upto 1 L.

Blocking buffer [0.05 M L-cysteine in coupling beff. L-cysteine (2.2 g) was dissolved in

250 ml of coupling buffer.

Wash solution [1 M Na@l NaCl (58.44 g) was dissolved in 1 L of g

Equilibration buffer [0.1 M NabPO,.2H,0, pH 7.6, 0.1% (w/v) NajJ. NaH,PO,.2H,0 (15.6 Q)
and 1g (Nah) were dissolved in 950 ml of dB. The pH was adjusted to 7.6 with NaOH and

the volume made up to 1 L with g@l.
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Affinity column-washing buffer [100 mM NaiPO..2H,O, 0.02% (w/v) Nah pH 6.5.
NaH,PO,.2H,0O (15.6 g) and NaiN(0.2 g) were dissolved in 800 ml of g} stirred and adjusted
to pH 6.5 with NaOH. The volume was made upto 1 L.

Elution buffer [100 mM glycine, 0.02% NaNw/v), pH 2.8. Glycine (0.75 g) and NajN0.02 g)
were dissolved in 80 ml of di®, adjusted to pH 2.8 with HCI and the volume fiynahade up
100 ml.

Neutralizing buffer [1 M NabPO,.2H,0, 0.02% Nal (w/v), pH 8.3. NaH,P0,.2H,0 (15.6 Q)
and NaN (0.02 g) were dissolved in 80 ml of gbj, stirred, adjusted to pH 8.5 with concentrated

NaOH and the volume finally made up to 100 ml.

2.3.7.2 Method
Coupling of peptides to SulfoLink™ affinity matrix

For coupling of peptides to affinity matrix, 7.5 nofj the peptide was reduced as described in
Section 2.3.4. SulfoLink™ matrix (3 ml of 50% sk 1.5 ml column volume) was dispensed
into a BioRad Poly-Prépaffinity column. The matrix was equilibrated wihcolumn volumes

of coupling buffer. The buffer was allowed to flalarough the matrix until the meniscus was just
above the matrix. The reduced peptide solution added to the matrix and the column was
capped with the outlet closed. The suspension wasdron a rotary mixer (15 min, RT), and
was further incubated (30 min, RT) while standifige cap and the outlet were opened to let the
solution containing a reaction by-products and wupiéed peptides to elute. The matrix was
washed with 5 column volumes of the coupling byftee outlet was closed and 1 ml of the
blocking buffer was added to the matrix and cappédte suspension was mixed once again
(15 min, RT) on a rotary mixer and the allowedtims (30 min, RT). The column outlet and cap
were opened allowing the buffer to drain out. Thetnwm was washed with 5 column volumes of
the wash solution and equilibrated with 5 columrummes of the equilibration buffer. The

affinity matrix was stored at 4°C until use.
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Affinity purification

The affinity column was first washed with 20 columolumes of washing buffer. The isolated
IgY was filtered with Whatman No.1 filter paperremove insoluble materials that may clog the
affinity column. The filtrate was cycled througretbolumn overnight (in a reverse direction) and
the unbound antibodies were washed off the coluritim 20 column volumes of affinity column-
washing buffer in the forward direction. The bouadtibodies were eluted in the forward
direction (flow rate of 20Qul/ min) up to 1 ml with the elution buffer into mafuge tubes
containing 10Qu of the neutralizing buffer. The Ay nmwas read and then the elution profile was
obtained by plotting the Ao nmagainst elution volume. Fractions withsh.m>0.2 were pooled
together. The affinity purified polyclonal anti-gege IgY was stored at 4°C in a 100 mM sodium
phosphate buffer, pH 7.2 containing 0.1% sodiurdezi

2.3.8 Enzyme linked immunosorbent assay for anti-getide 1gY titre

Enzyme linked immunosorbent assay (ELISA) involgeseral parts that makes up a complete
immunoassay system namely: a solid phase on whietantigen or antibody to be assayed is
immobilized; antigen or antibody to be assayedckiltg molecule, which is usually protein that
does not interfere with the assay; primary antibadyich interacts with the antigen or antibody
immobilized on the solid phase. Depending on théSBLformat the primary antibody may be
linked to the detecting enzyme in direct ELISA syst In an indirect ELISA system a secondary
antibody that interacts with the primary antibodylinked to the detecting enzyme in the direct
ELISA. Peroxidase, glucose oxidase and alkalinesphatase are widely used as detecting
enzymes in ELISA. These enzymes catalyse the cesiowvernf colourless substrates or non-
fluorescent molecules into coloured or fluorescanblecules that are quantified by
spectrophotometry or fluorimetry. These substrédes part of the ELISA system (Nakamuwt
al., 1986). In this study, ELISA was used to deteertime weekly anti-peptide IgY titre for each

immunised chicken in an indirect ELISA technique.

2.3.8.1 Materials
Phosphate buffered saline (PBSaCl (8 g), KCI (0.2 g), NdPO, (1.15 g) and KHPO, (0.2 g)

were dissolved in 1 L of diD.
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Blocking solution [0.5% (w/v) bovine serum albuni#By. BSA (0.5 g) was dissolved in 100 mi
of PBS.

Tween-PBS washing solution [0.1% (v/v) Tween-PBBveen-20 (1 ml) was made up to 1L
with PBS.

0.15 M citrate-phosphate buffer at pH 540 solution of citric acid monohydrate (21 g/L) was
titrated with a solution of N&lPO,.2H,0 (35.6 g/L) to pH 5.

Substrate solution [0.05% (w/v) ABTS and 0.0015%)WH,0O, in citrate-phosphate buffer
ABTS (7.5 mg) and kD, (7.5ul) were dissolved in citrate-phosphate buffer at9p(5 ml).

2.3.8.2 Method

A 96-well microtitre plate (Nunc Maxi Solf}) was coated with 1501 of 1 ug/ml of peptide in
PBS over night at 4°C. The following day, the plates washed with Tween-PBS and blocked
with 0.5% BSA-PBS (30 min, RT). After blocking, tipdate was washed 3x with Tween-PBS.
The plate was incubated with 150(100 pg/ml) of crude IgY isolate or IgY isolated from pre
immune egg as control as primary antibody (2 hC3/ashed 3x with Tween-PBS. The rabbit-
anti-chicken-HRPO secondary antibody (16@f 1:20 000 dilution) was added to each well and
incubated (1 h, 37°C). After incubation, the plases washed 3x with Tween-PBS and 1b50f
substrate solution was added to each well. Theepleds incubated at RT until the colour

developed and the absorbance was read at 405 tmtheilVersaMax™ ELISA plate reader.

2.4 Parasitological techniques

Rodent malaria parasites includiRgyoelii, P. berghei, P. vinck@indP. chabaudiare adapted
for laboratory studies. All four rodent malaria g@sites infect mice. The study of interaction
between the host and the erythrocytic stage ofrthlaria parasite makes the mouse a very useful
host for malaria infection models to study immumbal, molecular and biochemical aspects of
the parasite (Sanrgt al, 2002). There is a degree of variation in virgkenn various mouse
malaria model species and strains. There are stdiR. yoeliithat are lethal in mice whereas

some otheP. yoeliistrains are non-virulent in mice.
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This section describes several techniques usdtkipropagation, isolation and purificationfof
yoelii; a rodent malaria parasite. In this study, thedE®. yoeliistain 17XL was used. Parasites
were propagated in 6 — 8 weeks old male BALB/c ntle®ugh intraperitoneal injection of
100 pl of 10 parasitized red blood cells. Mice used in thisdgtwere kept in the University
Animal housing facility in a temperature range 8f-122°C. Each animal was kept in a single
cage with a plastic bottom and steel mesh. Cag@sdsist, water and food were autoclaved prior
to use. Food and water were availadtklibitum. Parasitemia was monitored daily through thin
blood smear made from the tail blood.

2.4.1 Propagation ofP. yoelii parasite in BALB/c mice and cryo-preservation

2.4.1.1 Materials

Phosphate buffered saline (PBS), pH M™&aCI (8 g), KCI (0.2 g), N&dPO, (1.15 g) and
KH2.PO, (0.2 g) were dissolved in 1 L of d@.

Cryo-preservative [10% (v/v) glycerol-PBSGlycerol (1 ml) was added to 9 ml of PBS. The

solution was stirred and autoclaved.

2.4.1.2 Method

Parasites were propagated in male BALB/c mice biperitoneal injection of parasite stabilate
(10" parasitized red blood cells). The lower abdomess wlaaned with 70% ethanol and the
mouse held upside down for the organs to partabp. The syringe (insulin syringe, 1 cc) was
inserted ~ 0.5 cm into the skin and the stabilkdely released into the mouse. The syringe was
slowly withdrawn to prevent exuding of the stalalafter injection. The mouse was immediately
release into its cage and monitored for 5 — 10 poist injection. Parasitemia was monitored with
daily thin smear of tail blood. The thin smear aa&rsdried and fixed in methanol for 1 min at RT
and was allowed to dry at RT. The smear was stavtdGiemsa stain for 20 — 30 min at RT,
washed under slow running water and air-dried amlved at 1000x magnification (oil
immersion). The number of infected RBC was expmss® a percentage of total RBC. The
parasites were preserved in 10%-glycerol-PBS &tpHBasitized-RBC (pRBC) per 100 ul of

stabilate. The stabilate was immediately stordajind nitrogen.
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2.4.2 Isolation ofP. yodlii parasites from infected mouse red blood cells

2.4.2.1 Materials

Phosphate buffered saline (PBS), pH 7NACI (8 g), KCI (0.2 g), N&PO, (1.159g) and
KH,PQO, (0.2 g) were dissolved in 1 L of d&.

Saponin-PBS [0.05% (w/v) saponin in ABSaponin (5 mg) is dissolved in 10 ml of PBS.sThi
reagent is kept on ice prior to use.

Plasmodipuf?

Heparinzed vacuum tubes

2.4.2.2 Method

At 30 — 40% parasitemia, the infected mouse wasfi&ad. The blood was dispensed into a
heparinzed vacuum tube and kept on ice. The bloasl aiuted (1:4) with ice cold PBS and
filtered with Plasmodipdt according to the manufacturer’s instructions tmaee host white
blood cells. The filtrate was centrifuged (76015 min at 4°C) to pellet the infected RBC. The
cells were washed 3x with ice cold PBS (5 voluméghe original blood volume) and re-
suspended in 5 volumes of saponin-PBS. The cgllesisson was incubated at RT for 30 min for
complete hemolysis. A dark red colour indicates bigsis of the RBC. The suspension was
centrifuged (350@, 15 min at 4°C) to pellet the released parasites.supernatant was removed
carefully leaving behind a small volume of the sampg¢ant in order not to disturb the parasite

pellet. The parasite pellet was washed 2x withlGmes of PBS.

2.4.3 Immunofluorescence microscopy
2.4.3.1 Materials
Fixing reagent [4% (w/v) paraformaldehyde-0.007588v} glutaraldehydp Paraformaldehyde

(0.4 g) was suspended in 9 ml of gdH Drops of 1M NaOH were added while stirring in a
boling water bath. The solution was made up to 1@vith ddH,O. Glutaraldehyde (1.5 pl of
50% solution) was added. The solution was filtaredugh a 0.22 um syringe filter.
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Quenching solution (0.1 mg/ml NaCNBlh PBS. NaCNBH, (1.0 mg) was dissolived in 10 ml
of PBS. The solution was filtered through a 0.22 gyminge filter.

Phosphate buffered saline (PBSaCl (8 g), KCI (0.2 g), NdPO, (1.15 g) and KHPO, (0.2 g)
were dissolved in 1 L of diD. The solution was filtered through a 0.22 pumrsyeifilter.

Permeabilizing solution (0.1% Triton X-100 in PB3riton X-100 (10 ul) was made up to 10 ml
with PBS. The solution was filtered through a Q.28 syringe filter.

Saline solutionNaCl, (0.9 g) was made up to 10 ml with,dH The solution was sterilized by

filtration (0.22 um syringe filter). The solutioraw filtered through a 0.22 um syringe filter.

BSA-PBS solution [3% (w/v) BSA in PBSBSA (0.3 g) was dissolved in PBS (10 ml). The
solution was filtered through a 0.22 um syringeefil

BSA-PBS solution [5% (w/v) BSA in PBSBSA (0.5 g) was dissolved in PBS (10 ml). The
solution was filtered through a 0.22 um syringeefil

DAPI solution [5 pg/ml in PBE DAPI (2.5 ul of a 2 mg/ml solution) was madetopl ml with

PBS. The solution was filtered through a 0.22 pnmg filter.

2.4.3.2 Method

P. yoelitinfected mouse blood (300 pl) collected in a hiypsed-tube was centrifuged (70

10 min, 4°C), the plasma was discarded and packksiwere resuspended in 1 ml of PBS and
washed 5 with PBS (80Qy, 10 min, 4°C) until the supernatant became vesarclThe packed
cells were resuspended toc 2riginal blood volume (600 upl) with the Fixing gEnt and
incubated on ice for 30 min. The cells were wasbe@d300g, 5 min, 4°C) with saline solution,
resuspended in the quenching reagent (0.5 ml)@omih on ice and washe&k%800g, 5 min,
4°C) with saline solution. The cell were incubatadthe permibilizing reagent (0.5 ml) for
10 min and washedx3(800g, 5 min, RT) with saline solution. The cells weledked with 0.5

ml of BSA-PBS reagent (1 h, RT); aliquots of 100w#dre transferred to fresh microfuge tubes
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and cells were pelleted (8@Q 5 min, RT). The cells were incubated in 5 — 2@migorimary
antibody in 3% BSA-PBS (overnight and 4°C). Thdscelere equilibrated to room temperature
(1 — 2 h), washedx(800g, 5 min, RT) with saline solution and incubatedhadonkey anti-lgY -
FITC secondary antibody/é, in 5% BSA-PBS) for 1 h at RT (away from light). &kells were
washed & (800g, 5 min, RT) with saline solution, stained with DiAg®lution (away from light),
washed 5 (800g, 5 min, RT) with saline solution and resuspendedgproximately 50 ul with
PBS. A thin smear was made on a microscope slidecalls were allowed to dry overnight in a
desiccated vacuum chamber away from light and nesLmith SlowFade using coverslip. The
edges of the cover slip were sealed with clear veihish. There was 5 min incubation period
between each wash steps. The cells were viewed @hitmpus AX70 fluorescent microscope
using a green and UV filters for FITC and DAPI,pestively. Images were captured with CC12
Soft Imaging System™ colour camera and processtdtiae analySIS™ software.

2.5 Molecular biology methods

This section describes several methods that werd tgs obtain parasite nucleic acids used for
downstream applications such as PCR, ligation,ietpnsubcloning, analysis of expression by
RT-PCR, Northern blot and expression of recombin@ntyoelii proteins. The design of
oligonucleotides used for cloning and expressioa laased on sequences published on the
plasmodb web site (www.plasmodb.org). Moleculardgraeagents were used to ensure quality

of the products.

2.5.1 Agarose gel electrophoresis

2.5.1.1 Materials

NaoEDTA [0.5 M]. N&oEDTA (18.6 g) was dissolved in 80 ml of gBl pH was adjusted to 8 and
the volume was made up to 100 ml with,@H

50x TAE electrophoresis buffefris (242 g) was dissolved in 500 ml of /4 100 ml of 0.5 M
Na&EDTA solution (pH 8) and glacial acetic acid (57l) were added. The solution was made
up to 1 L with dHO and stored at RT.
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Ethidium bromide staining reagent [10 mg/ml in 1AH]. Ethidium bromide (0.1 g) was

resuspended in 1x TAE (10 ml) and stirred at RT3@min. The dye solution was filtered with
Whatman No.1 filter paper and stored in an ambétebat RT.

10x sample loading buffeBromophenol blue (0.25 g) was resuspended in I3& thx TAE and

glycerol (60 ml) was added and the solution madéoupO0 ml with 1x TAE. The reagent was
stored at RT.

2.5.1.2 Method

The required amount of agarose was weighed andgpeaded in the required amount of 1x
TAE, heated in a microwave oven and removed froendhen after complete melting of the
agarose powder granules. Ethidium bromide reageag added to a final concentration of
0.5 ug/ml of agarose gel. The gel was poured imtocasting tray and allowed to solidify at RT.
The sample was mixed (9:1 sample-sample loadingebuétio) with the loading buffer and
loaded into the wells. The image of the electropgoam was captured with the VesaDbgel
documentation system under UV light. The size ef DBNA bands were interpolated from the

graph of Log DNA standards (bp) against distancgranéd (mm) from the well.

2.5.2 Isolationof Plasmodium yoelii total RNA

2.5.2.1 Materials

Sodium citrate buffer [0.75 M, pH|.7Tri-Na citrate (9.7 g) was dissolved in 40 mldafH,O and
the pH was adjusted to 7 with 1 M citric acid sant The volume was made up to 50 ml with
ddH,O.

10% (w/v) N-laurylsarcosineN-laurylsarcosine (1 g) was dissolved in d@Hand the volume
made up to 10 ml with ddi®.

RNA extraction buffer [4 M guanidine thiocyanat®, M sodium citrate (pH 7), 0.9% (w/v) N-

laurylsarcosine, 0.7% (v/v) 2-mercaptoethdn®tock reagent of 100 ml was prepared by mixing

guanidine thiocyanate (47.3 g), 0.75 M citrate éuf ml) and 10% N-laurylsarcosine (9 ml) in
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50 ml of ddHO and stirred. The volume was made up to 100 nil ditHO. B-mercaptoethanol
(70 ul) was added to 10 ml of the stock reagertreeafise.

Sodium acetate [2 M, pH]4Anhydrous sodium acetate (16.4 g) was dissolved0 ml of

ddH,O and the pH was adjusted to 4 with acetic acid.

Water-saturated-acidic phendWlolecular grade phenol (carbolic acid) was mixeith equal

volume of ddHO and stirred continuously for 30 min. The mixtw@as transferred into a
separation funnel and allowed to stand for more foar hours at RT until the mixture separates
into two phases. The lower phenol phase was clyefroved and stored in 1 ml aliquots at —

20°C, away from light.

Chloroform-isoamylalcohol [49]1 Chloroform (49 ml) was mixed with isoamylalcoh@d ml)
and stored at —20°C.

DEPC-treated ddiD. DEPC was mixed to a final concentration of 0.0M4)(with ddH,O. The

mixture was incubated overnight at 37°C and theacaved to remove residual DEPC.

70% ethanol in DEPC-ddid. Absolute ethanol (35 ml) was made up to 50 mhwitEPC-
treated ddBO in a sterile atmosphere.

DEPC-treated TE buffer [10 mM Tris (pH 8), 1 mM EBRTpH 8)]. Tris (10 ml of 1 M solution
at pH 8) was mixed with EDTA (2ml of 0.5 M solutiah pH 8). The volume was made upto 1 L
with ddH,O. DEPC was added to 0.1% (v/v), incubated at 3kR&Enight and autoclaved.

Formamide gel-loading buffeFormamide (160 pl) was mixed with DEPC-treated Qufer

(40 ul) and bromophenol blue dye was added.
2.5.2.2 Method

In this method (Voss, 2002), the packed cell voluwes 1.2 ml and the parasitemia was

approximately 45%. The parasite was isolated fromoles blood as described earlier in Section
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2.4.2. The parasite pellet was resuspended in 2.42npacked cell volumes) of the RNA
extraction buffer and mixed rapidly to completegsuspend and lyse the parasites. Na-acetate
(0.2 ml) was added and gently mixed by inverting thbe 20x. Water-saturated acidic phenol
reagent (2.4 ml) was added and the tube invertedlyg@0x to mix properly. Chloroform-
isoamylalcohol (1.6 ml) was added and the tuberte@de20x to mix. The tube was incubated on
ice for 5 min and centrifuged (35@) 4°C, 30 min). The upper aqueous layer (0.8 mfwias
carefully removed and transferred into RNase-fregafuge tube containing 0.7 ml of propan-2-
ol, and the tube was incubated at —20°C for 1 prézipitate RNA. The tube was centrifuged
(15 000g, 4°C, 20 min) to pellet the RNA. The supernataas warefully removed and the tube
dried for 5 min by inverting on filter paper. ThéNR pellet was resuspended in 0.45 ml of the
RNA extraction buffer, 50 pl of 2 M Na-acetate @8 ml of water-saturated acidic phenol were
added and mixed properly by inverting 20x. Chlorofasoamylalcohol (0.33 ml) was added and
mixed by inverting the tube 20x. The mixture wastgéuged (15 000g, 4°C, 10 min). The
upper aqueous layer was transferred into a fresasBNree microfuge tube containing 0.9x the
volume of the aqueous supernatant and the RNA gtatad at —20°C for 1 h. The supernatant
was carefully removed and the pellet washed withl bf 70% ethanol-DEPC treated water and
centrifuged (15 00@, 4°C, 5 min). The supernatant was gently removetithe pellet dried for

5 min, The RNA pellet was resuspended in 50 ploomiamide (for Northern blot analysis) or
50 pl of DEPC-treated water (for RT-PCR).

The purity of the RNA was analysed by electrophisrea a 1.2% agarose gel. The RNA sample
(5ul) was mixed with the formamide gel-loading leuf{10 ul) and the sample incubated at 65°C
for 10 min to denature the RNA. Agarose gel elgitmesis was performed. After
electrophoresis the gel was viewed under UV andrttagye was captured. The concentration of
RNA was determined spectophotometrically at 260 nm.

2.5.3 Isolation ofPlasmodium yoelii genomic DNA

In this study, genomic DNA was isolated for moleguwtloning of PCR-amplified fragment. Thus
the Fermentdd' DNA purification kit was used with modification #nsure higher DNA yields.
This kit is designed to isolate genomic DNA frontigais materials such as whole blood, cell and

tissue culture and bacterial culture. The kit isdzhon one step lysis and selective precipitation
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of genomic DNA in alkali conditions. Although thé kpecifies extraction of DNA from whole

blood, rather purified parasites (150 ul) was usstkad. The blood was collected in a microfuge
tube containing 0.5 ml of PBS instead of a hepaeditube according to the manufacturer’s
instruction. The blood cells were washed 3x withSPfefore isolating the parasite. Moreover,
the precipitation step was prolonged by cooling—20°C for 30 min to enhance DNA

precipitation. The DNA pellet was resuspended émilst ddHO and stored in aliquots at —70°C.
DNA vyield and purity were analysed by spectrophattmn and standard 0.5% agarose gel

electrophoresis

2.5.4 Primers for RT-PCR of PY01695, cloning and $cloning of PyBCCP cDNA

Primers were derived from published sequences thenpartially sequence®l. yoeliigenome in
the plasmodB” database. An internet software (www.basic.northerasedu/biotools/oligocalc)
was used for designing primers with engineeredriotisin sites for cloning and expression.
Secondary structures such as hair pin formatiorevesoided when designing these primers.

Table 2.2 shows the primers used in the study.
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Table 2.2 Primers used in the study
Single and double underlines represent adttadRl andNotl restriction sites for cloning. Lower case italar® extra bases added to the primers.

Primer name Sequence {563) Derived from Application
(Plasmodb ID)
PyACCBC-fwd GCTAATAATGGTATGGCTGCATTAAAATGTATATTGTC PY01695  RT-PCR analysis of the expression of PY01695
PYACCBC-rev GCAATTTCTCTTGTTTCCCCTTTTGCAAATATATGGCC — PYole9s  MRNA. Expected size of amplicon is 1424 bp.
Production of probe for Northern blot analysis
PyACCntCxT-fwd GGAAATAGGACAAAATAAAATGAGCGTAATCGG PY01695 RT-PCR analysis of the expression of PY01695
PYACCNCXT-rev  GAGATATTCCATTTTTCATCATAATATTTACACCT pyoleos  MRNA. Expected size of amplicon is 699 bp
PyACCctCxT-fwd GATGTTCTTGGGGAATCAACAAAATCATTTCAC PY1695 RT-PCR analysis of the expression of PY01695
PYACCCtCxT-rev  CTCCTTCATACATGATGATACATCATGTAGATCTGC pyoleos ~ MRNA. Expected size of amplicon is 1128 bp
PyBCCP-Fwd gaGAATTCACGGAAGATAGCCTAAATAGGGAAG PY01695 Cloning and expression of PYACC-BCCP domain
PyBCCP-Rev tGCGGCCGATCTCTGGAGTTACTTTCTATATTCG pyoiegs ~ and production of probe for Northem blot analysis.
Expected size of amplicon is 1041bp.
PyLDH-fwd GGATCTGGTATGATTGGAGGTGTTATGGCC PY03885  Positive control in PCR, RT-PCR and Northern
PyLDH-rev TTCGATTACTTGTTCTACACCATTACCACC pyosggs  Plotanalysis. Expected size of amplicon is 850 bp.
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2.5.5 Polymerase chain reaction (PCR)

Taq polymerase was used for routine PCR such as esipreanalysis and colony PCR. But
due to mutational errors often introduced Taq polymerase, Expand High Fidelity PCR
system containing a blend &wo and Taq DNA polymerases was used to limit potential
mutations in the PCR-amplified DNA fragment used dtoning and expression. PCR was
optimized for each set of primers. Parameters saghannealing temperature, MgCl
concentration (especially after the reverse trapson reaction) and cycle number (limited to
35 cycles) were varied during optimization. Thetialidenaturation temperature was 94°C;
extension temperature of 60°C was used througtheustidy as against 72°C standard PCR
extension temperature. The final elongation tentpezawas 72 °C. Table 2.3 illustrates the
various primers and specific conditions with whitlese primers were used. The 10x PCR
buffer used was detergent and Mg@ee. PCR products used for cloning were purifredn

agarose gel (Section 2.5.7) before cloning.

Table 2.3 Primer properties, MgChL concentration and thermo cycle condition for PCR

Primer name F(°C) [Primer] [MgCl;] PCR cycle conditions [°C (timg) No. of
(LM) (M) Cycle

PyACCBC-fwd 63 0.5 2.5 94 (30 sp55 (30 )60 (2 min) 35

PyACCBC-rev 71 0.5

PyACCNtCxT-fwd 64 05 25 94 (30 s)-55 (30 5)—60 (2 min) 35

PyACCntCxT-rev 62 0.5

PyACCCICXT-fwd 66 05 2.5 94 (30 s)-55 (30 5)—60 (2 min) 35

PyACCctCxT-rev 64 0.5

PyBCCP-Fwd 63 0.8 2.5 94 (30 s)>55 (1 min)—60 (2 min) 30

PyBCCP-Rev 72 0.8

PyLDH-fwd 65 0.5 25 94 (30 s)-55 (30 5)—60 (2 min) 25

PyLDH-rev 67 0.5

2.5.6Reverse transcriptase polymerase chain reaction fd?Y01695 expression analysis
Reverse transcriptase polymerase chain rea(@APCR) was carried out with Improni i
(Promega) Reverse Transcription System kit accgrdive manufacturer’'s instructior®.
yoelii total RNA isolated from purified parasite (Sect#d.2) was used as template. The first
strand synthesis was amplified with oligodT, ordam oligonucleotide hexamers provided
by the kit, according to the manufacturer’s instiuts. The reverse transcriptase product

from both oligodT and random oligonucleotide hexesneere subsequently used for PCR

54



amplification using the following primers: PyACCB@d, PyACCBC-rev, PyACCntCxT-
fwd, PyACCntCxT-rev, PyACCctCxT-fwd, PyACCctCxT-reRyLDH-fwd and PyLDH-rev
(Table 2.2). The conditions for PCR have alreadsnbeescribed in Section 2.5.5 and Table
2.3. The amplified PCR product was resolved on aabrose gel and the image captured

with VesaDo&" image documentation system.

2.5.7 Purification of DNA from agarose gel

In this study, purification of cDNA and plasmids svaarried out with the peQLEb gel
purification kit. Both kits were designed to rapiqiurify a DNA fragment of 100 bp — 10 kb
that has been previously resolved on an agarosesjyed mini-spin columns with a silica
membrane. The kit is based on the capability ohgliae thiocyanate to denature agarose gel
at 60 — 65°C and extract the DNA fragment, whiaidbitightly to the silica membrane and
reaction by-products, buffer ions in the agaroddlges through the membrane. Using TE or
sterile deionised water, the DNA fragment is eluéed concentrated into small volumes in
purer form after several washes with an ethanobdasashing solution. DNA purification
was carried out according to the manufacturer'sucsions. The sample containing the DNA
fragment was initially resolved on agarose gel escdbed in Section 2.5.1. The band that
corresponded to the wanted DNA fragment was exdiged the gel under UV light in 10 sec
exposure to prevent UV-mediated cutting of DNA freemt. Aliquots of the samples before

and after purification were kept for agarose gellgsis.

2.5.8PyBCCP cDNA ligation using T4 ligase

DNA ligation is a biochemical reaction catalysed DA ligase; an enzyme that forms
covalent phosphodiester bonds between 3’ hydraxgla one nucleotide to the 5’ phosphate
end of another nucleotide. This technique thus lesaduccessful cloning of DNA fragments
obtained by PCR or excised from genomic DNA intasphid vectors for creation of a cDNA
library or for recombinant expression of the pmtedncoded by the DNA fragment
(Sambrook, 1989a). T4 DNA ligase is widely usedhiolecular biology for ligation reactions.
This enzyme originates from bacteriophage T4 babmeinantly expressed iB. coli. T4
DNA ligase and 10x T4 DNA ligase buffer were obemirfrom Fermentd¥.

2.5.8.1 Materials
10x T4 buffer (Fermentas #EL0O016), T4 ligase (Fenae #EL0016), cDNA insert, linear
DNA plasmid and sterile ddi®.
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2.5.8.2 Method

All the processes were carried out on ice. cDNAMBCR or after restriction digestion or
restriction endonuclease-digested plasmid wasalhitpurified from agarose gel as described
in Section 2.5.7. The approximate amount of the DM#s determined using the Fermentas
DNA MassRulef or by absorbance at 260 nm. The ligation reactmome was 10 pl. The
insert DNA and the plasmid DNA were added at 4:4ertrplasmid ratio. The ligation
reaction components were added as illustrated bteTa4 and the volume made up to 10 ul
with sterile ddHO. The reaction mix was vortexed gently briefly wnged and incubated
(4°C, 16 h). The reaction mix was used directly faansformation ofE. coli without

deactivation of the enzyme.

Table 2.4 T4 Ligase reaction parameters

Components Quantity

10x T4 ligase buffer 1.0 pl

Insert DNA 4x [plasmid]
Plasmid 0.25x [insert DNA]
T4 ligase 25U

Sterile ddHO Variable

Total volume 10 pl

2.5.9 Cloning ofPyBCCP cDNA fragment into pJET1® blunt end cloning plasmid

pJET1 cloning vector (Figure 2.1) is a 3.128 kledinplasmid DNA that has been designed to
clone blunt end PCR fragments generated by DNAmehases with a 3> 5’ exonuclease
(proof reading) activity. The vector encodes a pldtcloning site (MCS) with an upstream
Pacuvs promoter region. The insert position interruptsgene eco41R (GeneBank ID:
X82105), which codes for a restriction endonuclelasieal to mostE. coli strains used for
cloning. Thus only cells with the recombinant plaswill grow. pJET1 also codes for an
ampicillin resistance genaa (B-lactamase). The recombinant plasmid can be didestin

the restriction enzymes encoded by the cloned feagrto excise the fragment (GeneJET™
cloning technical manual, www.fermentas.com). Iis thtudy, blunt end PY01695 gene
fragment derived from PCR amplification Bf yoelii genomic DNA using PyBCCP-Fwd,
PyBCCP-Rev encoding dicoR and aNot sites was cloned into pJET1 to produce pJET-

PyBCCP recombinant plasmid. The gene of interess wabsequently excised from the
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recombinant pJET1-PyBCCP plasmid wHcoR and Notl restriction enzymes to generate
gene fragments with sticky non-complementary ers#sduor subcloning into pET-28a and

pGEX-4T-1 expression vectors (Section 2.5.11).

Kpn2l
PspXI
Xhol

blunt-end
PCR product
Xbal

Bglll

Btgl
Eco130I

pJET1/blunt Bauts

3128 bp

Figure 2.1 A map of the pJET1 blunt end cloning veor. The plasmid encodes a toxic gene
eco47IRthat is lethal to host cells with circularized gfad without insert. The insert is cloned into
the region betweeXhd andXba (Fermentas, 2006)

2.5.10 Plasmid isolation

In this study, plasmid was isolated by the phembboform-isoamyl method (Sambrook,
1989b). The method is based on the underlying iple of differential precipitation between
chromosomal DNA and plasmid DNA in a bacterial tgsdurity of the isolated plasmid was

evaluated by agarose gel electrophoresis.

2.5.10.1 Materials

GTE solution [50 mM glucose, 25 mM Tris-HCI pH &) M di-Na-EDTA. Glucose (1 g),
Tris (0.3 g) and di-Na-EDTA (0.37 g) was dissolvedB0 ml of dHO, pH was adjusted to 8
with HCI and volume made up to 100 ml with ffH The solution was autoclaved and stored
at 4°C.
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Lysis reagent [1% (w/v) SDS, 0.2 M Na@HNaOH (0.08 g) and SDS (0.1 g) was dissolved

in 10 ml of dBO. This solution was store at 4°C for 1 week.

Potassium acetate [3 M KOH pH #.&OH pellet (16.8 g) was dissolved in 25 ml ok&c

acid. The pH was checked after neutralisation arfmsesquently adjusted to 4.8 with acetic

acid. The volume was made up to 100 ml with@Hnd stored at 4°C.

Phenol-chloroform-isoamyl alcohol [25:24:1 (MlvLiquefied phenol (50 ml), chloroform

(48 ml) and isoamyl alcohol (2 ml) was mixed aratestl at RT in an amber bottle.

Chloroform-isoamyl alcohol [24:1 (v/jt)Chloroform (48 ml) and isoamyl alcohol (2 ml) sva

mixed and stored at RT.

Sodium acetate [3 M NaOH pH $.9NaOH pellet (12 g) was dissolved in 25 ml of tace

acid. The pH was checked after neutralization arnussquently adjusted to 5.5 with acetic

acid. The volume was made up to 100 ml with@Hnd stored at 4°C.

70% (v/v) ethanol in dkD. Absolute ethanol (70 ml) was made up to 100 nihwiH,O and
stored at —20°C.

2.5.10.2 Method

This method was adapted for the isolation of plasfrom a 50 ml overnighE. coli culture
and was carried out in a 15 ml Falcon tube (RNas# BNase free). The culture was
centrifuged (3500Qg, 15 min, 4°C) to pellet the cells. The cell peNets resuspended in
1/100" the culture volume (0.5 ml) with GTE, RNase A vaaided (10 U/1 ml) to the cell
suspension and transferred to a 15 ml Falcon twms reagent (0.5 ml) was added and the
cells were mixed until the cells were completelgdg. Potassium acetate (1 ml) was added
and mixed for 5 min and centrifuged (11 590 min, RT). The supernatant containing the
plasmid was carefully removed without carrying oviee white pellet into a fresh 15 ml
falcon tube. An equal volume of phenol-chlorofospamyl alcohol was added to the
supernatant and mixed gently for 5 min. The mixiwes centrifuged (11 50§ 30 min, RT);
the upper aqueous phase was gently transferre@ ifressh 15 ml falcon tube and mixed with
equal volume of chloroform-isoamyl alcohol for 2mat RT. The mixture was centrifuged

(11 5009, 30 min, RT); the upper aqueous phase was gemthsferred into a fresh 15 ml
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falcon tube. Sodium acetate (1flthe volume of aqueous supernatant) and ice-col¥410
ethanol (2.5 volume of the aqueous supernatangeadnand incubated at —20°C for 1 h. The
precipitated plasmid was pelleted (11 5)@B0 min, 4°C), washed twice with ice-cold 70%

ethanol and resuspended in sterile 1x TE buffee plasmid resolved on a 1% agarose gel
for purity evaluation.

2.5.11 Expression plasmids used in the study

pET-28a

In this study, pET-28a (Figure 2.2) was used taesp recombinarR. yoeliibiotin carboxyl
carrier protein (PyBCCP). The 1 kb gene fragmemtaiaing the BCCP domain was cloned
into the vector at thEcdRl andNot site. The product was expected to have an adeaitid3

to 50 amino acid residue as a result of the inzasition relative to the start codon (bp 296 on
the plasmid) situated at thécd site. The host strain used for pET-28a expressgiothis
study wa<E. coli Rosetta (DE3) pLysS strain. The construct andehembinant cells will be
referred to as pT-PyBCCP and Rosetta-pT-PyBCCRentisply.

Xho 1(158)
Not I(166)
Eag 1(166)
Hind 11(173)
Sal I(179)

Sac 1(190)
EcoR 1(192)
BamH 1(198)
Bpu1102 l(80) Nhe [(231)
Nde [(238)
Nco 1(296)
Xba 1(335)
Bgl 11(401)
SgrA 1(442)
Sph I(598)

Dra lli(5127)

Pvu |(4426)
Sqf 1(4426)

Sma 1(4300) Milu I(1123)

Y Bel 1(1137)
Cla 1(4117) =
Nru 1(4083) 3 | | |BStE ll(1304)
w
pET-28a(+) = || \Apa I(1334)
(5369bp) ®
L

BssH 11(1534)
EcoR V(1573)
Hpa 1(1629)

Eco57 1(3772)

AlwN 1(3640)

BssS 1(3397) PshA 1(1968)

BspLU11 1(3224) Bgl 1(2187)
Sap 1(3108) Fsp 1(2205)
Bst1107 1(2995)

Psp5 11(2230)
Tth111 1(2969)

Figure 2.2 A map of the pET-28a expression plasmidhe figure illustrates restriction sites and
important features of the pET-28a plasmid includthg kanamycin resistant gene (kan) and the
multiple cloning region. The gene of interest waserted in théNotl and EcaR| sites, in frame with
the N-terminal Histag (pET-28a-c(+) and Vectors, 1998).
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pGEX-4T-1

pGEX-4T-1 (Figure 2.3) was used to express recoamitGST-PyBCCP. The 1 kb gene
fragment containing the biotin carboxyl carrier tein (or biotinoyl) domain was cloned into
the vector at th&caRl andNotl sites in frame with the N-terminal GST-tag proteThe host
strain used wak. coli BL21. The construct and the recombinant cells balireferred to as
pGX-PyBCCP and BL21-pGX-PyBCCP respectively.

pGEX-4T-1.

Thrombin

|Leu Val Pro Argiely Ser|Pro Glu Phe Pro Gly Arg Leu Glu Arg Pro His Arg Asp
CTG GTT CCG CGT GGA TCC CCG GAA TTC CCG GG CGA CTC GAG,CGG CCG GAT CGT GAC TGA

BamH | EcOR I —5ma7 Sall —xpo7 . Notl Stop codons

Tth111 |
A

pSj10ABam7Stop7
Pst |

pGEX

~4900 bp

BssH ii A\
BStE Il pBR322
orl

Miu |

Figure 2.3 A map of pGEX-4T-1 expression plasmidThe figure illustrates restriction sites and
important features of the plasmid including thetaflnione S-transferase (GST) gene, the ampicillin
resistant gene (Amp the inducible B promoter and the multiple cloning region. The gehmterest
was inserted in thBotl andEcdRI sites, in frame with the GST gene (AmershamBarstes, 2002).

2.5.12 Restriction endonuclease digestion of plasusi

The expression plasmids used in this study encadeicoR site and aNotl site in their
multiple cloning sites. Therefore the forward prisigvere designed to encode BroR site
(5’GAATTCS3’) while the reverse primers were desidrte encode the palindromidot site
(5’GCGGCCGC3’). The primer design allowed for cloning of the cDN# fasion protein in
pGEX-4T-1 (GST-fusion) and pET-28a (kt$--tagged). To prepare the plasmids for ligation

and cloning of the cDNA it was necessary to dighstexpression plasmid witicoR and
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Notl to create non-complementary sticky ends for tigation of gene of interest. The
presence of a 5’-phosphate group may result inilgrzation of the plasmid and was avoided
by dephosphorylation of the digested plasmid withinsp alkaline phosphatase (SAP). The
digestion was analysed on an agarose gel (1%).digested plasmids was purified from
agarose gel to eliminate nucleic acid fragmentffebeomponents, enzymes and nucleotides
that may compromise the cloning of the target getee the plasmid. The insert DNA to be
subcloned into an expression plasmid was initialgned into pJET1 for propagation i
coli. This strategy reduces the likelihood of PCR-idtroed mutations when PCR product is
cloned directly into an expression vector. The itssevere cut out of the vector usiEgoR

andNotl restriction enzymes and purified from the agamgsie

2.5.12.1 Materials

EcoR restriction enzymeNotl restriction enzyme, shrimp alkaline phosphataSAP),
Fermentas 10x Orange Bufflér(Buffer O) and recombinant/non-recombinant supsied
plasmid DNA

2.5.12.2 Method

E. coli cells containing a recombinant (with insert DNAdrang or expression plasmid in
glycerol stock was streaked on LB-agar plate cairigi the appropriate antibiotic and
incubated (37°C, overnight). The following day, iagée colony was picked with a sterile
toothpick and used to inoculate 10 ml of 2xYT wilie antibiotic and grown with shaking
(37°C, 250 rpm, overnight). The culture was tramsf into a 15 ml falcon tube and the cells
pelleted by centrifugation (3500, 15 min, 25°C). Plasmid isolation was carried ast
described in Section 2.5.10. A 100 pl reaction r@uvas set up in the following order: 10x
Buffer O (10 ul), plasmid (89 ul), firsE€oR) restriction enzyme (1 pl). The reaction mix
was vortexed gently, centrifuged briefly to collébe mix at the bottom of the tube and
incubated (30°C, 5 h). The first enzyme was deatdiy (65°C, 20 min) and the tube chilled
on ice. 2 pl of the mix was analysed by agaroseslgeitrophoresis (Section 2.5.1) before the
next restriction digestion step. Thereafter 1 pthef second enzym&l¢tl) was added directly
to the mix and incubated (RT, overnight). After ubation, the enzyme was deactivated
(85°C, 15 min) and chilled on ice. 2 ul of the nmas analysed on agarose gel prior to
dephosphorylation of the plasmid. SAP (1.5 ul) wedded to the plasmid digestion mix and
immediately incubated (37°C, 2.5 h). The cDNA fragn restricted from the cloning
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plasmids was not dephosphorylated. The dephosted/plasmid and the cDNA fragment

were purified from agarose gel (Section 2.5.7) teetbe ligation reaction.

2.5.13E. coli hosts used for cloning and expression of recombinaproteins

Table 2.5E. coli hosts used for cloning and expression of recombinaproteins

E. coli strain Genotype Application
JM109 F'traD36 proAB" lacl’ Maintenance and propagation of
A(lacZ)M15/4(lac-proAB) recombinant plasmids for
glinV44 el4gyrA96 recAl relAl transformation into expression
ndA1l thi hsdR17 cells
BL21P F ~ompT hsd$( rs"mg ~)gal dcm Expression of recombinant pGEX-
4T-1

Rosetta (DE3) pLys% P F~ompT hsdS(rs mg~)gal dcm Expression of recombinant pET-
(DE3) pLysS RARE26 (CamR) 28a vectors

P deficient in lon protease

2.5.14 Transformation and culturing of E. coli transformants
2.5.14.1 Materials
MaCl,.6H,0O [1 M]. MgCl,.6H,O (2.03 g) was dissolved in a final volume of 10 with

ddH,O and filter sterilised with a 0.2 um syringe filt&he solution was used for SOC media.

MaSO, [1 M]. MgS04 (1.2 g) was dissolved in a final volumel6fml with ddHO and filter
sterilised with a 0.2 puM syringe filter. The sotrtiwas used for SOC media.

Glucose monohydrate [1 MGlucose monohydrate (1.98 g) was dissolved fima volume

of 10 ml with ddHO and filter sterilised with a 0.2 uM syringe filtd he solution was used
for SOC media.

SOC Medium[2% (w/v) tryptone, 0.5% (w/v) yeast extr 10 mM NaCl, 2.5 mM MqgGl|

10 MM MgSQ and 20 mM Glucogelryptone (0.5 g), NaCl (0.015 g) and yeast exac
(0.125 g) were suspended in 25 ml of,@Hand autoclaved. The media was cooled to ~ 55°C.
MgCl,.6H,0O (125 pl), MgSQ (500 pl) and glucose (1 ml) were added to the enedd the

volume was made up to 50 ml with sterile (autoag\alHO. The media was aliquoted into

sterile microfuge tubes and stored at —20°C.
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LB-agar [1% (w/v) tryptone, 0.5% (w/v) yeast extsncl.5% (w/v) agar, 10% (w/v) NacCl,
pH 7.4. Tryptone (10 g), yeast extracts (5 g) and Nal@ ¢) were completely resuspended

in 900 ml of dHO with continuous stirring. The pH was adjusted’té with NaOH, agar
(15 g) was added and the volume made up to 1 L dktfO. The media was autoclaved
(121°C, 20 min), cooled to ~ 55°C and antibiotiddexd as illustrated in Table 2.6 depending
on the requirement of tHe. colito be cultivated. The media was dispensed intdestgastic

culture plates, allowed to solidify and sealed vittirafilm . Plates were stored at 4°C.

2xYT [1.6% (w/v) tryptone, 1% (w/v) yeast extraatsd 0.5% (w/v) NaCl, pH 7]4Tryptone
(16 g), yeast extracts (10 g) and NaCl (5 g) wemmmetely resuspended in 900 ml gH

with continuous stirring and the pH was adjusted7td with NaOH. The media was

autoclaved, allowed to cool to RT and required ambodi antibiotics added (see Table 2.6).

Potassium acetate [1 M, pH ¥.Potassium acetate (9.8 g) was dissolved 60 rdtletO, pH
adjusted to 7.5 with KOH and volume made up to a®@vith of ddHO. The solution was

sterilised by filtration through a 0.22 um syrinfijeer. This reagent was used in FSB and
DTT-DMSO reagents.

Frozen stock buffer (ESB) [100 mM KCI, 45 mM Mn@H,0, 10 mM CaCl.2H,0, 3 mM
hexamine cobalt chloride (HACof110 mM potassium acetate and 10% (w/v) glycerol,
pH 6.9. K-acetate (1 ml), KCI (0.74 g), Mng#iH,O (0.98 g), CaGI2H,O (0.15 g),
HACoCl; (80 mg) and glycerol (10 g) were dissolved in 80ofrddH20, pH adjusted to 6.2
and volume made up to 100 ml with ddH20. The buffas sterilised by filtration through a

0.22 um syringe filter and used immediately to pregcompetertt. colicells.

DTT-DMSO [1 M DTT, 10 mM potassium acetate and 90%) DMSQ]. Molecular biology
grade DTT (1.54 g), K-acetate (0.1 ml) and DMSOn({p were made up to 10 ml with sterile
ddH,O. This reagent was used immediately or store@@tG.

2.5.14.2 Method

Preparation of competent cells

An overnight culture made from a sindte coli colony was diluted 1/10 with fresh media and
grown to ORgo nm~ 0.6 at 30°C shaking. The cells were pelleted (1005 min, 4 °C),
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drained thoroughly and resuspended“/i” the culture volume with cold FSB. The cell
suspension was incubated on ice for 15 min anceteell(1000g, 15 min, 4 °C). The cells
were resuspended in 1/5@he culture volume with cold FSB, 17.5 pl of DTMBO was
added, mixed gently and incubated on ice for 10. hih5 pl of DTT-DMSO was added the
second time, mixed gently and incubated on ic@min. 100 ul of the cell suspension was
aliquoted into cold sterile microfuge tubes usirnglled sterile pipette tips. The cells were

quick-frozen in liquid nitrogen (5 min) and storaid-70°C until use.

Transformation of competeft colicells

Ligation mix (5 ul) was added directly to the corge cells, the transformation mix was
incubated on ice for 60 min and heat shocked &t 4@° 90 sec. The cells were incubated on
ice for 2 min, SOC (200 ul) was added to the aafld incubated at 37°C for 60 min shaking.
The cells were plated on LB-amp plates (ampiciisistant encoded plasmids) and incubated
at 37°C.

2.5.15 Antibiotics used for positive selection anghaintenance ofE. coli transformants

Stock solutions of the antibiotics were preparedddii,O or methanol and sterilized by

filtration through a 0.22 um syringe filter inteeste microfuge tubes in a sterile environment
and stored an —20°C. Chloramphenicol was dissalvadethanol because it is insoluble in
water and stored at —20°C. Table 2.6 illustratesapplications, concentration of stock and

working solutions of antibiotics used in this study
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Table 2.6 Selective antibiotic: concentrations andpplications

Antibiotic [Stock] [Working] Application
(mg/ml) (Lg/ml)
Ampicillin 50 100 Used in LB-agar plates for selectionEfcoli with

ampicillin-encoded pJET1 and pGEX-4T-1.

Carbenicillin 50 100 Used for overnight culture, out growth and
induction of expression ik. coli with ampicillin
resistant pGEX-4T-1 expression plasmid. A more
stablep-lactam analogue of ampicillin.

Chloramphenicol 307 30 Used in LB-agar plates and 2xYT broth for
selection of Rosetta (DE3) pLy8SE. coli strains
with the pLysS encoded plasmid for tight
regulation of IPTG-expression.

Kanamycin 34 34 Used in LB-agar plates and 2xYT broth for
selection of transformed Rosetta (DE3) pLY%S
E. coli strains with recombinant pET-28a for
expression.

@ Stock solution prepared in 100% methanol

2.5.16 Preparation of probes for Northern blot analsis

Probes for Northern blot analysis were prepareth Bibtin DecalLabel DNA labeling kit
according to the manufacturers instruction. PCRIpco from amplification of PyBCCP using
PyBCCP-fwd and PyBCCP-rev and PyLDH using PyLDH-fRYLDH-rev were used as
DNA template. PCR products were purified from agargel as described in Section 2.5.7

prior to labelling.

2.5.17 Northern blotting, hybridisation and enhancd chemiluminescence detection
2.5.17.1 Materials
DEPC-treated TE buffdSection 2.5.2.1).

Formamide gel-loading bufféSection 2.5.2.1).

5x SSC [0.75 M NaCl, 0.1M citric acid, pH|. 7NaCl (43.8 g) and citric acid (20.5 g)
dissolved in 800 ml of ddi, pH adjusted to 7 and volume made up to 1 L. Bier
treated with 0.1% DEPC and autoclaved.

Transfer buffer [5x SSC, 10 mM Na@H ml of 1 M NaOH was added to 99 ml of 5x SCC.
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5x SSC-NaHPO, [50 mM NaHPO,, 0.75 M NaCl, 0.1 M citric acid, pH §.5NaCl (4.38 g),
citric acid (2.05 g) and NaiO, (0.6 g) were dissolved in 80 ml of de-ionised@pH
adjusted to 6.5 and volume made up to 100 ml. Tuféebtreated with 0.1% DEPC and

autoclaved.

50x Denhardt solution [BSA (1% w/v), polyvinylpytidone 40 000 (1% wi/v) and ficoll 400
(1% wi/v). BSA (1 g), polyvinylpyrrolidone (1 g) and fico{llL g) were dissolved in 80 ml of
DEPC-treated dd#D, made up to 100 ml with DEPC-treated d@Hand filter-sterilised. The
solution was stored at —20°C.

Pre-hybridisation bufferFormamide (25 ml), 50x Denhardt solution (0.5,rhBrring sperm
DNA (0.25 g) were made up to 50 ml with 5x SSC-3@ MaH,PO..

Hybridisation buffer Biotinylated DNA probe (0.1 pg) was denatured@°C for 10 min,

cooled on ice and added to the pre-hybridisatidfebu

2x SSC-Tween (wash solution. 5x SSC (40 ml) was mixed with Tween-20 (1 mljl @he
volume was made up to 100 ml with DEPC-treated AH

0.1x SSC-Tween (wash solutioh x SSC (2 ml) was mixed with Tween-20 (1 ml) dnel
volume was made up to 100 ml with DEPC-treated AiH

0.1 M Tris-HCI, pH 7.5Tris (1.21 g) was dissolved in DEPC-treated gdHoH adjusted to
7.5 with HCI and volume made up to 100 ml with DEfP€ated ddHO.

BSA-Tris-HCI. BSA (0.5 g) was dissolved in 100 ml of 0.1 M HHEI, pH 7.5.

Avidin-peroxidase solution1/500 dilution of avidin-peroxidase was prepamedBSA-Tris-
HCI.

Stock luminol solution [40 mg/rhl Luminol (40 mg) was dissolved in DMSO (1 ml) and

stored at —20°C for up to 6 months.

66



Stock p-iodophenol solution [0.1 M p-iodophenol (22 mg) was dissolved in DMSO (1 ml)

and stored at —20°C for 6 months.

ECL reagentLuminol stock (50 pl)p-iodophenol stock (25 pl) and 30%®% (25 pl) were
made up to 10 ml with 0.1 M Tris-HCI buffer. Theagent was stored on ice away from light

until use.

2.5.17.2 Method
Separation of total RNA by agarose gel electropdisre

The RNA sample was prepared by mixing an approprahount (25 pg) with formamide
gel-loading buffer (20 pl). The sample was incubaae 65°C for 10 min. The sample was
loaded onto 1.2% agarose gel (ethidium bromide eamation at 0.01 mg/ml).
Electrophoresis was performed at 25V for 8cm lagg) (3 — 4 Vicm gel). After
electrophoresis, the gel was incubated in 7% (f@xnamide for 10 min to enhance transfer
of the resolved RNA onto a nitrocellulose membréRélle and Murphy, 1993). A single
stranded RNA marker was used to estimate the giztkeoRNA band on the gel using the

graph of Log RNA base pair (bp) against distanogratéd (mm) from the well.

Transfer to nitrocellulose membrane and crosshigkif RNA to membrane

The blotting papers and the nitrocellulose membnaree wet with the transfer buffer to
avoid trapping air bubbles between the membranettadlotting paper. The bottom of the
gel was also wet with the transfer buffer and thembrane was carefully laid over the gel
placed upside down avoiding trapping of air bublilesveen the gel and the membrane. The
transfer was allowed to proceed overnight at RTheut disturbing the assembly. The
membrane is removed and pictured under UV to dstalbtansfer of RNA. The blot was
dried and baked at 80°C for 2 h to cross-link tio¢tdsd RNA to the nitrocellulose membrane.
The position of the molecular weight markers onrtreanbrane was marked with pencil under
UVv.

Pre-hybridisation and hybridisation

The nitrocellulose membrane was incubated with mahivolume of prehybridisation buffer
(enough to cover the membrane) in an RNase fre@drwpare container with lid in a water
bath (42°C for 20 h). This was followed with thebhgization buffer (42°C for 24 h). The
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membrane was washed 4x with wash solution 1 (5each at RT), followed by 2x with

wash solution 2 (15 min each at 50°C).

Avidin-peroxidase labeling and enhanced chemilustirace detection

The nitrocellulose membrane was equilibrated byhivas the nitrocellulose membrane in
BSA-Tris (3%, 10 min each). The nitrocellulose mearte was incubated in avidin-
peroxidase reagent overnight at 4°C on a slow rpekeshed 5% with 0.1 M Tris-HCI, pH 7.5
(RT, 5 min per wash) and the ECL reagent appliedhannitrocellulose membrane; just
enough to cover the entire membrane. The nitroosumembrane was covered with a cling
wrap film avoiding trapping air bubbles. An X-raiini was placed over the membrane
aligning the cut out sections on both the nitradee membrane and the X-ray film and

incubated placed in a film cassette for 35 minat R

Developing the X-ray film

Prior to exposure to exposure of the membrane ® Xaray film, the developer
(STRUCTURIX G128™) and the fixer (G333c™) were thid 1/3 and 1/4, respectively,
with ddHO in separate baths. Immediately after exposure Xtnay film was immersed in
the developer for 5 min and transferred in thenfixsolution for 2 min (in a dark room). The

X-ray film was washed with tap water (under light)d allowed to dry while hanging.

2.6 Recombinant protein techniques

This section describes all techniques that werel@&yad for the expression of recombinant
PyBCCP from pT-PyBCCP and pGX-PyBCCP (pET-28a ar@EX-4T-1 constructs
respectively). Biotinylation of rabbit alboumin ascantrol for the biotinylation study is also
described. SDS-PAGE analysis and Western blottexhrtiiques had been described in
Sections 2.3.1 and 2.3.2, respectively.

2.6.1 Expression of HisPyBCCP and GST-PyBCCP

2.6.1.1 Materials

Cell resuspension buffer [0.02 M Tris-HCI, 0.25 M®I, 0.1% (w/v) Nah 1 mM DTT, 5%
(v/v) glycerol, 0.5 mM PMSF, pH]7Tris (0.24 g), NaCl (1.5 g), PMSF (8.7 mg), NaN
(0.1 g), DTT (15 mg) and glycerol (5 ml) were coetply dissolved in 85 ml of di®, pH
adjusted to 8 with HCI and volume made up to 10@wtt dH,O.
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2.6.1.2 Method
Expression of HisPyBCCP
Three-way streak of cells containing the recombimdasmid (pT-PyBCCP in Rosetta (DE3)

pLysS) was made on 2xYT-agar plate supplementedh Wiénamycin (34 pg/ml) and
chloramphenicol (30 pg/ml) and incubated (37°C,h16A single colony was used to
inoculate 2xYT-media (5 ml) supplemented with kageim and chloramphenicol (2xYT-
kan-cam) and the culture was incubated (37°C, 16H¥ culture was diluted 1/100 with fresh
2xYT-kan-cam and incubated at 37°C until the celthad an OD of 0.6 (at 600 nm) after
which the culture was induced with or without IPTG5 mM) and incubated (37°C, 5 h or
18°C, 16 h). Cells were harvested by centrifuga(@s00g, 15 min, 4°C) and suspended in
1/100" of the culture volume with cell resuspension buffne cell suspension was subjected
to three freeze-thaw cycles between 37°C and —1@&f@d nitrogen for 2 min) and further
disrupted by sonication on ice (10 cycles, 5 sesthbd min between bursts). The total cell
lysate was analysed for expression by SDS-PAGEVdedtern blotting using monoclonal

anti-His-tag antibody.

Expression of GST-PyBCCP
Three-way streak of cells containing the recomhirdasmid (pGX-PyBCCP in BL21) was

made on 2xYT-agar plate supplemented with ampic{ili0O pug/ml) and incubated (37°C,
16 h). A single colony was used to inoculate 2xY@&em (5 ml) supplemented with
ampicillin 2xYT-amp) and the culture was incuba(8@°C, 16h). The cells were washed 2x
(100049, 5 min, RT) with fresh media to reduce the effetB-lactamase secreted into the
media by the cells. The culture was diluted 1/10 Wesh 2xYT-amp and incubated at 37°C
until ODsoo nm Of the culture was approximately 0.6 after whiok tulture was induced with
or without IPTG (0.5 mM) and incubated (37°C, 5 fhe culture was continuously
supplemented with ampicillin (100 pg/ml) every haduring expression. For prolonged
expression (18°C, 16 h), the 2xYT media was supphéed with carbenicillin (100 pg/ml).
Cells were harvested by centrifugation (35Q@5 min, 4°C) and suspended in 1/1@® the
culture volume with cell resuspension buffer camitag egg white lysozyme (1 mg/ml) and
incubated (37°C, 20 min). The cell suspension wigested to three cycles of freeze thaw
between 37°C and —-196°C (liquid nitrogen for 2 naindl further disrupted by sonication on
ice (10 cycles, 5 sec/burst, 1 min between burdikg total cell lysate was analysed for

expression by SDS-PAGE and Western blotting usingaunlonal anti-GST antibody.
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2.6.2 Purification and refolding of His-PyBCCP
2.6.2.1 Materials
TALON® metal affinity resin (1.5 ml matrix volure

Pellet wash buffer [2 M Urea, 0.02 M Tris-HCI, 2.5%v) Triton X-100, pH § Urea (60 g),
Tris (1.2 g) and Triton X-100 (12.5 ml) were contplg dissolved in 350 ml of di®, pH
adjusted to 8 with HCI and volume made up to 500mitth dH,O. The buffer was stored at
RT.

Solubilisation buffer [6 M guanidine-HCI, 0.02 Mi$¥HCI, 0.25 M NacCl, 0.02 M imidazole,
pH 8. Guanidine-HCI (57.3 g), Tris (0.24 g), NaCl (1g), and imidazole (1.4 g) were
completely dissolved in ~ 25 ml of €, pH adjusted to 8 with HCI and volume made up to
100 ml with dBO. The buffer was stored at RT.

Wash buffer 1 [8 M urea, 0.02 M Tris-HCI, 0.5 M Na@H §. Urea (24 g), Tris (0.12 g) and
NacCl (1.45 g) were completely dissolved in ~ 10aihtiH,O, pH adjusted to 8 with HCI and

volume made up to 50 ml with dB. The buffer was stored at RT.

Wash buffer 2 [8 M urea, 0.02 M Tris-HCI, 0.03 Midazole, pH 8.p Urea (24 g), Tris
(0.12 g) and imidazole (0.1 g) were completely aligsd in ~ 10 ml of dHO, pH adjusted to
8 with HCI and volume made up to 50 ml with.H The buffer was stored at RT.

Elution buffer [8 M urea, 0.02 M Tris-HCI, 1 M imadole, pH 8 Urea (24 g), Tris (0.12 g)
and imidazole (3.4 g) were completely dissolved ih0 ml of dHO, pH adjusted to 8 with

HCI and volume made up to 50 ml with gl The buffer was stored at RT.

Dialysis buffer 1 [4 M urea, 0.02 M Tris-HCI, 0.8 L-arginine, 5% (v/v) glycerol, pH]8
Urea (120 g), Tris (1.21 g), L-arginine (21.8 g)daglycerol (25 ml) were completely
dissolved in 250 ml of d#D, pH adjusted to 8 with HCI and volume made up@0 ml with
dH.0.

Dialysis buffer 2 [2 M urea, 0.02 M Tris-HCI, 0.2% L-arginine, 10% (v/v) glycerol, pH]8
Urea (120 g), Tris (2.4 g), L-arginine (43.6 g) aglycerol (100 ml) were completely
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dissolved in 850 ml of d#D, pH adjusted to 8 with HCI and volume made ug tb with
dH.0.

Dialysis buffer 3 [1 M urea, 0.02 M Tris-HCI, 0.2% L-arginine, 15% (v/v) glycerol, pH]8
Urea (60 g), Tris (2.4 g), L-arginine (43.6 g) ayigcerol (150 ml) were completely dissolved
in 750 ml of dHO, pH adjusted to 8 with HCI and volume made up towith dH,O.

Dialysis buffer 4 [0.5 M urea, 0.02 M Tris-HCI, 8.2 L-arginine, 20% (v/v) glycerol, pH
8]. Urea (30 g), Tris (2.4 g), L-arginine (43.6 g)daglycerol (200 ml) were completely
dissolved in 650 ml of djD, pH adjusted to 8.0 with HCI and volume madeag L with
dH,0.

Equilibration buffer [0.02 M Tris-HCI, 0.25 M L-amjne, 0.5 mM PMSF, 0.1% (w/v) NaN
20% (v/v) glycerol, pH B Tris (2.4 g), L-arginine (43.6 g), PMSF (87 mdaN; (1 g) and
glycerol (200 ml) were completely dissolved in @800of dH,O, pH adjusted to 8 with HCI

and volume made up to 1 L with ¢Bl.

2.6.2.2 Method

Purification of insoluble recombinant HiBPyBCCP

TALON resin slurry (3 ml) containing ~ 1.5 ml ofsia was placed into a BioRad affinity
column washed with 10 column volumes (15 ml) ofuBdisation buffer. Insoluble protein
pellet obtained from large scale expression (5 &% washed 3 times with pellet wash buffer
(12 000g, 30 min, 4°C). The protein pellet was dissolve8@mml of Solubilisation buffer and
centrifuged (12 00@, 30 min, 4°C) to remove insoluble materials thayrblock the affinity
column. The protein sample was continuously cifedeaover the affinity matrix (16 h, RT,
0.25 ml/min) in a reverse direction. The matrix weasshed with 10 column volume of the
following in this order: Solubilisation buffer, wasbuffer 1 and wash buffer 2. Bound
proteins were eluted from the matrix with the eaatibuffer (0.25 ml/min, 1 ml/fraction,
15 ml) and Ago nm Of each fraction was recorded. Fractions withoAm> 0.5 were pooled

and the purification profile was analysed by SDSEEA(Section 2.3.1).
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Refolding of recombinant HifPyBCCP
Dialysis membrane (10 kD MWCO) was washed; theeelyirotein sample (2 ml) was placed

in the dialysis bag and sealed. The protein wakystd by continuous stirring against the
buffers as illustrated in Table 2.7.

Table 2.7 Dialysis schedule for refolding of HisPyBCCP

Buffer Vol Time Temp Number [Urea] Estimated [urea] (mM) at

(ml) (h) of (M) equilibrium
changes

Dialysis buffer 1 250 6 RT 2 4.0 32.0

Dialysis buffer 2 1000 18 RT 1 2.0 0.064

Dialysis buffer 3 500 6 RT 2 1.0 1.28 x°10

Dialysis buffer 4 1000 6 4°C 2 0.5 1.28 x 10

Equilibration buffer 1~ 1000 6 4°C 3 0 8.53x b

The final protein sample was concentrated with Gem™ (30 kD MWCO) to a final
volume of 0.85 ml and stored at —20 °C. The refjdirofile was analysed with SDS-PAGE
and final protein concentration estimated by Bradlf&ection 2.3.3).

2.6.3 Biotinylation of rabbit albumin

2.6.3.1 Materials

Reaction buffer [0.1 M NaPO,.2HO, 0.15 M NaCl, 0.1% (w/v) NaN pH 7.§.
NaH,PO..2H,0 (7.8 g), NaCl (4.4 g) and NaN0.5 g) were dissolved in 450 ml of gBl pH
was adjusted to 7.5 and the volume was made uPGard with dHO.

NHS-biotin solution [10 ma/nhl NHS-biotin (1 mg) was dissolved in DMSO (100.ul)

Rabbit albumin solution [20 mg/inIRabbit albumin (10 mg) was dissolved in 500 ril o
reaction buffer.

2.6.3.2 Method

The amount of NHS-biotin (MW 341.38) to be couptedlO mg of rabbit albumin at a ratio
of 20:1 NHS-biotin is to rabbit alboumin was deriviedbe 1 mg of NHS-biotin/10 mg rabbit
albumin. The reaction was initiated by mixing NHi®tm solution (100 ul) with rabbit
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albumin solution (400 pl) and incubating on a rptasixer (1h, RT). The mixture was loaded
onto Sephadex G-25 size exclusion chromatographyrtopre-equilibrated with the reaction
buffer (10 column volumes). The biotin-rabbit aldnomomplex was eluted with the reaction
buffer by collecting fractions (1 ml). The,é nmoOf the eluted fractions was determined for
each fraction. The first set of fractions withgf.m> 0.5 were pooled together (~ 4 ml total

volume).

2.6.4 Biotinylation analysis of recombinant HissPyBCCP and GST-PyBCCP

2.6.4.1 Materials

D-biotin solution [100 mM in 0.01 M NaQHD-biotin (0.24 g) was dissolved in 10 mM
NaOH solution and sterilised by filtration througt0.22 pm syringe filter. The solution was
stored at —20°C.

2xYT-D-biotin-kan-cam 2xYT was prepared as described in Section 2.5.13:biotin,

kanamycin and chloramphenicol were added to a ioatentration of 0.2 mM, 34 pg/ml and

30 pg/ml respectively after autoclaving for Rosg@ftaPyBCCP cells.

2xYT-D-biotin-amp 2xYT was prepared as described in Section 2.5.1@:biotin and

ampicillin were added to a final concentration & @M and 100 pg/ml respectively after
autoclaving for BL21-pGX-PyBCCP cells arRl yoelii putative copper transporter gene
fragment cloned into pGEX-4T-1 in BLA. colistrain.

2.6.4.2 Method

A similar expression protocol described in Secdh 1.2 was employed for this study except
that the out-growth 2xYT media was used with ohwitt 0.2 mM D-biotin. The overnight
culture was grown to Odgo nm Of approximately 0.6 in 2xYT + 0.2 mM D-biotin c@aming
the appropriate selective antibiotics (12 ml) amdher split into two cultures (5 ml). One of
the two was induced with IPTG (0.5 mM) and incuda¢87°C, 5 h or 18°C, 16 h). For a
negative control experimer®,. yoelii putative copper transporter gene fragment clontea in
pPpGEX-4T-1 in BL21E. coli strain was expressed using the same conditiond-2%-BGX-
PyBCCP. Table 2.8 illustrates the conditions used.
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Table 2.8 Culture treatment for biotinylation study

Culture set 1 2 3 4
0.5mM IPTG — + — +
0.2 mM D-biotin — — + +

The cells were harvested as described in Sect®a.2. The total cell lysate was resolved on
10% acrylamide gel by SDS-PAGE (Section 2.3.1) alattro-blotted onto nitrocellulose
membrane (Section 2.3.2). The blot was blocked ¥vigsh 5% (w/v) fat-free milk in TBS
(Section 2.3.2.1), incubated with or without avigieroxidase or monoclonal anti-biotin 1gG

in the presence or absence of D-biotin (10 mM)uvidtia (10 pg/ml) as negative control.

2.7 Bioinformatics methods

2.7.1 Sequence analysis

Sequences for acetyl-CoA carboxylase were extraitted the NCBI (National Centre for
Biotechnology Information), swissprot/TrEMBL™ andet Plasmodb™ database. The
sequences were saved as text files in FASTA foriifag. molecular mass and yalues were
computed using the ProtParam (Gastegfeal, 2005) programme on the expasy web site
(www.expasy.org). The ScanProsite™ (de Castral, 2006; Gattikeret al, 2002) and
InterPro Scan™ (Muldeet al, 2002) were used to obtain the amino acid sequdomains
corresponding to the biotin carboxylase, biotin@y biotin carboxyl carrier protein), the N-
terminal carboxyl transferase and the C-termindba@eyl transferase. This programme has a
web interface with the Prosite™ (Falquedtal, 2002; Huloet al, 2006; Sigriset al, 2002)
database containing families of proteins. The ReoSican™ (Proscan™) (Bairoat al,
1997) and the NetPhos 2.0™ (Blagh al, 1999) programmes were used to predict protein
kinase phosphorylation sites on the biotin carbasg] biotinoyl and the carboxyl transferase
(N and C terminal) amino acid sequences. Sequenuiéusty serach was carried out by
protein-protein basic local alignment search tq@BL(AST) on the NCBI web site using
default parameters (Altschet al, 1997) and aligned with ClustalW algorithm impksmed

on the BioEdit™ editor programme (v 7.0.9.0) usib@00 bootstrap analysis with the
Neighbor Joining algorithm (BioEdit™ v 7.0.9.@oth alignment programmes run on the
ClustalW™ algorithm (Thompsoet al, 1994).
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2.7.2 Three-dimensional homology modelling

A three-dimensional (3D) model for thHe yoelii 17XNL biotin carboxylase and carboxyl
transferase domains, as well as Eheyoelii 17XL biotinoyl domains were constructed by
comparative (homology) modelling using the SWISSIMEL™ automated server (Kopp
and Schwede, 2004). The biotin carboxylase anddhgoxylase transferase 3D models were
built using the crystal structure &accharomyses cerevisiaeetyl-CoA carboxylase biotin
carboxylase domain (PDB ID: 1w93, 2.5 A resolutiesolved by X-ray diffraction; (Zhang
et al, 2004; Zhanget al, 2003) and acetyl-CoA carboxylase carboxyl trarefe domain
(PDB ID: 1bdo, 2.7 A resolution, resolved by X-rajffraction; (Shenet al, 2004) as
templates, respectively. The 3D structure of thaitdyl domain was built using the. coli
acetyl-CoA carboxylase biotinoyl protein as templ¢PDB ID: 1bdo, 1.8 A resolution,
resolved by X-ray diffraction method; (Athappillyé Hendrickson, 1995). The ClustalW™
(Thompsonet al, 1994) alignment file obtained between the targequenceR. yoelii
sequences) and the template sequences were subinittee SWISS-MODEL™ alignment
interface and the resulting model was downloadegdis file. Quality evaluations of the
models were carried out by the atomic empirical médarce potential (ANOLEA™)
algorithm (Melo and Feytmans, 1998) and the Ranmadiaa analysis available on the
SWISS-MODEL™ server. The ANOLEA™ algorithm calc@satthe packing qualities of the
amino residues in the 3D model. The 3D models wienewed and refined (GROMOS™) with
the Swiss-pdb viewer v 3.7 (downloaded from the SBMODEL™ server). ProCheck™
was used validate the models for proper stereodtamonformation of the residues. Imaging

was carried out with Adobe Photoshop 7.0™.

2.7.3 Phylogenetic tree construction

The acetyl-CoA carboxylase amino acid sequence® wetoaded into the CLC™ free
workbench (downloaded from www.clcbio.com). The wsatces were aligned using the
ClustalW™ (Thompsonet al, 1994) alignment tool present in the programmée T
phylogenetic tree was constructed using the sladveacurate option, 1000 bootstrap analysis
and the Neighbour Joining™ tree method. The tregrdm was downloaded as a PDF file

and the image edited with the Microsoft™ imagea@dirogramme.

2.7.4 Predict7™epitope prediction
The production of synthetic peptide vaccines andtisstic peptide antigen for antibody

production relies on precise prediction of the ganic sites on a protein molecule (Stern
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1991). Immunogenic regions dh yoelii 17XNL acetyl-CoA carboxylase and tie yoelii
17XNL lactate dehydrogenase were predicted usiegPttedict7™ (Carmenest al, 1989)
prediction programme. The programme calculatesrsé@tures of an amino acid sequence
namely: antigenicity (Welling and Fries, 1985; Wil et al, 1985), hydrophilicity (Hopp
and Woods, 1981), side chain flexibility, surfacelability (Eminiet al, 1985), hydropathy,
secondary structure and N-glycosylation sites. thag study,P. yoelii 17XNL acetyl-CoA
carboxylase and the. yoelii 17XNL lactate dehydrogenase sequences (savediafles)
were uploaded in the programme and regions satgfgnitgenicity, hydrophilicity, surface
probability and side chain flexibility criteria weeselected. The prediction file was saved as a
text file and the graphics of the four predictionere plotted using Microsoft Excel™
programme. Protein-protein BLAST were carried autlve chosen peptide to ensure that the
peptide sequence is absen@ngallus(antibody production host) ad. musculugparasite
host). Cysteine residue was added to the peptigigesee to enable conjugation to a carrier

molecule.
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CHAPTER 3
DETECTION OF PLASMODIUM YOELII (17XL) ACETYL-COA CARBOXYLASE
MRNA

3.1 Introduction

The sequencing of the. falciparum3D7 genome as well as the partial sequencing of the
genome of the othePlasmodium specielsas in many ways enhanced research in malaria
aimed at identifying new metabolic targets or pathsv for both vaccine and
chemotherapeutic intervention against malaria (okamo et al, 2005; Gardner, 1999;
Gardneret al, 2002a; Ginsburg, 2006; Hoffmahal, 1998). One metabolic pathway that has
not been well explored is thée novosynthesis of fatty acids in tHelasmodiumparasite
(Gornicki, 2003; Tong and Harwood, 2006). Whether Plasmodiumparasite initiatesle
novo fatty acid biosynthesis from acetyl-CoA precurbas yet to be shown experimentally
and would require the detection of the acetyl-Cafboxylase mRNA transcript and protein.
Published genome sequences of sevel@amodiumspecies showed the presence of a gene,
which codes for the enzyme (Plasmodb data baseyei#r there appeared to be inconsistent
annotation of the enzyme in sevelPdhsmodiumacetyl-CoA carboxylase orthologues as well
as partial sequence of the gene in sdPtesmodiumspecies such aB. bergheiand P.

chabaudi(Plasmodb data base).

The study was designed to demonstrate (i) thaimR&A transcript that codes for acetyl-
CoA carboxylase is present using reverse transsgpPCR (RT-PCR) and (ii) that by using
Northern blot analysis, the size of the transcrphich may be larger than the predicted
8.7 kb ORF due to untranslated regions, can bélegdiad. The study also looked at whether
the Plasmodium acetyl-CoA carboxylase is a multi-enzyme-domain etypcetyl-CoA
carboxylase found in eukaryotes including mammaksect, yeast and some green plants or
the multi-enzyme-subunit (complex) acetyl-CoA camfdase form found in bacteria and
some dicotyledonous green plants (Jeleretkal, 2001; Sasaki and Nagano, 2004; Thelen
al., 2001).

3.2 Results
3.2.1 Primer design and detection of acetyl-CoA choxylase mRNA by RT-PCR
PY01695, as illustrated in the Plasmodb databasani8.7 kb oligonucleotide open reading

frame. The primary transcript is made up of two 5and 221 bp exons separated by a
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235 bp intron at the 3’ end of the gene. FigureiBustrates the 18.8 kb partially sequenced
chromosome 13 oP. yoelii strain 17XNL, which consist of PY01695, the gemeling for
acetyl-CoA carboxylase. The positions of the prenszlative to the ORF are as follows:
PyACCBC-fwd: bp 1275 to bp 1313; PyACCBC-rev: bH26to bp 2699; PyACCntCxT-
fwd: bp 6729 to bp 6761; PyACCntCxT-rev: bp 739®po7426; PyACCctCxT-fwd: bp 7513
to bp 7545 and PyACCctCxT-rev: bp 8605 to bp 8G4ative to bp 8840 to bp 8876 on the
primary transcript). Table 3.1 shows the primer useges and properties. Figure 3.2
illustrates the position of PyACCctCxT-rev on th&®B of the enzyme with respect to the

acetyl-CoA carboxylase gene.

RT-PCR was carried out with ImpronTi (Promega) reverse transcriptase kit ugtgoelii
total RNA isolated from purified parasites (Sectihb.2). The first strand was amplified with
oligodT or random oligonucleotide hexamers providegd the kit according to the
manufacturer’s instruction. The reverse transcsiptaroduct from both oligodT and random
oligonucleotide hexamers were subsequently useB@R amplification using the primers in
Table 3.1. The amplified PCR product was resolveelectrophoresis on a 1% agarose gel.
Figure 3.3 shows the electrophoregram of the RT-PRACCBC primers (forward and
reverse) amplified a product approximately 1500 BPACCntCxT primers amplified a
700 bp product and PyACCctCxT primers amplified@dpct estimated at 1150 bp. The PCR
products were purified from agarose gel and se@ensing the primers corresponding to
each product. The two sequences correspondingetd’tand 3’ directions were merged and
compared to the published sequencdé?ofyoelii PY01695 using the ClustalW™ algorithm
(Figures 3.4 — 3.6). The results confirmed the potslamplified by RT-PCR corresponded to
the expected regions. However, the products apgeardoe more identical t®. berghei

acetyl-CoA carboxylase sequence by BLAST analysis.
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18.8 kb partially sequence
MALPY00458 (chromosome 13)
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PY01695 mRNA 8.7 kb ORF coding fc 8742
Acetyl-CoA carboxylase 1 precursor-related 8514

- = il T =
7 e .

v v v ow \

Biotin carboxylase BCCP Carboxyl transferase

1424 bp
cDNA v 1128 bp
cDNA
699 bp
cDNA

Figure 3.1 Schematic illustration of the MALPY00458region of P. yodii and PY01695 mRNA
transcript. The positions of the primers={) are shown to correspond to the region on theeprot
encoded by the amplified products. The figures akine ORF represent the length (bp) of the two
exons (1 — 8514 and 8749 — 8970).
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Table 3.1 Primers used to amplify the biotin carboylase, N-terminal and C-terminal carboxyl transferasse domains ofP. yodlii acetyl-CoA carboxylase by
RT-PCR

Primer Sequence (5> 3) size Tm Protein domain region of the
(bp) (°C) amplified cDNA
PyACCBC-fwd GCTAATAATGGTATGGCTGCATTAAAATGTATATTGTC 38 63  Biotin carboxylase
PyACCBC-rev GCAATTTCTCTTGTTTCCCCTTTTGCAAATATATGGCC 38 71  Biotin carboxylase
PyACCNtCxT-fwd GGAAATAGGACAAAATAAAATGAGCGTAATCGG 33 64  N-terminal carboxyl transferase
PyACCntCxT-rev GAGATATTCCATTTTTCATCATAATATTTACACCTE 37 62  N-terminal carboxyl transferase
PyACCctCxT-fwd GATGTTCTTGGGGAATCAACAAAATCATTTCAC 33 66  C-terminal carboxyl transferase
PyACCctCxT-rev CTCCTTCATACATGATGATACATCATGTAGATCTGC 36 64  C-terminal carboxyl transferase
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PyACC- ORF. TGCAGATACT AATAGTAAAGGT GGAATAT TAGAACCT CCAGGATTAGTAGAAGTCAAATT 8432

MALPY00458. TGCAGATACT AATAGTAAAGGT GGAATAT TAGAACCT CCAGGATTAGTAGAAGTCAAATT 9840
ER R R I I I S R I R R I I S S I I I R R R S I I I S S I I S R I S R I I I I I I

PyACC- ORF. TAAGTTCGCAGAAAT TAAGAAAT TAATGAATAACAGT GATCCATATATAATAGAACTAAA 8492

MALPY00458. TAAGTTCGCAGAAAT TAAGAAAT TAATGAATAACAGT GATCCATATATAATAGAACTAAA 9900
ER R R I I I R I R R I I S R I R I I I S I I S I R S I I I I I I I O

PyACC- ORF. TCAGAAACTCGOGACTCTTCAG: - - - = = = == = == mm s o mmm o meo oo 8514

MALPY00458. TCAGAAACTCGOGACTCTTCAGGTAAACCAATAAATATTCATAATAAGAATTGAAAGATT 9960
EE I O I I R I I

Y o o ==

MALPY00458. ATTAAAATAAAAGAAT CAAATGAATAATAAAAGT AGAT TGT TACATGCATGATACTCTAT 10020

PYACC- ORF. = o mmm o mm et ot et e eiiooioo-

MALPY00458. ATTTAAAAATTATGCAAAGT GAATATATGCATATTTATGAATTCGTTTTATATGGAAATA 10080

PYACC- ORF. = o mmm o mm e oot e e iieiaoiioo-

MALPY00458. TAAATACCTATTTACTATTATTACTTTTTGTATTGTGGOGTTTTTATTTCTTTTTTCAAT 10140

PyACC- ORF.  <cmmmcmmecmeons AATGAAGAAGAAATTTTAAGT GTAAAAAAGGAAATAGAAAAGAA 8558

MALPY00458. TTTTTATTTTTTTTAGAATGAAGAAGAAAT TTTAAGT GTAAAAAAGGAAATAGAAAAGAA 10200

PR R RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]

PyACC- ORF. GGAAAAGGAAATGCTTCCATTTTATTTACAAGT GTGTCATAAATATGCAGATCTACATGA 8618

MALPY00458. GGAAAAGGAAATGCTTCCATTTTATTTACAAGT GTGTCATAAATATGCAGATCTACATGA 10260
IR SRR RS SRR RS EEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]

PyACC- ORF. TGTATCATCATGTATGAAGGAGAAAGGT GTTATTAGAAAAAT TGT TCCATGGGAAAAATC 8678

MALPY00458. TGTATCATCATGTATGAAGGAGAAAGGT GTTATTAGAAAAATTGTTCCATGGGAAAAATC 10320
ER R R I I I R R R R I I S S I I I S R R S I I I S S I I I I S S I

PyACC- ORF. TAGATCCTTTTTCTATTATCGCT TATTAAGGAGATTGATATTACATACATTAAAGTAA- - 8736

MALPY00458. TAGATCCTTTTTCTATTATCGCT TATTAAGGAGAT TGATATTACATACATTAAAGTAAGG 10380

R Sk S Rk Ik R S o R R S b S S R R Rk S S R R R

Figure 3.2 ClustalW™ alignment of MALPY00458 with PY01695 (PyACC-ORF)showing the
position of PyYyACCctCxT-rev primer on the ORF. The position of PyACCctCxT-rev primer is
highlighted (yellow) and the intron sequence i®dahd. Note that the reverse complement of the prise
indicated. MALPY0048 is the Plasmodb accession remal the chromosome where the PY01695 ORF
is located.
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Random hexamers OligodT

Figure 3.3 Agarose gel electrophoregram of RT-PCR rpducts from PY01695 (A) Reverse
transcriptase first strand synthesis was carrig¢disimg random oligonucleotide hexamdenés 1 — or
oligodT primers lanes 5 — 8 and PCR was carried out with primer set PyACCBGng1/3,
PyACCntCxT (ane 2/§ and PyACCctCxTlane 3/3. No template control amplified with PyACCctCxT
(lane 4/8. (B) RT-PCR amplification of PyLDH cDNA (850 bp) agantrol. Amplification products were
resolved on a 1% (w/v) agarose gel.
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PY01695. AAAAAATTATTAATTGCTAATAATGGTATGGCTGCATTAAAATGTATATTGTCATTAAAA 1320
RT-PCR-PYBC. === === mmmmm o m oo m o m o e e e e oo AA 2
* %

PY01695. GAATGGTTATTTAAAACATTTAATGATGAAAATTTGATACAAATAATAGTGTTAGCTACT 1380
RT- PCR- PyBC. GCATGGTTATTTAAA- CATTTAATGATGAGAATTTGATACAAATAATAGTATTAGCTACT 61

R EEEEEEEEEEEIEEEEEEEEEEEEEIEEEEEEEEEEEESESRESRESEEIEEEESESEESSE]
PY01695. GAAGATGATATAAAAAGT AATTCCAAATACATATCTTTATCAGATAAAGTTATTAAAGTT 1440
RT- PCR- PyBC. GATGATGATATAAAAAGT AATTCCAAGTACATATCTTTATCAGATAAAGTTATTAAAGTT 121

R R EEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEREEESRESRERESRERESRESRESEESSE]
PY01695. CCACCGGGAAAAAACAGT TATAATTATGCAAATGTTTCTTTAATTGTTGACATTGCAAAA 1500
RT- PCR- PyBC. COCCCTGGAAAAAACT GTTATAATTATGCAAATGTTTCTTTAATTGTTGACATTGCAAAA 181

LR IR EEEEEEEENEEEEEEEEEEEREEREEREEEEEREREREERERERERERESRESESESESESSE]
PY01695. AAAGAAAAT GTTGATGCAGT TTGGCCAGGT TGBGGACATTGCTCAGAAAATCCATTATTG 1560
RT- PCR- PyBC. AAAGAAAAGGT TGATGCAGT CTGGCCAGGT TGGGGACATTGCTCGGAAAATCCATTATTG 241

R EEEEEEIEEEEEEEEEEENEEEEEEEEEEEEEEEEEREEESEIEEEEEESEEEESEESESES]
PY01695. TCATCTATGCTAGAAAAGGAAAATATAATTTTTGTTGGACCGACTGATAATGTTATGGAA 1620
RT- PCR- PyBC. TCATCCATTCTAGAAAAGGAAAATATAATTTTTGTTGGGCCAACTGATACCGTTATGGAA 301

R R R IR R R EEEEEEEEEEEEEEEEEEEEESEEEEEIEEIEEEEESESE] Xk kkkkkk Kk
PY01695. GCATTAGGTGATAAAATATCAGCCAACAT TTTAGCTCAAAGTGTTAATGTACCTGTTGTT 1680
RT- PCR- PyBC. GCATTAGGTGATAAAATATCAGCCAACAT TTTAGCTCAAAGTGTTAATGTACCTGTTGTT 361

R EEEEEEEEEEEEEEEEEEEEEEEEEREREREREEREREREEEEEEEEREEEEREESRESEESESESSE]
PY01695. AAAT GGAGT GGCGATAATTTAAAAATTAAAGATTTTGAAAATAATTCAATTAGTCAAGAT 1740
RT- PCR- PyBC. AAAT GGAGT GGCGATAATTTAAAAATTAAAGATTTTGAAAATAATTCAATTAATCAAGAT 421

R EEEEEREEEEEEEEEEEEEEEREEREEEREEEEEEEEEEEEEEESRESRESRESEESEEIEEESESESSE]
PY01695. ATATATAATAAATCTACTATTCATTCGT TAGAAGAATGTATCAGAGAATGCAAAAGGATT 1800
RT- PCR- PyBC. ATATATAATAAATCTACTATTCATTCGT TAGAAGAAT GTATCAGT GAATGCAAACGGATT 481

R EE SR RS EEEEEEEEEEEEEEEEREEEEEEEEEEEEEREESESESESS *hkhkkkkkkk * Kk ok k k
PY01695. GGCTATCCTGTTATGATAAAAGCGT CACAAGGT GGTGGT GGTAAAGGTATTCGAAAGGTA 1860
RT- PCR- PyBC. GGCTATCCOGT TATGATAAAAGOGT CGCAAGGT GGTGGT GBGAAAGGTATTCGAAAGGTA 541

*kkkkkkk *khkhkhkhkhkhkkhkkhkdhkhkhkhkhkkkk *khkhkhkhkkkkkkkkkk khkhkhkhkhkhkhkhkhkhkhkhkhkhkkkk
PY01695. GAAAACGAAAAT GAAATAAAAAAAT AT TATGAACAAGT TCAAAATGAATTACCAAATTCA 1920
RT- PCR- PyBC. GAAAACGAAAAT GAAATAAAAAAATAT TATGAACAAGT TCAAAATGAATTACCAAATTCA 601

R R R R SRR RS E SRR SR EEEREEEE R R R SRR REEREEEREEEREEEEEEEEEEEEREEEEEEEEES
PY01695. CCAATATTTTTAATGAAAGT ATGTAGCAATGTTAGACATATTGAAATACAAGTTGTTGGT 1980
RT- PCR- PyBC. CCAATATTTTTAATGAAATTATGTAGCAATGTTAGACATATTGAAATACAAGTTGTTGGT 661

*khkhkhkhkhkhkhkhkhkhkhkhkhkkkk R R EEEESEEEERE SRS EEEEEEEEEEREEEEEESEEEEEEEESE]
PY01695. GATATGTATGG- AAATGTTTGTTCATTAAGT GGTAGAGATTGTACTACACAAAGACGATT 2039
RT- PCR- PyBC. GATATGTATGGGAAATGTTTGCTCATTAGT GGTAAGAGATTGTACTACCCAAAGACGATT 721

*khkhkkkkkkkkk *hkhkkkkkkk * ok kkkk * *khkhkhkkkkkkkkkkk *khkhkkkkkkkkk
PY01695. TCAAAAAATATTTGAAGAGGBGACCACCTTCTATTGT TCCTCCACATACTTTTAGAGAAAT 2099
RT- PCR- PyBC. TCAAAAAATATTTGAAGAGGGGCCACCATCTATTGT TCCTCCACATACTTTTAGAGAAAT 781

khkhkkkhkhhkhhhkhhhhkhhhdhhdh *hkhkkhhk Fhdhhhhhhhhhhhhkhd ko kb rdkhhkhkhkx

Figure 3.4 Alignment of PY01695 ORF with the produt of biotin carboxylase RT-PCR
amplification. RT-PCR-PyBC is the merged sequences correspondirtbet forward and the reverse
primer sequencing products. Approximately 700 bpewsequenced in both directions.* indicates 100%
conserved nucleotide.
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PY01695.
RT- PCR- PyBC.

PY01695.
RT- PCR- PyBC.

PY01695.
RT- PCR- PyBC.

PY01695.
RT- PCR- PyBC.

PY01695.
RT- PCR- PyBC.

PY01695.
RT- PCR- PyBC.

PY01695.
RT- PCR- PyBC.

PY01695.
RT- PCR- PyBC.

PY01695.
RT- PCR- PyBC.

PY01695.
RT- PCR- PyBC.

GGAAAAAGCAT CTATACGT TTAACAAAAAT GAT CAAATATAGAGGT GCAGGAACCATTGA
GGAAAAAGCAT CTATACGT TTAACAAAAAT GAT CAAATAT AGAGGT GCGGGAACCATTGA

khkhkkhkhkhhkhhhkhhhhkh bk hhkhhkhhkhhkhkhhhkhhkhkhhhkhkhkhkhhhkdhk *hdhhhkhkhkx

ATATTTATATGATCAAGT TAATAACAAATATTATTTTTTAGAATTAAATACCCGI TTACA
ATATTTATATGATCAAGT TAATAACAAATATTATTTTTTAGAATTAAATACTCGI TTACA

khkhkkhkhkhhhhhkhhkhhkh bk hhkhhkhhkhkhhkhhkhhkhkhhkhkhhkhkhkhkhhkhhhkhhkhkd *hkhkhdkhk*x

AGTAGAGCATCCTGT TTCAGAAGGAATAACAGATACCAATATTGTCCGCTATTCAACTTCA
AGTAGAGCATCCCGT TTCAGAAGGAATAACAGATACCAACATTGT TGCTATTCAGCTTCA

R EEEEEEEEEEIEEEEEEEEEEEEEEEEEEEEEEEEEEIEEEEEINESEEEEEEEIEEESESE]

AGTTGCTATGGGCATACCT CTTCAAAATATAGAT GATATAAAAAAATTATATAAAATAGA
AGTTGCTATGGGTATACCT CTTCAAAATATAGAT GATATAAAAAAATTATATAAAATAGA

R EEEEEEEEEENEEEEEEEEEEEEEEREEEREEEEREREREEEEEEREEREEEERERESRSESESESSE]

AGAGAAAACAAAAAAAAACACAT CGT CAAGCAGT GTTAGTATTGTAAATGATAAGT TAAA
AGAGAAAACAAAAAAAAAT ACAT CGT CAAGCAGT GTTAGTAGT GTAAATGATAAGT TAAG

EEEEEEEEEEEEEEEEEENEESEEEEEEEEEEEEEEEEEEEEIESEEEEEESRERESESSESESE]

ACTTCCAATAAGCGAAAAAGATAATAATAAAACAGT GAAAACTAATTTGAGT GAACAACT
ATTTCCAATAAGCGAAAAAGATAATAATAAAATAGT GAAAACTAATTTGAGT GAACAACT

k hkkkkkhkhkhkhhhhkhhhhhhhkhhhhhhhhdhd *khkhdhhhhhhdhhhkhhrd ko hkhkhkx

TGGCATGITTGATTTTTACAACAACAT GCCCCACACTAAAAATCATGT TATTGCTGCTCG
TGACATGITTGATTTTTACAACAACAT GCCACACACTAAAAATCATGT TATTGCTGCTCG

kk khkkhkhkhhhkhhhhkhhhhhkhhkhhhhhhdhdh *hkhhhkhdhhhhhhhhhhhhkhd ko hkhkhkx

AATAACAGCCGAAAACAGT AATGATAGT TTTAAACCAACGT CAGGCTTAGTAAAAAATGT
AATAACAGCCGAAAACAGCAATGATAGT TTTAAACCGACGT CAGGCTTAGTAAAAAATGT

khkhkkhhkhhkhhhkhhhhkhdhdk Kkhhkhhhhhhhhhhhhhd Fhhhhhhdhhhhhkrhhhhkhkhdx

TAATTTTCAAAATTCGAAAGATGTATGGGGT TATTTCTCTATCAATAATGGGT TTGITCA
TAATTTTCAAAATTCGAAAGATGTATGGGGT TATTTTTCTATCAGCAAT TGGAAT GAGGA

EEEEEEEEEEEEEEEEEEREEEEEREEEEREEEEEESEEEIEEEESESSES] *k*k kK * % *

TGAATTTTCAGATTCACAAAT TGGCCATATAT TTGCAAAAGGGGAAACAAGAGAAATTGC
CGAATATACAGAGACA:- - - - - TCGCCACAGA: - - = = =< = w = s m e e e e e aeae o

*kk*k *k kkkk * % * kkk*k Kk X

Figure 3.4 continued.
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PY01695.

RT- PCR- Pynt CxT.

PY01695.

RT- PCR- Pynt CxT.

PY01695.

RT- PCR- Pynt CxT.

PY01695.

RT- PCR- Pynt CxT.

PY01695.

RT- PCR- Pynt CxT.

PY01695.

RT- PCR- Pynt CxT.

PY01695.

RT- PCR- Pynt CxT.

PY01695.

RT- PCR- Pynt CxT.

PY01695.

RT- PCR- Pynt CxT.

PY01695.

RT- PCR- Pynt CxT.

PY01695.

RT- PCR- Pynt CxT.

PY01695.

RT- PCR- Pynt CxT.

AACTCTTTGGAAATAGGACAAAATAAAAT GAGOGT AATCGGAT TGTTAATGAATGTAAAG
---------------------------------------------- TTATGTATGGTAAG

* kkk kkk * % %

ACAGATGAATATAAAGAAGGAAGAGATATTGCTTTTATAATAAATGATATTACAACAAAT
ACAGATGA- TATAAAGAAGGAAGAGATATTGCTTTTATAATAAATGATATTACAACCAAT

EEEEEEEEIEEEEEEEEEEEEEEEEEEREREEREEEEEREREEEESREEREERESRERESRESEEINESESE]

GGAGGTGCATTTAGTGT TTTAGAAGACGAACTATTTTATGGAGTATCATGT TATGCGAGA
GGAGGTGCATTTAGTGT TTTAGAAGACGAACTATTTTATGGAGTATCATGCTATGCGAGA

R EEEEEEEEEEEEEEEEEREEEEEEEEREEREEREEEEEREREREESRESRESRESEEIEEEESESESESESE]

GAAAAAAAAATACCACGTATATGTATATCTTGCAAT TCCGGAGCAAAAATTGGATTATAT
GAAAAAAAAATACCACGCATATACATATCTTGCAAT TCCGGGGECTAAAATTGGATTATAT

KAk KA *A ARk Ak kA *k*x *k k% EREEEEEEEEEEEEEEEEIEEIEEEEEEEEEEEESESESE]

AATTATCTTATGGATAAAAT TAAAGT AT GCT GGAAT GAT GAAAACAAAAAAGAACT TGGA
AATTATCTTATGGATAAAATTAAAGT AT GCT GGAAT GAT GAAAATAAAAAAGAACT TGGA

R EEEEEEEEEEEEEEEEEREEEREEEREEREEREEREEEEEREEREEESEEIEEEERESRESRESRESEESSE]

TATAAATATATATATATAACAGAAGAAGTAAAAGAAACAATTCCTAAAAAAGATATTATT
TATAAGTATATATATATAACAGAAGAAATAAAAGAAACAATTCCTAAAAAAGATATTATT

R EEEIEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEEEEEERERERESRESRESEESSE]

TATTTAAGAGAAAT TTATGAAAAT GGAGAAAAAAGATATATAATTGATGCTATAGTAGGA
TATTTAAGAGAAAT TTATGAAAAT GGAGAAAAAAGATATATAATTGATGCTATAGTAGGA

R EEEEEREEEEEEEEEEEEEEEEEEEEREREREEEEREREEREEEEEEEEEEEEEESESESESESSE]

AATTTAAATAATCATATAGGAGTAGAAAAT TTAAGAGGT AGT GGATTAATAGCAGGAGAA
AATTTAAATAATCATATCGCGGTAGAAAAT TTAAGAGGT AGT GGGT TAATAGCAGGAGAA

R EEEEEEEEEEEEEEEIEENEEEEEEEEEEEEEEEEEREEEESEIESEEEEEEEESEESEESSE]

ACCTCAAAGGCTTATGATGAGATTTTTACTCTTTCATATGT CACTGGAAGAAGTGTTGGA
ACCTCAAAGGCCTCCGATGAGACTTTTACTCTTTCATATGTCACT GGAAGAAGT GTTGGA

Xk kkkkkkkk*x * EEEEEEEIEEEEEEEEEEEEEEREEEEEREEREEEEEEEEEERESESEESESE]

ATTGGTGCTTATTTAGT TAGATTAGGT AAACGAACTATTCAAAAAAAAGGATCGTCTCTT
ATTGCTCCTTATTTCGT TAGATTAGGT AAACGAACTATTCAAAAAAAAGCATCCTCTCTT

R EE IR EEEEEEEENEEEEEEEEEEEEEEEEEEEEEEEEEEESEESEESESEEIEEEIESEESESESE]

TTACTAACTGGTTTTAATGCTTTAAATAAAATAT TAGGT GAAAAGGTATATATAAGTAAT
TTAA- AACCGGT TATAATGCAAGCAAAACT CTTCCGGCATAATAGT CATCTTCTAACATG
*

* % % *kk kkkk kkkkkk * % %x * * **x k% * % * *

GAACAAT TAGGAGGT GTAAATAT TATGATGAAAAAT GGAATAT CTCAATTAGAAGCTGAA
0 g

* * %

6780
14

6840
73

6900
133

6960
193

7020
253

7080
313

7140
373

7200
433

7260
493

7320
553

7380
612

7440
618

Figure 3.5 Alignment of PY01695 ORF with the produt of N-terminal carboxyl transferase RT-
PCR amplification. RT-PCR-PyntCxT is the merged sequences correspgridirthe forward and the
reverse primer sequencing products. * indicate®d.060nserved nucleotide.
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PyACC- ORF. GACAATTATTTTGATGTTCTTGGGGAAT CAACAAAATCATTTCACAATAAATTACAAGAA 7560
@ o ' ATTGCAAGAA 10
*kk kkkk kK
PyACC- ORF. GATAACAAATGTGATATTACCAAAT CTAGAAACT TAAACAATTCAATTGATTCTGACCAA 7620
RT- PCR- Pyct CxT. GATAGCAAATGTGATATTAGCAA- TCTAGAAACTTAAACAATTCAATTGGTTCTGATCAA 69
EEE IR EEEEEEEEEEEEEIEEEIESREREEEEEEEEERERERESEEESEEEINESEESEEEINESEE]
PyACC- ORF. CAATCCAATAATTATCCAAAT GGATACAT TAAT GATCAAGACATACAAGAGTATGCAAAA 7680
RT- PCR- Pyct CXT. GAATCCAATAATTATCCAACGGGATACACT AAT GATCGAGGCATACAAGAGTATGTAAAA 129
PR R R R R R EEEEEEEEEE] KK KK hkK* AhkhAkhkhkhkhkk *kk kA Ak kA Ak khkkkkkdk*x *k*xk*x
PyACC- ORF. AAGAACAGT TTGCACAGCAGT TCAGATAGTACTACTGT TGAACCAGAAAGTATCAAAGAA 7740
RT- PCR- Pyct CXT. AAGAACAGT TTACACAGCAGT TCAGATAGTACTACTGTTGAACCAGAAAGTATCAAAGAA 189
R EEEEEEEEEIEEEEEEEEEEEEEEEREREREEEEREREEEEREEREEREEREERERESESESESESSE]
PyACC- ORF. TGTGATACTTCACTTATACACAT CAAT GGAAAT AATGGT GATGAAGAATCAGGGAACGAA 7800
RT- PCR- Pyct CxT. TGTGATACTTCACTTATGCACACCAAT GAAAAAAAT GGT GAT GAAGAATCAGGGAACGAA 249
R EEEEEEEEEEEEEEEIEEEEIEEEEENEEENEEEREEEEEEEEEREEERERESRESEESSE]
PyACC- ORF. ATTAGTGATACGATTTCAGATAACT GGAACAAAATAAATGATGTAGATATGGACAATGTA 7860
RT- PCR- Pyct CxT. ATTAGTGACATCATTCCAGATAACT GGAACAAAATAAAT GATGTAGATATGGAAAATGTA 309
Xk kkkkkk * EEE IR EEEEEEEEEEEEEEREEEEREEEEEEEERESEEEESEEEEIEEEESES]
PyACC- ORF. AATGAAGCAGAT ATTATCGAATTACTAAAAGGGT CAGATAAAAAACAAGGATTTTTAGAC 7920
RT- PCR- Pyct CXT. AATGAAGCAGATATCATCGAATTACTAAAAGGGT CAGATAAAAAACAAGGATTTTTAGAT 369
EEEEEEEEEEEEEENEEEEEEEEEEEEEREEREREREEEEREEEEEEEEEEESEERERESESESSE]
PyACC- ORF. AAAAATAGTTACTTTGAATATAT GAAT GAAT GGGGAAAAGGTATTATAACTGGAAGAGGA 7980
RT- PCR- Pyct CXT. AAAAATAGTTACTTTGAATATAT GAAT GAATGGGGAAAAGGTATTATTACTGGAAGAGGA 429
R EEEEEEEEEEEEEEEEEEEEEEEEEREREEREEEEEREEREEEEREREREIEEEEESEESEESSESE]
PyACC- ORF. AAA- TTAGGATCAATACCAATTGGTTTTATTGCTGTAA- ATAA- - AAATTTAGTTACCCA 8036
RT- PCR- Pyct CXT. AAAATTAGGATCAAAACCAATTGGTTTTTTTGT TGGGGGATGAGGAAATTTCCTCACCCG 489
* % % *hkkkkkkkkk *khkhkhkkkkkkkkkk * % % * * * % * * ok kk ok k * * k k%
Py ACC- ORF. AACTGTTCCATGT GATCCAGCAT TGAAAACT AAGGCTATAAAAACAACAAATGOCCCATG 8096
RT- PCR- Pyct CXT. G- COGAACCATGT GATCCAGTATCGAMACTAAGGCTATAAGAATTAAAATGOOCCATG 548
* *khkhkkkkkkkkkkk * % *khkhkhkhkhkkkhkhkdkhkhkhkkkkk * % * *khkhkhkkkkkkkkk
Py ACC- ORF. TGTTTTTGTGOCTGATAAT TCGTACAAAACT GOCCAATCTATTGAAGATTTTAATAAAGA 8156
RT- PCR- Pyct CXT. - - - TTTGTCGOCTAAGAAAT CGGGAAAGCT TGCOCTTTCTATTGAAAGT TTTAATAAAGA 605
* % % * k k% * * % * % % * % * Kk ok k k *hkhkkkkkkk *khkhkhkkkkkkkkk
Py ACC- ORF. AAATT- TACCTTTATTTGTCTTTGCAAATTGGAGAGGT TTTTCAGGAGGTACTATGGATA 8215
RT- PCR- Pyct CXT. CACTCCTACCCCTTTCTTATTTTCCAACT GGACGAGGT TTTTCCGGAGGTACTAAGGATA 665
* * * k k% * * * * % % * % % * * *hkkkkkkkkk *hkkkkkkkkk * Kk k k%
Py ACC- ORF. TGTTTAACAGTAT- CTTAAAATTTGGATCAATGATAGTTAATCAATTAGT TAATTATAA- 8273
RT- PCR- Pyct CXT. CCTTTACCOGTATTCTTACAGT TTGGATCAATGATAGTTAATCAATTAGTTAATTATAAA 725
* k k% * * k k% * k k% * R R EEE RS EEEEREEEEEEEEEEEEEEEEEREEEESEEEEE]
PyACC- ORF. GCATCCOG - TTTTTGTATACATACCTAT TTTGGGAGAACT TAGAGGT GGGTCTTGGGTA 8331
RT- PCR- Pyct CxT. GCATCCCCGTTTTTTGTATACATACCTATCTTTGGAGAACT TAGAGGTGGATCTTGGGTA 785

kkkkkkk khkkhkkhkhkhhkhkhhkhhkhhkhhhkdh *k Fhkhhhkhhhhhhdhhdhhd *khhhkhhkkrd

Figure 3.6 Alignment of PY01695 ORF with the produt of C-terminal carboxyl transferase RT-
PCR amplification. RT-PCR-PyctCxT is the merged sequences corresppridithe forward and the
reverse primer sequencing products. Approximately Bp were sequenced in both directions.* indicates
100% conserved nucleotide)(represents the splicing point of the exons.
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Py ACC- ORF.

RT- PCR- Pyct CxT.

Py ACC- ORF.

RT- PCR- Pyct CxT.

PyACC- ORF.

RT- PCR- Pyct CxT.

PyACC- ORF.

RT- PCR- Pyct CxT.

PyACC- ORF.

RT- PCR- Pyct CxT.

PyACC- ORF.

RT- PCR- Pyct CxT.

PyACC- ORF.

RT- PCR- Pyct CxT.

Figure 3.6 continued.

3.2.2 Detection of acetyl-CoA carboxylase gene tracript by Northern blot analysis

GIAGTAGATGAAACAT TGAACAGCCAAATAATAGAAATGTATGCAGATACTAATAGTAAA 8391
GTAGTAGATGAAACATTGAACAGCCAAATAATAGAAATGTATGCAGATAATAATAGTAAA 845

R EEEEEEEEEEEEEEEEEEEEEEEREEREEREEREEEEEREREREESRESRESRSEEIEEESEESEESES]

GGTGGAATATTAGAACCTCCAGGATTAGTAGAAGT CAAATTTAAGI TCGCAGAAATTAAG 8451
GGTGGAATATTAGAACCT CCAGGATTAGTAGAAGT CAAATTTAAGT TCGCAGAAATTAAG 905

R EEEEEEEEEEEEEEEEEEEEEEEEEREREREEEREREREEEEEEREREEEERERESESESEESSE]

AAATTAATGAATAACAGT GATCCATATATAATAGAACTAAATCAGAAACTCGCGACTCTT 8511
AAATTAATGAATAACAGT GATCCATATATAATAGAACTAAATCAGAAGCTCGCGACTCTT 965

R EEEEEEEEEEEEEEREEEREEREEEEEREREREEEEEREREEREEREREREIEEEEESEESESES]

\4

CAGAATGAAGAAGAAATTTTAAGT GTAAAAAAGGAAATAGAAAAGAAGGAAAAGGAAATG 8571
CAGGATGACCAATAAATATTCATAATAAGAATTGAAATAAGATTAAAATCAACGAATATG 1025

*k*k kkkk **k kkk*k **k X *k*k k% * Kk kk Kk k * * % **x kX ok kkk

CTTCCATTTTATTTACAAGT GTGTCATAAATATGCAGATCTACATGATGTATCATCATGT 8631
CTTC- ATTTATTTAACAAATGAATAATAAAAGTATAGATCTACAAGATGCATGATACTCT 1084

*kkk kkkk **k kkk*k k% * kkk kK * Xk kkkkkk*k *kkk*k **k k% * %

ATGAAGGAGAAAGGT GTTATTAGAAAAATTGT TCCATGCGAAAAATCTAGATCCTTTTTC 8691
ATGAAGGAAAAAGGT GTTATTAGCAAAGT TAATATATGT - ATATTTCTGAATTCATTTTA 1143

KAk KA KKK *k* kA kA Kk Kk Kk kkkk*k*x **k*x *% * * % % * % * % % **x *x kkkk

TATTATCGCTTATTAAGGAGATTGATATTACATACATTAAAGTAA 8736
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Total RNA isolated fronP. yoelii T. congolenseand PyBCCP(Chapter 5) was resolved along

side RNA standard markers by agarose gel

electrepl® Figure 3X shows the

electrophoregram prior to blotting onto a nitrooklse membrand?. yoelii total RNA (lane 1)

consist of four bands; a band greater than 9 klvedsas three bands estimated at 2.8 kb, 2 kb

and 0.7 kb. These three bands may correspori®l tmelii large subunit ribosomal RNA (28S
rRNA), small subunit ribosomal RNA (18S rRNA) andsgibly the fragment of 28S rRNA
(Dame and McCutchan, 1983; van Spaendeinél, 2001). The band greater than 9 kb may be
MRNA transcripts of large polypeptide of + 500 kBour major bands were observed in lane 2

containingT. congolensdotal RNA control. These bands were estimatede®2 kb, 1.4 kb,
1 kb and 0.7 kb corresponding to 18S rRNA, 28S rRpAragment), 28S rRNA[-fragment)
and the cleavage product of 28S rRNA (Hastal, 1982; Urakawa and Majiwa, 2001). A band
of approximately 3 kb corresponding to tRe yoelii biotinoyl domain cDNA was observed in
lane 3; though the cDNA appeared to be partialtyraded.
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The presence dP. yoelii acetyl-CoA carboxylase transcript in the total RIdAeparation was

confirmed by enhanced-chemiluminescence detectisimgu avidin-peroxidasp-iodophenol

system for detecting the presence of hybridizedgsoon the membrane (Figure B).7PanelB

andD was exposed to X-ray film for approximately 30 mathile panelC was exposed for less

than 5 min. A band greater than 9 kb was prominebbth lanes, however the size of the bands

were different. This may be due to variation in teggsion level of the enzyme at various stages

of the parasite debelopment (Le Roch).
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Figure 3.7 Detection ofP. yoelii acetyl-CoA carboxylase transcript by Northern blotanalysis (A)
Agarose gel analysis &f. yoeliitotal RNA (ane 1) andT. congolens¢otal RNA (ane 2. The molecular
weight standards are showare Mw). Agarose gel concentration was 1.2%. The arradicates a band
above the 9 kb marker. Northern blot analysi® oyoeliitotal RNA B - C) andT. congolenséotal RNA
(D). Lane 1 panel Rontains 55.0 pugotal RNA from predominantly trophzoites and schizorgme 2
panel Bcontains 55.0 ug total RNA from ring stageane 1 panel QGontains 25 g total RNA from
mixed stage. RNA in paneB and D were hybridised with biotinylated probes prepanednfP. yoelii
biotin carboxylase-biotinoyl domain cDNA, while RNy panel C was hybridised with biotinylated
probes prepared frof. yoeliilactate dehydrogenase cDNA. Hybridization was atetewith the avidin-
peroxidasegs-iodophenol enhanced chemiluminescence detectstersy
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A band of size 1.25 kb was detected in panel Cesponding td®. yoeliilactate dehydrogenase
as positive control. No RNA was detected in theatieg control (paneD) even though a higher

guantity of RNA product was resolved compared toghB.

3.3 Discussion

This chapter describes the application of revenaestriptase-PCR (RT-PCR) and Northern blot
analysis to investigate the expression of the dbae codes for acetyl-CoA carboxylase By
yoelii strain 17XL. Primers were designed to amplify jwms$ of the biotin carboxylase, N-
terminal and C-terminal carboxyl transferase domaihwhat is believed to be a gene encoding
the P. yoeliimulti-domain polypeptide acetyl-CoA carboxylasentars were designed based on
the Plasmodb-publisheB. yoelii 17XNL PY01695 ORF sequence. The PCR products were
sequenced to verify the RT-PCR results. Biotinyaprobes prepared to hybridise with the
region of the transcript encoding the biotinoyl domwere used to detect the presence and size

of the transcript.

There is no available information on the size & trge subunit ribosomal RNA (LSU rRNA)
and small subunit ribosomal RNA (SSU rRNA) trangtsiin P. yoelii Only partial sequences
are available on the NCBI and Plasmodb (Beth&l, 2003) databases. Although the pattern of
resolution on an agarose gel appeared to be centistth reports o. bergheiribosomal RNA
transcripts (Dame and McCutchan, 1983; van Spadneloal., 2001). Unlike in other organisms,
some apicomplexan parasites produce ribosomessuitisturally distinct rRNA molecules that
are encoded on a single copy gene and expresshifiea¢nt stages of the parasite development
(Dame and McCutchan, 1983; McCutcletral, 1988; McCutchaet al, 1995). InPlasmodium
the A-type ribosome is expressed at the liver alodd stages, while the O-type and S-type
ribosomes are expressed at the insect stage (Mloc&uét al, 1988; McCutcharet al, 1995).
The transcript for the LSU rRNA iPlasmodiumis cleaved to produce two subunits. Fn
berghej the sizes are 3 kb and 0.8 kb (Dame and McCuict@88; van Spaendort al, 2001).
The SSU rRNA is not cleaved. The results theresmiggest thalP. yoelii strain 17XL may have

a similar mechanism of post-transcriptional modificn of the LSU rRNA. Thus the size of the
LSU rRNA and the SSU rRNA iR. yoelii strain 17XL is approximately 3.5 kb (cleaved into
2.8 kb and 0.7 kb fragments) and 2 kb, respectively
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Acetyl-CoA carboxylase irP. yoelii strain 17XNL is encoded by a single copy gene that
located on chromosome 13 (Plasmodb database). diestd cDNA synthesis was carried out
using either oligo-dT primers that annealed onpiblg-A tail on the 3’'untranslated region (UTR)
of the transcript or random hexameric oligonuckedi The two methods of first strand cDNA
synthesis appeared to produce cDNA that was subsdgwamplified by the primers positioned
as illustrated on Figure 3.1. The PyACCctCxT primpair was positioned to amplify the mRNA
without the 235 bp intron at 3, end of the ORF (F&y3.6). A proper negative control for this
analysis would have involved using a reverse pridesigned to anneal on the intron. However,
the RNA samples were treated with DNase | to digestresidual genomic DNA before reverse
transcriptase reaction. The size of the PCR prad(Eigure 3.3) and the sequencing data
(Figures 3.4 — 3.6) clearly showed that the proslwe¢re from an RNA transcript instead of
genomic DNA. This therefore suggests that the blstagdjeP. yoelii transcribes the gene that
encodes acetyl-CoA carboxylase. The copy numbehefgene was not deduced in the study.
Real time PCR could be used to quantify the amotimiRNA transcript, precisely at the various
stages of the parasite life cycle. The blood samp#ed for the study contained a mixed sfage
yoelii infection; therefore stage-specific expressiornthed gene was not established. Previous
studies (Le Roclet al, 2003) usingP. falciparumas model showed that the gene is highly
expressed at the gametocyte and sporozoite stages nainimally expressed at the
intraerythrocytic stage of the parasite life cydbe.yoeliiis likely to have a similar expression
profile.

The details of the synthesis of fatty acids for rbeane biogenesis at the intraerythrocytic stage
of the parasite still remain to be evaluated. Thgh mate of morphological changes within the
intraerythrocytic stage of the parasite is expedtetbe synonymous with increased membrane
biogenesis (Mitamura and Palacpac, 2003; Palaepaal, 2004), therefore suggesting high
expression levels of the acetyl-CoA carboxylaseegédaviset al, 2000; Hasslachest al,
1993). Does the expression level of acetyl-CoA crylase gene correlate with the expression
levels of the genes encoding the enzymes of the Tiyfatty acid synthase complex? Using the
expression pattern derived from an array experirfilemRochet al, 2003) it was observed that a
similar pattern does exist between the expresgiofilg of acetyl-CoA carboxylase and the genes
encoding enzymes of the fatty acid synthase comffégure 3.5) inP. falciparum namely:

malonyl-CoA-acyl carrier protein transacylase (Fabbeta-ketoacyl-acyl carrier protein
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synthase lll (FabH), 3-oxoacyl-(acyl-carrier prajereductase (FabG) and beta-hydroxyacyl-
ACP dehydratase (FabA/Z). Beta-ketoacyl-acyl capi®tein synthase Il precursor is yet to be
identified in P. yoeliiandP. vivax and 3-oxoacyl-(acyl-carrier protein) reductasees to be
identified in otherPlasmodiumspecies. There was no data on the expressiongwaf enoyl-
ACP reductase (Fabl) and FabB/F (Le Rethl, 2003).

The pattern of expression of the genes for TydeA$ clearly suggests that the ratedef novo
fatty acid biosynthesis is lower at the blood stagd higher at the gametocyte and sporozoite
stages. Acetyl-CoA carboxylase and FabD mRNA traptscwere not detected at the ring and
merozoite stages (Le Roeh al, 2003). Perhaps this information validates presipostulates
that the parasite scavenges lipid precursors flmrhbsts at the intraerythrocytic stage without
the need forde novofatty acid biosynthesis (Beaumelle and Vial, 198Baaumelle and Vial,
1988b; Beaumellet al, 1988; Paula Simdext al, 1993; Simbegt al, 1990; Van der Schaét

al., 1987). To add to this, the pattern of expressibgenes involved in the Type Il fatty acid
synthesis strongly suggests that the parasite asesgle novofatty acid biosynthesis at the
gametocyte and sporozoite stages. These stagesmecdominantly at the insect stage and thus
fatty acid synthesis may be increased at thesestagbably due to lack of lipid precursors in
the mosquito vector. Could this be an energy sawieghanism the parasite employs at the blood
stage? This question could be answered by analyisengxpression levels of the genes involved
in the Type Il fatty acid synthase and the acetyA@arboxylase gene in a lipid-free culture of
synchronisedPlasmodiumparasites. The low level of expression of acetyACarboxylase at
the trophozoite (blood) stage is to perhaps makieifatty acids that the parasite may have been
unable to obtain from the host. This can be expldmgeknocking out the acetyl-CoA carboxylase

gene in the parasite and monitoring parasite satviv

Phospholipase C, glycerophosphodiester phosphedasst diacylglycrol kinase, acyl-CoA
synthase and diacylglycerol-O-acyltransferase angeskey enzymes involved in the metabolism
of imported lipid precursors (Mitamura and Pala¢p2@03; Palacpaet al, 2004) such as
phosphatidylserine, phosphatidylcholine, diacylgiygt and fatty acids inP. falciparum
(http://sites.huji.ac.il/malaria/maps/phserine).
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Figure 3.8 Expression profile of five genes involekein fatty acid synthesis inP. falicparum.
The expression levels of acetyl-CoA carboxyld_E)( FabD ), FabHE] ), Fabq ) and
FabA/Z @ ) obtained by LeRodt al. (2003). * represents average of the early andsiatges
of the parasite.

These metabolites are involved in the biosynthefsghospholipids used in membrane biogenesis
(Holtz, 1977; Keet al, 2000b; Mitamura and Palacpac, 2003). The trgvtsmn profiles (data
not shown) of the genes encoding these enzymes staivthey are more highly expressed at the
intraerythrocytic stage, than in the gametocyte thedsporozoite stages of the parasite (Le Roch
et al, 2003). This is in contrast to the expressiorfil@® of the acetyl-CoA carboxylase and
Type Il fatty acid synthase genes. As a result ntamd biogenesis at the intraerythrocytic stage,
which has been shown to be high at this stage (Elo#l, 1988; Mollet al, 1990; Van der
Schaftet al, 1987; Vialet al, 1988), may utilize imported lipid precursorsteed of those
produced by @e novoacetyl-CoA carboxylase-Type Il fatty acid synthps¢hway.

The RT-PCR results were further supported by theh¢on blot analysis. Biotinylated (“cold”)
probes were prepared with Klenow fragment (Feinbeamgd Vogelstein, 1983) using

decanucleotide primers supplied by the manufactiaréhe enhance specificity of hybridisation
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between the target mMRNA transcript and its corredpay probes. Enhanced chemiluminescence
(ECL) used to detect presence of hybridisation gigrmidin-peroxidas@-iodophenol-luminol
system due to the high affinity between avidin dridtin; thus eliminating the need for
autoradiography. ECL is a highly sensitive techei@nd can detect targets at femtomole'€L0
mole) quantity (Kricka and Thorpe, 1986a; Krickaldrhorpe, 1986b; Thorpst al, 1985).

The size of the published (Plasmodb) ORF of PY106§86e is 8.7 kb. The size detected by
Northern blot was above 9 kb. The presence of 8 a&nuntranslated regions (UTR) on the
transcript may account for the size observed onluhenograph. Acetyl-CoA carboxylase has
been shown to be regulated at the transcriptioel [€Barberet al, 2003; Maoet al, 2003;
Thampy and Wakil, 1988a; Walgl al, 1983). The expression profile of acetyl-CoA cxydase
gene suggests that tidasmodiumacetyl-CoA carboxylase gene is inducible, depemdin the
stage of the parasite development. Being an intkigkne, it is expected that the gene may
contain regulatory regions upstream from the stadon or down stream from the stop codon
that regulates the transcription of the gene. Tlesgnce of UTR in transcripts is hot uncommon
in Plasmodium SeveralPlasmodiumiranscripts such asf gene, heat shock proteins and DNA
polymerase have 5’UTR ranging between 0.5 kb akt, 2vhich are transcriptionally or post-
transcriptionally regulated (Militell@t al, 2004; Porter, 2001; Thaet al, 2007; Watanabet
al., 2002).

In mammals, transcription of acetyl-CoA carboxylgesmes are controlled by two to three sets of
promoters upstream of the coding sequence (Bathadr, 2003; Macet al, 2003). This results in
heterogeneous populations of acetyl-CoA carboxykaaascripts in various tissues such as
mammary gland, liver, adipose tissue and heartb@aat al, 2003; Lopez-Casillast al, 1989;
Luo et al, 1989). This heterogeneity mostly occurs at thdTR region of the transcript (Lopez-
Casillaset al, 1989; Luoet al, 1989). Perhaps, the smearing effect observeth@morthern
blot (Figure 3.B) may be as a result of the presence of a heteeogsrpopulation of acetyl-CoA
carboxylase transcripts; though there is no othademce to support this. However, the
heterogeneity in mRNA population due to differenpaocessing of the 5’UTR region is also
observed inPlasmodium(Paceet al, 1998). The size of the 5’ and 3’ flanking regoof the
acetyl-CoA carboxylase gene was deduced from tlasnddb database (Figure 3.9). It was

observed that the 5’ flanking region between thiaimon codon of the acetyl-CoA carboxylase
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coding sequence and the adjacent coding sequerseamsistent (~ 2.9 kb) iR. falciparum
vivax and knowlesi The 5’ flanking region oP. yoeliiwas spread between two unassembled
contiguous fragments of Chromosome 13, therefaretimplete sequence was not obtained. The
consistent length on the 5’ flanking region may gegj an organized structure containing
transcription promoters and other regulatory elememhe AT-content 5’ flanking region of
acetyl-CoA carboxylase gene i falciparumand yoelii (partial) is ~ 76%. Whereas th#el-
content of the 5’'UTR flanking region of acetyl-C@Arboxylase gene iR. vivaxandknowlesiis
51% and 60%, respectively, with 77% sequence identhe 5 flanking regions of the acetyl-
CoA carboxylase gene in the foBtasmodiunspecies contain very long stretechesAaind T
nucleotides. The size of the 3’ flanking regionsswet consistent. Mapping of the 5’ and 3’
UTRs of acetyl-CoA carboxylase transcripts RPlasmodium by PCR may reveal the
configuration of the promoter regions and possibéchanism of transcription of the gene at the

various stages of the parasite development.

5 3
2.9kt P. falciparun 1.3 kt
2.9k P.viva 1.2 kt
P. knowles
<: 2.8 kt 1.7 kt
P. yoelii

----- X0, -

Figure 3.9 The size of the 5" and 3’ flanking regins of acetyl-CoA carboxylase gene locus in four
Plasmodium speciesArrows represent gene coding regions pointing fidno 3’ direction. Filled arrows
represent acetyl-CoA carboxylase gene coding regapen arrows represent coding regions for
hypothetical proteins and stripped arrow represeodiing region for TATA modulatory element in tRe
yoelii gene sequence. The 5 and 3’ acetyl-CoA carboryfiking regions are represented by solid
lines (adapted from Plasmodb database).
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CHAPTER 4
PLASMODIUM YOELII ACETYL-COA CARBOXYLASE: ANTIBODY PRODUCTION
AND IMMUNODETECTION

4.1 Introduction

The P. yoelii acetyl-CoA carboxylase gene of strain 17XNL wasniified in Plasmodb (ID:
PY01695) and this study showed that the strain 1PXlyoelii parasite produces an mRNA
transcript that codes for the enzyme (Chapter B& @nzyme can be detected by the presence of
the biotin moiety using streptavidin or avidin-matéid detection, anti-biotin antibodies or an
antibody directed against an immunogenic peptidéiwithe enzyme. This may reveal the

subcellular localisation of the enzyme that isdedid to be targeted to the apicoplast.

The challenge for designing a suitable peptideaiatibody production in chickens as well as
other hosts is to select a region of a protein sege that fulfils the following criteria: (i) high
surface probability (i) hydrophilicity and (iiihe region must be flexible to assume a spatial
orientation that is found in the native protein.ofding potential N-glycosylation sites of the
protein may be useful in designing effective peggifr antibody production because of possible
masking of the selected region on the native pndigi the polysaccharide moiety. Anti-peptide
antibodies produced in chickens agaiRtismodiumprotein kinases have been shown to be
effective tools in characterising several malaaaagite proteins (Doriat al, 2005; Nunegt al,
2007). A major obstacle faced in designing peptiffesn Plasmodiumproteins for antibody
production is the presence of multiple lysine res&lin manyPlasmodiunproteins. Lysine-rich
regions contribute to the high scores in the serfambability, hydrophilicity and flexibility
algorithms. Antibodies made against such region ro@ss-react with severdlasmodium

proteins and thus are avoided in peptide design.

By use of the Predict7 #®pitope prediction algorithm (Carmenetsal, 1989), a peptide from an

immunogenic region of PyACC was designed and swmbd to generate anti-PyACC-peptide
antibodies in chickens. It was necessary to avhmbsing a peptide from conserved regions of
the enzyme to prevent possible cross-reactivity wibuse acetyl-CoA carboxylase. In a similar

manner, anti-peptide antibody was produced in @nskagainsP. yoeliilactate dehydrogenase
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(PyLDH). PyLDH is a metabolic protein (Zhaet al, 2004) expressed at high levels by the
parasite (Le Roclet al, 2003). These antibodies were used for the teteof acetyl-CoA

carboxylase and lactate dehydrogenase®.ityoelii lysate resolved by SDS-PAGE and blotted
onto nitrocellulose membrane andP. vyoelitinfected mouse red blood cells by

immunofluorescence microscopy.

4.2 Results

4.2.1 Selection of immunogenic peptide for ant yoelii acetyl-CoA carboxylase antibody
production in chickens

Following sequence alignment, a peptide fromRhgoeliiacetyl-CoA carboxylase that appeared
to be unique tdP. yoelii and absent in chicken and mammalian acetyl-CoAxatases was
chosen by epitope prediction analysis using thadiBfg™ software . TheP. yoelii lactate
dehydrogenaseP{lL.DH) peptide was selected as a comparison for éligeriment using the
same epitope prediction software. This LDH peptajgpeared to be conserved across all
Plasmodiumlactate dehydrogenase orthologues examined angresént in chicken and mouse

lactate dehydrogenase amino acid sequences.

Figure 4.1 shows the ClustalW™ alignment of lactate dehydnage sequences from
Plasmodiumchicken and mouse. A region (residue 55 — 13%) mlatted (Figure 4B) to show

the surface probability, hydrophilicity and fleXiby scores of the selected peptide (residues 85 —
100) of P. yoelii lactate dehydrogenase. The region in the box \wasen for peptide synthesis.
A cysteine residue was added at the C-termingh@feptide to allow the conjugation to a rabbit
albumin carrier owing to the higher score of sugfgcobability and hydrophilicity towards the
N-terminal compared to the C-terminal. Figure 4iistrates the ClustalW™ sequence alignment
data and the plot of surface probability, hydroigity and flexibility of residues 1460 — 1545
containing the selected region (residue 1500 — 161 P. yoelii acetyl-CoA carboxylase. This
region is located between the biotin carboxyl earprotein and the carboxyl transferase domains
(Figure 4.2). The region in the box was chosen for peptideti®gis. The higher score of
hydrophilicity and surface probability towards tNeterminal suggested that the conjugation of
the peptide to the carrier should be at the N-teatnfor maximum exposure of that region. A

cysteine residue was incorporated at the N-ternmwhdahe peptide to enable the conjugation to
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rabbit albumin carrier. The two peaks flanking tesen peptide region appeared to be more
attractive options. However, those regions haveraber of lysine residues and therefore were
avoided. Table 4.1 summarises the features of #mtiges used in this study to produce anti-
peptide antibodies in chickens agaiRstyoelii lactate dehydrogenase aRd yoelii acetyl-CoA

carboxylase.

Table 4.1 Characteristics of theP. yoelii acetyl-CoA carboxylase and lactate dehydrogenase tedes
selected for antibody production

Anti-pLDH-IgY Anti-PyACC-IgY
Name APG (or pLDH) TNT (or PYyACC)
Sequence APGKSDKEWNRDDL CRSNDDNSQSSRNRTNT
Length (amino acid residues) 15 17
Modification C-terminalCys N-terminal Cys
Molecular weight 1731.9 1954
Region on parent protein Residue 85 — 98 Resi808 + 1516
NCBI access number XP_724101 XP_729490
Linker MBS MBS
Carrier Rabbit albumin Rabbit albumin

4.2.2 Anti-P. yodlii acetyl-CoA carboxylase peptide antibody productionn chickens

Chickens were immunised with the peptide-carrianglex emulsified in FCA (week 0) or FIA
(weeks 2, 4 and 6). Eggs were collected from imseohichickens daily and IgY isolated from a
weekly pool of eggs per chicken. IgY isolated freggs collected prior to immunisation (pre-
immune IgY) was used as the internal control. Wieekiti-peptide-IgY titres were assessed by
ELISA against the peptides in both chickens in pridemonitor the progress of anti-peptide
antibody levels in each chicken (Figure 4.3). Thefijes show that levels of anti-peptide-IgY
increased after the second immunisation at weakd2paaked between week 7 and week 8. The

anti-peptide antibody levels started falling afterek 8.

Crude IgY isolated from weeks 4 — 8 and weeks 2-+#rdm each chicken was pooled and an
aliquot of the pooled antibody was kept. The poddedibody was passed over the peptide-

immobilised affinity matrix as described in Sect@3.7.
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Figure 4.1 ClustalW™ alignment and selection of th¢P. yodlii lactate dehydrogenase peptide for antibody produan in chickens. (A)
ClustalW alignment showing highly conserved peptidgions of sixPlasmodiumLDH amino acid sequence®.( berghei chabaudi,
falciparum, knowlesivivaxandyoeli) that was chosen for the productionRédsmodiunLDH (blue underline) anti-peptide antibod{)(The
Predict7™ prediction plots of surface probabiliy), hydrophilicity &=), and flexibility (---) of P. yoeliiLDH residue of the chosen peptide
(55 — 135). The box represents the profile of theeulined peptide sequence in pafel
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Figure 4.2 ClustalW™ alignment and selection of the antP. yodlii acetyl-CoA carboxylase peptide for antibody produdbn in chickens
(A) ClustalW™ alignment showing a non-conserved pieptblue underline) region between yoelii acetyl-CoA carboxylase and acetyl-CoA
carboxylase from mouse and chicken that was chimsehe production oP. yoeliiacetyl-CoA carboxylase anti-peptide antibodies. dégree of
conservation is indicated by the shading, with bksttading indication 100% conservation of the anaicid. 8) The Predict? epitope prediction
plots of surface probability (—), hydrophilicity=¢) and flexibility (---) of theP. yoeliiacetyl-CoA carboxylase amino acid residues of tiesen
peptide (1465 — 1545) are indicated. The box remtssthe profile of the underlined peptide sequencgganelA. The arrows indicate other
regions with high epitope prediction scores buttaiming tandem lysine repeats.
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Figure 4.4 shows the elution profiles of anti-pL@HtIbody and anti-PyACC antibody. The
profile showed a similar trend for both chickenkeTpeak fraction for anti-pLDH eluted at 10
ml with Aggo nm Of > 3.0 for both chickens (Figure A} while the peak fraction for anti-
PyACC eluted at 5 ml with £o nmOf 2.4 for both chickens. Fractions from the affirmatrix
with Azgo nm between 0.3 and > 3.0 were pooled. The total yiél@ooled affinity-purified
anti-pLDH peptide and anti-PyACC peptide antibodysv23 mg and 25 mg respectively.

4.2.3 DetectingP. yoelii acetyl-CoA carboxylase inP. yodlii-infected mouse erythrocyte
lysate with anti-peptide antibody directed againsP. yoelii acetyl-CoA carboxylase

The anti-PyACC antibody was used to establish ithevivo expression of acetyl-CoA
carboxylase irP. yoelirinfected mouse-blood cells lysate from a mixedstafection. Anti-
pLDH peptide IgY was used as a control. The antjbdetected two major proteins at 35 kD
and 56 kD and minor bands at 44 kD and above 11¢Fkfure 4.5). The antibody did not
detect any protein in non-parasitised-mouse bl@g.cThe preimmune control did not detect
any protein on both lanes. The anti-PyACC antiboelyognised a diffuse band extending
from approximately 440 kD to about 220 kD on pérsesd-blood cells lysate (Figure 86
No detectable protein was observed in non infectedise red blood cell lysate negative
control containing approximately equal amounts lobt cells as in the infected blood cells.

The pre-immune IgY control did not detect any pirote

4.2.4 Detection of acetyl-CoA carboxylase irP. yoelii-infected red blood cells by
immunofluorescence microscopy

The anti-PyLDH and anti-PyACC antibodies were usedletect the presence of lactate
dehydrogenase (positive control) and acetyl-CoAagylasein situin parasitized mouse red
blood cells by immunofluorescence microscopy. Thezosdary antibody was FITC-
conjugated donkey anti-chicken IgY. 4’,6-diamidiggehenyl dihydrochloride (DAPI) was
used as the nuclear stain to confirm the presehparasites in a red blood cell. DAPI is a
cell permeable dye that binds to minor groove ofADdbuble helix, preferably on th&T-rich
region (Naimskiet al, 1980). The excitation and emission wavelengthHidC is 492 nm
and 518 nm, respectively (Harlow and Lane, 1988)jlevthe excitation and emission
wavelength for DAPI-DNA complex is 364 nm and 458, respectively (Naimsket al,
1980).
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Figure 4.3 Evaluation of anti-peptide antibody prodiction in chicken. Laying chickens were
immunised at weeks 0, 2, 4 and 6 (arrows) withlsgint peptides-rabbit albumin (carrier) complex in
Freund's adjuvant. IgY isolated from chickens imiised with pLDH peptideA) and PyACC peptide
(B) was evaluated by ELISA (described in Section&).8r response against the peptide antigens.
Peptide concentration was 1 pg/ml (0.15 pg/welf)y primary antibody (crude IgY) was 100 pg/ml
(0.1 pg/well). &===) chicken 1 and+—) chicken 2. Antibodies were detected with rabbit-ghicken

IgY antibody conjugated to HRPO.
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Figure 4.4 Elution profile of anti-peptide antibody from affinity matrices. Pooled weeks 4 — 8
anti-peptide antibody was passed over pLDH pefdleand PyACC-peptideB) immobilised-affinity
matrices, eluted with 0.1M glycine-HCI (pH 2.83==) chicken 1 and+{—) chicken 2.

The sample used was from a mixed infection. Grésrdscence was detected in parasitized
RBC incubated with the anti-PyACC peptide antibedimdicating the presence of
Plasmodiumacetyl-CoA carboxylase. The green fluorescence appeto be distributed
within a specific organelle in the parasite cetlsraphozoite and gametocyte ateges, sightly
in the cytoplasm but absent from the RBC cytoplaBhe blue fluorescence showed that the
green FITC fluorescent signal is from a parasiti®RRIC. No signal was detected in non-
parasitised RBC. A diffrent trend was observed wvilik anti-PyLDH antibodies positive
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control. The FITC signal was more evenly distriloute the cytoplasm of the parasite. The

preimmune IgY was negative.

A B
1 2 1 2 1 2 1 2
Mw (kD) Mw (kD)
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66.2[— >
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35.0— 110l
2501
67 |
18.4|—
45—
Anti-pLDH- Pre-immune Anti- Pre-immune
peptide IgY  IgY negative PyACC- IgY negative
control peptide IgY control

Figure 4.5 Anti-peptide antibody detection of acetyCoA carboxylase and lactate dehydrogenase

in P. yodii-infected mouse blood cell lysate by Western blokmmuno-blotting ofP. yoelitinfected
mouse blood cells lysatéafie 2 from a mixed stage parasite infection or nonétéd mouse blood
cells (ane 1) with antibodies directed against peptidesyoelii acetyl-CoA carboxylase and lactate
dehydrogenase peptides. The lysate was resolve8O8-PAGE on a 10%A] and a 5.5% R)
acrylamide gel, transferred to nitrocellulose meanlerand probed with 2.5 pg/ml of immune or pre-
immune (negative control) antibody. Antibodies wdegected with rabbit-anti-chicken IgY antibody
conjugated to HRPO. Both lanes were loaded withiagpmately equal amounts of RBC. The position
of molecular weight standards are indicated orldgftchand panels. The arrow indicates the estimated
position of 330 kD.

A similar study to detect the presence of acetyhk@arboxylase irP. yoelitinfected mouse

RBC was carried out with FITC-conjugated avidineTignal FITC signal was low (data not
shown) but a pattern similar to anti-PyACC antilesdwas observed. Avidin alone was used
as a negative control, and no fluorescent signal @l@served in cells incubated with avidin

alone.

10z



FITC DAPI DAPI+FITC

| |
Ha1Ad 20VAd

aunwuwiald

Figure 4.6 Detection of acety-CoA carboxylase and lactate dehydrogenase using & peptide antibodie:. P. yoelitinfected mouse red blood cells
(unsynchronised) were incubated with 10 pg of BytiDH peptide IgY or anti-PyACC IgY or pre-immungYl. Antibodies were detected with FITC-
conjugated donkey anti-lgY 1gG and cells were crstééned with DAPI. Cells were viewed at 180fhagnification with a fluorescent microscope
mounted with a digital camera. Flourescent imageewaptured under UV and green filters, and psazkwith the analySIS™ software. Arrows indicate
uninfected RBC. 104



4.3 Discussion

Having shown that the parasite transcribes the mR&soding P. yoelii acetyl-CoA
carboxylase, the next step was to confirm the pEs®f the enzyme in parasite lysates. An
immunogenic peptide was chosen from the publisteeglence of. yoelii 17XNL acetyl-
CoA carboxylase as well as lactate dehydrogenastindouse” protein used as a control in
immunochemical assays. Several regions of the ipraehibiting high predicted surface
probability, hydrophilicity, antigenicity and fldxiity (Carmeneset al, 1989) were
identified. Rabbit albumin was chosen as the camiecause it has been shown in our
laboratory to induce strong immune responses iokemis resulting in the production of high

antibody titre.

The use of chickens in antibody production is veoyivenient because chickens naturally
package antibodies against an immunogen in to #ugs to protect their unhatched chicks
(Erhard and Schade, 2001; Larsson and SjoquisQ)19%erefore antibodies are extracted
from the chicken egg yolk, which is less traumébicthe birds than having to bleed them to
isolate antibodies from the serum. Chicken eggsblkve higher antibody titre than chicken
serum as a result of active transport of IgY framus into egg yolk (Larsson and Sjéquist,
1988; Larsson and Sjoquist, 1990). Chicken egg y@¥kcan retain biological activities for
several years when stored at 4°C in the presenaetiobacterial against such as sodium azide
(Goldring and Coetzer, 2003). Sometimes due toigterg freeze-thaw cycles, IgY forms
insoluble precipitates. This can be avoided byistothe antibody at —20°C in the presence of
50% glycerol (Personal observation). Antibodiesedied against plasmodial proteins have
been shown to be useful tools in characterisingmtadial kinases (Doriret al, 2005;
Merckxet al, 2003; Nunest al, 2007).

Both peptides produced peak immunogenic responselsickens between week 6 and 8 post
immunization. The free peptide was used as antigelBLISA because antibodies directed
against the carrier may produce erroneous resaltthe monitoring of the anti-peptide
antibody titres. The length of the peptides is tifduo contribute to the degree of binding.
While some studies have shown that 6 — 15-mer geptbind poorly to plastic (Muller,
1988), other studies have shown that 10 — 20-m@liges binds effectively to plastic (Davies
et al, 1987).
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Both affinity-purified anti-peptide antibodies repused the native enzyme resolved by SDS-
PAGE andin situ by immunofluorescence microscopy. This demonddrakat the anti-
peptide antibodies could recognise non-conformatiéorms of the native protein (Davies
al., 1987; Dyson and Wright, 1995). The theoreticaleaular weight of PyLDH is 34 kD but
the enzyme may form homotetrameric complexes ofaqumately 120 kD (Mentinget al,
1997; Turgut-Baliket al, 2004). The size of the protein was estimateduifeé 4.1B)
corresponds to the size of the theoretical masthefP. yoelii acetyl-CoA carboxylase.
Northern blot analysis showed similar pattern (FégB.7), suggesting that there might be a
relationship between the the proteins produced fthentranscripts. Previous studies have
shown that this diffused pattern in resolution afive Plasmodiunproteins on SDS-PAGE
gel is probably due to the size and presence diyhicharged amino acid residues common in
the Plasmodiunproteome (Mattei and Scherf, 1992a; Mattei and 8cth892b; Tebelet al.,
2000).

The apicomplexa plastid is believed to be the ceiamesponsible for fatty acid biosynthesis
since most enzymes of the Type Il fatty acid sys¢hhave apicoplast target sequences
(Gornicki, 2003; Prigget al, 2003; Ralplet al, 2004a), thus may be targeted to the plastid.
The patterns of FITC signal obatained for acetyhQarboxylase (Figure 4.6) suggest that
the enzyme is distributed within the plastid. Thias diffrent to lactate dehydrogenase, a
cytoplasmic enzyme involved in the glycolytic pattyWTomaret al, 2006; Winteret al,
2003). Using antibodies directed against a knowicogpast-targeted protein such as acyl
carrier protein for co-localisation studies (Jelenst al, 2001) may be useful in discerning
the localisation of the enzyme in Rlasmodiumparasite. The result of FITC-conjugated
avidin was expected to show a similar trend to-BgfACC antibody. This reagent will detect
other biotinylated proteins in parasite cells. Inmowprecipitation of the native acetyl-CoA
carboxylase from a parasite lysate using anti-PyAdD@bodies for activity assays was not
successful. Perhaps, using metabolically labelledtepns would yield a better result
(McCarthyet al, 1983).
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CHAPTER 5
PLASMODIUM YOELII ACETYL-COA CARBOXYLASE: CLONING, EXPRESSION
AND CHARACTERISATION OF THE BIOTINOYL DOMAIN

5.1 Introduction

One major benefit of the sequencing of fHasmodiumgenome is that several genes with or
without any annotated function can be studied lyniclg and expression of the protein
encoded by such a gerescherichia colihas proved to be a valuable tool for the cloning a
expression of recombinant proteins for structurd fimction studies aimed at novel drug
design (Makrides, 1996Plasmodiumprotein kinases (Doriret al, 2005; Merckxet al,
2003; Nune<t al, 2007), glycolytic enzymes (Brady and CamerorQ420Turgut-Baliket
al., 2004; Winteret al, 2003) and surface-related proteins (Naertral, 2001; Rodriguest
al., 2003; Wanget al, 2008) have been successfully cloned and expgtassiag thek. coli
expression system. In 2003, about 80% of the pretdeposited in the Protein Data Bank
with resolved crystal structures were expressed.ircoli due to the robustness and the
relative cost of using th&. coli expression system (Sorensen and Mortensen, 2005b).
However, not every protein has been successfulyessed irE. coli even when correctly
cloned in frame with the expression plasmid promso#ed other genetic information needed
for high level expression of the cloned gene (Fétlal, 2004; Mehlinet al, 2006; Narunet

al., 2001; Withers-Martinezt al, 1999; Zhouet al, 2004). This shortcoming is often
attributed to distinctive structural features o€ thene to be expressed and instability and
inefficiency of translation of the mRNA iB. coli. Susceptibility of the expressed protein to
proteolytic degradation by endogenous proteases impdoper folding of the expressed
protein also results in insoluble recombinant pnsteThe uniqueness of thelrich malaria
genome is thought to contribute to problems expmgs8lasmodiumproteins (Flicket al,
2004; Mehlinet al, 2006; Withers-Martineet al, 1999; Zhowet al, 2004).

There is a concerted effort to study acetyl-CoAoaylase in organisms ranging from higher
eukaryotes such as humans (Abu-Elhagal, 1995; Booneet al, 2000; Booneet al, 1999;
Munday, 2002) to lower eukaryotes such as protozzmasites (Gornicki, 2003; Zuthet
al., 1999) due to the implication of this enzyme imesity and a possible target for anti-
parasitic drugs (Blanchard and Waldrop, 1998; Tharmpd Wakil, 1988a; Thampy and
Wakil, 1988b). However, only thi. coli and yeast acetyl-CoA carboxylase crystal strusture

of various domains and subunits of the enzymeRgd et al, 2003; Athappilly and

107



Hendrickson, 1995; Cronan, 2002; Cronan and Wa|d26p2; Sheret al, 2004; Zhanget
al., 2004) have been resolved. Human acetyl-CoA cathse has been recently cloned,
expressed and characterised (Kemal, 2007) Lee et al (Leeet al, 2008) published the
structural and functional organisation of the hunwoetyl-CoA carboxyalse-2 biotinoyl
domain and it is the only eukaryotic biotinoyl damaf a multi-enzyme-domain type acetyl-
CoA carboxylase to be structurally elucidated.

The importance of carbon in energy metabolism emipba the essential function of biotin in
living systems. Biotin, also known as vitamin Hais important cofactor for several proteins
that possess diversified metabolic functions in lthieg system (Beckett, 2005; Chapman-
Smith and Cronan, 1999b; Chapman-Smith and Crdt289c; Reche and Perham, 1999). It
is required by all organisms and synthesised bytplaand most prokaryotes. Biotin-
dependent enzymes play crucial roles in energy oétan by mediating catalytic functions
in pathways such as lipogenesis, gluconeogenesisaarino-acid metabolism (Goss and
Wood, 1984). Primarily, biotin functions as an guoe of a carboxyl group in the carbon
fixation pathways of fatty acid synthesis and okmla Enzymes such as acetyl-CoA
carboxylase, pyruvate carboxylase and transcarbeggl have covalently bound biotin in
their biotin binding domains which is often refetr® as the biotin carboxyl carrier protein
(BCCP) or biotinoyl domain. A biotin ligase (EC &3.5) attaches the biotin molecule to an
g-amine of a lysine residue within a highly conseréotin binding motif (Chapman-Smitt

al., 1999). The process of covalent attachment ofotinbmolecule to a biotin-dependent
enzyme is called biotinylation. This reaction isighly conserved and a specific post/co-
translational modification (Chapman-Sméhal, 1999; Rechet al, 1998). ThePlasmodium
genome has been shown to contain biotin-dependaynees (Plasmodb database). These
inferences were made by gene annotation using aating analysis with well established
biotin-bound enzymes in organisms such as hu®aoerevisiack. coliandA. thaliana The
genomes o08. cerevisiag¢Piskur, 2001 andA. thaliana(Walbot, 2000) have been sequenced,

published and are well characterised.

There is little understanding of the fate of biotimthe Plasmodiumparasite, though the
importance of this cofactor in glucose and aminio-anetabolism is evident. The biotin
carboxylase and the carboxyl transferase domaiesw@l as subunits) of acetyl-CoA
carboxylase are entirely dependent on the biotiagldiotin carboxyl carrier protein domain
for their activities (Cronan, 2001; Goss and Wob#84; Leeet al, 2008; Solbiatiet al,
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2002). Thus, it is essential to embark on the stfdycetyl-CoA carboxylase by empirically
characterising the biotin carboxyl carrier protdomain which is conserved in evolutionary
divergent organisms. The aim of this study wastmmbinantly express the regions spanning
the biotin carboxyl carrier protein domainffyoeliil7XL acetyl-CoA carboxylase. Primers
were designed based upon the PY01695 (PlasmdBh ORF of P. yoelii yoelii 17XNL
annotated as “acetyl-CoA carboxylase 1 precurdatad”. The recombinant protein was
analysed for its potential to be biotinylatiedvivo by the expression hog, coli. Figure 5.1

is a flowchart illustrating the experimental plarsed to recombinantly express and

characteris®. yoelii17XL acetyl-CoA carboxylase biotinoyl domain.

5.2 Results

5.2.1 PCR amplification of a 1041 bp cDNA containig the biotinoyl domain of acetyl-
CoA carboxylase fromP. yodii 17XL genomic DNA

The High Fidelity™ PCR system was used to amplifg 1041 bp DNA fragment which
includes the acetyl-CoA carboxylase biotin carbaadrier protein domairPyBCCBH from

P. yoeliil7XL genomic DNA. The PyBCCP-fwd and PyBCCP-rennars with addedcaRl
andNotl restriction sitegTable 2.2) were used for this process. The nudeaequence and
the coding amino-acid sequence from the publishé@1B95 corresponding to the region
intended to be amplified from the 17XL strain af@wn in Figure 5.2. The nucleotide
sequence is approximately 1041 bp, which excludesatlditional nucleotides corresponding
to the restriction sites. The entire sequence sttamnbiotin carboxyl carrier protein domain of
P. yoeliiacetyl-CoA carboxylase with 108 and 169 amino aegldues before and after the
first and last amino acid residues of the biotirboayl carrier protein domain respectively.
The VEAMKM biotin binding motif was intended to e the centre of the 1041 bp sequence
to (i) be as far removed as possible from the Higsand GST-tag sequence on the N terminals
of the recombinant proteins and (ii) include othessible residues out side the domain that

may be vital for interaction with the biotin pratdigase and correct protein folding.
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18.8 kb partially sequenced
MALPY00458 (Chromosome 13) |

5 Biotin carboxylase BCCP r— Carboxyl transferase —; 3
| | [ | [ |\
= N !
EcR1 NoA int
(bp 2940) (bp 3982) ntron

High FidelityTM PCR amplification
from genomic DNA

Cloned into pJET1 blunt end cloning plasmid,
and subcloned into pGEX-4T-1
and pET-28a for expression

pGX-PyBCCP pT-PyBCCP

5991 bp 6410 bp

into Rosetta (DE3) pLysS

E. coli strain

pT-PyBCCP transformed
into BL21 E. co/i strain l

l pGX-PyBCCP transformed

~ 66 kD GST fusion protein ~ 45 kD His-tagged fusion protein
B e — S E—
GST-PyBCCP Hisg-PyBCCP

l

In vivo biotinylation study

Figure 5.1 Flow chart depicting the experimental @n to clone and expres®. yoelii 17XL biotin
carboxy! carrier protein domain. A region spanning the 73 amino-aditbtin carboxy! carrier
proteindomain of the multi-domain gene (PY01695) encodingoeliiacetyl-CoA carboxylase was
amplified, cloned into pJET1and subcloned into [#B8& and pGEX-4T-1 expression vectors using
the EcaRl andNot restriction sites. The numbers 2940 bp and 398mhdicate the region of the ORF
amplified for the study. The entire fragment tockened was 1041 bp.
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CATAATCAAACATATATATATACATGTATAGAAGATTCCTTAGGAACACATATGAATTTA
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N GK 1 VKYULI KDGETZKTI NZKTFTUDTD
TACATAGAAGT AGAAGCGAT GAAAATGATTATGACT TTTAAATCTACT GAAACTGGTATA
Y1 EVEAMKMI MTFIKTZSTTET G I
TTAAAGCATAAGAT GTCAGAAGGT GCTATGATAAAAATTGGTGATTTATTAGGAGT TATA
L KHKMSETGAMI KI GDLLGUVI
GAAAAGGAAAAGGATAATCAAAAT TACCAAAAT GATGATAATAATAACAAAATTATTGAT
E KEKDN NG ONY QNDUDNNNIKTI I D
TTTATTGGGCATCTAAATTTGTCAAACAAAAAT GCATATGAAT TAAACGGAACATTTGTT
F1 GHLNTLTSNIKNAYTETLNGTFV
CCAGACTTAGCAGAAGAGT CACATAAT AACGAAGT ATGCT GTAAAAACAT TGAAAAAGAA
PDLAETESHNNEVT CTC CTI KNI EKE
AAAATGGAAAACCT CAGAAAAAT TGAAGAT COGAAAAAT AATAAAAT TTATCCCACAAAA
K MENLT RIKTI EDPIEKNNIKI YPTK
CACACCAATAGAAATTCACAGGT TAATACAACAAAT GAATCAGT GTCTGTTCAAGATATA
HTNRNS SO QQVNTTNTETSVSV QDI
AAAACGGAAAATAT GAAAAAAGAT GAAAGCCAAT TTTGCACAGAAGATAAACAAATACAA
K TENMEKTEKTDTES QQFT CTETDTZ KT QI Q
AATAACCAAGT AAAT AGACGGAATAAATTGTTTTTGAAAAAAAATAAT GGAAAAAATAAC
NNQV NRRNIKTLTFTLIEKTEKNINNGTKNN
AAAAATAATATGTTTCGTTTATTTTCCCAGAAAAAT GATAATGACAGTAAAATAATAGAT
K NNMFRLTFSOQHKNUDNTDSTI KT I I D
TCGAATATAGAAAGT AACT CCAGAGAT
S NI ES N S R DT

CGCCGGCGted
Not

Figure 5.2 Nucleotide and predicted amino acid segmces of PY01695 region 2940 bp — 2982.bp
The entire region spanning the biotin carboxyl ieanprotein domain (in blue) with the biotin bindin
motif (highlighted) of PY01695 ORF of MAL00458 &% yoelii The theoretical molecular weight of
the polypeptide was deduced to be 40.6 kD. The ldawtderlined sequences were used to design the
primers. The bold nucleotide sequences are thedaideR| and Notl restriction sites. The arrows
points to the position where the restriction siguences were added. The lower case italics are
additional bases.

The PCR product was analysed by agarose gel ghbctresis (Figure 548. A DNA band
corresponding to the expected size of 1041 bp wasrged. The 850 bp DNA band in lane 2
codes forP. yoelii17XL lactate dehydrogenase (PyLDH) positive cdrdiraplified from the
same sample d?P. yoeliigenomic DNA. Prior to ligation into the pJET1 ptad, the PCR
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product was purified from the agarose gel and aealyby agarose gel electrophoresis to
ascertain the level of purity. A distinct band bétexpected size is seen (Figure 5.3). The

yield of the purified product was approximately ¢

A B

kb kb 1
10.0 10.0

6.0 6.0

4.0 4.0

2.0 2.0

1.5 1.5

1.0 1.0

0.8 0.8

0.5 0.5

Figure 5.3 PCR amplification of the PyBCCP cDNA from P. yodii genomic DNA and
purification of the PCR product. (A) Agarose gel (0.5%) analysis ByBCCP(lanel and PyLDH
DNA positive control ane 2) PCR products.B) Lane 1 is unpurified PCR product ardne 2is
purified PCR product. The approximate amount ofifipget PCR product was estimated using the
Fermentas MassRuler™ DNA ladder (Mw in pafgl

5.2.2 Cloning of thePyBCCP PCR product into pJET1™ blunt end cloning plasmid

The PCR product was ligated into pJET1™ blunt doding vector to form pJ-PyBCCP. A
blunt end cloning vector was used because the P&nent lacked T-overhangs due to the
activity of a proof reading enzyme present in thghHridelity™ PCR system. The ligation
reaction product was used to transform competebli IM109 cells and 75 colony forming
units were obtained. The presence of By BCCPinsert was established by colony PCR
using the insert primers (PyBCCP-fwd and PyBCCBH;ras well as by restriction digestion
of the plasmid isolated from a colony forming unising EcoRl and Notl restriction

endonucleases (Figure B}/



Plasmids isolated from the first colony (Figure/A.fane 1) were digested witEcaR| and
Notl either sequentially or concurrently (double diye3he restriction digestion products
were analysed by agarose gel electrophoresis @igdB). Two distinct DNA bands, one at
3 kb corresponding to the pJET1 plasmid and ancéihet kb fragment corresponding to
PyBCCP insert were obtained. ThEcoRl and Notl-restricted PyBCCP (PyBCCP gco-no)

fragment was purified from the agarose gel and @isiesiubcloning.

Figure 5.4 Confirmation of the presence of th&yBCCP insert in the plasmid of transformedE.

coli JM109 cells (A) DNA from five colonies lgnesl — 5) was amplified by PCR using thgBCCP
specific primers (PyBCCP-fwd and PyBCCP-rev). Th&b1DNA band in each of the lanes
corresponds to the amplifisldyBCCPinsert. B) Analysis of restriction endonuclease digestion of
plasmid isolated from a coloniane 1is the circular recombinant pJ-PyBCCP plasrade 2is pJ-
PyBCCP digested sequentially wittoRl andNotl, respectively andane 3is pJ-PyBCCP digested
simultaneously withEcaRl and Notl. Liner pJET1 plasmid is 3 kb in size (open arroand
PyBCCR.o-notfragment is 1041 bp in size (striped arrow). Agarooncentration was 0.5% (w/v).

5.2.3 Subcloning of thePyBCCPg.not CDNA into pET-28a and pGEX-4T-1

The pET-28a and the pGEX-4T-1 plasmids were isdlétem E. coli cells, digested with
EcoRl andNot restriction enzymes, and dephosphorylated witingh alkaline phosphatase.
Figure 5.8\ shows a single distinct band of ~ 5.5 kb (lane@&)esponding to the size of the
linear pET-28a plasmid (5.4 kb) and Figure B5.$hows a single band of ~5 kb (lane 2)
matching the size of the linear pGEX-4T-1 plasn® (kb). The three bands observed in the
lane resolving the circular plasmids (lane 1) dne toiled, super coiled and nicked
conformations. Approximately 1 pug/ml of pET-28a abd5 pg/ml of pGEX-4T-1 were

obtained.
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Figure 5.5 Isolation, restriction digestion and puification of expression plasmidspET-28a A)
and pGEX-4T-1 B) before [ane 1) and after lane 2 double restriction digestion witBcoRIl and
Notl.

PyBCCRo-notWas ligated into pET-28a and pGEX-4T-1 to prodpdePyBCCP and pGX-
PyBCCP correspondingly. The recombinant pT-PyBCG® pGX-PyBCCP plasmids were
transformed intde. coli IM109 cells for propagation of the plasmid. AltgbuJM109 is an
expression host for pGEX-4T-1, the protease-dafidie coliBL21 was subsequently used as
the expression host. Approximately 100 colony fomgniunits were obtained after
transformation. A few of the colonies were screefedhe presence of theyBCCPgco-not
insert by restriction digestion as well as by PGig the PyBCCP-fwd and PyBCCP-rev
primers and analysed by agarose gel electropho(&sigire 5.6). In Figure 54 the
restriction digestion withecoR|I yielded an intense DNA band with an estimatex sif 6.5
kb (lane 2). This size corresponds to the sum efsthes of pET-28a (5.3 kb) and the size of
the clonedPyBCCRo-not (~1 kb). Double digestion witkcoRl andNotl yielded two DNA
bands at 5.5 kb and 1 kb (lane 3), thus confirnivggpresence of the clon@®YBCCRco-not
The PCR amplification confirmed the presence oflttkd PyBCCR¢o-not(laNE 4).
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Similar results were obtained when plasmids isdl&tem anE. coli colony transformed with
pGX-PyBCCP were analysed for the presence of theed PyBCCRo-not (Figure 5.6).
Digestion of the plasmid witkcoRI resulted in a single DNA band with an approxiensize

of 6 kb being the sum of 1 kb clon®yBCCPand 4.9 kb plasmid (lane 2). Double digestion
with EcoRl andNotl produced a 1 kb insert and the plasmid that négrat 5 kb (lane 3).
The amplified PCR product also migrated at 1 kim€ld). The results indicated that the

recombinant plasmids contained the cloRg8CCR.c,.notiNSETT.

Figure 5.6 Agarose gel analysis of the subcloned BfBCCPgq.no insert in pET-28a and pGEX-
4T-1 vectors E. coli transformed with pT-PyBCCPA] and pGX-PyBCCPR) were cultured and
plasmids isolatedLane 1 circular recombinant plasmidane 2 EcdRl-restricted plasmidlane 3
EcdRl and Notl-double restricted plasmidane 4 PCR product of the plasmid amplified with
PyBCCPsequence primers.

5.2.4 Sequencing of the pT-PyBCCP and the pGX-PyBexpression plasmids

To establish that theyBCCR.-notinSert cloned into the expression vector was éngioper
reading frame, the recombinant plasmids were sasakeusing vector-specific primers (Table
2.2). Figure 5.7 illustrates the expression plasmo@hstructs showing details of the

positioning of the sequencing primers with resgedhe clonedPyBCCRo-not The priming
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positions of the pET-28a sequencing primers (~d®and ~ 98 bp from thEcdRlI site and
theNotl site, respectivelyjesulted in sequence data that included the stddrg stop codon,
the N- and C-terminal poly-His tag, the T7 tag dénel clonedPyBCCPas shown in Figure
5.7A. There was a small overlap in the sequences @uatdiom both primers as ~ 800 bp was
sequenced from both directions. The priming pas#iof the pGEX-4T-1 sequencing primers
(~ 188 bp and ~ 81 bp from tHecdRl site and theNotl site, respectivelyyesulted in
sequence data that included a portion of the G§Bagquence and the stop codon as shown in
Figure 5.B. There was greater overlap between the two segadfmrward and reverse) than
that obtained for the pT-PyBCCP construct.

The nucleotide sequences corresponding to the fdnaad the reverse directions of the
sequencing data were merged into a single sequkatwas translated into the coding amino
acid sequence and aligned with the theoretical esezpi (Figure 5.2) using the ClustalW™
algorithm (Figure 5.8). The sequencing data shothatl the VEAMKM biotin attachment
motif in the 17XL strain oP. yoeliiwas 100% identical in all publishédasmodiumacetyl-
CoA carboxylase biotinoyl domain biotin binding ni®tas well as thé&. coli BCCP biotin
binding motif. Eight amino acids outside the biotth domain were consistent in both
constructs and different from the published seqeefitiese differences may be due to the

different strain used for sequencing.

5.2.5In vitro biotinylation of rabbit albumin as a positive control in avidin-biotin assays
Rabbit albumin was biotinylated for use as a canteHydroxysuccinimide-biotin (NHS-
biotin) was reacted with rabbit albumin, to fornstable amide bond between tiwysine
residues on the rabbit albumin and the carboxyta dunctional group on the biotin
molecule. The biotin-rabbit albumin complex wasaeped from unreacted NHS-biotin and
NHS ester reaction product by size exclusion chtography. Figure 58 shows the elution
profile of the purification of biotin-rabbit albumicomplex. Two distinct peaks were
observed; the first peak corresponds to the biatirbit albumin complex and the second peak
corresponds to the unreacted NHS-biotin. Proteinsing in Peak 1 (Figure 549 were
resolved along side unbiotinylated rabbit albumim @ 10% acrylamide gel. Following
transfer of the protein to a nitrocellulose membrahe presence of biotin bound to the rabbit
albumin was confirmed by avidin-peroxidase and byaati-biotin monoclonal antibody.
Figures 5.8 andC illustrate the results of the SDS-PAGE of the gid that eluted in Peak

1 and the Western blot analysis using the avidipydase detection system. The protein
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band in lane 2 corresponding to the eluted protemgrated the same distance as the
unbiotinylated rabbit albumin (~ 57.7 kD). The thetecal mass of rabbit albumin used for
this study is 62.8 kD. However, in a non-reducim®SSPAGE gel, the biotin-rabbit albumin
complex resolved at 66.2 kD while the unbiotinytht@bbit albumin resolved at 63.1 kD
(results not shown), closer to the theoretical m@ike Western blot using avidin-peroxidase
showed the presence of biotin bound to rabbit albumolecule by detecting a band of

approximately 57.7 kD in lane 2, which containstenus eluting in Peak 1.

A

Fwd Start EcoRl Not Stop  Rev

l

] \ 4 A 4 ]
> 2l 5 i +—3
bp 1404 ' 1314 1207 166 124 68

~800 b
B > ~800 b
... TBOODY ]
B
Start FwdEcaRlI Not  Stop Rev

—) ( 4=
SN\Nam 3

bp 258 869 399 1980: 1991 2061

Figure 5.7 Schematic illustration of the sequencingrimer positions with respect to the cloned
PYyBCCPgonot- (A) pT-PYBCCP construct showing the ORF (bp 124 -4)3the clonedPyBCCP
(striped box), the N- and C-terminal poly-His tagsjion (H), the T7 tag position (T) and the pasiti

of the sequencing primers (bold arrowd}) pGX-PyBCCP construct showing the ORF (bp 258 —
1991), the clonedPyBCCP (striped box),GSTgene (open box) and the position of the sequencing
primers (bold arrows). The two sequencing diredifroken arrows) illustrate the degree of overlap
in the sequencing data.
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Figure 5.8 ClustalW™ alignments of the sequenced pT-PyBCCP and pGX-PYECP with the
amino acid sequence fromP. yodii 17XNL obtained from the Plasmodb database(A) pT-
PyBCCP expression construct. The poly-His-tag anfh-PyBCCP is double underlineB) (pGX-
PyBCCP expression construct. For both panels, ithtenilation motif is highlighted and the biotin
carboxyl carrier protein domain is in bold casédicates 100% conserved amino acid residue.

11¢



Peak 1 Peak 2

I I
2
' !
e 1.5
c
S 1
(9V]
< 05
0 1 1 T T T T I I I
0O 5 10 15 20 25 30 35 40 45 50
Elution volume (ml)
B C
Mw 1 2 Mw 1 2
kD kD
116.0
116.0
66.2 - 66.2
45.0 45.0
35.0 35.0
25.0 25.0
18.4 18.4

Figure 5.9 In vitro biotinylation of rabbit albumin using NHS-biotin. Rabbit albumin was
reacted with NHS-biotin and the reaction producs warified over a Sephadex-G25 size exclusion
chromatography matrixAj The elution profile of the purification procesghe arrows indicate
peaks corresponding to the region of the profilhwignificantly high absorbance at 280 ni) (
Proteins eluting at peak 1 were resolved by redudi®® SDS-PAGElane lis unbiotinylated
rabbit albumin andane 2is biotinylated rabbit albumin that eluted in pebk(C) The resolved
proteins were transferred onto a nitrocellulose brame and probed for the presence on biotin
with avidin-peroxidase conjugateanes 1land2 in PanelC correspond to those in Paril

5.2.6 Expression of recombinant HisPyBCCP and GST-PyBCCP

RecombinantP. yoelii biotinoyl protein (PyBCCP) was expressed at 37°C % by
induction with 0.5 mM IPTG as a His-tagged (¢#/BCCP) or GST-tagged (GST-PyBCCP)
fusion protein irE. coliin the presence or absence of 0.2 mM D-biotin. &@ession media
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was supplemented with biotin to establish whetheereal biotin is needed for tha vivo
biotinylation of the expressed protein by #aecoli host. The total cell protein was analysed
for the presence of recombinantly expressed preteinSDS-PAGE as well as by Western
blot using anti-His-tag antibody to detect HByBCCP and biotinylated-anti-GST antibody
to detect GST-PyBCCP.

HissPyBCCP was expressed as a 50 kD proteiB.icoli cells induced with IPTG and was
not prominent in lanes containing cell proteinsrfraninduced cells or cells expressing the
parent plasmid (Figure 5.10). The supplementatiotih@ expression medium with biotin did
not appear to alter the expression ofFIBCCP. The size of the expressedsPy&8CCP
was 5 kD more than the theoretical mass (~ 45 k&juded using the ProtParam™ online
tool (www.expasy.org). The 50 kD protein band corgd poly-His tag as it was detected by
anti-His tag antibody (Figure 5.BQ The anti-His-tag antibody also detected some minor
protein bands below the 50 kD protein band in laieesnduced cells. These minor protein
bands may be degraded or truncated products oHis®yBCCP. No His-tagged proteins
were detected in lanes containing proteins fronmdunced cells or cells expressing the parent

plasmid (lanes 1 and 2).

Figure 5.11 illustrates the results of GST-PyBCG#®ression in IPTG-induced/uninduced
cells with or without D-biotin supplementation. GEYBCCP migrated as a 66 kD protein
band that appears to have co-migrated witlEacoli protein. It is more prominent in lysates
from cells induced with IPTG than in uninduced selThe mass of the band corresponds to
the sum of mass of the GST tag (26 kD) and therétieal mass of the PyBCCP (40.5 kD)
using ProParam™ (www.expasy.org). A 26 kD proteamdy which is prominent in induced
cells expressing the parent vector (pGEX-4T-1),clwhéorresponds to the GST-tag. This
26 kD band was also observed in uninduced cellgesimmg basal expression of GST due to a

possible leakyP,c promoter (Makrides, 1996).

The expression of GST-PyBCCP was further confirnbgdWestern blot analysis using
biotinylated anti-GST-antibody. A band at 66 kDsy@mominent in lanes containing proteins
from IPTG-induced cells as well as some minor badmlsw the 66 kD band, synonymous
with Hiss-PyBCCP expression. These minor bands may be dedyi@$T-PyBCCP in view
of the fact that they were detected by the biotited anti-GST antibody.
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Figure 5.10 Analysis of His-PyBCCP expressiol (A) SDS-PAGE (10%) analysis of total cell
lysate fromE. coli Rosetta (DE3) PLysS cells induced with IPTG (+uomnduced (=), with (+) or
without (=) biotin supplementatiohanes land2 contain proteins from cells expressing the parent
pET-28a plasmid anthnes 3— 6 contain proteins from cells expressing the recouui pT-
PyBCCP plasmid.R) Western blot analysis of the resolved proteingesponding to Panél,
probed with anti-His-tag antibody, followed by gaatti-mouse-lgG-peroxidase. Filled arrows
indicate the expressed recombinant protein whitriped arrow indicates a minor protein band
detected by the anti-His-tag antibody.

121



N
w
N
»

Mw 1
A IPTG + — — + — +
Biotin — - — — + +

kD
116.0|

66.2

]

45.0
35.0

I

0
AT

]

25.0

!

i
B

B

e

gl |

18.4

w
<
=
N
w
N
(6]

IPTG
Biotin

I+~
|

|
|+
+
+ +

kD
116.0}-

66.2 *

45.0
35.0

/N |

25.0

R T aeells W, e S
18.4 P

Figure 5.11 Analysis of GST-PyBCCP expressiol. (A) SDS-PAGE (10%) analysis of total cell
lysate fromE. coli BL21 cells induced with IPTG (+) or uninduced (®jith (+) or without (=)
biotin supplementatiorLanes 1land2 contain proteins from cells expressing the pap&EX-4T-

1 plasmid andanes 3— 6 contain proteins from cells expressing the recoanti pGX-PyBCCP
plasmid. B) Western blot analysis of the resolved proteinsesponding to Pand, probed with
biotinylated anti-GST antibody, followed by avidberoxidase. Filled arrows indicate the
expressed recombinant protein, open arrows indic@&-tag and striped arrows indicate minor
protein bands detected by the biotinylated anti-@8fibody.
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The 26 kD GST was also detected in cells expres#iegparent plasmid. There were
conspicuous 22 kD protein bands detected in allldhes by the avidin-peroxidase probe.
These bands may be a biotinylatdcoli protein, possibly the biotin carboxyl carrier iot
subunit of theE. coli acetyl-CoA carboxylase, which has a theoreticatsmaf 18.8 kD but
due to its high alanine content, the protein hank&hown to migrate higher than its actual
mass in an acrylamide gel (Cronan, 2001; Crona®2R0rhe band slightly below 18.4 kD is
the dye front.

5.2.7 Expression of the N-terminal region of putatie P. yoelii copper transporter

The N-terminal region of a hypotheticBl yoelii surface related protein (PY00413) was
expressed as a GST-fusion protein (GST-PyCTRN&.ircoli BL21 strain (Choveaux and
Goldring, unpublished). This was carried out asgative control in the study of tle vivo
biotinylation to establish that the biotinylatioh ByBCCP byE. coli was specific owing to
the presence of the biotinylation motif (VEAMKM) vwdh is absent in the hypotheticBl
yoelii surface related protein. This protein was pretevecause it originates from yoelii
and contains 14 lysine residues. The amino-acidiesatg of the expressed region of the
protein is shown in Figure 5.12 (lysine residuebatd). The total cell protein was analysed
for the expression of GST-PyCTRNt by SDS-PAGE adl we by Western blot using
biotinylated anti-GST antibody.

MNI VKT T YT VLI I NSLFVVNVNCESNDONDGT TSNKKNTGCCGGTNKPLP
SVNKPLKSCCSDKQSGDDECKPI LDLNHI GSKGKNKI PFI YKCCI NHDI Y
ESI | NEHFSEENQSNT TGGPEKL NMVMIGNL SMPVBFONTTHT | LFKFWE

Figure 5.12 Predicted amino as sequence of PyCTRNt

Figure 5.13 shows SDS-PAGE and Western blot armlgbiGST-PyCTRNt expression in
induced/uninduced cells in the presence or absafnbebiotin. GST-PyCTRNt migrated as a
40 kD protein band, which was prominent in the faocentaining proteins from induced cells.
The 40 kD protein is equivalent to the sum of tI&TGag (26 kD) and the PyCTRNt (17 kD)
sequence.
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Figure 5.1% Analysis of GST-PyCTRNt expressior in BL21 cells. (A) SDS-PAGE (10%)
analysis of total cell lysate frof. coli BL21 cells induced with IPTG (+) or uninduced (wjth

(+) or without (=) biotin supplementatiobhanes land2 contain proteins from cells expressing the
parent pGEX-4T-1 plasmid a@nes 3— 6 contain proteins from cells expressing the recoiaui
PyCTRNt-pGEX-4T-1plasmid B) Western blot analysis of the resolved proteinsesponding to
PanelA, probed with biotinylated anti-GST antibody, falled by avidin-peroxidase. Filled arrows
indicate the expressed recombinant protein and apews indicate GST-tag.
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In cells expressing the parent vector (pGEX-4Tdl)prominent 26 kD protein band was
observed in the induced cells, which correspondbh@oGST tag. Basal expression of GST
was also observed in uninduced cells. ExpressiorG8T-PyCTRNt was confirmed by
Western blot analysis using biotinylated anti-GS$itiody. A band at 40 kD was prominent
in lanes containing proteins from IPTG-induced<e€llhe 26 kD GST was detected in lysates
of cells expressing the parent plasmid. SimilaFigure 5.1B, 22 kDbands were detected in

all lanes by the avidin-peroxidase secondary probe.

5.2.8 Analysis ofin vivo biotinylation of recombinant P. yodlii biotinoyl

To confirm that the expressed recombinant GST-PyBCé&nhd HigPyBCCP were
biotinylated by the host cell, the total proteincedls induced or not induced with or without
D-biotin supplementation was resolved by SDS-PAGH dlotted onto nitrocellulose
membrane. The membrane was probed with avidin-j@ae® or anti-biotin antibody for the
presence of biotin. Free avidin and biotin wer@iporated into the assay reagents to block
the biotin sites on proteins blotted onto the meambror inhibit the binding of avidin-

peroxidase and anti-biotin antibody to the biotatgtl proteins as negative controls.

Recombinant HisPyBCCP expressed ifE. coli resulted in the biotinylation of the
recombinant protein as observed by a 50 kD majotepr band and some minor bands less
than 50 kD in lanes resolving total cell proteinsni IPTG-induced cells (Figure 5.14), the
same as Figure 5.10. AB. coli protein at ~ 22 kD and a protein band less thad kB
(migrating with the dye front) were also detectgdthe avidin-peroxidase and anti-biotin
antibody probes in all lanes. The supplementatibr®.2 mM D-biotin to the expression
medium appeared not to have a contribution toiheivo biotinylation of the recombinant
Hiss-PyBCCP. Incorporating free avidin or biotin inteetassay system appeared to inhibit the

detection of biotinylated proteins on the membrane.

The avidin-peroxidase and the anti-biotin antibdzbth detected protein bands at 66 kD
corresponding to GST-PyBCCP as well as some mirand$ less that 66 kD in lanes
containing lysates from induced IPTG cells (Figbré5). However a faint 66 kD protein
band was detected in the uninduced lanes possu#yta basal transcription as observed in
the anti-GST blot (Figures 5.11 and 5.13). The R2bkotinylatedE. coli protein as well as
the protein band co-migrating with the dye-front revealso detected in all lanes.

Supplementing the expression medium with 0.2 mMi@ub did not have any visible
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enhancement of the biotinylation of GST-PyBCCP gy E. coli BL21 strain. The presence
of free avidin or biotin in the assay medium contgdieabolished the interaction between the
biotinylated proteins on the membrane and the aypeiroxidase or the anti-biotin antibody
probes. Once again this suggested that there veasfisply towards the biotin bound to the

resolved and blotted proteins.

The biotinylation carried out by the expresskgcoli host was shown to be specific to the
presence of the VEAMKM biotinylation motif, whicls not present in PyCTRNt. Total cell
proteins fromE. coli BL21 cells expressing the recombinant GST-PyCTR\duced with
IPTG or not induced, with or without biotin supplentation, were resolved by SDS-PAGE,
blotted onto a nitrocellulose membrane and probéith avidin-peroxidase or anti-biotin
antibody. Figure 5.16 shows that no protein bandeevdetected at 40 kD corresponding to
the GST-PyCTRNt recombinant fusion protein in lawesitaining proteins from induced
cells. Supplementing the culture with external ibiodid not result in any form of
biotinylation of the recombinant PyCTRNt. Synonyrmawith previous results (Figures 5.11
and 5.13), a biotinylated. coli protein of 22 kD was detected in all lanes. Thsults
therefore support the assumption that the biottigdaof the recombinant HiPyBCCP and
GST-PyBCCP byE. coli biotin protein ligase was specific and due to pinesence of the

biotinylation motif found on the recombinant proiei

5.2.9 Large scale expression, purification and refding of Hise-PyBCCP

In order to obtain a sizable amount of the recomufiinHig-PyBCCP to be used for
oligomerisation studies, expression of ¢#/BCCP was carried out on a larger scale. A
culture (4.5 L) ofE. coli cells expressing HislPyBCCP was induced with 0.5 mM IPTG for
5h at 37°C. HigPyBCCP proteins in the inclusion bodies were sapdr with an
immobilised-cobalt affinity matrix under denaturiegnditions. Figure 5.1 illustrates the
SDS-PAGE analysis of the purification profile ofsiPyBCCP under denaturing conditions.
Lane 1 is the insoluble fraction that was subsetygmrified over the immobilised-cobalt
affinity matrix and lane 2 contains the supernatahtthe 2 M urea wash step prior to
guanidine solubilisation (see Section 2.6.2). It ba seen that the prominent band at 50 kD
corresponding to the expressed protein was predontiinin the insoluble fraction and was
not solubilised by the 2 M urea wash solution. lsaBe- 5 contain no visible protein bands

from the wash steps after binding to the immobhilisebalt affinity matrix (prior to elution).
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Figure 5.14 Analysi: of thein vivo biotinylation of Hise-PyBCCP. Total cell lysate fronk. coli cells expressing HisPyBCCP induced with IPTG (+) or
uninduced (=), in the presence (+) or absence f(bjatin, was resolved by SDS-PAGE (10%), blottedeaonitrocellulose membrane and probed with
avidin-peroxidase aloné\J or incubated with free avidin followed by avidseroxidase conjugat®) or incubated with avidin-peroxidase conjugatéhim
presence of free biotirCj.
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Figure 5.15 Analysis of then vivo biotinylation of GST-PyBCCP. Total cell proteins fronk. coli cells expressing GST-PyBCCP induced with IPTGof+)
uninduced (-), in the presence (+) or absencef(bjodin, was resolved by SDS-PAGE (10%), blottedeonitrocellulose membrane and probed with avidin-
peroxidase conjugate alon®) (or incubated with free avidin followed by avidieroxidase conjugat®) or incubated with avidin-peroxidase conjugatéhim

presence of free biotirCy.
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Figure 5.16 Analysi: of the in vivo biotinylation of GST-PyCTRNt. Total cell lysate fronE.
coli cells expressing GST-PyCTRNt induced with IPTG @#)uninduced (=), in the presence (+)
or absence (-) of biotin, was resolved by SDS-PABPAb), blotted on a nitrocellulose membrane
and probed with avidin-peroxidase conjugate.

Lane 6 contains proteins eluted with 1 M imidazal& M urea buffer. The dominant protein
band in lane 6 matches the 50 kD band in lane fesponding to the recombinant His
PyBCCP. Proteins that did not bind to the immobdisobalt affinity matrix (before the wash
steps) were not resolved on the acrylamide gelusecguanidine forms an insoluble complex
with SDS in the treatment buffer. Figure SBlillustrates the SDS-PAGE analysis of the
purification profile of Hig-PyBCCP under native conditions using the solulskctfon
obtained from cell culture (500 ml) induced wittb @M IPTG (16 h, 18°C). This condition
was not used because the level of expression was than 100-fold less compared to
expression at 37°C, though the expression at 188Glted in recombinant proteins being in
the soluble fraction. Figure 5.B7also demonstrated that BHBYBCCP expressed at 18°C

was capable of binding to the immobilised-cobdinél matrix.

The purified Hig-PyBCCP was renatured by a series of dialysis stag@snst decreasing
concentrations of urea in 20 mM Tris-HCI buffer. At5 M urea, part of the protein
precipitated out of the solution. Thus, some of tbeombinant protein was lost during the

refolding process. The insoluble protein and thelded protein were resolved along side
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each other on 10% SDS-PAGE (Figure 5.18). The t®slowed that part of the refolded
protein formed precipitates; however, a substambunt of the recombinant protein was
renatured and solubilised. Approximately 10 mgesfombinant purified recombinant protein

per litre of culture was obtained.
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Figure 5.17 Immobilised-cobalt affinity purification of His -PyBCCP. The purification profile
of recombinant HisPyBCCP was analysed by SDS-PAGA) Under denaturing conditions (10%
acrylamide gel)Lane 1 insoluble fractionjanes 2 — 5wash stepstane § elution with 1 M
imidazole. B) Under native condition (12.5% acrylamide géBne 1 soluble fraction of the cell
lysate;lane 2 flow through fractionjanes 3and4 first and second wash steps, respectivialye 5
and6, elution with 50 mM and 250 mM imidazole respeetjn
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Figure 5.1¢ Refolding of immobilisec-cobalt affinity purified -Hise-PyBCCP. The refolding of
the purified recombinant Hig?yBCCP was resolved by SDS-PAGE (10%ane 1 starting
material;lane 2 precipitated productane 3 solubilised recombinant protein.

The refolded protein was analysed by non-reduciB&-BPAGE (10%) to ascertain if the
recombinant protein formed oligomer in the abseoic@-mercaptoethanol or DTT (Figure
5.19). The result showed that the recombinant prodéd not form a defined quaternary
structure but rather aggregated and did not resnoltiee running gel (lane 2) when compared

to the reduced recombinant protein sample (lane 1).

Mw 1

116.0
66.2

45.0

35.0

25.0

18.4

Figure 5.19 SD-PAGE analysis of the oligomeriséion of Hise-PyBCCP. Purified and refolded
His6-PyBCCP was treated with reduced witmercpatoethanollgne 1) or not reducedldne 2
and resolved by SDS-PAGE (10%).
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A similar result was obtained when the acrylamidacentration was reduced to 5.5%, low
enough to resolve proteins between 45 kD and 35Qr&Bult not shown). There is no data
that suggests the precise size of the polymerio foir acetyl-CoA carboxylase. Probably, the
aghregation of the recombinant protein may be dube presence of cystine residues, which

is reduced in the presencepamercaptoethanol.

5.3 Discussion

Biotin dependent enzymes such as carboxylases aoarlibxylases in several organisms
ranging from prokaryotes to higher eukaryotes arengly conserved proteins (Athappilly
and Hendrickson, 1995; Gornicki and Haselkorn, 1993et al, 2006; Reche and Perham,
1999) with a common MKM biotin binding motif (Chapm-Smith and Cronan, 1999a;
Chapman-Smith and Cronan, 1999c; Reehal, 1998). The interest in understanding the
involvement of the biotin-dependent acetyl-CoA carfdase inP. yoelii led us to clone,
express and analyse the recombirfanyoelii biotinoyl proteins as GST-PyBCCP and #is
PyBCCP fusion proteins. The fusion protein was eggped irE. coli under the assumption
that theE. coli biotin protein ligase would biotinylate the recomdmt proteins (Chapman-
Smith et al, 1999; Chapman-Smitét al, 2001; Polyaket al, 2001; Solbiatiet al, 2002).
Comparative sequence analysis of the enzyme re/daepresence of a biotin-binding motif,
VEAMKM, within the biotinoyl domain ofPlasmodiumacetyl-CoA carboxylase. This motif
is 100% identical to th&. coli biotinoyl protein subunit of acetyl-CoA carboxy#afCronan,
2001; Cronan, 2002; Cronan and Waldrop, 2002).

The recognition by a biotin protein ligase of atinalependent protein, such as the biotinoyl
domain of acetyl-CoA carboxylase, is thought toolwe residues that are outside the biotin-
binding motif (Chapman-Smith and Cronan, 1999c; fman-Smithet al, 1999; Polyalket
al., 2001, Solbiatet al, 2002). Therefore, it was important to considaresal factors relating
to the molecular structure and the dynamics of pghatein such as (i) the folding of the
recombinant protein expressed in a heterologousmsyéi) the orientation of the VEAMKM
motif on the surface for proper recognition by Ehecoli biotin protein ligase (BirA) will be
vital for the recombinant protein to be biotinyldtend (iii) the role played by some residues
that are far removed from the VEAMKM motif but arery crucial in the recognition by the
biotin protein ligase. Previous studies®ncoli BCCP have shown that the extent to which a
truncated BCCP is biotinylated depends on the nurob@mino acid residues flanking the
MKM motif (Beckettet al, 1999).



With these factors in mind, a region between 32306 bp flanking the 219 bp biotinoyl
domain was cloned and expressed, thus resultirggprotein with 108 and 169 amino acid
residues upstream and downstream of the biotinoyhain. This stretch of amino acid
residues outside the domain was hoped to ensurectdolding of the recombinant proteins.
The presence of the highly charged poly-histiding &nd the GST-tag on the recombinant
proteins are likely to hinder the activity of tle coli biotin protein ligase. Studies have
shown that regardless of the fact that BirA recegsithe consensus MKM motif, the
recognition is based on the context of a propeasigied protein (Chapman-Smith and Cronan,
1999b; Chapman-Smith and Cronan, 1999c; ChapmathiSehial, 1999; Streaker and
Beckett, 1999). Therefore, it is possible that iogar folding of the recombinant protein may
result in poor biotin attachment by BirA, which megmpromise the study. Sequencing the
recombinant genes from the expression plasmidsrooed the sequence of the recombinant
genes. Two expression systems were chosen fostilnily to affirm that the biotinylation of
the recombinant protein is independent of expressistem. Studies have shown that the
presence of enhancement tags such as MBP, polgfdisSST often do not alter the activity
of the recombinanPlasmodiumproteins (Flicket al, 2004; Mehlinet al, 2006; Pandegt

al., 2006).

Both recombinant proteins were found to be ins@when expressed at 37°C. Changing the
expression temperature to 20°C produced small arsadrsoluble recombinant poly-His-tag
protein product. In both systems, truncated pralwsre obtained. This may be due to the
nature of the gene transcript products and theilibabf the E. coli gene transcriptional
system to properly transcribe the cloned gene (Makr 1996; Mehliret al., 2006; Sorensen
and Mortensen, 2005a). The truncations may alsashe result of proteolytic degradation of
the recombinant protein. Efforts to express thegimoas an MBP-fusion protein were not
successful. Generally, studies have shown Btasmodiurderived proteins are difficult to
express heterologously i&. coli and mostPlasmodiumproteins expressed if. coli are
insoluble (Flicket al, 2004; Mehlinet al, 2006) and often truncated. These pitfalls are
sometimes related to the property of the proterhsas the isoelectric point pH (pl) or the
gene composition (GC/AT ratio) of the recombinardnscript (Mehlinet al, 2006).
However, the theoretical pl of the recombinant @ireg (6.73 and 6.20 for Hi®yBCCP and
GST-PyBCCP, respectively) are within the range {368) that expressed as soluble proteins
based on the study by Mehk al, (2006).
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Due to long stretches oA or T nucleotides in thePlasmodiumgene, expression of
Plasmodiumproteins inE. coli often prove to be difficult. Th&@ YBCCPgene product has
76% AT content, with approximately 15 stretchesA®AAAand six stretches afTTTin its
sequence. The use of Rosetta (DE3) pLEs®oli strain that expresses the tRNAs for rare
codons not highly used I#. coli did not prevent the truncation of the recombirfanyoelii
biotinoyl protein. Although some studies have shaatE. coli strains engineered to express
the rare codons improve the quality of the recombirplasmodial proteins (Baca and Hol,
2000). These truncations appeared to have occaitréise C-terminal region of the protein
judging by the patterns obtained when using anfl-@8tibody for detection. However, it is
not known whether the truncation was as a resuirars in transcription of the recombinant
gene or post-translational proteolysis of the protdhis question may be answered by
analysis of the mRNA transcript of the recombingahe in the expressing. coli cells;

though this was not within the scope of this study.

The focus of this study was to establish the presesi biotin in the recombinant proteins.
There are no reports on enzymatic cleavage ofittsmbnoiety from the biotinylated protein,
and studies have shown that biotinylated biotimieaprotein is quite resistant to proteolytic
degradation (Solbiatet al, 2002). The presence of biotin on the recombinaotein was
established in both GST-fusion and poly-His tagorebinantP. yoelii biotinoyl proteins
using peroxidase-conjugated avidin. This suggdwis the recombinant protein folds into a

conformation that is recognised by tBecoli BirA.

This is in contrast to an earlier study done byel€het al, 2001) on the expression Af
thaliana biotinoyl protein subunit of acetyl-CoA carboxylage remarkable increase in the
biotinylation of the recombinant protein was obgehafter the medium was supplemented
with external D-biotin. Theleet al., (2001) did not correlate the difference betwé&ercoli
andA. thalianabiotin binding motifs as the probable cause of glber biotinylation of the
recombinantA. thaliana biotin carboxyl carrier protein. The consensus ifniot several
organisms is MKM (Chapman-Smith and Cronan, 1998 rate of biotinylation by thE.
coli BirA correlates to the composition of residues ambthe biotinylation motif (Leet al,
2008). Replacing the residues around the MKM cosisemotif in human biotinoyl protein

with the E. coli sequence improved the activity of the mutant pnotempared to the wild
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type (Leeet al, 2008). This observation may explain why expregsecombinanP. yoelii

biotinoyl proteins irE. coliresulted in the biotinylation of the recombinardtpin.

The specificity of the biotinylation of the recombnt P. yoelii biotinoyl proteins was
confirmed when theP. yoelii copper transport protein (PyCTRNt) was not bidatsd.
PyCTRNt lacked the biotin attachment motif (VEAMKMNd contains 14 lysine residues
that could have been biotinylated if the biotingatprocess was not specific. The observed
biotinylation of the recombinan®. yoelii biotinoyl proteins may be further validated by
expressing th®. yoeliibiotinoyl protein in a BirA-deficient strain &. coli (Chapman-Smith

et al, 1994). Inhibitors of biotin synthesis pathwayhacteria may also be useful tools in
validating this observation. Anti-biotin antibodysed as a second detecting agent also
confirmed the result from avidin-peroxidase detattiHowever, the results were not included
due to some non-specific detectioneofcoli proteins by the anti-biotin antibody from mouse

ascites fluid.

One interesting question raised by this study iseDthe rate at which tHe. coli biotin
biosynthesis and BirA match the rate of recombinamotein synthesis? Theoretically it is
thought that IPTG and chloramphenicol reduce thastription of theée. coli chromosomal
genes (Balbas and Bdélivar, 1990; Balledsl, 1986). But it appeared that tBe coli biotin
biosynthesis and BirA may have been active in tbealent attachment of biotin on the
recombinant protein. ThE. coli biotin operon contains five structural chromosomahes
that are involved in the synthesis of biotin; thiie synthesis of biotin i&. coliis a tightly
regulated process (Chapman-Smith and Cronan, 19®aaker and Beckett, 2006). The
transcription of these genes are under controhtsac¢ellular biotin-5-AMP, BirA and the
biotin acceptor substrate (Chapman-Smith and Crot@®9a; Chapman-Smitt al, 1999).
Overproduction of BirA results in the repressiortlod biotin operon by BirA (a bifunctional
enzyme). On the other hand, over production ofitgt protein results in the derepression of
the biotin operon (Chapman-Smith and Cronan, 19%8xhe, 2000). In this contef.
yoelii-biotinoyl protein is one of the biotin acceptor lewules, the other being the coli

biotinoyl protein as the only biotinylatéfl coli protein (Chapman-Smitét al, 2001).

The over expression of the recombinant proteins haag had a direct influence on the biotin
operon, therefore leading to the derepressionebieron and consequently biotinylation of

the recombinant proteins. In order to be a molecsknsor of the biotin operon, the
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recombinant biotinoyl proteins must have a stradteonformation recognised by the BirA
(Chapman-Smith and Cronan, 1999a; Chapman-SmithCaadan, 1999c). This is because
the process of biotinylation occurs post-transtetlty within the context of a proper folded
protein domain (Chapman-Smith and Cronan, 1999@réfore the tertiary conformation of
P. yoelii biotinoyl protein may be vital for the recognitiaf the biotin protein ligase. This
suggests that the recombinant proteins may have balded into a proper structured
conformation prior to their transformation into lmsion bodies. The interaction between
BirA and its biotin-dependent substrates have leshstudied (Chapman-Smitt al, 1999;
Reche and Perham, 1999). The three dimensionatsteuofP. yoeliibiotinoyl protein with

regards to interaction with BirA will be discussedietail in the Chapter 6.

Bacteria, plants and some fungi have the abilitgytathesize biotin used for the modification
of biotin-dependent enzymes in these organismsl@vahd Kappes, 2007). Yeasts suclsas
pombeandS. cerevisiaelo have the ability to transports biotin acrossrticell membrane
from the surrounding medium. Biotin dependent ereymepend on biotin protein ligase for
activity (Knowles, 1989). A BLAST search of thHe falciparum genome and the other
Plasmodiumgenomes using biotin synthase from bacteria aadtplreveals that the parasite
lacks the gene that codes for biotin synthesis.ti@smodiunspecies encode two copies of
biotin protein ligase, in contrast with other apmguexa parasites such ds gondii C.

parvumandC. hominis which encode one copy (Muller and Kappes, 2007).

There is no empirical evidence suggesting biototgin ligase activities iPlasmodiumOne
possible mechanism by which tRéasmodiunparasites obtain biotin may be by importation
from the host. A search of thE. falciparum genome (BLAST) as well as the other
Plasmodiumgenomes using putative biotin ABC transporter frBartonella bacilliformis
(NCBI accession number YP_989450) detected ABCH4iikasport protein ifP. falciparum
(Plasmodb ID: PF13 0218) and in otlidasmodiumspecies. ABC transporters belong to a
family of the ATP-Binding Cassette (ABC) that ushe hydrolysis of ATP to energize the
transport of a wide array of substrates, rangirgnfrions to macromolecules, across the
membrane phospho-lipid bilayer (Holland and Bligt899). The transport of nutrients across
Plasmodiuranfected erythrocytes has been studied. Nutrisotsh as vitamins and amino
acids are thought to permeate the red blood cedutih some form of membrane localized
transporters on either the red blood cell membranearasitophorous vacuole membrane

(Kirk, 2001). The transport of biotin is yet to b&plored in thePlasmodiumparasite. The
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only vitamin that thePlasmodiumparasite is thought to transport from the vertebheost is
pantothenic acid (vitamindp due to its absolute requirement as a precursoo@nzyme-A
(Kirk, 2001). It would be interesting to investigahe hypothesis th&tlasmodiumparasites
imports biotin from the host using radiolabelledtin.

The presence of biotin on the recombin&ntyoelii protein could further be validated by
methods such as MALDI-TOF and NMR, and by Edmare‘grddation. Producing antibodies
against the recombinant protein may be an attmctjyproach towards immunoprecipitation
of the native enzyme for activity assays. The iligbiof the cells to express soluble
recombinantP. yoelii biotinoyl protein in large quantities meant thatings denaturing
immobilised-metal affinity chromatography was thetion for obtaining a purified
recombinantP. yoelii biotinoyl protein. The purified recombinaRt yoelii biotinoyl protein
was re-natured by stepwise dialysis against deiiggasncentrations of urea. This resulted in
solubilisation of the protein, though some the mbmant P. yoelii biotinoyl protein re-
precipitated during this process. During the coun$ethis study using the purified and
resolubilisedP. yoelii biotinoyl protein, it was observed that cycles mdelze-thaw of the
refolded protein resulted in precipitation. Howewde protein remained soluble after several
cycles of free-thaws when stored in 50% glyceralrtirer studies on the recombindnt

yoelii biotinoyl protein may be required.



CHAPTER 6
PLASMODIUM YOELII ACETYL-COA CARBOXYLASE: SEQUENCE ANALYSIS,
PREDICTION OF PROTEIN KINASE PHOSPHORYLATION SITES AND
HOMOLOGY MODELLING STUDIES

6.0 Introduction

With numerous genome sequencing projects, large bawn of organisms such as
Plasmodiumhumans, yeast andrabidopsishave their entire genome sequenced along with
their proteome and published on several datab&sgsrtant information on the evolution of
protein families can be deduced by comparative amtid sequence studies. Based on the
amino acid sequences, amino acid substitutionsafifett shape and stability of a protein can
be studied (Knudsen and Miyamoto, 2001). Data @drifrom comparative studies could
reveal the structure, function and it evolutionagfationship with other known protein
families in a tree diagram referred to as molecplarlogenetic tree. A section of this study
involved comparative analysis of the publisHedyoelii acetyl-CoA carboxylase sequence
with orthologues from othdPlasmodiunspecies and homologues from other organisms. The
sequence alignment data was used to identify likeddification sites o®. yoeliiacetyl-CoA

carboxylase that appeared to be highly conservexssithe selected set of organisms.

The three dimensional (3D) structure of a protsiprimarily determined by its amino acid
sequence composition; and it provides importarigiis into the molecular basis of protein
function (Schwedeet al, 2000; Schwedet al, 2003). Progress has been made, over the
years, towards sequencing the genome of severahisrgs. This has led to large amount
published protein sequences (Schwetal, 2003; Sigriset al, 2002). By 2003, the SWISS-
PROT™ and the TTEMBL™ data bases held about 850/0t&in sequence entries, while
the Protein Data Bank (PDB) held about 20 000 ewrpentally-determined protein 3D
structures (Schwedet al, 2003). This indicates that two crystal structuneere resolved for
every 85 proteins sequenced, despite the high yalogress made in X-ray crystallography
and nuclear magnetic resonance (NMR) spectroscipgse two methods of protein crystal
structure resolution are time-consuming and sucisesst absolutely guaranteed (Kopp and
Schwede, 2004; Schwedd al, 2003). The shortfall in resolving 3D crystalustiures of
proteins has led to a lack of information on nurosr@roteins with published amino acid

sequences (Kopp and Schwede, 2004).
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Computational methods have been developed to praBistructures of proteins in order to
close the gap between published amino acid segsemrxetheir corresponding 3D structures
(Kopp and Schwede, 2004; Schwesteal,, 2000; Schwedet al, 2003; Yang and Honig,
2000a; Yang and Honig, 2000b). These methods destalgenerate the 3D structure of a
protein de novoor based upon a template of an experimentallylvedocrystal structure
(Kopp and Schwede, 2004; Schwesteal,, 2000; Schwedet al, 2003; Yang and Honig,
2000b). The method of predicting the 3D confornmatid a protein using an existing crystal
structure template is called homology or compaeagixotein modelling (Kopp and Schwede,
2004; Schwedet al, 2003). The pre-existing 3D structure must slaatevel of homology
with the protein to be modelled (Kopp and Schwex¥®4; Schwedet al, 2003).

The SWISS-MODEL™ server is one of the several pnos¢ructure prediction programmes
available as a downloadable or a web-based progeafiopp and Schwede, 2004; Schwede
et al, 2003). The server is designed to work with aim&i input from the user, sometimes
limiting the input to just the amino-acid sequefi€éepp and Schwede, 2004; Schwesdal,
2000; Schwedeet al, 2003). This server has three modelling modespeha the ‘first
approach’ mode, the ‘alignment’ mode and the ‘mbjenode. The ‘first approach’ mode
requires only an amino acid sequence as the inmiat dhe server automatically selects a
suitable template for the protein to be modelléna (arget). This mode can only work if the
template and the target share at least 25% sequdanéty (Kopp and Schwede, 2004;
Schwedeet al, 2003). In the alignment mode, the user is reguio identify a template with

a PDP coordinate for the target. The template hAeddrget are pre-aligned. The alignment
output is submitted to the server in ClustalW™, FASor other formats specified by the
server. The 3D model of the protein is thereforét lmn the template. The only difference
between this mode and the first approach modeaistiie user has control over the choice of
template sequence. The Project mode requires tBe tassubmit a manually optimized
modelling request to the server. The modelling ltestevaluated by the server to verify the
accuracy of the predicted model. It has been shinahconserved regions do model better
than unconserved regions (Kopp and Schwede, 20fy&leet al, 2000; Schwedet al,
2003; Yang and Honig, 2000a; Yang and Honig, 2000bg SWISS-MODEL™ server uses
several algorithms such as ANOLEA™ (Melo and Feyt:;al998) and GROMOS™ (van
Gunsteren and Billetter, 1996) to evaluate the ityuaf the predicted model. The predicted
model is downloaded as a PDP file containing PDBrdimates. The model can be viewed

with the SWISS-PDP viewer (spdbv). The spdpv progne contains several parameters
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such as energy minimization algorithms that alltve tiser to improve the accuracy of the
model. This is because modelling algorithms intaederrors into the structure resulting in
deviations in the geometry of the protein struc{tepp and Schwede, 2004; Schwedeal,
2003). The root mean square deviation of the ptedi8D structure from the template is
deduced from the spdv programme and expressed Thd refined models can be validated
using the ProCheck™ algorithm found on the PDP wigdb for advanced deposition input
tool (ADIT, http://deposit.pdb.org/adit).

Results in Chapter 5 showed that recombinant egjme®f the biotinoyl domain d?. yoelii
acetyl-CoA carboxylase led io vivo biotinylation of the recombinant protein by tge coli
host with or without an external supply of D-biotmthe culture. This suggested that the
coli biotin protein ligase (Chapman-Smitkt al, 2001; Reche, 2000) recognizes the
recombinant protein as a substrate for co-tramslati modification (Chapman-Smith and
Cronan, 1999c; Chapman-Smi#t al, 1999). To relate this to the conformation of the
recombinant protein, homology modelling of the mabmant protein was carried out with the
SWISS-MODEL™ server using tHe. coli biotinoyl domain (PDB ID: 1bdo) as the template
(Athappilly and Hendrickson, 1995). The polyketideraphen A (Figure 6.1) has been shown
to inhibit acetyl-CoA carboxylase activity by bimgi to 19 residues on the biotin carboxylase
domain (Becker®t al, 2007; Sheret al, 2004; Weatherlet al, 2004). The potential of
soraphen A as an inhibitor 8 yoeliiacetyl-CoA carboxylase was examined. The 3D model
of P. yoeliibiotin carboxylase domain was modelled usthgerevisiadPDB ID: 1w93) as a
template. Positive control 3D model of tke coli biotinoyl subunit and thé&. cerevisiae
biotin carboxylase domain were generated usingr tbeordinates (1bdo and 1w93) as
templates. For the sake of convenience, the pestittyoelii biotinoyl model and th&. coli
positive control model will be referred to BB CCP-model an@&EcBCCP+, respectively. The
predicted biotin carboxylase modefisr P. yoelii, P. falciparum H. sapiensand theS.
cerevisiaepositive control will be referred to &#/BC-model,PfBC-model,HsBC-model and

SABCH+, respectively.

6.2 Results

6.2.1 Identification of conserved sequence motifsing ClustalW™ analysis

The amino acid sequence coding for the acetyl-Carhaxylase 1 precursor i1 yoelii yoelii
strain 17XNL and its orthologues froR falciparum P. vivax P. berghei P. chabaudiand

P. knowlesi wre retrieved from NCBI and/or Plasmodb databasea(\wlasmodb.org). These
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sequences were analysed with the ClustalW™, PiS&ie™ (Proscan™) and
InterProScan™ algorithms for alignment and idecdifion of predicted protein domains in
each polypeptide. The results obtained were cordp@argublished acetyl-CoA carboxylase
amino-acid sequences from several organisms. T@ldleis the list of the amino-acid
sequences of acetyl-CoA carboxylase from fBlasmodiumspecies and eight eukaryotic
organisms ranging from unicellular photosynthetigamism Q. lucimarinu3 to humansP.

bergheiandchabaudiwere excluded from this study due to incompleténamacid sequences.

Figure 6.1 Structure of soraphen A(Shenet al, 2004).

In four orthologuesof Plasmodiumacetyl-CoA carboxylase, the domain closest to Nhe
terminus is the biotin carboxylase domain, follovilothe biotin carboxyl carrier protein and
the carboxyl transferase domains with two (N-teahiand C-terminal) sub-domains. The
Proscan™ motif and sequence domain prediction progre showed thaP. berghei
(XP_679544) was wrongly annotated in the Plasmodd BCBI databases as biotin
carboxylase subunit instead of as a carboxyl texast domairP. berghei(PB000685.01.0)
and P. chabaudi (XP_743705) hypothetical proteins were identifiedl be fragments
containing the biotin carboxylase and the biotinrboayl carrier protein domains,
respectively. Using the NCBI BLAST, it was obsenthdtP. yoeliiacetyl-CoA carboxylase
shares 45% identity and 68% similar in amino aeiquence witlfOestreococus lucimarinus
predicted protein (with acetyl-CoA carboxylase smtpe motifs). Proscan™ analysis
revealed that all organisms listed in Table 6.haile the same array of sequence motifs with
the same order. This confirms tlatyoeliiand othePlasmodiunspecies express the multi-

enzyme-domain type acetyl-CoA carboxylase becausddur domains form part of a long
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polypeptide structure with a single ORF. This iscontrast to the multi-enzyme-subunit

(complex) acetyl-CoA carboxylase consisting of feeparate enzymes found kn coli and

plastids of some dicotyledonous green plants (Groaad Waldrop, 2002; Sasaki and

Nagano, 2004; Zhangt al, 2004). However some plants encode the multi-eezgomain

type acetyl-CoA carboxylase targeted to their aptast, in addition to the multi-enzyme-

subunit (complex) type in their cytoplasm (Sasaid &lagano, 2004; Zhareg al, 2004).

Table 6.1 Acetyl-CoA carboxylase from the respecterorganisms used for bioinformatics

Organism NCBI or Plasmodb Sequence Number of predicted
access number length domains

P. yoelii XP_729490 2911 4
P. falciparum XP_001348838 3336 4
P. vivax XP_001615692 3061 4
P. knowlesi PKH_123560 2921 4

H. sapiens-1 NP_942131 2346 4
H. sapiens-2 ABF48723 2458 4
M. musculus-1 AAS13686 2354 4
M. musculus-2 NP_579938 2448 4
A. thaliana-1 AAG40563 2254 4
A. thaliana-2 AAF18638 2257 4
O. lucimarinug XP_001415874 2012 4
S. cerevisiae NP_014413 2233 4
G .gallus NP_990836 2324 4
T. brucei XP_847540 2181 4
T. gondii AAF04493 2564 4
D. melanogaster NP_610342 2323 4
C. parvum XP_667901 2725 4

2 Plasmodb access number,

Ppredicted protein (not annotated),

6.2.2 Phylogenetic analysis d?. yoelii acetyl-CoA carboxylase

A molecular phylogenetic tree was constructed fematyl-CoA carboxylase sequences listed
in Table 6.1using the CLC Free Workbench™ softwatéggned sequences were used to
construct the phylogenetic tree (Figure 6.2) witie toption of the neighbour joining-
algorithm and 1000 bootstrap analysis (replicatim)s enabling the construction of a reliable
phylogenetic tree (Brinkman and Weissig, 2001; érdsein, 1985). The bootstrap value for
each node was attached as a measure of confiden@adh branch. Thus 1000 bootstrap
value indicated a perfect cluster. The phylogeraialysis showed two major clusters shown
by the arrows on the diagram. Cluster 1 (arrow €resents plastid-encoded organisms

including O. lucimarinus(a unicellular photosynthetic organisni), gondii C. parvumand
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PlasmodiumPlasmodiumacetyl-CoA carboxylase sequences clustered toghesorthologue
group with a perfect cluster (1000 bootstrap value) yoelii acetyl-CoA carboxylase
clustered withP. falciparumwith slightly lower bootstrap value (675), whichprobably due
to multiple asparagine repeats in takiparumsequenceTl. gondiiandO. lucimarinusboth

formed a cluster with a bootstrap value of 633

T. brucei.
633 T. gondii.
O. lucimarinus.
28 675 P. falciparum.
1000 P. yoelii.

1—> "¢ %‘ P. vivax.
P. knowlesi.

C. parvum
1000 M. musculus-1.
1000{ 'e H. sapiens-1.
1000, G. gallus.

M. musculus-2.
H. sapiens-2.
1000

— = D. melanogaster.
2—> o S. cerevisiae.

1000 A. thaliana-2.
L A. thaliana-1.

1000 1000

0,700

Figure 6.2 Phylogenetic tree of 17 eukaryotic acdtfCoA carboxylase sequences®A Neighbour
joining tree was built from acetyl-CoA carboxyleamino acid sequences aligned by the Clustalw™
alignment algorithm in CLC Free Workber¥rsoftware. The numbers indicates bootstrap (repiiga
values corresponding to each branch. The scaleepagesents 0.7 mutational changes per amino acid
residue. The access number for each sequence edimsitisted on Table 6.1. Arrows 1 and 2 show
two major clusters corresponding to apicomplexartsather eukaryotes, respectively.

Acetyl-CoA carboxylases sequences from other osyasiformed a single cluster with a
bootstrap score of 978 in cluster 2 (arrow B).bruceiacetyl-CoA carboxylase formed an
outlier. By and large, the phylogenetic study dtguc that Plasmodium acetyl-CoA
carboxylase is closely relatedTo gondii C. parvumandO. lucimarinus butfairly divergent
from the other organisms examined. There was ndaeapon on whyT. bruceidid not

cluster in either group.
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6.2.3 Sequence length variation in regions of theelected acetyl-CoA carboxylase
sequences

To examine how much the length of the amino acglueace in the multi-enzyme-domain
type acetyl-CoA carboxylase varies from one organie another, the Proscan™ tool was
used to assemble the lengths of the sequence ih emgion of the 17 acetyl-CoA
carboxylases listed in Table 6.1. Figure 6.3 iHagts the comparison of the lengths of amino-
acid sequence of the regions of the acetyl-CoAmailase enzymes examined. The regions
of the polypeptide with no predicted functional seace domains are |, II, Ill and IV as
depicted in Figure 6.3. Generally, the results sfwbhat the total length of the polypeptide
chain changes from one organism to another. Redians IV showed the most variation in
sequence length with approximately +2 residues3pmer (three monomeric amino acid unit)
and %2 residues per 7-mer respectively. The vanat length of the region Il was +1 amino
acid per 5-mer. The sequence length of region filedaby +1 amino acid per 26-mer. The
biotin carboxylase domain varied with £2 amino a@didues per 29-mer while the carboxyl
transferase domain varied the most amongst thegbeedfunctional sequence domains with
+1 amino acid residue per 11-mer. The biotin cayb@arrier protein domain is the most
conserved sequence length with £1 amino acid pen@8 The most significant point of note
of this result is the consistent sequence lengtth@fbiotin carboxyl carrier protein domain
with 73 amino acid residues in @lasmodiumspecies and 67 amino acid residues in the
other organisms. This perhaps suggests high defreeolutionary conservation in sequence
length and structure of the biotin carboxyl carpeotein, thus indicating the importance of

this domain to the structure and function of ac&gi carboxylase.

6.2.4 Assignment of phosphorylation sites irP. yoelii acetyl-CoA carboxylase using
predictive algorithms

Using ClustalW™ alignment (Figure &) the positions of possible phosphorylation sites
that appeared to be highly conserved across albithp@nisms anélasmodiumspecies were
mapped using the Proscan™ motif prediction toolisTprogram is similar to the
InterProScan™ tool, except that it displays the ramacid sequence corresponding to a
signature sequence motif as well as the confiddecel for each identified motif on a
polypeptide. The basis of this study hinges onptieenise that important amino acid sequence
motifs involved in the functioning or structurakhitecture of a protein are often maintained

regardless of evolutionary divergence.
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I Biotin carboxylase 1 Biotin carboxyl 11 Carboxyl transferase v
carrier protein

Organism Length Length Length Length Length Length Length
P. yoelii 418 530 140 73 1131 583 35
P. falciparum 467 643 155 73 1272 609 118
P. vivax 447 543 139 73 1214 530 117
P. knowlesi 407 553 139 73 1105 529 117
H. sapiens-1 116 502 134 67 880 497 152
H. sapiens-2 258 502 134 67 848 497 153
M. musculus-1 115 502 134 67 880 497 161
M. musculus-2 248 503 134 67 848 497 153
A. thaliana-1 35 508 134 67 788 579 144
A. thaliana-2 36 508 135 67 792 579 144
O. lucimarinusev - 485 136 67 742 484 118
S. cerevisiae 57 510 134 67 836 491 132
G. gallus 116 502 134 67 857 497 135
T. brucei 28 497 138 67 813 527 113
T. gondii 338 497 138 67 953 500 74
D. melanogaster 99 497 133 67 873 499 155
C. parvum 25 491 147 67 1402 503 95

Figure 6.3 Quantitative evaluation of the variationin the number amino acid residue of 17 acetyl-Co&arboxylase sequencesull length or fragments

of acetyl-CoA carboxylases were scanned by webebB®sescan™. The programme identified the three dwsnand the number of amino acid residues
corresponding to each of the three domains. Thebeurof amino acid residues corresponding to allrégtons of the enzyme was subsequently deduced
based on the ScdtroSite datd’ is partially predicted protein.
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Figure 6.8 shows a schematic representation of predictedne@ayodification sites oR.
yoelii acetyl-CoA carboxylase based upon the ClustalWw ™tiptelsequence alignment data

combined with the Proscan™ analysis.

The results predicted five potential phosphorylatsites; one (P1) on the biotin carboxylase
domain and four (P1 to P5) on the carboxyl trarsferdomain (Figure 6.4). The predicted
protein kinase C (PKC) phosphorylation site (P1}ttom biotin carboxylase domain appeared
to be conserved across the 10 acetyl-CoA carboxydaguences. The PKC phosphorylation
site has a consensus sequence SL/IRlasmodiumand SIR in the other organisms looked at.
The putative phosphorylation serine (S) residue and-terminal tryptophan (W) are
conserved across all the acetyl-CoA carboxylast/sead (P1).

The first phosphorylation site (P2) on the carbaxghsferase domain is predicted to be a
PKC phosphorylation site with the consensus sequ@i®K. This site is not present in other
organisms, but the phospho-serine residue is higbhserved. P3 is a conserved predicted
PKC phosphorylation site with the sequence, TGRRlasmodium the sequence, TCR, in
mammals, and the sequence, SGRAInthaliana This suggests that threonine is a likely
phosphorylation residue in all the examined orgasigt this site, except. thaliana,which
has a serine as the possible phosphorylation redtiwoeliiand otheiPlasmodiunmspecies
acetyl-CoA carboxylases may be phosphorylated aby4ither cAMP-dependent protein
kinase (PKA) or cGMP-dependent protein kinase (PK@h the KGS sequence 100%
conserved inPlasmodium At P5 is a potential PKC site with TGR consenseguence
synonymous with P3. This site is not present in thanan and mouse-acetyl-CoA
carboxylases. This site also encodes a phosphadiénlgi consensus sequence GXGXXG
(Kleiger and Eisenberg, 2002; Kleiget al, 2002) as GRGKLG, on the C-terminal end
preceding the phosphorylation site.

The Proscan™ analysis data on protein kinase plooglphion sites was compared to the
NetPhos 2.0™ (Blomet al, 1999) prediction algorithm for eukaryotic protekinase

phosphorylation site. Using ClustalW™-aligned setmpes, conserved positions of possible
protein kinase sites were identified (Figure 6.Bhe programme indicates the possible
phosphorylation residue flanked by four amino amdidues, but does not indicate the
possible phosphorylating enzyme. The NetPhos 2.0fdgramme predicted a highly

conserved protein kinase site (N1) on the biotirbaaylase, synonymous with the P1 site
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generated by Proscan™ analysis in Figure 6.4. Thesgho-serine residue is highly

conserved and flanked by conserved sequencesawif®% conserved lysine and tryptophan
at positions —4 and +4 respectively (the phosphimaseaesidue is at position 0). The serine
residue at position +5 iRl. sapiensl and M. musculuss most favoured with a score of

99.7%.

The only modification site that appeared to be eored on the BCCP domain is the biotin
attachment motif. The N-myristoylation sites preglitto be conserved by the Proscan™ tool
does not precede the N-terminal methionine, andefbee ingnored. N-glycosylation sites

identified by the Proscan™ analysis were not coegband were not included in the results.

A threonine phosphorylation site at N2 was ideatifiby the programme on the carboxyl
transferase domain, which appeared to be highlysewed. Except that the phospho-
threonine residue is not at a conserved positioosadthe sequences examined. The phospho-
threonine residue is flanked by a 100% conserveiddyat position — 4 and + 4 (the phospho-
serine residue is at position 0),tlasmodiumA phospho-serine protein kinase site that was
only conserved irPlasmodiumwas identified by NetPhos 2.0™ algorithifhis site has a
consensus sequence KTAIRDF (phospho-serine in bold), with a 100% conseériesine

and phenylalanine residues at — 4 and + 4 posjtrespectively.

6.2.5 Homology modelling of the biotinoyl domain oP. yodlii acetyl-CoA carboxylase

Of the 347 amino-acid sequence of fheyoeliirecombinant biotin carboxyl carrier protein
(Chapter 5) submitted to the SWISS-MODEL™ seveannalignment with 1bdo (template),
80 residues corresponding to the region with sigaift identity (20%) with théemplate
(1bdo) was modelled by the server. Eighty residueshe target were modelled because the
template is made up of 80 amino acid residues, iwaie closely related to the 80 amino acid
resides on the target model. The total energyyBfCCP-model before energy minimization
was—-163.072 kJ/mol, which was 5.5% of the total enesfiffcBCCP+ (2866.027 kJ/mol).
The final energy oPyBCCP-model reduced t6937.229 kJ/mol; resulting in about 82.6%
improvement on the packaging quality (Kopp and Sadey 2004; Melo and Feytmans, 1998)
after energy minimization. The positive control imoged by 3.2% (from-2866.027 kJ/mol to
—-2959.852 kJ/mol).
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H. sapi ensl. = ----------oooooooooo NKVI EKVLI ANNG AAVK( YEMFRNERAI RFV 154
M nusculusl. = -------------------- NKVI EKVLI ANNG AAVK! YEMFRNERAI RFV 153
H. sapi ens2. s DRVI EKVLI ANNG AAVK( YEMFRNERAI RFV 296
M nuscul us2.  -------------------- NRVI EKVLI ANNG AAVK! YEMFRNERAI RFV 286
P.yoelii. YI NYI NERRYPYI NYLKMKNEKI | KKLLI ANNGVAALKCI L EW.FKTFNDENLI Q' | 456
P. fal ci parum YVNYI NERRYGYFDLLEKKNEKI | RKLLI ANNGVAALKCI L| DW.FKKFYDENLI KI | 505
P. know esi . YTKY! EERRYPYFNFVKNKNGKI | KKLLI ANNGVAAMKCI L EW.FKSFSEENLI KI | 445
P. vi vax. YTTYI EERRYPYFNFAKEKNGKI | KKLLI ANNGVAAMKCI L| EW.FKTFSEENLI KI | 485
: *..:******:**:* : : * s * *. * s
P2 P3
H. sapi ens1. SGM AGESSLAYNEI | TI SL | G GAYLVRLGORTI QVENSHLI LTGAGALNKVLG 1859 —]
M nuscul us1. SGM AGESSLAYDEVI Tl SL | G GAYLVRLGQRTI QVENSHLI LTGAGALNKVLG 1858
H. sapi ens2. SGM AGESSLAYEEI VTI SL | G GAYLVRLGQRVI QVENSHI | LTGASALNKVLG 1970
M nuscul us2. SGM AGEASLAYEKTVTI S| LG GAYLVRLGQRVI QVENSHI | LTGAGALNKVLG 1960
P.yoelii. SALI Al YDEI FTLS VA GAYLVRLGKRTI SLLLTGFNALNKI LG 2453
P. fal ci parum SGLI A YEEI FTLS VA GAYLVRLGKRTI SLLLTGFNALNKI LG 2771
P. know esi . SALI Al YDEI FTLS VA GAYLVRLGKRTI SLLLTGFNALNKI LG 2438
P. vi vax. SGLI A YDEI FTLS VE GAYLVRLGKRTI SLLLTGFNALNKI LG 2577
:* * %k % * **:: .*:: * % *::***:*:.*** * Kk k L. ::*** :***:**
H. sapi ens1. VPTKTPYDPRWWL AGRPHPTQKGQW. SGFFDYGSFSEI MOPWAQTVWCRARLGE PVGY 1985
M nuscul us1. VPTKAPYDPRWWL AGRPHPT QKGQW. SGFFDYGSFSEI MOPWAQTVVWCGRARLGG PVGY 1984
H. sapi ens2. L PSRAPYDPRWWL AGRPHPT L KGTWQSGFFDHGSFKEI MAPWA RLGE PVGVY 2096
M nuscul us2. TPTKAPYDPRWWL AGRPHPTL KGTWQSCGFFDHGSFKEI MAPWA( RLGGE PVGVY 2086
P.yoelii. NKI NDVDVDNVNEAD! | ELLKGSDKKQGFLDKNSYFEYMNEWGKG | GKLGCSI PI GF 2669
P. fal ci parum LH NDVDYDH DDSNI | DLI KGTQEEQGFLDKNTYFEYMNEWGKG | GKLGSI PVGF 3011
P. know esi . QRI NDI DIVDNI QNADVI ELI KGTDTKQGFLDKNSYFEYMNEWEKA | GKLCSI PVA 2598
P. vi vax. QR NDI DVDGLQNADI VEL| SGTDSKQGFLDKHSYFEYMNEWEKA L GKLGSI PVGV 2737
ko0 K .. * - * - .. *k kk ke ok —
B
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Biotin carboxylase Biotinoyl Carboxyl transferase

Figure 6.4 Prosite™ prediction of protein kinase pbsphorylation sites on enzyme domains of

mammals and Plasmodium acetyl-CoA carboxylases(A) Alignment produced by the ClustalW™

algorithm showing the predicted sites residuesh{igbted) in the biotin carboxylase (BC) and the
carboxyl transferase (CT) domainsB).( Cartoon structure of the multi-domain acetyl-CoA
carboxylase illustrating the positions of the pcéell phosphorylation sites. Double line indicates
position fully or partially conserved across aljanisms examined, broken line indicates position
conserved only iPlasmodiunt indicates 100% conserved residue.
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A Score
(%)

H. sapi ens1. 59.0 ---------imiiio NKVI EKVLI ANNG AAVK! | RRWSYEMFRNERAI RFV 154
M nuscul us1. 59.0 ------mmmmmiiiae NKVI EKVLI ANNG AAVK | RRWSYEMFRNERAI RFV 153
H. sapi ens2. 53.9 ---emmmeeeeia e DRVI EKVLI ANNG AAVK | RRWAYEMFRNERAI RFV 296
M nuscul us2. 53.4 --emmeeee e NRVI EKVLI ANNG AAVK | RRWAYEMFRNERAI RFV 286
P.yoelii. 79.4  YI NYI NERRYPY! NYLKMKNEKI | KKLLI ANNGVAALKCI LSLKEW.FKTFNDENLI Q | 456 —BC
P.fal ci parum 95.3 YVNYlI NERRYGYFDLLEKKNEKI | RKLLI ANNGVAALKCI LSLKDW FKKFYDENLI KI | 505
P. know esi . 98.2 YTKYI EERRYPYFNFVKNKNGKI | KKLLI ANNGVAAMKCI LSI KEW.FKSFSEENLI KI | 445
P. vi vax. 98.2 YTTYI EERRYPYFNFAKEKNGKI | KKLLI ANNGVAAMKCI LSI KEW.FKTFSEENLI KI | 485
. * :******:**:* * * * *' *
H. sapi ens1. 91.4 VPTKTPYDPRWWLAGRPHPTQKGQW. SGFFDYGSFSEI MQPWA GRARLGAE PVGV 1985
M nuscul us1. 91.4 VPTKAPYDPRWWLAGRPHPTQKGQW. SGFFDYGSFSEI MQOPWAQIVVWGRARLGG PVGY 1984
H. sapi ens2. 66.4 LPSRAPYDPRWWLAGRPHPTLKGTIWSGFFDHGSFKE! MAPWA GRARLGAE PVGV 2096
M nuscul us2. 66.4 TPTKAPYDPRWWLAGRPHPTLKGIWSGFFDHGSFKEI MAPWAQEVVTGRARLGGE PVGY 2086
P.yoelii. 82.0 NKI NDVDVDNVNEAD! | ELLKGSDKKQGFLDKNSYFEYMNEWEKA | IGRGKLGSI PI GF 2669
P.fal ci parum 82.0 LH NDVDYDH DDSNI | DLI KGTQEEQGFLDKNTYFEYMNEWGKA | FGRGKLGSI PVGF 3011
P. know esi . 82.0 QRI NDI DVDNI QNADVI ELI KGTDTKQGFLDKNSYFEYMNEWEKA | IGRGKLGSI PVA 2598
P. vi vax. 92.6 QRI NDI DVDGLQNADI VELI SGTDSKQGFLDKHSYFEYMNEWGKG LITGRGKLGSI PVGV 2737
* .ok . * . * . .o *k ok k . ke ok
—CT
H. sapi ens1. VAVETRTVELS| PADPANLDSEAKI | QQAGVWFPDSAFKTYQAI KDFNREGLPLMWFAN 2045
M nuscul us1. VAVETRTVELSI PADPANL DSEAKI | QQAGVWFPDSAFKTYQAI KDFNREGLPLMWFAN 2044
H. sapi ens2. | AVETRTVEVAVPADPANL DSEAKI | QQAGQVWFPDSAYKTAQAI KDFNREKLPLM FAN 2156
M nuscul us2. | AVETRTVEVAVPADPANL DSEAKI | QQAGQVWFPDSAYKTAQVI RDFNKERLPLM FAN 2146
P.yoelii. 99.1 2728
P.fal ciparum 99.3 3070
P. know esi . 99.1 2657
P. vi vax. 99.1 2796
B

(x)
L |

—| L[]

Biotin carboxylase Biotinoyl Carboxyl transferase

Figure 6.5 NetPhos 2.0™ prediction of protein kinas phosphorylation sites on enzyme domains
of mammals and Plasmodium acetyl-CoA carboxylases(A) Alignment produced by Clustalw™
algorithm showing phosphorylated residues (higliéidh in the biotin carboxylase (BC) and the
carboxyl transferase (CT) domains. The residue d&etwthe +4 and -4 positions of the
phosphorylated residues are underlined. The nunibérsid represents the probability score (98). (
Cartoon structure of the multi-domain acetyl-CoArbexylase illustrating the positions of the
predicted phosphorylation sites. Broken and dodioles indicate a position 100% conserved in
Plasmodiumand across all organisms, respectively. Open &skd circles indicate a serine and a
threonine protein kinase sites, respectively. fdatés 100% conserved residue.
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The Ramachandran analysis showed that 83.3% oflyoire and non-proline residues in
PyBCCP-model have conformational anglesandy) in the most favoured regions of the
Ramachandran plot (Figure 6.6). This is comparablecBCCP+ with 86.6%. 2.8% of the
residues irPyBCCP-model fall in the disallowed region of the Rantmandran plot, while no
residues irec-BCCP+ falls in the disallowed region.
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Figure 6.6 Ramachandran analyses of the homology mielling of the biotinoyl proteins by
ProCheck™. The Ramachandran plots were derived after engigimization of &) ECBCCP+ B)
PyBCCP-model. The different coloured regions indicatest favoured” (red), “additionally allowed’
(yellow), “generously allowed” (light yellow) andlisallowed’ (white).

The PyBCCP-model is made of sev@rsheets, one turn and five loops, wideBCCP+ has
an extraB-sheet (eighp-sheet), six loops and one turn. The predictedrs#ay structure can
be classified as #-sheet because it lackeathelix secondary structures (Figure 6.7).
EcBCCP+ has the “protruding thumb” structure conmagfi; to Bs; this is consistent with the
experimentally resolved structure (Athappilly andndrickson, 1995) as well as previously
determined computer models of tke coli biotinoyl protein (Chapman-Smitét al, 2001;
Cronan, 2001; Rechet al, 1998; Reche and Perham, 1999; Streaker and Be2k€6). A
similar structure is also present RYBCCP-model. Figure 6.8 shows that tfesheets in

PyBCCP-model andecBCCP+ are completely superimposable, except the @xsheet on
the ECBCCP+.
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Figure 6.7 Predicted three dimensional molecular maels of biotinoyl protein. (A) ECBCCP+and

(B) PyBCCP-model. The structure is coloured accordingeicondary structure succession using the
spdbv programme. Blue secondary structure is aNtterminus and red secondary structure is at the
C-terminus of the protein. The residues representcbnserved MKM biotinylation motifs situated at

B4—> B5 turn.

Figure 6.8 Superimposed imagePyBCCP-model and ECBCCP+ B-sheet. The B-sheets with
yellow (EcBCCP+) and blueRyBCCP-model) colourefl-sheets are completely superimposed, while
the redp-sheet is thEcBCCP+ extra she

The PyBCCP-model was superimposed (Figure 6.9FE0BCCP+, and the root mean square

deviation of thex-carbon was deduced to be 0.22 A. Figure 6.9 shisatghe two models are
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virtually super-imposable. Although the “protrudititgimb” loop structure connectirfigto s

of the PyBCCP-model protrudes out side the molecular surf#cthe positive control 3D

model, as shown (arrow) in Figure A.9

Figure 6.9 Superimposed image oOE. coli biotinoyl protein positive control model andP. yodlii
biotinoyl domain model. (A) Ribbon structure oPyBCCP-modelsuperimposed in the molecular
surface map oEcBCCP+. B) Ribbon structure oEBCCP+ superimposed with the backbone
strcurure ofPyBCCP-model.

The E. coli biotin-binding motif is identical to thélasmodiumacetyl-CoA carboxylase
biotin-binding motif with a consensus sequence, WHEM. The lysine residue is the
biotinoyl lysine (Becketet al, 1999; Blanchar@t al, 1999a; Chapman-Smigt al, 1999;
Cronan, 2002). Studies have shown thatEheoli biotin protein ligase interacts with the
glutamic acid residue (GHtr) within the consensus sequence, as well as*G{Ghapman-
Smith et al, 1999; Chapman-Smitat al, 2001; Polyaket al, 2001; Solbiatiet al, 2002;
Streaker and Beckett, 2006). I yoelii Lys***?is at the equivalent position of tiie coli
GIu*’. Figure 6.10 shows that the side chain of'lsticks out of the surface &BCCP+
(Figure 6.1@), with a similar orientation to Ly in the PyBCCP-model (Figure 6.H).
However GId*™ as well its equivalent in thByBCCP-model is buried inside the structure.

The consensus biotinylation motif MKM forms a knldke structure on the molecular surface



of both predicted biotinoyl 3D structures. Thisasnsistent with previous studies on the
orientation of the MKM motif with respect to the ale molecule (Cronan, 2001; Reche and
Perham, 1999; Solbiagit al, 2002; Yacet al, 1999). The VEAMKM and EYK**?residues
are super-imposable (Figure 6.11) with a root meauare deviation (betwedPyBCCP-
model andEdBCCP+)of 0.03 A and 0.31 A of equivalentcarbon atoms and equivalent side

chains, respectively.

Figure 6.10 Position of the biotinylation motif wih respect to the molecular surface of the
biotinoyl protein models. (A andB) EBBCCP+ and € andD) PyBCCP-model. The backbone and
side chain structures of the amino-acid residues caoured greenA and C are in a similar
orientation.B andD are in a similar orientation. The selected residare coloured as follows: Val
and Ala (cyan), Glu and Ly$? (red), Met (yellow), biotinyl-Lys (blue).
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Figure 6.11 Superimposed image of thE. coli and the P. yoelii VEAMKM biotinylation motif
sequence residuesThe residues were coloured by selecti@mBCCP+ residues are yellovi.
yoelii residues are blue) using the spdbv programmeEThkeliresidues are labelled.

6.2.6 Homology modelling of mutant forms of the bitnoyl domain of P. yoelii acetyl-
CoA carboxylase

The models obtained by the homology modelling usgheg SWISS-MODEL™ server were
verified by carrying out a comparative modellinglwimodifiedP. yoelii biotinoyl sequence
(Figure 6.12). We deliberately made adjustmenti¢oamino acid sequence on the target to
verify the models. The sequence was modified bgtdei as well as by insertion of glycine
residue(s) at positions within or around the VEAMK®btin-binding motif. Glycine was
chosen because it is not charged and lacks a Bala cesidue. The modified sequence was
aligned with theE. coli biotinoyl sequence (PDP ID: 1bdo) and submittedhi® SWISS-
MODEL™ server for homology modelling. The mutantdets generated from the modified
sequences will be referred to B§BCCP-mutl andPyBCCP-mut2. These correspond to
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M1127G and M1129G double mutation (Figure 68 2ndK1128G single mutation (Figure
6.12B), respectively.

A

TEDSLNREDI Al KSENNI NDI SLNGKMKRAHI FDI | FONVKYKFKGYNTGEDL YKLNI ND
QEl El LAKYDKENNKI FASFHNQTY! YTCI EDSLGTHMNL GKDNVFI PVI TNPYHLI SNT
NGKI VKYLI KDGEKI NKFDDYl EVEAGKAE MIFKSTETAE LKHKMSEGAM Kl GDLLGVI

EKEKDNQNYCONDDNNNKI | DFI GHLNL SNKNAYEL NGT FVPDL AEESHNNEVCCKNI EKE
KVENL RKI EDPKNNKI YPTKHTNRNSQVNT TNESVSVQDI KTENVKKDESQFCTEDKQ Q
NNQVNRRNKL FL KKNNGKNNKNNIVFRL FSQKNDNDSKI | DSNI ESNSRD

B

TEDSLNREDI Al KSENNI NDI SLNGKMKRAHI FDI | FONVKYKFKGYNTGEDL YKLNI ND
QEl El LAKYDKENNKI FASFHNQTY! YTCl EDSLGTHWNL GKDNVFI PVI TNPYHLI SNT
NGKI VKYLI KDGEKI NKFDDY! EVEAMGM MTFKSTETG LKHKMSEGAM Kl GDLLGV

| EKEKDNQNYQNDDNNNKI | DFI GHLNL SNKNAYEL NGT FVPDLAEESHNNEVCCKN EK
EKMENL RKI EDPKNNKI YPTKHTNRNSQVNT TNESVSVQDI KTENVKKDESQFCTEDKQ

QNNQVNRRNKL FL KKNNGKNNKNNVFRL FSQKNDNDSKI | DSNI ESNSRD

Figure 6.12 Modified amino acid sequences used t@mgrate the mutant models (A) Sequence
used to producyBCCP-mutl. B) Sequence used to produegBCCP-mut2. The mutated residues
(in red) are shown.

These alterations in the amino acid sequence dbititenoyl domain ofP. yoelii acetyl-CoA
carboxylase severely or slightly altered the alignimwith theE. coli biotinoyl protein
(1bdo). The total energy after energy minimisatmn GROMOS was 14 991 kJ/mol and
—-963 kJ/mol forPyBCCP-mutl andPyBCCP-mut2, respectively. The quality ByBCCP-
mutl was poor due to the severe perturbation orsélgeence alignment. Figure 6.13 shows
the predicted secondary structure prediction ofréisgdues spanning the VEAMKM motif of
the mutant models. The overall predicted 3D stmec{irigures 6.14A and B) of PyBCCP-
mutl cannot be superimposedBtBCCP+, while PyBCCP-mut2 can be super imposed with
EcBCCP+. This shows that the modifications resulteérroneous prediction of the position
of the biotinyl lysine using thE. coli biotinoyl protein (1bdo) as a template for aligmmhand

for secondary structure prediction. The root megrase deviation of the mutant models and
EBCCP+ were 12.5 A (for 26-carbons) and 0.8 A (for 7&carbons) forPyBCCP-mutl
and PyBCCP-mut2, The VEAMKM and the R°? backbone structure of the mutant models
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also deviated from thEcBCCP+ with root mean square deviation of 6.45 A arglA for
PyBCCP-mutl and®PyBCCP-mut2, respectively (Figures 6.4ndD).

(A) EcBCCP+: DTLC TLCl VEAMKMWNQ E
SSSSSSSSSSSS. . SSSSSS

(B) PyBCCP-nodel : NKFDDY! EVEAMKM MIFKS
SSSSSSSSSSS. . SSSSSSS

(C) PyBCCP- nut 1: NKFDDY! EVEAGKG MIFKS
SSSSS. . SSSSS. SSSSSSS

(D) PyBCCP- nut 2: NKFDDY! EVEAMGM MIFKS
SSSSSSSSSSS. . SSSSSSS

Figure 6.13 Secondary structure predictions aroundhe biotinylation motif. (A) ECBCCP+ B)
PyBCCP-model €C) PyBCCP-mutl and) PYBCCP-mut2. §) denotes residues formingpasheet,
while () represents residues forming a loop or a turn. g@lyeine residues in red were added
sequence.

6.2.7 Homology modelling of the biotin carboxylaselomains of P. yoelii, P. falciparum
and H. sapiens acetyl-CoA carboxylases

A homology-base approach was also used to pretliet 3D structures of the biotin
carboxylase domain d?. yoelii (PyBC-model),P. falciparum(PfBC-model)andH. sapiens
(HsBC-model) acetyl Co-A carboxylasesing theS. cerevisiaé1lw93) as template (Shex
al., 2004). The sequence identity betwddBC-model, PBC-model andHsBC-model and
the templates were 48%, 44% and 68% respectivéig. SI cerevisiaebiotin carboxylase
sequence was modelled on itself (1w93) to genaxgtesitive control $BC+) 3D model.
The total energy of the models before energy misétion were —16 440 kJ/mol (82.4% of
SBC+), —10 421 kJ/mol (52.2% &BC+) and —-13 567 kJ/mol (68 % BBC+) for PyBC-
model, PBBC-model andHsBC-model, respectively. After energy minimisatioarried out
using the GROMOS™ algorithm the final energy of thedels reduced to —20 602 kJ/mol,
—-26 393 kJ/mol, -18 070 kJ/mol and -22 944 kJ/rolFyBC-model,PfBC-model,HsBC-
model andSBC+, respectively, showing an improvement of thedels. The Ramachandran
plots of the models (Figure 6.15) showed that thef@mational anglesgandy) of non-

proline and non-glycine are within the stericalljoaed regions of the Ramachandran plot.
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Figure 6.14 Structures predicted from mutated sequeces of theP. yoelii biotinoyl protein. (A
and C) PyYBCCP-mutl, B andD) PYBCCP-mut2. The side chains represent the MKM bytdition
motif. The structure is coloured according to sel@wy structure succession using the spdbv
programme.C and D are superimposed images of the coli and the mutant models &. yoelii
VEAMKM biotinylation motif residues. The residuesere coloured by selection using the spdbv
programmef. coliresidues are yellow,. yoeliiresidues are blue). THe coliresidues are labelled.

Although, few residues fall outside the allowedioagof the Ramachandran plot as defined
by ProCheck™. Generally, the Ramachandran anabfsByBC-model, PBC-model and
HsBC-model showed a similar pattern witBC+. Table 6.2 illustrates the Ramachandran

analyses derived from the ProCheck™ algorithm.



Table 6.2 Ramachandran scores for the predicted biim carboxylase models ofP. yodlii, P.
falciparum, H. sapiens and S. cerevisiae using ProCheck™

Ramachandran analysis PyBC- PfBC- HSBC- ScBC+
model model model (1w93)
Number of proline residues 18 18 28 24
Number of glycine residues 28 30 38 46
Number of non-proline and non-glycine residues 481 592 433 481
Residues in the most favoured redi() 70.7 71.3 70.2 69.6
Residues in the additional allowed redi¢¥) 28.5 244  26.6 27.7
Residues in the generously allowed redi@n) 3.1 3.7 2.5 2.7
Residues in the disallowed regidqfo) 0.4 0.5 0.7 0

& non-proline and non-glycine residues
® PDB identity number for crystal structure®fcerevisiaéShenet al, 2004).

The overall 3D topology of the models (Figure 6.t&h be classified astf; conformation
with a mix of B sheets and: helices ina—a, a—p and p—p super secondary structure
topology. The secondary structures are connectddl@ops of varying lengths. Most of these
loops are conserved between the targets and thgats. The signature motif of the biotin
carboxylase is the carbamoyl phosphate synthatepetsre (Blanchardet al, 1999b;
Galperin and Koonin, 1997). The carbamoyl phosplsytethetase signature strands are
situated on a loop structure in the four predictextiels. The carbamoyl phosphate synthetase
signature oPyBC-model,PBC-model andHsBC-model (Figure 6.17) are completely super-
imposable with thesdBC+ with a root mean square deviation of equivatesarbons was
0.04 A, for PyBC-model andPfBC-model, and 0.03 A foHsBC-model. The 3D structures
were superimposed using the spdbv programme. Tdtaweans deviation between the entire
predicted 3D structure ar®tBC+ is 0.27 A (for 493r-carbons), 0.32 A (49@-carbons) and
0.15 A (for 493a-carbons) forPyBC-model, PfBC-model andHsBC-model, respectively.
The minimum deviation between thsBC-model model an&dBC+ model could be due to

the higher amino-acid sequence identity comparddeBlasmodiunmodels.

Nineteen amino acid residues have been shownedairttwith soraphen A (Shet al, 2004;
Weatherlyet al, 2004) inS. cerevisiadiotin carboxylase (PDB ID: 1w93 and 1w96). These
residues and their equivalent b yoelii P. falciparumandH. sapiensare highlighted in
Figure 6.18. The 3D models showed that these residuPyBC-model, PBC-model and
HsBC-model are completely superimposable VBtBC+ (Figure 6.19).
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Figure 6.15 Ramachandran analysis of the homology adelling of the biotin carboxylase
domains by ProCheck™ The Ramachandran plots were derived after energymization of @) S.

cerevisiae positive control B) P. yoelii (C) P. falciparum and D) H. sapiens (acetyl-CoA
carboxylase). The different coloured regions indicate “mostdared” (red), “additionally allowed’
(yellow), “generously allowed” (light yellow) andlisallowed’ (white).

The root mean square deviations are 0.04 ARBC-model andPfBC-model) and 0.03 A
(for HsBC-model). The positions of the 20 soraphen-intimgaesidues on the 3D structure
revealed that they are situated on the surfacéefmolecule rather than buried inside the
structure (Figure 6.20). This result is consisteith the study carried out by Shex al
(2004) who suggested that the soraphen-A binddeatdimer interface of the crystallised
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biotin carboxylase. Although 47% of these residaiesscompletely identical while 73.7% are

similar by ClustalW™ alignment.

6.3 Discussion

Bioinformatics tools were used to study the streestuand assign protein kinase
phosphorylation sites oR. yoelii acetyl-CoA carboxylase based upon comparativeysisal
with acetyl-CoA carboxylases from several organisha encodes the multi-domain acetyl-
CoA carboxylase. It was necessary to compRreyoelii acetyl-CoA carboxylase with
orthologues from othePlasmodium parasites and homologues from other eukaryotic

organisms in order to be confident with infereniteg were drawn from the results.

The ClustalW™ alignment data (data not shown) mwvg 17 acetyl-CoA carboxylase
sequences enable the accurate prediction of thetstal organisation d®. yoeliiacetyl-CoA
carboxylase as well as othBtasmodiumacetyl-CoA carboxylases. The biotin carboxylase
and the carboxyl transferase protein domains withirly high degree of conservation were
the points of focus. By and largB, yoelii acetyl-CoA carboxylase appears to be a multi-

domain type enzyme like that found in other euksrygo

The phylogenetic analysis derived from aligned seges showed that there was
evolutionary divergence oPlasmodiumacetyl-CoA carboxylase from other species. The
Plasmodiumacetyl-CoA orthologues clustered wilth gondiiand the primitive unicellular
photosynthetic diatom(. lucimarinus (Lanier et al, 2008), suggesting th&lasmodium
acetyl-CoA carboxylase is closely relatéd gondii (an apicomplexa) an@®. lucimarinus
acetyl-CoA carboxylasedl. gondiiis a plastid encoding organism (Jelengitaal, 2001;
Jelenskeet al, 2002; Zutheret al, 1999) with a plastid genome of ~ 35 kb (Rathal,
2004a; Ryallet al, 2003; Walleret al, 2003; Zuegget al, 2001), a size synonymous with
the size of thePlasmodiunplastid (Gleeson, 2000; Ralw@t al, 2004a; Walleet al, 2003;
Wilson, 2002).

During analysis of the 17 acetyl-CoA carboxylasgussices using PrositeScan™ to establish
the amino acid sequence corresponding to the \@arolamains of the enzyme, it was
discovered that all organisms examined have 67 @makid residues in their biotinoyl

domain, excepPlasmodiumwhich has 73 residues.
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Figure 6.1€ Predicted 3D molecular models of biotin carboxylas domain. (A) S. cerevisiagositive control
model, B8) P. yoelii (C) P. falciparumand D) H. sapiens The structure is coloured according to secondary
structure succession using the spdbv programme &laondary structure is at the N-terminal andsestbndary

structure is at the C-terminal of the protein.
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Figure 6.17 Structural comparison of the biotin caboxylase carbamoyl phosphate synthetase
signature structures (A) SBC+, B) PyBC-model(C) PfBC-modeland O) HsBC-model The
long chain (blue) and the short chain (green) ateured by selection using the spdbv programme.
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Figure 6.18 Sequence alignment of the biotin carbgiase domains ofS. cerevisiae, P. yodii, P
falciparum and H. sapiens. Residues involved in binding soraphen A are hggitéd red; residues
corresponding to the carbamoyl phosphate syntheigsature are coloured blue (long) and green
(short). 1w93 represents the PDB-deposited amiitbsarjuences.
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Figure 6.19 Superimposition of the residues at thequivalent positions with theS. cerevisiae biotin carboxylase soraphen A-binding residues(A)
PyBC-model B) PIBC-model C) HsBC-model. Labelled residues correspond to the Sc&Siues.
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Figure 6.20 Molecular surface representation showimp positions of the soraphen A-binding
residues (A) SBC+, B) PyBC-model, C) PBC-model and ) HsBC-model. The soraphen A-
binding residues are coloured blue using the spdbgramme.

The additional six amino acid residues at the Miteal region (Figure 6.21) d?lasmodium
may be as a result of gene insertion sificgondii(a close relative dPlasmodium has 67
amino acid residues in its biotinoyl domain. Thibservation strongly suggested that
regardless of the evolutionary divergence of theyeres in the various organisms, the

biotinoyl domain maintained a consistent numberesidues. The reason for this consistency
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is not understood, though it may be related toftimetional relevance of this domain to the
structure and function of the enzyme as well ashioéin protein ligase, an enzyme that
attaches biotin moiety on biotin-dependent proteass a form of post/co-translational
modification. This domain was studied in ChaptdsySrecombinant protein expression and
analysis for the presence of biotin.

Mapping phosphorylation sites either by experimenby prediction algorithm is a crucial
step towards understanding the catalytic mechaoisan enzyme and the resulting effects
this enzyme exerts on other enzymes or metaboliowagys (Blomet al, 1999). Protein
kinase mediated phosphorylation of acetyl-CoA caytase has been well studied (Boagte
al., 2000; Hamiltoret al, 2002; Hardie, 2003; Hardie and Pan, 2002; Mun@892; Pan
and Hardie, 2002), however, there are conflictesufts on the actual phosphorylation sites
from bothin vivo andin vitro studies (Boonet al, 1999; Lockeet al, 2008; Munday, 2002).
Prediction algorithms are fast, reproducible andehiaeen shown to be accurate in terms of

optimizing experiments (Doytchino al., 2006; Flower, 2003).

This study focused on identifying putative phosptation sites that are conserved in each of
the domains of the enzyme. It was thought thatcdtalytic activities of the two enzyme
domains may be regulated by a protein kinase; hatthe phosphorylation sites will be
conserved across several eukaryotes incluBiagmodium Biotin carboxylase is a member
of the ATP-dependent carbamoyl phosphate synthéasiéy of enzymes (Blancharet al,
1999b; Galperin and Koonin, 1997). These enzymdalys® the phosphorylation of a
carboxylate ion and the transfer of carbamoyl phagpto an amino receptor on a protein
substrate (Blanchardt al, 1999b; Galperin and Koonin, 1997). The carbanphdsphate
synthatase family depends on ¥and consists of a phosphate binding signatureidJav
Majd et al, 1996; Stapletoet al, 1996). Previous studies on protein kinase phasdtion
sites did not identify any phosphorylated residmetle biotin carboxylase as well as the
carboxyl transferase domains of acetyl-CoA carbamsgl This may not imply that these
enzyme domains may not be phosphorylated. Moredheise studies were based upon
enzymes that were recombinanatly expressed intarsysot native to the enzyme (Boagte
al., 1999; Lockeet al, 2008; Munday, 2002).

Two predictive algorithms were used to identify gibte protein kinase modification sites on

P. yoelii acetyl-CoA carboxylase by comparative analysishwi. falciparum vivax
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knowlesi and mammalian acetyl-CoA carboxylase sequences. FArbscan™ algorithm
(Bairochet al, 1997) and NetPhos 2.0™ (Blogh al, 1999) algorithm designed to predict
putative protein kinase sites on a protein sequeiittesensitivities of 69% to 96% (Bloet

al., 1999). The Proscan™ algorithm is the most widedgd method for predicting protein
kinase phosphorylation sites (Bloet al, 1999). The NetPhos 2.0™ is superior to the
Proscan™ algorithm because the NetPhos 2.0™ naatalork used to train its algorithm
caters for a proteome wide prediction ability (Bletal,, 1999). This algorithm recognizes
up to nine residues %4 residues around the phoglattion residue. This is because there is a
general consensus that the protein kinase phygicddiracts with a stretch of 7 — 12 residues
surrounding the phosphate acceptor residue (A&tssli, 1996; Blomet al, 1999; Obatat

al., 2000; Songyanegt al,, 1994).

Other species dPlasmodiumncluding P. bergheiandP. chabaudiwere excluded from the
study due to unavailability of the complete enzysegjuence (Plasmodb). However, the
observations made in this study could be extrapdlad other species &lasmodiumnot
included in the study. Previous studies had emplojlee use of peptides containing
phosphorylation motifs (Boonet al, 1999; Hardieet al, 1998; Munday, 2002). Some of
these peptides are in an unconserved region girtitein (data not shown). Humaracetyl-
CoA carboxylase has been previously shown to begitarylated at Ser 79, the residue that
has been implicated in the regulation of the enzyBuoneet al, 1999; Hardieet al, 1998;
Munday, 2002). This residue and its equivalentpuacetyl-CoA carboxylase are not
conserved irPlasmodium though the NetPhos 2.0™ algorithm identified éhedes with a

probability of 99.1% (data not shown).

The Proscan™ algorithm predicted PKC, PKG and PKasphorylation sites; though only
two of these sites corresponded to the NetPhos ARBtithm-predicted sites (P1/N1 and
P5/N2, in Figures 6.4 and 6.5). cGMP-dependeneprdinase (PKG) and cAMP-dependent
protein kinase (PKA) have being identified and eleterised inPlasmodium(Deng and
Baker, 2002; Diazt al, 2006) The P1/N1 site is located at the N-terminal regibrthe
biotin carboxylase domain, shown to be ATP depen{Rlanchardet al, 1999b; Galperin
and Koonin, 1997; Javid-Majdt al, 1996; Stapletoet al, 1996). Although, the NetPhos
2.0™ score for mammalian acetyl-CoA carboxylase l@as than 55% at this site. Some of

these sites may be false positive results duertwsein the neural network used to train the



algorithms (Blomet al, 1999). However, there is a possibility that thestes may be

phosphorylation sites yet to be experimentallytdisthed (Blomet al, 1999).

In the NetPhos-predicted serine phosphorylatiassiiysine appeared to be the predominant
residue at position — 4, while tryptophan or phatayiine (both are aromatic amino acids)
are at the + 4 positions. These amino acids atiposi+ 4 and — 4 were 100% conserved.
This suggests that these residues may be involveédtie interaction of thélasmodium
protein kinase. The two serine phosphorylatiorsgiieedicted by NetPhos 2.0™ appear to be
attractive options for the study of the proteinddga regulation oPlasmodiumacetyl-CoA
carboxylase. With site-directed mutagenesis on aombinant Plasmodium biotin
carboxylase domain or peptides derived from regammgesponding to these phosphorylation
sites, the predicted sites could be experimentallidated, using recombinaflasmodium
protein kinases (Deng and Baker, 2002; Desaal, 2006; Dorinet al, 1999; Dorinet al,
2005; Nune=t al, 2007).

In this study, homology modelling was used to mdtel structures of the biotinoyl protein
and the biotin carboxylase domainshofyoeliiacetyl-CoA carboxylase. Homology is widely
used for predicting the possible function of a eimtand for drug design (Brovet al, 2004;
Keenan and Welsh, 2004; Singh al, 2006). The predicted models Bf yoelii biotinoyl
protein and biotin carboxylase were derived fromne tirystal structures of th&. coli
biotinoyl protein (Athappilly and Hendrickson, 199%nd the S. cerevisiaebiotin
carboxylase domain of acetyl-CoA carboxylase (Stteal, 2004; Waldropet al,, 1994). The
models were refined using various algorithms presglidy the spdbv v3.7 programme and
validated by the ProCheck™ algorithm (Laskowskial, 1996). This study supported the
experimental data where the recombinant protein bwatsnylated in arE. coli expression
system. The study identified the potential intacacof the biotin carboxylase domain Bf
yoelii acetyl-CoA carboxylase with soraphen A, a fungicidhat inhibits acetyl-CoA
carboxylase (Beckerst al, 2007; Sheret al, 2004; Shirraet al, 2001; Weatherlet al,
2004).

In most homology modelling studies, it is crucialdvaluate the structure predicted by the
modelling programme used (Kleywegt, 1997; Kleywagtl Jones, 1996; Schwede al,
2000; Schwedeet al, 2003). This evaluation often requires a contstlucture for

comparative assessments. Therefore the amino acidesce (submitted to PDB) of the
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protein used as a template for the study was medlelh its 3D structure in an attempt to
produce a ‘predicted’ control model. Visual compan (Schwedet al, 2000; Schwedet
al., 2003) between the control model and the predipt®tein was carried out as the first
evaluation step. The total energy (kJ/mol) of thedeis were negative, suggesting highly
relaxed structures (Melo and Feytmans, 1998). &fieament of the models carried out with
an incremental energy reduction steps using GROMOS&h Gunsteren and Billetter,
1996) showed differences between the original maddithe refined model in terms of total
energy. This resulted in an improvement on the remab amino acid residues in the core
regions of the Ramachandran plot. The minute diffees in energy of the control models
before and after refinement by GROMOS™ authentitéte modelling algorithm. The root
mean square deviation (RMSD) of the predicted médeh the experimental control model
is another parameter that was used to assess #figy pf the models (Chothia and Lesk,
1986; Wellset al, 2006). It is expected that there should be ama@hdeviation between the
back bone structure of the predicted model anéxfgerimental control. A model could be
declared inaccurate if its atomic coordinates aoeenthan 0.5 A RMSD of an experimental
control (Chothia and Lesk, 1986; Lesk, 1997). Iis thtudy, the RMSD between the

predicted models and their respective model cantk@re well within this limit.

The measure of the stereochemical properties aoflues in a protein or peptide is the
definitive means of validating a protein structfideywegt, 1997; Kleywegt and Jones,
1996; Schwedet al, 2000; Schwedet al, 2003). The main chain of a polypeptide assumes
a preferred energetically favourable conformatishich is characterised by the value of two
torsion anglesg andy; the third anglew, is largely restricted to 180° and 0° toans-
peptides andcis-peptides, respectively (Kleywegt and Jones, 19R&makrishnan and
Ramachandran, 1965). The plot of the torsion angieke residues in a polypeptide, often
referred to as the Ramachandran plot (Ramakrislan@nRamachandran, 1965), is widely
used in protein prediction algorithms. The protghucture validation algorithm, ProCheck™
(Laskowskiet al, 1996) uses Ramachandran analysis to evaluatqudiity of predicted
protein models. This algorithm is used for protamucture quality assessment when
depositing a protein structure into the ProteinaDBank (http://deposit.pdb.org/adit). The
ProCheck™ algorithm further divided the originalmRechandran plot from three to four
regions namely: “most favoured”, “additional alloie “generously allowed” and

“disallowed”. The predicted models in this studpwed the majority of residues to lie in the



most favoured regions and a small fraction in tiealtbwed regions. Typically, a good
model should not only have very many residues enaltowed regions, but very few in the
disallowed regions (Kleywegt, 1997; Kleywegt antheél 1996). Some published predicted
models confirmed the presence of few residues endisallowed regions (Choubey al,
2006; Joshiet al, 2008; Singhet al, 2006; Wellset al, 2006). By and large, the
stereochemical properties of the predicted modelewomparable to the controls structures

used to generate the models.

The SWISS-MODEL™ homology modelling algorithm wasther tested using mutations
introduced to theP. yoelii biotinoyl protein region. Given that the modelliatgorithm is
typically based on sequence identity and propgnaient (Schwedet al, 2000; Schwedet
al., 2003), it was expected that major alteratiorchsas deletion, insertion or replacement of
residues at regions conserved between the targettren template will result in major
perturbations in the overall structure predictedh®syalgorithm, while minor alterations such
as substituting an amino acid with a similar ondl wasult in minor perturbations. The
mutant models generated by the modelling algorigimowed major alterations on the 3D
structure when the residues forming the loop stinecbetweeffs; andp, were deleted before
alignment, and when the methionine residues flapkive biotinyl-lysine were replaced with
glycine. No alteration on the structure comparedthe predictedPyBCCP-model was
observed when the biotinyl lysine was replaced wglytine, arginine and glutamic acid
(data not shown). This was because the sequendaetamed a proper alignment with these

minor alterations in amino acid sequence.

The E. coli biotinoyl protein, though a separate subunit peptgle of the acetyl-CoA
carboxylase complex, shares structural similariity\ihe P. yoelii biotinoyl protein domain.
Alignment of the biotinoyl protein domain &% yoeliiwith theE. coli1bdo sequence used to
resolve its crystal structure (PDB-deposited segeershowed 20% identity and 52%
similarity. Although the percentage identity is lemthan the 25% threshold stipulated by the
SWISS-MODEL™ algorithm (Schwedet al, 2000; Schwedet al, 2003), studies have
shown that residues at an environmentally or eiaatily conserved position on two
similar proteins with dissimilar residues play damistructural roles (Kleigeet al, 2000).
The predicted 3D model &f. yoeliibiotinoyl was found to be similar to both experitadly
resolved (Athappilly and Hendrickson, 1995) andodthm-predicted (Chapman-Smitt
al., 1999; Chapman-Smitt al, 2001; Rechet al, 1998) 3D structures &. coli biotinoyl
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protein. The structural relationship between theo tproteins could have led to the
biotinylation of P. yoelii biotinoyl protein expressed . coli by theE. coli biotin protein
ligase. Both structures are made uaheets without an-helix and the consensus MKM
motif in both structures is located at a tifaturn joining two sheets. This conformation is
consistent with the resolved crystallographic stries of the human acetyl-CoA carboxylase
biotinoyl domain (Leeet al, 2008) andP. shermanitranscarboxylase biotin carboxyl carrier
domain (Reddt al, 2000).

Site directed mutagenesis studies aimed at detergnthe residues on BirA involved with
the interaction withE. coli biotinoyl protein showed that E147K mutation on thetinoyl
protein minimally affected its biotinylation by Bir(Chapman-Smittet al, 2001). A lysine
residue (K3 is at an equivalent position on tRe yoelii biotinoyl domain (Figure 6.22),
and 100% conserved acrd3sfalciparum vivax berghej chabaudiand knowlesidomains.
This residue is orientated on the surface of thecsire in the model, comparable t&* of
the E. coli biotinoyl protein. Conversely, E119K mutation riésd in significant alteration in
the activity of BirA activity on the biotinoyl pretn (Chapman-Smitet al, 2001). This
glutamic acid residue is conserved n yoelii and otherPlasmodiumbiotinoyl protein
domain of acetyl-CoA carboxylase. The observatiomsde from these studies clearly
indicated that, while residue charge is essentialhe recognition process, an interaction
between single amino acids residues is not suffi@@aough for the interaction between BirA
and its biotin-dependent substrate (Chapman-Satithl, 2001; Rechet al, 1998; Reche
and Perham, 1999; Reche, 2000). The negligible RNd8fveen the back bonecarbon
atoms of the VEAMKM-(X)-E/K (147/1152) residues clearly suggested thatsita
conserved pattern common between the two strucamdsmay be involved in conserving
the conformation vital for biotin protein ligaseteraction (Kleigeret al, 2000; Yang and
Honig, 2000a; Yang and Honig, 2000b). This confdiamamay be the determining factor
for the interaction between the recombinBntyoelii biotinoyl protein and th&. coil BirA
(Recheet al, 1998; Reche and Perham, 1999; Reche, 2000griisant contribution made
by the homology modelling study is that site diegctmutagenesis on key amino acid
residues orP. yoelii biotinoyl protein can be carried out based ongpatial organisation of

the residues on the surface of the 3D structure.
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Figure 6.21 Sequence conservation in the biotinoydomain of the multi-enzyme-domain type acetyl-CoA arboxylase Acetyl-CoA carboxylase
sequences (16) from various organisms were sulmrittehe ScanProsite™ database to identify the amaid sequence corresponding to the biotinoyl
domain. The sequences were extracted and aligndédthné ClustalW™ algorithm (1000 bootstrap analysrResidues are shaded based on the degree of
conservation, with black shading indicating 100%s=yvation. The double underline indicates the ineno-acid residues that may have been inserted in
thePlasmodiunsequence by evolutioA. thaliana 1 and 3hares 100% sequence identity in their biotinoyhdm, hencé\. thaliana-2was excluded.
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Figure 6.22 ClustalW™ alignment of E. coli biotinoyl protein and P. yoelii biotinoyl protein
domain. Residues in red and blue are at equivalent pasiticorresponding to the previously studied
BirA interacting residues (Chapman-Smdhal,, 2001). The residues highlighted yellow corregfson
to the “thumb” structure on tHe. coli protein (Cronan, 2001; Let al,, 2008).

One key observation made from the predicted stractd E. coli biotinoyl protein is the
presence of the “thumb” structure connecflagndps (see Figure 6.7). This structure is also
found in both the experimentally-resolved crystalcture as well as the predicted structures
of E. coli biotinoyl protein (Cronan, 2001; Lext al, 2008). The residues involved in the
“thumb” structure are 64% similar witR. yoelii biotinoyl protein (highlighted residues in
Figure 6.21). A ClustalW™ alignment between f&e coli biotinoyl protein and human
biotinoyl protein domain revealed a gap (data hotrg1) at an equivalent position, indicating
the absence of this structure in the human protasmecently suggested (Letal., 2008).
This structure is also absent in the biotinoyl etdomain ofP. shermantranscarboxylase
(Leeet al, 2008; Reddt al, 2000). The relevance of this structure to thagin is still not
clear. A number of studies have shown that therfibiUstructure contributes to the overall
stability of the biotinoyl protein to proteolysiSdlbiatiet al, 2002). Other studies have also
shown that it contributes to the stability of thansient biotinylated structure of the holo
enzyme by interacting with the biotin moiety (Rabest al, 1999; Yaoet al, 1999). The
deletion of the thumb structure i coli leads to a decrease in fatty acid biosynthesisénen
growth of the cells (Cronan, 2001). However, laékhe “thumb” structure in some other
biotinoyl subunits or domains of acetyl-CoA carblasg (Leeet al, 2008; Reddyet al,
2000) and the long half life of carboxy-biotin (Kmles, 1989) contradicts these suggestions
about the involvement of the “thumb” structure I tstability of the holo-biotinoyl protein
(Solbiatiet al, 2002). The biotinoyl domain of the human ac&@yglA carboxylase crystal

structure would have been a good template to mtbaelP. yoelii protein considering the
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evolutionary relationship between the two enzynmiesnay be important to use the 2dn8
(deposited in the PDB by Ruhul Momoeeal, 2006)template for more comparative studies

of theP. yoeliibiotinoyl protein domain with regards to its stiwal evolution.

The inhibition of acetyl-CoA carboxylase activity boraphen A has been studied in humans
and yeast (Beckerst al, 2007; Sheret al, 2004; Shirreet al, 2001). This compound has
been shown to inhibit the activity of biotin carlytase by interacting with 20 residues within
the domain (Shewet al, 2004). The crystal structure 8t cerevisias€Shenet al, 2004)
provided a good template to model fReyoelii acetyl-CoA carboxylase biotin carboxylase
domain, in an effort to investigate the structucaganisation of this domain and the
possibility of inhibiting the enzyme with soraph&ror close analogues. The structures of the
P. falciparumorthologue, as well as the human version of theyme domain were also
predicted for comparison. Although, there is a Ine=b crystal structure of th®. cerevisiase
biotin carboxylase (PDB ID: 1w96) in complex witbraphen A (Shert al, 2004), the
coordinates of the domain without the inhibitor vpasferred. This was to prevent errors that
may be introduced in the models due to the infleeatthe inhibitor interaction with the
general conformation of the protein structure (Seteet al, 2003). Generally, the high
sequence identity between the target and the téengdamuence correlated to the good quality
of the predicted models (Jogdti al, 2008; Keenan and Welsh, 2004; Schwedal, 2003).
The GROMOS™ refinement data suggested good qustiityctures based upon the total
energy (kJ/mol) before and after the energy miratns processes. This was also evident in
the marginal RMSD of the-carbon backbone structures between predicted maohel the
control model. Therefore, it was vital to carry artergy minimisation before subsequent

studies on the predicted structure, such as imribit ligand interactions.

The key enzyme subdomain in the biotin carboxylagee carbamoyl phosphate synthetase
signature (Galperin and Koonin, 1997). Enzymes rightg to this super family have been
well studied (Blancharet al, 1999b; Javid-Majcet al, 1996; Stapletoret al, 1996) and
they catalyse the phosphorylation of the carboryation (COO and subsequent transfer
of the carbamoyl phosphate to an amine acceptoecutd, in this case a biotin molecule
attached to the biotin carrier protein. This reatfiorms part of the commited step of acetyl-
CoA carboxylase (Brownsegt al, 2006; Hardie and Pan, 2002). The predicted nsodel
revealed similarity in the conformation of the caribyl phosphate synthetase signatures,
with negligible RMSD of their-carbon backbone conformation between the modelsttas
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control model. This observation structurally chéegsed this domain, and suggested a
possible similarity in the enzyme function of thetlm carboxylase domains &. cerevisiae

andPlasmodium

The Ramachandran analysis using the ProCheck™ithigoshowed a lower percentage of
the non-glycine and non-proline residues in thetrfasured region; however, this appeared
to be consistent with the control model. In additivery few residues were in the disallowed
region of the Ramachandran plot. This shortfaltha stipulated percentage (Laskowski
al., 1996) of residues in the most favoured regiory @ traced to the original structure
deposited in the PDB database (Kleywegt and JAi®). When the crystal structure ®f
cerevisiaebiotin-carboxylase in complex with soraphen A (By®as used as a template to
build a control model andR. yoeliibiotin carboxylase model, ProCheck™ analysis riecka
that 90.6% and 86.7% of the residues in the comaindlP. yoeliimodels, respectively, were
in the most favoured region of the Ramachandrah (pésults not shown). However, tRe
yoelii models derived from the different templatesSofcerevisiadiotin carboxylase (PDB
ID: 1w93 and 1w96) deviated by 0.7 A (RMSD of treckbonen-carbon atoms), despite an
equal number of residues between the two modelsidBg, the control models generated
from the two crystal structures also deviated I&yA. The differences in the resolution of the
crystals (2.5 A for 1w93 and 1.8 A for 1w96) mawéanfluenced the observed constraints
in the predicted models (Kleywegt and Jones, 19B6&. interaction of the protein with the
inhibitor may have resulted in the more relaxedfeonation of the 1w96 crystal structure
compared to the 1w93 crystal structure. The biatarboxylases consist of a highly
conserved ATP-binding subdomain that is charactesi®f this class of enzymes (Galperin
and Koonin, 1997). Perhaps, the binding of ATP ii&&#s the structure, which may occur
with soraphen A binding; though soraphen A is natractural analogue of ATP. Studies
have shown that ligand interaction stabilises ttnacture of a protein. For example, the
interaction between apo-haemoglobin and the pomphying results in stability of
haemoglobin (Fontanet al, 1997) and the structural stability of ATP-sujfiase increases
with ATP-binding (Ullrichet al, 2001; Yuet al, 2007).

The residues at equivalent positions involved iragben A binding were superimposeable
with negligible RMSD. None of these residues arethe disallowed regions of the
Ramachandran plot as determined by the ProCheckBtidim (data not shown). Four out

of these 19 residues were not conserved. Suchtwtalidissimilarities may prove to be
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advantageous in designing soraphen A analoguesttagtinteract with higher specificity
with Plasmodiunbiotin carboxylase (Keenan and Welsh, 2004). Howe¥e interaction of
soraphen A with apicomplexa biotin carboxylasexisegimentally characterised. It would be
interesting to investigate the inhibition Blasmodiumacetyl-CoA carboxylase using vitro
Plasmodiumculture. The observation made from this predicteddels can be further
evaluated using automated molecular docking algmst such asGOLD (Genetic
Optimisation for Ligand Docking) (Jonest al, 1997) to examine hydrogen bonding
formations between these 19 residues and the ssmaphmolecule. Molecular docking
studies in combination with protein structure peéidn is widely applied in drug design and
synthesis (Bjelic and Aqvist, 2004; Keenan and WeR004; Singhet al, 2006). The
inference made from this study could be strengttidryeapplying other homology modelling
programmes and compare the models generated framotwmore different homology

modelling algorithms.
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CHAPTER 7
FINAL DISCUSSION

7.1 Introduction

The clinical manifestations of malaria in humanbjck occurs only when infected by one of
the four species of the human malaria parasitesairea major health and economic burden
in most tropical regions of the world, where theedise is highly endemic. To date there is no
effective malaria vaccine and the parasite hasldped resistance to most drugs available
for the treatment of malaria (Gregson and Plowe)520Nainwright and Amaral, 2005;
White, 2004). This has led to a search for new daugets against malaria, enhanced by the
complete sequencing of the genome offtleiparumspecies in addition to other species of
the parasite. Although the malar@arasite has been studied for several decades, the
parasite’s biochemistry and interactions with themune system in humans is not clearly
understood (McKean, 2002). This may be as a redutte unique nature of the parasite’s
genome, which is the only organism withAfrich genome identified so far. Besides, more
than 60% of the predicted proteins in the paragitgeome do not have any functional

similarity with proteins in many other organismsaf@neret al, 2002a).

The first port of call when investigating prelimmgaanti-malaria drug effectiveness and
immune response towards vaccine candidates anodest malaria models (Carltat al,
2002). These species Bfasmodiunmparasites, originally isolated from African thickets,
are laboratory-adapted and can be establishedeettfiz in rodents (Sannet al, 2002).
Nevertheless, the usefulness of the rodent mateoidels as a study alternative to the human
malaria parasites is still debatable (Carl&inal, 2002). This is because different species
have been shown to develop different mechanisnisuyf resistance, regardless of a similar
mechanism of action of the particular drug (Carl&tnal, 2001). In addition, different
species of the parasite display different modeisnafiune invasion in the host. By and large
studies have shown that regions, where a genevavied in house keeping, are highly
conserved betweeR. falciparumand P. yoelii but regions where a gene is involved in
antigenic variation and immune invasion are locaernot conserved (Carltat al, 2002;
Carltonet al, 2001). This may be interpreted as a pitfall simg rodent malaria parasites to
model vaccine efficacy; while on the other handshbws that malaria models could be
selected based on genes that best fits the pheodtgd under study (Kaisest al, 2004).

Therefore identifying a protein or enzyme mediatarg important pathway for study as a
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drug target should be based on the presence aflogiles of the protein in other species and

the degree of sequence identity between the ogbe® of the protein under study.

The “post-genomics” era has witnessed major mitetoin malaria research based upon
deductions made froffin silico” analyses of the published genomes of the par&stesral
genes encoding proteins that were previously thobaghbe lacking in thePlasmodium
parasite have been identified as a result of thenmagenome sequencing projects. Genome-
wide studies on the expression profile of fhefalciparumtranscriptome (Le Rocht al,
2003) has revealed the pattern of expression @rakgenes encoding potential drug targets.
This has contributed to understanding the impodaofca potential drug or vaccine target to
the stage of the parasite life cycle based on xpeession level of protein at the particular
stage of the parasite development. Generally,liel@eved that only genes encoding proteins
essential for the survival and progression of thegite at a particular stage are expressed
(Kaiser et al, 2004; Le Roclet al, 2004). However, care must be taken when making
deductions from these gene transcriptions profita doecause these data were derived from
a P. falciparumisolate grownn vitro (Le Rochet al, 2003). There have been recent efforts
to establish the expression profileRxffalciparumtranscriptome from field isolates (Daiy

al., 2007; Siawet al, 2007).

Fatty acid biosynthesis is vital in any organism ftembrane biogenesis and survival. The
ability of the Plasmodiumparasite to synthesise fatty acid precurstgsnovohas been a
subject of controversy. Initial studies showed plagasite synthesises or imports fatty acid
based on the dramatic elevation of lipid metabolisnfPlasmodiuminfected erythrocytes,
which is almost absent in uninfected erythrocyMagmura and Palacpac, 2003). Central to
fatty acid metabolism in most organisms is acetyAQcarboxylase. This enzyme, which
catalyses the commitment step in fatty acid bidsgsis, has been shown to be inhibited by
herbicides and fungicides (Gornicki, 2003; Skeal, 2004). These observations have led to
increased attention on this enzyme as a possiblgtdrget for anti-parasite and anti-obesity
chemotherapy. The presence of this enzyme inPllasmodiumparasite was, until now,
based upon comparative sequence analysis withctbased acetyl-CoA carboxylases from

other organism (Plasmodb database).
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7.2 RT-PCR and Northern blotting analysis ofP. yoelii acetyl-CoA carboxylase mRNA
This is the first study to specifically verify th@resence of acetyl-CoA carboxylase and
characterise the highly conserved biotin-bindingnedm of the enzyme in lasmodium
parasite. This was demonstrated in this study u$ingyoelii propagated in mice by
employing RT-PCR analysis to show that the parasitpresses the enzyme at the
erythrocytic stage of the parasite life cycle. Tésults were further confirmed by sequencing
of the RT-PCR products. Although the quantitatieeels of expression of this gene at the
blood stage oP. yoeliiwas not determined. Northern blot analysis usatgltRNA isolated
from infected mouse blood confirmed the presenag sire of the transcript, which was
greater than the published size of the ORF. Thikgps suggests that the extended 5 and 3’
untranslated regions may be involved in the reguiatof the gene translation. This
observation shows that the parasite is capabiie ofovdfatty acid biosynthesis. Studies have
shown that acetyl-CoA carboxylase is transcriptignaegulated (Barberet al, 2003;
Munday, 2002), therefore studying the transcriptimofile and the UTR of this gene
transcript could to be important for understandimg regulation of acetyl-CoA carboxylase
activity.

Analysis of the transcription profile of the gerewoding acetyl-CoA carboxylase and fatty
acid synthase complex . falciparumsuggests that these enzymes, though very crurcial i
fatty acid synthesis, are down regulated in theodhlstage of the parasite cycle and up
regulated in (the predominant insect stages) tineegiacyte and sporozoite stages (Plasmodb
database). Conversely, enzymes possibly involvedhen trafficking and processing of
imported lipid precursors are up regulated at tgheocyte stages and down regulated at the
gametocyte and sporozoite stages. This is an impioobservation that suggests ttiatnovo
fatty acid biosynthesis in the parasite may beestggecific. In other words: why make fatty

acid when it can easily be extracted from the hdki8 remains to be investigated.

7.3 Production of anti-PyACC peptide antibodies usi for the detection of P. yodlii
acetyl-CoA carboxylase

The availability of the published amino acid seqeenf P. yoelii acetyl-CoA carboxylase
enabled the selection of immunogenic peptides filoeenzyme for antibody production in
chickens using an epitope prediction algorithm. Tse of synthetic peptides for the
production of antibodies is a useful approach when whole protein cannot be easily

isolated and/or purified to homogeneity. Studiesied out in our laboratory have showed
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that synthetic peptides coupled to a carrier induemunogenic response in chickens to
produce up to 30 mg of affinity purified anti-pejgiantibodies. These antibodies have been
used to successfully characterise several nB\@tmodiumprotein kinases (Dorirt al,
2005; Merckxet al, 2003). The anti-peptide IgY directed agaifstyoelii acetyl-CoA
carboxylase detected the enzyme in parasite lysdttssned from a mixed stadge yoelit
infection. The enzyme was also detectedsitu by immunofluorescence microscopy. The
detection of the enzyme in both lysate amdsitu is a clear indication of the ability of the
parasite to synthesise acetyl-CoA carboxylaseléonovdfatty acid metabolism. The precise
localisation of the enzyme in the parasite needs b® established by either
immunotransmission electron microscopy or confoeatroscopy. This would confirm

previous speculations that fatty acid biosynthesapicomplexans occurs in the plastid.

7.4 Expression of the biotinoyl domairP. yoelii acetyl-CoA carboxylase irE. coli

A major observation drawn from thie silico characterisation oP. yoelii acetyl-CoA
carboxylase by comparative sequence analysis isahgistency in the number of amino acid
residues in the biotin-binding domain in all organs examined. This consistency in the
number of amino acid residues, coupled with the¥d@@quence identity in the biotinylation
motif of E. coli andPlasmodium led to the possibility that expressing tReyoelii acetyl-
CoA carboxlase biotin-binding domain i coli may result in the attachment of biotin to the
recombinant protein by the. coli biotin protein ligase (Chapman-Smith and Cron®99t;
Chapman-Smitlet al, 1994; Leeet al, 2008). The biotinylation of the recombindhtyoelii
protein suggested a structural feature of the eezyifhe expression &. yoelii biotinoyl
protein in lon-protease deficienE. coli strains using two different expression systems
yielded full protein products, in addition to sorrancated recombinant protein products.
This is not uncommon wheRlasmodiumproteins are expressed in heterologous systems,
including yeast (Mehlinet al, 2006). Studies on improving the quality of recdmant
Plasmodiumproteins expressed have led to the use of synthetion-optimised genes due
to the bias in codon usage between AErich-genomePlasmodiumand heterologous
protein expression cells such as yeast Bnatoli. The use of synthetic codon-optimised
genes for the expression &lasmodiumproteins have so far improved the quality and
guantity of recombinantPlasmodium proteins expressed heterologously in different
expression systems (Fliekt al, 2004; Nagatat al, 1999; Narunet al, 2001; Yadava and
Ockenhouse, 2003; Zhat al, 2004). The use of synthetic codon-optimised gemas not

applied in this study. One major benefit of thipegach is that a plasmodial protein can be
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effectively expressed and characterised withoutnted to culture parasites. Secondly, RT-
PCR-mediated cloning of an intron-rich gene is Isgea when using the synthetic codon-

optimised gene approach.

7.5 Characterisation of recombinantP. yoelii biotinoyl proteins

Biotin was enzymatically attacheal vivoon the recombinarR. yoeliibiotinoyl protein inE.
coli as shown by a peroxidase-conjugated avidin detedystem. Several controls were
included to ensure that the reaction between tlidiraand the biotinylated proteins were
specific. The distinguishing feature of the avidintin detection system is the extraordinary
affinity (Ko=10"M™) and specificity that characterises the complertal between biotin
and avidin or streptavidin (Bayet al, 1979). Peroxidase-conjugated streptavidin was th
choice for detection in a recent study on the dagtiof E. coli BirA on recombinantly
expressed biotinoyl protein of human acetyl-CoAboaylase (Leet al, 2008). The absence
of biotin in recombinanP. yoelii putative copper transporter supported the spégifat the
biotinylation reaction inE. coli. An effort made to renature the recombinant proteas
successful, though cycles of freeze-thaw of thelded protein resulted in re-precipitation of

the protein.

7.6 Prediction of protein kinase phosphorylation $es on the biotin carboxylase and
carboxyltransferase domains ofP. yoelii acetyl-CoA carboxylase

Protein kinases have been shown to regulate thataaf acetyl-CoA carboxylase in yeast,
and mammals. Although, the actual protein kinasgslved in the “phospho-regulation” of
acetyl-CoA carboxylase are yet to be establishedKeet al, 2008; Munday, 2002). Two
algorithms designed to predict potential phosplatigh sites and the potential protein
kinases identified three sites in the enzyme dom#imsed on evolutionary conservation
across several organisms. However, these sitesve¢lidentified in previous studies, which
appeared to focus on phosphorylation motifs comskim the mammalian and insect acetyl-
CoA carboxylases. 5-AMP-activated protein kinase been shown to be involved in the
regulation acetyl-CoA carboxylase and other enzyméggher eukaryotes (Hardie and Pan,
2002). The only protein kinase found in fAkksmodiunkinome that is similar to AMPK and
SNF1 (the yeast version of AMPK) is PF14 0516, Whitas orthologues in other
Plasmodiunspecies (Personal observation). Remarkably, theeegion profile of this gene
(PF14_0516) is similar to the expression profile afetyl-CoA carboxylase gene
(PF14_0664). The genes encoding acetyl-CoA carlgeybnd this putative protein kinase
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are located on the same chromosome (chromosomefR.4falciparumand chromosome-13
in P. yoeli). Although this may be inconsequential, the ineohent of this protein kinase in
the regulation of acetyl-CoA carboxylase and ottiezymes inPlasmodiumshould not be

overlooked. Efforts made to recombinantly expréssPt yoelii orthologue, PY06885 k.

coli andP. pastoriswere not successful in this study.

7.7 Homology modelling of the biotinoyl and biotincarboxylase domains ofP. yoelii
acetyl-CoA carboxylase

Predicting the 3D structure of a protein by homglogodelling typically proceeds in an
ordered sequence of well defined steps, namelyn@@cid sequence alignment between the
target and the modelling template, building thdipri@ary model, refining the preliminary
model and validating the refined model (Kopp antv&de, 2004). Prior to this study, there
were no reported crystal structures of any paragitotozoan acetyl-CoA carboxylase. In
fact, the biotinoyl domain of the human acetyl-Co#tboxylase was the first domain of the
multi-domain acetyl-CoA carboxylase to be resolbgdNMR (Leeet al, 2008), which was
“in press” by the time this study was concludedvéitheless, reasonable inferences were
made from the work by Leet al (2008). This study has revealed an insight tolittedy
structural conformations of biotin carboxylase dmel biotinoyl protein domains &. yoelii
acetyl-CoA carboxylase. The amino acids within &éloéve sites are conserved between the
target and their respective templates. Model refieet and validations studies indicated that
the stereochemical attributes of the residues enntlodels were satisfactory to make valid
deductions from the predicted structures. The siracof the carboxyltransferase domain of
P. yoelii acetyl-CoA carboxylase was not predicted for thiglg because the amino acid
sequence does not completely align with a singl® REmplate. This may require more
computational adjustment to model both ends of gietein to derive a single structure,
similar to the study by de Matos Gueddsal, (2007). By and large, the predicted models
showed prospects on the possibilities of extenttiegstudy towards structure-based designs

to develop effective inhibitors against the enzyorgestingin vitro on malaria parasites.

7.8 Conclusion and future directions

A classical approach towards understanding thetifiume of a protein that is not established
in an organism is to demonstrate that (i) the gesponsible for the expression of the protein
is present in the genome (ii) the gene is tranedrinto mMRNA, (iii) the mRNA transcript is

translated into the protein and (iv) the proteispthys features common to that class of
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proteins or enzymes. The first approach was estadi by the sequencing of the
Plasmodiumparasites genomes. This study has empirically detrated steps two to four,
therefore confirming the ability oP. yoelii and perhaps othdPlasmodiumspecies, to
synthesise fatty acidde novovia acetyl-CoA carboxylase-mediated metabolic wath
Nevertheless, further characterisation employing thative enzyme or recombinantly

expressed enzyme domains (biotin carboxylase atxgtransferase) may be required.

Two major questions that present possible futurections aboutP. yoelii acetyl-CoA
carboxylase and the prospects of targeting thiyraazfor anti-plasmodial chemotherapy
were raised by this study.

(1) What is the fate of biotin in the Plasmodium pae&irhe relevance of biotin as a
cofactor to several enzymes including acetyl-Cofboaylase and transcarboxylase
is evident. A BLAST study of th@lasmodiumproteome and genome showed that
biotin synthetase and biotinidase, an enzyme #atctes biotin in the mammalian
system (Kothapalliet al, 2005; Wolf, 2005) appear not to be present @Peis
observation). NodPlasmodiumproteins have been annotated for biotin transport
present. The likely explanation is tHatasmodiumderives its biotin from the host.
Previous studies stated that the only vitamin thaflasmodiumparasite imports is
Bs (pantothenic acid) due to its involvement with @pgme-A synthesis (Kirk,
2001). Establishing the fate of biotin in the p@mis important to understanding the
role of acetyl-CoA carboxylase in the life cycle thfe Plasmodiumparasite. In

addition, it would be useful to characterise frf@smodiunbiotin protein ligase.

(2) Is acetyl-CoA carboxylase a good target for antigphodial chemotherapy®ne of
the criteria for choosing a protein target for guiismodial drug design is that the
target must be relevant to the survival of the gigga(White, 2004; Whiteet al,
1999). Besides, the protein must be expressed stagles of the parasite life cycle,
especially the asexual blood stage where the paraserts its pathological features.
The expression profile of the gene that codes tetydCoA carboxylasesuggests
that the parasite may not absolutely require ttayme at the blood stage, but rather
at the gametocyte and sporozoite stages. The ianmet of this enzyme in the
initiation of fatty acid biosynthesis makes it aodotarget for chemotherapy.
However, the need for acetyl-CoA carboxylase athtloed stage of the parasite life

cycle needs to be investigated.
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