CHAPTER II

Literatures Review

1. Life cycle and biology of the Plasmodium parasite and Anopheles
Mosquitos | ////
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multiplication in the erythrocytes (erythrocytic schizogony) (Figure
2-1,B).  The ring stages mature into trophozoites and then into
schizonts, which rupture releasing merozoites (Figure 2-1,6). Some parasites

differentiate into sexual erythrocytic stage (micro and macro-gametocytes)



(Figure 2-1,7). Blood stage parasites are responsible for the clinical

manifestations of the disease.
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The gametocytes, male (microgametocytes) and female
(macrogametocytes), are ingested by an Anopheles mosquito during a blood
meal (Figure 2-1,8). The parasites’ multiplication in the mosquito is known
as the sporogonic cycle (Figure 2-1,C). While in the mosquito’s stomach, the
fertilization occurs after the microgametes exflagellate and penetrate the

macrogametes generating zygote re 2 1,9). The zygotes in turn become
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Sexual development of Plasmodium begins as the merozoites
invade the erythrocytes after their release from the liver. Within the
erythrocyte, shizogony occurs to produce either more merozoites, or the
sexual micro and macrogametocytes (taking 26 hours) (10). In P.
Jfalciparum, erythrocytic schizogony takes 48 hours and gametocytosis takes
10-12 days. Normally a vaua\% cycles of asexual erythrocytic

schizogony occurs b@%anytoc@roduced (11). The immune
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Once dra u thm}\r(tocytes increase in volume
1 J a‘l'. o ‘

and escape the e férég:lrﬂ’e are formed by 3 mitotic divisions
£y e i "'\ -3

within the microga , ,agd re e&\explosively. No further

til fertilization where the

microgamete enters the fedm‘;algT_‘gym? asm

.
is a motionless '\Tgéhnhr cell by ais it becomes elongated
wdi :
ing mi es .

and motile, contaB' li y . The cell invades the

microvillus border, pass through the, midgut cells, and lies beneath the

st bt 2 | e ot fbn bbcomes a s ooy

between the basal lamina and the basement cell membrane, and bounded by a
il bR L & B LI L AL B B o i
the oocyst develops. Sporoblasts form, and sporozoites.bud off. After the cyst
ruptures, the sporozoites escape into the haemocoele and migrate to and
penetrate salivary gland cells where they lie in vacuoles for up to 59 days.
These sporozoites develop and become up to 1000 times more infective than

when in the oocyst (12). They are more antigenic, and bear circumsporozoite



polypeptide on their plasmalemma. Sporozoite motility is involved in their
invasion of cells and escape from the salivary gland. The sporozoites are
about 12 uM long and 1 uM across, with a single nucleus, anterior to which
lie micronemes, and posterior to which lies ER and mitochondria (12). They
posses a complex pellicle, which is responsible for motility, and contains

circumsporozoite protein. {h\\hiﬁ/f tratmg region contains extensions

of the microneme duc@‘relgse which interacts with host cell
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’lgl{e malarial parasité exhibits a rapid growth and multiplication
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like all other organisms, acquire nutrients and metabolize these various

biological molecules in order to survive and reproduce. Obviously, the
parasite’s metabolism will be intertwined with that of the host’s because of
the intimate relationship between the host and parasite. These host-parasite

interactions are further complicated by the complex life cycle of the parasite
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involving vertebrate and invertebrate hosts as well as different locations
within each of these hosts. A better understanding of the parasite’s
metabolism may lead to the development of novel therapeutic strategies which

exploit the uniqueness of the parasite.
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75 times more gluco es. Most of the glucose is
converted to lactate ﬂ dehydrogenase (LDH) activity is
believed to function in the—mge of NAD" from NADH which is

dehydrogenase. The ne of gl s to-produce ATP which is the

energy currency of gae cell. In other ords ATP is needed for anabolic and
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converted to lactate. However, some of the glycolytlc intermediates may be
diverted for synthetic purposes. For example, enzymes of the pentose
phosphate pathway have been identified. This pathway probably provides
some of the ribose sugars needed for nucleotide matabolism and provides for

the regeneration of reduced NADPH to be used in biosynthesis or defense
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against reactive oxygen intermediates. Similarly, the further metabolism of

pyruvate may provide intermediates in several biosynthetic pathway.

Aerobic metabolism involves the further catabolism of pyruvate

(glycolysis intermediate preceeding lactate) to carbon dioxide and hydrogen

atoms via the trlcarboxylg\ \%\ 'i#}/ cycle. The hydrogen atoms are

captured by the red H The electrons from the
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captured hydrogen

_ Tj‘of'!btron carriers and ultimately

transferred to m ATP is generated by

capturing energy by a process known as oxidative
phosphorylation. c‘)%phorylation can generate
up to 38 molecules of ATP 4 e M ‘é, whereas glycolysis only
produces two molecul P ?—--_\ 0S¢ molecule. Nonetheless, the
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cycle. An explandtion for this inefficiency is th

ﬁrlance of glucose in the
mammalian bloo am. )i JJ oes appear to exhibit a

TCA cycle in the glugose-poor env1ronment of the mosquito host.
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3 e TCA cycle and qxidative phosphorylation are,generally carried
ou' ohitofHbhita otk b Tk drobbsl e Bhnihly assumed
to be non-functional in the blood-stage parasite as evidenced by the acristae
mitochondria. However, recently a functional electron transport chain and
oxidative phosphorylation have been demonstrated in the blood-stage parasite
(14). In addition, the parasite mitochondria does have a membrane potential

and cytochrome oxidase is present. The antimalarial drugs atovaquone has
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been shown to inhibit electron transport and to collapse the mitochondrial
membrane potential in malaria parasite. One possible function of

mitochondrion during the blood-stage is for pyrimidine synthesis.

2.2 Fatty acids and lipids
Lipids are a ma ok\ embranes. Membrane lipids are

composed of a glyce rbo& mﬂone which has a polar head

group and two lon
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Protems are composéd of linear chains of amino?acids which fold
mtc@ ﬂlﬁﬂnﬁm‘ﬁ}g m ﬂmgl or structural
protelns. Proteins are responsible for cellular structure and function. The
blood-stage parasite obtains amino acids for protein synthesis from three
sources: 1). Degradation of ingested hemoglobin, 2). Uptake of free amino
acids from the host plasma (or cells) and 3). De novo synthesis. The most

abundant source of amino acids is the ordered degradation of hemoglobin.
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Several amino acids are taken up by infected erythrocytes at
accelerated rates (16) and in vitro culture studies indicate that P. falciparum
requires seven exogenously supplied amino acids: isoleucine, methionine,

cysteine, glutamine, proline, tyrosine (17). The parasite is also able to fix

carbon dioxide and thereby synthesize alanine, aspartate and glutamate.

However, the amino acids fotmg\\'{#)n dioxide fixation and some of the

exogenously added axm@s

n@y incorporated into proteins.

reaction) can interact with
ly serve as fuel sources.
ursors or components of

f%ular note is the proposal

R1bo§191hes are supramoleculat@ﬁ:mposed of ribosomal

A into protein. The
mechanism of protem synthes1s is presumably typical of other eukaryotes.
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and invertebrate stages of thes parasite’s life cycle (19),, The functional
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2.4 Nucleotides and nucleic acids
DNA and RNA are polymers of nucleotides. Nucleotides consist
of a ribose sugar group linked to either a purine (adenine and guanine) or

pyrimidine (cytosine, uracil and thymine) base. These bases can either be
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obtained via de novo synthesis or from the environment by the salvage
pathway. The malarial parasite obtains preformed purines by the salvage
pathway and synthesizes pyrimidines de novo. Since the host can obtain both
types of bases by either pathway, it may be possible to exploit the parasite’s
limited capability in nucleotide metabolism.
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2.5 Vitamins and co-factors
Many biochemical processes require co-factors which do not
directly participate in growth processes as do the bulk nutrients. Instead,

vitamins are usually required in smaller amounts and are usually recycled.
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Pantothenate appears to be the only vitamin not supplied by the erythrocyte
(17) and is probably needed for the formation of acyl-coenzymeA which is

needed in lipid biosynthesis.
Folate and its derivatives are important co—factors in the synthesis

of nucleotides and amino E@H L&lly for the transfer of methyl (one
\ |
carbon) groups. Espe&

ortant 15 of the dihydrofolate cycle in

de novo pyrimidin duced to tetrahydrofolate

al antimalarials, such as

N,
inhi

ethyl transferase and the

by dihydrofolate  r

pyrimethamine and it parasite DHFR. The

as a methyl donor. For

example, thymidylate synthase es-th ation of dTMP from dUMP

by transferring the methy_}gpnp m methylene tetrahydrofolate. During -
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ammobenzow acid and glutamate. Fansidar, a combination of sulfadoxine
and pyrimethamine, inhibits folate metabolism at two distinct places in the

pathway.
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2.6 Redox metabolism
A by-product of metabolism and respiration are reactive oxygen
intermediates (ROI) such as superoxide, hydroxyl radical and hydrogen
peroxide. In particular, the digestion of oxy-hemoglobin results in the
production of ROI. These ROI can damage lipids, proteins and nucleic acids
yy)n and water. Parasite enzymes
e&nﬁed Superoxide dimutase

involved in redox matmm hay. "e

and therefore need to be \

(SOD), catalase, and"¢ e reducing equivalents of

NADPH are probab i)entose phosphate cycle
Glutamate degydrogenasg'is' R i bﬁ: of NADPH. It has also
been proposed that theé parasit ) 58 ase and SOD within the food

Uridine plpghorylase (EC %j .2.3 ; uridine : phosphatéa-D-ribosyl

transferaseﬂs dnlenzymb i e fathily, of fadiebsidd Bhosphorylase that is an

important blochemlcal reactioh in the salvage pathway,of pyrimidine -

bl 25 Ok phlsbhoabvas derendihich 1561 ). 1 cam

be found in many orgamsms such as E. coli, T. gondii, C. elegans,

M. musculus and H. sapiens (23-26).

Uridine phosphorylase play an important role in salvage pathway

of uracil. It is one of the enzyme activities converting uracil to uridine
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monophosphate (UMP), a precursor for nucleic acids biosynthesis. First,
uridine phosphorylase adds ribose from ribose-1-phosphate to uracil, the

products are P, and uridine (27), according to the following ;

uracil + ribose-l-phos;’)hate <—>» uridine + Pi

ol‘iied@'e monophosphate by uridine

kinase

.
salvage pathway ﬁ oﬁhorylase and the gene

encoding the enzyme is is identified on omosome 7 (26). In contrast to

. ceu{sja%a:}”mw@w,gmq,ﬂf@n e novo e

and several enzymes for the salvage of pyrimidine nucleosides were not
deteadw r)]ﬁiﬂaj m};liﬂollh’g gueﬂm EJ enzyme in

the nearly complete genome sequencing project of the P. falciparum (28).

4. Background of the experiment approach

This study aimed to clone and heterologously express

P. falciparum uridine phosphorylase gene in a bacterial system and to study
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on the kinetics of the expressed enzyme. The DNA fragment of P. falciparum
uridine phosphorylase gene form PCR amplifications would be cloned to
pDrive cloning vector and allowed to multiply in EZ competent cells, then the
positive clone would be subjected to DNA sequence and analyze by BLAST

family of program. After sequencing, the DNA fragment carrying uridine

phosphorylase gene would be subelc 0 pQE30 expression vector and

heterologously expressed-in 2 . 15 competent cells. Finally,

ﬁ‘mmyzed by SDS-PAGE and

products. This vector alloyvsf— icillin

el 1|f’i.--

endonuclease recﬁri 1 oﬂng site, allowing easy

restriction analysis qf combinant pl ids. The vector also contains a T7
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transcription of cloned PCR -products as well as sequence’ analysis using
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phage f1 origin to allow preparation of single-strand DNA.
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4.2 The pQE30 expression vector
The pQE30 expression vector is belong to the pDS family of
plasmid (29). These low-copy plasmid have 6xHis-tag coding sequence either
57 or 3’ to the cloning region and have the synthetic ribosomal binding site,

RBSII, for high translation rates. The pQE30 expression vector allows
ampicillin selection. \e&v , several unique restnctlon-
endonuclease recogniti % 0 clonmg site allowing easy

restriction analysis ?ﬂ
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Figure 2-3 Map cf the pQE30 expression vector.
(From http.//www.qgiagen.com)
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4.3 The EZ competent cells
The EZ competent cells are capable of high-efficiency
transformation (> 1.0 x 10° colony forming units per microgram DNA). The
cells are compatible with ampicillin and kanamycin selection and blue/white

screenmg following transformation with pDrive cloning vector.

4.4 The M15 and

The E. contain the low-copy

plasmid pREP4 ce and constitutively

express the lac re en ‘ the ene (30). The pREP4

REP4) is permits high-level
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chromosomal copy of the lacl’ mutation, so pREP4 must be maintained by

a concentration of

selection for kanamycin resistance.
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