INTRODUCTION

THE MALARIA PARASITE

Malaria is an ancient disease that still one of the major

tropical diseases. In Thailand, the parasite incidence (API) of

malaria is 5.20 per 1,000 in 1991, Fe

are infectious to man : Plasmodium falciparlii, the most lethal species

In the erykiitog¥ii Sir life cyele,malaria parasites

of malaria parasites

since it can causes coi alaria, Plasmodium

vivax , Plasmodium

primarily derive energyfrc o not carry out oxidative

phosphorylation and do @0 tfsge:s ticarboxylic acid cycle.
an, however, it is not

related to energy prﬂductlol}‘ Shermaty ©79; Scheibel, 1988). In vitro

culture of P.falci‘_ s |6 as 0.5% for its
growth, its optimak heibel eLal., 1979). The
requirement of szonhe paras jrowth is beli&d to be linked to
dihydroorotat exidation in midine biosynthetic pathway
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oo haN anc il Sl Lhbhd i B, 170
Scheibel, 1938} Recently, evidence has been provided that mitochon-
dria might play a rale in adenosine triphosphate (ATP) synthesis

through the existence of enzyme adenylate kinase (ADP +Pi <—> ATP)
(Kanaai and Ginsburg, 1989).



The growth of malarial parasite in erythrocytes requires a
supply of purine and pyrimidine nucleotides for production of nucleic
acid. Whereas rodent and primate parasites obtain their purine require—
ment by salvage of preformed bases and nucleosides. They appear un—
able to take up pyrimidines because they lack of the relavant salvage
enzymes, notably, thyrnidlne Iy / al.,, 1981 ; Hammond and
Gutteridge, 1982; Krungkral'et al., 1989
requirements by de novo synthesis ( Gutteridge and Trigg, 1970 ; Van
Dyke et al., 1970, Walsh ant_Sheitmar
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FIGURE 1 : Pyrimidine Biosynthesis Pathway.



BIOLOGY AND BIOCHEMISTRY OF MALARIA

1. Life Cycle and Intraerythrocytic Stages of Malaria

Malaria ranks as one of the commonest and most important

parasitic diseases.  The distribution of malaria is determined by the

vector arthropods, species ol ¢ ysquitoes, and major foci in
Africa, India, Southeast

sive programs of vector

America. Despite inten-
E1Y successful in some
countries, there has haefi pe’significant global geduction in the extent
of malaria infection.

by means of chemothgrag

Man is the i the sexual
stages of the life cyclea of mosquitoes(sporogony).
There are 4 species of P asmadium which 'cause malaria in man: P. falci-

" Other species of Plasmodium

parum,P. vivax, P ala{laﬁﬁﬁﬂ;f’

in rodents (P.berghei,

P.yoelii, P. chahaudﬂ . vincke S huraa P. gallinaceum).
<

Mﬂmﬁ EJ nﬁ‘}wﬂnﬁﬁswﬂmnﬁzn infected female

rnosquito with the introduction of sporozoites st circulation. The

e T T T e
and undqrgo growth and asexual duct preerythro-

cytic shizonts (exoerythrocytic schizogony).  This process results in the

rupture of the infected cells and release of thousands of merozoites which
penetrate the red blood cells to initiate the erythrocytic schizogony.
Within the red cells, the morozoite undergoes a developmental cycle of



sequential cellular differentiation to the schizont, membrane biogenesis
and nuclear divisions occur, along with generation of new spical organelles
and cytoplasmic segmentation to yield new mamzuiléa. The mature
schizont ruptures the red cell and the merozoites are released to infect

new red cells.

Gametocytogens is I/&hcﬂun with the erythrocytic

schizogony. Some me@v& 1Is and produce male or

female gametocytes rathsg allon of schizonts. The
host blood containing gé

Production of male ga

p by anopheline mosquitoes.
e female gamete occurs

in the mosquito. The'mg the stomach wall and

forms an oocyst on the'c yst there is repeated

division to produce largé mhgw ofs ites and these eventually
o salivary gland (Bannister

move anteriorly in the mogq

and Sinden, 1982; Sinden.wﬁﬂ pe lifecycle of Plasmodium in the

In falclpaam malaria only red cells cﬂlaimng rings circulate
in peripheral i ﬁ nd schizonts are
sequestered bﬂmrl ﬁﬂm ﬂaﬂ:’lﬁi venules of several
tissues, estration of
the muri\ 93'5 {ﬂamuﬁii %E’liﬁﬁon through
spleen, a major site of parasite destruction. The sequestered parasites
may also obstruct blood flow in the brain, as seen in cerebral malaria.
The mechanism of sequestration may be related to the knob formation on

surface membranes of falciparum-infected red cells (Suarez et al., 1985).
The knobs consist of histidine-rich proteins binding to the red skeleton



Figure 2: The Life Cycle of
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22: mosquito has taken gametocytes up into its mid-gut; 23:
exflagellation of microgametocyte; 24: macrogametocyte escapes

from erythrocyte to become a macrogamete; 25: microgamete; 26:

macrogamete about to be fertilized; 27: zygote or ookinete;

28, 29, 30: cocyst growth on the mid-gut sorface; 31: oocyst

bursting, releasing sporozoites; 32: sporozoites in the

mosquito salivary glands.



to form electron-dense cups. The cups produce knobs by forming focal
protrussions of the red cell membrane that are the specific points of
binding between infected red cells and the endothelium (Leech et al.,1984).

The red cam—-’ s probably located on
the glycophorin (Pas LA infected cell undergoes
considerable morphol ' metabolic, changes. These changes
accompanying maturatior f " arasite biochemical activities

extensively reviewed by Sha[
Neame (1980). '\ i

2.1. Glycqf_!}sis

Glﬂa“&iﬁn%ﬂn%ﬂc%:&w&ﬂ cﬂzﬁmd from host plas-

ma and IactataH the end product of the patmvay. The prq&mﬁun of lactate

by P.fa!&ﬁﬂiatﬁ%mem wﬂ@%ﬂ ﬁ‘ﬁﬁr production

(Pfaller a?al.. 1982). Enzymes involved in the glucose breakdown have

been found in every species of the parasites, but only lactate dehydrogenase

from P.falciparum has been purified and kinetically studied (Vander Jagt
et al., 1981). Additionﬁlly, heterogeneity of the enzymes in the pathway is
found in a wide variety of malaria, e.g., lactate dehydrogenase, glucose
phosphate isomerase, and pyruvate kinase (Sherman, 1979).



2.2. Pentose Phosphate Pathway

This pathway is not increased on parasitization of the red cells.

cient red cells. Howéveggthe s660nd anzyn "o pathway, 6-phospho-
gluconate dehydrogéfiasé, i€ £9 i nt s identified in malarial parasites
and is different from ¢ 1,1979;1984;Homewood

and Neame, 1980). T

2.3. Tncalbuxﬁlnl@’ Q h ;

e ‘.h.‘. S

The paradite has no complete eyele of iticarboxylic acid, and
only two enzymes in the pathway have been dammustratad : succinate dehy-
drogenase a 'ﬁdhydr enase{Sherman, 1984), Additionally, the
intact mltcn;:hc:éj-l ﬂ gs'cﬂéfwa&lam ‘ﬁundargoes a complex
owth davelupmanl’ and repligation during the erythrocytic

(@i ala1d 9852}, buighestinahatjthe parasito

lacks the functional Krebs cycle. However, it needs for growth and deve-

pattern of

phase

lopment (Blum and Ginsburg, 1984). The parasite also shows a detectable
electron transport system which has not been well characterized (Sherman,
1979; Homewood and Neame, 1980). P. falciparum is found to be the

obligate microaerophile (Schiebel et al.,1979) that the oxygen is believed
to be utilized for oxidative reaction in pyrimidine de novo synthesis (Gero
et al., 1984).



2.4. Amino Acid Metabolism and Protein Synthesis

There are four potential sources of amino acids for the intra—

erythrocytic Plasmodium. (1) Dg Rovo's thesis from folate-mediated re—
actions e.g., glycine, methi ne,(2)C ( .' 8 , which can only supply a
limited amount of aming. acids 5 acid. Only one of the
enzymes in the COYixin hoenolpyruvate carboxy-
lase, has been identifiedim & _= . owever, the presence

has b

of CO»fixation glutamatg” ¢ ” been recently reported in
2 l .

P. faciparum by Blum'a 7 g {1984).(3) The free amino acid pools
of the blood plasma agl afyln asdt is foul L- at isoleucine and meth—
2, *.z: } il 1
ionine supplied exogengo --w-. SEEWAL parasite growth, probably

g aii’:‘:.rf’:ﬁ I_'l - ] -
because hemoglobin (Hb)s geficient i thesé amino acids. The increased
by malagia-infected red cells has been

reviewed by Sherman{1977). Howeve the ad inechanism of uptake

source of amino acids rasite ein synthﬂs The Hb is ingested
via the cytost ﬂa and fhen the food vatuoles at the base of the cytostome

Iuﬂ ;ltngj m ihw &imﬁagradalmn of Hb in

the food take placa by at least 2¢atalytic enzymes : cathgpsin D (Sherman

and Taifgobhi @4 e aidndedecd QARG B 1500, o

food vacuulea contain the degradative products of hemoglobin with electron

vacuole cont

particle, namely malarial pigment (or hemozoin). Ithas been suggested
that the food vacuole is lysosomal particle (Sherman, 1983).
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The protein synthesis of malaria appears to be typically euka—-
ryotic : the parasite has its own fibosomes which have a sedimentation
constant of 80S and can be dissociated into 60S and 408, the synthesis is
inhibited by cycloheximide andypuiomycin, but not choramphenicol or

streptomycin (Sherman, 1978). Mos s of P.falciparum are reported
to be synthesized by every stags mﬁmchanged the cycle through

et al., 1983).

parasite mambran g .5 ria does not synthesize
cholesterol and fa 84 /Holz, 1977). In falci-

parum malaria chula rol is probe tnadmraformad from the host
(Vial et al., 1?‘3 The £Iamsihan obtainsdpee fatty acids from the host plasma

(Holz,1977, %W&%@Wﬁ?ﬂ ﬁsu}. The parasite

shows its abmty o synthesize prpsphollpldu novo frner precursors

s A€\ BB T BOGYE}prosonae

P falciparum (Vial et al., 1982a) and in P. knowlesi (Vial et al, 1982b). The
metabolism of phospholipid in P.falciparum is a unique pathway and may

constitute a potentially fruitful chemotherapeutic approach to malaria (Vial
ot al., 1984).
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2.6. Genome Organization and Nucleic Acid Synthesis

The genome size of plasmodia is estimated to be 3.8 x 1ﬂ&base
' is unusual in that it has extreme-

pairs (Hough Evans and Howard,

ly low (G + C) content P.fal n, P.besGei and P.lophurae are 18%,
P.knowlesi and P.fragile S0%6F. i AR P.vivax with multiple bands

in addition to the 2 maj@ 5 (McCutchan et al., 1984),
however, Williamson 8t ala/{ 195 potted (hat P-knowlesi has (G + C)

content of 38%. It wa€'als '
rial DNA at a very higk mbe ‘
throughout the genomgi{Géma -, 21982iGuntaka et al.,1985) as found in

ent is present in mala-
o be distributed widely

The rate of Aiueleic acid syathesis by the malarial parasite is

dspendent on e bl i irapsfi féveldpinan. DNA synthosis

as measured by the incorporation of labeled compounds, juimtlatad at the
wrophozéile pagh ﬂﬁﬁ@%f%ﬁﬂ@%ﬁﬁ% in Pfalci-
parum {trﬂmlberg and Banyal,1984) and P.chabaudi (Newbold et al., 1982).
For RNA synthesis, it occurs throughout the cycle of intraerythrocytic
development e.g., P.knowlesi (Conklin et al., 1978), P.chabaudi (Newbold
et al., 1982).It was also found that pyrimidine de novo synthetic enzymes

is dependent on the stage of the intraerythrocytic cycle of P.falciparum,
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the highest activities for all enzymes being found at the trophozoite stages
(Gero et al., 1984).

There are two possible sources of purine and pyrimidine bases

and nucleosides for nucleic acid synthesis by the intraerythrocytic parasite:
synthesis from simple prect ‘

V ‘material from outside the cell.
Malaria parasites cannot syn het ‘ sfbedo novo, and must obtain them

from the host (Sherman, r@tamad from both host
plasma and from adenasin® inGtabolism (involving 2 enzymes : adenosine
deaminase and purine aticle0si orelas
purine base salvaged b : e :'ﬁ"‘ and Whaun,1981a; 1981b).
The purine metaboli€ pa weyfin t a malatial parasite is well characterized,
from hypoxanthine to £ Sinoa a
(Webster and Whaum, 198%a; 1931h; A JAt least 6 enzymes are

involved in purine meta nl&’in_" s been identified in P.falciparum
(Reyes et al., 1982). Somaﬂd’@‘ izymesare well {:haracterizad e.g.,

adenosine deaming

--;_.._;.... add {* al., 1984) and of
P.lophurae (Schimandle et al., 1 goside phosphorelase of

diootal.,
P.lophurae {Schlmaﬂa et al., 1985).

STHE AN N T e s
s K43 row gl (a3 P

deoxyuridylate (dUMP).  All of the enzymes necessary for the de novo
synthesis of dUMP have been identified in P.berghei extract ( Hill etal.,
1981), P.falciparum extract (Gero etal., 1984; Reyes et al., 1982; Scott
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ot al., 1969). The flux of H'4COghrough the de novo pyrimidine biosynthe~
tic pathway is well defined to complete the metabolic pathway in P.falci-
M{Hammund ot al., 1984). Only two enzymes, orotate phosphoribo-
syltransferase and oroditylate decarboxylase, are well characterized in
P.falciparum (Rathod and Reyes, 1983). The two pathways of nucleic acid

i w novo offer a possible basis of
ents:
-

synthesis, purine salvage an

the design of novel antim

The pyrimic ch parasites represents
a series oi 'enzymatlc _ e in the parasitized cell
and are lha obvious taggot for's plocti /@ chernotherapy as de novo synthe-
sis is absent in the riiat ) ‘Smith, 1978)

In mammals agid othigs otes, the first three enzymes
of pyrimidine biosynthesis, d@@h iphate synthase Il (CPS ll),asparate
transcarbamylase nd dihy e (DHOase) are carried by a
molecular weight 248,000 daltor otein (Kelly et al., 1986,

|

Jones, 1980). In 1993 ungkrai fied the third enzyme of this
rotase (DHOase),from P.berghe

pathway, dihydroo ( rodent malaria parasite )

and Crithidia = P ho ity e DHOase from the
two parasitic pgotozo Emmmmﬂ ﬁ:nomnctional protein
which di he-mams I ‘ sé’ rt of trifuntional
proteinamgﬁt ¥. a aﬁ‘ ﬁﬁaﬁﬁﬁﬁ EJ enzyme of the

pathway, dihydroorotate dehydrogenase (DHODase), has been characterized

in C. fasciculata and Trypanosoma brucei (Pascal etal., 1983). This enzyme

has been proposed as the site of action of a class of experimental antimalarial
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drugs, but there is little information on this protein in Plasmodium species.

Orotate phosphoribosyltransferase (OPRTase) and orotidine -5'- phosphate
decarboxylase (ODCase) catalyze the final steps of de novo synthesis of
uridine monophosphate (UMP) in mammalian cells and exist as a bifunctional

protein (Jones, 1980), but in P.falciparum, the most important cause of human
malaria, these proteins has b@ﬁbys discrete entities ( Rathod and
Reyes, 1983). '
E—

- _-‘.

DihydroorotatedShfdioganase (DHQDase), the fourth sequential

enzyme in the de novo LiBsyMtiGsIs < yrimidine, has been shown to bea
particulate enzyme that gétalyze § the -oxidati ! dihydroorotate (DHO) to
' ' se is membrane-bound
cell's respiratory systems
on, 1985). Similarly in a

and its catalytic action s i
(Karibian and Couchoud

variety of eukaryotic cells,{ ically associated with the mem-

brane of the mltnchqndrign_ﬁg f‘_ﬁf” A
piratory electron tralL +{dones 19

e astion appears to be linked to res-
nes 1976;Forman and

R
ivan, 1985). By analogy to

Keneny, 1978; Hines :_-"a' 986;

other systems we expect this enzyme to be associated with outer surface of

inner membra t ito : nﬁ i ite. This enzyme
has also baanmﬂmﬂmt Hﬂmﬂ eneity from a
Triton xqqomaacﬂ:ﬁ ﬁzﬁ‘oﬁﬁﬁ?ﬂﬂ}j ion with anion-
exchangega ity and gelfi ato ec s. The pre-
liminary data shows that the purified DHODase from P.berghei is physically

different from the host enzyme and requires ubiquinone -30, -45, -50 for

its maximal activity (Krungkrai et al., 1991).
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With the relatively limited information suggesting key differences
between the malaria parasite and host in pyrimidine biosynthesis, and some
evidence suggesting that parasitic protozoa might be acutely sensitive to
existing or novel drugs which act at this site. This thesis is focused on this
dine biosynthesis through purification
se in P.falciparum in expectation

aspect of parasite metabolism, pyrimi
and characterization of the enzyme DHQDE
i/

that these studies will asis i the 'gavalnpmant of novel anti-

malarial compound. 7 N :—a
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OBJECTIVES

1. To identify the enzyme dihydroorotate dehydrogenase (DHODase)

in P.falciparum, human malaria parasite.

2. To purify the enzyme DH! ' from. P falcip

3. To characterize thesenzyme i m. P.falciparum .
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