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ABSTRACT
The alternate pathways of purine netabolismin Trypanosona

congol ense; T. vivax and T. brucei were investigated. Enzynes

of purine sal vage pathway were detected in the trypanosones

al though there were differences in activity. Purine nucl eoside
hydrol ase was found in the trypanosones but purine nucl eosi de
phosphoryl ase was found only in T. congol “nse. Adenine

am nohydr ol ase, an enzyme usually associated with bacteria was
detected in T. vivax. The trypanosones studied |ack adenosi ne
deam nase but adenosi ne nonophosphat e deam nase was det ect ed

inT. brucei and T. congoi ense. Deam nases provi de points at

whi ch interconversion of purines occur; thus differences exist
at the level of metabolic interconversion points. A proposal

for the salvage of purines in these trypanosones is presented.

Transport of purines in T. ganbilense and T. congoi ense,
neasured as uptake of triated adenosi ne was shown to take pl ace
by nediated nmechanism Two transport loci, one transporting
adenosi ne and guanosine, and the other transporting thymdine
was denonstrated. The inhibitors of nucleoside transport in
aninal cells, nitrobenzylthioinosine and di pyridanole, did not
Inhibit the uptake of adenosine by T. ganbi ense.

N t robenyyl t hi oi nosi ne which also binds tightly to cells did

not bind to either T. ganbi ense or T. congoi ense.



V.

ef flux of *H-thynidine fromerythrocytes was used to
neasure damage to erythrocyte menbrane in control mce and
mce infected with trypanosones. The efflux in infected mce
was higher than in the controls. Since erythrocytes have a
high rate of purine turnover, this nay be a maj or source of

exogenous purines for the trypanosones.

The toxicity to mce and rats and trypanocidal activity
of the tubercidin was confirnmed by the present study. The
toxicity of tubercidin was alleviated by intraperitoneal
injection of nitrobenzylthioinosinate (5nkj/kg) 5 m nutes
earlier. N trobenzylthioinosinate neither had acute toxic
nor trypanoci dal effect at the doses tested and did not
interfere with the trypanocidal effect of tubercidin. It
is suggested that this nucl eoside inhibitor. nitrobenzylthioi-
nosi nate, shoul d be eval uated in conbi nati on w th necl eosi de

anal ogues in the therapy of African trypanosom asis.
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BACKGROUND AND OBJECTIVES

Parasitic protozoa in general lack de novo synthesis of
purine base (Bone and Steinert, 1956; Walsh and Sherman, 1968;
Jaffe and Gutteridge, 1973; Gutteridge and Coombs, 1977) and
must therefore rely on the salvage of purines from the host to
meet their purine requirements. Salvage of purines consists
basically of two events (a) transport of the purines across the
cell membrane and (b) its conversion to nucleotides and subsequent
incorporation inte DNA and RNA., The reactions leading te the
salvage of purine bases and nucleosides in animal cells have
been well studlied but its bioclogical significance is not understood
(Murray, 1971; Kornberg, 1957). Similar information on the salvage
of purines in parasitic protozoa, especially African trypano-
somes, is scantyj but a number of purine salvage enzymes
have been reported for trypanosomatids. These include
phosphoribosyltransferases in Leishmania (Tuttle and
Krenitsky, 1979), T. cruzi (Gutteridge and Davies, 1981),
malaria parasites (Lukow et al, 1973; Yamada and Sherman, 1981;
Webster et al, 1982; Reyes et al, 1982); adenine deaminase in
Leishmania (Konigk and Rasoul 19785 Marr et al, 1978a)j
Ce+ fasciculata (Kidder et al, 1977); and hydrolase in
I. gambiense (Schmidt et al, 1975). More detailed pathways
have also been worked out for some of these trypancsomatids

(Gutteridge and Davies, 1981; Reyes et al, 1982). Amongst the

African trypanosomes, T. gambiense and T. rhodesiense



xiv
investigated (Schmidt et al, 1975; rish et al, 1982a and b)
and a pathway for the salvage of purines proposed.

It is generally accepted that African trypanosomes lack
de novo purine synthesis and must depend on preformed exogenous
purines, It is thus not unreascnable to assume that membrane
transport mechanisms must be cperative in these parasites.

In general, this aspect of purine metabolism has
received little attention, A preliminary report on membrane
transport of purines by T. brucei and T. congoclense has been
published (James and Born, 1980).

The normal plasma concentration of purine derivatives
is of the order of 10”° to 107 M in enimals (Miyaszaki et al,
1974) . Could the erythrocytes which have a rapid turncver of
purines (Adams and Harkness, 1973) be a major source of
exogenous purines for the trypanoscmes?

This study was thus undertaken to investigate the
followings

1. salvage of purines and derivatives by T. Brucei;

I. yivax end I. gongolense.

2. uptake of purines;

3. the role of erythrocytes as a source of exogenous

purines;

and 4, possible application of the results from the study.
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CHRAFIEN 3
INTRODUCTIOH
.1 Oymarsl
TEYDADOSUNAS §0¢ parasitic protoxeos that causs sericus
discases of Mmans and domsstic anlmals in tropical Africs
and south amerios,: The genus, [rYRIRGRMRG is generally
subdivided 4ntd Swe muin sectionss the stescorecia and Khe
sallvaria. Iha atercoraria paresite, I+ CEUugi, csvees
Chagas dissase and Linfests an astinated tan nilllion people
An Sewth Amaricas The saliverisn tsypancsones cause Sleep-
Ang sickness in busans (1. rhodeniamee et 1. gombiensel,
nagens s eattle {f. brucel, I. ¥ivay sad 3. gencelenes)s
surs in horses end camels (. gyanal) end dourine in Werses

Tteypanstunissis bas bean knews for centuries under
various nases befexre the csusal orgenisn was described, I8
has a wnique dletinekion of peing the only diseass which has
denied vast arees of land in Africa te all demestice) animals
encept peulisy {(Hommby, 1952), The first recordsd stcount of
whst appearsd 0 de alewping sickasss disesse was mads by sm
Arab travelles Bheldown (1373) whwe dssexidad the death of
Swltam karl Djeta of the kingdom of Malle on the River Niger.
Sultan died following & sheenic dissase in which sxcessive

slesping was & proninemt symptew. It was not until 1843
Shat the fivet trypsncsoms was described by Gruby who feund
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the parasite in the blood of frog and named it Trypanosoma
sanquinis, Later in 1878, trypanosome was found in the blood
of rats in Bombay by Lewis and later it was named Trypanosoma
lewisi. At this time, the relationship between trypanosome
and sleeping sickness was not apparent or in fact recognized
until Castellani (19503), a member of the first Royal Sleeping
Sickness Commission sent to Lake Victoria to investigate the
epidemic of sleeping sickness along the shore, found trypanoe
somes in the cerebrospinal fluid of a patient, This finding
was later confirmed in a large number of patients. Other
forms of trypanosomes were later discovered and identified:
Trypanosoma congolense in 1904 by Broden; Trypanosoma vivax
in 1905 by Ziemann, These discoveries generated tremendous
interest in this disease and commissions were set up to
investigate the devastating disease in many parts of Africa.
1.3 Classification of African trypanosomes

The systematics of mammalian trypanosomes has passed
through several phases and finally in 1964, Hoare using a
series of data collected over the years developed a classifi-
cation based on phylogenctic, blological and morphological
criteria, Trypanosomes transmitted by insect bites are
distinguished as salivarian (salivary transmission) and
stercorarian (faecal transmission) (Hoare, 1964). Further
revisions were made by including differences in developmental
characteristics to classify the two sections into seven

subgenera (Table 1),
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The Trypanosoma brucel brucei or simply T. brucei is
infectious to animals and 1s pathogenic to a variety of
animal speciese I. rhodesiense and T. gambiense which are
pathogenic to man are subspecies of Te. brucei and are
regarded as separate nosodemess. The T. gambiense is differ-
entiated from the T, rhodesiense by its low infectivity to
laboratory animals and is well adapted to man in whom it
causes infection of relatively low virulence, as opposed to
the T. rhodesiense which usually causes acute infection.

The subgenus Nannomonas consists of T. congolense and
ZT. simiae. The chief distinction between them being the high
virulence of T. simiae to pigse The Dutonella consists of
2. vivax and T. uniforme. The development of these parasites
in the vector takes place exclusively in the proboscis unlike
T. congolense and T, brucel groups which take place in the mid-
gut and salivary gland respectivelye.
1.4 Geography of trypanosomiasis

African trypanosomiasis is limited to the tropical zone
of the continent by the distribution of the tsetse vector
(Fige 1)¢ 1In the distribution map of human trypanosomiasis,
it is believed that the typical T. gambiense form of infection
occurs chiefly in West Africa and in parts of the Congo basin,
but at times has appeared in some of the East African territories
(Ford, 1971). T. gambiense is transmitted by the tsetse fly
whose principal habitat is the dense vegetation along the

rivers and forests; the common vectors being Glossina palpalis



Approxinmate indicaticn cf known focl of

.‘.nl-.:t.:..; lr-u

sickness in Africa (WHO 76142)
ihe sheded argds incicate Lthe suprox<icate fopci

of slevping sickness in Africe. The broken line

divides the area where I, gampiense is wmoestly
found from the area where T, rhgdecicnse is found,
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and G, fuscipes. The flies readily feed on man, bovids and
aquatic reptiles but are quite flexible in their host
preference.

The majority of 1. xhodesiense infection occurs in East
Africa but isclated cases have been reported from west Africa.
In Nigeria, the main endemic areas for human trypanosomiasis
lie in the northern part of the country although cutbreaks have
occurred in the south (Macfie and Gallagher, 1914), and in the
Ahoada focus of the Delta region (Hutchinson and Watson, 1965).

The episzootiology of trypanoscmiasis of livestock is more
complex for it depends on three major biological elementss the
host, the vector and the parasite., Although most species of
Glossina can transmit T. congolense, it is evident from the
distribution pattern that G. morsitans exhibits higher rates of
infection than other species (Hoare, 1972). Equally the tsetse
flies of the Morsitan group transmit T. vivax. ZIrypanosoma vivax
is more important in West Africa than in East Africa since it
is generally more virulent in wWwest Africa. It has also
established itself in Latin America where it is transmitted by
blood sucking insects (Soltys and woo, 1977). Studies carried
out on cattle during their migration from the northern to the
southern part of Nigerla show that T. vivax is the predominant
parasite in the country (Unsworth, 1953; Mornet, 1954). Similar
observations were described by Yesufu and Mshelbwala (1973) whe
exanined not only the cattle but also the tsetse flies caught

along the same route.
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CHAVTER 2

BICLOGY COF AFRICAN TRYPANCOOMLS

2.1 Structurel festures of /fricen trypsnosomes

Trypancsomes are charocterized by five main structural
features (Fige 2)s & single flogellus, a single but often highly
branched mitochondrion, a complex network of subpellicular
microtubules and highly unusual microbody-like organelles
(glycosomes) which contain tho first nine enzymes of
glycolysis (Opperdoes and Dorst, 1977),

The nucleus of I. brucal is in & central or slightly
posterior position with the golgl spperatus nearbye The
latter is believed to play a part in the production of glyco-
proteins of the surface coate The surface coat is a layer of
glycoproteins covering the cuter surface of the parasite
including the flagellum, It occurs exclusively in blood
forms and the preceding insect metacyclics and is the location
of the varlant antigens (Vickosman, 1969). 1t is also the
cause of the alsest neutral charge carcried by the blocd forms,
by which they differ froa tho negatively charged uncoated
forms (procyclics) end the blood cellse The kinetoplast and
assoclated single mitochondrion constitute the extranuclear
ONA, The deqree of developmont of the mitochondrion is
related to the metabolic potontial, which in turn, depends
on the more or less demanding conditlions of the parasite's
enviromment. For instance, the blcod forms have a small
mitochondrion, while culture forms and the insect midgut forms

have a well develoved mitochondrion.
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23

A trypanosome trypomastigyote (A) anud . yambiense
development in tsetse fly (B) (Chendler and
fiugj\.i, 1961).

. nucleus; b. kinetoplast; c. unuulating
pembrang; d. flagellum; e. anterior end;

f. posterior end; g. labial cavity; h. micdgut;
i. proventriculus; j. salivary glano;

k. hypopharynx, 1. multiplication in midgut 1n
Lrypancsome form. 2. lon,, slendur trypanoscmes
in proventriculus. 3. passage to salivery glanas
arn development there of crithidial and then

infective trypanosome forms.
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2¢2 Life cycle of trypanosomes of man

The three trypanosomes belonging to the I. brucei species
always occur in the form of trypomastigotes in the mammalian
hoste They are inoculated by the vector as metatrypancsomes,
which are short, fairly slender forms (approximately 15 pm x
2.5 pm)es After inoculation, while in the subcutaneous tissues,
the organisms are converted to the so-called blood formsi
long, slender forms (20 = 40 pm) and stumpy forms (15 -« 25 pm x
3.5 pm) which occur in blood as well as tissue fluids, Some
of the stumpy forms have the nucleus located near the posterior
end, which is characteristic of the species, and are called
the "posteronuclear" forme The slender forms have a long,
free flagellum, up to 6 pm, and the position of the kineto-
plast is subterminal, in contrast to the short, stumpy forms,
in which the free part of the flagellum is usually less than
1 uym, or absent, while the kinetoplast is near the posterior
ende Forms intermediate between slender and stumpy blood
forms can occur. The slender forms predominate during rising
parasitemias.

In the vector, the trypanosomes undergo morphological
transformations, well described by Robertson (1913), The
slender and stumpy blood forms, ingested by the tsetse fly
with the blood meal, pass via the esophagus, the crop, and
cardia (proventriculus) to reach the midgut, where presumably
only the stumpy forms multiply and transform once again into

slender trypamostigotess the midgut forms (Fige 2). The
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latter have the kinetoplast located halfway between the poste
erior end and the nucleus, instead of in a terminal or
subterminal position, as in the blood forms. In the salivary
glands, the epimastigote form is taken, and these epimastigotes
in turn change into metatrypanosomes, the only form by which
mammals can be infected, Trypanosomes may also be present in
the hemocoel (Mshelbwala 1972; Otieno 1973) but that does not
necessarily exclude the above adopted cycle but may occur in
parallel.

243 Life cycle of trypanosomes of livestock in aAfrica

Most trypanosomes pathogenic to domestic animals in
Africa are transmitted cyclically by tsetse flies (Glossina
spe) exceptions being T. evansi and T. equiperdum. The
disease in animals caused by tsetse-=borne trypanosomes 1is
known as naganae The species of the genus Trypanosoma affect-
ing animals in Africa have been assigned to the salivaria,
which is divided into four subgenera, namely, Nannomonas,
Duttonella, Trypanozoon and Pycnomonas (Hoare, 1972),.

When meta=trypanosomes are inoculated by a tsetse fly
into an animal, they change into normal blood forms and start
to divide by binary fission. Soltys and Woo (1969) demons~
trated the amastigote, promastigote, epimastigote and
multinucleated stages in the spleen and the liver of mice
inoculated with trypanosomes directly from rabbit that had
been infected for longer than 3 weeks. After a tsetse fly

has fed on an animal with trypanosomes in the blood, the
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parasite undergoes a cyclical development which may take feom
19 to 53 days. This period depends on several factors, among
which temperature is particularly important. Only a smzll
number or percentage of tsetse flies produce infective forms
after feeding on an infected animal, however once the tsetse
fly becomes infected, it remains so for the rest of its life.

The development of the trypanosomes ingested with the
blood starts in the midgut, where they multiply as elongated
trypomastigotes for some days and then migrate into the
ectoperitrophic space and thence to the cardia., From the
inner lumen of the cardia the flagellates migrate forward
through the esophagus to the proboscls, where they are trans-
formed into epimastigote forms, Finally, they reach the
hypopharynx and change into metatrypanosomes, which are
infective to the mammalian host. The trypanosome must undergo
the complete cycle of development before it is infective
except in the case of mechanical transmission, The entire
developmental cycle of T. vivax in Clossina is confined to
the proboscis. In the proboscis the trypanosome are trans-
formed into typical epimastigote forms measuring 16 - 35 pm in
length, They multiply intensively, giving rise to clusters
of flagellates which eventually detach themselves from the
wall and invade the hypopharynx where they are transformed
into the "preinfective" trypomastiqgote forms. These forms
are finally transformed into metatrypanosomes, which resemble

the blood trypanosomes and are infective to animals. It takes
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5 « 13 days for the whole cycle to be completed, this being
partly dependent on the temperature. The flagellates may
persist in the proboscis of the fly for up to 58 days.
(Soltys and Woo, 1977).
2.4 Antigenic variation

It is characteristic of the salivarian trypanosomes that
during the course of an infection, a sequence of populations
of different antigenic types appears at irregular intervals,
which is reflected by the relapsing parasitemias, These
antigens enable the parasite to evade the host immune
response., Variant antigens are present only while the
parasites are in the vertebrate host, because, like the
surface coat, their occurrence is restricted to the meta-
cyclics and blood forms, Vickerman and Luckins (1969)
demonstrated thelr location on the surface coat by electron
microscopy, using ferritin-conjugated antibodies. The
antigens seem to be soluble glycoproteins (Allasopp et al,
1971) with a single polypeptide chain of molecular weight
60,000 = 65,000 and containing 600 amino acid residues and
20 monosaccharide units (Cross, 1975; Barbet and McGuire, 1982).
Antigenic varliation is mediated through sequential expression
of an extensive series of V5G5S, Variant surface glycoproteins
have strikingly different amino acid compositions. Neterminal
amnino acid sequences of variants studied were totally

dissimilar, and peptide mapping and studies of C=terminal
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peptides indicated immense variation in amino acid sequences
between VsGs (Cross, 19783 Johnson and Cross, 1979)., Carbo=
hydrate content is alsc variable (Johnson and Cross, 1977).

There is predictable sequence of antigens arising from
infection with one given strain of trypanosome (Gray, 1962;
1965)s Any one variant developed from one strain reverts to
one antigenic type after cyclical transmission through the
vector (Gray, 1965; Vickerman, 1969). These constant features
led to the suggestion that antigenic variation is an adaptive
phenotypic phenomenon organized according to a pattern pre-
fixed in the genetic information of the cell (Gray 19653
Vickerman, 1969). However, with recent studies using DNA
recombinant technology, there is some understanding of the
mechanism of antigenic variation. Using this method it has
been shown that (a) each trypanocsome in a stock contains the
entire variant surface glycoprotein gene repertoire of that
stock (Hoeijmakers et al, 1980). Diversity is therefore not
generated by plecing gene segments together as occurs in
antibody genes and (b) activation of some VSG genes involves
a duplication of the gene and its transposition into an
expression site (Borst et al, 1981), If there were a single
active expression site per trypanosome, only one gene can be
active at any time. This provides a simple though still

speculative explanation for the tight intergenic exclusion

seen between VSG genes.
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CHAPTER 3
BIOCHEMISTRY OF ABRICAN TRYPANCSOMES
3.1 Intermediary Wetabolisa
In the mammal, bloodstream forms of Te. brucei are
entirely dependent on glucose for energy supplye These
forms have no energy reserves and do not oxidize fatty acids
or amino acids. The long, slender forms metabolize glucose
aerobically to pyruvate, since they lack or have low levels
of lactate dehydrogenase and tricarboxylic acid (TCA) cycle
enzymes (Bownan and Flynn, 1976), but have a particulate
terminal respiratory system, an L- x=glycerophosphate oxidase
system (Grant and Sargent, 1960; Grant ¢t al, 1961) (Fig. 3).
Their rate of respiration is 50 times that of mammalian cells
and consume an amount of glucose equal to their dry weight
every hour (Fairlamb, 1982). Under anaerobic conditions or
when the glycerophosphate oxidase is inhibited, glucose is
metabolized at the same rate as during aerobic metabolism to
form equimolar concentrations of pyruvate and glycerol. This
is due to the fact that for each mole of triose phosphate
converted to pyruvate, a mole of NAD+ is reduced to NADH,
which, in turn, is reoxidized by a mole of DHAP to glycero-
phosphate. Glycerophosphate is then converted to glycercl,
under the catalysis of glycerol kinasee This pathway is unique
to bloodstream African trypanosomes and not found in other

trypanosomatids,
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In the short stumpy forms of T. brucei, some pyruvate
can be further metabolized to acetate, succinate and a trace
of coz. Although all the TCA cycle enzymes have been
identified in these forms, the cycle is incperative due to
the extremely low activity of citrate synthektase and
succinate dehydrogenase (Bowman and Flynn, 1976)e The
synthesis of TCA cycle enzyme is presumably an adaptation
for survival in the insect midgut, since the long-slender
forms do not generally infect tsetse flies,

The procyclics or the midgut forms of T. brucei contain
a full complement of TCA cycle enzymes (Baernstein, 1963).
Under anaerobic conditions, succinatc is produced from
pyruvate via malate and fumarate, involving fumarate reductase,
similar to certain parasitic helminths. The main energy
sources are amino acids, especlally proline which is present
in high concentrations in tsetse haemolymph, Proline is
metabolized by proline oxidase and TCA cycle enzymes to
aspartate and CO, (Bowman and Flynn, 1976).
3.2 E roduction in b tream form

Figure 3 shows that under aercobic conditions, bloodstream
tryparosomes should obtain a net gain of 2ATP/mole of gluccse
used, Classically, one would expect that under anaerobic
conditions, the net energy gain would be zeroce However,
studies have shown that ATP is produced from glycerophosphate

and ADP under the catalysis of the highly active glycosomal
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glycerol kinase (Hammond and Bowman, 1980). The glycosome
contains the first nine engymes of glycolysis (Opperdoes and
Borst, 1977; Oduro et al, 1980), which may be assoclated
within the organelle as a rulti-enzyme complex (Oduro et =al,

1980), that catalyse the following net reactions.

Glucose + [2]91 + 2 Jonar—[2 Jwea + [2 ]op

Glycerol + PL +| 2 loHAP —» %GA o [2 ]ap

In the overall reaction, the ADP/ATP and NAD‘/NADH ratios
within the glycosome remain unchanged leading to the gpecula=
tion that the glycosomal membrane acts as a permeablility
barrier for the entry of glycolytic intermediates, enabling
T. brucei to maintain an extremely high glycolytic flux
(Opperdoes and Borst, 1977). Thus, under anaerobic conditions,
the glycosomal membrane permeabllity barrier to glycerophose
phate would lead to accumulation of glycerophosphate, promoting
the formation of ATP and glycerol from glycerophoaphate and
ADP (Hammond and Bowman, 1980).

3.3 HNucleic acid metabolism

Most metazoan cells possess two pathways leading to the
synthesis of purine nuclcotides. The de novo pathway
(Buchanam, 1960) involves the synthesis of the purine molecule
from simpla precursors such as glycine and formate and the
salvage pathway {Kornbcrg, 1957) which Anvolves the utilization
of preformed purine bases and micleosides, The abnormalities

of purine metabolism lead to inborn errors in humans.
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Children with the most extreme degrees of purine nucleoside
phosphorylase (PNP) deficiency have shown a profound
hypouricemia and excretion of very little uric acid in
urine as might be expected from the position of the enzyme
defect (Seegmiller, 1979), Instead, they excrete inosine
and guanosine in the urine, On molar basis, the total
amount of purine excretion is comparable to the amount of
urine acid excreted by children with LescheNyhan disease
who are deficient in the enzyme hypoxanthinee=guanine
phosphoribosyl transferase. In these two conditions,
hypoxanthine is not reutilized for inosinic acid production.
Adenosine deaminase, another enzyme of purine metabolism,
is widely distributed in mammalian tissues, particularly in
those of the reticuloendothelial system (Conway and Coke,
19393 Edwards et al, 1971). The activity of this enzyme is
considerably elevated in the lymphoblasts of patients with
acute lymphocytic and blast crisis chronic myeloid leukemias
(Smyth and Harrap, 1975), Deficlency of adenosine deaminase is
assoclated with combined immuno-deficiency disease, characterized
by severely impaired humoral and cell mediated immunity and
decreased numbers of peripheral bloed lymphocytes
(Giblett et al, 1972; Dissing and Knudsen, 1972). A gross
deficiency of ecto=purine 5'-mc1¢ot:lduc of the lymphocyte
membrane to one-=third of control values have been reported
in congenital agammaglobulinemia in males. Affected males

are unable to make gammaglobulins as a result of a B cell
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dysfunction and therefore are particularly susceptible to
recurrent bacterial infections,

Parasitic protozoa lack the ability to synthesize
purines de novo but instead rely on salvage of preformed
purine bases and nucleosides from host. The African
trypanosomes have this biochemical peculiarity. Partial
pathways for salvage and interconversion of adenine,
adenosine and hypoxanthine have been demonstrated in T.
gambiense (schmidt et al, 1975; Pish et al, 1982a) and I.
Zrhodesiense (Fish gt al, 1982b). The enzymes, nucleoside
hydrolase and phosphoribosyl transferases were shown to be
active in these trypanosomes. Also, incorporation of purine
bases and ribomucleosides were demonstrated in the bloodstream
forms of T. brucei and T. congolense (James and Born, 1980).
The efficlency of incorporation for purine bases was adunincb
hypoxnnthlnc)guanlne’ xanthine for T, gambiense and
hypoxanthine ,aduune’guan:l.m._xmthim for T« rhodesiense
(Fish et al, 1982a)e Adenosine was taken up more efficiently
in T. brucei and T. congolense tnan guanosine and inosine
(James and Born, 1980).

All purine ribonucleosides are hydrolysed by the
hydrolase of trypanosomese In T. gambiense (Fish et al, 1982b;
Schmidt et al, 1975) the effliciency of hydrolysis of the
nucleosides was 1noainc>gumul.m ,adcnosinepxmthonim

while in T. rhodesicnse (Fish et al 1982b) the efficiency
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of cleavage was guanosine adencsine > inosine » xanthosine.
There 1s no adenase activity in T. gambiense (Schmidt et al,
19753 Pish et al, 1982b), but guanase activity is high in
these trypancaomes (Fish et al, 1982b)e. Adenosine deaminase
activity in 2. vivax was reported by Akinrimisi (1981). In
Trypanosoma cruzl (Gutteridge and Davies, 1981} Berens et al,
1981); Plasmodium {Lukon gt al, 1973} Reyes et al, 1982)4
and C. fasciculata (Dewey and Kidder, 1973) several of purine
salvage enzymes were domonstratede Differences exist 1In
the salvage pathway of adenosine utilization by these
parasites (Fig. 4). Adenosine deaminase; purine nuclecside
phoaphorylase (with inosine or guanosine as substrates},
hypoxanthineeguanine phosphoribosyl transferase and xanthine
phosphoribosyltransferase were among the most active enzymes
found in supernatant fractions of P. falciparum (Reyes et al,
1982), Xxanthine oxlidase was not detected in P, lophurae
{Yemada and Sherman, 1981), Enzymes of nucleic acid
metabolism invalved in protein synthesis have been ghown
in bloodstream forms of T. brucel (Hans et al, 1975; Gbenle
and Akinrimisi, 1981). A calcium-dependent endoribonuclease
which 15 inhibited almost completely by 20 mM EDTA and
cleaves poly{A) was isolated. The enzyme degrades sdenine -
containing polyribonucleotlides to small oligomicleotides with
5.-phosphate and 3'-hydroxy1 termi as final products

(Gbenle and Akinrimisi, 1982).
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All metazoan cells so far studied have both de nove and
salvage pathways for pyrimidine synthesis. The de nove
pathway invelves the synthesis of the pyrimidine ring from
aspartate and carbamyl phosphate, with orotic acid being
a key intermediate in the pathway. The de novo pathway
dominates in parasitic protozoa (Jaffe and Gutteridge, 1973).
Plasmodium falciparum lacks the enzymes (uridine-cytidine
kinase, deoxycytidine kinase, thymidine kinase) for the
salvage of pyrimidine nucleosides (Reyes et al, 1982). These
enzymes are key enzymes in the salvage pathway of pyrimidine
metabolism.

3.4 Kinetoplast DNA

The kinetoplast DNA comprises a gigantic circular
network of catenated circles of DNA, located in a special
region of the mitochondrion at the base of the flagellum,

Each cell contains a single network and in T. brucei
this comprises about 10% of the total cellular DNA with a
mass of 4 x ‘1(‘.|9 daltons, Each network consists of about
6000 catenated small circular DNA molecules (Minicircles,
0e3 pm), interlaced with about 25 « 50 larger circles
(maxicircles, 6 pm) (Fairlamb et al, 1978).

Minicircles in T. brucel are highly heterogeneous in
segquence and may contain about 100 different minicircle
sequences in a single network (Borst and Hoejimaker, 1979).
Minicircles are not transcribed and their function is not

known. The maxicircle is the genetic equivalent of mito=
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chondrial DNA in higher eukaryotes (Fairlamb et al, 1978),
and, in contrast to the minicircle, its sequence is
homogenous and is evolving slowly.

flow so complex a structure as kDNA is replicated and
segregated into two identical daughter networks is an
intriguing problem. Englund and Marini (1980) have proposed
an attractive hypothesis where minicircles are released from
the center of the network, replicated and then reattached at
two sites opposite each other on the rim (Fig. 5)e As network
replication proceeds, an increasing proportion of the minie
circles becomes nickede The model will explain the rapid
evolution of minicircle sequences due to random reattachment
and hence distribution into the daughter networks. The
hypothesis however does not explain how the maxicircles are
replicated and segregated equally into the daughter networks,
although maxicircle loops are known to cluster at the middle
of the network, near the cleavage point, during replication
(Fairlamb et al, 1978). The medical importance of research
into XDNA is two-fold, First KDNA sequences may be used
to distinguish strains that are morphologically and
biochemically similar for epidemiological purposes. Second,
an increased understanding of the bilochemistry of KDNA may
lead to the development of new antiparasitic agents. Many
antitrypanosomal drugs bind selectively to kDNA. Specific

i{nhibition of kDNA replication or expression result in the
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selective killing of T. cruzi, which appears to require
functional kDNA throughout its life cycle (Fairlamb, 1982).
This may not be so for bloodstream T. brucel which does not
have active mitochondria. Indeed, some species such as
T. evansi and T. equiperdum lack part or all of the kDNA

network,

3.5 Some soluble enzymes of African trypanosomes

Ukoha (1980) demonstrated that seven soluble enzymess
alanine transferase (EC 2.6.1.2)3 aspartate amino transferase
(EC 2.601.1); malate dehydrogenase (EC 1.1.137); glucose=-
phosphate isomerase (EC 5.3.1.9)3 glucose phosphotransferase
(EC 247.5); malate oxidoreductase (EC 1,1.1.,40) and glucose
phosphate dehydrogenase (EC 1.141.,49), from T. vivax; T. brucei;
T. congolense; T. evansi and T. gambiense differ significantly
in their isoenzyme patterns and electro-phoretic mobility.
This has a consequence for epidemiclogical studies since
isoenzyme patterns will be useful in identification of these
trypanosomes.

3.6 Lipids

Phospholipids are the major portion of the total lipids
in African trypancsomes. In T. rhodesiense, the lipid content
of the bloodstream form is about 11,2% (Hutner and Provasoli,
1964). The phospholipids contain largely phosphatidylcholines;
phosphatidylethanoclamine and a smaller amount of phosphatie
dylinositol. Both the blood and culture forms contain

sphingomyelin and phosphatidylserine, however both are



present in much smaller amounts in the culture form (Dixon
and Williamson, 1970). Cholesterol is the principal sterol
of T. rhodesiense (Dixon et al, 1971).

Pathogenic trypanosomes generate phospholipases
(Tizard et al, 1978a). Within infected animals, phospholipases
are released following trypanosome destruction and act on
phospholipids to yield lyso=phospholipids and free fatty acids.
Lysophospholipids are potent cytotoxins but are probably
rapidly broken down to glycerophospholipids and more free
fatty acids by the trypanosome lysophospholipids and in this
way provoke endothelial damage (Carne and Onon, 1978). The
action of trypanosome phospholipase on endogenous phospholipid
results in vivo in the generation of relatively large gquanti-
ties of free fatty acids. Those free fatty aclds are surface-
active and hence are both haemolytic and cytotoxic. Of the
many fatty acids released, the major ones in both T. congolense
and T. brucei are linoleic, palmitic and stearic acids which
together account for about 75% of the total fatty acid content.
Lesser amounts of oleic, gammalinoleic and arachidic acids
are also present, It is not to be understood, however, that
the release of free fatty acid is responsible for the anaemia
in trypanosomiasis since there is no evidence for that.
3.7 Amino acids

Chappell et al (1972) analysed the free amino acid
pools of the blood form of T. gambiense under a variety of

conditions. The major amino acid (47%) present was found to
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be alanine. The trypanosome 1&g capable of taking up excgenous
alanine, aspartate, glutamate and argenine. The T. gambiense
also haz amino acid blosynthetic capabilities, but the full
understanding of thc relationships between absorption, inter-
conversion and biosynthesis is not known nor are the amino
acid requirements knowne There 13 evidence for the
trangamination of the aromatic amine acids, tryptophan,
tyrosine and phenylalanine (5tibbs and Seed, 1975). The
tryptophan 18 carboxylated and then converted to indole=3=
sthanol and lndelo=3eacetates The Ilnvolvement of the
tryptophan metabolitesw~indole=3wethanol or tryptophel and
indolew3~dcetate in the pathogenesis of trypancsomiasis have
been muggested {(Tizard et al, 1978b). These compounds are
capable of inducing nervous system depression and are

immunosuppressive (Ackerman and Seed, 1976).
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CHAPTER 4

MEMBRANE TRANSPORT OF PURINE NUCLEOIIDES IN
AFPRICAN TRYPANOSOMES

4.1 General principle
The study of transport of purine and pyrimidine bases

and nucleosides across biological membranes has acquired
some importance because of the discovery that specific
membrane "carrier® systemsa exist for these compounds and thet
transport capacity may be ¢loszely coupled with physlclogical
events such as caell growth and malignant transformations
{Berlin and Oliver, 1575). In general, the low molecular
weight compounds cross the blological membranes by one of
several mechanlsmss The hydrophocblic molecules may permeate
by passive diffusion becmuse of their high solubility in the
1ipid of the plasma membrane., The rate of permeation depends
oh the olls water partition coefficient of the compound.
Hydrophilic compounds on the other hand that are unable to
diffuse freely through a lipid bllayer and are large enough
(> 5%) to be excluded from agqueous pores or channels, are
often transported by gpeclfic carriers, presumably proteins
that exist in the membrane. The medliated transport ias
characterized by Michaelis-denten kinetics (saturabllity,

and competition betwecen related compounds for uptake) and
temperature dependence. Active transport refers to those
transport systemsa that involve energy expenditure either in

form of ATP or in form of proton/ion gradient. It leads to
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accumilation of metabolically unaltered substrate against an
alectroe=chemical gradient. Feacilitated <Siffusion 1s a
carrier azystem mediated transport driven by electro-
chemical concentration gradient. The characterigtics of
facilitated diffusion is rate saturability, non sccumulative,
temperature dependent and competitive inhibition, The
kinetic analyals of transport processes in cells that meta-
boliize nucleosides 18 complex. However the initial rates
of the sultistep uptiake processes are taken to be those of
the first step, that 1s transport. The nucleoside upteke
processas involve transport of substrate acress the cell
membrane, phosphorylation by nuclecside monophosphate and
diphoephate kinases and other metabolic fates including
incorporation into nuclelc acids.

4.2 Membrane transoort of nucleosides in african
trypancsomes S

There 1s little information on the uptake and metabolism

of purines and purine derivatives by the African trypancsomes,
It is generally accepted that African trypancsomes lack the
de veve purine synthesis and muat therefore rely on exsganous
purine sourcaes (Bone and Steinert, 1956; Walash and Sherman,
1968). It is not unreascnable thersfore to assume that
menbrane transport hechanisms must be operating in ther and
are of great importance in meetinn the mutritional needs of

the parasites,
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James and Born (1980) showed evidence of carrier mediated
transport systems in T. congolense and T. brucei. Adenosine
was taken up by these parasites more rapidly than inosine and
the purine basess adenine and hypoxanthine. Two transport
loci were discernable in T. brucel, the first locus transports
inosine, guanosine and also has a low affinity for adenosine.
The second transport locus is specific for adenosine.
4.3 Nucleoside transport inhibitors

A number of mi chemically unrelated to nucleo-
sides are recognized as inhibitors of nucleoside transport in
animel cells (Lemkin and Hare, 1973; Cass and Paterson, 1973;
Stefanovic et al, 1976; Lynch et al., 1978). Nitrobenzyle
thioinosine (NBMPR) is a specific nucleoside inhibitor, that
is, it will not inhibit the uptake of purine bases, sugars
or amino acids, The other compounds will inhibit nuclecside
transport as well as uptake of purine bases and in some cases
sugarse. NBMPR inhibits the uptake of nucleosides by binding
tightly to the membrane sites (Lauzon and Paterson, 1977).
The adenosine analogue, § =O-sulfamoyl-adenosine was shown to
inhibit adenine and adencsine uptake in T. Zhodesiense and
exerted its trypanocidal activity by denying the parasites
the much needed purines (Jaffe gt al, 1970). Also dipyrida-
mole was shown to inhibit purine mucleoside uptake in

X. brucel and T. congolense (James and Born, 1980) although
it has no trypanocidal activity.

1 Aflatoxin (Lemkin and Hare, 1973; Persantine (dipyridamole)
(Philip et al., 1973). Cytochalasin B (Lynch et al. 1978)
and NBMPR (Cass and Paterson, 1973).
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CHAPTER S

RATIONAL CHEMOTHERAPY OF AFRICAN TRYPANOSOMIASIS

S.1 General
Most of the drug action studies are often justified on

the grounds that the knowledge of the action of the existing
drugs will permit a more rational approach to chemotherapy.
While it must be admitted that this is little more than a
pious hope for the future, it cannot be denied that such
studies have been highly rewardings they have yielded much
information about cell structure and function and have led
to the identification of important differences between
parasites and hosts.

For a rational approach to chemotherapy, detailed
biochemical comparison between the parasite and host must
be mades comparison of homologous enzymesj unique cell
components or metabolic pathways in the parasite must be
investigated to elucidate basis of selective toxicity of
known drugs. Rational drug design is still in its infancy,
partly because fundamental knowledge of many aspects of
the parasite's metabolism is still lacking.

S.2 Glucose metabolism
Two drugs (suramin and melarsen oxide) currently used

in the treatment of sleeping sickness inhibit glycolysis and

energy production in T. brucei. Suramin is a potent in vitro
inhibitor of the glycerophosphate oxidase and glycerophosphate



32.
dehydrogenase (Fairlamb, 1981). It also inhibits respiration
and glycolysis in intact cells only after several hours
exposure to the drug in vivo (Fairlamb and Bowman, 1980).
The delayed action of the drug is related to its slow uptake
by T. brucei. The organic arsenical, melarsen, selectively
inhibits pyruvate kinase in whole cells (Bowmaen and Flyn,
1976). Exposure of T. brucei to a combination of salicyle
hydroxamic acid and glycerol in vitro or in vive was found
to be trypanocidel (Clarkson and Srohp, 1976; Fairlamb et al,
1977)« when glycerol and SHAM are administered in infected
rodents, trypanosomes are rapidly clecared from the circulation
but the animals relapse about one week later (Clarkson and
Brohn, 19763 Evans and Brightman, 1980). This may be due to
inadequate tissue concentrations of the drugs, a variable
sensitivity to a "serum synergistic factor" implicated in
lysis of trypanosomas in vivo or the distribution of the
parasites in the host (Evans and prightman, 19803 Amole and
Clarksen, 1921),

5.3 Polyamines

Polyamines are low molecular weight aliphatics found
universally in cells. They are made up of putrescine,
spermidine and spermine; all three usually occur in eukaryotes
(Cohen, 1978; Russel and Durie, 1978). The bloodstream
X. brucei contain significant quantities of putrescine and
spermidine, but not spermine (Bacchi et al, 1977; 1978). The

synthesis of polyamines in higher eukaryotes is hormonally



33.
regulated and closely controlled during cell cycle (Kano
and Oka, 19763 Janne ¢t al, 1978). Trypanosomes have a
complex bilochemical and antigenic changes during alterations
from one form to anotherj such changes could be indicative
of polyamine involvement in the life cycle. The absence
of spermine in T. brucei is an indication of an intriguing
difference between the parasite and metaszoca cells. In
flagellates, the NAD- (x=glycerophosphate dehydrogenase, a
key respiratory enzyme is stimulated by polyamine (Bacchi
et al, 1978). It is conceivable thus that the polyamine
metabolic pathways in trypanosomatids are attractive targets
for chemotherapy in view of the rapid synthesis of polyamine
in them (Bacchi et al, 1979). The synthesis of polyamines
in T. brucei can be inhibited by an enzyme-activated
inhibitor of ornithine decarboxylase = « = difluoromethy-
lornithine (DFMO). Administration of DFMO in the drinking
water of mice is curative for early T. brucei infections and
co-administration of polyamines abolishes this effect,
pointing to a specific vital function of polyamines in
I. brucei.

S.4 3Superoxide dismutase

Recent studies suggest that trypanosomes are more
susceptible to cellular damage by activated oxygen species
(°2- ) than memmalian cells (Pairlamb, 1982). NAD(P)H
oxidase generates superoxide anion (02- ) via one electron

reduction of molecular oxygen. This 02 - can undergo a
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series of reactions to produce hydrogen peroxide (uaoz).
hydroxyl radical («0H) and perhaps, a singlet oxygen ('Oz)-
Superoxide dismutase and catalase inhibit the production of
activated oxygen in mammalian cells. These enzymes which
destroy hydrogen peroxide are either very low or absent in
trypanosomatids. Leishmania tropica has no detectable levels
of catalase and glutathione peroxidase but has relatively
high levels of superoxide dismutase which is cyanide-
insensitive but azide and peroxide sensitive and furthermore
is insensitive to diethyldithiocarbamate which inhibits some
vertebrate enzymes (Meshnick and Eaton, 1981)., Leishmania
thus contain a superoxide dismutase different from its host's
enzyme and a specific inhibitor of this enzyme might serve as
an antileishmanial agent. Inhibition of glutathione synthesis
by buthionine sulphoximine in T. brucei was found to be
curative in mice (Arrick et al, 1981),

5.5 MNucleoside drugs

Trypanosomes are unable to synthesize purines de Bovo
and therefore depend on preformed purines from the host.
Purines can be interconverted by a multiplicity of routes,
making chemotherapeutic attack a seemingly hopeless task.
However, a number of nucleoside drugs, puromyain (6-dimethyle
mno-f—p—nothoxy-h-phmyl-dmyl.ino-dmuul F]
cordycepin (3'-deoxyadenosine); nucleocidin ($'=0-sulfamoyl
4'-fluorcadenosine) and tubercidin (7-deazaadenocsine) have

been shown to have trypanocidal activities (Hewitt et al,
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1953; Tobie and Highman, 19563 wWilliamson, 1969). These
nucleoside drugs have high toxicity. Allopurinel, a purine
analogue, is metabolized differently by the host and
parasite (Berens et al, 1980). In humans, allopurinol is
converted to oxipurincl by xanthine oxidase, but not in
2. cruzi and T. brucei, where xanthine oxidase is absent.
In trypanosomes, the major metabolic pathway is to allopurinol
ribonmucleotide, which is converted to aminopyazelopyrimidine
triphosphates and incorporated into RNA (Berens et al, 1980).
Administration of allopurinol to mice with acute infections
of T. cxuzl significantly decreases parasitaemias and mortality
rates and increases survival times (Avila and Avila, 1981).
5.6 Yaccination for trypanosomiasis

Control measures presently avallable for trypanosomiasis

are either expensive or impracticable to apply on a large
scale. The only possible alternative is the use of vaccines.
Several approaches have been used in the development of
vaccine against African trypanosomiasisj; these includes
(a) induction of resistance by use of nonespecific immunostie-
mulants; (b) use of surface coat antigens from the bloodstream
form of the parasite; (c) use of plasma membrane antigens;
metacyclic antigens and sub-cellular fractions from the

parasites.



The administration of nonspecific immunostimulants like

synthetic polyribonucleotides; Baccillus Calmette~Guering
Be. pertussis; Corynebacterium parvum prior to or at the same

time as challenge with Trypanosoma congolensej I. thodesiense
or T. brucel significantly increased the survival time of

infected mice (Singer et al, 1964; Murray and Merrison, 1979).
African trypanosomes possess glycoprotein surface which covers
the entire organism. This surface glycoprotein coat contains
a variety of antigenic determinants; some are unique te the
individual organism and yet others are found in the surface
coats of all trypanosomes (Barbet and McGuire, 1978)., The
fimmunity induced by the unique determinants is protective
but this protection is confired only to the organisms which
bear these determinants, that is, organisms belonging to the
same variable antigen type (VAT). This if VATespecific
antigens were used as fleld vaccines each VAT would require
a separate vaccine and considering the enormous numbers of
different VATS in each trypanosome species, one would be
dealing with a cocktall vaccine consisting of thousands of
different mixtures of VATespecific antigens.

However, recent studies (Hadjuk and Vickerman, 1981;
Esser et al, 1981) have shown that whereas serodeme of
trypanosomes may consist of several bloodstream VATS, there
are only few VATS in corresponding metacyclics. The overall
VAT composition of the metacyclics of each serodeme is also
constant, thus the metacyclics from tsetse infected with
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one clene are similar, in type and composition, to those
extruded by tsetse infected with any other clone belonging
to the sane serodeme, Studies in mice (Jenni and Brum,
1980), goats and cattle (Emergy et al, 1980) have indeed
shown that imanunization with metacyclic antigens leads to
the development of Lamunity against infected taetse
challenge. Such immunity, was however confined to the same
sercdeme.s The inmunized animals showed no protection against
challenge with tsetse infected with different serodemes.
Although vaccination using metacyclies appecrs to offer the
best hope for vaccine development against African
trypanosomniasis, some questions are yet to be answered,
Some of these include determination of; (a) number of
metacyclic VATS for each serodome; (b) number of different
serodemes of each species of trypanosomes clrculating in
different geographical areas and (¢) how stable they are.
Also, the finding that s subset of V3G genes 1s not only
unstable but evolves at a high rate (Frasch gt al, 1982)

makes the prospect of vaccination difficult.



CHAPTER 6

MATERIALS AND METHODS

6.1 Materials
The radiocactive compounds: ﬂ-“c-uuianl l-u'c-

adenosine; t-“c-mam; &“C-hyyomthim; ’Il-ad-aoaiao;
Ji-thymidine and G- H-MBMPR were obtained from either
Moravek Biochemicals, Brea CA92621 or from Radiochemical
Centre, Amersham, Bucks. The enzymes xanthine oxidase;
pyruvate kinase and phosphoenol pyruvate dehydrogenase were
obtained from Sigma Chemical Co. St. Louls, U.S.A. Percoll
(density 1.13g/ml) was obtained from Pharmacia Fine Chemicals,
Uppsala, Sweden, Earle's balanced salt scolution 10 x without
magnesium, bicarbonate and calcium was obtained from Grand
Island Biological Co., Scotlands Cellulose thin layer sheets
(13254) were obtained from Eastman Kodak Coe, UsSeA. PEIX
cellulose sheets were from Applied sScience, Milton Roy
Laboratories, PA, 16801, The unlabelled NBMPR and NEMPR-P
were gifts from Professor A.R.Ps Paterson, Cancer Research
Unit, McEarchern Laboratory, The University of Alberta,
Edmonton, Canada. Tubercidin was a gift from Dr. J.E. Grady,
UpJohn Company, Kalamazoo, Michigan, U.S.A. All the other
chemicals used were of reagent grade.

Parasites: The parasites used in the study were

I. gambiense (35A/2); I. congolense (58/98); I. brucei
(ILRAD 2052)« All the ILRAD stocks were cloned populations.
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They were all maintained in rats or kept frozen in liquid
nitrogen, The procyclics of T. congolense; I, vivax and
T. brucei were maintained in culture medium in vitre.

Host animals: Normal BALB/C aldbino rats and lethally
irradiated (900 rads in 4 mins or 600 rads in 5 mins)
Wister rats weighing between 200=-250g served as the bloeod
donors for most of the studies. Each rat received
approximately ‘105 organisms ip in a total volume of 0.5 ml.
Mice, weighing between 18-22g, were used for the chemo-
therapy studies, Groups of mice were inoculated ip with
trypomastigotes of either T. congolense or T. gambiense.

Blood collection: Blood samples were collected at the
peak of parasitaemia by cardiac puncture using 3.8% sodium

citrate made in 0,154M sodium chloride and 2% glucose as the
anticoagulant, The blood samples from the rats were pooled
and kept in ice-cold condition (4°C).

6.2 a of the anosomess Two methods were
employed in the large scale separation of the trypanosomes
from the red blood cells.

In the first method, whole blood from parasitized
animals was diluted with phosphate saline glucose (PSG)
buffer, pH 8.0, and centrifuged at 450-500g for 5 min. The
buffy coat fraction which contained most of the organisms
was recovered and layered on DE«52 column previously equili-
brated with P3G buffer. The trypanosomes were eluted from

the column with the buffer as described by Lanham and
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Godfrey (1970). The isolated parasites were concentrated
by centrifugation and resuspended in either Tris buffer,
pH 7.2 or phosphate buifer pH 7.0 at a concentration of
10’-109 organisms per ml depending on the type of assay to
be done.

In the second method for the isolation of the trypano=-
somes, whole blood containing the organisms were mixed with
percolls Earle Balanced Salt Sclution (EB3S) in the ratioc
of 2311 as described by Grab and Bwaye (1982), The percolls
EBSS3«blood mixture was centrifuged at 20,0009 for 30 min
using either fixed angle rotor in a Beckman JA-20 centrifuge
or swinging rotor in a Sorvall RC-5B (Du Pont Instruments).
The resulting trypanosome-rich band which was well separated
from the erythrocytes, was collected and the trypanosomes
washed once with the PSG buffer and passed through DE 52
column (Lanham and Godfrey, 1970). Migher yields of

trypanosomes were achieved by this method especially with

T. vivax and T, congolense isolatione.

6.3 Preparation of the isolated parasites. The method for
the preparation of the parasites depends on the type of assay

to be done with the trypanosomes.

aration of asites for enz assaye The isclated
parasites were resuspended in either 50mM phosphate buffer
pH 7.0 or in Tris-HCl buffer pll 7.2 at a concentration of

$ x 108 to 10, organisms per ml, The buffers contained 0.1mM



41,
dithiothreitol. The organisms were disrupted by either
ultrasound sonicator (100 WATTS for 3 mins) (Braun-Sonic 1510;
Be Braun Melsungen AG) in the cold (4°%) or by three cycles
of freezing in 1iquid nitrogen and thawing at 37°C in a water
bathe The total cell homogenate was subjected to highspeed
centrifugation (20,000-24,000g) in refrigerated centrifuge
for 45 mins. The supernatant fractions were used as the
source of enzyme (Gutteridge and Davies, 1981)., In some
of the enzyme assays the crude protein extracts were
dialysed against 1000 ml of Tris-HCl buffer overnight at
4°%C with constant stirring.

ation of parasites for transport studies: The
isolated trypanosomes were separated by the methods of
Lanham and Godfrey (1970). The parasites were concentrated
to a density of 101 parasites per ml., These were always

kept in ice~cold condition until used.

6.4 Assay methods
Chromatographys The radiometric assay of the enzymes

involved the analysis of the reaction mixture on cellulose

thin layer sheets previously coated with 5 nmole carrier
nucleoside, nucleotide or purine bases, The thin layer

plates were developed in 1,25M solution of ammonium sulphate,
dried in the air and the carriers identified and marked under
UV light, The zones containing the carrier purines were cut out

in 1 cm strips and were counted as described belowe.
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Determination of radicactivity. The thin layer after

development as described in the previous section was further
analysed by cutting out the carrier spots and determining the
radicactivity in them, The radioactivity was determined by
counting in either Packard scintillation spectrometer Model
3330 or in Beckman ligquid scintillation spectrometer Model
LS 100C using any of the following liguid phosphors
(1) Toluene: 3.5g PPOj 0.05g POPOP in 1 litre of toluene
(1i) Tritoselj; 70ml ethlene glycol; 280ml absolute ethanolj
500ml tritonex-100; 1,150ml of xylenej 6g PPOj; 0O.1lg POPOP in
a total volume of 2 litres or (iil) Aquascls a commercially
available scintillant from New England Nuclear Boston, Mass.
The radiocactivity on the parasites used for the transe
port assays was determined by digesting the parasites with
0.5ml of 0.,5N KOH overnight in 1.5m]1 microcentrifuge. 0.2ml
of the digests were transferred into scintillation vials and
10ml of tritoscl phosphor added to them. These were then
counted in the liquid scintillation spectrometer as above.
The counting efficiency including the quenching corrections
were variously determined and corrected. The gquenching
caused by the thin layer sheets was corrected by including
the same sizes of the chromatogram sheet used in the tests
but without any radicactivity and treating them in exactly
the same manner as the tests before counting., Blank trypance
somes were counted to correct for quenching caused by the

parasites., The efficlency of the counting was determined
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always by using the standard supplied by the manufacturers
of the scintillation spectrometer.

Engymess Two methods were employed for each enzyme
assaye.

Purine hydrolase (EC 2.4.2,1)s This enzyme was assayed
by spectrophotometric method of Tucker and Young (1976) and
the radiometric method described by Tax and Veerkamp (1978).
In the spectrophotometric method the assay medium contained
50 s Tris-iCl buffer, pH 725 1 MM purine nucleoside
( adenosine or inosine) 0.6 units xanthine oxidase per ml and
approximately 80-100 jug protein in a total volume of 1 ml.
Incubations were done either at room temperature or at 37%
in a temperature controlled water bath for 5 min. The reaction
was initiated by adding substrate and the initial rate of
uric acid formation estimated by measuring the extinction
at 293 pm using Beckman Model 25 recording spectrophotometer.
Blank values were obtained by omitting the nucleoside from
the reaction mixture. The molar extinction coefficlent of
uric acid was taken to be 12.5 x ‘103 (Kim et al, 1968).

In the radiotracer assay, the method described by Tax
and Veerkamp (1978) was used, The final volume of 90 pl
contained Tris-HCl buffer (pH 7.2)3 dithiothreitol 0.1 mMj
EDTA 1 mM; about 20rmole radiolabelled nucleoside (0,05«
1.0 pCi 1‘c-nu:loosid¢) diluted with 320 nmole unlabelled
nucleoside, and approximately 80-120 pg protein. Reaction

was terminated by boiling for 5 mins at 100°C. Aliquot from
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the incubation medium was streaked on cellulose thin layer
plates and developed as described previously. The crude
protein extracts used for both assays were dialysed against
1000 ml Tris-buffer pH 7.2 overnight at 4°c,

Purine nucleoside phosphorylase (EC 2.4.2.1): The
methods of Tucker and Young (1976) and Tax and Veerkamp (1978)
were employed. The assay was however done in Tris buffer
with phosphate ion added since the enzyme is more active in
the presence of phosphate ion.

denosine deaminase (EC 3.,5+444,)8 Spectrophotometry was
used to quantitate adencsine deaminase using the coupled
xanthine oxidase enzyme determination described by Mans and
Koch (1960). The reaction mixture contained 50 mM potassium
phosphate buffer, pH 7.0; crude protein extract prepared from
the trypanosomes as previously described (80-100 pg) and
xanthine oxidase (0.16 units per ml) in a total volume of
1.0 ml. Reaction was initiated by addition of 10-100 ul of
0,044 adenosine and terminated by adding 2 ml of 0.3 NaOH.
The optical density was read at 293 nm. The blank values
were measured by omitting the purine nucleoside. The molar
extinction of uric acid was taken to be 12.5 x 10° (Kim et al,
1968).

The radiotracer method used was that of Kidder et al,
(1977). The assay mixture contained in a total volume of
90 pl consisted of Tris-HCl buffer (ph 7.2) 20 mM; dithiothreitol

Oe1 mMj EDTA 1 mMjg “C-ndmosim (0.05-1.,0 pCi) and crude protein
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extract (80-100 pg). Reaction was terminated by boiling for
5 mins at 100°C. Aliquots of the incubation mixture were
processed as described previously.

denin h as ne s

EC 3e3:442)s

The enzyme was assayed by the methods of Mans and Koch
(1960) and Kidder et al. (1977) just as the adenosine deaminase.
The substrate for the enzyme in this case was adenine.

Adenosine kinase (EC 2.7:1.20). The spectrophotometric
method of Entner and Gonzalez (1961) and the radiotracer
method of Lindberg et al. (1967) were used for the assays
of the enzyme.

In the ralotracer assay method, the reaction mixture
contained in a total volume of 200 pl, Tris-HCl buffer
(pH 7.4) 25 mM; dithiothreitol, 0.1 mM; KC1l, 50 mM; MgCl,,
0.5 mMj ATP 0.7 miMj PEP, 0,25 mi; pyruvate kinase 0,005 mg

“c-adenuim (0e1 = 1 uCi) and approximately 100 pg

protein;
crude protein extracts. In the time course assay, aliquots of
the reaction mixture were removed at intervals and streaked on
cellulose thin layer plates. For the kinetic determination,
various concentrations of the purine nucleoside were used.
The reaction was terminated by boiling at 100°C for 5 mins.
The reaction mixtures were processed as previocusly described.
The spectrophotometric assay of this enzyme is based on
the decrease in absorbance at 340 my in a couple multienzyme

systemj the molar extinction coefficlent of NADH being 6.22 x
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10°

(Linberg et al. 1967). The reactions involved are as
followss=-

ATPF  +  AMP = 2ADP
3ADF + 3phospho-enclpyruvate ———= 3JATP + 3 pyruvate
3 Pyruvate + 3 NADH + 3H =——————=> 3 Lactate + 3 NAD.
The ADP formed in the nucleoside reaction is reconverted
to ATP in the presence of excess phospho-enolpyruvate and
pyruvate kinase. The simultanecusly formed pyruvate was
converted to lactate in the presence of an excess of NADH
and lactate dehydrogenases
The assay mixture in a total volume of 1 ml consisted of
50 mM Tris-HCl1l buffer (pH 7.4); ATP 7 mM; PEP 0.25 mM;
NADH 0.2 mMg nqclz 0.5 mMj KC1l S0 mMj; lactate dehydrogenase
0.005 mg protein; pyruvate kinase 0.019 mg protein. Blank
values were obtained by excluding the adencsine substrate
in the incubation medium,.

ne phosphoribosvltr £ © d 2ed4e247)1
nggxanthigg:gggg&ne PRTase (EC 2,4:2.8[.

The recaction mixture based on method described by
Gutteridge and Davies (1981) consists in a total volume of
130 pl of 40 mM Tris-HCl; 2 mM Hqt:lz; 2 mM PRPP and
14 rdenine (0.5 pci) or ** C-Hypoxanthine (0.5 pei) and
approximately 48 pg protein., Alicquots from the incubation
medium were analysed as described previously, Enzyme activie

ties were expressed as nmole/mg protein/min,
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Transport assay:s Isolated organisms were resuspended in
Tris buffer pH 7.2 at a concentration of 1 = 2 x ‘107 parasites
per ml, Each 10-ml tappered centrifuge tube in either a
constant temperature water bath (at 37°C) for experiments
performed at that temperature or at room temperature contained
1 ml of the 3H-1¢hdod nucleoside (and inhibitor in the case
of inhibitor studies) at twice the final desired substrate
and inhibitor concentrations. At appropriate intervals of
time, 1 ml of the parasite suspension (prewarmed at 37°%C or
kept at room temperature) was pipetted into each centrifuge
tube and incubated for the appropriate intervals of time, The
incubations were terminated by diluting the mixture with four
volumes of ice cold (4°C) Tris buffer and immediately centrifu-
ging the tubes at 450g for 10 min in the cold (4°C). The pellet
was washed three times by mixing and centrifuging in Tris-buffer
(4°C) and finally drained of excess buffer. The pellet was then
digested with 0.5 ml of 0.,5N KOH overnight at room temperature.
Aliquots (0.2 ml) of the KOH digest were taken into scintilla=
tion vials and counted with tritosol phosphor in a Beckman
Model LS 100 C, Liquid scintillation spectrometer.
£ !3th t The procedure for measuring the
efflux of radfactivity from erythrocytes "loaded" with labeled
thymidine was that of Cass and Paterson (1972)., Erythrocytes
collected from mice infected with trypanosomes and also from

uninfected mice were washed three times in buffered saline

(140 mi NaCl, 1.4 m mgS0, and 18 mM N~tris (hydroxymethyl)



methyl-2eanino-ethane sulfonic acid at pH 7.4). The
erythrocytes were "loaded"” by incubating with 2.0 mm
JH-thyl:ld.inc for 40 min at 37°C. This condition achieves

an equilibrium distribution of labeled nucleoside. Loading
was terminated by centrifugation at 1500 x g for 10 min.
Since thymidine is not metabolized in erythrocytes (Oliver
and Paterson, 1971), internal and external nuclecside concen-
trations were considered aqual at the end of the incubation
and the intracellular nucleoside concentration was obtained
by measuring the extracellular radiocactivity,

Efflux of radioactive nucleosides from loaded cells was
initiated by rapidly adding to 0.25 ml portions of loaded
cells 2.5 ml volumes of either buffered saline alone or
buffered saline containing the equilibrium concentration of
6 mM of noneradioactive thymidine., Redioactive thymidine
originally present in the extracellular spece of loaded cell
sediments was diluted approximately 100-fold in this
procedure (Cass and Paterson, 1973), Thymidine efflux was
terminated after intervals of 2 min by adding 2.5 ml buffered
saline containing 10 yM NBMPR, 2 potent nucleoside transport
inhibitor (Cass and Paterson, 1973; Lauzon and Paterson, 1977).
Zero time points were obtained by adding NBMPR 10 sec before
addition of test medium. Separate reaction mixtures were
prepared for each time point, and immediately after termina=-
tion of efflux, portions of each mixture were centrifuged to

obtain cellefree medium. Radioactivity present in cell-free
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medium was determined using tritoscol phosphor and liquid
scintillation counting. The cell concentrations of individual
reaction mixtures were obtained from the hematocrit
measurements.

Binding assays The organisms separated from the whole
blood were resuspended in Tris buffer pH 7.2 to spproximately
101 parasites per ml, Binding assays were initiated by the
addition of JHelabelled NBMPR to the parasite suspension in
10 ml tappered centrifuge tubes (1 x 10? organisms in 2.0 ml
final concentration). Intervals of binding were ended by
centrifugation (450 x g for 10 min) and the supernatant
fractions reserved for assay of “Hecontent. The pellets
were dissolved in 0,5 nl of 0,5N KOH and assayed for
’ll-eontut by liquid scintillation counting using the
xylene detergent-scintillant.

The ’l—eont.nt of the supernatant fluid was determined
by counting an aliquot (500 pl) before and after the assays
to see whether there were depletions of radicactivity in
the medium by the trypancsomes. Medium depletion of
radioactivity had previously been used to study the binding
of isotopic NBMPR to red cells (Ogbunude, 1979).

6.5 Chemotherapy study

The trypanosome, I. gambiense was obtained from white
albino rats with parasitaemia above 5 x 101 organisms per ml.
These were diluted to approximately 10‘ organisms per ml with

normal saline and 0.2 ml of the suspension inoculated ip into



groups of male mice,

Acute toxicity testss Acute toxic effects of ethidium
bromide and tubercidin in mice were determined by giving single
ip injections of the drugs to groups of ten mice. The drugs
were made in 0.,154M NaCl solution and the injection
volumes were proportional to 0.2 ml per 20 g body weight
whether the drugs were given singly or in combinations.

The animals were obscrved for seven days for any deaths.

In vivo tests: Groups of mice (5 mice per group) were
given single ip doses of ethidium or tubercidin and also
tubercidin and NBMPR-P combination. The untreated groups
received only saline solution in which the compounds were
prepared. In enother experiment, groups of mice inoculated with
I. gambiense and showing approximately 10.’ parasites per ml
of blood were given single doses of either tubercidin, ethidium
or their combinations with or without NBMPR-P. Deaths were
recorded daily for 30 days and tail blood checked for
parasitaemia during this period.

In vitro testss Trypanosoma gambiense isolated from blood
of infected rats were incubated with tubercidin alone or in
combination with NBMPR~P. The incubation medium, Ringer's
phosphate buffered salt solution is supplemented with 10 mM
glucose, 2% calf serum, streptomycin (50 pg/ml) and penincillin
(100 iu/m) (York et al, 1929), Control parasites were incubated
in the buffer solution containing no tubercidin or NBMPR. Samples
from the incubation media were removed at interval to check the

number of motile trypanosomes.
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CHAPTER 7
RESULTS

7.1 gChromatography
The relative mobilities of the purine bases, nuclecsides

and nucleotides on cellulose thinelayers and polyethyleneimine-
cellulose F (PEXI-cellulose F) shects are presented in Table 2,
The cellulose~separated the purine bases and derivatives much
better in this solvent system than tiie FLI=cellulose F which
was unable to separate hypoxanthine from adencsine mono=
phosphates Trials with paper chromatography (data not
presented) showed that it did not scparate the nucleotides
from the bases with the solvent systons trled,
7¢2 Purine nucleoslde hydrolase and phosphorylase

The purine nucleoside hydrolasc catalyses the irrever-
aible hydrolytic cleavage of purine nucleosidae to purine base.
Purine nucleoside ——> purine base + rilhose sugar,

The purine nucleoside phospherylase on the other hand

catalyses reversible cleavage of purlne mucleoslde,

Purine nucleoside + P4 — . purine base + ribose-l-phosphate.
The assay of these enzymes in the African trypanosomes
shows that in T. brucei (Fig. 6), the inclusion of phosphate
in the assay medium did not change the rate of cleavage of
adenosine or inosine. Also, purine nucleoside could not be
synthesized from the purine base and ribose-l-phosphate
(Re1-P) when the enzyme source was from T. brucei. PFig. 7

shows that phosphate stimulated adencsine cleavage but not



TABLE 2

Purine bases, nucleosides and nucleotides in
approximately 5 nmole portions were chromatographed on
either cellulose~thin layer sheets (Eastman 13254) or
PEI-cellulose thin layer chromatography sheets using

1.25M ammonium sulphate solution as the solvent system,

52.

c : Relative mobility (Rf)
Cellulose} PEI-cellulose
Adenosine 0.34 0.31
Adenine 0.25 0.20
Hypoxanthine 0.48 0.42
Inosine 0.70 0.68
Adenosine monophosphate 0.59 0.42
Inosine monophosphate 0.81 0.75




Flg. 6 Hydrolytic cleavage of adenosine and inosine by
the hydrolase from T. brucei.

ut:-&dmu.u (A) and “c-mum (B) were separately

incubated at 37°C with dialysed protein extracts of T. brucei
trypomastigotes in Tris buffer (pH 7.2) without (O—O)
and with phosphate (D —TD. Samples (10 pl) of the
incubation media were streaked on cellulose thin layers and
developed in 1,254 ammonium sulphate solution, The zones on
the chromatogram corresponding to adenine and hypoxanthine
were cut out and analysed for radiocactivity as described in
Materials and Methods. The kinetic constants were determined

from the double reciprocal plots (A2 and B2).
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ss.
Pige 7 A. Cleavage of adenosine by the phosphorylase

from T. gongolense.
Be Incelne cleavage by the hydrolase from

2. songolense.

“c-am-m (A) was incubated at 37°C with protein

extract of T. congolense dialysed against Tris buffer
(pH 7.2). The incubation was performed in increasing
cencentrations of labelled adenosine without (O—O)
and with phosphate (}—(7).

In another experiment, ~'Ceinosine (B) was incubated
with protein extract of T. congolense dialysed against
Tris buffer (pH 7.2). The incubation was carried out
as described above, Samples of media were streaked on
cellulose thin layers and developed in 1.25M ammonium
sulphate solution., The zones corresponding to adenine
and hypoxanthine were cut out and the radicactivity
associated with them determined as described in Materials

and Methods.
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8.
inosine cleavage when the engyme source was from 1. congolanse.
with the seme enayme, It was possible to synthesize adencsine
from adenine and Relap (Fige 8)¢ Adencsine cleavage by the
enzyne from T. yivax (Fige 9) was alseo unaffected by the presence
of phosphate in the incubotion medius,

Te3 Adencsins kissse

T™his enayne catalysos the phosphoryletion of adencalne,
Adenosine + ATF === 0P +» NWe In the assay for the enzyne
in T Brucel it was observed thet under the assay comdition,
the adencsine was raplidly converted to adenine (Fige 10) end
ANF was not detected in the incubstion medium over an hour of
incubstion. with 1. gonuolonag snd 1. vivaxe ANP was detected
in the assay medium (Fige 11)s Under the kinase assay condition,
the rete of clesveqge of adencsine in J. congolense and T. vivaes
was such lower than the rate of cleavege of sdencsine in
I. brucal. Almost 50% of the adencaine substrate wes comverted
to adenine within an hour using I. gongolense or I. vivas
(Fige 11), with 1. bruced, conversion was alsest complete
within § min (Fig. 10),
7.4 pucine phesphorivecyitranaterase

The purine phosphoribosyl transferase catalyses the
transfer of ribosylphosphute from phosphoribesyl pyrephosphate
%0 » purine base.

Furine base + FPRIP === purine seoncphosphate + PP4,

The enzyme 1 present Ln all the .fricen trypancsomes studied

(Pigs. 12, 13 and 24). The activity was highest in T. brucei.
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Fig. 8 Tine course of adenosine synthesis from
14c-adenine and ribose-l-phosphate with

phosphorylase from T. congolense.

The protein extracts of T. congolense was incubated
at 37°% with “%coadenine and ribose-l-phosphate in
Tris buffer pH 7.2. The incubation medium was at
intervals of time assayed for adenosine (3 —{]) and
adenine (O—()) by taking samples (10 pl), streaking
on cellulose thin layers and developing in 1.25M
ammonium sulphate solution. The zones on the chromato-
gram corresponding to adenosine and adenine were cut
out and the radiocactivity associated with them determined

as described in Materials and Methods.
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Fig. 9 Hydrolytic cleavage of adenosine and inosine
by the hydrolase from T. vivax.
Mcordenosine (A) and *Yc-tnosine (B) were each
incubated at 37°C with dialysed protein extracts of
T. vivax trypomastigotes with and without inorganic
phosphate as described in Materials and Methods.
Assays were terminated by boiling at 100°C for 5 min
and aliquots from the incubation media spotted on
cellulose thin layers and developed in 1.25M ammonium
sulphate solution. The zones on the thin layers
corresponding to adenosine without (O—<)) or with
phosphate (CF—7J) and incsine without (O—0) or with
phosphate (}—7) were assayed for radicactivity as
described in Materials and Methods. From the double
reciprol plots the kinetic constants were determined

(A2 and B2).
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Fig. 10 Assay of adenosine kinase in extract of T. brucei

14 _Adenosine was incubated at 37°C with protein
extracts of T. brucei trypomastigotes as described in
Materials and Methods., Aliquots (10 pl) of the incubae
tion medium was removed at time intervals and spotted
on cellulose thin layers and developed in 1,258 amwonium
sulphate solution, The zones corresponding te adenosine
(O—10) and adenine (O——(0) were cut out and analysed
for radloactivity as described in Materlals and Methods.

No AMP was detected over an hour incubation.



o3

MEDIUM CONCENTRATION

nmole/ mg protein
N D
° O

|5"09

SILANIA

0o

— o

Py




&4,

Fige 11 Time course of adenosine kinase assay in

extracts of T. congolense and T. vivax.

1‘t-Adenoaina was either incubated with protein
extracts of T. congolense or that of T. vivax at 37°C
a8 described in the Materials and Methods. Aliquots
{10 pl) of the incubation nedia were removed at
intervals of time spotted on cellulose thin layers
and developed in 1.254 ammonium sulphate solutian,
The zones corresponding to adencsine (86— —@); adenine
(L0 and ap (O——0) were cut out snd the radio-
activity associated with them determined as described

in Materials and Nethods,
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Fige 12 Assay of purine phosphoribosyltransferase

in extract from I. brucei.

e adenine and “conypoxanthine were each incubated
with protein extract of I. brucei trypomastigotes at 37°C.
The reactions were terminated by boiling at 100°C for S min
and aliquots (10 pl) chromatographed on cellulose thin
layers using a solution of 1,25M ammonium sulphate as the
solvent system. The radicactivity associated with adenine
and AMP zones on the chromatography sheets when “cm
(A) was the substrate was determined. Also hypoxanthine
and IMP gones were determined when “c-hypoxmthim (B)
was the substrate. The kinetic constants were determined

from the double reciprocal plots shown in the graph.
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Fige 13 Assay of purine phosphoribosyltransferase in

extract from :!_'_. congolensee.

“C-Adcn.i.m and “c-hypomthim were each

incubated with protein extract of T. congolensg trypo-
mastigotes at 37°C. The reactions were terminated by
boiling at 100°C for 5 min and aliquots (10 pl)
chromatographed on cellulose thin layers using 1.25M
ammonium sulphate solution as the solvent system. The
radicactivity associated with adenine and ANP zones
when uc—ldcnlm (A) was substrate and hypoxanthine
and IMP zones when uc-hypoxanthim (B) was the
substrate were determined as described in Materials
and Methods. The kinetic constants were determined

from the double reciprocal plots.
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P14, 14 assay of purine phosphoribosyltransferase in

! extract fronlg. vivaxe

1‘c«-ndan.tnc and 1‘c-hypoxanth1ne were each incubated

separately with protein extract of T. vivax at 37°C. The
incubation media were analysed by streaking aliquots (10 ul)
on cellulose thin layers and devcloping on solution of 1.2%M
ammonium sulphate. The sones corresponding to adenine and
hypoxanthine were cut out when 14C-aden1n. {A) was the
substrate and the IMP and hypoxanthine zones were cut out
when 14Cuhypoxanth1na (B) was the substrate. The radiow
activity assoclated with tham were determined as described
in Materials and Methodse The kinetic constants were

deternined from the double reciprocal plotse
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Adenine phosphoribosyl transferase of these flagellates was
not stable when kept frozen for two weeks; enzyme activity
decreased to about 5% of the fresh saaple after fourteen days
of sturage. The hypoxanthinae phesphoribocyltransferase was
more stable retalning 50% of its activity after fourteen days

of storage in the cold (below 0°C).

75 d e and adenine zninch
Adencosine deaninase catlalyses the deamination of

adenosine while adenine aminohydrolase, adenusse or adenine
deaminase catalyses adenine deaminalione

Adenosine > Inosine

Adenine > hypoxanthine
All the trypanosomes examined so far (I. congolensej
Z. bruceij I. gamblense and I. vivax) whether the trype-
mastigotes or the procyclics lacked adenvsine deaminase
(Table 3) and only 2. vivax has adenine aninohydrolase
in both trypomastigotes or procyclic form (Fig. 15)

7.6 Adencsine 3°-monophosphate desminase and inosine
Sonophosphate nucleotidase

AMP deaminase catalyses deamination of adenosine
monophosphosphate to inosine monophosphate while the IMP
nucleotidase cleaves IMP to inosine.



TABLE 3
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Activities of purine salvage enzymes in homogenates of T. congolense, T. vivax and T. brucei.

Enzyme activity

Purine substrate

|_Specific activity (mmole/min/mg proteir

T. congolense

( {(nmole/min/mg proteir
Mi.-u

Purine nucleoside hydrolase
and phosphorylase

Adr.
Adr. + Phosphate

u..‘h 0.4 AUU

2.9 .-. 0.4 (3)
3.2 ¢ 0.5 (3)

In
In + Phosphate

13.1 -..-.l 1.4 (3)

23.4 .9 Ot.h (3)
18.9 + 1.6 (3)

rotein)
53.2 .v 73.2 A“w
3.2 0 73.2 (3)

522 .-. 88.6 (3)
2.5 + 88.6 (3)

Phosphoribosyltransferase Ad. 3,55 & 0435 (2)| 1.28 + 0,08 (2) |19.9 + 0.70 (2)
Hype 214 + 0,08 (2)| 1.78 + 0,04 (2) | 9.48 » 0.49 (2)

Adencsine deaminase Adr. n.d. nede ned.

Adenine aminohydrolase Ad nede 121.1 » 27.1 (2) nede

not detected;

figures in parenthesis

(no. of determinations)




74.
rig. 15. A. Time course of adenosine cleavage by
extract of T. vivax,
Be Rate of adenine deamination by adenine

sminohydrolaze from T. vivax.

“c-Ademsim (A) was Incubated at 37°C with protein
extract of T, vivax in buffer pH 7.2. Sammples (10 nl)
were removed at intervals and streaked on cellulose thin
layers vhich were devaeloped in 1,25M ammonium sulphate
solution. The zones corresponding to adenosine (O——Q)y
adenine (T1——]) and hypoxanthine (IN——i) were cut out
and the radfvactivity associated with them determined
as described in Materials and Methods. No inosine
intermediate was detected in the incubation medium,

In another experiment (B) various concentration of
unlabelled adenine were incubated with protein extract
of T. vivax and xanthine oxidase enzyme was added to the
incubaticn medium. The uric acld production was measured

spectrophotometrically aa described by Mana and Koch (1960).
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76.
AP o3 INP + NH,
IMp——eee Inosine + P4

The enzymes were not assayed per se in this study but their
presence in the trypanosomes (I. brucei and I. congolense)
were shown by indirect evidence. Also the absence of AMP
deaminase in T. vivax was also shown by indirect evidence.
Figure 16 shows that when AMP was synthesized from adenine
and PRPP in T. conqolense and T. brucei, one of the end
products was inosine; T. vivax gave only AMP; but inosine was
generated when IMP was synthesized from hypoxanthine and PRPP
(Pig. 17).
7.7 Nucleoside uptske

The uptake of ’l-l-ndmainn by trypomastigotes of
I. gambiense and T. congolense when measured as a function of
increasing substrate concentration showed a linear relationship
(Pigs. 18A and B). Guanosine competed for uptake with adenosine
while thymidine did not affect the uptake of adenosine
(Figs. 19A and 198).

Efflux of “Hethymidine from the red cells of mice infected
with T. gambiense was higher than from those of non-infected
(Figs. 20A and B), but the number of NBMPR binding sites was

similar in infected and non-infected mice (Fig. 21).
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rig. 16 38Synthesis of AMP from adenine and phosphoribosyl
pyrophosphate with adenlne phosphoribosyltransferase

from T. brucel (A) and T. congolense (B«

The protein extracts from T. brucel (A) and T. congolense
(B) trypomastigotes were incubated at 37°¢ with 1‘c-ndenina;
phosphoribosyl pyrophosphate and magnasium chloride in
Tris buffer pi 7.2. The assays wers tarminated by boiling
for 5 min at 100°¢ and aliquots {10 pl) of the media
streaked on cellulose thin layera previously coated with
carriers (AMP, inosine and ™MP). The cellulose thin layers
were developed in 1.25M ammenium sulphate solution and the
zZones corresponding to AP (G—O0); and incsine plus
INP ((-—£3) were cut out and the radiocactivity assoclated

with them determined as described in Materials mnd Methods.
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Fige 17 Synthesis of IMP from hypoxanthine and
phosphoribosyl pyrophosphate with extract

from T. vivax.

The protein extract of T. vivax trypomastigotes

uc-hmmthl.m and

was incubated at 37°C with
phosphoribosyl pyrophosphate in Tris buffer containing
magmnesium chloride. Incubation were terminated by

boiling for 5 min at 100°C and measured volumes (10 ul)

of the assay medium were applied on cellulose thin layers
which were developed in 1,254 ammonium sulphate solution.
The zones corresponding to IMP (O——)s inosine ([——(7)
were cut out and the radicactivity associated with them

determined as described in Materials and Methods.
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Fig. 18 Uptake of %4~adenoaine by T. gambiense (A) and

Z. congolense (B}e

I. gasbiense {A) and T. gonqolense (B) trypomastigotes

were separately lncubated with varlous concentrations

(0,08 = 0.5%1) of SHeadenosine at 25%°C. Assay intervals were
terminated by centrifugation and the trypancsomes washed
three times with buffer. The cellular content of “H was
determined as described in Naterials and Methods. The plots
of concentrations of the substrate versus the rate of 3‘H

uptake 1s shown in the graphe.
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Fig. 19 Inhibition of 3H-ad¢nos1n¢ uptake by guanosine

and thymidine in T, gambiense (A) and T. congolense
(8).

The T. gambiense (A) and I. congolense (B) trypo-
mastigotes were each incubated separately with labelled
adenosine (0,08 = 0.5m) at 25°C in buffered normal
saline (O——O) and in the buffer containing guancsine
(8—®) and fhymidine (O0—J). The cellular content
of the trypancsomes after washing three times by
centrifugation were measured as described in Materials
and Methods. The Vmax of adenosine uptake calculated
from the double reciprocal plots were 18,2 and 6.7 pmole/
-wio" trypanosomes for the I. gambiense and T. congolense
respectively.



2

B

j

N

<T

T

Ql
uiajodd buw yuiw/3)0wd
[3MV1dN INSON3AV]

(Adn™ mM

a

1
Q@

uiggoud Bw/ulw/3lowd
~[3NVLDN 3INISONIAV)




Pige 20 Efflux of Hethymidine from erythrocytes of
mice uninfected and infected with T. gambiense

Erythrocytes from mice uninfected (A) and infected
(B) with T. gambiense were loaded with 2.0 =M “H-thymidine
as described in Materials and Methods., The erythrocytes
were incubated in buffered saline only (O——CO) and the
buffered saline containing 6 m! none=labelled thymidine
(O0—17)e Efflux of radioactivity in the incubation
media were followed as described in Materials and Methods.
Thymidine efflux expressed as pmoles/min/ml packed cells
is indicated for each time course of apperance of

radicactivity in the mediune.
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Pig. 21 Binding of NBHMPR to ecrythrocytes from mice

uninfected and infected with T. gambiense.

Wwashed erythrocytes from nice uninfected (A) and
infected (B) were incubated at 25°C with graded concentrae
tions of Ge B —NEMPR without and with 5 |¥ NEMPR for 30
min. Binding was terminated by centrifugation and the
medium content of H determineds The amount of ligand taken
up by exythroacytes was determlned from the differences
between the 3H-content of the maedlium before and after
incubation with erythrocytes (free NBNMFR)» The data
obtained are presented in the form of a mass law (Scatchard)
plot from which were cobtained the dissociation constant of
the bound NBHPKR (10-?H) and the maximum aumber of cellular

binding sites (642 - 6.6 x 103 sites/trypanosoma)«
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7.8 Nucleoside inhibitors
The mucleoside transport inhibkitor, nitrcbenzylthio=

inosine did pot bind to T. brucel or . ganbiense
trypomastigotes (Fig. 22)a. Also nitrobenzylthioinosine
and dipyridamole did not inhibit the uptake of adenosine in
2. brucei (Fig. 23A) but dipyridamole interfered with adenc-
gine uptake in T. congolense (Pige 238)s The inhikitlon of

adenosine uptake in T. congeleonse was competitive.

7.9 Chepotherapy studies

The LDS0 for the drugs studied in mice is summarized
in Table 4, The inclusion of nitrobenzylthiolnosine at
a concentration of 5 mg/ltg 2bolished the toxicity of tuber-
¢idin and also of the tuberclidin-ethidium combination
(Table 4 and 5). Concurrent administration of tubercidin apnd
NBMPR=P muppresced trypancosome infection in wmice (Fig. 24).
NEMFR «P did not block the trypanocidal action of tubercidin

as fllustrated in Fig. 25,
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rig. 22 Time course of c-sn—uam'a binding to
2. brucei (A) and T. gamblense (B)

trypomastigotes.

Ik G-3H—NBHPR was incubated with elither T. brucel
(A) or I. gambiense (B) trypomastigotes at 26°C for the time
intervals indicated with (O——O) and without nonisotopic
S pM NBMPR (IX—3). Incubation were terminated by
centrifugation and the trypanosomes washed three times with
normal zaline., The radicactivity associated with the
trypancsones was determined ag described in Materials and

Methods,
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Fig. 23 Uptake of “Headenosine with and without NEMPR
and dipyridamole in T. gambiense (A) and
2. songolense (5).

T. brucei (A) or T. congelense (B) trypomastigotes
were incubated with concentrations of %-m-m at

26°C without (O-——()j with NBMPR ( —1i1) and with
dipyridamole (N—). The assay was terminated by
centrifugation and cellular content of 3H determined

as described in Materials and Methods.
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4.
TABLE 4

Detarmlination of LDS0 for tubercidin and ethidium
bromide in mice

Number surving on

day 7
Agent
dosage (mg/kqg) Number injected LDSO
Tubercidin
12,5 4/10
10.0 5/10
8.0 7/10 10,7
6.3 8/10 (7.5=13,9)
4.0 9/10
3,2 10710
Ethidium
120 0/10
100 /10 T4.1
K] 7/10 (48,3-99.8)
$0 8/10
2% 10/10
Tubercidin-ethidium
10.0/12.5 1/10
5.0/12.5 3/10
Tubercidin-ethlidium<NBMP Rl
10.0/12.5/5 10/10
8.0/12,5/5 10710

Male BALB/C mice were gilven single ip injection of
tubercidin, ethidium bromide and nitrobenzylthiclnosinate
alther singly or in contination in dosages shown in the
Table. Each mouse received an injection volume of 0.2ml
per 20g body welght whether one or wmore drugs were given.
Deaths were recorded dally for 7 days, The LD50 was

determined as described by Tallarida and Jacob {(1979),



TABLE %

Inhibition of tubcreldin toxiclty in nice with nitrobenzylthiol-~
nosinate

Agent Number gurvirg up to 30 days
{dosage mafke)

humber injected

Tubercidin
25.0 0/10
18.7 6/10
12.5% 4710
6.3 £/10
3.1 10/10
Tucercidin/NBMPR=§
25,0 5 10/10
18,7 5 10/10
1245 5 10/10
643 5 10/10
3.1 5 10/10

Groups of mice (10 per group) were given single doseam
of either tubercldin oxr ethidium and NBVMPA~P (5 mg/kg)e The
tubercidin were given at different dogses as stated Ain the
Table, The mice were observed for 30 days during which

deaths were recorded.



Pilg. 24 Trypanocidal activity of tuvbercidin with eor
without nitrobenzylthioinosinate

Groups of mice inoculated with T. gambiense were
treated with either normal saline {O——O) which secrved
as the control; 5 mg/kg tubercidin (A——7\) or tubercidin
and NRMPReP (F—0) at § mg/kg each, The drugs
ware given on the days indlcated ( J ). Blood sanples
from the talls of the mice were examlined daily.

All the mice in the control group and the group that

received tubercidin died in 3~4 days.
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rig. 25 Effect of tubercidin on the motility of
1+ ganbiense trypomastigotes in vitro at 26%.

T+ gambiense trypomastigotes were incubated in the
medium containing (a) buffer only to serve as the control
(O——O)3 (b} 0.5 mM tubercidin (L7243 {c} 0.5 mM

tubercidin and § pm NBHPR ([}——1]), Samples were

removed at intervals shown in the graph to determine the

number of motile parazites.
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CHAPTER 8
DISCUSSION

8.1 Chromatography

Literature search reveals a number of systems which have
been employed for the separation of purine bases, nucleosides
and nucleotides. Amongst these methods, paper (Litvak et al,
19693 Henderson et al, 1974) and thin-layer (Reyes et al, 19823
Berens el al, 19681; Naiur et al, 1978) chromatography were
commonly used, Trial experiments with paper chromatography
did not give satisfactory results. Iliot only that the separa-
tions were unsatisfactory, the time required to develop the
chromatograms were usually to longe. For an exanple, using
butanol : acetic acid s watexr (53¢ 32 2 v/v/v) or 5% disodium
orthophosphate~isocanyl alcohol mixture (v/v), it required
16 and 8 hours, respectively to develop the chromatogram in
these solvent systems. With thinelayer cnromatography,
cellulose and PEI-cellulose were commonly used. The results
shown in Table 2 evidently demonstrated that cellulose gave
a better separation than the PEI-cellulose thin layer. The
thin-layer chromatography when compared to the paper
chromatography is superior not only in being able to resolve
the purine bases from the nucleotides but also took less
time (90 min) to develop in the solvent systems used for
the separation.
8.2 Enzymes

Earlier studies based mainly on purine requirements for

these parasites in semidefined media (Bone and Steinert, 1956;
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Jaffe and Gutteridge, 1973) had shown that parasitic protozeoa
including the African trypancsomes, in general, lack the
ability to synthesize purine bases de nove and instead they
rely on praformed purine bases and nucleosides. A full
complenent of purine interconversion enzymes which would
permit utilization of purine bases and nucleosides has been
demonstrated in a number of flagellatas; Plaswodium
cghabaudi (Lukow, et al, 1373); Trypanosoma cruzai (Gutteridge
and Davies, 1981) and Leishmania (Marr et al, 1978) iadicating
that these parasites utilize preformed purine bases and
nucleosides. Differences exist in the salvage pathway of
purines in these parasitic protozoa (Fig. 4). MHowever, it
is not known whether differences exist in the salvage pathway
among the Africen trypancsoaes. Gxcept for T. gambiense
(Schmidt et al, 1975; Pish et al, 1982a and b), there has not
been any systematic attempt to demonsirate and evaluate the
salvage pathways for purines in other African trypanosomes.

A purine nucleoside upon entry inteo the cell could
underge scission te a purine base and ribese sugar by the
action of purine hydrolase or a purine phosphorylasee The
former enzyme, the hydrclase, is essentially found in baéteria
(Seldeo and Wagtendenk, 1961) but of recent has been described
for a number of flagellatess C. fasciculata (Dewey and Kidder,
2973); T. cruzi (Gutteridge and Davies, 1981) and T. gambiense
(Schmidt et al, 1975). Purine phosphorylase on the other hand

is found both in animal cells (Tucker and Young, 19763 Murray,

e ——
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1971) and in flagellatess T. cruzi (Gutteridge and Davies, 1981;
Berens et al, 1981) and leishmania (Marr et al, 1978). 1In this
study, the decision as to whether an enzyme is a hydrolase or
a phosphorylase was made based on three criteria used by other
workers (Gutteridge and Davies, 1981; Schmidt et al, 1975):
(a) measurement of the enzyme activity of the protein extract
dialysed in Tris buffer, (b) stimulation of these activities
with inorganic phosphate, and (¢) nucleoside production when
radiolabelled bases were incubated with ribose-l-phosphate
under the conditions used for the hydrolase assay.

The failure to stimulate adencsine and inosine cleavage
by T. brucei enzyme (Fig. 6) Suggests that purine nucleosides
are cleaved by hydrolase as in T. gambiense (Schmidt et al,
1975). This is confirmed by the inability of the enzyme to
catalyse the synthesis of purine nucleoside from the purine
base and ribose-l-phosphate. In contrast, the cleavage of
adenosine by the enzyme from T. congolense was stimulated by
phosphate (Fig. 7) while inosine cleavage was not affected
suggesting that the former was cleaved by phosphorylase while
the latter was cleaved by hydrolase. The cleavage of adenosine
by phosphorylase was confirmed by synthesis of adenosine from
adenine and ribose~l-phosphate (Fig. 8). Assays of crude
protein extracts from T. vivax showed that both adenosine and

inosine were cleaved by purine nucleoside hydrolase (FPige. 9).
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Since assays were done with crude extracts, the rate values
reported in Table 3 gave only indications of the activities

and the contributions of these enzymes in the salvage of purines
in trypanosomes. Apparently, the T. brucei metabolized the
nucleosides at a rate much faster than the T. vivax and T.
Songolense. The specific activities for the cleavage of
adenosine and inosine are simlilar in T. brucei while in T. vivax
and T. congolense the specific activity for inosine cleavage is
greater than that for adenosine cleavage. Could this represent
a preference for inosine and hypoxanthine in T. vivax and T.
congolense? In T. cruzi, it had been suggested that adenine
and hypoxanthine are preferred substrates for the parasite
(Berens et al, 1981). The relative importance of the purine
substrates, inosine and hypoxanthine and indeed the other
purine bases and nucleosides will be dealt with when other
purine salvage enzymes and the uptake processes have been
discussed.

It has often been assumed without proof that purine
necleoside kinases are present in African trypanosomes.
Nucleosides upon entry into cells are rapidly metabolized
by phesphorylation either by the direct action of purine
nucleoside kinase or by first being hydrolysed to a purine
base before being phosphorylated to a nucleotide by the
enzyme phosphoribesyltransferase. In animal cells, the
former pathway, that is the direct phosphorylation of nucleo=-

sides by the kinases dominates; purine nucleoside phosphorylase
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activities are usually very low or virtually absent
(Murray, 1971). 1In the flagellates, the purine nucleocsides
usually undergo scission before phosphorylation (Gutteridge
and Davies, 1981; Schmidt et al, 1975; Dewey and Kidder, 1973)
although in some others like malaria parasites, both
the hydrolase and phosphorylase are not detectable, thus
they most likely use kinases like animal cells and
in fact adenosine kinase has been partially purified from
P. chabaudi (Schmidt et al, 1974; Lukow et al, 1973;
Konigk, 19763 Yamada and Sherman, 1981). The rapid conver-
sion of adenosine to adenine by purine hydrolase from
I. brucel and the absence of AMP in the assay medium after
an hour of incubation period (Fig. 10) suggested that
adenosine kinase was either absent in the trypancsome or the
activity was too low in the organism to be detected. The
result was reproducible and even when the assay was repeated
using spectrophotometric method, no adenosine kinase activity
was detected., This is consistent with the undetectable level
of this enzyme in T. brucei. When the protein extracts from
T. congolense or T. vivax were assayed for this enzyme, some
AMP (Fige 11) was detected suggesting that adenosine kinase
may be present in the two trypanosomes. Although, some
adenosine kinase activity was detected in T. congolense and
T. vivax it is doubtful whether this pathway contributes
significantly to the salvage of purine nucleosides in the
parasites. This point will be discussed further when the
other pathways for purine nucleotide formation in the

parasites are considered,



105.

It was first shown in 1955 that purine bases are
converted to ribonucleotides by enzymes present in yeast
autolyzates in the presence of phosphoribosyl pyrophosphate
(Kornberg et al, 1955). Since then these enzymes first called
pyrophosphorylases and now phosphoribosyltransferases, have
been found in a variety of organisms from procaryotes to
mammals, including the humans (Olsen and Milman, 1974; 1977).
While mammalian cells (Henderscon, 1968; Olsen and Milman,
1974) and malarial parasite, P. chabuudi (Walter and Konigk,
1974) have H x PRTase, E. coli (Miller et al, 1972) and the
flagellate kinetoplastid, C. fasciculata (Kidder et al, 1979)
have phosphoribosyltransferase specific for guanine or hypoxan=
thine, that is, GuaPRTase and H x PRTase are separate enzymes
in E. coli and C. fasciculata. In this study, no attempt
was made to determine whether there are separate phosphori-
bosyltransferases for guanine and hypoxanthine rather the
study was meant to establish the presence of phosphoribosyle
transferase and evaluate the role of the enzyme in the
salvage of purines in african trypanosomes. As seen in the
results of the assays (Table 3), all the trypanosomes studied
have appreciable activity of this enzyme.

Purine bases were taken up more efficiently into
the nucleotide pools than the ribonucleosides, for example,
percent incorporation of the purine bases and their
respective ribonuclecdides intoc mononucleotides are respectively
adenine and adenosine 23.,0% and 2,1% in T. congolensej

17.5% and 3.5% in T. vivaxj; hypoxanthine and inoine



106.
18.0% and 4.0% in 7. congolense and 26.0% and 4,1%
in I. vivax. This indicated that the major pathway from
a purine base to its ribomucicotide in these peresites is
direct via purine FiTase invtend of & sequential conversion
from base to ribenuCleotides 7This snasyme would play o
significant role in the wplake of purine bases by the
trypancsomes. 1. bBrucgl has a Llgher activity of the
purine FRTase and indeed of the other enzymes than the

X. sengolenze and Te Yivex (Tebie 3¢ Thiz would coxrelate
with the higher metebolic activit; observed in . brucel

(von Brend, 1981). JIzypsnosoms vivax in general sppeared to
exnibit g rate of metabeliss intervediate between that of
the I. Dbrucel and f. congolguze (Desowitz, 1956),

Besides phosphorylation, there are other possible fates
like deaminastion which an incondrg adenssine or adenine
undergoes before floally belng phosphorylated. Adencsine is
toxic to cells (Lewey gt al, 1978; Hevi gt sl, 1976) and it
has been suggested that Avw fourmed from it was largely
responsible through inhibition of phosphoribesyl pyrophesphate
synthetases It is therefore cesential that the cell develops
a systen to prevent accusulation of adencsine or adenine
nucleotidess Halarlia paresitos (Leyes gt al, 1967; Lukow st al,
1973)) 2. grusl (Gutteridge and Lgvies, 198%) and enimal cells
(Vax and Veerkasp, 19783 mucrray, 1971) have adencsine deaminase
which converts excess sdenoslinv W ilncsine, The ensyme, adenosine

desninase 1s used by cells €0 protect thesselves aguinst
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excess adenine nucleotides. All the African trypanosomes
examined to-date (T. vivax; T. congolense; T. gambiense;

T. brucei) lack the enzyme. Alsc adenine aminohydrolase
which could deaminate adenine to hypoxanthine is present
only in T. vivax (Table 3). How then do these parasites
deal with the excess adenine nucleotides? Before discussing
this point further, it is important to note that adenine
aminohydrolase is essentially a bacterial enzyme which

has not been reported in animal cells (Hartenstein and
Fridovich, 19673 whitely and Douglas, 1951; whitely, 1952)
but of recent found in a number of flagellates:s C.
fasciculata (Kidder et al, 1977); L. tarentolae (Kidder and
Nolan, 1979) and L. donovani (Marr et al, 1978). The
presence of deaminase in T. vivax was obtained when it was
observed that uric acid was formed when adenosine and xanthine
oxidase were incubated with the protein extract of this
parasite. Evidently two routes could lead to uric acid

productions either via adenosine.

Adenosine > adenine
L 2 ‘L 3
Inosine -=>» Hypoxanthine

N3 4
xanthine

vy 4

Uric acid

Enzymes: (1) Purine nucleoside hydrolase (2) adenosine

deaminase (3) adenine aminohydrolase (4) xanthine oxidase.
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conversion to inosine and then to hypoxanthine or through
conversion to adenine and then to hypoxanthine as shown
overleaf., Hypoxanthine is then converted to uric acld by
xanthine oxidase. The pathway operating was delineated
by using radiotracer technique and searching for the
intermediates. Adenine and hypoxanthine were the only
intermediates (Fig. 15) recovered leading to the conclusion
that adenine aminohydrolase was present in T. vivax. Also
“C-adcnino was deaminated to “c-hypoxanthinc when incubated
with the protein extract of T. vivax. This again confirms
the presence of adenine aminohydrolase in the trypancsome.
In T. vivax, this enzyme may have similar regulatory role

as adenosine deaminase to control the level of adenine
nucleotides. In addition, the enzyme could provide the
interconversion point for purines in T. vivax. This latter
point is important because it has been shown that one purine
base or nucleoside, for example, adenine, guanine, adencsine
or inosine could support growth of flagellates (Jaffe and
Gutteridge, 1973), Also it was demonstrated that 1"(:-1&.11&!
hypoxanthine and inosine would incorporate equally inte
adenine and guanine nucleotides, These studies imply the
existence of a branch point where interconversion of purines
would take place in flagellates. In I. vivax the

interconversion peoint is obvious but not for the others

(2« brucei, T. congelense and T. gambiense), however since



109.

these trypanosomes lacked adenosine deaminase and adenine
aminohydrolase, the only interconversion point must be at

IMP where AMP deaminase will convert AMP to IMP. The presence
of AMP deaminase in T. congolense and T. brucei was shown by
indirect evidence., When AMP was synthesized from the purine
base adenine, and PRPP, one of the end products was inosine.
This indicates the presence of active deaminase and IMP=-
nucleotidase since these trypanosomes lacked adenosine deaminase.

AMP P IMP e  Inosine

A similar study showed that T. vivax lacked AMP deaminase but

has active IMP nucleotidase. The presence of the latter
engyme was shown by synthesizing IMP starting with hypo-
xanthine. The analysis of the incubation medium showed
inosine. when adenine was used for the synthesis of ANP,
no inosine was recovered in the assay medium showing the
absence of AMP deaminase in T. vivaxe. This means that the
metabolic interconversion point is at the IMP in T. brucei
and T. congolense and at hypoxanthine in T. vivax. This may
have some significance, in chenotherapy especially of T. vivax
which has a unigue interconverzion point. In addition to the
above, T. vivax can easily be distinguished from the other African
trypanosomes which affect cattle (L. brucei and T. congolense)
by the presence of adenine aminchydrolase.

In summary, a pathway is proposed for the salvage of

purines by African trypancsomes (Fige 26)e Unlike the
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Fig. 26
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NOMENCLATURE OF ENZYMES OF PURINE METABOLISHM

Enzyme Number Common Name Systematic Name EC Number
1 Adenosine kinase ATP: adenosine 5'=phosphotransferase 2.7.1.20
2 Purine nucleoside Purine nucleoside:s orthophosphate 2.4,.2.1

Phosphorylase ribosyltransferase
2 Purine nucleoside hydrolase Neriboyl purine hydrolase 3.2.2.7
3 Adenine phosphoribosyltrans- AMPs: pyrophosphorylase 2044247
ferase transphosphoribosidase
<@ Adenine deaminase Adenine aminohydrolase 3.5.4.2
6 Adenylosuccinate IMPs Leaspartate ligase (GOP) 6.3.4.4
synthetase
7 AMP deaminase AMP aminohydrolase 3e5.4.6
8 S-~lucleotidase S5=Ribonuclectide phosphohydrolase 3e1.3.5
9 Hypoxanthine (guanine) IMPs pyrophosphorylase 2.4.2.8
Phosphoribosyltransferase transphosphoribosidase
- IMP dehydrogenase IMP. NAD Oxidoreductase 1.2.1.14

Nucleoside permease
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proposal by Schmidt et al, (1975), this one takes care of
differences between strains pf African trypancsomes,

Be3 Nucleoside transpoxt

There is little 1lnformation on transpert and even on
uptake of radiclabelled purines and purine derivatives by
the aAfrican trypancsomes. Nucleoslde transport is the
process leading to the translocation of nucleoside scross
the biologlical membranes while the nuclecside uptake processes
involve transport of substrate acreoss the cell membrane,
phosphorylation and other metabolic fates including incorpeora=
tion into nucleic aclids., PFurine salvage enzymes have been
demonstrated in earlier section o be present in African
trypanosomes and these enzymes are bound to affect the
substrate pool levels and subseguent rates of membrane
transport in the trypancsomes, {onsequently the Vmax
reported are those of uptake and not transporte.

In other trypanoscmatids, it has been shown, for
example, in leishmania (Hansen et al, 1982) that three
different transport locl sre present for the tramnsport of
purine bases and nuclecsldes. One locus transports inosine,
while the second is specific for adenosine and the thipd
transport locus takes up the purine bages, adenine and
hypoxanthine. In malaria parasite, P. berghei (Hansen et al,
1980), a common transport locus was found for adenosine,
hypoxanthine and inosine while another locus was specifie
for adenine. In African trypancosomes, it was shown that in

. congolense and T. brucel (James and Born, 1980), inosine
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and guanosine are taken up by the sane system for which

their effinity is high, but which alsc has a low affinity
for adenosine. In addition, another transport locus specific
for adenosine was also described. These workers suggested
further that adenosine is the most important purine for
these trypanosomes,

In this study with T. brucei and 7. congolense, it was
shown that a linear relationaship existed when adencsine
uptake was measured as a function of incressing concentra-
tion of adenosine (Fig. 18). This su gests that mediasted
uptake predominated at the concentrations studied (less than
05 mi)e A hyperbelic relationship would have indicated
mixed uptake kinetics with diffusion predominating at the
higher substrate concentrations The inhibition of labelled
adenesine uptake by higher concentration of unlabelled
adencsine support mediated uptake., The term "inhibition*
may however result in some confusion when used to describe
the action of non-labelled substrate on & labelled substrate
of the same molecular specles. Ruff and Read (1978) have
explained that the addition of an unlabelled compound could
not affect the rate of uptake of the labelled substrate inte
the cell, Howevar, when labelled and non-labelled molecules
of the same substrate were binding to a limited number of
sites on the surface of the memorane, competition for those
avallable sites would ensue, Consequently, the observed
inhibitions are assumed to be the result of competition for

available transport loci and is useful in delineesting mediated



114,
and diffusion systems. The competitive inhibition of adenosine
uptake by guanosine (Fig. 19) also offers further evidence
for a carrier mediated trans .ort system. The non-
interference of adenosine uptake by thynidine suggested
that in these trypanosomes, at least two functional transport
loci are present; one transports the purine nucleoslides,
adenosine and guanosine and the other transports the pyrimidine
nucleoside, thymidine. It iz difficult to conclude on the
relative impertance of the purine bases and theilr derivatives
on the basis of uptake experiments as expounded by James and
Born (1981), This 48 because in uptake assays where permeants
are metabolized, it is difficult to measure transport as the
rate of transport is influcnced by the enzymes involved in
the metabolism of the permeantse In the case of adenosine
uptake, the enzymes, phosphorylrse in T. congolense and
hydrolase in 1. brucei would repidly break down adencsine to
adenine. Phosphoribosyltransferase would then convert the
purine base to ribonucleoctide. In the earlier section, it
was shown thot 50% of adencsine was converted to adenine in
30 seconds in T. brucei. In the light of this, it is
difficult to see how a 2=-min incubation pericd used by
these authors would represent transport of adenosine. The
enzyme studies would lead one to conclude that purine bases
are more important to the parusites than the nucleosides.
This, however needs to be correlated with transport studies.

It is more likely that the parasites would encounter purine
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bases in their enviromment than the purine nucleosides

(Marr et al, 1978). There is somc avidence that purines,
mainly as nucleosides, are continously released from

various tissues (Rublo and Berne, 19GY%), There is also

a papid turnover of adenocsine in the nucleotides of erythro-
cytes in normal blood (Adams and Harkness, 1973; Henderson
and Lepage, 1959). This point begs a cuestion as to whether
erythrocytes contributed in any way to meeting the purine
requirements of the trypanosomes. For malarial parasites
which are intraerythrocytic, it has been demonstrated that
numerous changes take place in the membrane function and
morphology of the erythrocytes py permitting the parasites
to freely cobtain nutrients from the surrounding
(Cenedella et al, 1969; Overman, 1548; Dunn, 1969)e .frican
trypanosomiasis cause anemia in mammals but the exact
mechanism by which this happens is not known (I"iennes, 1954;
Mackenzle and Cruickshank, 19733 Kobayashi et al, 1976).
Amongst the possilble mechanisms postulated including immuno-~
logical (Woo and Kobayashi, 19753 Herbert and Inglis, 1973)
and fatty acid mediation (Tizard gt al, 1978), one point is
obvicus, it is not certaln why trypanosomiasis should cause
anemia. Trypancsome infecticn causes an inerensed rate of
erythrocyte destruction vith a consequent shortening of the
erythrocyte life-span (Mamc and Holmes, 1978). It is with
this view that erythrocyte:s may undergo some changes, that
the investigation of its permeablility to nucleosides was

undertakene Lrythrocytes from mice infected with
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trypanosomes (T. congolense, Te Drucel, or Te gumbicnse)

were used for the studies, In !casuring the transport rates,

accelerative exchange diffusion wor useds Accelerative
excharge diffusion ocecurs when the rate of outward transfer
of permeant is accelerated by inward trensfer of the sane

or a related permeant present st the opposite sembruane facee
In the stuvdy, the accelerative cxchange diifusion of nucloo=
sides was examined using procedures bvased on meassurements

of outward transport of thymidire which is not phosphorylated
or cleived by erythrocytes (Olivir ind Patorsen, 1971),

This procedure had previously becn uscd to investigate per=
meant specificity of nucleoside tronsport in erythrocytes
(Cass rnd vatersony 1972), The higher efflux rate of
3H-thym1dine obeerved with the erythrocytes from mice
infected with trypenocomcs thal the erythrocytes from
uninfected mice (Fige 20), sucgested that there was some
membrane ghnormality lesding to increased permeability to
the nueleaside, =ince a higlicr concentraticn of none
labelled thynicine increased the rate of cutflow of the
3H-thymidine, it iz concluded that the Increased efflux is
medi ted by a speciflic transport carrier systerme The efflux
was inhiblted by the specific nucleoside transrort inhibitor,
nitrobenzylthicinosine.s Thic inhibitor has been shown to
inhibit nedicted uptake in a varicty of animal cells including
erythrocytes (Lauszon and Fatorscrn, 19773 Piekard and
Fatecrson, 1972), This 4s a ¢ =nr cvidence supporting the

involvenent of carrier mediated system in the aofflux of the
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Jn-thylilin. and not increase in simple diffucicne One of

the ways in which trypanosomes would o'fect the membrane
carcler proteins would be by the cction of tne pnospholipases
belicved te be generated by pachooenic tryponosomes

(Tizard et al, 1978). The phos holipnsses scting on the
menbrane surface lipids of the erytirccytes would ‘free!

the carrier proceins on the crytirocyie menprunes Lfhe
re-oricntation of the carrier protein could ariect the acte=
vity in a number of wayss (1) rcduce the activity or cause

it to lose the activity compictcely; (ii) tne ecctivity may

be unariected; =and (iii) the .ctivity could pe enhanced as
seen in this case. whatever ucy be the mechenismy il is
obviocus from the study tnat the rate of efriux of nuclecside
was enhanced in erythrocytes <fron mice infected with the
tryvanosomes. Could tne erytnrocyte which hes a high nucleo=-
side Curnover pe a major sousce ©of purine base and nucieosides
for the perasites even chougu thne concentrution of purine
derivatives is very low in normal plosma, messuring 10-8 to
10-t4 (Miyazaki et al, 1974)¢

Be.4 Nucleoside inhibitor

‘ne pucleoside transport inhibitor had been shown to
bind tightly vut reversibly to sites on the membrane of cells
(Lauzon and vacerson, 1977; Pickerd et al, 1973). 7he bind=
ing of tne inhibitor was also shnown €0 cerrelate witi the
inhibition of tnymidine and uridine in human erythrocytes
(Cass et al, 1374) so that tho Jeterwinaklen of tie aumber

of the WoMPR binding sites on ceils would give idea of the
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number of nucleoside transporter sites on the cells. The
observation that the number of NBMPR binding sites on the
erythrocytes from mice infected with trypanosomes and those
from uninfected mice were same (Fig. 21), suggested that
the nucleoside transporter sites on these erythrocytes were
unaffected by infection with trypanosomes., The carrier
proteins were only activated by the parasites as earlier
suggested.

Dipyridamole, also a nucleoside transport inhibitor in
animal cells (Olsson, 1972; Paterson et al, 1980;
Kolassa et al, 1978) and in African trypanosomes (James
and Born, 1980) was found to be ineffective in T. brucei
al though James and Born (1980) could demonstrate inhibition
of adenosine by this compound in their studies with their
T. brucei strain., This study showed competitive inhibition
of adenosine uptake in T. congolense (Pig. 23), just as the
former workers (James and Born, 1980) had demonstrated.
NEMPR was unable to bind to either T. bruceil or T. congolense
trypomastigotes (Fige. 22). The inability of this compound
to bind to the trypancsomes correlated with its non inhibition
of nucleoside uptake in the parasites.

8.5 Chemotherapy studies

It has been shown earlier in the study that the nucleo=-
side transport inhibitor, NBMPR would bind to mouse
erythrocytes, It also inhibits nucleoside uptake in
erythrocytes (Pickard et al, 1973). In addition, NBMPR
was shown to be unable to bind to either T. brucei,

T. gambiense or T. congolense and did not interfere with
their nucleoside uptake., The chemotherapy study was thus
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designed as a practical application of these findings.

The nNBEMPR and tubercldin together in the incubation
medium had a simll r ciiect on the motility of the trypano-
somes as the tubcercidin alone (Pige 25), indicating that
NBMPR did not intorfere with the trypanocildal action of
NBMPR. Although VBMFR-P, which is a phosphorylated HBNPR,
was used for all the in vivo studies beceuse it 1s more
soluple in water thon HEMPRe Previcus study had shown that
NEMPR=F per se did not bind to cells but 1is dephesphorylated
at the cell surface, and the resulting NBNPR bound to be
cell and inhibits nucleoside transport (Ogbunude, 1979),

It is apparent from the result sumcnarized in Table 5 that
NLMPReP significantly alleviated the acute toxicity of
tubercidin, NBMPR=-P did not affect the acute toxicity of
ethidium consistent with previously published finding that
NBMPR is a specific inhititor of nucleoside transport

(Lynch et al, 1978; Cass and Paterson, 1979). The biochemical
basis for the NB8MP -F protection of mice against the acute toxi-
city of nucleoside analogues appears to be due to bhe reduction
of access of the drugs tc tissues or organs sensitive to the
toxic drugs. The trypancsomes which did not have the binding
sites for the inhibitor was not protected and thus take up

the nucleoside drugs which are known to enter cells by way

of the nucleoside-spccific transport as their physiological
counterparts (Paterson et al, 1981)., The study suggests that
therapy of /frican trypanocomiasis with nucleoside druas and

the nuclecside inhibitor, NBMIR, may be beneficial.
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CHAPTER 9
PQS518LE AVPLICATIONS OF THIS STUDY

1f trypanosomes rely on ecxogenous purines, analysis of
the purine salvage pathways and the uptake mechanisms of
these parasites wicht show up some di-ferences from the
corresponding mechanlzms in the animal hosts. Such differ-
ences cculd be exploitced in the design of drugs selcoctive
for the trypanosomese The knowledge could alszo aid in
rational use of the Jru o currently available,

It was shown in tiie ctudy that Te. brucei, T. vivax and
Ie cocngolense cl=uve inc=ine with hydrolase enzyme. This
information will be uicful in predicting some reactions of
nucleoside analoguc ccmycun.s in the trypanosemes, for an
example, formycin B, an anclogue of inosine, will be
expected tco be effective in the treatiment of trypanocsomiasise.
This is predictablc from this study and from properties of
the compounde Formycin B is neither phosphorylated nor
hydrolysed by animal cells but it 1s hydrolysed and
phosphorylated by bacterial anc viral cells (Umezawa et al,
1967)e It 1s an antiviral as well as bocteriacidel agent
but has very low toxlicity for animal cells, LDgqgt 1000mg/kg
(Unezawa et al, 1901; Takeuchl et al, 19¢5)s The compound is
activated by phosphorylation and is texic by incorporation
intc the RNA of parccites {nnrr‘gilgi, 1978) .

The difiference Lotween Lhe bacterial and animal cells

with regard to tnc eaniyscs that will phosphorylate
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formycin B is that anlnal cells will cleave the compound with
the phosphcrylase enzyue before conversion to the nuclecotide
form using hx-guaPriTase while bacterla will cleave the comzound
to the purlne base before phosphorylation wlth phosphoribosyle=
transferase. <ormycin & is nct & substrate for phosphor¥lase
{5heen et al, 1968). Tuc trypancsomes (L. vivax, T. btucelj
I. congolense and 1+ ganbicnse) wse hydroluse for inosine
cleavage and would therefore hyuroly: . .: lnoesine analogue
te iks base and then conver. purine base to ribonucleotide
{Fige 27). Un toe otner hand if formycin whieh is an adencsine
analogue 1s to oe used; in vitrc, formycin will be effective
in only L. vivexe It is not likely to be eifective in
Te brucel, 1. yanpietse end Te congolense under zimilar
condition. 7whe I+ brucei will cleave formycin te its purine
bese just as the i+ vivan but the Le vivex will further
deaminate the formyciu Sase to formycin b pase which iz then
converted to formycin £ wonophosphoaie Ly phosphoritesyl=
transferase (Fige 28)e e brucei lacks adenine aminohydrolase
as had been shown In {he usiudye 1e conyolense uses phospho-
rylase for the cleavaye of adancsine and will Le unsile to
cleave the compounds

in vive, & lot of recctiocne could take place including
the deanination of the foraycin by the animal cells ‘fhe
activity thus unaer in vivo consltion, will degend among
other things, on the rate ot desmination of the congounc Dy
tne animal cell but L{ wil) still be effective in LIe vivax

whetier deaminated cr ncte.
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The absence of phosphorylase and adenosine kinase in
T. brucei means that there 1s no alternate pathway for the
salvage of the purine base, adenine and the only pathway by
which this can be salvaged is via phosphoribosyltransferase.
Inhibitors of this enzyme activity should therefore block
the growth of T. brucei. The presence of adenine amino-
hydrolase or adenase in T. vivax could also be used to
advantage in the chemotherapy of the trypancsome. If a
specific inhibitor of this enzyme can be found, there is
bound to be some inhibition of growth of the parasite.
Already coformycin and deoxycoformycin have been found to
inhibit the enzyme in C. fasciculata resulting in inhibition
of growth of the parasite in vitro (Kidder and Nolan, 1979).

As regards the uptake studies, if the transport aspects
of nucheoside uptake is well characterized, specific nucleo-
side drugs could be designed. Nucleoside inhibitors which
would effect the animal cells just like nitrobenzylthioinosine
without effecting the trypanosomes could be designed and

used to advantage in the chemotherapy of trypanosomiasis.
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CHAPTER 10

SUMMARY AND SUGGESTION FOR FURTHER WORK

10.1 Summary
In summary, the following conclusions were reached

from the study.
1. Enzymes of purine salvage are present in T. bruceij
I. congolense and T, vivax, Differences in levels of
activity were observed. While T. congolense cleaves
adenosine phosphorolytically, all the trypanosomes
examined hydrolytically cleaved inosine and adenosine.
All the trypanosomes lack adenosine deaminase and
with the exception of T. vivax, all the African
trypanosomes examined including T. gambiense lack adenine
aminohydrolase. I. bruceli had no detectable adenosine

kinase activity. AMP deaminase is present in T. brucei
I. congolense but not detected in T. vivax.
2. Two nucleoside transporter loci were detected on

I. gambiense and T. congolense. One locus takes up
adenosine and guanosine while the second transports

thymidine.

3. Erythrocytes from mice infected with either

Y. congolense; T+ brucei or T. gambiense showed higher
rate of efflux of 3I'I---i'.l'lyli.t'l.I.l'ul than control erythrocytes
from uninfected mice. This finding suggests that

erythrocytes may be a source for purine base and purine
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derivatives for the trypancsomes.

4. The nucleoside transport inhibitor, nitrobenzyl-
thiocinosine known to bind to several animal cells did

not bind to either T. brucei; T. congolense or T. gambiense
trypomastigotes. The inhibitor also falled to inhibit the
uptake of adenosine in these trypanosomes. The inability

of NBMPR to inhibit the nucleoside uptake in these trypanosomes
correlated with the lack of NBMPR binding sites on the
organisms. Dipyridamocle, another nucleoside transport
inhibitor, did not inhibit adenosine uptake in

T. gambiense but inhibited the uptake of adenosine in
T. congelense.

S The toxicity of nucleoside analogue, tubercidin
was alleviated when given concurrently with nitrobenzylthiocino=-
sinate. The nitrobenzylthioinosinate was not per se trypanocidal
and did not affect the trypanocidal activity of tubercidin.
The biochemical basis for the in vivo protection of the
experimental mice by NBMPR was as a result of the blockage
of uptake of the toxic nucleoside by the animal cell.
10.2 Suggestions for further works
It is recommended that further work be undertaken on
two enzymes involved in purine salvage. These enzymes,
adenine aminohydrolase found only in 1. vivax and purine

phosphoribosyltransferase found in all the trypanosomes
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should be purified and characterized. Specific inhibitors
to them should be sought. In the area of chemotherapy,
it is recommended that the nucleoside transport inhibitor
nitrobenzylthioinosinate should be triad with the other
nuclecside analogues known to have trypanocidal activity
but are toxlc to animals for example nuclecocidin. It is
further recoumended that the study be extended to largesr

animals,
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