Original Article

Anti-trypanosomal Activity of Potential Inhibitors of Trypanosoma Brucei
Glycolytic Pathway Enzymes Selected by Docking Studies

C. Musanabaganwa'*, F. Byiringiro?

1 Rwanda Biomedical Center; Medical Research Center; Kigalj, Rwanda
2 Rwanda Neurosurgery Center; Kigali University Teaching Hospital, Rwanda

ABSTRACT

Human African trypanosomiasis (HAT), a potentially fatal protozoan infection caused by tsetse-fly mediated transmission of Trypanosoma brucei (T.
Brucei), is largely recognized as a neglected disease. The repertoire of drugs that is effective against the infection is limited and all drugs have several
drawbacks including high level of toxicity, difficult administration regimens, and the resurgence of resistance. At present the biology of the parasite is
well studied and a number of technologies are now available which can aid in the identification of potential drug targets. This review identifies putative
inhibitors of trypanosomal glycolytic enzymes.
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RESUME

La Trypanosomiase humaine africaine est une zoonose potentiellement mortelle mais tres largement méconnue et causée par Trypanosoma Brucei (T.
Brucei). Le schéma thérapeutique est trés limité; et parmi eux le plus efficace suscite beaucoup d’effets secondaires avec une toxicité remarquablement
élevée, d'oll une mauvaise observance; et par conséquent I'apparition de plusieurs résistances de la maladie au traitement. Actuellement, la biologie
et la pathogénie du parasite sont connues; et les plus récentes innovations thérapeutiques facilitent I'identification des molécules plus spécifiques
contre le germe. La présente revue littéraire mets en évidence les inhibiteurs putatives des enzymes glycolytiques trypanosomiales.
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INTRODUCTION

Human African trypanosomiasis (HAT), also known Nagana, caused by T.b. brucei, T. congolense and T. evansi
as African sleeping sickness is a potentially fatal also represents a major health concern due to its significant
condition caused by Tsetse-fly mediated transmission of  health and economic impact on African families (according
Trypanosoma brucei (T. Brucei) [1, 2]. HAT pathology = to WHO, the annual economic loss associated with the
is characterized by an initial hemolymphatic stage disease is estimated at approximately US $ 4 billion) [8].
characterized by mild symptoms including fever, Analyzed interms of disability-adjusted life years (DALY)), it
malaise, headache, weight loss, arthralgia, and pruritus.  has been argued that the total burden of trypanosomiasis
Late chronic stage of the disease is characterized by  (DALY=1598000) is on a par with known diseases such as
neurological involvement with attendant symptoms malaria and tuberculosis [8]. _

including severe headaches, nocturnal insomnia, mental ~ Successful control and management of HAT is dependent
and psychological disturbances, coma, and death if ©ON early case detection and treatment of those diagnosed
untreated3. positive [9]. Early case detection of HAT disease is via
The disease is endemic in specific geographical foci in  parasitological tests: microscopic examination of both
sub-Saharan Africa where the vector tsetse fly and the ~ the venous blood (using the haematocrit method) [10]
parasite subspecies — T. b. gambiense (West Africa) and lymph node aspirates. The stage of the disease is
and T. b. rhodesiense (East Africa) are present [4, 3]. determined in accordance with the recommendations by
It is estimated that between 50,000 and 70,000 people ~ World Health Organization [11] where cerebral spinal fluid
living in sub-Saharan Africa are affected by HAT, with an  (CSF) is collected via a lumbar puncture and examined for
additional 60 million potentially at risk [4, 5]. The World ~ the presence of trypanosomes and the number of white
Health Organization also estimates that 30,000 new cases  Cells. However, current treatment options are complicated
are recorded in the Sub-Saharan Africa annually and by many factors. ) e

a morality rate of 8000 [4]. In East Africa, the disease =~ Pentamidine ~and ~ Suramin, indicated for early
is endemic in Uganda, Kenya (western and Nyanza hemolymphatic stage disease for infections associated
province), and Tanzania [6]. In Rwanda, no cases have ~ With T. b. gambiense and T. b. rhodesiense subspecies
been reported [7] - a surprising fact given its proximity ~ respectively have several drawbacks including high toxicity
to Democratic Republic of Congo, a high endemic region.  level, difficult administration regimens and emerging

The related disease in cattle, cattle trypanosomiasis or ~ drug resistance [8, 9]. In late stage disease, where the
parasite cross the blood brain barrier (BBB) and invade the

central nervous system (CNS), the treatments options are
limited to melarsoprol, eflornithine ornithine decarboxylase
inhibitor (difluoromethylornithine - DFMO) and the recently

* Correspondence to: Clarisse MUSANABAGANWA introduced nifurtimox/eflornithine combination therapy
S (NECT) [12,9]. The arsenical melarsoprol is extremely
Tel: +(250) 784010813 toxic and causes encephalopathy resulting in the death
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of 1 out of every 20 recipients and is associated with a
treatment failure rate of about 30% in some places [13].
Eflornithine is ineffective against the T. b. rhodesiense
subspecies8 and has unpleasant side effect including
seizures, fever, and infections, although NECT alleviates
some of these adverse effects [14].

At present, vaccination is not an option for the control
of T. brucei. This is because the parasite undergoes
antigenic variation by altering its surface glycoprotein
coat - variable surface antigen (VSA), thereby evading
the immune system [15, 43].

As drugs that target infections prevalent in the developing
world are largely unprofitable, the development of new
therapeutic agents for these diseases has largely been
neglected by pharmaceutical companies [3]. Of the
drugs listed above, for instance, one, DFMO and to some
extent NECT, have been developed since the late 1940s
[3]. Admittedly, and courtesy of renewed effort of public
private partnerships (PPP), there has been some renewed
focus on the need to develop new drugs for HAT. The first
success of this effort was the development of NECT [6].
In addition, the dimethoxyamidine prodrug pafuramidine
(DB289), a pentamidine-like compound developed by
the Consortium for Parasitic Drug Development (CPDD),
became the first oral drug to enter phase III clinical trials
for 1st stage HAT [6]. However, development of the drug
was terminated due to high incidence of renal toxicity, a
finding which was demonstrated after an extended phase
I clinical trial [15]. At the same time, recent research on
plant phytocompounds, and identification of novel drugs
through whole cell assays, while showing some promise,
has not yielded much [16, 17, 42].

In light of the foregoing, there is an argent need to
develop new anti-trypanosomal drugs. To be ideal,
and according to WHO, the new drugs should have
the following requirements: It should achieve complete
parasitological cure in both early and late stages of the
disease; should be affordable, should be effective in
single or few doses; should be easy to administer and
should have no/or minimal adverse effects (collateral or
teratogenic effects) [8].

The current drug pipeline is not only expensive but is
also time-consuming since it takes a lot of time from lead
identification to pre-market approval. It also involves use
of experimental techniques that are laborious to use, are
too costly, and which are unable to generate high order
information. Bioinformatics or in silico approaches help to
shorten the lead to market time, are less expensive, and
help to reduce the failure rate of drugs since they help
to identify only those targets and leads that have a high
chance of succeeding.

DISCUSSION
PUTATIVE TARGETS OF TRYPANOSOMA BRUCEI

Older antimicrobial identification strategies that were
successful at the dawn of the antibiotic age have not
yielded additional useful classes of compounds in recent
years. As a result, novel ways to identify new therapeutic
targets for the discovery or design of novel inhibitors
have been sought. One aspect has been the continuing
attempt to catalog the entire metabolic machinery of

microbes to identify essential functions that might serve
as starting points for the search for novel inhibitors. This
exercise has been aided greatly by the presence of a
complete and annotated genome of T. brucei. Additionally,
a number of molecular biology techniques are also available
to evaluate gene function and essentiality [17]. The
biology of the parasite has been studied in details mainly
because these organisms harbor several peculiarities [23].
For example, trypanosomatids are diploid organisms and
knockouts of non-essential genes can be readily generated
via homologous recombination [17]. According to the
same authors, regulated conditional knockout of essential
genes in the parasite is also feasible and is achieved
by integration of a gene copy under the control of the
tetracycline-inducible system prior to knockout of the
endogenous alleles.

Using these methods, putative targets have been identified
in @ number of metabolic pathways.

Energy Metabolism

The T. brucei bloodstream form (BSF) is entirely dependent
on host glucose for as a source of carbon and for energy
generation via the glycolytic pathway — fructose, mannose
and glycerol can also be metabolized [23]. Whereas in
most eukaryotic cells the glycolytic pathway occurs in the
cytosol, in the trypanosome the first seven enzymes of the
glycolytic pathway are localized sub-cellular compartment
related to plant peroxisomes named glycosomesl17, 23.
Because of their localization in the glycosome; these
enzymes share limited homology with host — enzymes
making them good drug candidates [23, 24, 25]. At
present, all the enzymes in the glycolytic pathway have
been described, isolated and purified, either through
classical or recombinant means, allowing a comprehensive
understanding of the kinetics and flux of the pathway to be
developed (figure 1) [17].

Hexokinase (TbHK1)

Hexokinase (HK) is the first enzyme of the glycolytic
pathway, and catalyzes glucose phosphorylation. The
enzyme has a low sequence homology (36%) with
human HK which enhances the chances of developing
specific inhibitors — human enzyme is also twice as large
owing to possible gene duplication [23]. The genome of
T. brucei contains two hexokinases (TbHK1 and TbHK2)
which are nearly identical and differ primarily in the
C-terminus. TbHK has also been shown to have relatively
low specificity towards sugars [26] and is not regulated
by glucose 6-phosphate and glucose 1, 6 -bisphosphate,
like human HKs. In addition, studies have shown that the
enzyme also exhibits low specificity towards nucleotides
including ATP, Uridine Triphosphate (UTP) and Cytidine
Triphosphate (CTP) [23]. According to these authors, the
lack of specificity may render the nucleotide-binding pocket
of this enzyme an interesting target for drug development.
The glucose-binding pocket offers an interesting target as
well. Moreover, RNAi studies have TbHK is essential for
the parasites survival [27]. Indeed, these researchers
demonstrated that Lodamine, an inhibitor of TbHK1 is
trypanocidal.
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Phosphoglucose isomerase (TbPGI) and
Phosphofructokinase (TbPFK)

Phosphoglucose isomerase (TbPGI) catalyzes the
isomerization of G6P into F6P while  Phosphofructokinase
(TbPFK) mediates a phosphate group transfer from ATP
to form Fructose bisphosphate. Recently the structural
characteristics of the two enzymes were been elucidated
via X-ray crystallography [17, 27]. These studies have
revealed unique features of the two enzymes relative
to mammalian orthologs and provide opportunities for
design of species-specific inhibitor [17]. The synthesis
and evaluation of 5-phospho-D-arabinonate, a potent
transition state analog, for TbPGI and a series of 2,
5-anydro-D-mannitol derivatives for TbPFK has been
described [23,27].
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Figure 1 : Crystal structure of T. cruzi as determined by Gao et al. (1999)

Fructose-1, 6-Bisphosphate aldolase

This enzyme belongs to the class I aldolases that effects
reversible aldol cleavage of fructose 1, 6 -bisphosphate via
a Schiff base, into dihydroxyacetone phosphate (DHAP)
and D-glyceraldehyde-3-phosphate (GA3P). Using the
crystal structure of Aldolase, Chudzik and colleagues
employed structure based drug design to develop
inhibitors based on the 1,6-dihydroxy-2-naphthaldehyde
and 2,5-dihydroxybenzaldehyde scaffolds and showed
that these agents were selective for the T. brucei enzyme
[28]. Similar studies were undertaken by Dax and
colleagues with similar results. While phosphyorylated
inhibitors did not exhibit activity against T. brucei,
presumably due to poor membrane permeability, use of
phosphate ester prodrugs, showed modest activity in a
whole cell assays [17].
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Figure 1: Glycolysis and glycosomes in the bloodstream form African trypanosome.

Abbreviations: ALD: aldolase; DHAP: dihydroxyacetone phosphate; 1,3BPGA:
1,3-bisphosphoglycerate; ENO: enolase; F-6-P: fructose-6-phosphate; FBP:
fructose 1,6-bisphosphate; G-3-P: glyceraldehyde 3-phosphate; G-6-P: glucose-
6-phosphate; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; Glc: glucose;
Gly-3-p: glycerol-3-phosphate; GPDH: glycerol 3- phosphate dehydrogenase; Mito:
mitochondrial enzymes; PEP:Phosphoenolpyruvate; 2-PGA: 2-phosphoglycerate;
3-PGA: 3- phosphoglycerate; PGI: glucose-6-phosphate isomerase; PGM:
phosphoglycerate mutase; PFK: phosphofructokinase; PGK: phosphoglycerate
kinase; PK: pyruvate kinase; PYR: pyruvate; TbHK: T.brucei hexokinase 1 and/or 2;
TPI: triose-phosphate isomerasel7.

Phosphglycerate Kinase and Enolase

Phosphoglycerate kinase (TbPFK), which catalyses
the conversion of 1, 3-bisphosphoglycerate to
3-phosphoglycerate, is not as well characterised as
the other enzymes in the parasites glycolytic pathway.
However, a study by Drew and colleagues reported that
the adenosine analog tubercidin is a potential inhibitor
[39]. The penultimate enzyme in the glycolytic pathway,
T. brucei Enolase (TbENO), is present in the cytosol
and has received little attention for this reason [17].
However, recent studies structural studies by de ASNMV
and colleagues which were based on TbENO -2-fluoro-2-
phosphonoacetohydroxamate complex, demonstrated the
enzymes active site is flexible, a development which may
allow for the design of larger inhibitors [17,30].

Polyamine and trpanothione biosynthesis

Other pathways which have vyielded potential drug
target include: polyamine and trpanothione biosynthesis
pathways. The polyamines pathway of T. brucei which
differs from that of humans is essential for growth in the
parasite. As a target, the pathway has yielded at least
one clinically useful drug, eflornithine. This, according
to Jacobs and colleagues, is a strong indication that the
pathways can be a source of additional drugs. Indeed,
research on S-adenosylmethioine (AdoMet), which
catalyzes the first step in polyamines biosynthesis pathway
and S-adenosylmethioine decarbolyase (AdoMetD),
Trypanothione reductase (TrpRed) and Trypanothione
Synthase (TrpSyn) indicates that these enzymes are
druggable targets [31, 32, 17].

Purine Metabolism

Due to the absence of enzymes for synthesis of purines,
T. brucei depends on salvage the salvage pathways [17].
To mediate this process, T. brucei BSF utilizes a set of
transporters to transports these purines from host and
interconvert them into essential cellular nucleotides
[33]. Programs to exploit parasite purine salvage rely
on inhibition of these transporters [17] or the targeting
of transporters to accumulate toxic analogues within the
parasite [33]. Indeed, an in vivo and in vitro activity study
by Baliani and colleagues which used melamine linked
nitroheterocycles demonstrated good trypanocidal activity.
However, research on these targets still requires further
exploration [40].

Pteridine Metabolism
T. brucei like other trypanosomatids cannot synthesize

pteridines (folate and pterins) de novo and rely on
salvage from the host [34]. Pteridine salvage depends
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on folate and biopterin-specific transporters (FT1 and
BT1, respectively) and at least two pteridine reductases
— a bifunctional dihydrofolate reductase-thymidylate
synthase (DHFR-TS) specific for folate and a pteridine
reductase 1 (PTR1) which reduces folate and biopterin
[17]. The tow enzymes exhibits marked dissimilarity
with human orthologs and have been proposed as
putative drug targets given their central role in parasite
metabolism [34]. According to Jacobs and colleagues,
available validation data is sufficient to warrant further
investigation of the two enzymes as drug targets.

DNA Topoisomerases

Like in other organisms, T. brucei DNA topoisomerases
which catalyse changes in the linking number of DNA are
essential for nucleic acid replication and transcription.
Type I enzymes catalyze single strand breaks and
type II make double stranded breaks on DNA [35].
The parasites Type I B, a subclass of Type I enzyme,
has elicited considerable interest as a potential drug
target. The potential of topoisomerase inhibitors
including antibacterial fluoroquinolones such as KB5426,
ofloxacin, and ciprofloxacin and camptothecin and non-
camptothecin classes of topoisomerase inhibitors have
shown trypanocidal activity [17]. However, most of
the tested compounds have limited parasite selectivity.
Limited structural information on these enzymes has
been cited as a hindrance in this regard.

Fatty Acid Biosynthesis

The fatty acid biosynthesis pathway is critical for the life
cycle of T. brucei. According to Jacobs and colleagues, the
uniqueness of these pathways in the parasite may allow for
the development of species-specific drugs. Recent studies
which have validated several candidate proteins in these
pathways have added credibility to this suggestion [36].
An important target molecule are the series of microsomal
elongases which synthesize myristate, a key component in
the glycosyl phosphatidylinositol (GPI) which anchors the
variable surface glycoprotein (VSG) coat of the bloodstream
form parasite [37]. Several mitochondrial type II fatty acid
synthase and attendant carrier proteins have also been
shown to be essential via RNAi approaches [38]. Smith et
al provide a comprehensive review [36].

CONCLUSION

Based on the scientific report and results from clinical trials
conducted on medicines of Human African Trypanosomiasis
(HAT), this Scientific paper reveals the potential putative
targets to focus on in the development of new drugs for
the treatment of African Sleeping Sickness as it has been
reported to be a burden in African population.
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