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COMMENTARY
Drug screening by crossing membranes: a novel approach to identification
of trypanocides
Mark C. FIELD1
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Trypanosomes are a group of protozoan parasites that inflict
huge health and economic burdens across the globe. The
African trypanosome, Trypanosoma brucei, the causative agent
of sleeping sickness, has a highly sophisticated mechanism of
antigenic variation that facilitates chronic survival in the
mammalian host, and also all but eliminates any realistic hope
for vaccination-based control. However, trypanosomes are also
highly divergent organisms, with many biochemical processes
setting them apart from their hosts, and there remains great
optimism that these features may be exploited for development
of new drugs. Unfortunately, the compounds that are in use at
present are decades old and resistance has emerged. The article in
this issue of the Biochemical Journal by Patham et al., a joint team
from the universities of Pittsburgh and Georgia, represents one

approach to exploiting this divergence. The authors of the study
have exploited novel aspects of the biochemistry within the system
for translocation of nascent polypeptides across the endoplasmic
reticulum membrane to identify three compounds that are able
to inhibit the process. They then demonstrate that these same
compounds are both trypanocidal, but well tolerated by human
tissue culture cells. These observations may present interesting
new leads in the fight against trypanosomiasis, and potentially
identify a new target that can be explored for therapeutic potential.
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Trypanosomatids constitute a major public health threat across
much of the world. Members of this group include the South
American trypanosome, Trypanosoma cruzi (causative agent of
Chagas’ disease), the Leishmanias (which invoke several distinct
modes of disease pathology) and the African trypanosomes,
T. brucei (which lead to sleeping sickness in humans and
n’agana in cattle). T. brucei is transmitted by tsetse flies between
mammalian hosts, and is responsible for over 50000 deaths
annually and an unquantified impact on agriculture and economic
prosperity across much of sub-Saharan Africa. A large wild
animal reservoir and high infection rates among domestic cattle
provide a major challenge for strategies aimed at alleviating
infection of humans. As the disease afflicts countries with some
of the lowest gross domestic product per capita in the world, there
is a further and serious economic barrier to effective control. The
drugs available to treat African trypanosomiasis are old, toxic
and becoming ineffective due to resistance [1]. At present, four
compounds are in use: suramin and pentamadine for early-stage
disease, and eflornithine and melarsoprol.

Recent studies demonstrate that T. evansi and T. equiperdum
are essentially mutant forms of T. brucei, with the notable
difference that they have lost part, or all, of their mitochondrial
genome, rendering them incapable of differentiation within the
insect vector. Transmission is still achieved by passive dipteran-
mediated mechanisms [2]. This insight increases the impact of
the greater T. brucei group, as T. evansi in particular is an
important agricultural parasite of the Middle East and Asia,
highlighting both just how large is the disease burden of the T.
brucei parasite group and our own ignorance of the true impact
of these organisms.

To provide some perspective here, only one new agent,
eflornithine, has been approved for use against human African
trypanosomiasis in the past half century. Suramin, which remains
the frontline drug of choice for treatment of early-stage disease,
is the only compound against which resistance does not seem to
be a major issue at present, and was introduced as early as 1922,
predating even the earliest antibiotics. Critically, melarsoprol,
the sole agent available for late-stage disease treatment, has the
added and tragically shocking feature of killing up to 10%
of recipients through an acute encephalitis of incompletely
understood mechanism [3]. Tinkering with combination therapy
may help to stave off the worst effects of resistance for a while, but
the problem is growing, especially with increased mobility and
human migration [4,5]. Most concerning has been the failure, in
the final stages of development, of a promising lead compound,
DB289 [6], which was recently withdrawn from consideration
due to toxicity. It should be noted that none of the current drugs
would pass Food and Drug Administration safety criteria if they
were to be considered for introduction today. In the absence of
DB289, there is no trypanocidal compound in any advanced stage
of clinical development, despite several ongoing screening efforts
around the globe and the potential for a wealth of targets. These
efforts however are mainly academic-based, and cannot bring the
force of Big-Pharma to bear. Depressingly, prospects for new
therapeutic agents entering the clinical pipeline in the near future
are very poor [1,5], although progress has been made recently in
bringing down the number of cases using existing agents following
a concerted effort by the World Health Organization.

T. brucei, and the closely related trypanosomes T. evansi
and T. equiperdum, exhibit antigenic variation [7]. This process
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serves to prevent recognition of the parasite by the host
immune system, which remarkably is exclusively extracellular
and invades the bloodstream, lymphatic system and tissue spaces.
In late-stage disease, the parasite also gains access to the
central nervous system. The parasite surface is dominated, at
approx. 90% of total surface protein, by 5 × 107 copies of
the GPI (glycosylphosphatidylinositol)-anchored variant surface
glycoprotein (VSG). The protein is expressed from a single telo-
mere-proximal expression site, ensuring homogeneity of the
surface coat. Recombination of the telomere-proximal VSG gene
with a repertoire of chromosomal internal copies facilitates the
generation of novel sequence within the expression site VSG.
The rapid switching of the expressed VSGs produces a huge
potential range of distinct VSG sequence variants, and the immune
system does the rest. While VSG is highly antigenic, and parasites
are efficiently eliminated via antibody-dependent complement
killing and other mechanisms, parasites that have undergone
a VSG switch and possess distinct antigenic surface profiles
escape. This process is clearly highly efficient as in many animals
trypanosome infection can continue for many months, or even
years, often in the absence of overt symptoms. In humans, where
co-evolution is presumed to have been rather more brief, disease
progression is usually more rapid and severe, and trypanosomiasis
is invariably fatal. True clinical recovery in the absence of
therapeutic intervention is unknown. As one would expect,
ongoing expression of VSG is essential for infectivity [8], and
most workers consider its presence as an insurmountable barrier
to vaccination. Attempts to vaccinate against Plasmodium, for
example, which has a more limited antigenic variation potential,
have met with limited success so far (discussed in [9]), which
does not bode well for controlling the more sophisticated African
trypanosomes; most authorities consider that vaccination against
trypanosomes is unlikely to produce therapeutic gain.

Clearly, VSG represents the major virulence determinant in
T. brucei, and any mechanism interfering with the expression
of the protein or the switching between antigenically distinct
VSG genes could, in principle, deliver a fatal blow to the
parasite. VSG is a predominantly α-helical 58-kDa glycoprotein,
bearing two or three N-linked glycans and a GPI-anchor
[10,11]. Biosynthesis of VSG appears conventional; the nascent
polypeptide is translocated across the endoplasmic reticulum
(ER) membrane, followed rapidly by addition of the GPI-
anchor via a GPI-8-dependent trans-amidation reaction, N-
glycosylation and Golgi complex-mediated processing of both
the GPI- and asparagine-linked glycans [12]. Biosynthesis and
delivery to the surface is efficient. Following completion of
sequencing the trypanosome genome it also emerged that
T. brucei possesses a mainly conventional Sec61 translocon, a
signal recognition particle (SRP), an SRP receptor and many of the
expected ER chaperones, including BiP (immunoglobulin heavy-
chain-binding protein), other HSPs (heat-shock proteins) and
protein disulfide isomerases. Beyond the rather unusual exclusive
presence of dimyristoylglycerol (C14:0) as a component of the
VSG GPI, there is little here that appears unique, despite the great
evolutionary distance between trypanosomes and mammals.

The study in this issue of the Biochemical Journal by Patham
et al. [13], which reconstitutes VSG translocation into ER-
membranes in vitro, represents a potential double advance. First, at
the biochemical level, attempts to reconstitute protein processing,
and in particular ER translocation, in trypanosomatids have
previously met with only limited success. Attachment of GPI-
anchors to endogenous polypeptide acceptors has been achieved
in isolated membrane systems, but not complete reconstitution
of translation, translocation and glycosylation [14]. The failure
to achieve this previously has been explained away as being due

to high divergence between the parasite signal sequence and the
heterologous biochemical systems being used. This was never an
entirely satisfactory answer as, for example, trypanosome signal
sequences can function well in vivo, such as during expression in
mammalian cells. This suggests that heterologous expression is
possible and that the issue has been technical, rather than reflecting
a true biochemical incompatibility.

Patham et al. [13] returned to this issue and, using a classic
three-step in vitro translocation assay (transcription/translation/
translocation), demonstrate that the missing requirement is for
homologous (i.e. trypanosome) cytosol. This also demonstrates
a potential divergence in mechanism. For example, while recent
work has shown good conservation of many factors involved in
ER-targeting and protein folding, trypanosome ER translocation
does not necessarily require SRP54, despite the presence of the
factor in the trypanosome SRP itself [15,16], a central factor in
translocation systems in most taxa where this has been analysed.
Furthermore, the SRP receptor β-subunit is apparently absent
from the trypanosome genome; SRβ has been demonstrated as a
central player in higher eukaryote translocation mechanisms, and
this may suggest a fundamental difference in the manner in which
trypanosomes co-ordinate the delivery of ribosome-bound nascent
chains to the ER translocon [17]. The ability to reconstitute this
step in trypanosomes provides an excellent model from which
greater detail of the workings of trypanosome ER translocation
systems will hopefully now emerge, potentially to provide deeper
insight into this mechanism in additional deeply divergent cellular
systems.

However, in an interesting choice, Patham et al. have made an
oblique move. Rather than pursue the further dissection of their
in vitro system, they opted to exploit it for the identification of
potential compounds that may block the translocation reaction.
The logic here is good: it is clear that ongoing VSG synthesis
is an essential process for viability of the trypanosome, and
furthermore, as the basis of the immune evasion strategy even
a small defect in VSG biosynthesis is likely to cost the parasite
dearly. The authors tested three compounds in their system:
MA3-101, which inhibits activation of HSP70, together with two
Escherichia coli SecA inhibitors CJ-21,058 and equisetin, which
are highly related compounds differing by a single methyl group.
All three caused significant inhibition of in vitro translocation
activity, which was taken as potential evidence for trypano-
cidal activity, although the biochemical roles of putative HSP70 or
Sec A-related or analogous factors in trypanosome translocation
is not known. Regardless, in this prediction, Patham et al. were
proven to be correct, and indeed all three compounds offer
trypanocidal activity with an IC50 of 1–5 to 3.3 μM, while being
well tolerated by mammalian culture cells.

Is this a breakthrough in the identification of new drugs against
trypanosomes? Even at low micromolar concentrations, these
compounds are not in themselves likely treatment agents, and
further development is needed. The road to new therapeutics
in any context is a long one, and made doubly challenging for
parasitic disease by the lack of available financial incentives,
although the interest of many non-governmental organizations
is beginning to show some promise. In the present case, there are
also some very important issues that remain. First, Patham et al.
[13] have developed a potentially complex assay, and one that
may not readily translate to a high-throughput format. Secondly,
there is no formal proof that the putative targets suggested for
the in vitro assay and the in vivo growth effect are the same, and
in neither setting has a target been validated. For example, the
putative molecular mechanism for all three compounds is related
to ATPase activity, and when applied to whole cells the possibility
of an effect on ATP levels or high energy phosphate metabolism
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might be anticipated. Before these observations can be turned
into a potential route forward, it is essential that the mode of
action of these compounds be verified, and that effects on VSG
synthesis and processing are investigated directly prior to more
downstream exploitation of the assay. Thirdly, a vexing issue
common to all drug development, is pharmacokinetics: a group
of parameters that encompasses serum accessibility, clearance
rate and susceptibility to hydrolase turnover, in addition to the
all-crucial ability to enter the parasite cell. This has led some
investigators to consider abandoning the in vitro target-based
screening strategy altogether and to address the parasite directly;
it remains to be seen if this is a wise position that could speed
up identification of effective trypanocides. Nevertheless, two new
lead compounds may have been identified, and a new biochemical
system is now available as a potential therapeutic target. We can
hope that this does indeed yield therapeutically useful compounds.

This study also highlights another serious issue. The
trypanosome research community is not short of targets, and in
one systematic study it was estimated that up to 35% of genes
may be essential, representing several thousand possible points
within the genome for intervention [18]. Even a quick scan of the
relevant literature reveals a number of promising targets, including
GPI biosynthesis, trypanothione reductase and cysteine proteases.
These all fulfil the criterion of essentiality, are sufficiently
distinct in the parasite compared to the host for exploitation
of a therapeutic window, and have been studied extensively
and characterized by many highly talented workers in the field;
however, none of these has yet to progress to the clinic. The present
paper highlights a new potential target, and an interesting one as
there is the possibility of multiple points of attack, with obviously
increased opportunity for therapeutic gain. The major problem
has been in taking such observations forward, and difficulty
remains even when there are potential lead compounds, as here.
Experience with DB289 underscores the need to deal with bigger
numbers of targets and compounds if reliable progress against the
disease can be made, and a more concerted push into functional
post-genomics in trypanosomes is sorely needed. It is sobering
that treating trypanosomiasis essentially relies on technology that
is over 50 years old. There are probably few items of technology
that we in the developed world use that are that old and have
not seen a significant upgrade since their initial introduction.
The individuals who presently use this technology to combat
trypanosomiasis must do so or face loss of life and livelihood.
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