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Transmission of parasitic protozoa of the family
Trypanosomatidae is the cause of many tropical diseases including
African sleeping sickness, Nagana cattle disease, South American
Chagas’ disease and Leishmaniasis.  Therapy currently available
has severe limitations because of toxicity and the development
of resistance.  There is an urgent need for new drugs against
these parasitic protozoa that are active, affordable, readily available,
and have modest adverse side effects.  Trypanothione reductase
(TR) is the key enzyme in the oxidative stress management of
Trypanosoma and Leishmania via a redox defence system.  It
maintains the intracellular reducing environment by reduction of
trypanothione disulphide to dihydrotrypanothione.  All
trypanosomatids have a unique thiol metabolism that utilises TR
instead of glutathione reductase found in mammalia. The absence
of TR from the mammalian host and the sensitivi ty of
trypanosomatids against oxidative stress make TR an attractive
target for trypanosomiases therapeutics.
Another possible solution to the problem of unsatisfactory anti-
trypanosomal therapies is to find drugs active against
trypanosomatids that have already demonstrated high efficacy
and low toxicity for other therapeutic uses in humans.  One such
example is the use of bisphosphonates as potent inhibitors used
clinically for the treatment of osteoporosis.  The molecular target
for bisphosphonates has been identified as Farnesyl Pyrophosphate
Synthase (FPPS), an enzyme present in trypanosomatids and
essential for parasitic growth.  This may enable the discovery of
specific and potent inhibitors of FPPS in human pathogens without
apparent toxicity towards the host organism.
We report the development of both a TR (T. cruzi) and a FPPS
(T. brucei) coupled assay system utilised for high-throughput anti-
trypanosomal drug screening.
Results of the high-throughput screening of our large, diverse
chemical library of approximately 100,000 small molecular weight
compounds will be presented.
Our kind acknowledgements to Dr Alan Fairlamb (University of
Dundee) and Dr Eric Oldfield (University of Illinois) for the supply
of the TR and FPPS enzyme preparations, respectively.
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TR ASSAY:TR ASSAY:  We describe the adaptation of a TR enzyme
assay described by Hamilton et al (2003) for high-throughput
TR inhibition studies.  The principle of the assay involves the
formation of T[SH]2 which is coupled to the reduction of 5,5’-
dithiobis-(2-nitrobenzoic acid) (DTNB, Ellman’s reagent) forming
a yellow thionitrobenzoate ion (TNB) and the reoxidation of
T[SH]2 product back into the T[S]2 substrate (Fig.1).

This method maintains a constant substrate concentration saving
on reagents and enables linearity of the assay for up to 60 min
with an increased sensitivity by 4-fold over the classical assay
method at 340 nm .  Production of TNB may thereby be measured
continuously with a micro-plate absorbance reader (Fig 2).

FPPS ASSAY:FPPS ASSAY: FPPS catalyses the synthesis of the C15
isoprenoid, Farnesyldiphosphate (FPP), by sequentially coupling
isopentyl pyrophoshate (IPP) and dimethylallyl pyrophosphate
(DMAPP). The final enzymatic products of the FPPS reaction are
FPP and inorganic pyrophosphate.  The high capacity assay is
based on the detection of pyrophosphate using the phosphate
detection method originally described by Molecular Probes
(PiPer™). This assay method measures inorganic pyrophosphate
through the formation of the fluorescent product, resorufin, using
a series of enzyme coupled reactions. The principle of the FPPS
assay is summarized in Fig. 3.

One mole of pyrophosphate (PPi) is converted to 2 moles of
inorganic phosphate by inorganic pyrophosphatase, which in the
presence of inosine and purine nucleoside phosphorylase produces
hypoxanthine and glucose-1-phosphate. Xanthine oxidase converts
hypoxanthine to uric acid and H2O2 which in the presence of
horseradish peroxidase (HRP) reacts with the Amplex Red reagent
(10-acetyl-3,7-dihydroxypheonoxazine) to generate resorufin, a
highly fluorescent molecule. Production of pyrophosphate may
thereby be measured continuously with a micro-plate fluorescence
reader (Fig. 4).

Based on the kinetic parameters determined above, the requirement
to maintain initial rate conditions and obtain a signal to background
ratio of greater than 2.5, the reagent concentrations selected for
the high throughput screening assays were as follows: TR assay;10
mU/mL TR (0.4 mU/assay), 6 mM T[S]2, 100 mM DTNB, 150 mM
NADPH in 40 mM HEPES/1mM EDTA, pH 7.4 buffer complemented
with 0.01% (w/v) BSA and 0.05% (v/v) Tween 20: FPPS
assay;1µg/ml FPPS incubated in a 100mM Tris-HCl, pH 8, 5mM
MgCl2, 0.01% BSA and 0.01% P20 buffer containing 0.01U/ml
xanthine oxidase, 2 mM inosine, 0 .2  U/ml inorganic
pyrophosphatase, 0.4U/ml of purine nucleoside phosphorylase,
0.1U/ml of HRP, 5µM of isopentenyldiphosphate, 5 µM of
dimethylallyl diphosphate and 50µM resorufin.  Under these
selected conditions the initial rate of reaction time course was
linear.
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Assay development:

Primary Screen Data

Both the TR and FPPS assays were successfully transferred to
an automated 384-well primary screen format with excellent QC
parameters.

“Hits” were identified with both screening campaigns and
subsequently confirmed.  Follow-up studies with the purpose of
lead optimisation are on-going.

Potencies range from µ-Molar to sub-µ-Molar for TR and FPPS
inhibitors, respectively

Figure 1. Principle of the TR enzyme inhibition coupled assay

Figure 2. Summary of the TR enzyme inhibition coupled high-throughput assay protocol

Figure 5.
Kinetic Characterisation of TR. The rate of TNB formation was measured at 412 nm in a 50 µL assay volume
at room temperature.  Each reaction contained TR at the indicated concentrations, 100 µM DTNB and 150 µM
NADPH in a buffer containing 40mM HEPES, 1mM EDTA, 0.01%BSA and 0.05% Tween20.  Reactions were
conducted at 22°C and reaction progress followed for 12.5 min.  A) Effect of TR concentration on initial rate.
B) TR reaction time course.

Figure 6.
Km and Vmax Determination  for  T[S ]2 .
The values for Kmapp and Vmax for the TR reaction
were determined by fitting the Michalis-Menten equation
to the experimental data using the non-linear regression
engine in XLfit4 (IDBS software). The kinetic parameters
were determined by measuring the TR catalysed rate
of TNB formation in a 50µL of a buffer containing 40mM
HEPES, 1mM EDTA, 0.01%BSA and 0.05% Tween20.
The assay also contained TR (8mU/ml)and varying
TS2 concentrations with the reaction rate measured
over 20 mins at 22°C.

Figure 7.
Inhibition of TR by Clomipramine.
Clomipramine was added at the indicated concentrations
and the initial rate of TR catalysed TNB production
measured at 22 °C.  Each reaction contained 10 mU/mL
TR (0.4 mU/assay), 6 µM T[S]2, 100 µM DTNB, 150
µM NADPH in 40 mM HEPES/1mM EDTA, pH 7.4
buffer complemented with 0.01% (w/v) BSA and 0.05%
(v/v) Tween 20.

Figure 10.
Optimisation of the PPi Detection system. The concentration of each coupling component in the PPi detection system was optimised
by adding the indicated concentrations of reagents in 20mL of buffer containing 100mM Tris-HCl, pH 8, 5mM MgCl2, 0.01%BSA &
P20 and 50µM resorufin for 60 min at 37°C to an initial volume of 20mL of 10mM pyrophosphate in ultrapure DH20. A – Inorganic
pyrophosphatase at indicated concentrations in the presence of 2 mM inosine, 0.1U/ml of HRP and 0.01U/ml of xanthine oxidase and
0.4U/ml of pur ine nucleoside phosphor ylase. B – Inosine at the indicated concentrations in the presence of 0.2 U/ml inorganic
pyrophosphatase, 0.1U/ml of HRP, 0.4U/ml of purine nucleoside phosphorylase and 0.01U/ml of xanthine oxidase. C – HRP at the
indicat ed concent rations in the presence of 2 mM inos ine, 0.2 U/ml inor ganic pyrophosphat ase, 0.4U/ml of purine nucleoside
phosphorylase and 0.01U/ml of xanthine oxidase. D – purine nucleoside phosphorylase at the indicated concentrations in the presence
of 2 mM inosine, 0.2 U/ml of inorganic pyrophosphatase, 0.1U/ml of HRP and 0.01U/ml of xanthine oxidase. E – xanthine oxidase at
the indicated concentrations in the presence of 2 mM inosine, 0.2 U/ml inorganic pyrophosphatase, 0.4U/ml of purine nucleoside
phosphorylase and 0.1U/ml of HRP.

Figure 12.
Inhibition of FPPS by Risedronate. Risedronate was added at the
indicat edconc entrations and the inhibition of FPPS activity was
measured at 22 °C after 60min reaction.  Each reaction contained
1µg/ml FPPS incubated in a 100mM Tris-HCl, pH 8, 5mM MgCl2,
0.01% BSA and 0.01% P20 buffer containing 0.01U/ml xanthine
oxidase, 2 mM inosine, 0.2 U/ml inorganic pyrophosphatase, 0.4U/ml
of purine nucleosid e phosphorylase, 0.1U/ml of HRP, 5µM of
isopentenyldiphosphate, 5 µM of dimethylallyl diphosphate and 50µM
resorufin.

Figure 11.
Pyrophosphate Standard Curve.The fluorescence
intenstiry at 590 nm was measured at the indicated
concentrations of PPi in 20mL of buffer containing
100mM Tris-HCl, pH 8, 5mM MgCl2,  0.01%
BSA & P20 xanthine oxidase, 2 mM inosine, 0.2 U/ml
inorganic pyrophosphatase, 0.4U/ml of purine
nucleoside phosphorylase and 0.1U/ml of HRP and
50µM resorufin after 60 min incubation at 37°C.

Figure 13.
Primary Screen Quality Control Data for A, TR and B, FPPS screens. The parameter Z’ was calculated
using the method of Zhang et al. It is a simple statistical parameter for use in evaluation and validation of high-
throughput screening assays with 1.0 < Z’ > 0.4 considered as the standard for an acceptable HTS assay.  It
is calculated using the measurements recorded from the16 positive and 16 negative control wells located on
each assay plate. Assay plates recording Z’ < 0.4 were (red dashed line) were rejected and the assay repeated.
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The TR screen identified 130 confirmed hits from which a focus
set of 36 compounds was chosen for further characterisation

The FPPS screen identified 361 confirmed hits from which a focus
set of 84 compounds was chosen for further characterisation

Figure 3. Principle of the FPPS enzyme inhibition coupled assay

Figure 8.
Kinetic Characterisation of FPPS. A – The increase in fluorescence intensity measured as a function of time.
FPPS was incubated in a 100mM Tris-HCl, pH 8, 5mM MgCl2, 0.01% BSA and 0.01% P20 buffer containing
0.01U/ml xanthine oxidase, 2 mM inosine, 0.2 U/ml inorganic pyrophosphatase, 0.4U/ml of purine nucleoside
phosphorylase, 0.1U/ml of HRP, 5µM of isopentenyl diphosphate, 5 µM of dimethylallyl diphosphate and 50µM
resorufin at room temperature and the fluorescence intensity measured at 30s intervals using a Perkin Elmer
Envision 2100 plate reader. B – a replot of initial rate versus FPPS
concentration.

Figure 9.
Km and Vmax Determination for IPP and DMAPP. The values for Kmapp and Vmax for the PPPK reaction were
determined by fitting the Michalis-Menten equation to the experimental data using the non-linear regression
engine in XLfit4 (IDBS software). The initial rate rate of FPPS catalysed PPi liberation was determined in 100mM
Tris-HCl, pH 8, 5mM MgCl2, 0.01% BSA and 0.01% P20 buffer containing 0.01U/ml xanthine oxidase, 2 mM
inosine, 0.2 U/ml inorganic pyrophosphatase, 0.4U/ml of purine nucleoside phosphorylase, 0.1U/ml of HRP and
50µM resorufin at a temperature of 22°C A – Determination of kinetic parameters for IPP, DMAPP was maintained
at 50 µM and the concentration of IPP varied as indicated. B - Determination of kinetic parameters for DMAPP,
IP P was main ta ined a t 50  µM and the  concentrat ion  of  DMA PP var ied  as ind ica ted.

Figure 4. Summary of the FPPS enzyme inhibition coupled high-throughput assay protocol


