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Analysis of 6-(2,2-Dichloroacetamido)chrysene Interaction with the
Hypoxanthine Phosphoribosyltransferase from Trypanosoma cruzi
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Selective inhibition is needed for drugs targeting the hypoxanthine phosphoribosyltransferase
of Trypanosoma cruzi, etiologic agent of Chagas’ disease. 6-(2,2-Dichloroacetamido)chrysene,
was shown herein to be a selective inhibitor of the trypanosomal enzyme. SAR analysis revealed
that the 6-amido moiety was essential, but the dichloroaceto moiety was not essential for
achieving the low Ki for this inhibitor. Understanding the molecular basis for these interactions
could facilitate the design of selective inhibitors without a chrysene moiety.

Introduction

Chagas’s disease results from infection by the proto-
zoan parasite, Trypanosoma cruzi. More than 16 million
inhabitants of Central and South America and 300 000
immigrants to the United States are infected with this
disease.1 Chagas’ disease is a major cause of death due
to heart failure and continues to have a negative impact
on the economic growth of several countries in Latin
America.2 The drug Benznidazole (Rochagan, Roche
7-1051, Radamil) has been demonstrated to have
efficacy approaching 56% in the treatment of acute and
indeterminate cases of the disease. However, there is
presently no available drug recommended for patients
with evidence of cardiomyopathy or one of the megasyn-
dromes (mega colon or mega esophagus).2 Thus, new
drugs with improved efficacy are needed for the treat-
ment of this disease.

The hypoxanthine phosphoribosyltransferase (HPRT;
EC 2.4.2.8; inosine monophosphate:pyrophosphate phos-
phoribosyltransferase) of T. cruzi has been identified as
a potential target for drugs in the treatment of Chagas’
disease.3 Inhibitors of the enzyme have been shown to
kill insect stage parasites (epimastigotes) in axenic cell
cultures and to block the replication of amastigotes in
infected mammalian cells. Partial reversal of both the
killing of epimastigotes and the replication of amastig-
otes, by the addition of excess substrate (hypoxanthine)
to the media, provides evidence for HPRT being the
target of the lead inhibitors.3

Defects in the human HPRT can result in gouty
arthritis4,5 or Lesch-Nyhan syndrome.6,7 Thus, for FDA
approval, drugs targeted to the HPRT of a human

parasite are likely to be required to be selective inhibi-
tors of the enzymes from the parasite. In the present
study, 6-(2,2-dichloroacetamido)chrysene was shown to
be a selective inhibitor of the HPRT from T. cruzi.
Furthermore, studies of structure-activity relationships
(SAR) revealed that the dichloroaceto moiety of this
inhibitor was not essential for potent inhibition of the
trypanosomal HPRT, but the formation of a hydrogen
bond involving the 6-amino group potentially was es-
sential for interactions contributing to the sub-micro-
molar inhibition constants of chrysene-containing com-
pounds.

Although chrysene-containing compounds are likely
to be tumorogenic, understanding the molecular basis
for the selective inhibition of the trypanosomal HPRT
could help in guiding organic synthetic strategies in-
tended to improve target specificity among non-chry-
sene-containing drug leads.

Materials and Methods
Chrysene (98% pure), 6-nitrochrysene (95% pure), and

6-aminochrysene (97% pure) were from Aldrich. 6-Fluorochry-
sene, from Sigma Aldrich rare chemicals, formerly has been
purified by crystallization and purity checked by NMR.8 For
the present study, the commercial product was reexamined
by NMR and found to be approximately 90% pure with the
major contaminant appearing to be nonfluorinated chrysene.

Compounds previously reported to be inhibitors of the HPRT
from T. cruzi3 are identified in Table 1 by their MFCD numbers
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Table 1. Kinetic Inhibition Constants for Lead Inhibitors with
HPRTs

lead
inhibitora

Ki vs
T. cruzi HPRT,

µM

Ki vs
human HPRT,

µM

Ki vs
bacterial HPRT,

µM

1159 2.2 ( 0.2 (C) 5.4 ( 1.1 (C) -
32980b 0.5 ( 0.06 (C) 16.0 ( 9.2 (M) .25
141430 11.8 ( 0.8 (U-C) 28.8 ( 4.7 (M) 48.1 ( 1.8 (M)
156385 2.0 ( 0.2 (C) 10.9 ( 1.6 (C) 13.9 ( 0.7 (C)

a MFCD no.’s and Ki’s vs the HPRT of T. cruzi are from
Freymann et al.3 The Ki’s shown were determined with PRPP as
the variable substrate: (C) ) competitive, (U-C) ) uncompetitive,
and (M) ) mixed inhibition. b 6-(2,2-dichloroacetamido)-chrysene.
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provided by MDL Information Systems. These include the
2,4,7-trinitro-9-fluorenylidenemalononitrile from ACROS (MFCD
no. 1159), 6-(2,2-dichloroacetamido)chrysene from Aldrich
(MFCD no. 32980), 3-(2-fluorophenyl)-5-(2,4-dichlorophenoxy)-
1,2,4-triazolo[4,3-c]quinazoline from Bionet (MFCD no. 141430),
and 3,5-diphenyl-4′-methyl-2-nitrobiphenyl from Aldrich (MFCD
no. 156385). The purities of compounds 32980, 141430, and
156385 were formerly confirmed by reverse phase HPLC.3 For
the present study, 6-(2,2-dichloroacetamido)chrysene was
examined by NMR and again confirmed to be pure.

Recombinant HPRTs were purified by affinity chromatog-
raphy using GMP-agarose as described.9 Enzyme concentra-
tions were determined by the Bradford method using immu-
noglobulin G (IgG) as the standard protein (Protein Assay Kit,
Bio-Rad, Hercules, CA).

Fluorescence Spectroscopy. Fluorescence measurements
were made with an Aminco SLM 8100 spectrofluorometer.
Excitation and emission bandwidths were 4 and 8 nm,
respectively. The fluorescence cell (0.5 × 1.0 cm) was mounted
on a thermostated holder. The inner filter effect was minimized
by using sample absorbances of less than 0.05.

Binding Measurements. Binding measurements were
carried out by fluorometric titration and were conducted as
follows. The fluorescence of the free ligand was measured, and
its value (almost negligible) was subtracted from all further
measurements. The fluorescence intensity of bound ligand was
determined by titrating a fixed concentration of ligand (one
that gave no appreciable inner filter effect) with HPRT until
the fluorescence signal due to bound ligand reached saturation,
thereby yielding the fluorescence intensity per micromolar
concentration of ligand. All measurements were made at 25
°C in 20 mM bis-Tris buffer at pH 7.5 containing 6 mM MgCl2

using an excitation wavelength of 325 nm and an emission
wavelength of 395 nm. The ligand excitation wavelength was
selected to avoid excitation of intrinsic protein fluorescence.
Subsequently, fluorescence was monitored with the concentra-
tion of enzyme fixed and at various increasing concentrations
of ligand (Figure 1). Bound ligand was estimated from its
corrected fluorescence (subtracting fluorescence due to ligand
alone), and the free ligand concentration was calculated as the
difference between the known total concentration and the
determined bound concentration of ligand. The values of the
binding equilibrium constant and the number of sites were
obtained from Scatchard plots of the data.

Determinations of Ki Values. A continuous spectropho-
tometric assay3,10 was used for HPRT activity studies and the
determination of inhibition constants. All measurements were
carried out in 100 mM Tris-HCl, pH 7.5, and 12 mM MgCl2 at
37 °C. Enzymes were briefly preequilibrated with PRPP and
inhibitor at 37 °C before initiating reactions by the addition
of hypoxanthine as described.3 Production of IMP was moni-
tored continuously at a wavelength of 245 nm. First-order
reaction kinetics was approximated for the multisubstrate
reaction by holding one substrate at a fixed concentration and
varying the other. In this manner Lineweaver-Burk plots
were generated for inhibitor effects versus the variable sub-
strate and then the experiments were repeated varying the

second substrate.11 For a two substrate reaction, the ideal
concentration for the fixed substrate should be at or near its
Km.11 The rationale for this is that if a bound inhibitor overlaps
the binding domains of both substrates, then high to saturating
concentrations of the second substrate could interfere with
inhibitor binding. In practice, the actual concentration for the
fixed substrate needed to be above its Km value in order to
obtain significant rates for the reactions at low concentrations
of the variable substrate. For the studies reported here, the
concentration of hypoxanthine was fixed at 60 µM, while PRPP
was varied between 13 and 215 µM. The concentration of the
enzyme for these assays was at 300 nM, which was well below
the lowest concentration tested for the inhibitors. For each Ki

determination, more that 40 assays were conducted and no
fewer than 16 individual data points were used in the final
calculations. Results were analyzed using the program
“EnzymeKinetics” (copyright 1990, 1991 by Jacek Stanislaw-
ski, from Trinity Software, Campton, NH). Lineweaver-Burke
plots were used to classify the type of inhibition as competitive,
noncompetitive, mixed, or uncompetitive based on the point
of intersection for the lines.3 All Ki values were from nonlinear
regression analysis of the data.

Results and Discussion

Previously, four unrelated compounds targeted to the
HPRT from T. cruzi were identified as leads for drug
design.3 Three of these compounds were shown to be
effective against the pathogen, but 6-(2,2-dichloroaceta-
mido)chrysene was ineffective as an inhibitor of parasite
growth. Initially, this compound was included as a lead
for drug design because it yielded a sub-micromolar Ki
versus the trypanosomal HPRT.

For the present study, fluorescence spectroscopy was
used to estimate the kinetic binding constant (Kd) of
6-(2,2-dichloroacetamido)chrysene for the trypanosomal
HPRT (Figure 1). The data show that the Kd of 0.5 µM
for 6-(2,2-dichloroacetamido)chrysene with the trypa-
nosomal HPRT is consistent with the Ki of 0.5 µM
formerly reported for this compound.3

Many of the amino acids surrounding the active site
of the trypanosomal HPRT are identical to those in the
active site of the homologous human enzyme. For this
reason, it is widely believed that the design or discovery
of a selective inhibitor targeted to the active site of the
trypanosomal HPRT could be difficult, if not an impos-
sible task. With this in mind, each of the previously
reported drug design leads was tested kinetically as an
inhibitor of the human HPRT catalyzed reaction, and
three of the four compounds also were tested as inhibi-
tors the Salmonella HPRT.12 Of the three inhibitors that
showed bioactivity toward live trypanosomes, all yielded
Ki’s values versus the human, bacterial, and trypano-
somal enzymes that were within a 5-fold range of
concentration of each of the inhibitors (Table 1). How-
ever, 6-(2,2-dichloroacetamido)chrysene (MFCD no.
32980) yielded a Ki versus the human enzyme that was
32-fold higher than that obtained with the trypanosomal
HPRT. Furthermore, this compound did not signifi-
cantly inhibit the HPRT from S. typhimurium at
concentrations approaching 50-fold above its Ki value
with the trypanosomal enzyme.

These results demonstrate that selective inhibition of
the trypanosomal HPRT is possible and provide further
justification for the inclusion of 6-(2,2-dichloroacetami-
do)chrysene among the leads for drug design. Further-
more, if the molecular basis for the selective inhibition
of the trypanosomal enzyme were elucidated, this

Figure 1. Binding isotherm of 6-(2,2-dichloroacetamido)-
chrysene (MFCD no. 32980) to the trypanosomal HPRT.
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information could be used to guide synthetic strategies
for compounds designed to be selective inhibitors of the
target enzyme, but which would not possess a poten-
tially toxic moiety such as chrysene.

The commercial availability of a several chrysene-
containing compounds enabled the initiation of an
analysis of structure-activity relationships (SAR) for
compounds related to 6-(2,2-dichloroacetamido)chrysene
without the need for synthesis of novel compounds. The
results of these studies (Figure 2) show that 6-amino-
chrysene yielded a Ki of 0.6 µM versus the trypanosomal
HPRT, which was very close to the Ki of 0.5 µM for
6-(2,2-dichloroacetamido)chrysene. Since both of these
compounds were g97% pure, the results suggest that
the dichloroaceto moiety of the lead inhibitor does not
contribute significantly to favorable interactions with
the active site of the trypanosomal HPRT. Also, since
the Ki’s for chrysene (8.9 µM), 6-fluoro-chrysene (2.8
µM), and 6-nitro-chrysene (6.7 µM) were significantly
higher than for 6-amino chrysene (at 0.6 µM), a hydro-
gen bond involving the 6-amino moiety is likely essential
for achieving the low kinetic inhibition constants for the
chrysene containing inhibitors.

Like 6-(2,2-dichloroacetamido)chrysene, 6-amino-
chrysene at 10 µM was ineffective as an inhibitor of
parasite growth in infected mouse macrophage cells
(results not shown). Possibly the absence of in vivo
activity was due to the inability of chrysene-containing
compounds to diffuse or be transported through the
plasma membranes of host cells. Nevertheless, these
results provide a foundation for the initiation of syn-
thetic strategies intended to enhance binding interac-
tions with the trypanosomal HPRT and to improve the
pharmacological properties of both chrysene and non-
chrysene-containing lead inhibitors.

Although interactions between 6-(2,2-dichloroaceta-
mido)chrysene and the trypanosomal HPRT have been
predicted computationally,3 efforts are underway to
solve crystal structures of both the trypanosomal and
human HPRTs with this compound or 6-aminochrysene
bound in the active sites. These crystal structures
should provide details of interactions associated with
the selective inhibition of the trypanosomal enzyme, and
this information might be used in the design of selective
inhibitors without chrysene.
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Appendix
Abbreviations: HPRT, EC 2.4.2.8, hypoxanthine phos-

phoribosyltransferase; PRPP, 5-phospho-R-D-ribosyl-1-
pyrophosphate; PPi, inorganic pyrophosphate; IMP,
inosine monophosphate; GMP, guanosine monophos-
phate; Hx, hypoxanthine; DTT, dithiothrietol.
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Figure 2. Analogues of 6-(2,2-dichloroacetamido)chrysene
were acquired and tested as inhibitors of the HPRT from T.
cruzi. Kinetic inhibition constants (Ki’s) were determined for
HPRT-catalyzed reactions with variable concentrations of
PRPP and fixed concentrations of hypoxanthine. All of these
compounds showed competitive inhibition versus PRPP as the
variable substrate.
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