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Activity and kinetics of phospholipase A, (PLA,)
from Trypanosoma brucei gambiense (Wellcome
strain) and Trypanosoma brucei brucei (GUTat 3.1)
were examined using two different fluorescent
substrates. The activity in the supernatants of
sonicated parasites was Ca**-independent, strongly
stimulated by Triton X-100 with optimum activity at
37°C and pH 6.5-8.5. To encourage a possible
interaction between the parasite enzyme and orga-
notin compounds, fatty acid derivatives of dibutyltin
dichloride were synthesized and evaluated as
potential inhibitors of PLA,. The enzyme from the
two-trypanosome species differ with respect to
kinetic parameters and are noncompetitively inhib-
ited by the organotin compounds. The Michaelis
constant (Kyy) for PLA, from T. b. brucei is 63.87 and
30.90 pM while for T. b. gambiense it is 119.64 and
3291 pM for the substrates 1,2-bis-(1-pyrenebuta-
noyl)-sn-glycero-3-phosphocholine (PBGPC) and
2-(12-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)dode-
canoyl-1-hexadecanoyl-sn-glycero-3-phasphocholine
(NBDC;2-HPCQ), respectively.
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INTRODUCTION

African trypanosomiasis is a parasitic disease of
man and animal caused by species of the genus
Trypanosoma. The existing trypanocides have been
in use for the past 50 years and side effects and
resistance against these drugs have recently been
recorded with growing frequency in Western and
Eastern Africa.'? The understanding of the
biochemistry and cellular functions of these
parasites has made some progress in the identifi-
cation and characterization of novel drug targets
for rational chemotherapy.® Trypanosomes were
believed to be unable to synthesize fatty acids de
novo and therefore depend on the host’s lipid for
their fatty acids synthesis,* but a recent report®
revealed a specialized fatty acid synthesis in
African trypanosomes accounting for up to 25% of
their myristate requirements. Therefore, this
partial dependence of trypanosomes on host
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lipid suggests that the survival of the parasite
requires an appropriate amount of lipid in the host.

The ability of the trypanosome population to
evade the immune response of the host is due to
a dense and uniform protective coat made of
about 107 copies/cell of a 55kDa VSG.*” The
VSG of African trypanosomes has a glycosyl
phosphatidyl inositol (GPI) anchor that is
unusual in that its fatty acids are exclusively
myristate.®

Organotins are compounds which possess one
or more direct tin—carbon covalent bond(s) that
are responsible for the specific properties of such
molecules. They are widely used in agriculture
and industries; and are toxic to a variety of
organisms including bacteria, fungi, protozoans
etc’ They have been reported to have some
trypanocidal potentials.'>! In an attempt to
broaden the search for more chemotherapeutic
targets and molecules, some fatty acid deriva-
tives of dibutyltin dichloride were synthesized
and targeted against phospholipases of the
parasites. Phospholipases and lysophosphatidyl
transferases are involved in the incorporation of
lipids for the synthesis of the parasite membrane
and other structural lipids. Here, we report some
kinetic analysis of PLA,, extending to inhibition
studies using organotin compounds.

MATERIALS AND METHODS

Materials

Dibutyltin-dichloride (DBTC), -dimyristate
(DBTM), -dipalmitate (DBTP), -dioleate
(DBTO), -distearate (DBTS), and diphenyltin
dichloride (DPTC) (Fig. 1) were synthesized as
described by Van der Kerk and Luijten.'?
DBTC and DPTC were dissolved in ethanol,
glycerol and water (26:33:42), as described by
William et al.'® The fatty acid derivatives were
dissolved in absolute ethanol (one volume) and
gradually added to a mixture of equal volumes
of distilled water and glycerol (one volume).

1,2-bis-(1-pyrenebutanoyl)-sn-glycero-3-phos-
phocholine (PBGPC) and 2-(12-(7-nitrobenz-
2-oxa-1,3-diazol-4-yl)amino)dodecanoyl-1-hexa-
decanoyl-sn-glycero-3-phosphocholine (NBDC
12-HPC) were purchased from Molecular
Probes, (Eugene, OR, USA). Fetal bovine
serum (FBS) was from Equitech-Bio, (Ingram,
USA) and the tissue culture medium Eagles
MEM was from Nissui Pharmaceutical, (Tokyo,
Japan). All other reagents were either of
analytical or culture grades.

Trypanosomes

Two species of parasites were used, Trypano-
soma brucei brucei (GUTat 3.1) and T. b.
gambiense (Wellcome strain). The stabilates
were maintained in the Department of Proto-
zoology, Institute of Tropical Medicine, Naga-
saki, Japan. The frozen stock of the parasites
was grown in female ICR mice (6-8 weeks
old). At high parasitaemia, estimated from the
blood of the infected mouse by the rapid
matching method,* the mouse was sacrificed
and blood removed by cardiac puncture. The
trypanosomes were separated from the blood
cells on a DE-52 (Whatman) anion exchange
colunm® and counted on an improved Neu-
bauer hemocytometer.

Enzyme Extraction

About 10%cells/ml were lysed by sonication
twice at maximum amplitude for 500s in the
presence of lysis buffer (50 mM phosphate buffer
pH 7.4 containing 50l each of 5ug/ml of
pepstatin, leupeptin and antipain). The lysate
was centrifuged at 15,000g at 4°C for 20 min. The
supernatant was then checked for phospholipase
(PLA) activity. 10ml of the lysate was applied to
a DEAE cellulose column pre-equilibrated with
either 50mM of phosphate or tris-buffer pH 7.4
and 8.0, respectively. Fractions of 5ml each were
collected (flow rate of 1 ml/min) using 0.1-0.5M
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FIGURE 1 Structural formulae of the organotin compounds. DBTC and DPTC are parent compounds Derivatives were
synthesized by substituting the chloride ions with myristate, palmitate, oleate and stearate.

NaCl gradient and checked for PLA; activity
against PBGPC and NBDC,-HPC as the sub-
strates. The PLA, fractions were precipitated by
NH450, (70%) and dialyzed either against buffer
or in polyethylene glycol 6000. This dialysed
fraction was used as the source of the enzyme.
Protein concentration was measured by Bio-Rad
DC Protein Assay using a Beckman, DU Series
600 spectrophotometer at 750 nm.

Enzyme Assay

A micro plate phospholipase assay was set up
using different concentrations of PBGPC
(1.25mM) and of NBDC;,-HPC (2.5mM) as
substrates. These stock solutions were stored at
—30°C until required for use. The activity of the

PLA, towards the substrates was assayed using
50 mM phosphate or tris-buffer at pH 7.4 and 8.0,
respectively, in a total reaction mixture of 60—80 .l
at 37°C. This mixture consisted of 1 mM Ca®*, the
enzyme, the substrate, 1% Triton X-100, and made
up to 60-80ul with the corresponding buffer
depending on the assay condition. After incu-
bation for 30 min, the reaction was stopped using
60 wl of 0.0625 M NaOH. PLA; activity liberates the
fluorescent fatty acids from the sn-2-position of
each of the substrates. The fluorescence intensity
was read using Fluoroscan II with excitation
365 nm and emission at 450 nm for PBGPC and 465
and 530nm for NBDC,;,-HPC. Results are
expressed in an arbitrary unit of fluorescence
intensity per min. Controls without added enzyme
were run for each assay.
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Similar preparations were conducted under
the same conditions as described in the enzyme
assay above but with different concentrations of
the organotin inhibitors in a total reaction
mixtures of 60-80ul. The kinetics of the
inhibitions were analysed by appropriate plots
of the residual activity.

Data Analysis

All experiments were carried out in either
duplicate or triplicate. Data were fitted into the
appropriate equation with the use of CA-Cricket
graph III Software package. In all the computed
kinetic parameters a Hanes—Woolf plot was
used.

In Vitro Cultivation and Lysis Studies

The trypanosome species were cultivated in vitro
according to established procedures.'®!” Various
organotin compounds were tested against the
parasites using a 24 well micro-titre plate
technique. 10-200puM of each of the test
compounds was added to induce lysis and was
monitored under a phase contrast microscope.

RESULTS

The activities of partially purified PLA, from the
bloodstream form (bsf) of T. b. brucei and T. b.
gambiense using PBGPC and NBDC;»-HPC as
substrates were determined in phosphate
(50mM) and tris-buffers (50mM) at pHs 7.4
and 8.0, respectively, by varying the concen-
tration of each substrate. The PLA; activity from
the procyclic form (pcf) of T. b. brucei was
observed to be 3.5 times lower than that from the
bsf form. The effect of temperature and pH on the
activity of the enzyme was determined and
showed optimum activity at 37°C and pH 6.5-8.5
(Fig. 2(a) and (b)) which is in accord with the
temperature at which the parasites inhabit, infect

and proliferate in the mammalian host or in
culture. The observed optimum pH range and
non-requirement of Ca®* by the enzyme, suggest
that the activity is more likely from the soluble
cytosol/membrane-bound form rather than the
particulate or secreted one which is assumed to
lie within the acidic pH range or Ca**-depen-
dent, respectively.

The Ky, Vimax and K; were computed using a
Hanes—Woolf plot from the respective slopes
and intercepts (Fig. 3(a) and (b)). Both enzyme
activities are Ca®*-independent and Triton
X-100 was observed to be a requirement for
the activity of the enzymes (Fig. 4). Tables I
and II show the various computed kinetic
parameters. DBTM, DBTP, DBTO and DBTS
were observed to have mixed inhibitory effect
on the PLA, while in the case of DBTC and
DPTC the inhibition appeared to be noncom-
petitive using double reciprocal plots. The
index of physiological efficiency (PE, Vinax/Knm)
for the enzyme from the two parasites with
respect to each of the different inhibitors is
shown in Fig. 5 where the PE is observed to be
reduced as compared with controls without
inhibitors. This reduction in PE appeared to
have similar tendency for all the tin com-
pounds in the case of T. b. brucei while T. b.
gambiense appeared to be relatively more
resistant to some.

Effect of the compounds on the in vitro
cultured bloodstream forms(bsf) is almost simi-
lar and dose-dependent. However, the overall
consequence of their effect (both derivatives,
DBTC and DPTC) on the morphology of the
parasites is lysis as observed under phase
contrast microscopy (Fig. 6).

DISCUSSION

The chemotherapy for trypanosomiasis is unsa-
tisfactory and attempts at vaccine development
has been thwarted by the parasites remarkable
property of antigenic variation'® which enables
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FIGURE 2 (a) The effect of temperature on the activity of PLA; from T. b. brucei and T. b. gambiense measured between 12-40°C,
with 37°C as the optimum temperature of activity. (b) The effect of pH on the activity of the enzyme in the presence of acetate,
phosphate and tris-buffers between pH 5-9, with pH optimum between 6.5-8.5. Reaction mixture was incubated for 30 min after
which the fluorescence intensity was measured with Fluoroscan II at excitation 465nm and emission at 530nm. Results are
averages of three different determinations in the presence of NBDC,,-HPC as substrate under similar conditions.
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FIGURE 3 Representative Hanes—Woolf plot of substrate concentration/initial velocity versus substrate concentration.
Reaction mixtures were incubated for 30min at 37°C and activity was measured fluorometrically by varying the substrate
concentration (NBDC;,-HPC) at fixed protein concentration of 20 ug/ml. Kinetic parameters and inhibition constants were
calculated from the intercepts and slopes of the plots. (a) for T. b. brucei and (b) T. b. gambiense. Results are averages of three

different determinations. No I= plot of activity in the absence of inhibitor. Inhibitor concentration=100 pm.
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FIGURE 4 Effect of Ca®* and Triton X-100 dependence on
the activity of PLA,. Reaction mixture with and without 1 mM
Ca* and 1% Triton X-100 was set up, incubated at 37°C for
30min in the presence of NBDC1,-HPC as substrate. Activity
was measured fluorometrically and relative activity was
calculated as a % in the presence of 1 mM Ca®* and 1% Triton
X-100 as maximum activity.

the parasite population to evade the host’s
specific humoral immune attack.”” Because
trypanosome proliferation is rapid, it has been
likened to some types of cancer cells and most
existing trypanocides are reported to have anti-
cancer effect or vice-versa.”’

To design and develop new active molecules
for the chemotherapy of African trypanoso-
miasis, we synthesized fatty acid derivatives of
dibutyltin dichloride (DBTC) (Fig. 1). Dibutyl-
tin dichloride and diphenyltin dichloride
(DPTC) have been reported to have some
anti-cancer’’ and antitrypanosomal activity."!
Generally organotins possess growth inhibitory
properties in different biological systems by
interacting with vital biomolecules,? and their
mode of action depends on the type of
biological system and the anionic groups
attached to the parent organotin. The design
of these derivatives appears to be an interest-
ing approach in the sense that these com-
pounds could be easily incorporated by the
parasites in an attempt to satisfy their lipid and
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TABLE1 The kinetic parameters of PLA, from the two parasites in the presence of each of the flucrescent substrate (reaction
mixtures were incubated for 30 min at 37°C after which fluorescence intensity was measured using Fluoroscan IL The values are
computed from the intercepts and slopes of the Hanes—Woolf plots in the presence and absence of inhibitors. Vi, is expressed in
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arbitrary unit of fluorescence intensity/min. Results are from the averages of three different determinations)

T. b. brucei T. b. gambiense
Substrate
Km Vinax K Virax
(M) (unit/min) (M) (unit/min)
PBGPC 63.87 43.48 119.6 90.91
NBDC,;,-HPC 30.9 14.71 329 2222
125
T.b.gambiense
TABLEI Showing the inhibition constants (K;) for the two T.b.brucei
parasites in the presence of NBDC;;-HPC and 100 pM 100 =
inhibitor concentration (reaction mixtures were incubated
for 30min at 37°C after which fluorescence intensity was
measured using Fluoroscan II. The values are computed from
the intercepts and slopes of the Hanes—Woolf plots in the 75 =
presence and absence of inhibitors. V... is expressed in
arbitrary unit of fluorescence intensity /min. Results are from
the averages of three different determinations) =
2 S0
Ki (uM) g
Inhibitor L
T. b. brucei T. b. gambiense = 25+
DBTM 138.4 136.4 -
DBTP 131.2 1327
DBTO 212.3 107.1
DBTS 131.2 1024 0
DBTC 486.1 100 +
DPTC 3776 140.7 3 g £
E B
Modulators

fatty acid needs. PLAs are a family of esterases
that hydrolyze sn-ester bonds in phospholipids,
releasing free fatty acid and lysophospholipid.
African trypanosomes contain phospholipases,
and higher activity is believed to be a function
of pathogenicity® Other protozoan parasites
have been reported to have PLAs that are
implicated in pathological and intracellular
processes, and have been suggested as targets
for therapeutic intervention. A Ca®*-indepen-
dent PLA, was detected in Plasmodium falcipar-
um-infected erythrocytes but not in uninfected
cells;* Saffer and Schwartzman® and Cassaing
et al?® detected Ca®**-dependent and Ca**-in-
dependent PLA, respectively, from super-
natants of sonically disrupted Toxoplasma
gondii and believed that these enzymes may
play a role in host cell penetration. Pathogenic

FIGURE 5 Index of physiological efficiency (PE) (Vimax/Km)
for PLA, from T. b. brucei and T. b. gambiense with respect to
the different inhibitors. The efficiency of the enzyme is
reduced by 100pM of each of the compounds which the
parasites are sensitive to in vitro.

mechanisms in trophozoites of Entamoeba
histolytica implicates a Ca?*-stimulated PLA,.%’
Although there appear to be variations in
terms of Ca®* requirement by the PLA, from
various protozoan parasites, their ultimate role
is common, to aid the parasites survive the
host’s hostile environment. Our observed
trypanosome Ca®*-independent PLA, may
functionally, therefore not be an exception.
Various types of PLA, with cytolytic and
neurotoxic effects from venoms of different
species of arthropods, insects and reptiles have
been reported. The different biological func-
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FIGURE 6 Effect of DBTC on the morphology of in vitro cultured T.b. gambiense (a) Shows the normal shape of the bloodstream
cultured form of Trypanosoma brucei gambiense before exposure to organotins as observed under phase contrast microscopy. (b)
Shows the deformed form of Trypanosoma brucei gambiense after exposure to lethal dose of organotin as observed under phase

contrast microscopy.

tions of PLA in metazoans and protozoan
parasites pre-suppose the parasites PLA to be
selectively vulnerable to certain compounds.
The synthesized organotins (Fig. 1) were
observed to inhibit the activity of the partially
pwrified PLA; from the parasites, with various
inhibition constants (K;) at a fixed inhibitor
concentration (Tables I and II). The PLAs from
the two parasites, T. b. brucei and T. b.
gambiense, differ with respect to kinetic par-
ameters and inhibitors, even though they are
morphologically indistinguishable. This is not
surprising as the two parasites inhabit and
infect different hosts and also in consideration
of the various reported molecular and bio-
chemical differences. The synthesized organo-
tins were also observed to induce lysis of both
the T. b. brucei and T. b. gambiense in vitro in a
dose-dependent fashion (data not shown).
PLA; enhances T. cruzi-macrophage association
in the initial step of the macrophage invasion
process and quinacrine, 4-bromophenacyl bro-
mide or phentermine (PLA, inhibitors)
decreased host cell-parasite association.?® Inhi-
bition of plasmodial PLA, by the antimalarials
chloroquine, quinine and arteether is suggested
to have relevance in the chemotherapeutic
action of these drugs®*. Tributyltin-bis-oxide
and extracts from Allium sativa are trypanocidal

and were observed to inhibit trypanosomal
PLA,.!%% However, as organometallics interact
with a range of biomolecules, it is not
immediately clear whether the death of the
parasites in the culture form was directly a
result of the inhibition of PLA, but it is likely
that the derivatization of the toxic organotin
moiety with fatty acids, that may be required
by the parasites, facilitated their uptake and
subsequently lysed the parasites. Notwithstand-
ing, as chemotherapy remains the most power-
ful strategy for control of trypanosomiasis, a
search for effective PLA inhibitors that will
starve the parasites of their extravagant
requirement for fatty acid or enhance the
bioavailability of toxic organoarsenics with
fatty acids could probably be steps in the
right direction.
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