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Pro tein tyrosi ne kinases ( PTKs ) arc believed to be implicated in the parasite growth, maturat ion and differentiation
fu ncti ons. Pro tein tyrosine kinase ac tivi ty was fo und to be distribut ed in all the stages of P. fa /cipC/ I'/(/Il parasite maturation.
Membrane bou nd PTK acti vity was fo und to be increased during maturation process (ri ng stage to trop hozoi te stage) in
chloroquine sensitive strai ns. III vivo conversion of the schizon t stage to rin g stage via release of merozoites was associated
with a dec rease in PTK activity. Ch loroqu ine inhi bited the membrane bound PT K activi ty in a dose dependeI1l manner (ICsll
= 45 pM). Kinetic studies show that chloroqu ine is a competi tive inhi bito r of PT K with res pect to pepti de substra te and no ncompetitive with respect to ATP indicati ng that chloroquine inhibits PTK ac ti vity by binding wi th protein substrate binding
site. The results suggest th at maturation of malaria parasite is related to PTK and inhibi tion of thi s activity by chl oroqu ine
could provide a hypo thesis to explain the mecha ni sm of action of chloroq uine.

Plasmodium fa/ cipa l'lll11 is the causative agent of the
most seriou s fo rm of human malari a in tropics and
sUbtropics I. The ma lari a paras ite durin g most of its
life cycle in the mammali an host res ides within th e
intracell ular environment of the erythrocyte, however,
many studi es indicate that it is able to communicate
with the extrace llul ar milieu2.1 . The signals involved
in tri ggerin g cell growth , proliferati on and mol ecul ar
events controlling sex ual differenti ati on are unkn ow n
and are believed to be medi ated via the parasite
membrane.
Protein tyros ine kin ases (PTKs) are th e principal
signa! enzymes enabling cell to ce ll communicati on,
growth regul ati on and differenti ati on4 . Prelimin ary
studi es on prote in kinases of P. f alcipa rul11 have described a cyclic AMP dependent protein kinase", a
Ca2 +-activated protein kin ase 6 , a cdc 2 like protein
kin ase 7 and case in kinase I (CK_I )8. Due to rapidl y
developing resistance to antimalarial dru gs it has become necessary to obtain fundamental kn owl edge on
the mechani sm of parasite development at ce llul ar
level to identify susceptible targets. Since reversibl e
protein phos phorylati on and dephos phorylati on co nstitute a major mechani sm of signal transduction and
play important role in the regul ation of cellul ar
events? th e present study report the role of membrane
bound PTK In the development/maturation of
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P. falciparulI1 and characterization of thi s PTK

acti vity.

Materials and Methods
Most of th e reagents used in thi s stud y were purchased from Sigma Chemica l Company (USA), except RPMI 1640 ( Gi bco Laboratories, Grand Island,
NY); percoll ( Coll oidal PYP coated silica, Pharmacia, Uppasa la, Sweden); protease inh ibitors and PTK
inhibitors and PTK assay ki t ( Boehri nge r mannheim,
GmbH , Germany).
Parasites-Chl oroquine sensiti ve (CQ-S) strain of
P. f alciparum (FJB-D9) was ma intained ill viTro in

RPM I 1640 medium whi ch was supp lemented with
25 mM HEPES/0.37 mM hypoxanthine/ I00 mg neomyc in base/lO % heat inactivated feta l calf serum .
Paras ites were grown at 37°C in cand le jar and
monitoring of the paras itae mi a was done after every
24 hrl o.
Ety throcytic stages of parasite-Asy nchronous
cultures hav ing a parasi taemi a between 5- 10 % were
taken for iso lati on of different stages by Percoll density gradi ent ll . Di fferent co ncent rations of Perco ll
(30, 45 , 50 and 65 % ) were used. Purity of each fo rm
after gradi ent centrifu gati on was chec ked by microscopic examin ati on.
Isolation of parasite oll d membra ne preparation-

Infected erythrocytes (d ifferent stages) were
harvested by centri fugation (700 g, 10 min , 4°C) and
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washed twice with phosphate buffer (5 mM, pH 8).
Released parasites were concentrated by centrifugation ( 1500 g, 15 min , 4°C). Based on the acetyl choline esterase acti vity, I % of the erythrocytes were
copurified with the paras ite fractions on the Percoll
and the overall purity of the isolated parasites was
based on NADP- glutamate dehydrogenase activity as
described previously l2. The isolated parasites were
washed twice and resuspended in lysis buffer (20 mM
Tris, pH 7.5, 10 mM DTT, 2 mM EDT A, 2 mM
EGT A, I mM PMSF, 5 I1g/ml leupeptin and 250 mM
sucrose). The parasites were sonicated for I min with
alternative cooling and centrifuged at 1,50,000 g for
30 min to separate membrane fraction from cytosolic
fraction in a Beckman Ultra centrifuge. Membrane
fraction was washed in lysis buffer and stored for
further analyses.

fected erythrocytes at the top of Percoll was washed
twice with RPMI 1640 and subjected to lysis as described for the isolated parasites. To determine any
contribution from the contaminating erythrocytes and
the leukocytes, uninfected and infected erythrocyte
preparations in which the parasites were grown for
the PTK activity were also assayed .
Inhibition studies- Protein tyrosine kinase acti vi ty
was inhibited with piceatannol, a specific inhibitor of
PTK. Pellet of the trophozoites of CQ-S strain was
used as an enzyme source for the assay PTK activity.
Chloroquine (CQ) was di sso lved in water and appropriate dilutions (0-300 f-lM) were used for inhibition
ofPTK activity.
Data analysis-Analysis of data was performed
using one way analysis of vari ance. Two variables
were compared by the Student's t test.

PTK estimation-PTK activity in the parasite
membranes was measured using a slightly modified
non radioactive method L1 • Briefly, the standard kinase
assay mixture contains assay buffer (50 mM
Tris/HCI , pH 7.5, 20 mM Mg-acetate, 5 mM NaF, 0.2
mM EDT A, 0.8 mM EGT A, 1.0 mM dithiothreitol , 30
11M Na4Y0 4 , 300 11M ATP), peptide substrate [111M
(biotin-EGPWLEEEEEA YGWMDF-amide)] , ATP ( I
mM) , Mg+2 ( 10 mM) and the enzyme sample (10 I1g) .
The reaction mixture was incubated at 37°C for 60
min. Thus in all PTK assays the samples were incubated at 37°C for 60 mjn as determined to be the optimum duration for maximum activity of PTK. After
the enzyme was quenched by a specific inhibitor (3
mM piceatannol, 120 11M EDT A) phosphorylated and
dephosphorylated substrates were immobilized by
binding to a streptavidin coated microtitre plate and
the reaction mixture was washed out. The left over
fraction of the phosphorylated substrate was determined immunochemically with ABTS (a regi stered
trade mark of Boehringer Mannheim) via a hi ghly
specific antiphosphotyrosine monoclonal antibody
directly conjugated to peroxidase. The absorbance
was measured at 405 nm (reference wavelength approx . 490 nm) using a mjcrotitre plate reader (ELISA
reader). The protein concentration in the samples was
measured according to the method of Lowryl 4.

Results
Expression oj PTK activity-Membrane bound
PTK activity of P. Jalciparum (CQ-S) strain varied
from one stage to another. In the process of maturation from ring stage to the schizont, PTK acti vity was
found to be increased, however, the activity was
lower in the merozoite stage (Table I). The data show
th at piceatannol and CQ both inhibit the activity of
these PTK in the later stages of parasite maturati on,
i.e trophozoite and schizont. To assess the amount of
the parasite deri ved PTK activity relative to the host
PTK activity, total activity of PTK in the pellet of
infected and uninfected erythrocytes was compared.
Of the total PTK activity about 90% of the acti vity
was of parasite origin as described earlier '5 .
Inhibition oj PTK activity and kinetic analysisPiceatannol as well as CQ inhibited the PTK acti vi ty

PTK activity in injected and uninJected eryth ro cytes-Cultures were enriched for parasitized cells by
loading 2 ml of infected cell s at 10% hematocrit of
65% Percoll in RPMI 1640. The tubes were centri~uged at 2000 rpm for 20 min . The layer of the in-

Table l-Di stri bulion and inhibition of membrane bound PTK
activity in developmental stages of Plasll1odiullljalcipa/'lllll
[Values are mean ± SE for tri plicate assays for 5 independent
Cullu re ex peri mel1ls1
PTK Activity
(I' moles phosphate incolporated/m g pro-

Stages

Statlls

tein/mill)
Chloroqllin e

Piceala/llw l

Ring

5.0 ± 0.5

3.6

± 0.3

2.0 ± 0.3

Trophozoite

5.4 ± 0.6

3.7 ± 0.4

2. 8 ± 0.2

Schizont

6.0 ± 0.5

4.0 ± 0. 3

3.7

Merozoite

4. 8 ± 0.4

2.7

± 0.2

± 0. 3

2.7 ± 0.2
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in a dose dependent manner in the CQ-S strains of P.
Jalciparum (Fig. I). The effect of varying concentrations of CQ on the kinetics of peptide phosphorylati on was examined both in presence of peptide substrate and ATP, usi ng Lineweaver Burk double rec iprocal plot. CQ was found to be a competitive inhibitor
of PTK (Ki = 21 11M) with respect to peptide substrate (Fig. 2 A) and a non-competitive inhibitor with
respect to ATP (Fig. 2 B) respectively .

Discussion
Protein phosphorylation is a crucial component of
the s ignal transduction pathways by which extracellular signaling molecules influence their target cells.
Such processes as mitosis are ultimately dependent on
the interaction of extracellular growth factors (fibroblast growth factor and platelet derived growth factors etc.) with their appropriate membrane embedded
receptors, an interaction that is tran smitted to the cell
l6
nucleu s through protein kinases . Protein kinases
have a central role in the regulation of cellular events,
l7
including cell growth and proliferation . PTK activity is distributed in cytosol and membrane fractions of
P. Jalciparum and the cytosolic PTK activity has been
1R
characterized. . The results of the present study inclicate that the membrane bound PTK activity was a lso
found to be increased during the maturation of parasite from ring stage to schizont (Table I). The results
further show that piceatannol and CQ both inhibit the
acti vity of this PTK in the later stages of parasite
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Fig. 2-Kinetic analysis of th e interactions of chloroquine with
membrane bound PTK activity in trophozoites of ch loroquine
sensitive (CQ-S) strains. Lineweaver Burk double reciprocal plo t
o f increas in g concentratio ns of (A) peptide substrate and (B) ATP
on the inhibition of PTK by CQ. Each point is average of triplicate determin ation s.

maturation. The occurrence of PTK activity in P Jalciparum and its inhibition by piceatannol and CQ
(Figs I and 2) suggest a plausible role of second messengers in the regulation of cell growth and differenI 8 19
ti ation . • Tyrosine kinase (PfPK2) ac tiv ity has been
shown to be expressed in P. Jalciparum and is bel9
lieved to be involved in the growth process and signal transduction. Recently a protein tyros ine kin ase
activity has been shown to be stron gly upregulated by
IFN-y and is believed to be involved in the growth
20
process . The present results on the inhibition of
protein tyrosine kinase by antimalarial dru g opens up
new drug targets for the killing of malaria parasites.
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Fig. I-Inhibition of membrane bound PTK activ it y by increasing
concen trations of piceatannol and chloroquine in chloroquine
sensi tive strain of P. !alciparulIl .

Protein kinases select their in vivo substrate targets
with exquisite preci sion, in spite of the fact that the
members of this very large fami ly are similar in
structure, utilize an identical substrate (ATP). The
major phosphoproteins and protein kinase activity of
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malarial parasites have been described prev iously-21.22
and the proteins have been desi gnated as ppg are 36,
34 and 32 kDa in P. jalciparum, P. berghei and P.
chabaudi respectivel / J . These findings imply that 34
kDa phosphoprotei n may be a protein kinase capable
of phosphorylating protei ns or may act as an activator
of a protein kinase l9. It is therefore, speculated that
during the course of maturation thi s 34 kDa protein
may be acting as an activator of PTK ac tivity. As the
parasite schizont gets ready to release fresh merozoites it is quite probable that thi s protein factor may
undergo proteolys is lead ing to the production of
smaller fragments of 19 and 15 kDa . Both these fractions have been demonstrated not to be an activator of
protein kinase acti vity l9. It is therefore, speculated
that the present observati on of a lower PTK activity
in merozoites may be having a co-relation with thi s
proteolyti c activity. The proteolytic process ing of
MSP-I and its potential role in in vasion is an example
of developmentally regulated proteolysis24 .25 . In addition chymotryps in like protease acti vi ty have been
implicated in the rel ease of merozoites from schi zonts
and proteases that are ex pressed spec ifically during
the schizont stage and merozoite stage have been described 26-28 . During th e paras ite maturation from rin g
stage to merozoi tes, the protein kinase activity decreases suggesting t~la t probably the proteolytic process ing of 34 kDa r;rotein may be a phys iological
regulator of kin ase activiti 8 .
To examine the mec hanism of interaction of CQ
with PTK, the effect of different concentrations of
inhibitor on th e kineti cs of peptide phosphorylation
was studi ed. CQ di splayed a competitive inhibition
pattern (Ki = 21 f-lM) versus peptide substrate. In
contrast, the inhibition pattern versus variable ATP
concentration was f"lInd to be non-competitive. Kinetic studies showed that CQ is a competitive inhibitor of protein tyrosine kin ase with respect to peptide
substrate and non-competitive with respect to ATP
indicating that CQ inhibits protein tyrosine kinase
activity by binding with protein substrate binding site.
The mode of action is similar to th at observed fo r
synthetic analogue (t ryphostins)29, which share a
structural simil arity to tyrosine. The present results
are in agreement to the observations that were made
earlier in the cytosolic PTK of P. jalciparum l 8 and
also to those of Geahlen and McLaughlin' Owho have
also showed that piceatannol can inhibit PTK in intact cells and thus may provide a new class of antimalari als for resistant malari a cases. Determin ation
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and expression of this developmentall y regul ated
PTK in P. jalciparum may now allow to coordinate
studies on various aspects of the development of new
drugs for CQ resistant mal ari a. Studies are in process
to elucidate the function of Pf PTK during the parasite growth cycle as most of the kin ases involved in
signal transduction are localized in or associated with
the cellular membranes emphasizing the external and
internal communicative function of the protein tyrosine kinases.
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