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Abstract. – OBJECTIVES AND METHODS:
Previous studies have shown that CRK3 protein
kinase of Leishmania mexicana is a potential drug
target. Therefore, the aim of this study was to pro-
vide an active protein kinase for chemical in-
hibitors testing. A system was developed to ex-
press and affinity-purify recombinant L. mexicana
CRK3 protein from Escherichia coli.

RESULTS: Biochemical analysis has confirmed
the expression of the pure kinase. The bacterial-
expressed kinase was found to be inactive as a
monomer. The mutated CRK3-E178 protein kinase
was also found to be inactive.

CONCLUSION: This study suggests that cyclin
binding and phosphorylation status are both im-
portant for reconstituting protein kinase activity.
Work presented by this paper has confirmed the
usefulness of the prokaryotic system for produc-
tion of pure homogenous recombinant protein ki-
nase of Leishmania parasite, though this system is
unable to produce active CRK3 protein kinase.
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Abbreviations

CRK3 = cdc2-related kinase 3
E. coli = Escherichia coli
SDS = Sodium dodecyl sulphate
Ni-NTA = Nickel-nitrilotriacetic acid
Kb = kilobase

Introduction

The protozoan parasite of the genus Leishma-
nia causes leishmaniasis in most tropical and
sub-tropical areas of the world, affecting 12 mil-
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lion people and rendering 350 million at risk in
88 countries, 72 of which are developing coun-
tries1. The current treatments for kinetoplastid-
caused diseases are not ideal: They are either
very expensive, ineffective in many patients, or
have severe side-effects. For instance, current
treatments for the life-threatening, visceral form
of leishmaniasis –VL -(antimonials or the ex-
pensive amphotericin B/lipid formulation) are
administered by a series of injections over sever-
al weeks. However, recent clinical trials of an
oral formulation of miltefosine have given
promising results in treatment of VL2. Neverthe-
less, there is still a need for treatments, which
have fewer side effects and shorter treatment
courses. There are several target molecules or
metabolic pathways of kinetoplastids that have
been investigated including trypanothione reduc-
tase and polyamine metabolism, farnesyl trans-
ferase and cysteine proteinases, folate metabo-
lism, topoisomerases3, and cAMP signalling
pathways. Other protozoa molecules such as cy-
clin-dependent kinases (CDKs) have recently in-
vestigated as novel drug targets4.

A number of cdc2-related kinases (CRK)
genes have been isolated from trypanosomatids,
including Crithidia fasciculata5, Trypanosoma
(T.) brucei6, Trypanosoma cruzi7, Leishmania
(L.) mexicana8-9, L. major10, and L. donovani11. L.
mexicana cdc2-related kinase (CRK3) is a single
copy gene with 5-fold higher mRNA in the
replicative promastigote form than in both the
non-dividing metacyclic and the mammalian
amastigotes forms9. In addition, CRK3 from cell
extracts of three life-cycle stages was found to
bind the fission yeast p13suc1 as well as the leish-
manial homologue p12cks1. Moreover, CRK3
fused with six histidines at the C-terminus was
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expressed in L. mexicana and was shown to have
suc-binfing cdc2-related kinase (SBCRK) his-
tone H1 kinase activity9.

Furthermore, CRK3 is essential to L.
mexicana, as all attempts to disrupt both alleles
in the promastigote form had resulted in changes
in cell ploidy, and is expressed throughout the
whole life cycle with its active status at the G2/M
phase of the cell cycle12. The L. mexicana CRK3
has also been shown to be of 54% sequence iden-
tity to the human HsCDC29. Taken all these to-
gether, CRK3 have a potential as drug target.
Flavopiridol inhibits CRK3 kinase activity
through studies done on recombinant (transgenic
parasite) and native forms12. However, the speci-
ficity has not yet been confirmed, due to the low
expression level of CRK3 in Leishmania. In addi-
tion, Flavopiridol could probably inhibit other
leishmanial CRKs. Therefore, recombinant
CRK3 produced in prokaryotic system would be
more suitable for this purpose.

The over-expression of CRKs in the bacterial
as well as insect cells is well known approach to
study the biochemical and physical characteris-
tics of these molecules, and to evaluate their as-
sociated kinase activity. The recombinant T. cruzi
CRK1 (TzCRK1) is a good example that has
been shown to interact with the mammalian cy-
clins7. The main objective of this study was to
provide an active CRK3 that could be used for
inhibitory assays. In order to produce homoge-
nous pure recombinant CRK3, Escherichia (E.)
coli system was used in this study.

Materials and Methods

Expression of L. mexicana CRK3 Protein
in E. coli

The L. mexicana CRK3 gene was excised from
the plasmid pGL343 by digestion with BamHI,
gel-purified and sub-cloned into pET5a (No-
vagen, Merck KGaA, Darmstadt, Germany) to
give plasmid pGL448, that encodes a C-terminal-
ly His6-tagged CRK3 (CRK3his). In order to
confirm the presence of the CRK3 fragment, a
PCR screen was performed using the primers
OL258 and OL261, which anneal to the 5′ and 3′
end of the CRK3 gene and the correct orientation
was checked by restriction digestion with
BamHI. E. coli BL-21 (DE3) expression strain
was then transformed with plasmid pGL448.
Overnight cultures of these cells were diluted

1:100 into fresh Luria-Bertani (LB) media sup-
plemented with 100 µg/ml ampicillin, grown at
37°C to an OD600 of 0.4-0.6 and then induced
(30°C, 0.2 mM IPTG [Isopropyl-1-thio-β-D-
galactopyranoside] for 4 hours). Cells were har-
vested, resuspended in sonication buffer (SB: 50
mM NaPi, pH 8.0, 300 mM NaCl) and lysed by
sonication as previously described16. The sonicat-
ed lysates were cleared by centrifugation. All
samples were then, loaded into a 12.5% sodium
dodecyl sulphate (SDS)-polyacrylamide gels
(PAGE) and the separated proteins were visual-
ized by Coomassie-Blue staining.

Purification of L. mexicana CRK3his
from Escherichia coli

The supernatant was bound to nickel-nitrilotri-
acetil acid (Ni-NTA) agarose beads in 10 ml dis-
posable column and, after washing with WB (50
mM NaPi, pH 6.0, 300 mM NaCl, 10% glycerol),
the pure fusion CRK3his was eluted with SB that
contains increased amount of imidazole. The Fast
Protein Liquid Chromatography (FPLC) (Bio-
CAD, San Diego, CA, USA) was also used to
scale up the CRK3his purification and to obtain
pure kinase. Originally, a 0.5 litre cultures were
induced as usual and the cells lysates were fil-
tered through a 0.2 µm filter. A volume of 12-20
ml of the E. coli cell lysates that contains the sol-
uble L. mexicana CRK3his was passed over Ni-
NTA column (BioCAD, San Diego, CA, USA),
which was nickel chelated, primed with 500 mM
imidazole and equilibrated by sonication buffer
(SB). The column was washed with wash1 buffer
(SB containing 0.5 mM imidazole) at a flow rate
of 10 ml/min for 10 min, and then with wash 2
buffer (SB containing 20 mM imidazole). The
elution was performed using a linear gradient of
20-200 mM imidazole contained in SB over 10
cv (column volume). The protein elution profile
was monitored by measuring the absorbance at
280 nm spectrpphotometer (Jenway, NJ, USA).
The purification steps were monitored by run-
ning all samples on 12.5% SDS-polyacrylamide
gels (SDS-PAGE) and the separated proteins
were visualized by Coomassie-Blue staining. The
relative yield of CRK3his was determined using
bicinchoninic Pierce BCA protein assay and was
performed as per manufacturer. Briefly, standards
were prepared as diluted bovine serum albumin
(BSA) in wash buffer then 25 µl of each standard
were mixed with 10 µl sample and 200 µl of the
working reagent in 24-well microplate. The plate
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was then incubated for 30 minutes at 37°C, and
then cooled to RT. Finally, the absorbance was
measured at 562 nm using Microplate Reader
MRXII (Dynex technologies, Kansas, USA). The
readings were plotted to find out the correct con-
centration.

L. mexicana CRK3his Western blot Analysis
Following SDS-PAGE, proteins were transferred

to polyvinylidene difluoride (PVDF) membrane
(GE Healthcare, Little Chalfont, Buckinghamshir,
UK) for 50 min at RT and 120 V in transfer buffer
(48 mM Tris base pH 8.3, 39 mM Glycine, 0.037%
SDS (w / v), and 20% (v / v) methanol). Blots were
then pre-blocked with Blotto buffer (1 × TBST, 5%
low fat milk, 10% horse serum) for 1 hour at room
temperature (RT). Meanwhile, the primary anti-
body was prepared by adding 50 µl of anti-serum
528 (anti-sera against C-terminal peptide sequence
from L. mexicana CRK3 [CQHPWFSDLRW]) to
5 ml Blotto, then divided into 2 parts, 5 µl of pep-
tide solution were added to one part, and both were
mixed for 1 hour at RT. Membranes were blocked
for 3 hours at RT (or overnight at 4°C) with block-
ing peptides to a final dilution of 1:50 or without
these peptides. After three washes with 1 × TBST
buffer (10 mM Tris [pH 8], 150 mM NaCl, 0.05%
Tween-20), membranes were probed with a 1 in
400 dilution of Biotin-conjugated anti-rabbit IgG-
B (Santa Cruz Biotechnology, Santa Cruz, CA,
USA) for 45 min at RT, then were incubated for 10
min with a 1 in 100 dilution of avidin reagent (San-
ta Cruz Biotechnology), after which, the biotinylat-
ed horseradish peroxidase (HRP) (Santa Cruz
Biotechnology) solution was added and incubated
for 30 min. Washing as before, and detected using
chemiluminescence system (Pierce SuperSignal,
Thermo Fisher Scientific, Rockford, IL, USA).

Site-Directed Mutagenesis
Mutant CRK3his kinase was constructed using

Quick ChangeTM site-directed mutagenesis kit
(Stratagene, La Jolla, CA, USA). Oligonu-
cleotide primers OL877 (5′-CCCATGCACACC-
TACGAGCACGAGGTGGTTACG-3′ mutated
nucleotides are underlined) and OL878 (5′-CG-
TAACCACCTCGTGCTCGTAGGTGTG-
CATGGG-3′) were used to produce Thr-178-Glu
mutation. The plasmid pGL448 was used as tem-
plate to create the plasmid pGL665 and mutagen-
esis was performed as recommended by the man-
ufacturer. Expression and purification by selec-
tion on Ni-NTA agarose beads of the mutated
CRK3hisE178 were performed as described pre-
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viously and washed with washing buffer (50 mM
sodium phosphate pH 6, 0.3 M NaCl, 20 mM im-
idazole, and 10% glycerol), and eluted with imi-
dazole (0.1-0.5 M) added to washing buffer.

Kinase Assay of the Recombinant
L. mexicana CRK3his

Assay of CRK3his kinase activity was carried
out by binding 5 ml lysates of cells expressing ei-
ther wild type or mutated CRKhis-E178 to 0.8
ml of 50% slurry Ni-NTA beads. Then by incu-
bating 20 µl of the CRK3his-bound beads with
KAM (Kinase Assay Mix) at 30°C for 20 min
with 1 µCi [α-32P]-γ-ATP (Amersham Radiolabel
Chemicals, Saint Louis, MO, USA) in 20 µl total
reaction volume. The unbound proteins were sep-
arated from the specifically bound ones by SDS-
PAGE run, and the signals were detected by auto-
radiography (Typhoon phosphor imager, Amer-
sham Pharmacia Biotech, Piscataway, NJ, USA).
Different amount of CRK3his preparations were
tested as well. As a control, the kinase assay was
performed by incubating the CRK3his with vari-
able concentrations of L. mexicana cell lysates in
order to supply a native cyclin for the recombi-
nant CRK3his.

Results

Expression and Purification of
L. mexicana CRK3his in E. coli

Expression of L. mexicana CRK3his in E. coli
resulted in abundant protein of approximate 35
kDa (Figure 1, the arrow). This corresponds well

Figure 1. SDS-PAGE analysis of the expression of recom-
binant L. mexicana.
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with the predicted molecular weight of L. mexi-
cana CRK3. 75% of the expressed protein was
detected in insoluble fractions (lanes 2 & 4) and
25% was present in soluble fractions (lanes 3 &
5). Nearly comparable level of expression ob-
served upon using different induction tempera-
tures (16°C, 30°C, and 37°C). Interestingly, us-
ing various concentrations of isopropyl β-D-thio-
galactoside (IPTG) in a separate experiment has
shown that the expression level of CRK3his is
very high even with 0.05 mM (results not
shown). The level of basal expression was not
high as shown by the BL-21 (DE3) cells, no ex-
pression observed in the absence of the IPTG
(not shown).

CRK3his Protein from BL-21 (DE3)
Strain of E. coli

Lane 1 molecular weight marker, lane 2 insol-
uble fractions of E. coli lysates after 4 hr induc-
tion at 37°C, lane 3 soluble fraction of E. coli
lysates after 4 hr induction at 37°C, lane 4 insol-
uble fractions of E. coli lysates after 4 hr induc-
tion at 30°C, and lane 5 soluble fraction of E.
coli lysates after 4 hr induction at 30°C. The ar-
row shows the expression product.

The CRK3 was expressed as a His6-tag fusion
and was efficiently purified in the soluble form
using Ni-NTA resin either in a batch or one-step
purification (Figure 2). A single band was eluted,
the size of which is consistent with the size of L.
mexicana CRK3his protein. However, elution of
CRK3his with a buffer containing 300 mM and
400 mM imidazole were the most efficient.

A volume of 5 µl of each fraction were loaded
on 12.5% SDS-polyacrylamide gel and visual-
ized by Coomassie-Blue staining. Lanes 2, 4, and
6 were, fractions eluted by 0.2 M, 0.3 M, and 0.4
M imidazole, respectively. Lanes 1, 3, and 5,
fractions of non-induced BL-21 (DE3) cells used
as controls, eluted by 0.2 M, 0.3 M, and 0.4 M

imidazole, respectively. Lane 1 Molecular weight
marker the arrow shows the eluted L. mexicana
CRK3his.

In this study to obtain an active kinase, FPLC
was used, in which washing and elution condi-
tions were optimised using concentration gradient
of imidazole (10 mM-20 mM). All steps were
performed at pH 8.0 that is higher than the iso-
electric point of the L. mexicana CRK3his protein
(Ip = 6.8). The final CRK3 preparation is nearly
homogeneous as judged by a single Coomassie
Blue-stainable band on denaturing polyacry-
lamide gels (Figure 3). The concentration of re-
combinant CRK3his protein was determined by
two methods: Coomassie brilliant blue and
bicinchronic acid (BCA). The BCA methods gave
results differing from the values derived from the
Coomassie brilliant blue by up to 60% that the
concentration of the purified recombinant L. mex-
icana CRK3his was found to be 1.633 mg/ml
when the BCA method was used. Taken together,
this result suggests that cultures of 0.5 litres are
sufficient to prepare approximately up to 10 mg
of purified homogenous CRK3his.

Coomassie-Stained SDS Gel
CRK3his (~ 35 kDa) was purified from 35 ml

cleared lysates derived from 500 ml induced Bl-
21 culture. Purification was performed on 10 ml
of Ni-NTA in a1F size column at 10 ml/min in
nondenaturing binding buffer containing 0.5 mM
imidazole. Wash steps were performed with
buffer containing 0.5 mM and 20 mM imidazole
and elution with buffer containing gradient 20-
200 mM imidazole. Lane 1 Molecular weight
marker; lanes 2-8 fractions 32-38 eluted with 200
mM imidazole. The more concentration of imi-
dazole in the elution buffer, the more clear the
purified CRK3his.

Figure 2. SDS-PAGE analysis of Ni-NTA-purified L. mex-
icana CRK3his.
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Figure 3. FPLC purification of L. mexicana CRK3his on
BioCAD
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Characterization of E. coli Expressed
L. mexicana CRK3his by Immunoblotting

Western blot analysis was performed in order
to characterize the recombinant L. mexicana
CRK3his biochemically. Lysates from three dif-
ferent induction conditions (Figure 4); 16°C
(lanes 1 and 4), 30°C (lanes 2 and 5), and 37°C
(lanes 3 and 6) were analyzed. ECL (Enhanced
Chemiluminescence) system has detected a
strong signal of approximate 35 kDa in all the
insoluble as well as the soluble fractions, the
bands intensities reflects that the expression lev-
el is similar in both fractions, inconsistent with
the SDS-PAGE analysis. The Ni-NTA purified
CRK3his was confirmed further by im-
munoblotting, using either anti-CRK3 anti-bod-
ies or anti (His)6 anti-bodies, which recognized
a single band of an approximate size of 35 kDa
(Figure 5).

Cells were harvested after induction with 0.2
mM IPTG at 37°C (lanes 1 and 4), 30°C (lanes 2
and 5), and 20°C (lanes 3 and 6), proteins were
extracted and supernatants lysates were applied
to a 12.5% SDS-PAGE, transferred to PVDF ny-
lon membranes, probed with anti-CRK3 antibod-
ies and signals were detected by ECL. Samples
in lanes 4-6 were probed with anti-CRK3 anti-
bodies and with competing peptides to a final di-
lution 1:50.

L. mexicana CRK3his in the form of
pGL448 was solubilized from BL-21 cells
(100 ml) and purified by affinity chromatogra-
phy on Ni-NTA resin. The protein fractions
collected after different purification steps were
analyzed by SDS-PAGE followed by im-
munoblott ing using Antibodies directed
against CRK3 (1:100 final dilution) (Not
shown) and Anti- (His)4 antibodies (1:1000 fi-
nal dilution). Lanes 1-3 are fractions eluted
from Ni-NTA by competition with 0.3 M, 0.4
M, and 0.5 M imidazole, respectively. A strong
35 kDa band (the arrow) was recognized by
both Anti-(His)4 and anti-CRK3 (not shown)
antibodies, which represented the native puri-
fied recombinant L. mexicana CRK3his.

Effect of L. mexicana CRK3 Mutation in
its Expression in E. coli

If L. mexicana CRK3 is a true member of the
CDK family, phosphorylation of Thr-178, the
site in L. mexicana CRK3 corresponding to Thr
161/167 in the yeast cdc2/CDC28, should make
the enzyme active. To testify this hypothesis this
threonine residue, in the recombinant L. mexi-
cana CRK3his was replaced by a glutamic acid
using site directed mutagenesis. Based on the
fact that the negatively charged amino acids
when introduced at a position of a phosphorylat-
able residue can mimic a phosphorylation of this
site13. When the mutated plasmid (pGL665) was
expressed in E. coli a similar protein size was ob-
tained compared to wild-type (WT) (not shown).
However, the band intensity was stronger in the
mutant one; this may be due to the effect of the
single amino change in the T-loop that might
play role in the solubility of the recombinant ki-
nase. Replacement of Thr-178 with Glu-178
residue produced CRK3his recombinant protein
in BL-21 strain of E. coli that was still soluble, as
judged by its ability to induce under same condi-
tions of temperature and IPTG concentration that
used for WT recombinant CRK3his. Interesting-
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Figure 5. Western blot analysis of Ni-NTA-purified L.
mexicana CRK3his.
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Figure 6. Western blot analysis of Ni-NTA-purified L.
mexicana CRK3his.
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Figure 4. Western blot analysis using polyclonal antiserum
raised against the C-terminal of L. mexicana CRK3
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ly, it was noticed that the gene expression from
the pGL665 was about 5-fold higher than that de-
tected in the wild-type pGL448. Taken all togeth-
er, these results suggest that the exogenous ex-
pression of the recombinant CRK3his was practi-
cally unaffected by the Thr-178-E mutation
change, and that the mutated CRK3his is not tox-
ic to the E. coli cells.

Assessment of Histone H1 Kinase Activity
of E. coli Expressed L. mexicana CRK3his

In this study the in vitro activity of WT and
mutant CRK3his was assessed on the exogenous
substrate histone H1, since it has been identified
as a suitable substrate for the L. mexicana
CRK314. To determine if the recombinant L. mex-
icana CRK3his is active as a monomer, histone
H1 kinase assay was performed following bind-
ing of cell lysates to Ni-NTA agarose beads (Fig-
ure 6). A signal of approximate 31 kDa corre-
sponds to the histone H1, was detected by the
transgenic L. mexicana expressing the wild-type
CRK3his, nothing was detected by both WT and
mutated CRK3his preparations. Active recombi-
nant CRK3his can be isolated from transgenic L.
mexicana as has been previously described9. In
this study the bacterial-expressed CRK3his was
found to be inactive as a monomer in the first
time. However, faint band was detected on some
samples, when changing assay conditions. Dif-
ferent amount of CRK3his preparations were
tested, but most of them gave the same negative
result (data not shown). When incubating the
CRK3his with variable concentrations of L. mex-
icana cell lysates as a native source of cyclin for
the activation of the recombinant CRK3his, weak
signal appeared at all (data not shown).

The ability of the recombinant Leishmania-ex-
pressed WT and bacterial-expressed CRK3his to
phosphorylate histone H1 as a substrate was as-
sayed in the presence of [γ-32P] ATP. Lane 1, trans-
genic Leishmania expressing CRK3his (beads);
lane 2, wild-type Leishmania (beads); lane 3, BL-
21 cells expressing CRK3his (beads); lane 4, trans-
genic Leishmania expressing CRK3his (eluate);
lane 5, wild-type Leishmania (eluate); lane 6, BL-
21 cells expressing CRK3his (eluate).

Discussion

Several lines of evidence have suggested that
CRK3 protein kinase of Leishmania mexicana is
a potential drug target; thus, chemical inhibitors

could be tested against the enzyme. Specificity of
the Flavopiridol through previous studies on re-
combinant (transgenic parasite) and native forms
of CRK3 has not confirmed, as Flavopiridol can
inhibit other leishmanial CRKs.

Previous studies have shown that the expres-
sion level of the transgenic CRK3his is low such
that insufficient amount of recombinant kinase
for assaying histone H1 kinase activity was ob-
tained, together with the presence of others ki-
nases. This is in consistent with the finding of the
current study (very weak signal). Previous work
on the attachment of histidine-tag at the amino
terminus of L. mexicana CRK3 suggested that
such changes did not inactivate the kinase9. To
this end, a bacterial-expressed recombinant
CRK3his gene was engineered. The his-tag, con-
sisting of six consecutive histidine residues, was
added to the C-terminal end to allow purification
of only the fully synthesized protein15,16.

During this study, the CRK3 his was produced
successfully in the soluble form in the bacterial
cells and purified to nearly homogeneity using a
one-step purification method. Since the transla-
tion of some genes may stop in advance, an in
vitro transcription and/or translation experiment
could be performed, to examine whether the
translation product of LmmCRK3his gene is the
same as predicted. However, in this study, the
translation product of LmmCRK3his gene was
about 35 kDa and accorded with the predicted
35.6 kDa. Analysis of the pGL448 construct
showed the presence of another ATG codon
downstream the T7 promoter before the authentic
ATG of the CRK3 gene that is within the NdeI
site. Therefore, transcription will begin from this
false START codon instead, which will add 14
amino acid extra to the recombinant CRK3his
protein (14-CRK3his) and may affect the activity
(if there is any).

Several active mammalian17-21 and non-mam-
malian22 protein kinases were purified using
FPLC. In this study to obtain a similar active ki-
nase, FPLC was used. As the recombinant CRK3
had a six-histidine tag at the C-terminus, it was
affinity purified on the Ni-NTA agarose beads
and/or FPLC affinity chromatography. Analysis
of the amino acids composition showed that L.
mexicana CRK1 contains high ratio of cysteine
residues than L. mexicana CRK3. This might ex-
plain why that the CRK3 was over-expressed in
soluble form rather than CRK1, as the bacterial
expression system is less efficient in dealing with
the formation of the di-sulphide bonds that pre-
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sent between the cysteine residues. This specula-
tion also supports the findings from the current
study. From these results we concluded that the
L. mexicana CRK3his is a biphasic protein as it
was over-expressed in both soluble and insoluble
fractions; the level of expression was higher in
the insoluble form. However, the high level of
expression indicates that CRK3his is not toxic
and the pGL448 construct is stable.

Structural studies on the cAPK protein kinase
showed that the phosphorylation of Thr-197 con-
tributed to the proper folding of the enzyme
through interactions with multiple nearby side
chains. However, the conformation of the T-loop
in the CDK2 structure is very different23. The T-
loop almost completely blocks the protein sub-
strate binding cleft in CDK2, with the activating
phosphorylation site Thr-160 found at its apex.
Thr-160 phosphorylation contributes to the acti-
vation process by stabilizing the T-loop23.

Phosphorylation of Thr161/167 in the fis-
sion/budding yeast cdc2/CDC28, respectively is
a prerequisite for the CDK activity mainly for its
interaction with cyclin. MO15 is responsible for
this process in yeast24. Previous studies have
shown that the kinase activity of the Plasmodium
falciparum protein kinase 5 (PfPK5) stimulated
5-10 fold by the replacement of the threonine
residue with glutamic acid23, while replacement
of this threonine residue by a valine, produced
inactive kinase. It was suggested that because the
threonine was replaced by the hydrophobic va-
line residue that might close the catalytic site and
thus prevented the substrate binding.

Initial results obtained by this study, have sug-
gested that the activation of L. mexicana CRK3 is
a two-step process that needs cyclin binding first,
then phosphorylation of Thr 161/167 (Thr-178 in
CRK3) in the T-loop motif. The inability to acti-
vate the recombinant L. mexicana CRK3his by a
mutation mimicking the phosphorylation step in-
dicates that this enzyme is indeed a true member
of the CDK family, which has to be bound to a
cyclin regulator prior to be phosphorylated in
Thr-178. There is a controversy in this, as it has
been reported that recombinant TzCRK1 was ac-
tive as a monomer7.

CDKs are known as serine and threonine pro-
tein kinases because they phosphorylate their
substrates specifically at these two residues and
histone HI is the physiological substrate. In
mammalian cells, up to six serines and thre-
onines in histone HI are phosphorylated in vivo
in a cell cycle dependent manner that has long

been linked with chromatin condensation24. The
histone HI kinase activity of cdc2 oscillates dur-
ing the cell cycle25. Previous studies have demon-
strated that L. mexicana CRK3his could phos-
phorylate some common substrates in vitro, such
as histone H1, casein, the C- terminal domain of
Rb and MBP (myelin basic protein)9. On the oth-
er hand, some endogenous proteins from the L.
mexicana lysates could be co precipitated with
the anti-LmmCRK3 anti-bodies specifically, sug-
gesting that the L. mexicana CRK3 kinase activi-
ty may be associated with some endogenous reg-
ulatory partners (p13 suc1) or substrates14.

A novel cyclin H-homologue from Plasmodi-
um falciparum was able to activate recombinant
PfPK5 in vitro, and that the PfPK5 could be acti-
vated by the mammalian p25 as well as cyclin H,
even in the absence of phosphorylation by the P.
falciparum CAK homologue; the Pfmrk26. Active
recombinant CRK3his can be isolated from
transgenic L. mexicana9. However, the bacterial-
expressed CRK3his was inactive as a monomer.
There are several possible explanations for this:
Leishmanial CRK3 may be incorrectly folded.
CDKs are normally only active as heterodimers,
bound to their cyclin partner protein, and so per-
haps CRK3his is inactive because it is monomer.
Bacteria do not posses CDKs and do not, there-
fore, possess any of the processing enzymes re-
quired for activity, for example kinases (Wee1)
and phosphatases (CDC25C) required regulating
the phosphorylation of the CDKs themselves.
Therefore, the phosphorylation status of the re-
combinant CRK3his may be responsible for the
inactivity.

As L. mexicana CRK3his must be post-trans-
lationally modified (phosphorylated), eukaryotic
system would be the best method for expression
and also because 75% of L. mexicana CRK3his
is expressed in the insoluble form. Moreover the
newly identified cyclin16 could possibly used to
reconstitute the CRK3 activity, and hence in-
hibitors could be tested.
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