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Abstract

Protocols to assess kinase activity generally include radioactive methods, fluorescent polarization technology and the use of specific
a ed. Cdk4, a
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t ns. The
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ntibodies. Here, a simple, effective, non radioactive method to measure kinase activity of immunoprecipitated proteins is describ
ell cycle dependent enzyme, was immunoprecipitated from whole cell extracts and used in kinase reactions. This system has bee
aking advantage of the kinase-GloTM reagent (Promega), based on ATP depletion technology, but with a wider range of applicatio
riginal aim of the commercial kit is the evaluation of kinase activity of highly purified enzymes, while this system enabled the e
f native kinases, retrieved by immunoprecipitation. This method was highly homogeneous and did not require any kind of sep
urification as well. Moreover, it was suitable for basic research and may be useful for low-medium throughput pharmaceutical sc
hemical libraries.
2005 Elsevier B.V. All rights reserved.

eywords: Kinase assay; Cd4k; Luminescence; ATP depletion

. Introduction

Assessment of kinase activity is a valuable tool for study-
ng intracellular signaling and evaluating the efficacy of
inase inhibitors employed in cancer treatment. Radioac-
ive methods have been the most used approaches[1–3] so
ar. On the other hand, several non radioactive methods to
valuate kinase activity have been developed, based on fluo-
escent polarization technology[4] or on the use of specific
nti-phospho-serine, -tyrosine or -threonine antibodies[5].
hese techniques show important drawbacks: highly purified
nzymes or specific anti-phospho antibodies are necessary,

mplying high costs and laborious technology, especially
hen analysing a kinase substrate with multiple phosphoryla-

ion sites. Here, an alternative and simple way for determining
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kinase activity is described, focusing on Cdk4 kinase act
determination in HeLa cells, where the enzyme phosph
lates the retinoblastoma (Rb) protein in G2/M phase[6]. Our
system has been developed taking advantage of the k
GloTM reagent (Promega), which evaluates kinase activi
highly purified enzymes. This system has been devel
to evaluate native kinases, retrieved by immunopreci
tion, performing the kinase reaction with whole cell extra
immunoprecipitated with anti-cyclin dependent kinase 4 a
body (Ip-Cdk4), Rb protein and ATP in order to obtain ph
phorylated Rb protein (pRb). After the reaction, lucifer
was added together with its substrate (luciferin), induci
reaction that produced oxyluciferin and light, by using re
ual ATP (www.promega.com). Therefore, the depletion
ATP due to the kinase reaction (first step) could be m
tored with high sensitivity, since the developed luminesc
(second step) could be easily recorded by a luminom
Moreover, since ATP depletion is a common feature o
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kinase enzyme reactions, this assay is not restricted to partic-
ular kinases, but can be performed to assess kinase activity of
virtually any kinase (Ser/Thr and/or tyrosine) and substrate
combination.

2. Materials and methods

2.1. Materials

All reagents, if not otherwise specified, were purchased
from Sigma–Aldrich (Milano, Italy).

2.2. Cell culture

Cdk4 kinase activity was assessed in the HeLa cell line
(doubling time 24 h), purchased from LGC Promochem
(Milano, Italy) and maintained in RPMI 1640 supplemented
with 10% FBS (EuroClone, Milano, Italy). The cells were
serum-starved for 20 h, and then incubated with culture
medium supplemented with 10% FBS. Cells were collected
in G2/M phase at 20, 22, 24 and 26 h after serum incubation
[6].

2.3. Immunoprecipitation and immunoblotting
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(50 mM, pH 7.5, 10 mM MgCl2, 250�M EGTA, 10 mM �-
glicerophosphate, 100�M Na3VO4, 1 mM DTT) and resus-
pended in 30�l of kinase buffer, optimised to preserve the
Cdk4 kinase activity. Kinase reaction was performed adding
20�l of a mixture containing 0.1�M ATP (ICN Pharma-
ceutical, Milano, Italy) and 2�g Rb peptide (aa773–928;
USBiological, Milano, Italy) as substrate in 1× kinase buffer.
The reaction was incubated for 30 min at 30◦C and then an
equal volume of kinase-GLOTM reagent (Promega, Milano,
Italy) was added. As control, kinase reaction was performed
with the same samples in the absence of the peptide sub-
strate (no Rb) and with no Ip-Cdk4 control. This is a crucial
step since the difference between the luminescence recorded
in samples with the substrate and that measured in control
samples allows the detection of specific kinase activity, elim-
inating the background. Samples were then incubated for
10 min at room temperature and the developed luminescence
was recorded using the Wallac VictorTM 1420 Multilabel
Counter (Perkin-Elmer, Monza, Italy) and expressed as rela-
tive light units (RLU).

2.5. Inhibition of Cdk4 kinase activity by
indirubin-3′-monoxime

Kinase reactions were performed in cells harvested 22 h
after serum release, as described above, in presence or
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Cells were resuspended in lysis buffer (50 mM He
H 7.5, 150 mM NaCl, 10 mM EDTA, 10 mM Na4P2O7,
00 mM NaF, 2 mM Na3VO4, 2 mM PMSF, 25�g/ml leu-
eptin, 10�g/ml aprotinin, 1% Triton-X 100), and lysed
ortexing for 1 min with an equal volume of glass bea
amples were then centrifuged for 5 min at 5000 rpm

or 20 min at 13000 rpm. Protein concentration was
etermined with BCA Protein Assay Reagent kit (Pie
ockford, IL). For immunoprecipitation, 100�g of protein
xtracts were incubated with 20�l protein G sepharose bea
Amersham Biosciences, Milano, Italy) in the presenc
�g monoclonal mouse anti-Cdk4 antibody over nigh
◦C in HNT buffer (HEPES 30 mM, NaCl 30 mM, 0.1
riton-X 100). As control, cell extracts were not add

n the mixture (no Ip-Cdk4 control). For immunoblot,
dk4 was loaded on a 10% SDS-polyacrylamide gel

ransferred on nitrocellulose membranes (Schleicher
chuell GmbH, Germany). Membranes were blotted
ouse monoclonal anti-Cdk4 and anti-cyclin D1 antibo

Pharmingen, Milano, Italy). Antibodies bound to membr
mmobilized proteins were visualized by SuperSignal W
emto maximum sensitivity substrate (Pierce). All pro
ures were performed at 4◦C, avoiding sample freezing
oiling. The purity of immunoprecipitated complexes w
erified by silver staining (BioRad, Milano Italy).

.4. Cdk4 kinase assay

Ip-Cdk4 obtained from 100�g of total protein extract wa
ashed three times in lysis buffer, twice in kinase bu
bsence of 4�M of a Cdk4 inhibitor, indirubin-3′-monoxime
s control, kinase reaction was performed with the same
les in the absence of the peptide substrate (no Rb), or
bsence of cell lysate (no Ip-CdK4).

.6. Statistical analysis

Results were expressed as the mean± S.D. Student’
aired or unpairedt-test was used to evaluate individ
ifferences between means.P < 0.05 was considered as s
ificant.

. Results and discussion

The presence of Cdk4 (33 kD) and of its co-fac
yclin D1 (36 kD) in Ip-Cdk4 was demonstrated by SD
olyacrylamide gel electrophoresis followed by either si
taining (Fig. 1, Panel A) or by immunoblotting for cyclin D
nd Cdk4 (Fig. 1, Panel B). We then studied HeLa cells s
hronized using serum-starvation protocol, where Ip-C
inase activity was detected at all time points (Fig. 1, Pane
). Approximately 10–15 min after kinase-GLOTM reagen
as added, light emission reached maximum intensity
as stable for about 2 h (data not shown). In HeLa
xtracts incubated for 22 h, a 10-fold luminescence redu
as detected in samples containing Rb peptide as com

o samples without substrate (no Rb) (P < 0.001) (Fig. 1,
anel C). The same results were obtained by comparing
les containing Rb with no Ip-Cdk4 control sample. Th
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Fig. 1. Analysis of Ip-Cdk4 purity by silver staining (Panel A) and immunoblot (Panel B). (Panel C) Luminescent kinase assay. Ip-Cdk4 was resuspended
in 50�l kinase buffer with 0.1�M ATP (see Section2). Reactions contained 2�g (white bars) or no (grey bars) Rb peptide. Luminescence was recorded
on a Wallac Victor 1420 multilabel counter. Values represent the mean± S.D. of three replicates of three independent experiment. RLU = relative light units;
** P < 0.001 and* P < 0.05.

fore, we choose no Rb samples as control. A five-fold and
a four-fold luminescence reduction was detected in samples
containing Rb as compared to samples without substrate (no
Rb) at 20 and 24 h, respectively (P < 0.001) (Fig. 1, Panel C).
The extent of luminescence reduction was two-fold at 26 h
(P < 0.05) (Fig. 1, Panel C). Moreover, no difference was
observed among reactions without substrate (no Rb) at all
time points (Fig. 1, Panel C). These data were consistent with
an increased Cdk4 kinase activity in G2/M phase, in accor-
dance to the results achieved by using a radioactive Cdk4
kinase assay[6], but the use of radioactivity was avoided and
background noise was eliminated. Furthermore, the lumi-
nescence assay did not require separation of the substrate
from the product, as for radioactive methods. We then vali-
dated our assay testing an inhibitor of Cdk4 kinase activity,
indirubin-3′-monoxime[7]). As shown inFig. 2, in HeLa cell
extracts incubated for 22 h, a 10-fold luminescence reduction
was detected in samples containing Rb peptide as compared
to samples without substrate (no Rb) (P < 0.001), while a
50% reduction was detected in samples containing 4�M
indirubin-3′-monoxime when compared to samples without
substrate (no Rb) (P < 0.001). These data underline that our
assay is highly specific for the immunoprecipitated enzyme
(Cdk4), since in the presence of the specific inhibitor, the
measured kinase activity is strongly reduced. Moreover, our
results are in good agreement with the data of Hoessel et al.
[
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by immunoprecipitation with specific antibodies and by sub-
strate choice. The reproducibility of the results depends on the
amount of Cdk4 contained in the Ip-Cdk4 complex; therefore,
it relies on the efficiency of immunoprecipitation. Conse-
quently, the choice of the antibody is a crucial step for the
success of the assay. In particular, the antibody should recog-
nize an epitope not including the catalytic site of the enzyme.
However, the reproducibility of this assay has been validated,
since three independent experiments showed very similar
results in each sample, both before and after ATP depletion
due to Rb addition (Fig. 1, Panel C). On the other hand, the
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7], who showed an IC50 of 3.33�M for Cdk4-cyclin D1
nhibition by indirubin-3′-monoxim.

This flexible assay did not require radioactivity
hospho-specific antibodies and is suitable for all immu
recipitated kinases having a well-characterised substra
onvenient 96-wells format assay. Moreover, the assay
escribed could be useful for basic research studies,

he sensitivity of the system allows the detection of sm
inase activity due to the low amount of enzyme retrieve
mmunoprecipitation, avoiding the need for time-consum
urification processes. The assay specificity was guara
ig. 2. Inhibition of Cdk4 kinase activity. Ip-Cdk4 was resuspended in 5�l
inase buffer with 0.1�M ATP (see Section2), with 4�M indirubin-3′-
onoxime and 2�g Rb. As control, kinase reaction was performed w

he same samples in the absence of the peptide substrate (no Rb
he absence of cell lysate (no Ip-CdK4). Luminescence was recorde

allac Victor 1420 multilabel counter. Values represent the mean± S.D. of
hree replicates of three independent experiment. RLU = relative light
* P < 0.001 and* P < 0.05.



814 F. Tagliati et al. / Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 811–814

present method needed an accurate optimisation of reagent
concentrations, in particular ATP. In fact, due to the low
amount of enzyme retrieved by immunoprecipitation, an opti-
mised quantity of ATP had to be added, in order to induce a
measurable kinase reaction. ATP excess might indeed impor-
tantly reduce the assay sensitivity since at very high ATP
concentrations the low amount of the enzyme utilizes such a
small ATP quantity that the RLU difference detected between
sample and control is not significant. On the other hand,
after optimisation, the assay provided highly homogeneous
results. The optimal ATP concentration is that which results
in the largest difference in luminescence between the com-
pleted kinase reaction wells and wells without the kinase
or kinase substrate. Typically, the range of ATP titration is
0.1–1�M. The sensitivity of this method is highly corre-
lated to the characteristics of the enzyme which has to be
immunoprecipitated, and to the substrate specificity. How-
ever, in the presented system detection of ATP depletion was
no more possible in a 1:2 dilution of Ip-Cdk4 reaction (data
not shown), suggesting that the sensitivity of the assay might
be improved.

In conclusion, for the first time a valuable and inex-
pensive method to assess kinase activity of immunopre-
cipitated proteins based on luminescence technology is
presented.
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