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A novel electrogenerated chemiluminescence (ECL) bio-
sensor using gold nanoparticles as signal transduction
probes was described for the detection of kinase activity.
The gold nanoparticles were specifically conjugated to the
thiophosphate group after the phosphorylation process in
the presence of adenosine 59-[c-thio] triphosphate
(ATP-s) cosubstrate. Due to its good conductivity, large
surface area, and excellent electroactivity to luminol
oxidization, the gold nanoparticles extremely amplified the
ECL signal of luminol, offering a highly sensitive ECL
biosensor for kinase activity detection. Protein kinase A
(PKA), an important enzyme in regulation of glycogen,
sugar, and lipid metabolism in the human body, was used
as a model to confirm the proof-of-concept strategy. The
as-proposed biosensor presented high sensitivity, low
detection limit of 0.07 U mL-1, wide linear range (from
0.07 to 32 U mL-1), and excellent stability. Moreover,
this biosensor can also be used for quantitative analysis
of kinase inhibition. On the basis of the inhibitor
concentration dependent ECL signal, the half-maximal
inhibition value IC50 of ellagic acid, a PKA inhibitor,
was estimated, which was in agreement with those
characterized with the conventional kinase assay.
While nearly no ECL signal change can be observed
in the presence of Tyrphostin AG1478, a tyrosine
kinase inhibitor, but not PKA inhibitor, shows its
excellent performance in kinase inhibitor screening.
The simple and sensitive biosensor is promising in
developing a high-through assay of in vitro kinase
activity and inhibitor screening for clinic diagnostic and
drug development.

Protein phosphorylation by kinase plays a critical regulatory
role in a majority of biological processes including metabolism,
cell growth, cellular signal communications, and survival differentia-

tion.1-3 Over 500 protein kinase genes are contained in human
genes, and they constitute about 2% of all human genes. Up to
30% of all human proteins are modified by kinase activity, and
kinases regulate the majority of cellular pathways, especially those
involved in signal transduction. Since aberrant protein phospho-
rylation states and kinase activity are linked with many common
diseases, such as various cancer4,5 and Alzheimer’s diseases,6,7

accurate identification of protein kinase activity and their potential
inhibitors is not only valuable to provide insights regarding the
fundamental biochemical process of diseases but also essential
to the protein kinase-targeted drug discovery and molecular-target
therapies.

In these years, kinase assays based on electrochemical
methods have been developed quickly. Compared to other
methods such as radioactive,8 fluorescence9-12 and surface-plasma
resonance13,14 analysis systems, electrochemical methods are
simple, cost-effective, and sensitive. A lot of electrochemical
biosensors have been designed lately for the detection of kinase
activity by measuring the current and charge responses of redox
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probes conjugated during the phosphorylation processes.15-21

Kerman and co-workers reported the quantitative measurements
of phosphorylation reactions based on oxidation current of
tyrosine15 and ferrocene.16 To simplify the detection procedure,
a gold nanoparticle labeled phosphorylation process for the kinase
assay was also designed in this group by measuring the redox
currents of gold nanoparticles, yet a low sensitivity was achieved.22

Recently, Willner reported a novel method for kinase activity
analysis by monitoring the voltammetric response of Ag+ ions
associated with the phosphorylated product.20 To amplify the
electrochemical response and improve the sensitivity, a TiO2-
assisted silver enhanced electrochemical biosensor for kinase
activity profiling was developed by the specific binding of
phosphate groups with TiO2 nanoparticles.18 Recently, a DNA-
based strategy was also described by the chronocoulometric
response of Ru(NH3)6

3+ absorbed on the DNA-gold nanopar-
ticles that linked with the phosphorylated peptide by Zr4+.21

Despite the improvement of these methods, sophisticated
procedures of electroactive labeling such as DNA functional-
ization of gold nanoparticles, deposition of metallic probes, etc.
are needed, and sometimes, the performances such as linear
range, sensitivity, etc. were also limited. Therefore, it is still a
challenge in developing sensitive, rapid, accurate, and simple
methods for the profiling of kinase activity and inhibition.

Electrogenerated chemiluminescence (ECL) is a light emission
process in a redox reaction of electrogenerated reactants, which
combines the electrochemical and luminescent techniques.23-26

Compared to the conventional electrochemical methods and
luminescence techniques, the ECL technique not only shows high
sensitivity and wide dynamic concentration response range but
also is potential and spatial controlled. ECL biosensor is a powerful
device for ultrasensitive biomolecule detection and quantification
by combining the selectivity of the biological recognition elements
and the sensitivity of ECL technique and is widely used in
immunoassay,27-30 DNA analysis,31-35 environmental detection,

and clinic diagnostics.36-39 In spite of its excellent properties, few
studies have been conducted concerning the detection of kinase
activity and inhibition by ECL methods.40

Owing to their good biocompatibility, fascinating electrocata-
lytic activity, large surface area, excellent conductivity, and
stability, gold nanoparticles received much attention in electro-
chemistry, biosensing, imaging and, so on.41-43 Gold nanoparticles
have been widely used in designing ECL biosenesors.26,44,45 The
performances of ECL biosensors are heavily dependent on the
signal-transduction ways. Optimized and suitable labels will offer
the possibility of substantial signal amplification. Generally, the
gold nanoparticle-based ECL biosensors utilize gold nanoparticles
for the modification of the substrate electrodes,44,46 which provide
large electrode/solution interface area and also facilitate the
electron transfer between the ECL labels and the electrodes, thus
affording the possibility of performance improvement. In an
alternative way, gold nanoparticles can also work as carriers of
conventional active labels33,34 such as enzymes and electroactive
species and, thus, afford substantial ECL signal amplification.

In this work, the proof-of-concept of a novel ECL biosensor
for the kinase activity and inhibition analysis using gold nanopar-
ticle as a sensitive signal transduction probe was demonstrated.
Using protein kinase A (PKA) as a model kinase, the gold
nanoparticles were assembled onto the electrode based on the
introduction of thiol group during the kinase catalyzed-phospho-
rylation process in the presence of Adenosin 59-[c-thio] triphos-
phate (ATP-s). The assembled gold nanoparticles then mediated
the ECL reaction of ECL indicators, extremely amplifying the ECL
signal and supplying a sensitive strategy for the identification of
kinase activity. Here, luminol was chosen as the ECL indicator
because of its low oxidation potential, inexpensive reagent
consumption, and the high emission yields. To the best of our
knowledge, it is the first time for kinase activity analysis based
on ECL methods using gold nanoparticle as a sensitive signal
transduction probe. This strategy provides a simple, sensitive,
selective, and universal platform for kinase activity assay and
inhibitor screening.

EXPERIMENTAL SECTION
Materials and Reagents. Protein kinase A (PKA, catalytic

subunit from recombinant E. coli strain) was obtained from Promega
(America). Cysteine-terminated kemptide (H-CLRRASLG-OH) was
purchased from GL Biochem (Shanghai, China). Adenosine 5′-
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[γ-thio] triphosphate tetra-lithium salt (ATP-γ-s), 4,4′,5,5′,6,6′-
hexahydroxydiphenic acid 2,6,2′,6′-dilactone (Ellagic acid), N-(3-
chlorophenyl)-6,7-dimethoxy-4-quinazolinamine (Tyrphostin AG
1478), and luminol were purchased from Sigma. A 1.0 × 10-2 M
stock solution of luminol was prepared by dissolving luminol
in 0.1 mol/L sodium hydroxide solution. The preparation of
gold nanoparticle colloidal solution and instrument character-
izations are described in Supporting Information.

Assembly and Phosphorylation of Kemptide on Gold
Electrode. A gold electrode (diameter of 2 mm) was polished
carefully first with 1.0, 0.3, and 0.05 µm R-Al2O3 powder on fine
abrasive paper and rinsed with water. Then, the electrode was
washed ultrasonically with ethanol and water. Prior to im-
mobilization of kemptide, the gold electrode was scanned in
0.5 M H2SO4 between -0.2 and 1.55 V (vs Ag/AgCl) until a
reproducible cyclic voltammogram was obtained. After clean-
ing, the gold electrode was immersed into a PBS (0.05 M, pH
7.5) solution containing 500 µM cysteine terminated kemptide
at room temperature in darkness for 15 h. The resulting
kemptide modified electrodes were rinsed thoroughly with
blank PBS, followed by immersion in 2 mM mercaptoacetic
acid solution for 1 h at ambient temperature to block the
nonspecific binding sites on the electrode. Finally, the peptide
assembled electrodes were rinsed with blank PBS and ready
for phosphorylation. PKA-catalyzed phosphorylation was per-
formed by incubating the kemptide modified gold electrode
into an assay buffer solution (40 mM Tris-HCl and 20 mM
MgCl2, pH 7.4) containing a desired amount of PKA and ATP-
γ-S at 30 °C for 1 h. In the inhibition experiment, a desired
concentration of inhibitors was also contained in the assay
buffer solutions, and the procedures were similar as above.

ECL Characterization of PKA-Catalyzed Phosphorylation
Reaction and Kinase Activity Detection. The phosphorylated
kemptide modified electrode was immersed into a 2 mL colloidal
gold nanoparticle solution at room temperature for 30 min. Gold
nanoparticles were then adsorbed onto the phosphorylated
electrode surface through the gold-sulfur bond. After washing
to remove the nonspecific gold nanoparticles, the resulting
electrode was characterized by an ECL technique in a luminol

solution. The electrolyte solution was prepared by diluting the
luminol stock with PBS (0.1 M, pH 10.5) with a final concentration
of luminol at 100 µM. The modified gold electrode acted as
working electrodes, and a Ag/AgCl with saturated KCl solution
and platinum wire was used as the reference electrode and counter
electrode, respectively.

RESULTS AND DISCUSSION
ECL Strategy for Kinase Activity Detection Using Gold

Nanoparticles as Signal Transduction Probes. The developed
ECL strategy in profiling the kinase activity is described in Scheme
1. The cysteine-terminated kemptides were immobilized on the
gold electrode through the Au-S bond to form a dense assemble
layer. To decrease the nonspecific adsorption, mercaptoacetic acid
was further assembled on the blank binding sites. After the
phosphorylation reaction in the presence of PKA using ATP-s as
the cosubstrate, thiolated substrate peptides were introduced on
the electrode surface. The high affinity between gold nanoparticles
and the thiophosphate group causes the assembly of gold
nanoparticles on the substrate peptide. The gold nanoparticles
extremely amplified the ECL signal of luminol due to their
excellent electrocatalytic activity toward the luminol ECL reac-
tion,44 good conductivity, and large surface area that facilitates
the electron transfer on the electrode interface. As a comparison,
nearly no gold nanoparticle was adsorbed on the peptide modified
electrode in the absence of PKA. The dense and insulated peptide
layer also isolated the electrode and solution and inhibited the
electron transfer between luminol and electrode; thus, a much
weaker ECL response was deserved in the absence of PKA.
Moreover, more thiophosphate groups were obtained on the
electrode at higher activity of kinase, and thus, a higher density
of gold nanoparticles on the electrode and stronger ECL response
were achieved, offering a quantitative readout of kinase activity.

Fabrication and Characterization of the Biosensors. In the
experiments, kemptide was directly immobilized on the gold
electrode surface via the Au-S bond between the end cysteine
in kemptide sequence and gold electrode (Scheme 1a). The
amount of kemptide assembled on the gold electrode can be
quantitatively characterized based on the adsorption of sulfur

Scheme 1. Schematic Representation of ECL Strategy for Kinase Activity Detection Using Gold Nanoparticles as
Signal Transduction Probes
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atoms. Reductive desorption by voltammetry is a widely used tool
to quantitatively characterize the surface adsorption of sulfur
atoms. The well-defined reduction peak (Figure S2 in the Sup-
porting Information) is responsible for the desorption of cysteine-
determinated kemptide on the gold electrode. The surface
coverage of kemptide on the gold electrode was calculated to be
3.2 × 10-11 mol cm-2 as ascertained from the first reduction
peak in the stripping voltammetry based on one-electron
reduction. The phosphorylation of kemptide was confirmed by
FT-IR spectra (Figure S3 in Supporting Information). After the
PKA-catalyzed reaction in the presence of S-ATP, the thiolated
phosphate groups were transferred to the serine residue of
kemptide on the electrode surface. Besides the characteristic
peaks of kemptide (curve a, Figure S3 in the Supporting Informa-
tion), two peaks located at 1205 and 1137 cm-1 appeared (curve
b, Figure S3 in the Supporting Information) and were ascribed
to the stretching vibration of PdO and C-O-P bonds in the
phosphorylated kemptide, respectively, indicating the accomplish-
ment of kemptide phosphorylation.

The atomic force microscopy (AFM) technique was employed
to characterize the assembling processes of gold nanoparticle
during the phosphorylation procedure of kemptide. Figure 1A
shows the image of the bare gold substrate. A smooth and
homogeneous surface appeared. After the modification of cysteine-
terminated kemptide, plenty of hillocks with a height of ca. 2.5
nm are presented (Figure 1B). The fact suggests that kemptide
is successfully assembled onto the gold electrode. Figure 1C
illustrates the graph of a gold nanoparticle assembled gold
electrode after the thiophosphorylation by PKA with ATP-s as
cosubstrate. A large number of islandlike prominences appeared,
and it was clearly distinguished from that in Figure 1B before
gold nanoparticles assembly. The height of the prominence in the
AFM image was ca. 35 nm and was similar to the size of the gold
nanoparticle obtained from TEM, confirming the assembly of gold
nanoparticles on the modified electrode.

A cyclic voltammogram (CV) was also used to evaluate the
assembly processes by monitoring the electron transfer ability
tunneling through the barrier layer between the electroactive
probes and gold electrode. Figure 2A shows the CV curves
characterizing the step-by-step buildup process of the modified
gold electrode using Fe(CN)6

4-/3- as electroactive probe couple.
As can be seen, a couple of quasi-reversible redox peaks of
the probes were obtained in the bare gold electrode (curve a).
When the gold electrode was first treated with kemptide, the
monolayer of kemptide on the gold electrode led to a decrease
of peak current (curve b). The fact is ascribed to the electron

inert feature of kemptide which partially blocks the electron
transfer and mass transfer of Fe(CN)6

4-/3- ions on the surface
of gold electrode. After the thiophosphorylation by PKA, the
peak current in the CV decreased further, and the potential
gap between the anodic and cathodic peaks became wider
(curve c). It is reasoned that the replacement of hydroxide
group by phosphate group increases the negative charge
density of kemptide and hinders the electron transfer at the
electrode interface. In addition, the large size of phosphate

Figure 1. AFM images of (A) bare gold electrode, (B) cysteine-terminated kemptide modified gold electrode, and (C) gold nanoparticles assembled
after the thiophosphorylation by PKA with ATP-s as cosubstrate on the gold electrode.

Figure 2. Cyclic voltammograms (A) and electrochemical impedance
spectra (B) of bare gold (curve a), kemptide modified gold electrode
(curve b), phosphorylated kemptide modified electrode before (curve
c), and after (curve d) the assembly of gold nanoparticles in 0.1 M
KCl solution with 5 mM [Fe(CN)6]3-/4- electroactive probes, respec-
tively. Scan rate is 100 mV s-1. The frequency range is between 0.1
and 105 Hz with signal amptitude of 5 mV in panel B.
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groups also inhibited the mass transport of Fe(CN)6
4-/3- probes

toward the modified electrode. When gold nanoparticles were
assembled on the modified electrode, an obvious increase in
the amperometric response was found (curve d), and the peak
current after the assembly of gold nanoparticles was even larger
than that of bare gold. This phenomena was also confirmed
by electrochemical impedance spectra (EIS) as shown in Figure
2B. In the Nyquist plot, the diameter of the semicircle at higher
frequency range is equal to the electron transfer resistance, which
represents the electron transfer kinetics of the electroactive probes
at the electrode interface. It was clear that the diameter of
semicircle after the assembly of kemptide (curve b) was larger
than that of bare gold electrode (curve a), indicating an increase
of the electron transfer resistance after the assembly of kemptide
on the gold electrode. The electron transfer resistance increased
further after phosphorylation (curve c) and decreased after the
assembly of gold nanoparticles (curve d). The phenomena are
consistent to those in CV. The facts elucidate that the gold
nanoparticles can largely reduce the electron transfer resistance
of the redox probes at the electrode interface even if an inert block
layer was assembled on the electrode.

ECL Behavior of the Biosensor. Figure 3 shows the ECL
emission as a function of potential on the thiophosphorylated
kemptide modified electrode before (a) and after (b) treatment
with gold nanoparticles in a solution containing 50 mM luminol.
There is an ECL peak at about 0.55 V in both curves, resulting
from the ECL reaction of luminol.44 As it is shown, phosphorylated
kemptide modified electrode exhibits much weaker ECL signal.
However, when the phosphorylated kemptide modified electrode
was immersed into the gold nanoparticle colloidal solution and
the gold nanoparticles were assembled onto the modified elec-
trode as shown above, a strong ECL peak at 0.55 V was observed,
resulting from the ECL reaction of luminol. The emission intensity
of luminol after the assembly of gold nanoparticles is nearly ten
times larger than that of the modified electrode without gold

nanoparticles. In the presence of oxygen, the ECL reaction of
luminol can be described as electrode reactions which follows by
chemical reactions.44

LH- - e- f LH• f L•- + H+

L•- + O2 f O2
•- + L

L•- + O2
•- f LO2

2-

LO2
2- f AP2-* + N2

AP2-* f AP2- + hv(425nm)

Where LH- is the deprotonated luminol and AP2-* is the
excited state product, it is noted that the gold nanoparticles
will not only increase the interface area of the modified
electrode to capture more active molecules but also facilitate
the electron transfer at the electrode interface and catalyze the
ECL process of luminol in both electrode and chemical
reactions. Thus, the gold nanoparticles can mediate the ECL
reaction even at a low content, implying highly efficient ECL
signal amplification. In addition, the ECL behavior of the
kemptide modified electrode without phosphorylation but
treated with gold nanoparticle colloidal solution was also
measured as shown in curve c (Figure 3). Like that of the
kemptide modified electrode before phosphorylation, a much
weaker ECL peak was observed at 0.5 V. The results reveal that
gold nanoparticles can be used as a sensitive signal transduction
probe to characterize the phosphorylation processes. At higher
kinase activity, there are more gold nanoparticles on the electrode
giving a larger interface area, faster electron transfer at the
electrode interface, and higher electrocatalytic efficiency to the
luminol ECL reaction. Thus, the as-designed ECL biosensor can
be used for kinase activity characterization.

A series of control experiments were also conducted by the
luminol ECL measurement. As shown in the inset of Figure 3,
the bare gold electrodes both before (A) and after (B) treatment
of gold nanoparticles presented quite weak signals. The ECL
signals on the kemptide modified electrode with treatment of gold
nanoparticles were also weak but showed a slight increase as
compared to the bare gold electrode. These responses could arise
from the nonspecific adsorption of gold nanoparticles by electro-
static interaction. However, the ECL signal intensities for all above
cases were much weaker than that of the phosphorylated kamptide
modified electrode (E). The results confirmed that the phospho-
rylation process as well as the PKA activity could be identified
through the strategy of gold nanoparticle mediated ECL amplifica-
tion of luminol. We reason these tactics possess several unprec-
edented advantages. First, the direct assembly of gold nanopar-
ticles avoids the time-consuming and complicated experimental
procedures of voltammetric analysis and surface modification of
gold nanoparticles. In the second, the low working potential and
the absence of coreactants such as H2O2, Na2S2O3, etc. in the
luminol ECL reaction also prohibit the perturbation to the
surface attached peptides. Accordingly, the as-proposed strat-
egy provides a simple, sensitive, selective, and universal
platform for kinase activity assay and inhibitor screening.

Figure 3. ECL-potential curves of phosphorylated kemptide modi-
fied electrode before (a) and after (b) the treatment with gold
nanoparticle colloidal solution. (c) The ECL-potential curve of the
kemptide modified electrode without phosphorylation after the treat-
ment with gold nanoparticle colloidal solution. The inset shows the
ECL intensity of the bare gold electrode (A, B), kemptide modified
electrode (C), and phosphorylated kemptide modified electrode (D,
E) before (A, D) and after (B, C, E) treatment with gold colloidal
solution, respectively. The protein kinase A assay was carried out in
a Tris-HCl buffer solution (40 mM, pH 7.4) containing 20 mM MgCl2,
100 µM ATP-s, and 55 U/mL PKA. The ECL measurements were
performed in a 0.1 M PBS (pH 10.5) containing 100 µM luminol at a
scan rate of 100 mV s-1. The voltage of PMT was maintained at
600 V.
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Optimization of ECL Detection Conditions. The phospho-
rylation time is an important parameter for the kinase-catalyzed
reaction on the electrode surface. With the increase of the
incubation time, the ECL signal of the electrode increased and
then reached a plateau in 60 min (Figure 4A), indicating a
tendency to complete phosphorylation of kemptide. After that, the
increasing time no longer enhanced the ECL intensity. Therefore,
the optimal phosphorylation time was 60 min. In addition, the
enzyme catalyzed reaction is also sensitive to the temperature.
The optimal temperature for the phosphorylation procedure of
kemptide by PKA was 30 °C in these experiments (Figure S4 in
the Supporting Information).

The nucleotide triphosphate (ATP) offers the phosphate groups
during the phosphorylation reaction. As shown in Figure 4B, the
ECL intensity of the kemptide modified electrode increased with
the increasing concentrations of ATP-s in the presence of PKA of
80 U mL-1. The ECL signal reached a maximal value at the
ATP-s concentration of 75 µM and maintained the intensity at
higher concentration of ATP-s. The facts manifested that 75
µM ATP-s was sufficient to the phosphorylation reaction
catalyzed by PKA. Thus, the optimal concentration of ATP-s
was 75 µM.

ECL Measurement of PKA Activity. On the basis of the
optimal condition, the activity of protein kinase was evaluated with
different concentrations of PKA. When the PKA units increased,

the ECL signal increased accordingly (Figure 5) and reached a
saturation value once the concentration of PKA was above 110 U
mL-1. The dependence of the ECL response on the PKA
concentration is presented in the inset of Figure 5. A linear
relationship between ECL signals and the concentrations of PKA
was obtained in the range from 0.07 to 35 U mL-1. The detection
limit of PKA was 0.07 U mL-1 (signal-to-noise ratio of 3), which
was lower than that of previous reported electrochemical
assays.18,21,22 The linear relationship can be represented as I )
1114.18 + 130.97 × c with the correlation coefficient of R2 )
0.9963, where I is the ECL intensity and c is the kinase activity.
This demonstrates that the proposed ECL method can be
employed for highly sensitive kinase activity detection in a wide
concentration range.

Stable and high ECL signals (Figure S5 in the Supporting
Information) were observed when the biosensor was successively
scanned, which signified that the ECL biosensor possessed
excellent potential cycling stability. As it was stated, the redox
coreactants such as H2O2 were not involved during the ECL
reaction. Thus, the damage to the modified electrodes and
biomolecules by the coreactants was avoided, supplying a high
stability of the ECL biosensor for kinase activity detection. The
reproducibility of the ECL biosensor was also studied with intra-
and interassay precision. The intraassay precision of the ECL
biosensor was evaluated by measuring the one level of PKA
activity ten times. The interassay precision was assessed by
assaying the same level of PKA activity with ten electrodes.
The intra- and the interassay variation coefficients obtained
from 75 U mL-1 PKA were 4.6% and 5.9%, respectively. Both
the intra- and interassays of the as-designed ECL biosensor
enunciate acceptable reproducibility.

Kinase Activity Inhibition Evaluation. The gold nanoparticle
mediated ECL biosensor was also used to quantitatively evaluate
the inhibition of kinase in the presence of small molecule

Figure 4. (A) ECL intensity as a function of incubation times in the
solution containing PKA and ATP-s. (B) The ECL intensity as a
function of the concentration of ATP-s.

Figure 5. ECL intensity-potential curves with different activity units
of PKA. The inset shows the dependence of ECL intensity on the
concentration of protein kinase A (PKA). The assays were carried
out in a Tris-HCl buffer solution (40 mM, 20 mM MgCl2, pH 7.4),
containing 100 µM ATP-s and designated concentrations of PKA. The
scan rate is 100 mV/s.
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inhibitors. In the inhibition assay, the PKA activities were
evaluated with PKA inhibitors at different concentrations, and the
half-maximal inhibition value IC50 was calculated. Here, ellagic
acid, a cell-permeable and potent antioxidant with antimu-
tagenic and anticarcinogenic properties, was employed as a
inhibitor. As shown in Figure 6A, the ECL signal decreased with
the increasing concentrations of ellagic acid. Only weak ECL
signal was observed with the addition of ellagic acid at 10 µM.
Curve a in Figure 6B presents the concentration dependent ECL
signals. On the basis of the results, the IC50 of ellagic acid was

measured to be 3.78 µM, which is in agreement with that
reported in the literature obtained with a conventional kinase
assay.47 In addition, Tyrphostin AG 1478, a tyrosine kinase
inhibitor but not PKA inhibitor, was also added to evaluate the
specificity of the ECL biosensor. The concentration dependent
ECL signal is shown in curve b of Figure 6B. As expected, the
ECL signals nearly had no change in the presence of the tyrosine
kinase inhibitor with a concentration as high as 30 µM, showing
its excellent specificity to the kinase inhibitor profiling. These
results indicate that the proposed gold nanoparticle mediated ECL
strategy is a potential in quantitatively screening the activity of
the kinase inhibitors.

CONCLUSIONS
In conclusion, a novel ECL biosensor using gold nanoparticle

as a signal transduction probe has been developed for kinase
activity and inhibition assay. The ultrahigh amplification efficiency
of gold nanoparticles to the luminol ECL reaction allows the
sensitive detection of kinase activity. This strategy provides a
simple detection procedure and also avoids the high potential and
coreactants such as H2O2, Na2S2O3, etc. during the ECL
measurements. As a result, the as-proposed ECL biosensor
offers a highly sensitive strategy for PKA kinase activity
monitoring with a low detection limit of 0.07 U/mL, wide linear
range, and good stability. Moreover, the proof-of-concept
method also shows excellent performance on the accurate and
quantitative kinase inhibitor assay, verifying with well-known
kinase inhibition systems. The general and robust method can
also be ready for other kinase activities and inhibition assays.
Given the important roles of kinases in some disease related
biological processes, this biosensor shows great potential for
a high throughput assay in clinic diagnostics and drug
discovery applications.
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Figure 6. (A) ECL intensity-time behaviors at different concentra-
tions of ellagic acid. (B) The ECL intensity as a function of concentra-
tions of ellagic acid (a) and Tyrphostin AG 1478 (b). The phospho-
rylation of kemptide was carried out with 80 U mL-1 PKA and 75 µM
ATP-s. Error bars were obtained from three times parallel experiments.
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