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I. Introduction
The off-chip incubation mobility-shift kinase assay uses a
microfluidic chip to measure the conversion of a fluores-
cent peptide substrate to a phosphorylated product.  The
reaction mixture, from a microtiter plate well, is introduced
through a capillary sipper onto the chip, where the non-
phosphorylated substrate and phosphorylated product are
separated by electrophoresis and detected via laser-
induced fluorescence.  The signature of the flourescence
signal over time reveals the extent of the reaction (Figure 1).
This application note describes assay conditions for the
catalytic subunit of the cyclic AMP-dependent serine/thre-
onine protein kinase PKA.

II. Methods
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Figure 1.  Data signature from 4 consecutive sips from differ-
ent microtiter plate wells in 6 channels of a 12-sipper chip.
Uninhibited reactions show approximately 30% conversion
of substrate to product and fully inhibited reactions show no
substrate conversion.

III. Results
Substrate/Product Peak Separation
Figure 1 shows the separation of product and substrate on
a 12-sipper chip using the parameters listed in the Methods
section. The phosphorylated product migrates through the
chip faster than the non-phosphorylated substrate, and sig-
nals from the two forms of the peptide appear as distinct
peaks.  Caliper’s data analysis software (HTSWA) deter-
mines peak heights, from which the ratio of product to the
peak sum P/(P+S) is calculated. 

Enzyme Titration
An appropriate working concentration of PKA was chosen
by running an initial enzyme titration in kinetic mode (Figure
2). Immediately after assembling the reactions, the plate
was placed in the LabChip 3000 chamber at 20o C and 50%
relative humidity.  Reactions were sampled every two min-
utes over the course of 1 hour. The data indicated that 0.1
nM enzyme was sufficient to obtain 30% conversion of sub-
strate to product in approximately 1 hour. 
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ITEM MANUFACTURER CATALOG NUMBER

LabChip 3000 Drug Discovery System Caliper Life Sciences

Chip Module TC Caliper Life Sciences

Off-Chip Mobility-Shift Chip, 12-sipper, Caliper Life Sciences 761037-0372R
with coating reagent 3

PKA (catalytic subunit a, human, recombinant) Upstate 14-440
Lot# 26698U, Specific Activity 11,430 U/mg

FL-LRRASLG-CONH2 Caliper Life Sciences 760095

HEPES, Free Acid ULTROL Calbiochem 391338

HEPES, Sodium Salt ULTROL Calbiochem 391333

Magnesium Chloride, hexahydrate Sigma M2670

Brij-35 Solution Sigma B4184

DTT EMD 3860

ATP, disodium salt Sigma A7699

EDTA, disodium salt, 0.5 M, pH 8.0 Ambion 9260G

DMSO JT Baker 9224-33

Staurosporine 1mM in DMSO Calbiochem 569396

18 MΩ water

IV. Materials

Peptide Substrate
FL-LLRASLG-CONH2

31 μL Reaction
1 μL compound in DMSO
15 μL 2X enzyme mix
15 μL 2X peptide mix
Incubate
30 μL Stop Solution

Assay Conditions
0.1 nM PKA  
1.0 μM peptide
5 μM ATP
3.3% DMSO
45 min at 20o C

Stop Solution
100 mM HEPES, pH 7.5
40 mM disodium EDTA
0.015% Brij-35
0.1% Coating Reagent 3

Reaction Buffer
50 mM HEPES, pH 7.5
0.002% Brij-35
10 mM MgCl2
2 mM DTT

Chip/Trough Buffer
100 mM HEPES, pH 7.5
10 mM disodium EDTA
0.015% Brij-35
0.1% Coating Reagent 3

Separation Conditions (12-Sipper)

Pressure -1.5 psi

Upstream Voltage -2100 V

Downstream Voltage -500 V

Sample Sip Time 0.2 sec

Buffer Sip Time 25 sec

Table 2.
Separation
conditions for
PKA assays.

Table 1.  Reaction conditions and buffer composition



Figure 4.  Triplicate* 60 μL reactions containing increasing con-
centrations of peptide, 0.1 nM PKA, and 100 μM ATP were
assembled and run in kinetic mode. The experiment was done
twice with different peptide concentration ranges so the lower
concentrations could be read with 10 % laser power, and the
higher concentrations could be read with 1% laser power.  The
plot shows Michaelis-Menten nonlinear regression analysis of
initial reaction rates vs. peptide concentration.  

Reaction Linearity
The final incubation time for inhibitor assays was determined by
running kinetic reactions (at 20 oC) with the ATP concentration
near the ATP Km (Figure 5).  At enzyme concentrations of 0.2,
0.1, and 0.05 nM, the reaction progress remains linear for 30, 45,
and 90 minutes, respectively.  Any PKA concentration in this
range could be used for inhibitor assays, as long as the incuba-
tion time is adjusted appropriately to obtain approximately 30%
substrate conversion.

Figure 5.  Triplicate* 60 μL reactions containing 1μM peptide, 
5 μM ATP, and the indicated concentrations of PKA were
assembled and read in kinetic mode at 20o C.  

Figure 2.  Real time kinetics of triplicate* 60 μL reactions con-
taining varying concentrations of PKA, 100 μM ATP, and 1μM
peptide substrate. 

Km Determinations
ATP and Peptide substrate Km values were obtained using
real-time kinetic experiments in which reaction wells were
sampled repeatedly over time. Initial reaction velocities (V)
were calculated for each substrate concentration by finding
the slopes of product formed vs. time during the first 30 min-
utes of the reaction. Km values were determined by plotting V
(pmol product/min) vs. substrate concentration [S] (μmol/L)
and applying non-linear regression analysis using the
Michaelis-Menten equation.

Figure 3.  Triplicate* 60 μL reactions containing increasing
amounts of ATP, 0.1 nM PKA, and 1 μM peptide were
assembled and run in kinetic mode.  The plot shows
Michaelis-Menten nonlinear regression analysis of initial
reaction rates vs. ATP concentration.

The ATP Km was 4.22 +/- 0.13 μM (Figure 3), and 5 μM ATP was
chosen as an appropriate concentration for inhibitor screening
assays. The Peptide Km was found to be 2.79 +/- 0.16 (Figure 4).
Thus, 1 μM peptide is slightly below the peptide Km and is
appropriate for inhibitor screening assays.  

DMSO Tolerance
The effect of DMSO on PKA activity, was tested by spotting
increasing volumes of DMSO into microtiter wells prior to
assembling reactions (Figure 6).  This experiment mimics the
addition of test compounds to inhibitor assays, and indicates
how important it is to minimize the volume of DMSO.  PKA
shows considerable sensitivity to DMSO, and it is recommend-
ed that the final concentration should not exceed 5%.

Figure 6.  Triplicate* 30 μL reactions containing increasing
amounts of DMSO, 0.1 nM PKA, 5 μM ATP and 1 μM peptide
were assembled, incubated at 20 oC for 1 hour, then stopped by
the addition of 30 μL stop buffer.

Inhibitor Assays
The final PKA assay reaction conditions (see Methods), were
tested by running staurosporine inhibition assays.  Figure 7
shows 6 replicate IC50 determinations where 100% activity rep-
resents a P/P+S value of 0.28.  Data from the different stau-
rosporine titrations shows little variation, and the IC50 was
found to be 10.4 +/- 0.8 nM.

Figure 7.  Six sets of 31 μL reactions containing increasing con-
centrations of staurosporine (in 1 μL DMSO), 0.1 nM PKA, 5 μM
ATP, and 1 μM peptide were assembled, incubated at 20o C for
45 min, then stopped by the addition of 30 μL stop solution. 
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Figure 8.  31 μL reactions containing 0.1 nM PKA, 5 μM ATP, 
1 μM peptide were assembled in wells containing 1 μL of either
neat DMSO (No Inh) or staurosporine in DMSO (100% Inh, 3.2
μM final concentration).  Reactions were incubated for 45 min
at 20o C.  The Z’ value for the assay was calculated to be 0.94.

The PKA assay was shown to be extremely consistent, with a Z’
value of 0.94 (Figure 8).  The data represents the P/P+S values
from 128 reactions set up with no inhibitor (1μL of DMSO) and
128 reactions set up with 100% inhibitor (1 μL of 0.1 mM stau-
rosporine in DMSO for a final concentration of 3.2 μM). 
Data from stopped PKA reactions was found to be stable for at
least 9.5 hours.  Figure 9 shows the overlap of staurosporine
IC50 curves generated by reading the plate immediately (cycle
1), 5 hours (cycle 8) and 9.5 hours (cycle 15) after stopping the
reactions.  There was virtually no change in the data between
the different reads.  With a run time of approximately 17 min per
plate, at least 33 plates could be read sequentially with no loss
in data quality.

Figure 9.  31 μL reactions containing increasing concentrations
of staurosporine (in 1 μL DMSO), 0.1 nM PKA, 2.5 μM ATP, and 
1 μM peptide were assembled, incubated at 20o C for 45 min,
then stopped by the addition of 30 μL stop solution.  The plate
remained in the LabChip 3000 for multiple cycles of data collec-
tion. Cycle 15 data was completed 9.5 hours after Cycle 1.  The
graph shows data from 3 different reads of the same wells.
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*Figures 2-6 show data averaged from triplicate reactions.  Standard error values were calculated and included on the graphs, but in nearly all cases error bars were
hidden by the data points.  Such small standard error values are typical for LabChip 3000 data, as the ratiometric data analysis helps correct for well-to-well variation.
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*Figures 2-6 show data averaged from triplicate reactions.  Standard error values were calculated and included on the graphs, but in nearly all cases error bars were
hidden by the data points.  Such small standard error values are typical for LabChip 3000 data, as the ratiometric data analysis helps correct for well-to-well variation.
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microfluidic chip to measure the conversion of a fluores-
cent peptide substrate to a phosphorylated product.  The
reaction mixture, from a microtiter plate well, is introduced
through a capillary sipper onto the chip, where the non-
phosphorylated substrate and phosphorylated product are
separated by electrophoresis and detected via laser-
induced fluorescence.  The signature of the flourescence
signal over time reveals the extent of the reaction (Figure 1).
This application note describes assay conditions for the
catalytic subunit of the cyclic AMP-dependent serine/thre-
onine protein kinase PKA.
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Figure 1.  Data signature from 4 consecutive sips from differ-
ent microtiter plate wells in 6 channels of a 12-sipper chip.
Uninhibited reactions show approximately 30% conversion
of substrate to product and fully inhibited reactions show no
substrate conversion.

III. Results
Substrate/Product Peak Separation
Figure 1 shows the separation of product and substrate on
a 12-sipper chip using the parameters listed in the Methods
section. The phosphorylated product migrates through the
chip faster than the non-phosphorylated substrate, and sig-
nals from the two forms of the peptide appear as distinct
peaks.  Caliper’s data analysis software (HTSWA) deter-
mines peak heights, from which the ratio of product to the
peak sum P/(P+S) is calculated. 

Enzyme Titration
An appropriate working concentration of PKA was chosen
by running an initial enzyme titration in kinetic mode (Figure
2). Immediately after assembling the reactions, the plate
was placed in the LabChip 3000 chamber at 20o C and 50%
relative humidity.  Reactions were sampled every two min-
utes over the course of 1 hour. The data indicated that 0.1
nM enzyme was sufficient to obtain 30% conversion of sub-
strate to product in approximately 1 hour. 
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