
I.  Introduction
In a typical off-chip mobility-shift kinase assay, the standard
concentration of fluorescent peptide substrate is 0.2 to 5 μM.
This ensures a good signal to noise ratio and keeps the sig-
nal well within the linear range of the LabChip 3000's CCD
detector.  However, it may sometimes be desirable to run
assays at higher substrate concentrations.  If the concentra-
tion of labeled peptide is increased, signal levels can be
attenuated by running assays at 1% laser power.
Alternatively, unlabeled peptide may be added to the reaction
mix.  The second strategy is similar to mixing labeled ATP
with unlabeled "cold" ATP in radioactive assays. The ratio of
labeled and unlabeled substrate can be adjusted to provide
optimal signal resolution while reducing consumption of the
more costly labeled substrate.  In addition, use of unlabeled
peptide increases the range of peptide concentrations avail-
able within a single experiment.  This facilitates the determi-
nation of peptide Km values and the identification of peptide-
competitive inhibition mechanisms.

This application note describes experiments conducted with
two serine/threonine kinases: PKA and P38α. PKA, cyclic
AMP-dependent protein kinase, exhibits a peptide substrate
Km below 5 μM.  P38α, a stress induced MAPK kinase, has a
peptide Km above the measurable range for a standard
LabChip 3000 assay. Unlabeled peptide was added to each of
the assays to investigate effects on the integrity of data sig-
natures, competition with labeled peptide, peptide Km deter-
mination, and inhibitor efficacy.
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IV.  Materials
ITEM MANUFACTURER                      CATALOG NUMBER
LabChip3000 Drug Discovery System Caliper Life Sciences
Chip Module TC Caliper Life Sciences
Off-Chip Mobility-Shift Chip, 
12-sipper, with coating reagent 3 Caliper Life Sciences 761037-0372R
PKA Lot # 26698U Upstate 14-440
P38α Lot # 27915U Upstate 14-587
5-FAM-LRRASLG-CONH2 Caliper Life Sciences 760365
5-LRRASLG-CONH2 Tufts Core Sequencing Facility Custom synthesis
5-FAM-IPTSPITTTYFFFKKK-COOH Caliper Life Sciences 760352
5-IPTSPITTTYFFFKKK-COOH Tufts Core Sequencing Facility Custom synthesis
HEPES, Free Acid ULTROL Calbiochem 391338
HEPES, Sodium Salt ULTROL Calbiochem 391333
MOPS, Free Acid ULTROL Calbiochem 475898
Magnesium Chloride, hexahydrate Sigma M2670
Brij-35 Solution Sigma B4184
Triton X-100 Sigma T9284
DTT EMD 3860
ATP, disodium salt Sigma A7699
EDTA, disodium salt, 0.5 M, pH 8.0 Ambion 9260G
PKA Inhibitor 6-22 Amide  Calbiochem 539684
SB202190 Calbiochem 559388
18 MΩ water *DMSO concentration was matched to the final concentration in the stopped reaction

Table 1.  Assay conditions for PKA and p38α.

Figure 8.  Inhibition of p38α activity by SB202190 at 3 dif-
ferent peptide substrate concentrations.

PKA p38αα
Substrate
5-(FAM)-LLRASLG-CONH2 5-(FAM)-IPTSPITTTYFFFKKK-COOH

Enzyme Enzyme
0.1 nM 2.3 nM

Reaction  Buffer Reaction  Buffer
50 mM HEPES, pH 7.5 50 mM MOPS, pH 6.5
0.002 % Brij-35 0.004% Triton X-100
10 mM MgCl2 20 mM MgCl2
2 mM DTT 2 mM DTT
100 mM ATP 100 mM ATP

Stop  Buffer Stop  Buffer
100 mM HEPES, pH 7.5 100 mM HEPES, pH 7.5
40 mM disodium EDTA 40 mM disodium EDTA
0.015 % Brij-35 0.015 % Brij-35
0.2 % Coating Reagent 3 0.2 % Coating Reagent 3

Separation  Buffer* Separation  Buffer*
100 mM HEPES, pH 7.5 100 mM HEPES, pH 7.5
10 mM disodium EDTA 10 mM disodium EDTA
0.015 % Brij-35 0.015 % Brij-35
0.1 % Coating Reagent 3 0.1 % Coating Reagent 3
*DMSO *DMSO

12-SSipper  12-SSipper  
Separation  Conditions Separation  Conditions
Pressure -1.5 psi Pressure -1.2 psi
Upstream Voltage -2100 V Upstream Voltage -2200 V
Downstream Voltage -500 V Downstream Voltage -500 V
Sample Sip Time 0.2 sec Sample Sip Time 0.2 sec
Buffer Sip Time >25 sec Buffer Sip Time >30 sec

Figure 7.  Inhibition of PKA activity by the PKA Inhibitor 6-
22 Amide at 5 different peptide substrate concentrations.



Figure 2. Representative data signatures from p38α reactions showing
product (P) and substrate (S) peaks.

Figure 3.  Observed conversion rates in kinetic reactions containing 
3 μM total peptide substrate with varying ratios of unlabeled to 
labeled peptide.

II.  Methods
Reaction and separation conditions for PKA and P38α assays are
summarized in Table 1.  Kinetic reactions were assembled in
duplicate in 384-well microtiter plates by adding 30 μL of 2X
enzyme in reaction buffer to 30 μL 2X peptide in reaction buffer.
Plates were placed immediately into the LabChip 3000 chamber,
with temperature and relative humidity set to 20 oC and 50%.
Each well was sampled repeatedly throughout the course of the
reaction.  Stopped reactions for inhibition assays were assem-
bled with 1 μL inhibitor in DMSO, 15 μL 2X enzyme in reaction
buffer and 15 μL 2X peptide in reaction buffer, incubated at room
temperature for 1 hour, then stopped by the addition of 30 μL stop
solution. For all data, Caliper’s HTSWA software was used to
determine substrate and product peak heights, from which the
ratio of product to peak sum, P/(P+S), was calculated.  To deter-
mine the amount of product formed, the P/(P+S) value was multi-
plied by the total picomoles of substrate (labeled + unlabeled) in
the reaction.

III.  Results
Effect of unlabeled peptide on data signatures

Figures 1 and 2 show data traces from PKA and P38α mobility
shift assays containing varying concentrations of unlabeled and
labeled peptide substrates.  Total peptide concentration had no
effect on peak shapes or migration rates. When total peptide
concentration was near the peptide Km (Figure 1), the ratio of
labeled to unlabeled peptide had little effect on the observed
P/(P+S) value.  When total peptide concentration exceeded the
peptide Km value (Figure 2, 222 μM total peptide), the observed
P/(P+S) value decreased, even as the rate of product formation
increased.  Signal quenching, due to the relatively low proportion
of labeled substrate in the reaction, limits the amount of unla-
beled peptide that can be added to an assay.

Competition between unlabeled and labeled peptide substrates
The labeled peptide substrates used in LabChip 3000 assays are
generally linked via aminohexanoic acid (AHA) to either carboxy-
fluorescein (FAM) or fluorescein isothiocyanate (FITC) on the
amino terminus.  One factor to consider for any assay technolo-
gy in which a labeled molecule is used for detection is whether
the label, by way of ionic or steric hindrance, interferes with lig-
and binding within the enzyme’s active site.  To test for preferen-
tial activity with unlabeled vs. labeled peptide substrates, exper-
iments were run in which the total peptide concentration
remained constant while the ratio of labeled to unlabeled peptide
was varied (Figure 3). In P38α reactions, no indication of selec-
tivity for unlabeled or labeled peptide was observed; reactions
proceeded at the same rate regardless of labeled to unlabeled
peptide ratio (Figure 3B). In contrast, PKA reactions (Figure 3A)
showed a small decrease in the observed rate of conversion as
the percentage of labeled peptide decreased.  This indicated that
PKA phosphorylated the unlabeled peptide at a higher rate than
the labeled peptide.  In the case of PKA the effect was minimal,
but a significant preference for labeled or unlabeled peptide
could skew initial velocity measurements and substrate Km
determinations.

Figure 4.  PKA substrate Km determination using a combination of labeled
and unlabeled peptides. Michaelis-Menten regression analysis of initial
reaction rates vs. peptide concentration gave a Vmax of 1.1 pmol product
per minute and a Km of 1.1 μM.

Figure 5. p38α substrate Km determination using a combination of labeled
and unlabeled peptides. Michaelis-Menten regression analysis of initial
reaction rates vs. peptide concentration gave a Vmax of 71 pmol product
per minute and a Km of 104 μM.
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Substrate Km Determination
Figure 4 shows peptide substrate Km determination for PKA.  In
these reactions, 100% labeled peptide was used for final sub-
strate concentrations of < 1.1 μM, and 15% labeled peptide was
used for final substrate concentrations of 3.3 and 10 μM. Initial
reaction velocities were calculated and fit with the Michaelis-
Menten equation, giving a substrate Km value of 1.1 μM. 

Figure 6.  P38α reaction velocity with increasing substrate 
concentrations.

Previous data, obtained with labeled substrate only, gave a sub-
strate Km value of 2.8 μM for PKA (Application Note LC3000-AP-
207). The discrepancy between the two Km determinations may
be due to an underestimation of initial reaction velocities in reac-
tions containing a mixture of labeled and unlabeled peptide.

Substrate Km determination for P38α is shown in Figure 5. 100%
labeled peptide was used in reactions containing < 2.7 μM pep-
tide, and 3 μM labeled peptide was used in all reactions contain-
ing mixtures of labeled and unlabeled peptide.  Michaelis-
Menten analysis of initial reaction rates gave an estimated sub-
strate Km of 104 μM.  Vmax was not attained because increasing
the peptide concentration from 222 μM to 667 μM decreased
reaction velocity (Figure 6).  This is consistent with substrate
inhibition.

Effect of substrate concentration on inhibition assays
Figure 7 shows IC50 curves for PKA Inhibitor 6-22 Amide, a pep-
tide molecule that competes with the PKA substrate peptide.
Duplicate 14-point inhibitor titrations were run at each of  5 dif-
ferent substrate peptide concentrations, with the indicated
ratios of labeled to unlabeled peptide.  As expected, the IC50
value increased with an increase in total peptide substrate con-
centration, showing that the inhibitor competes with both pep-
tides.

With P38α, the ATP-competitive inhibitor SB202190 was used for
duplicate 14-point inhibitor titrations at each of 3 different sub-
strate peptide concentrations (Figure 8). The resulting IC50 values
were nearly identical, indicating that the addition of unlabeled
peptide had no effect on inhibitor efficacy.
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Figure 1. Representative data signatures from PKA reactions showing
product (P) and substrate (S) peaks.


