
Selective Sensor Peptide Substrates Enable Continuous Kinetic 
Quantitation of Kinase Activity in Unfractionated Cell Lysates

Erik Schaefer1, Susan Cornell-Kennon1, Venkatesh Nemmara1, khanh huynh1, Daniel Urul1, Ashleigh Homon-Rahall1, Nicole Tompkins1, Eric Berg1, and Barbara 
Imperiali1,2. 1AssayQuant Technologies, Inc. • 260 Cedar Hill Street • Marlborough, MA 01752 • USA • www.assayquant.com; erik.schaefer@assayquant.com; 

2Departments of Biology and Chemistry, Massachusetts Institute of Technology, Cambridge, MA. Program supported by an NIH/NCI Phase II SBIR (ES is PI).

The kinome features 538 protein kinases implicated in ~400 diseases. These enzymes form complex signaling networks that 

are regulated both positively and negatively. By combining high-throughput sensor peptide synthesis and screening with 

on- and off-target assays, we developed selective sensor peptide substrates to directly quantify the activity of 21 kinases in 

unfractionated cell lysates. We will demonstrate this method’s utility for measuring pathway regulation, inhibitor potency, 

and as functional biomarkers. Our initial development has successfully targeted kinase activity for AKT1-3, GSK3a/b, DNA-

PK, CDK1-3, 5, c-Kit D816V, multiple MAPKs, including pro-growth (ERK1/2) and stress (JNK, p38) pathways, and ZAP70. We 

used these assays to measure kinase activity in lysates from multiple cell models and in response to different treatments. 

Figure 2. A. MAPKs execute major cellular signaling pathways (Figure adapted from Tomida, 2015). The most actively studied MAPKs are 
associated with four pathways: 1) Extracellular-signal-regulated kinase 1 and 2 (ERK1/2), 2) c-Jun N-terminal kinase (JNK1-3), 3) p38α/β/γ/δ, 
and 4) ERK5, where different stimuli activate these individual MAPK subfamilies; mutations and copy number variations identified in human 
cancers are promising drug targets. Although pTXpY phosphorylation is often measured with phospho-specific antibodies as a surrogate for 
activation, this does not always correlate with activity, underscoring the urgent need for quantitative activity-based assays compatible with 
cell lysates and tissue homogenates. B. AQT’s KinSight© profiling results with >400 wild-type kinases highlight the exquisite selectivity of 
the AQT1076 sensor peptide for ERK1/2. C. Lysate quantitation: AQT1076 enables sensitive quantitation of ERK1/2 activity in crude lysates 
from NIH3T3 cells + PDGF. The signal is eliminated with the selective ERK1/2 inhibitor (SCH772984) or heat inactivation of the lysate. 
D. AQT1107 Control versus AQT1076 + purified ERK2: The ERK2 protein (0.4 nM) fully phosphorylates the AQT1076 sensor peptide 
substrate (15 μM) by 240 minutes, with the signal converging with that obtained with the AQT1107 phosphopeptide positive control (15
μM). AQT1107 allows for absolute quantitation (moles of product/min) for comparison. 
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ABSTRACT & INTRODUCTION

The PhosphoSens® Lysate Kinase Activity Assay Workflow

RESULTS & DISCUSSION: MAP Kinase (MAPK) Pathways Cell Lysate Activity Assays 
evelopmentFig 2: A. MAPK Signaling Pathways B. AQT’s KinSight© Profiling with ~400 Wild-type Kinases 

CONCLUSIONS & REFERENCES:

Figure 1. We combined innovative PhosphoSens detection technology, invented 
at MIT, with high-throughput peptide synthesis methods to design sensor peptide 
substrates that are highly selective for the target of interest. This development 
integrates the advantages of the PhosphoSens platform (activity-based, direct, 
homogeneous, continuous/kinetic, quantitative) with the ability to measure 
endogenous target kinase activity in unfractionated cell or tissue lysates. 
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C. ERK1/2 Activity with AQT1076 (15 μM) in Crude Cell Lysate (1.3 μg/well) D. Purified ERK2 w/AQT1076 & AQT1107

The innovative PhosphoSens assay technology enables selection of sensor peptides with optimal performance through a functional, direct 
readout of kinase activity combined with a proven Milestone-based assay development workflow. All assays use 384- or 96-well white plastic 
flat-bottom microtiter plates, run at 30 °C, with signals measured in a BioTek/Agilent Synergy Neo2 multi-mode plate reader. Reaction rates 
(RFU Corrected/min) are determined from the slopes using the linear portion of each progress curve as the average of duplicate reactions. 

We created a systematic development process and workflow that identifies highly selective Sox-based sensor peptide substrates, enabling 

direct quantitation of kinase activity in crude cell lysates or tissue homogenates, as demonstrated for multiple Ser/Thr and Tyr kinases, 

allowing activity in lysates from multiple cell models or tissue homogenates to be determined to advance kinase biology, drug development, 

and personalized medicine by providing a simple, direct, quantitative, and selective functional proteomic readout in complex samples.

2) Table of Reaction Rates from Linear Range (0-85 min.)

AKT Pathway Cell Lysate Activity Assays for AKT1-3, GSK3α/β & DNA-PK
B. AKT Activity in Lysates from NIH3T3 cells + PDGF Using AQT0982Fig. 4: A. AKT Signaling Pathway

E. AKT Pathway Kinase Activity Using 1-4 µg of Crude Lysate/well from Multiple Cell Lines with 15 µM Sensor Peptide
1. AKT1-3 Activity with AQT0982 2. GSK3α/β Activity with AQT1211 3. DNA-PK Activity with AQT0440
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Figure 4-A. AKT Signaling pathway (modified from Xie et al. 2024). B. AKT activity in lysates from NIH3T3 cells + PDGF with AQT0982 shows 
an 8-fold stimulation with treatment, and the signal is eliminated with selective AKT inhibitors (1 μM of Rizavasertib & Vevorisertib) or heat-
inactivation of the lysate (4.B.2). 4-C. Phospho-Control: The AKT1 protein (1 nM) fully phosphorylated the AQT0982 sensor peptide substrate 
by 240 min., as shown by convergence with the signal obtained with the AQT1146 phosphopeptide positive control. 4-D. AKT IC50 (5.2 nM) with 

Rizavasertib (A-443654) & Vevorisertib (ARQ 751) with crude lysates, which is more potent than either alone (data not shown). 4-E. Multi-cell 
model kinase activity with lysates (1-4 μg of total protein/384-well for each cell line) for AKT1-3 (1), GSK3α/β (2), and DNA-PK (3) using 
selective sensor peptides. Figure shows stimulation or inhibition of activity with treatments and is consistent with known pathway regulation. 

3) Histogram Showing Fold 
Activation of AKT with 
AQT0982 in Lysates of NIH3T3 
Cells + PDGF Treatment

C. Phosphopeptide Control (AQT1146) Comparison 
of AQT1146 to Purified AKT1 with AQT0982

Full-time course (0-240 min.)

AQT1146 allows absolute 
quantitation (moles of product/min)  

1) Full-Time Course (0-240 min.)

D. AKT IC50 for with Rizavasertib (A-443654) & Vevorisertib (ARQ 751)
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Fig 3:  A. ERK1/2 Activity in Crude Cell Lysates from 
Multiple Cell Lines with the AQT1076 Sensor Peptide

B. IC50 Dose Response for SCH772984 and Vx-11e Measuring ERK1/2 
Activity in Crude Lysates (1 μg/well) from NIH3T3 Cells + PDGF. 

Figure 3-A. Multi-cell model ERK1/2 activity analysis: 
AQT1076 was used to assay ERK1/2 activity in lysates 
(1-5 μg of total protein per 384-well) from 7 cell lines. 
PDGF-stimulated NIH-3T3 cells showed a 10-fold 
increase in AQT1076 rate versus basal activity (Green 
bar). In all cases, the ERK1/2-selective inhibitor 
SCH77984 (1 µM), blocked the signal, confirming the 
selectivity of the AQT1076 sensor peptide for 
evaluating ERK1/2 activity in complex samples. B. IC50 
determination for SCH772984 (9.3 nM) and Vx-11e 
(101 nM) in crude lysates from NIH3T3 cells +PDGF. 

C. JNK1-3 (AQT1196) and p38 α/β/γ/δ (AQT1280) MAPK Activity in Lysates from Hela cells + Anisomycin (3 µM for 40 min 
as a stress stimulus) with cells at different densities (5K to 160K cell/well) grown and assayed in the same 96-well plates

JNK MAPK with 15 µM AQT1196 p38 MAPK  with 15 µM AQT1280

Figure 3-C. Titration of HeLa cells (5K to 160K cells/well) grown for 48 hours, serum-starved overnight, then treated with +/- anisomycin 
(stress stimulus). JNK activity increased up to 22-fold, with strong induction regardless of cell density, and was completely inhibited by 
the JNK-IN-8 inhibitor (not shown). p38 activity increased 6.2-fold at the lowest cell density but became increasingly constitutively 
activated at higher cell densities, highlighting differential regulation of these MAPK stress pathways in HeLa cells. 
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CDK Lysate Activity Assays with CDK-Dependent Cell Types + Cell Cycle Synchronization

C. CDK2/CyclinE1: 15 µM AQT1170B. CDK1/2/3/5: 15 µM AQT1271

ZAP70 Tyrosine Kinase Cell Lysate Activity Assays with Activated Jurkat Cells

C. Reaction Rate ComparisonB.  Complete Progress Curves

Fig 5: A. 
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Figure 5-A. CDK Signaling pathways (modified from Pellarin et al. 2025). B. CDK1-3/5 Activity using AQT1271 or C. CDK2/CyclinE1 using 
AQT1170 selective sensor peptides (15 µM) with crude lysates from 5 cell models (2 µg of total protein/well). Cells were treated for cell-cycle 
synchronization (Green bars) to increase CDK levels and activity: CDK1, colchicine (G2/M boundary); CDK2, double thymidine block (G1/S 
boundary); and CDK3, double thymidine block followed by medium with 10% serum (G1). Alternatively, we used asynchronous cells (Purple 
bars) for CDK5 (MO59K) or pan-CDK1-3/5 (U-87 MG). We used CDK isoform-selective inhibitors (Orange bars) at concentrations within the 
expected range, based on IC50 values for each recombinant CDK isoform, to demonstrate assay selectivity.

Figure 6-A. ZAP70 Kinome View. B./E. ZAP70 activity in lysates from Jurkat cells +/- Anti-CD3 and CD28 antibodies, followed by Anti-IgG 
crosslinking, to activate the ZAP70 signaling pathway. D. AQT1544 Phosphopeptide Control versus AQT1450 sensor peptide substrate + 
purified ZAP70 (5 nM) shows signal convergence. AQT1544 provides absolute quantitation (moles of product/min). E. IC50 values for 
RDN2150 and RO9021, as selective tool compounds that support the selectivity of AQT1450 for ZAP70 in Jurkat cell crude lysates.

 

Fig 6: A.  TKs

Cell Lines:
▪ SK-BR-3 (CDK1-dependent)
▪ NIH-OVCAR3 (CDK2-dependent) 

T98G (CDK3-dependent) 
▪ M059K (CDK5-dependent)
▪ U-87 MG (pan CDK) 

Cell Cycle Synchronization (Green bars): 
▪ CDK1: colchicine (Phase G2/M boundary)
▪ CDK2: double thymidine block (Phase G1/S boundary) 
▪ CDK3: double thymidine block followed by 10% serum 

(Phase G1) 
▪ Alternatively, asynchronous cells (Purple bars) were 

used for CDK5
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