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Summary

Assays in which the detection of a biological phenomenon is coupled to the production of 

bioluminescence by luciferase have gained widespread use. As firefly luciferases (FLuc) and 

kinases share a common substrate (ATP), coupling of a kinase to FLuc allows for the amount of 

ATP remaining following a kinase reaction to be assessed by quantitating the amount of 

luminescence produced. Alternatively, the amount of ADP produced by the kinase reaction can be 

coupled to FLuc through a two-step process. This article describes the bioluminescent assays that 

were developed for three classes of kinases (lipid, protein and metabolic kinases) and miniaturized 

to 1536-well format, enabling their use for quantitative high-throughput (qHTS) of small molecule 

libraries.
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1. Introduction

Kinases are a diverse class of enzymes that phosphorylate a variety of substrates, including 

proteins, lipids and metabolites. Dysregulation of phosphorylation leads to diseases such as 

cancer, inflammation and diabetes (1). Indeed, a variety of drugs that target kinases have 

been FDA approved but as yet there are many kinases that show promise for the 

development of a targeted therapy but for which there is no FDA-approved drug (1). 

6Lipid prep of PI5P and DPPS in DMSO can be stored at −20 °C and thawed and sonicated prior to use. The PI5P/DPPS mixture is 
stable to at least six freeze/thaw cycles.
7PI5P/DPPS is a suspension and is slightly opaque. The PI5P4Kα/PI5P reagent was stable for at least 16 hours making it amenable to 
HTS and is a solution with a CV and Z’ across each 1536-well plate indicating that the delivery of the lipid mixture is quite uniform. 
PI5P alone is minimally soluble in DMSO so the DPPS DMSO solution can be added to the PI5P followed by sonication to assist the 
formation of the uniform suspension. An alternate assay method for PI5P4Kα using liposomes is described in (26).
11The ADP-Glo™ kit can be used for any enzyme that generates ADP, including ATPases and kinases.
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Therefore, there is widespread interest in developing inhibitors or activators of kinases as a 

treatment for disease. Methods to screen kinases in high-throughput formats are important to 

be able to find leads from chemical libraries and potentially aid the development of kinase-

directed therapeutics. For a successful high-throughput screen, both the selected assay 

methodology and the library design are important. The majority of kinases utilize ATP as 

the phosphate donor to the substrate and have ADP and the phosphorylated substrate as a 

product. An important exception is pyruvate kinase which transfers a phosphate from 

phosphoenolpyruvate (PEP) to ADP yielding ATP as a product (2). Some of the main ways 

that compounds are assessed for their impact on kinases include quantitating the 

phosphorylated product with specific antibodies such as HTRF KinEase (Cisbio) (3), 

competition binding using technologies such as Kinomescan (DiscoveRx) (4), FP assays 

such as Transcreener ADP Assay (Bellbrooks) (5), and γ-ATP transfer of radiolabel to 

product (6). More recently, kinase assays have been assessed by coupling the kinase reaction 

to that of FLuc, which utilizes ATP to generate bioluminescence through the oxidation of 

luciferin (7).

Luciferase-coupled kinase reactions are homogeneous mix-and-read assays that produce a 

stable luminescent glow with good signal to background, suitable for high-throughput 

screening (HTS) applications. A direct coupling of an ATP-dependent kinase to FLuc would 

involve running the kinase reaction to ~50-80% completion followed by FLuc addition to 

quantify the remaining substrate ATP in endpoint mode using a reagent such as Kinase-

Glo™ (Promega) (8) or EasyLite™ (Perkin Elmer). This high degree of substrate 

conversion is needed to have sufficient signal to background (S/B) for the development of a 

robust assay. Ideally, one would like to monitor product formation so that a suitable S/B can 

be achieved at a much lower level of conversion; generally 5-20% conversion is sufficient, 

thereby leading to a more sensitive assay design. However, the theoretical shift in IC50 

values for an enzyme assay performed at a high percent substrate conversion (e.g. ~80% 

conversion) is approximately 2-fold, which can be acceptable for screening applications (9). 

Ideally, initial rate conditions are established in which the enzyme assay has low % 

conversion to determine accurate enzyme parameters (10). ADP-Glo™ (Promega) (11,12) 

involves a two-step process for ADP quantification, initially depleting the residual substrate 

ATP through the action of a soluble adenylyl cyclase in a first step, followed by cyclase 

inhibition and conversion of the ADP from the kinase reaction into ATP by a nucleotide 

kinase such as pyruvate kinase with the signal generated once again using a “glow-type” of 

FLuc (Ultra-Glo™ Recombinant Luciferase; see 15) to quantitate ATP (See Figure 1) (13). 

For a given kinase reaction, the luminescence signal of the Kinase-Glo™ coupled assay 

increases as the kinase reaction is inhibited, leaving more substrate ATP while for ADP-

Glo™ coupled assay the reverse trend occurs (see Figure 2) (7). As there are compounds 

that inhibit FLuc (14,15), it is important to run counterassays to assess detection interference 

following the identification of hits from a luciferase- coupled primary screen (16). For 

example, GSK has released a Protein Kinase Inhibitor Set (PKIS) developed from published 

kinases inhibitors that has been profiled against fire fly and renilla reniformas luciferase to 

aid in the interpretation of assay results derived from the use of this library (17). The 

availability of libraries targeted toward the kinome developed from so-called ‘privileged 
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structures’ (see 7) can greatly facilitate the identification of chemical scaffolds from which 

lead optimization can progress.

The ADP-Glo™ technology was applied to three classes of kinases here indicating the broad 

utility of this assay methodology: a lipid kinase PI5P4Kα (18), a tyrosine kinase Yes1 (19), 

and a metabolic kinase Glucokinase (20). The primary goal was to identify inhibitors of 

PI5P4Kα and Yes1 for the potential use as anticancer agents and activators of glucokinase 

for the potential treatment of diabetes. Each of these assays was miniaturized to the 1536-

well format and used to screen small molecule compound libraries in dose response, a 

method termed quantitative high-throughput screening (qHTS) (21).

2. Materials

Prepare and store solutions at room-temperature unless otherwise noted. Prepare all 

solutions using ultrapure water.

2.1 Yes1 tyrosine kinase

1. Yes1 buffer: 6 nM Yes1 (Millipore), 50 mM Tris pH 7.5, 1 mM DTT, 150 mM 

NaCl, 0.01% Brij-35, 5% glycerol. Mix gently and store at room-temperature. For 

continuous dispensing of multiple plates store Yes1 buffer at 4 °C. (see Note 1)

2. Assay buffer: 50 mM Tris pH 7.5, 1 mM DTT, 150 mM NaCl, 0.01% Brij-35, 5% 

glycerol. Mix gently and store at room-temperature.

3. Substrate Poly(E4Y) (Sigma) was dissolved in 50 mM Tris pH 7.5, 150 mM NaCl, 

5% glycerol at 10 mg/mL, aliquoted and stored at −80 °C.

4. Yes1 Substrate buffer: 0.3 mM ATP, 0.3 mM EGTA, 30 mM MgCl2, 0.9 mg/mL 

poly(E4Y), 50 mM Tris pH 7.5, 1 mM DTT, 150 mM NaCl, 0.01% Brij-35, 5% 

glycerol. Mix gently and store at room temperature. The Ultrapure ATP from the 

ADP-Glo™ kit was used. (see Notes 2-3)

5. ADP-Glo™ Reagent: Thaw at room temperature per manufacturer's protocol.

6. Kinase Detection Reagent: Thaw at room temperature per manufacturer's protocol. 

Add kinase detection buffer to powdered kinase detection substrate and swirl gently 

until fully dissolved.

2.2 Glucokinase (GCK)

1. Glucokinase buffer: 22.5 nM Glucokinase, 22.5 nM Glucokinase regulatory 

protein, 3 mM MgCl2, 37.5 mM KCl, 37.5 mM Hepes, 1.5 mM DTT, 0.0375% 

1The kinase enzymes and protein substrates are stored at −80 °C and then stored on wet ice until ready to use. The substrates are 
stored at -20 °C and stored at room-temperature until ready to use.
2The reactions described herein were run with ATP near the Km. This allows for maximum sensitivity at identifying inhibitors that 
are competitive, uncompetitive or noncompetitive with respect to ATP (24). If the Km is unknown for your kinase, the coupled 
pyruvate kinase/lactate dehydrogenase method can be used to determine it (25).
3The presence of contaminating ADP in the ATP used for the kinase reaction will limit the attainable signal to background so the use 
of Ultrapure ATP, such as the ATP present in the ADP Glo™ kit is recommended.
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BSA, 0.015% Tween-20, pH adjusted to 7.1. Proteins were expressed and purified 

as described in (20). (see Note 1)

2. No Glucokinase buffer: 22.5 nM Glucokinase regulatory protein, 3 mM MgCl2, 

37.5 mM KCl, 37.5 mM Hepes, 1.5 mM DTT, 0.0375% BSA, 0.015% Tween-20, 

pH adjusted to 7.1.

3. GCK Substrate Buffer: 1.2 mM ATP and 15 mM Glucose in water. The Ultrapure 

ATP from the ADP-Glo™ kit was used. (see Notes 2-3)

4. ADP-Glo™ Reagent: Thaw at room temperature per manufacturer's protocol.

5. Kinase Detection Reagent: Thaw at room temperature per manufacturer's protocol. 

Add kinase detection buffer to powdered kinase detection substrate and swirl gently 

until fully dissolved.

2.3 Lipid Preparation

1. DPPS (1,2-dipalmitoyl-sn-glycero-3-phosphoserine) (Echelon Biosciences) was 

suspended in DMSO (333 μL DMSO per 1 mg DPPS), sonicated for 1 minute and 

mixed by vortexing for 30 seconds, forming a solution. (see Note 4)

2. PI5P (D-myo-phosphatidylinositol 5 phosphate diC16) from Echelon Biosciences 

was suspended in DMSO and mixed by vortexing for several minutes (333 μL 

DMSO per 1 mg PI5P).

3. Lipid Mix: DPPS:PI5P (2:1 ratio) made by mixing 1000 μL of DPPS to 500 μL of 

PI5P.

4. 1500 μL of DMSO was added and the resulting lipid mixture was alternately 

sonicated and vortexed for several minutes. The result is a suspension with no 

visible particulate matter. (see Notes 5-8)

2.4 PI5P4Kα lipid kinase

1. PI5P4Kα/PI5P buffer: 15 nM PI5P4Kα, 112.5 μM PI5P (Echelon Biosciences), 

225 μM DPPS (Echelon Biosciences), 40 mM Hepes pH 7.4, 0.25 mM EGTA, 

0.1% CHAPS. Protein was expressed and purified as described in (18) (see Note 1). 

To make this reagent, 1259 μL of lipid mix described in 2.3 was added to 315 μL of 

DMSO. Then 5287 μL of buffer 1 (30 mM Hepes pH 7.4, 1 mM EGTA, 0.1% 

CHAPS) was added and the mixture was sonicated. Then, 13525 μL of buffer 2 (50 

mM Hepes pH 7.4, 0.1% Chaps) was added and the mixture was sonicated. Lastly, 

enzyme was added and the solution was gently mixed by pipetting. This reagent 

was stored on wet ice.

4Test compounds are dissolved in DMSO. The tolerability of the kinase to DMSO should be tested. PI5P4Kα was sensitive to DMSO 
levels higher than 7.25% (18). The assays described herein use 5% DMSO, which is needed to solubilize the PI5P lipid. The 
remaining assays, Glucokinase and Yes1 kinase, had <1% DMSO as DMSO was needed only to solubilize the compounds and not the 
substrates in those assays.
5Lipid solutions should be prepared and stored in glass containers to minimize the lipid sticking to plastic.
8While there are shorter chain PI5P lipids available that are more soluble in DMSO, these are not substrates for PI5P4Kα.
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2. No PI5P4Kα buffer: 112.5 μM PI5P (Echelon Biosciences), 225 μM DPPS 

(Echelon Biosciences), Hepes pH 7.4, EGTA, 0.1% CHAPS.

3. No PI5P buffer: 15 nM PI5P4Kα, Hepes pH 7.4, EGTA, 0.1% CHAPS.

4. ATP Buffer: 15 μM ATP, 20 mM Hepes 7.4, 60 mM MgCl2, 0.1% CHAPS. (see 

Notes 2-3)

5. ADP-Glo™ Reagent: Thaw at room temperature per manufacturer's protocol. (see 
Note 9)

6. Kinase Detection Reagent: Thaw at room temperature per manufacturer's protocol. 

Add kinase detection buffer to powdered kinase detection reagent and swirl gently 

until fully dissolved. (see Note 10-12)

3. Methods

3.1 Yes1 tyrosine kinase

1. Dispense 2 μL of Yes1 enzyme buffer into all but one column of a white 1536-well 

solid bottom plate (Greiner) with a Flying Reagent Dispenser (Beckman Coulter) 

leaving a control column that will contain just the buffer components but no Yes1. 

(see Note 13)

2. Dispense 2 μL of the assay buffer buffer control in the remaining column as a no 

enzyme control.

3. Transfer 23 nL of library compounds dissolved in DMSO from a 1536-well 

compound plate arrayed in columns 5-48 into the assay plate using a pintool 

(Kalypsys Systems) (22). (see Note 4)

4. Transfer 23 nL of control compounds (DMSO used here in column 1, 3-4 and 

known Yes1 inhibitor dasatinib (23) in 16-pt dose response in column 2) from a 

1536-well compound plate arrayed in columns 1-4 into the assay plate using the 

pintool.

5. Incubate the enzyme with compound for 15 minutes.

6. Initiate the enzyme reaction by dispensing 1 μL of Yes1 substrate buffer to all wells 

of the assay plate.

7. Cover the plate with a solid lid.

8. Incubate at room-temperature for 1 hour.

9. Add 2 μL of ADP-Glo™ reagent. (see Note 14)

9ADP-Glo™ reagents can be refrozen and stored at -20 °C. Upon thawing mix gently and check for precipitation. Solution can be 
warmed at 37 °C for 15 minutes to dissolve precipitate or supernatant can be removed and used.
10ADP-Glo™ kit reagents and kinase reaction mixture should be at room temperature prior to the detection steps.
12The ADP-Glo™ kit can detect up to 1 mM of ATP/ADP and can also detect as little as 20 nM ADP.
13It is important to initially have a control that is all components but no enzyme and a control that is all components but no substrate 
to assess the level of substrate independent ATPase activity as well as ensure that the substrate does not itself contain a contaminating 
ATPase.
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10. Incubate the lidded plate for 40 minutes.

11. Add 4 μL of Kinase Detection reagent. (see Note 15)

12. Incubate the lidded plate for 30 minutes. (see Note 16)

13. Read the luminescence signal with a ViewLux (Perkin-Elmer) with a 1 sec 

exposure.

14. Normalize the data to DMSO-treated control columns with (maximum signal) and 

without (minimum signal) enzyme. (see Note 17)

3.2 Glucokinase (GCK)

The Glucokinase assay was designed to look for inhibitors of the Glucokinase/Glucokinase 

regulatory protein interaction which would lead to activation of Glucokinase (see Figure 3). 
This assay could be run with just glucokinase to look for activators or inhibitors. Additional 

complementary assay formats for interrogating the interaction of Glucokinase with 

Glucokinase regulatory protein can be found in (20,27).

1. Dispense 2 μL of Glucokinase/glucokinase regulatory enzyme buffer into all but 

one column of a white 1536-well solid bottom plate (Greiner) with a Flying 

Reagent Dispenser (Beckman Coulter) leaving a control column that contains just 

the buffer components but no glucokinase. (see Note 13)

2. Dispense 2 μL of no Glucokinase buffer control in the remaining column.

3. Transfer 23 nL of library compounds dissolved in DMSO from a 1536-well 

compound plate arrayed in columns 5-48 into the assay plate using a pintool 

(Kalypsys Systems).

4. Transfer 23 nL of control compounds (DMSO used here in column 1, 3-4 and 

known Glucokinase activator cmpd A from EMD Millipore (GKA-EMD) in 16-pt 

dose response) from a 1536-well compound plate arrayed in columns 1-4 into the 

assay plate using the pintool.

5. Incubate the enzyme with compound for 15 minutes.

6. Initiate the enzyme reaction by dispensing 1 μL of GCK substrate buffer to all 

wells of the assay plate.

7. Cover the plate with a solid lid.

8. Incubate at room-temperature for 1 hour.

14The ADP-Glo™ kit requires the presence of at least 0.5 mM MgCl2 so if the kinase reaction does not have MgCl2 present it should 
be added with the ADP-Glo™ reagent. Termination of the kinase reaction is not required with the kit and the use of EDTA to 
terminate the kinase reaction should be avoided as the Mg2+ is needed for the ADP-Glo™ kit.
15The manufacturer's recommendations are to add a 1:1 ratio of ADP-Glo™ reagent to your kinase reaction and then a 1:1 ratio of 
Kinase Detection reagent to that. The minimum volume that is preferable in a 1536-well plate is 3 μL but the maximum volume the 
plate can hold is 12 μL with a preference for staying at or below 10.5 μL, so the ADP-Glo™ kit reagents were used at levels below the 
manufacturer's recommendation. For the assays used herein, this did not adversely affect the assay.
16The ADP-Glo™ signal/background is stable for at least 3 hours per the manufacturer's specifications making it amenable to high-
throughput screening.
17A standard curve can be made using the starting amount of ATP in the kinase reaction and creating admixtures of ATP/ADP 
representing 0 to 100% conversion.

Davis et al. Page 6

Methods Mol Biol. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



9. Add 2.5 μL of ADP-Glo™ reagent.

10. Incubate the lidded plate for 40 minutes.

11. Add 5 μL of Kinase Detection reagent.

12. Incubate the lidded plate for 30 minutes.

13. Read the luminescence signal with a ViewLux with a 1 sec exposure.

14. Normalize the data to DMSO-treated control columns with (maximum signal) and 

without (minimum signal) enzyme.

3.3 PI5P4Kα lipid kinase

1. Dispense 2 μL of PI5P4Kα/PI5P enzyme buffer into all but two columns of a white 

1536-well solid bottom plate (Greiner) with a Flying Reagent Dispenser (Beckman 

Coulter) leaving a control column that contains just the buffer components but no 

PI5P4Kα and a control column that contains just the buffer components but no 

PI5P. (see Note 13 and 18)

2. Dispense 2 μL of no PI5P4Kα buffer control and no PI5P buffer control in the 

remaining columns.

3. Centrifuge for 10 sec at 300×g.

4. Transfer 23 nL of library compounds dissolved in DMSO from a 1536-well 

compound plate arrayed in columns 5-48 into the assay plate using a pintool 

(Kalypsys Systems).

5. Transfer 23 nL of control compounds (DMSO used here in column 1, 3-4 and 

known PI5P4Kα inhibitor Tyrphostin AG82 (Cayman Chemical Company) (18) in 

16-pt dose response) from a 1536-well compound plate arrayed in columns 1-4 into 

the assay plate using the pintool.

6. Incubate the enzyme with compound for 15 minutes.

7. Initiate the enzyme reaction by dispensing 1 μL of ATP buffer to all wells of the 

assay plate.

8. Cover the plate with a solid lid.

9. Incubate at room-temperature for 1 hour.

10. Add 2 μL of ADP-Glo™ reagent.

11. Incubate the lidded plate for 40 minutes.

12. Add 4 μL of Kinase Detection reagent.

13. Incubate the lidded plate for 30 minutes.

18The bottles used to dispense reagents on the Flying Reagent Dispenser are made of plastic. For the PI5P4Kα/PI5P reagent a glass 
test tube was placed inside the plastic bottle to minimize sticking of the lipid to plastic.
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14. Read the luminescence signal with a ViewLux (Perkin-Elmer) with a 20 sec 

exposure. (see Note 19)

15. Normalize the data to DMSO-treated control columns with (maximum signal) and 

without (minimum signal) enzyme.

3.4 Data analysis and counter screens

1. FLuc (Sigma cat # L9506) can be used as a counterscreen (14,16) but for ADP-

Glo™ assays it is preferable to use the kit itself and not just FLuc enzyme as the 

ADP-Glo™ system contains additional proprietary enzyme components. By testing 

the compound in the presence of the ATP/ADP mix representing the % conversion 

attained in the assay, it can be determined whether the compound interferes with 

any of the components of the ADP-Glo™ detection system, including FLuc.

2. For the Yes1 assay, the average Z’= 0.76, CV= 6.9 and S/B =.23.7 (19). IC50 for 

control dasatinib = 0.5 nM. Data were deposited in PubChem AID 686947 (primary 

assay) and 686950 (detection counterassay).

3. For the Glucokinase assay, the average Z’= 0.7, CV= 4.2% and S/B= 4.2 (20). Data 

were deposited in PubChem AID 743206.

4. For the PI5P4Kα assay, the Z’= 0.77, CV= 9.3% and S/B= 12.6 (18). Data were 

deposited in PubChem AID 652105, 652103, 743286 and 743285 (detection 

counterassay).

5. These assay formats can be used to assess mechanism of inhibition by varying the 

[ATP] relative to the Km as long as the amount of ATP used at each point lies 

within the linear range of the detection reagent ~ 20 nM to 1 mM as was done 

previously for PI5P4Kα (18). Competitive inhibitors will show increased IC50 

values with increasing concentrations of ATP, noncompetitive inhibitors will show 

no change and uncompetitive inhibitors will have decreased IC50 values with 

increasing concentration of ATP.
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Figure 1. Schematic of the ADP-Glo™ kit detection process
Following the kinase reaction the remaining ATP is removed by the ADP-Glo™ reagent and 

then the Kinase Detection reagent generates ATP from the kinase reaction ADP and uses 

this ATP to generate luminescence.
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Figure 2. Measurement of ATP or ADP levels following a kinase reaction
The Raw light Units (RLUs) are plotted for an inhibitor following a CLK4 assay using the 

Kinase-Glo™ assay (solid circles) and the ADP-Glo™ assay (open circles) detection 

techniques (7).
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Figure 3. Schematic of the ADP-Glo™ assay for Glucokinase
This assay monitors Glucokinase activity directly but also indirectly monitors the protein-

protein interaction of Glucokinase with Glucokinase regulatory protein. A small molecule 

that disrupts the interaction of Glucokinase with Glucokinase regulatory protein would lead 

to an increase in observed luminescence (20).
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