
ABSTRACT
Phosphorylation is fundamental to the regulation of almost all aspects of cellular  
function and is carried out by a variety of kinases. During phosphorylation, the 
γ-phosphate of adenosine-5’-triphosphate (ATP) is transferred to an acceptor  
substrate, resulting in the release of adenosine-5’-diphosphate (ADP) as a by- 
product. The ADP-based phosphatase-coupled kinase assay described here offers 
a new method for measuring kinase activity. This non-radioactive assay couples 
the phosphatase CD39L2 with kinase reactions to quantitatively release the  
β-phosphate from ADP. The released phosphate group is then detected using  
colorimetric Malachite Green-based reagents. Since CD39L2 hydrolysis of ADP  
displays a first-order rate constant, relatively simple equations can be derived to calcu-
late the coupling rate for CD39L2-coupled kinase reactions. This assay is demonstrated  
using human Glucokinase (GCK), Penicillium chrysogenum Adenosine 5’-phospho- 
sulfate Kinase (APSK), and human Extracellular Signal-Regulated Kinase 1 (ERK1). 

CONCLUSIONS
CD39L2 displays first-order-rate constants on both ADP and ATP when their  

concentrations are below 0.15 mM.

CD39L2 is 50 times more active on ADP than on ATP. 

The CD39L2-coupled assay is universally applicable to kinase reactions that  
produce ADP.

The CD39L2-coupled kinase assay is colorimetric based and requires no labeling 
procedures.

The CD39L2-coupled kinase assay requires no separation of product and substrate.

The CD39L2-coupled kinase assay is direct and quantitative because it involves 
only one coupling step.

The CD39L2-coupled kinase assay is compatible for high-throughput screening.
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ASSAY PROCEDURE
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FIGURE 6 Activity of Human ERK1.  The activity of 
Recombinant Human ERK1 (Catalog # 1879-KS) was  
assayed in the presence of 0.2 mM ATP, 0.2 mM myelin  
basic protein (MBP) peptide, and 0.2 µg CD39L2 in 50 µL  
at room temperature for 15 minutes. The slope of the curve 
corresponds to a specific activity of 482 pmol/min/µg using 
the conversion factor of 3500 pmol/OD and the coupling 
rate of 0.597.

TABLE 1 Kinetic Parameters of CD39L2

Substrates Km (mM) Kcat (S-1) Kcat/Km (S-1mM-1) Vmax (nmol min-1 µg-1)
ADP 1.05 38.5 36.6 49.1
ATP 1.14 0.617 0.727 0.928
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STEP 1.  In a 96-well plate, prepare a reaction mix containing ATP, the acceptor 
substrate, and CD39L2 in buffer.

STEP 2.  Initiate the reaction by adding a specific kinase. 

STEP 3.  Stop the reaction and develop the color using the Malachite Green 
Phosphate Detection Kit (Catalog # DY996). Read the absorbance at 620 nm  
with a plate reader.

Reaction Buffer:  25 mM Tris, 150 mM NaCl, 10 mM MgCl2, 10 mM CaCl2, pH 7.5, unless otherwise noted.

ATP  
(µM)

CD39L2 (µg)
0.05 0.1 0.15 0.2 0.25

0 0.363 0.562 0.656 0.750 0.798

50 0.324 0.516 0.612 0.713 0.766

100 0.310 0.499 0.596 0.699 0.753

150 0.300 0.487 0.583 0.688 0.743

200 0.292 0.477 0.573 0.678 0.735

250 0.286 0.468 0.564 0.671 0.728

300 0.280 0.461 0.557 0.664 0.722

400 0.270 0.448 0.544 0.651 0.711

500 0.262 0.437 0.533 0.641 0.702

600 0.256 0.428 0.523 0.632 0.693

700 0.250 0.420 0.514 0.623 0.685

800 0.244 0.413 0.507 0.616 0.678

900 0.240 0.406 0.499 0.609 0.672

1000 0.235 0.400 0.493 0.603 0.666

The coupling rates were calculated using 49 nmol/min/µg for the CD39L2 rate constant for a 20 minute reaction carried out 
in a volume of 50 µL and adjusted for ATP inhibition.

TABLE 2 Coupling Rates for Kinase Reactions at Various Conditions

FIGURE 5 

FIGURE 5 Kinetic Assay for Recombinant P. chrysogenum 
APSK (Catalog # 7176-SK).  APSK is an essential enzyme 
for the synthesis of PAPS, the active sulfur donor for 
sulfotransferases. All reactions were carried out at room 
temperature (A) An adenosine 5’-phosphosulfate (APS) 
curve in the presence of 0.12 mM ATP, 0.1 µg APSK, and 
0.3 µg CD39L2 in 150 µL for 10 minutes. (B) An ATP curve 
in the presence of 100 µM APS, 0.2 µg APSK, and 0.3 µg  
CD39L2 in 150 µL for 15 minutes. The OD readings (black  
line) were first corrected by background subtraction 
(blue line) and then corrected by the ATP inhibition 
factors (red line). (C) An APSK dose curve in the 
presence of 1 mM ATP, 0.1 mM APS, and 0.14 µg 
CD39L2 in 50 µL for 20 minutes. The slope of the curve 
corresponds to a specific activity of 1125 pmol/min/µg  
using the conversion factor of 3500 pmol/OD and the 
coupling rate of 0.61.
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FIGURE 4 Kinetic Assay for Recombinant Human GCK.   
GCK is expressed in insulin-secreting pancreatic β cells 
and hepatocytes, and acts as a sensor for circulating 
glucose levels. All reactions were carried out at room 
temperature. (A) A glucose curve in the presence of 
0.12 mM ATP, 0.2 µg GCK, and 0.3 µg CD39L2 in 150 µL 
for 15 minutes. (B) An ATP curve in the presence of  
20 mM glucose, 1 µg GCK and 0.1 µg CD39L2 in 50 µL for  
25 minutes. A no-kinase negative control was performed 
for each ATP concentration to correct for background. 
The OD readings of the reactions (black line) were first  
corrected with background subtraction (blue line) and 
further corrected for ATP inhibition (red line) and finally 
fit to the Michaelis-Menten equation. (C) A GCK dose 
curve in the presence of 10 mM ATP, 20 mM glucose, and 
0.2 µg CD39L2 in 50 µL for 25 minutes. The slope of the 
curve corresponds to a specific activity of 2416 pmol/ 
min/µg using the conversion factor of 3500 pmol/OD  
and the coupling rate of 0.396.
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FIGURE 7 Z’ Factor Determination for the Three Representative CD39L2-Coupled Kinase Assays.  Z’ factor quantitatively 
describes the separation between the signal (red line) and the background (blue line). Good separation is essential for an 
assay to be compatible for high-throughput screening. All reactions were carried out in 150 µL at room temperature. (A) 
GCK reactions in the presence of 20 mM Glucose, 0.1 mM ATP, 0.64 μg GCK, and 0.1μg CD39L2 for 20 minutes. (B) APSK  
reactions in the presence of 0.0625 mM APS, 0.125 mM ATP, 1 μg APSK, and 0.15 μg CD39L2 for 15 minutes. (C) ERK1 
reactions in the presence of 0.05 mM MBP, 0.1 mM ATP, 0.2 μg ERK1, and 0.1 μg CD39L2 for 20 minutes.
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FIGURE 3

FIGURE 3 CD39L2 activity on ADP is inhibited by ATP.  
The ratio of CD39L2 activity in the presence ATP (V) to the 
activity in the absence of ATP (Vmax) was plotted against 
ATP concentration. The plot was fit to the equation with 
the inhibition constant Ki = 1.41 mM. Inhibition factor,  
i = V/Vmax

FIGURE 1 CD39L2 is Selectively Active on ADP.   (A) pH profile of CD39L2 activity with ADP (blue line) or ATP (red line) at 
room temperature. CD39L2 has an optimal pH of 5.5 and is selectively active on ADP throughout the pH range. (B) First-
order-rate constant of CD39L2 for ADP (blue line) or ATP (red line) at pH 7.5. The specific rate constant of CD39L2 for ADP 
or ATP was determined to be 41.0 and 0.7 nmol•min-1 mM-1•µg-1 (the slopes of the curves), respectively.

Kinase Assay Buffer:  25 mM Tris, pH 7.5
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FIGURE 2

• Coupling rate is the percentage of product that has been 
converted to the signal by the coupling reaction.

r = l -     ( l - e -    )

t =

• Steady state  is reached when the velocity of the coupling 
reaction equals the velocity of the primary reaction.

• [ADP]ss is the concentration of ADP at the steady state.

FIGURE 2 Coupling rate (r) and steady state (ss) of a coupling reaction.  [ADP]/[ADP]ss (blue line) and r (red line) are 
plotted against the number of t, the lagging time of the coupling reaction.
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t : reaction time 
t : lagging time 
Vol : reaction volume 
k2 : rate constant of the coupling reaction
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