Protocol: ATPase assay

Purpose of Procedure: To measure Pi release in a colorimetric assay, following the description by Chifflet (1988) Analytical Biochemistry 168: 1-4
Reagents Required (most of these are already prepared as they have a long shelf life) those underlined are made fresh on the day of the assay.
A) 12% SDS

B) 1% ammonium molybdate

C) 1M HCl

D) 2% sodium citrate (scavenges free molybdate), 2% sodium metaarsenite, 1% acetic acid

E) 6% ascorbate in 1M HCl

F) Stop solution (1:1 mixture of B and E made immediately before use)

G) 100 mM disodium ATP

H) ATPase buffer (50 mM Tris pH 7.4, 150 mM ammonium chloride, 5 mM MgSO4, 0.02% NaN3)

phosphate standards

Hazardous Chemicals Employed:
sodium azide
sodium metaarsenite
ammonium molybdate
ascorbate (Vitamin C)

DMSO (dimethylsulfoxide)

Procedure
1. Standards are added to water to give a total volume of 50 μl per Pi concentration (see table below)

2. Samples will be: 0.1 to 1 μg of pure protein, or 10 μg of membranes/impure protein. Pure protein should be at a concentration of ca. 0.1 μg/μl (use ATPase buffer for dilution if necessary). Membranes should be diluted to a concentration of 1 μg/μl in ATPase buffer.

3. ATP, sample and drugs (if required) are added to each well of a 96-well plate giving a total volume of 50 μl (see tables below). Reaction is initiated by either the addition of ATP.
4. Plates are then covered, and incubated typically for 20-25 minutes at 37C. Make a note of the exact time. It’s necessary for analysis.

5. Add 40μl of 12% SDS rapidly to quench the reaction.
6. Make up solution F (1:1 mixture of B and E) and add 100μl to each well. Incubate at room temperature for 5 minutes.

7. Add 100 μl of solution D and incubate for 15 minutes at 37C

8. Read the plate at an absorbance of 700-850nm

Standards

These are are 10.5 nmoles/μl. Dilute to 1 nmole/μl in water.
	nmoles Pi
	μl stock Pi
	μl MQ H2O

	0
	0
	50

	1
	1
	49

	2
	2
	48

	3
	3
	47

	4
	4
	46

	5
	5
	45

	6
	6
	44

	8
	8
	42

	10
	10
	40

	12
	12
	38

	16
	16
	34

	20
	20
	30


Samples
a) delta-ATP

· the purpose here is to measure the maximal velocity and relative affinity (Km) of the protein for ATP

· therefore the velocity is measured for a fixed period by varying the concentration of ATP

	ATP (mM)
	μl stock
	μl buffer
	μl protein

	* 0
	0
	40
	10

	 0.1
	5
	35
	10

	* 0.2
	10
	30
	10

	* 0.4
	20
	20
	10

	0.6
	6
	34
	10

	* 0.8
	8
	32
	10

	1
	10
	30
	10

	* 1.25
	12.5
	27.5
	10

	1.5
	15
	25
	10

	* 1.75
	17.5
	22.5
	10

	2
	20
	20
	10

	* 2.5
	25
	15
	10


· In bold are ATP from a stock of 1mM, the others are from 5 mM

· when doing this analysis ALWAYS include a lane with no protein in order to subtract the appropriate amount of background Pi release 

· If short of protein use only those lanes marked *
· often a row containing 50μM verapamil is required. In such cases 7.5 μl of a 10-3M solution of verapamil in DMSO should be added to 150μl of protein (enough for one row of a plate)

other protein volumes can easily be incorporated......
	mM ATP
	ATP μl
	buffer μl
	buffer
	buffer
	buffer
	buffer

	0
	0
	40
	35
	30
	25
	45

	0.2
	10
	30
	25
	20
	15
	35

	0.4
	20
	20
	15
	10
	5
	25

	0.8
	8
	32
	27
	22
	17
	37

	1.25
	12.5
	27.5
	22.5
	17.5
	12.5
	32.5

	1.75
	17.5
	22.5
	17.5
	12.5
	7.5
	27.5

	
	
	
	
	
	
	

	protein volume =>
	10
	15
	20
	25
	5


b) delta Verapamil (and can be adapted for any other stimulator you wish to examine)
· The purpose of this type of experiment is to examine the potency of interaction between substrate and the protein ie. measurement of a drug EC50 concentration. That is the concentration of drug that half-maximally stimulates the ATPase activity.
· Velocity is measured a fixed ATP concentration for a defined period of time with varying amounts of verapamil or other substrate.

· the concentration of ATP used is 2mM final

· all dilutions of verapamil are to be done in DMSO and should only be added to well after the protein is in situ in order to prevent non-specific loss onto plasticware

· verapamil and other drugs are light sensitive compounds and work should be carried out in subdued lighting

· the reaction should be started with the addition of ATP, i.e. add the reagents in the order buffer, protein, verapamil and then ATP

	[verapamil]
	2 μl stock
	Protein
	μl buffer
	ATP μl

10mM stock

	0
	DMSO
	10
	30
	10

	3.00E-08
	7.5E-07
	10
	30
	10

	1.00E-07
	2.5E-06
	10
	30
	10

	3.00E-07
	7.5E-06
	10
	30
	10

	1.00E-06
	2.5E-05
	10
	30
	10

	3.00E-06
	7.5E-05
	10
	30
	10

	1.00E-05
	2.5E-04
	10
	30
	10

	3.00E-05
	7.5E-04
	10
	30
	10

	1.00E-04
	2.5E-03
	10
	30
	10

	3.00E-04
	7.5E-03
	10
	30
	10

	1.00E-03
	2.5E-02
	10
	30
	10

	blank Pi
	DMSO
	0
	40
	10


For ABCG2, the best stimulators of ATPase activity appear to be prazosin at low micromolar concentrations (up to 20 μM), nifedipine (similar concentrations) and EKI-785 at sub-micromolar concentrations (up to 1 μM).

