Measuring Bait and Prey Interaction: the β-galactosidase enzyme assay

Introduction  We will indirectly measure the level of Bait protein:Prey protein interaction in the yeast two-hybrid system by determining the amount of β-galactosidase enzyme activity present in yeast cells than contain known bait and prey plasmids. In the yeast strain we are using, lacZ gene expression is controlled by a promoter that contains GAL4-DNA binding sites (i.e., the BAIT), so if the interaction of two hybrid proteins occurs, lacZ will become transcriptionally-activated leading to the production of lacZ gene product, the beta-galactosidase protein. The protocol below determines the level of β-galactosidase activity in cell extracts by measuring the appearance of yellow color over time due to hydrolysis of o -nitrophenyl--D galactoside (ONPG), a chromogenic lactose mimic, by β-galactosidase.  
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Because the level of β-galactosidase activity will be very high for strongly-interacting proteins and lower for weakly interacting proteins, the time needed for the assay to develop reliable readings can vary greatly. Thus, it is important that you create an Excel table, with the name/number/replicate of each culture being assayed, that allows you to record the START and STOP time of the assay.  Keeping accurate records of the time that each reaction is allowed to run is critical in the process of determining the units of enzyme activity. Use the formula in step 18 to calculate enzyme activity for each replicate and plot the averages on a bar graph with error bars where the y-axis is units of enzyme activity.  Make a page on your website for this experiment. Include the following: a paragraph explaining the purpose of the experiment, how it works, the data table, the data graph, and a paragraph that discusses conclusions drawn. You will also include an explanation and your results from the 2 hybrid plate assay, which should give results similar to the β-gal. assay.  In your discussion, comment on how the two assays complement one another and how they are measuring the same thing but with different reporter genes and different outputs (enzymatic vs growth).
PROTOCOL

Day 1:  Inoculate a culture for each transformation combination that will be considered (see table below).  The cultures (2 ml) are grown in selective media (SCD –leu –trp) at 30°C with ~250 rpm shaking.
	FY#
	BAIT
	PREY

	51
	P53
	Large T Antigen*

	52
	P53
	Empty

	61
	P80
	P80

	62
	P80
	Large T Antigen

	63
	P80
	SnRK1


* SV40 (Simian Vacuolating Virus 40) large T antigen.

Day 2 or 3: Turn on water bath to 30 C.
1. 3-6 hours before performing the assay, vortex cells to break up any clumps and add 8 ml of YPD media to each culture and continue growth.

2. 1–2 hrs prior to experiment, dissolve ONPG at 4 mg/ml in Z buffer (Appendix D) with shaking. Only make a little more than you need.
3. Use 0.5 ml of the culture vs media blank in a 0.5 ml plastic cuvette to determine the OD600; this number will allow you to normalize your enzyme readings for cell density.
4. You will do the assay in triplicate: Place 1 ml of each culture into a 3 different, labeled microfuge tubes and collect the yeast cells by centrifugation for 1 min. at full-speed (13 Krpm).

5. Remove supernatants for each and add 1.0 ml of Z buffer to each tube and pipet/vortex until cells are resuspended.
6. Centrifuge cells again as in step 4 and completely remove supernatants by shaking off liquid into waste container. Completely resuspend each cell pellet in 300 ul of Z buffer. 

7. Place tubes in liquid nitrogen until the cells are frozen (~20 seconds).
8. Place frozen tubes in 30 C water bath for 1 minute or until completely thawed.
9. Repeat the freeze/thaw cycle (Steps 7 & 8) two more times to ensure that the cells have completely lysed. (Freeze/thaw breaks down yeast cell walls)
10. Set up a blank microfuge tube with 300 ul of Z buffer.
11. Add 0.7 ml of Z buffer + β-mercaptoethanol to each reaction and blank tubes.
12. Add 160 ul of ONPG in Z buffer to each tube; quick vortex. Start timer.
13. Place tubes in a 30 C incubator or water bath. Check for yellow color change every 5-10 minutes.
 
14. During the incubation period, make an Excel file for collecting and graphing your data.  You’ll want columns for all of the parameters used in the formula for β-galactosidase units.  Graph the average from your samples for each yeast strain along with error bars (SD).

During this time, set up the two-hybrid growth assay.

15. After a noticeable straw yellow color develops (see tube 3 below for example), add 0.4 ml of 1 M Na2CO3 to stop the reaction and record reaction time in minutes.
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Note:  The incubation time needed will vary (15 min to more than an hour depending on interaction strength).
16. Centrifuge reaction tubes for 5 min on max. speed to pellet cell debris. During spin, calibrate the spectrophotometer against the blank sample at A420.
17. Using the p1000 pipettor, transfer 0.5 ml of supernatant to a 0.5 ml cuvette and measure the A420 of the sample relative to the blank. The absorbance readings should be between 0.02–1.5 to be within the linear range of the assay. If a reading is above 1.5, dilute the sample 10-fold and measure absorbance again; then multiple the reading by 10. Notes: The cellular debris in the pellet, if transferred with the supernatant, will strongly interfere with the accuracy of this test so leave this behind. You can reuse the same cuvette for each triplicate sample.
18. Calculate β-galactosidase units. 1 unit of β-galactosidase is defined as the amount which hydrolyzes 1 umol of ONPG to o-nitrophenol and D-galactose per min per cell (Miller, 1972; Miller, 1992): 

Β-galactosidase units = 1,000 x A420 / (t x V x OD600)

where: t = elapsed time (in min) of incubation

V = volume of cells used
A420 = absorbance at 420 nm which measures yellow color present due to ONPG cleavage.
OD600 = Optical Density at 600 nm = A600 of 1 ml of culture
19.  Publish the results on your website as directed in the introduction section of this protocol. 
Questions

1. What is the purpose of taking both A600 and A420 readings. What does each do for the experiment?

2. This assay is sometimes called semi-quantitative for measuring protein:protein interactions.  What about it makes it semi? 
3. What is the function of SV40 large T antigen, and why is its interaction with p53 in the two hybrid method intriguing?
Solutions:

Z buffer:
16.1 g/liter Na2HPO4.7H2O (or 8.5 g if anhydrous Na2HPO4 is used)



5.5 g/liter NaH2PO4.H2O



0.75 g/liter KCl



0.246 g/liter MgSO4.7H2O 

Adjust to pH 7.0 and autoclave. Can be stored at room temperature for up to 1 year.

Z buffer + 2-mercaptoethanol: 2.7 ul 2-ME per ml of Z buffer

4 mg/ml ONPG dissolved in Z –buffer (NOTE: Make fresh for each day of assays).

• ONPG (o-nitrophenyl b-D-galactopyranoside; Sigma #N-1127)

Yellow color





β-gal








