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Background:
Fluorescent markers are used by biologists to track and analyze biological molecules. Sometimes small molecules, like DNA and proteins, are labelled or attached to a fluorophore, a chemical that when excited by radiation at a certain wavelength will visibly glow. Fluorescence has allowed scientists to move away from labelling molecules with radioactive substances, allowing them to conduct experiments in a safer and more environmentally friendly way.

In today’s lab we will be using fluorescence to analyze the enzymatic rate of a β-galactosidase enzyme. β-galactosidase catalyzes the hydrolysis of the glycosidic bond between galactose and other carbohydrates.

In this lab we will be using β-galactosidase to breakdown a man-made galactose dimer. Our dimer has a fluorescein molecule at its center with a galactose attached to either side. When fluorescein is exposed to blue light it will glow a bright green. However, it will not glow unless the galactose molecules on either side have been removed. This allows us to use the presence of fluorescence as a marker that the enzyme reaction has occurred. We will use this to see how the rate of an enzymatic reaction can change when we change variables such as concentration, temperature, and presence of competitive inhibitors.

Part 1 – Creating a Standard Curve
To determine how the rate of a reaction changes, we first need to create a baseline. We do this by making a standard curve. A standard curve compares two variables to visualize the relationship and make quantitative comparisons. For our curve, we are going to measure how fluorescence changes with different concentrations of fluorescein.

Materials
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· Six 0.2mL tubes
· 40 µM fluorescein 
· P51 Illuminator
· 2X galactose substrate
· Dilution Buffer
· 1x β -galactosidase enzyme
· Micropipette (p50 or p20)
· Micropipette tips (1-200 µL)
· Timer


Procedure
1. Create a dilution series
a. Label five 0.2mL tubes 1-5
b. To tube 5, add 20µL of 40 µµM fluorescein	
c. To tube 4, add 20µL of 40 µM fluorescein
d. Add 20µL of Dilution Buffer to tubes 1-3
e. Add 20µL Dilution buffer to tube 4 and pipette mix
f. Take 20 µL from tube 4 and add it to tube 3; mix
g. Take 20 µL from tube 3 and add it to tube 2; mix
h. Take 20 µL from tube 2 and add it to tube 1; mix
i. Remove 20 µL from tube 1 and discard
j. Tap all tubes 5x on the table to mix
 
2.	Calculate the concentration of fluorescein in each tube and record it in the table below. (Hint: C1V1 = C2V2)
	Tube
	Concentration

	1
	

	2
	

	3
	

	4
	

	5
	



3. Place the tubes in the P51 illuminator in ascending order and turn on to see the effect of concentration on fluorescence. (Note: Tubes may photobleach over time. Refrain from exposing to blue light excessively/unnecessarily to preserve brightness.)






Part II – Baseline Reaction Rate
We first will measure the reaction rate for the b-galactosidase enzyme by looking at how fast it converts our galactose bound substrate to the monomer galactose by measuring how much fluorescence we see in “normal” conditions. This will be our baseline. 

1. Label another 0.2mL tube with the letter “B” for baseline
	Time
	Concentration

	0
	

	15
	

	30
	

	45
	

	60
	

	75
	

	90
	

	105
	

	120
	


2. Add 10mL of 2X galactose substrate
3. Add 5 mL of dilution buffer
4. Add 5mL of 1X b-galactosidase enzyme to the baseline tube. Mix gently by tapping
5. Immediately place the tube inside the P51 next to your standard curve tubes
6. Close the lid and turn on the P51. Record which sample in the standard curve it most resembles. You may also take a photo. This is Time 0
  Note: Cameras must be in manual mode, or it will automatically adjust the lighting.
7. Every 15 seconds, record your concentration and/or take a picture of your results. Do this for 120 seconds
8. If you took photos, estimate the concentration of fluorescein at each time point by comparing to your standard curve. 
9. Using the provided graph paper, create a line
 graph comparing relative concentration versus time
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What is the final concentration of fluorescein in your reaction tube? 


When was all your substrate catalyzed?




Part III – What affects enzyme activity?
Now you will design your own experiments. Use Part II as a guide for designing an experiment but remember what every good experiment has: a question that is trying to be answered, hypothesis, materials, procedure, results, and discussion. 
For experiment 1, look at the effect of one variable on enzyme rate.
For experiment 2, you can either test a different variable or build upon your first experiment.
Guidelines for the investigations are provided below however feel free to adjust as needed. Be sure to write down everything you do. Ensure that the concentration you have chosen will allow for comparison to the baseline reaction.
Materials
· 
· Six 0.2 mL tubes
· 40 µM fluorescein
· P51 illuminator
· 2X galactose substrate
· 100mM NaOH
· Dilution buffer
· 1x β -galactosidase enzyme
· 4X β-galactosidase enzyme
· 500mM Lactose
· 500mM Sucrose

Variables
Temperature
· Test the rate of reaction at a minimum of 3 different temperatures
· Provided heatblocks are set at 55 and 72C and ice are available
· Substrate and enzyme should be kept at the tested temperature before mixing to ensure they are the same temperature after mixing. 
pH 
· [bookmark: _Hlk216691253]Create dilutions of 100mM NaOH to create more basic reactions
· Use dilution buffer to dilute NaOH (e.g 10mM, 1mM, 0.1mM)
· Test at a minimum of three different concentrations of NaOH

Enzyme Concentration
· Enzyme is provided at 4X and 1X; 
· Use dilution buffer to test at least 3 different concentrations (e.g. 4X, 2X, and 1X)



Substrate Concentration
· Substrate is provided at 2X
· Use dilution buffer to test at least 3 different concentrations (e.g. 2X, 1X, 1/2X)
· Recommend using 20ul of diluted substrate with 5ul of 1X enzyme

Competitive Inhibitor 
· For a 25uL reaction, the volume of inhibitor added should be 10uL
· Potential Inhibitors are Lactose and Sucrose 
· Hint: You want to test both inhibitors, but they will need to be tested separately
· Be sure to include a control with no inhibitor (negative control) 

Experimental Checklist
· Make a timeline showing the events in your experiment and the times you will measure or observe.
· Write a clear procedure that other people can follow step by step.
· Create an organized data table.
· Complete the experiment.
· Adjust the written procedure if necessary and explain changes.
· Display the data in an organized chart or graph (if possible)












	Question:
 

	Hypothesis:
 


	What is the dependent variable?
 

	What is the independent variable?

	What other variables may affect your experiment? 
 



	What controls will you include?
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