                           EXPERIMENT (composed of two parts)
Objectives
1. Explain how enzymes catalyze chemical reactions.
2. Explain how and why pH affects the enzymatic activity of lactase.
3. Use an absorption spectrum to determine which wavelength of light to use in
spectrophotometry assay.
4. Use the equation from a standard curve to determine concentration.
5. Design your own experiment to test a hypothesis.

Part A: 
Part A: The effect of pH on the lactase enzyme
Before you begin, use the absorption spectrum in Figure 2.8 to determine which wavelength
you should use to measure 0-nitrophenolate, and record here: ______________. Verify with
your instructor that you are using the correct wavelength before you begin the experiment.
Experimental design:
Purpose:
Hypothesis:
Independent variable:
Dependent variable:
Control:
 
Equipment list:
1. Vortex: Used to mix a solution. If you press
down on the surface of the vortex it will shake to
mix the solution.
2. Table top centrifuge: Centrifuges are the
opposite of vortexes. They spin the samples around
very fast which results in the separation of liquids of
different density or the separation of liquids from
solids.
3. Microfuge tubes: These small plastic tubes hold
1.5 ml and fit inside the centrifuge.
4. 5 ml test tubes: Small glass test tubes, these are
the test tubes that fit in the spectrophotometer.
5. 10 ml test tubes: Larger glass test tubes.
Micropipettes: You used these in Lab 1 to measure precise volumes between 10- 1000 ul.
Make sure you use the correct technique learned in Lab 1.
Spectrophotometers: You learned how to use the spec in Lab 1.

Procedure:
I. Enzyme preparation
1. Add 1 ml phosphate buffer (pH 7) to the crushed lactaid (has been crushed for you) and
wait for 5 minutes with periodic vortexing.
2. Spin your tube in the mini centrifuge for 5 minutes.
a. Centrifuges must be balanced when you spin them, which means putting a tube
of equal volume (= same weight) directly across from your tube. You can spin
with the tube of the person beside you, or you can put 1 ml of water in a
microfuge tube to use as a balance.
b. Spinning the tubes will pellet the pill debris; the lactase enzyme will be in the
supernatant.
3. Pour or pipette the 1 ml of supernatant (enzyme) into 9 ml of phosphate buffer (pH 7) in
a large test tube. Avoid transferring any of the pellet/white debris into the large test
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tube. Label this test tube: Lactase enzyme. This will be the working concentration of
the lactase enzyme for your experiments. Be careful not to contaminate your bench or
instruments with the enzyme.
II. Enzyme assay
1. Set up the blanks for the spectrophotometer (since you are measuring the enzyme
activity at 4 different pH values, you will need 4 different blanks to set the specs to zero)
:
Make sure you label these tubes with Blank pH 1, Blank pH 3, etc. The purpose of these
tubes is to blank the spec. You are not using these tubes to measure the enzyme, so do
NOT add ONPG to these tubes. Blanking the spec with phosphate buffer + enzyme will
ensure that any light absorbed by the buffer or enzyme is removed so that in your reaction
tubes, you will only be measuring ONP.
2. Set up the reaction tubes to test enzyme activity at each of the different pHs. For each
pH: Add 3.5 ml of buffer and 250 µl lactase enzyme. Make sure you label each tube.
3. Blank the spec with the pH 7 blank (remember, the blank contains only buffer and
enzyme, do not add ONPG to your blanks.)
4. Add 100 µl of ONPG to the pH 7 reaction tube, vortex, and immediately measure the
absorbance every minute for five minutes. As soon as you add the ONPG, the reaction
will proceed quickly, be organized! Vortex the tube briefly before each reading. Record
the absorbance values in Table 1.
5. Repeat this for pH1, 3 and 8. Be sure to blank the spec with the appropriate blank.








Results:
				
	                        lactase activity (nM/min)			
pH ----->	              1	    3	   7	       8
Sarena Soodhar	1.11	14.44	 103.37  25.6
Prabhjosh Powar	4.44	24.45	56.39	45.93
Marko Muselin	0	13.3	32.3	8.9
Veronika Mykhalek	0	15.93	30	11.85
Chamathka Silva	0.37	30.7	84.5	44.8
Jamal Taylor	0.37	33.3	108.1	59.2
Balkirat Singh Padda	0.55	25.5	50.0	25.5
Victoria Puzio	1.11	74.41	171.11	109.02
Nick Richard	2.33	25.55	80	37.77
Nuurto mohamed	0.44	25.56	44.4	16.7
Raiya Yee	1.11	45.54	95.32	62.22
(replicates to use for making the graphs for the lab report)

Analysis:
Determine the rate of reaction by graphing the results with concentration on the Y axis
and time (min) on the x-axis. Graph paper is supplied in the lab so you can make this graph by
hand before you leave the lab. Find the slope of the straightest portion of each curve as shown
by the equation below. Ideally, the rate should include the time= 0 reading.

Slope= concentration2 – concentration1/ time2 – time1 

This determines the rate of the enzyme reaction rate in nmol/min.


Part B:
Scenario that we are testing: According to the company that makes Lactaid®:
“Once Lactaid® tablets are ingested with the first bite of food, the lactase enzyme will be active
for approximately 30-45 minutes. The pH of the stomach increases to 4.5 to 5.5 after a full
meal. At this pH level, the lactase enzyme in Lactaid Tablets remains active for approximately
30 minutes.”
You take a Lactaid® tablet with your meal, but then decide you want ice cream for dessert. You
don’t have any more Lactaid®, should you still eat the ice cream? (ie- how effective will the
lactase be if more than 30 minutes has passed since you consumed it? You can use the enzyme
prepped in Part A (more than 30 minutes will have passed since this enzyme was prepped and
compare it to freshly made enzyme.)

 In the space below, summarize how lactase enzyme activity is measured: 
The lactase enzyme activity is measured by the change in concentration of products per unit time due to different factors, in other words by measuring the rate of reaction of enzymes. The more the rate of reaction the more the activity of enzymes. 
 
Research question: How effective is the lactase enzyme after more than 30 minutes of consumption?

Hypothesis: The effectiveness of lactase enzyme will be decreased after 30 minutes of consuming it because as time goes by our body breaks down the enzyme. In your lab report 2, make sure you state your rationale for this hypothesis - since full stomach pH is 4.5-5.5, lactase in this pH for 30min will likely be denatured and result in a loss in active site for ONPG.
  
 Independent variable: Amount of time the enzyme spent in the test tube with phosphate buffer (pH5? <- scenario suggested pH in full stomach is 4.5-5.5; For 30 min?60 min?) before reacting with ONPG.
	
Dependent variable: Concentration of o-nitrophenol at different time intervals after the reaction of ONPG with lactase prepared at different time.  

Control: Concentration of o-nitrophenol after the addition of ONPG in the freshly prepared lactase enzyme. 
 
Constants: pH, temperature (room temp), and strength (4500U) of lactase enzyme
 
Details of procedure: 
I. Enzyme preparation
 1. Add 1 ml phosphate buffer (pH 7 <- would you use pH5 immediately and another tube that has been sitting in pH5 for >30min ) to the crushed lactaid (has been crushed for you) and wait for 5 minutes with periodic vortexing. 
2. Spin your tube in the mini centrifuge for 5 minutes. 
a. Centrifuges must be balanced when you spin them, which means putting a tube of equal volume (= same weight) directly across from the tube. You can spin with the tube of the person beside you, or you can put 1 ml of water in a microfuge tube to use as a balance. 
b. Spinning the tubes will pellet the pill debris; the lactase enzyme will be in the supernatant. 
3. Pour or pipette the 1 ml of supernatant (enzyme) into 9 ml of phosphate buffer (pH 7) in a large test tube. Avoid transferring any of the pellet/white debris into the large test 1 2 3 4 5 tube. Label this test tube: Lactase enzyme. This will be the working concentration of the lactase enzyme for your experiments. Be careful not to contaminate your bench or instruments with the enzyme. 
II. Enzyme assay
Set up the blank for the spectrophotometer. Add 250 µl lactase to 3.6 ml Phosphate buffer (pH7).
Set up the reaction tubes to test enzyme activity at different times. For each time: Add 3.5 ml of buffer (pH7) and 250 µl lactase enzyme. Make sure you label each tube.
Blank the spec with the blank.
Add 100 µl of ONPG to the freshly prepared enzyme, vortex, and immediately measure the absorbance every minute for five minutes. Record the absorbance value in table 1.
Add 100 µl of ONPG to the enzyme prepared 30 minutes ago, vortex, and immediately measure the absorbance every minute for five minutes. Record the absorbance value in table 1.
Repeat the procedure 4 times. 




Division of Labour: Each person will measure absorbance of freshly made enzyme and the enzyme made 30 minutes ago then convert the absorbance values into concentration. Then we will graph concentration over time so they can calculate the rate of reaction (nmol/min) using slope that includes the 0 reading. Then we will compare the rates of enzymes prepared at different times to compare their activity. We will put our raw data and rate data in our shared google doc so that all members of the group have access to the data.

Results: (3 group members- 3 replicates)
	Enzyme Preparation Time
	0 min
	1 min
	2 min
	3 min
	4 min
	5 min 

	Freshly made pH5
	0.045
	0.257
	0.436
	0.566
	0.681
	0.773

	Old pH 5
	0.008
	0.076
	0.132
	0.183
	0.234
	0.284

	Freshly made pH 7
	0.007
	0.060
	0.108
	0.154
	0.196
	0.237

	Old pH 7
	0.006
	0.062
	0.110
	0.158
	0.200
	0.243



	Enzyme Preparation Time 
	0 min
	1 min
	2 min
	3 min
	4 min
	5 min 

	Freshly made pH 5
	0.011
	0.047
	0.160
	0.260
	0.290
	0.320

	Old pH 5
	0.003
	0.018
	0.027
	0.053
	0.085
	0.120

	Freshly made pH 7
	0.020
	0.045
	0.062
	0.088
	0.102
	0.145

	Old pH 7
	0.003
	0.062
	0.089
	0.091
	0.140
	0.169


					
	Enzyme Preparation Time 
	0 min
	1 min
	2 min
	3 min
	4 min
	5 min 

	Freshly made pH 5 
	0.061
	0.439
	0.614
	0.706
	0.758
	0.788

	Old pH 5
	0.019
	0.126
	0.219
	0.303
	0.360
	0.432

	Freshly made pH 7 
	0.007
	0.065
	0.107
	0.156
	0.195
	0.244

	Old pH 7
	0.010
	0.048
	0.096
	0.146
	0.188
	0.226




			
				

