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Enzymes are protein molecules that act as biological catalysts by increasing the rate of reactions without changing the overall process. They are long chain amino acids bound together by peptide bonds. The reactants of enzyme-catalyzed reactions are labeled as substrates. Each enzyme is quite specific in character, acting on a particular substrate to produce a distinct product. 
The enzyme α-amylase, found in both animals and plants, catalyzes the hydrolysis of starch. Specifically it catalyzes the hydrolysis of an internal α-1,4-glycosidic bond present in starch, a polysaccharide composed of amylose and amylopectin. The product of the hydrolysis reaction is maltose, a disaccharide made up of two glucose molecules. This enzyme-substrate reaction can be observed by measuring the increase in maltose using the 3,5-dinitro salicylic acid (DNS) reagent. Under alkaline conditions, 3,5-dinitro salicylic acid undergoes reduction to yield 
3-amino-5-nitrosalicylic acid. This reaction causes a change in color from yellow to orange where the intensity of the color depends on the concentration of maltose. Spectroscopy can be used to determine the amount of maltose produced. 
This lab experiment investigates the effects of substrate and enzyme concentration on the rate of the hydrolysis of starch to maltose using the enzyme α-amylase. 
Materials
LabQuest or computer interface
LabQuest App or Logger Pro 
Vernier UV-VIS Spectrophotometer or Vernier SpectroVis Plus Spectrophotometer
Quartz Cuvette
water bath (95°C)
five 50 mL beakers
200 µL micropipette and tips
1000 µL micropipette and tips
plastic beral pipets
five 1.5 × 13 cm test tubes
test tube rack
amylopectin starch solution
amylase solution
maltose solution
NaK tartrate solution
DNS reagent
distilled water
grease pencil or marker
timer with seconds readout
HAZARD ALERTS
The chemical safety signal words used in this experiment (DANGER, WARNING, and N/A) are part of the Globally Harmonized System of Classification and labeling of Chemicals (GHS). 
3,5-dinitrosalicylic acid, C7H4N2O7 in 2.0 M Sodium hydroxide solution, NaOH: DANGER: Causes severe skin burns and eye damage. Do not breathe mist, vapors, or spray. 
Potassium sodium tartrate solution, KNaC4H4O6: This chemical is considered nonhazardous according to GHS classifications. Treat as a non-food-grade chemical. Prudent laboratory practices should be observed. 
Amylopectin solution: This chemical is considered nonhazardous according to GHS classifications. Treat as a non-food-grade chemical. Prudent laboratory practices should be 
Maltose solution, C12H22O11: This chemical is considered nonhazardous according to GHS classifications. Treat as a non-food-grade chemical. Prudent laboratory practices should be observed.  
Amylase solution: This chemical is considered nonhazardous according to GHS classifications. Treat as a non-food-grade chemical. Prudent laboratory practices should be observed.
Procedure
Part I  Measuring maltose
1. Obtain and wear goggles.
2. Label five test tubes 1 through 5 and place them in the test tube rack.
3. Prepare a hot (~95°C) water bath.
4. Obtain each of the following solutions in the 50 mL beakers: amylopectin, DNS, tartrate, amylase, and maltose solutions. 
5. Add 1 mL of amylopectin solution, 1 mL of DNS solution, and 1 mL of tartrate solution to each test tube. 
6. Using the micropipette add the maltose solution and DI water to each test tube as indicated by the table.
	Test tube
	Maltose solution
(µL)
	DI water
(µL)

	1
	0
	1000

	2
	200
	800

	3
	400
	600

	4
	800
	200

	5
	1000
	0


7. Gently mix each test tube.
8. Incubate each test tube in a hot (~95°C) water bath for 5–10 minutes.
9. Carefully remove the test tubes from the water bath and allow them to cool to room temperature.
10. Connect the AC power supply to the Vernier UV-VIS Spectrophotometer. Turn the power switch to the ON position. Allow the spectrophotometer to warm up for a minimum of 10 minutes. Note: Complete the 10 minute warm up for best results.
11. After the 10 minute warm up period, connect the spectrophotometer to the USB port of LabQuest or a computer. Start the data-collection program, and then choose New from the File menu.
12. Calibrate the Spectrophotometer.
a. To calibrate the spectrophotometer, choose Calibrate ► Spectrometer from the Sensors menu of LabQuest or the Experiment menu of Logger Pro. 
b. Prepare a blank by filling the empty cuvette 3/4 full with the DI water.
c. Place the cuvette in the spectrophotometer. Align the cuvette so that one of its clear sides is facing the light source.
d. Select Finish Calibration. Select OK.
13. Select the wavelength and set up the mode of data collection for creating the standard curve. 
· In LabQuest App, tap on the meter box and choose Change Wavelength. Type in 540 nm and tap on Done. Change the mode to Events with Entry. Enter the Name (Volume) and Units (µL). Select OK. 
· In Logger Pro, click the Configure Spectrometer button, [image: ]. Click Abs vs. Concentration as the Collection Mode. Enter Volume as the name and µL for the units. From the list, choose the wavelength closest to 540 nm. Click OK to continue. 
14. Measure the absorbance of the samples. Graph absorbance vs. volume of maltose solution. You are now ready to collect data for the five standard solutions.
a. Using the solution in test tube 1, fill the cuvette 3/4 full. Wipe the outside with a tissue and place it in the spectrophotometer. Start data collection. 
b. When the value displayed on the screen has stabilized, select Keep and enter the volume of maltose added. Select OK. The absorbance and volume have now been saved for the first solution. 
c. Discard the cuvette contents as directed by your instructor and rinse the cuvette with DI water.
d. Using the solution in test tube 2, fill the cuvette 3/4 full. Wipe the outside with a tissue, place it in the spectrophotometer, wait for the absorbance to stabilize and select Keep. Enter the volume, and select OK.
e. Repeat the procedure for the remaining solutions that you prepared.
f. Stop data collection to view a graph of absorbance vs. volume.
g. Record the absorbance and volume in your data table. You can do this either by examining your data points along the curve, or by viewing the data table. 
15. Store the run. 
· In LabQuest App, you can store a run by tapping the File Cabinet icon. 
· In Logger Pro, do this by selecting Store Latest Run from the Experiment menu. 
16. Discard the solutions as directed by your instructor.
17. Wash and clean the test tubes to reuse for the next part.
Part II  Effect of amylase concentration
18. Label five test tubes 1 through 5 and place them in the test tube rack. 
19. Using the appropriate micropipette, add DI water and amylase to each test tube as indicated by the table.
	Test tube
	DI water
(µL)
	Amylase
(µL)

	1
	1000 
	0

	2
	950
	50

	3
	800
	200

	4
	500
	500

	5
	0
	1000


20. Have the timer ready. Adjust the micropipette to 1 mL, quickly pipet 1 mL of amylopectin to each test tube, and start the timer for 10 minutes.
21. After 10 minutes, quickly pipet 1 mL each of DNS reagent and 1 mL tartrate solution into each test tube. 
22. Gently mix the test tubes and place them into the hot (95C) water bath for 5–10 minutes.
23. Carefully remove the test tubes from the water bath and allow them to cool to room temperature.
24. Measure the absorbance of the samples. Graph absorbance vs. volume of amylase solution. Follow Steps 13–15 and enter volume of amylase solution. 
25. Discard the solutions as directed by your instructor.
26. Wash and clean the test tubes to reuse for the next part.
Part III  Effect of substrate concentration
27. Label five test tubes 1 through 5 and place them in the test tube rack.
28. Have the timer ready. Using the micropipette, add DI water and amylopectin to each test tube as indicated by the table.

	Test tube
	DI water
(µL)
	Amylopectin
(µL)

	1
	1000
	0

	2
	900
	100

	3
	800
	200

	4
	400
	600

	5
	0
	1000


29. Quickly add 0.2 mL of amylase to each test tube and start a 10 minute timer.
30. After 10 minutes, quickly pipet 1 mL each of DNS reagent and 1 mL tartrate solution into each test tube. 
31. Gently mix the test tubes and place them into the hot (95C) water bath for 5–10 minutes.
32. Carefully remove the test tubes from the water bath and allow them to cool to room temperature.
33. Measure the absorbance of the samples. Graph absorbance vs. volume of amylopectin solution. Follow Steps 13–15 and enter volume of amylopectin solution.
34. Stop data collection and save the file.
35. Discard the solutions as directed by your instructor.
Data
Part I  Measuring maltose
	Test tube
	Maltose solution (µL)
	Absorbance

	1
	 
	 

	2
	 
	 

	3
	 
	 

	4
	 
	 

	5
	 
	 


Part II  Effect of amylase concentration
	Test tube
	Amylase solution (µL)
	Absorbance

	1
	 
	 

	2
	 
	 

	3
	 
	 

	4
	 
	 

	5
	 
	 


Part III  Effect of substrate concentration
	Test tube
	Amylopectin solution (µL)
	Absorbance

	1
	 
	 

	2
	 
	 

	3
	 
	 

	4
	 
	 

	5
	 
	 


Discussion
Considers these points when analyzing your data and preparing a lab report. 
· Identify the control test tubes.
· Describe the effects of increasing enzyme and substrate concentration on the rate.
· Prepare graphs showing the rate of reaction (maltose produced in 10 minutes) versus substrate concentration and enzyme concentration.
· What other conditions could affect the enzyme rate? 
· How can these conditions be tested?
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