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The primary objective of this experiment is to gain experience with assaying enzyme activity. Malate dehydrogenase (MDH) is an important enzyme in numerous organisms. It is essential to numerous metabolic pathways because it reversibly catalyzes the oxidation of malate to oxaloacetate using the reduction of NAD+ to NADH. Many enzymes require the use of a coenzyme, such as NADH, to catalyze their reactions. NADH is a particularly useful coenzyme when attempting to assay an enzyme because it absorbs 340 nm light. In addition, its counterpart NAD+ does not absorb 340 nm light. Therefore, you can measure the catalytic activity of numerous NADH-dependent enzymes by watching the absorbance change as a function of time when the substrate and enzyme are added together in a particular environment that causes the interchange of NADH to NAD+. 
To determine the activity of the MDH enzyme, you will observe the decrease in NADH absorbance over time. The activity of an enzyme is defined in Units/mg. One unit of MDH oxidizes one micromole of NADH per minute at 25°C and pH 7.4 under the specified conditions.

OBJECTIVES
In this experiment, you will
· Spectrophotometrically observe the changes in NADH concentration over the course of an enzyme reaction.
· From the NADH concentration, determine the activity of the MDH in Units/mg.


MATERIALS
	Chromebook or computer
	micropipetters and tips 

	Vernier Spectral Analysis app
	quartz cuvette(s)

	UV-VIS Spectrophotometer[footnoteRef:1]  [1:  The procedure is written for UV-VIS spectrophotometers from Vernier including the Go Direct UV-VIS Spectrophotometer (order code: GDX-SPEC-UV) and the Vernier UV-VIS Spectrophotometer (VSP-UV).] 

	Parafilm

	0.1 M potassium phosphate buffer, 
    pH 7.4
	0.14 mM β-NADH, freshly prepared in 
    0.1 M phosphate buffer pH 7.4

	0.076 M oxaloacetate, freshly prepared 
    in 0.1 M phosphate buffer pH 7.4
	prepared malate dehydrogenase enzyme   
    solution

	lint-free tissue
	




PROCEDURE
1.	Obtain and wear goggles and gloves.
2.	Connect the AC power supply to the UV-VIS Spectrophotometer. Turn the power switch to the ON position. 
3.	When the LED for the lamp indicator stays green, connect the spectrophotometer to the USB port of your computer or Chromebook. Launch Spectral Analysis and select Absorbance vs. Time. Note: If using Go Direct UV-VIS Spectrophotometer, you can also connect to a mobile device.
4.	Prepare a blank by filling a cuvette 3/4 full with phosphate buffer. Calibrate the spectrophotometer.

5.	Determine the optimal wavelength for examining the absorbance of NADH following the instructions in the Choose a Wavelength screen. 
Remove the blank cuvette from the spectrophotometer. Empty the cuvette.
Fill the empty quartz cuvette with 2.8 mL of the β-NADH solution using a micropipette.
Add 100 µL of oxaloacetate to the cuvette using a micropipette. Cap the cuvette or seal with parafilm and gently invert it twice. Note: Do not use a deep or rubber-lined cap as enzyme and/or substrate may get trapped and skew reaction rates in subsequent steps.
Place the cuvette in the spectrophotometer. A full spectrum graph of the solution will be displayed on the Choose a Wavelength screen. Note that one area of the graph contains a peak absorbance. Set the desired wavelength by tapping the graph or entering a value. The maximum absorbance should be close to 340 nm. Select Done when you are ready to continue.   
Remove the cuvette from the spectrophotometer, empty and rinse the cuvette. 

6.	Collect time-based data. Do the following quickly and carefully.
a. Using a micropipette, add 100 µL of the enzyme solution to the cuvette that is in the spectrophotometer. Your total volume of solution should now be 3.0 mL.
b. Cap the cuvette with a piece of parafilm and gently invert it twice. Note: Do not use a deep or rubber-lined cap as enzyme and/or substrate may get trapped and skew reaction rates.
c. Place the cuvette in the spectrophotometer.
d. Start data collection. Once the run is complete, remove the cuvette and dispose of the contents. Rinse the cuvette thoroughly.

	7.	Repeat Step 6 two more times. Note: The data are stored automatically for each run.
	8.	(Optional) Print or save your data.

DATA table
	
	ΔA340/s
	ΔA340/min

	Run 1
	
	

	Run 2
	
	

	Run 3
	
	

	Average of 3 runs
	
	




DATA ANALYSIS
1.	Perform a linear fit on the initial linear portion of the graph for each data run. Record the rate of reaction, in ΔA340/s, in the table above. Note: Be consistent and use the same time range as your initial linear fit for all trials. 
2.	Convert each ΔA340/s to ΔA340/min. Add it to the table above.
3.	Calculate your average rate in ΔA340/min for the three trials. Add it to the table above.

4.	Using your average rate and the following equation, calculate the activity of MDH in Units/mg. 
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