ENZYMES

AIMS

1) To plot the absorption spectra of NAD and NADH.

2) To understand the rationale for measuring reactions of NAD -linked dehydrogenases at A340.

3) To examine the relationship between A340 and concentration of NADH and to determine the molar absorption coefficient of NADH.

4) To apply the above knowledge to determine the concentration of  ethanol using alcohol dehydrogenase (ADH)

INTRODUCTION

By monitoring the absorbance of NADH or NADPH formed, many NAD and NADP-linked dehydrogenases can be measured spectrophotometrically. 

Alcohol dehydrogenase(ADH) will be used in this practical to illustrate the application of spectrophotometry for quantification of enzyme activity and substrate concentration.

ADH catalyze the following reaction :

    Ethanol + NAD                ethanal + NADH + H

Experiment 1
Plotting the absorption spectra of NAD and NADH

Materials 

0.2 mM solution of NAD at pH 7.5 and 0.2 mM NADH at pH 9.0.

Methods

We placed each solution of NAD and NADH in 2 separate cuvettes and recorded the absorbance at different wavelength ranging from 220 to 400 at every intervals of 20nm.

Results

We derived the following readings below, and plotted the graph.

	Wavelength
	NAD at pH 7.5
	NADH at pH 9.0

	220
	0.176
	0.347

	240
	0.244
	0.368

	260
	1.954
	2.142

	280
	0.732
	0.749

	300
	0.024
	0.376

	320
	0.026
	0.786

	340
	0.023
	1.060

	360
	0.019
	0.728

	380
	0.017
	0.209

	400
	0.015
	0.023


Discussion

Questions:

1) What is the main difference in the absorption spectra between NAD and NADH?

Answer: The main difference is that there are two peaks in the NADH curve.

2) What is the wavelength of choice for measuring NADH in a mixture containing both NAD and NADH? Give your reasons for your answer.

Answer: The wavelength of choice in this case is 340 because NAD does not have a peak at 340 wavelength, thus we will know that in a mixture of NAD and NADH, the peak is from the absorbance of NADH.

3) Why is it necessary to zero the instrument at each wavelength? Do you expect to obtain the same or different profile of the absorption spectra without this adjustment of spectrophotometer?

Conclusion

From the experiment we now know that there are 2 peaks in the NADH curve, thus it is best to record its absorbance at 430A, because the NAD curve does not have a peak at 340A. 

Experiment 2

Studying the relationship between absorbance and concentration of NADH

Materials

A solution of 1 mM NADH in a buffer of pH 9.0.

Methods

From the solution of 1 mM of NADH we will dilute it to 0.2 mM and further obtain other concentrations in the range of 0.2mM to 0.01mM. What we have done is to obtain the concentration of 0.2mM, 0.1mM, 0.05mM, 0.025mM and 0.01mM by doing a serial dilution.

The following diagram illustrate the method we used. Since the cuvette can accommodate 3ml of solution, we have obtained the different concentrations of NADH in separate quantities of greater than 3ml. 

Diagram:

Results

After preparing the series of tubes in different concentrations, we placed them in separate cuvettes and measured their absorbance in the spectrophotometer. The following table displays the results we have recorded.

	Concentration in mM
	0.2
	0.1
	0.05
	0.025
	0.01

	Absorbance
	1.238
	0.609
	0.311
	0.151
	0.059


And the following graph attached shows the relationship between absorbance and concentration of NADH.

Discussion

Calculate the molar absorption or extinction coefficient, applying the Beer-Lambert equation.

Conclusion

From the experiment, and by referring to the graph attached, we can see that the absorbance of NADH increases with increasing concentration.

Experiment 3

To determine the  concentration of ethanol using alcohol dehydrogenase

Materials

1) Standard ethanol solution (50mM) in 50 mM pyrophosphate buffer, pH 9.0

2) Assay mix containing 15 mM NAD and 20 units/ml alcohol dehydrogenase

3) 50 mM pyrophosphate buffer, Ph 9.0

4) Whiskey and Shandy 

Methods

1) Firstly we obtain ethanol of concentration 10mM by diluting the given standard ethanol solution of 50mM. We do this by pipetting 4ml of 50mM of ethanol and added to it 16ml of  buffer, into a test tube. Thus the resulting 20ml of solution in the test tube is 10 mM in concentration.

2) Later to obtain the other 4 concentrations in the range of 0-10mM , we simply pipetted out 3.2ml from the original 20ml of 10mM ethanol we have prepared, and diluted it with 0.8ml of buffer. We thus obtained a concentration of 8mM.

3) We then prepared ethanol of concentration 6mM by pipetting out 2.4ml again from the same 10mM ethanol, and added to it 1.6ml of buffer in a separate test tube.

4) The next concentration we prepared is 4mM, by pipetting out 1.6ml from the same 10mM of ethanol and added to it 2.4ml of buffer in a separate test tube.

5) The final concentration is of  2mM and we do this by pipetting out 0.8ml again from the same ethanol of 10mM and added to it 1.6ml of buffer in a separate test tube.

6) We next dilute the whiskey and shandy. Shandy is diluted 20x and whiskey 1000x

7) To dilute Shandy, we took 1ml of shandy and added to it 19ml of buffer.

8) To dilute Whiskey, we did a serial dilution, first by obtaining 1ml of whiskey and added 9ml of buffer solution. Then from this solution we pipetted out 1 ml from it and added 9ml of buffer solution into a second test tube. We then pipetted out 1ml from the second test tube and added to it 9ml of buffer solution in a third test tube. Thus the third test tube will contain whiskey that is diluted 1000x.

9) Next we pipette 1.0ml of the assay mixture and 1.9ml of the buffer solution into a test tube. For each of the different concentration of ethanol prepared, i.e 10mM, 8mM, 6mM, 4mM, 2mM; and also the diluted whiskey and shandy,  we pipette out 1.0ml from each one of them and vortex the resulting reacting mixture in separate respective test tubes. We left them to react at room temperature for 5 minutes after which we stop the reaction by immersing the test tubes in a boiling bath for 1 minute. We then cooled it in a cool water bath and then recorded their respective absorbance at 340nm wavelength in the spectrophotometer.

Results 

The following table displays the absorbance of ethanol at different concentrations as well as the whiskey and shandy.

	Concentration of ethanol in mM
	2
	4
	6
	8
	10

	Absorbance at 340nm
	0.452
	0.521
	0.635
	0.721
	0.802


	Sample
	Whiskey
	Shandy

	Absorbance at 340nm
	0.667
	0.520


From the results above we plot an ethanol standard curve and will then calculate the concentration of ethanol in whiskey and shandy.

Referring to the graph, the concentration of ethanol in whiskey is 

6.89mM x 1000 = 6890mM 



   = 6.89M

and concentration of ethanol in Shandy is 


3.5mM x 20 = 70 mM

Discussion

Questions:

1) Besides the end-point assay that you used, describe another assay that can be used.

2) Discuss possible errors in your determination.

3) Why, do you think, the enzyme you have used is called alcohol dehydrogenase rather than ethanol dehydrogenase?

Answer: This is because the enzyme can dehydrogenize ethanol as well as other alcohols.

Conclusion

From the experiment above, we are able to derive the concentration of ethanol in unknown alcoholic drinks just by referring its absorbance to the ethanol standard curve that we have derived.

