[bookmark: _GoBack]Chem 4090 Case Study
Multi-modal spectrophotometric analysis of NAD and NADH 


Learning goals:
[image: Image result for NADH structure]
1. Consider the effect of electronic structure on Abs and Fluor Em.
2. Design experiments using Abs and Fluorescence
3. Compare calibration curves using Abs and Fluorescence




Figure 1. Structures of NAD and NADH.
Do you know what your redox state is? [footnoteRef:1] [1:  Adapted from:  Paul Held, “Determination of NADH Concentrations with the Synergy™ 2 Multi-Detection Microplate Reader using Fluorescence or Absorbance,” BioTek Application Note, 2006.  Accessed Sept. 14, 2018. https://www.biotek.com/resources/application-notes/determining-nadh-concentrations-with-synergy-2-multi-mode-microplate-reader-using-fluorescence-or-absorbance/ 
] 

Because the enzyme cofactors NAD and NADH differ in their interaction with light, it is possible to quantitate enzymatic reactions based on light absorbance or by fluorescent emission. In this activity, you will consider why this difference occurs, and how it is used to our advantage for analytical chemistry.
Part I. Why do NAD and NADH have such different spectra?[footnoteRef:2] [2:  Adapted from: Tom Wenzel, ASDL Spectroscopy Unit, Bates College.  ] 

1. To begin to answer this question, first identify the difference in structure between NAD and NADH. Circle the relevant area of the molecule in the figure above, and draw any relevant electrons.

2. We learned previously that absorbance and emission arise from transitions between molecular orbitals. Let’s briefly consider benzene and pyridine.


a) What distinguishes pyridine from benzene?  Draw the relevant electrons into the picture.

b) Benzene has a set of conjugated -bonds, and the highest occupied molecular orbital (HOMO) is shown in the electronic diagram below.  What is the lowest energy transition? 

[image: ]
  
c) Look up the UV-Vis spectrum of benzene in the NIST Webbook and sketch it in the box above.  Label the axes and identify the λmax. Is this transition detectable on a typical UV-Vis?


d) Electrons in lone pairs are referred to as non-bonding electrons, and their energy is similar to what it would be in the atom alone.  Below, add the non-bonding electrons (labelled “n”) to the energy diagram we had for benzene.  What is the lowest energy transition now?  Do you expect the corresponding absorption to have a longer or shorter wavelength?


[image: ] 

e) Look up the UV-Vis spectrum of pyridine in the NIST Webbook and sketch it in the box above.  Label the axes and identify the λmax. Is this transition detectable on a typical UV-Vis?



3. Returning to system at hand, briefly explain whether you expect NADH or NAD to be more likely to absorb in UV-Vis range, and why. 




Part II.  Spectrometric assays and instrumentation
[image: ] Figure 2. Conversion of NAD to NADH.
NAD is a soluble dinucleotide that can be reversibly reduced by the addition of 2 hydrogen ions to form NADH.  Because of their different optical properties, we can quantify reactions that convert one to the other.  A common example is the reaction of an enzyme called lactate dehydrogenase (LDH) with NAD:



4. You want to design an assay to quantify the conversion of NAD to NADH after a 60-sec reaction with the enzyme LDH.  But, you don’t know the absorbance max of NADH, and cannot find it in the NIST webbook.  What could you do in the lab to solve this problem?



5. How should the instrument be configured to perform this experiment?  Sketch the basic instrumental setup.  What part of the instrument has to move to collect the data you need?









6. The absorbance spectrum for NAD and NADH is shown below.1

[image: ]
Figure 3. Spectral Scans of NADH and NAD+ solutions. Aliquots (100 µl) of NADH and NAD solutions (1 mg/ml) were aliquoted into half area-UV transparent plates and a spectral scan from 200 nm to 600 nm in 1 nm increments performed.

	Label which curve is which on the graph, based on your considerations in part I.
	
What wavelength would be most useful to detect, in order to monitor the conversion of NAD to NADH by UV-Vis spectroscopy?




7. Remembering back to your homework, you know that in addition to absorbing, NADH also fluoresces (emission max 465 nm). NAD does not fluorescence at this wavelength.  How should the instrument be configured to measure fluorescence at this wavelength?  Be specific about wavelength selection.








8. You prepare a set of standard solutions of NADH, ranging from 0 to 500 µg/ml, in a simple buffer called TE buffer.  
a. Do you expect to obtain better sensitivity (lower LOD) by measuring absorbance or fluorescence?  Why?





b. Do you expect to obtain a higher upper limit of the linear range by measuring absorbance or fluorescence?  Why?





9. Look at the data in Figures 4 and 5.  Do they confirm your prediction from question 8b?





10. What could you do to get a linear standard curve for fluorescence of NADH?  




11. Now compare Figures 4 and 6.  Do they confirm your prediction from question 8a?  How much better is one method than the other?





12.  What type of fluorescence detector would be more useful for detection of very low concentrations of NADH, a photodiode or a PMT?  Why?  


[image: ]
Figure 4. NADH and NAD+ concentration curve measured using absorbance at 340 nm. Serial dilutions of NADH and NAD+ ranging from 0-500 µg/ml were made using TE pH 8.0 aqueous buffer as the diluent. The absorbance was determined using a Synergy™ 2 Multi-Detection Microplate Reader in absorbance mode. The average coefficient of variation (%CV) of the standards was 2%, with the greatest percent variation occurring in the lower NADH concentrations (data not shown). Under appropriate conditions, NADH concentrations as low as 975 ng/ml were found to be statistically different (p=0.003) from the TE buffer only (0 µg/ml) control.
[image: ]
Figure 5. NADH concentration curve measured using fluorescence. Serial dilutions of NADH and NAD+ ranging from 0-500 µg/ml were made using TE pH 8.0 aqueous buffer as the diluent. The fluorescence was determined using a Synergy™ 2. 

[image: ]
Figure 6. Linearity of low NADH concentrations. Dilutions of NADH ranging from 0-12.5 µg/ml were made and their fluorescence determined. Under appropriate sensitivity settings, NADH concentrations as low as 37 ng/ml were found to be statistically different (p=0.003) from the TE only (0 mg/ml) control. Taking into consideration the sample volume in a well, this detection limit represents the determination of as little as 1.03 x10-11 moles of NADH.
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NAD and NADH Absorbance Spectrum
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NAD and NADH Fluorescence
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