
Recently, Plapp et al. [Archives of Biochemistry and Biophysics 2015, 591, 35-42] solved 
the structure of yeast alcohol dehydrogenase (YADH) with 2,2,2-trifluoroethanol (an 
analogue of substrate ethanol) and oxidized β-nicotinamide adenine dinucleotide (NAD+) 
and deposited the coordinates in the PDB. Use the provided ligand-binding maps and 
the PDB file to explore the molecular interactions formed between YADH, substrate, and 
cofactor. For each map: 

1. Identify the type of molecular interaction (fill in the table following the ligand-
binding maps). 

a. Hydrogen bonds – label the hydrogen bond donor (HD) and the hydrogen 
bond acceptor (HA). 

b. Lewis acid or Lewis base 
c. π-π stacking 
d. Induced dipole to induced dipole (hydrophobic interaction) 

2. Use the measurement tool in PyMol and Plapp et al. YADH structure to 
determine the distance through which each molecular interaction is forming (fill 
in the table following the ligand-binding maps). 

 

 

 

 

 

 

 

 

2,2,2-Trifluoroethanol Ligand Map 

 

 



NAD+ Ligand Map 

 

 

 

 

 



 

YADH catalyzes the redox reaction where a hydride from C1 of ethanol is transferred to 
the C4 of NAD+. Use PyMol and the Plapp et al. YADH structure to: 

3. Determine the distance between each hydrogen on C1 of 2,2,2-trifluroenthanol 
and C4 of the nicotinamide moiety of NAD+. 

4. Is the closest C1 hydrogen of 2,2,2-trifluroenthanol on the re or si face of the 
aromatic nicotinamide moiety of NAD+? 

5. If the hydride is directly transferred from substrate ethanol to NAD+, will the 
addition be oriented on the re or si face of the aromatic nicotinamide moiety of 
NAD+? 

6. Will the hydride transferred from substrate ethanol to NAD+ be positioned as the 
pro-S or pro-R hydrogen on C4 of NADH? 

7. Will the hydrogen originally present on C4 of NAD+ be positioned as the pro-S or 
pro-R hydrogen on C4 of NADH? 

The pro-R and pro-S protons are distinguishable in 1H-NMR spectra. Use the NMR 
spectra predictor program (www.nmrdb.org/new_predictor) to: 

8. Electronically construct and predict the chemical shift value(s) for the proton on 
the aromatic C4 moiety of NAD+. [Note: build the entire molecule or download 
the molfile from the ChEBI database] 

9. Electronically construct and predict the chemical shift value(s) for the pro-S 
proton on the C4 moiety of NADH. [Note: build the entire molecule or download 
the molfile from the ChEBI database] 



10. Electronically construct and predict the chemical shift value(s) for the pro-R 
proton on the C4 moiety of NADH. [Note: build the entire molecule or download 
the molfile from the ChEBI database] 

11. Predict the chemical shift value(s) expected for the hydride transferred from 
substrate ethanol to the C4 NAD+ by YADH. 

12. Predict the chemical shift value(s) expected for the hydrogen originally present 
on C4 of NAD+ after it is converted to NADH by YADH.	


