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Investigations on cysteine conformers by Raman and Raman Optical Activity Spectroscopy
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I have been examining protonated and zwitterionic conformers of cysteine forming in aqueous environment by means of Raman and Raman Optical Activity (ROA). Upon evaluation of the experimental results I carried out calculations using Density Functional Theory (at the B3LYP/aug-cc-pVDZ level) to determine the conformational distributions together with the theoretical spectra. The influence of the aqueous environment on the spectra has been simulated by using implicit and microsolvation models employing Cys∙4H2O and Cys∙5H2O clusters. I determined the distribution of zwitterionic conformers on the basis of the results of Pecul et al. [1]. The conformational analysis of the protonated form was executed via systematically changing four dihedrals of the molecule. The protonated conformers are formally deducible from the zwitterionic conformers by protonating the less or more distant carboxylate-oxygen to their NH3+-group. I have used the IEF-PCM implementation of the polarizable continuum model to determine the conformers and to calculate the spectra with regard to the interactions between the solvent and the cysteine molecule. I arrived at the conclusion that theoretical spectra correlate with experimental ones within an acceptable margin only for those vibrational modes that can be assigned those groups of cysteine that do not from an intermolecular hydrogen bond with water molecules. Complexes of cysteine with four and five molecules of water were investigated for consideration of specific solvation. Explicitly considering the water molecules resulted in a significant improvement regarding the correlation of experimental and theoretical spectra. Upon combination of the implicit and explicit solvation models it was revealed that intramolecular hydrogen bond-like interactions lose their significance to the intermolecular ones. I carried out calculations at the MP2/aug-cc-pVDZ level also to confirm these results. Detailed examination of position and orientation of explicit water molecules to cysteine has shown the importance of interactions between solvent molecules.
We are planning to carry out similar measurements on other amino acids. It is by all means necessary to test the reliability of the B3LYP/aug-cc-pVDZ computational level by applying other functionals or comparing the results with that of higher level electron correlation methods.
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