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First-principles theoretical characterization of the structure and dynamics of polypeptides and their interactions
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[bookmark: __UnoMark__92_154032165]	The function and stability of polypeptides and proteins rely on a delicate balance of all interactions involved. These interactions are ultimately the result of the quantum mechanical properties of electrons and nuclei. Here we show how first principles electronic structure methods [density-functional theory including van der Waals (vdW) effects and “beyond”] can be used to describe the structure and dynamics of alanine-based polypeptides containing from 5 to 20 residues, in isolation. All our calculations are performed with the all-electron, localized basis code FHI-aims[1], designed to run also in massively parallel architectures. We show that an interplay of H-bonds and their cooperativity, vdW dispersion interactions, and vibrational entropy at finite temperatures act to stabilize secondary-structure helical motifs at finite temperatures[2, 3]. By calculating ab initio anharmonic, finite temperature infra-red (IR) spectra and comparing to state of the art experimental data, we can ascertain our predictions and help the interpretation of experimental data[4, 5]. 
	Describing the interaction of peptides with their environment is another critical piece that needs to be accurately described. We present a step-wise microsolvation study of isolated peptides to show how the peptide-water interaction influences the stability of the secondary structure[6], and
explain how polarization induced by methyl groups can change ion binding characteristics of ion channels[7]. However, when dealing with water, light ions, and peptides, nuclear quantum effects cannot be disregarded even at room temperature. We show the importance of these effects in small protonated water clusters and present our current efforts to join path-integral molecular dynamics techniques with first-principles methods and IR spectroscopy[8].
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