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Abstract

While, intramolecular hydrogen bonds have attracted the greatest attention in studies of peptide conformations, the recognition that several other weakly polar interactions may be important determinants of folded structure has been growing. Burley and Petsko provided a comprehensive overview of the importance of weakly polar interactions, in shaping protein structures. The interactions between aromatic rings, which are spatially approximate, have attracted special attention. A survey of the proximal aromatic residue pairs in proteins, allowed Burley and Petsko to suggest that, “phenyl ring centroids are separated by a preferential distance of between 4.5 and 7 Å, and dihedral angles approximately 90° are most common”.
 Keywords
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Aromatic-Aromatic Interactions in Protein/Peptide Folding

The interactions between two aromatic rings may be modeled, as an interaction between two quadrupoles, resulting in a pronounced distance and angular dependence of the orientations of clusters of aromatic residues in proteins (Phe, Tyr, and Trp) [1]. Phenylalanine (Phe) provides a good model residue for studying aromatic interactions, since it lacks any potential hydrogen bonding site in the side chain. A very large number of studies in the literature have focused on the “tryptophan zipper” (Trpzip) sequences, in which β-hairpin stability is influenced by a cluster of aromatic interactions [2-8]. In the present study, the focus is on examining interactions between phenylalanine rings which are brought into proximity by the constraints of a β-hairpin scaffold. Earlier studies from this laboratory [4,9] and the Gellman laboratory [10], a study done in Ref. [4-8] have established the principle for designing β-hairpin structures, using DPro-Xxx segments as folding nucleators. Studies from this laboratory have provided crystallographic characterization of as many as 32 independent hairpin molecules. As illustrated in Figure 1, placement of Phe residues at positions 2 and 7 in octapeptide hairpins, brings a facing pair of Phe sidechains into close proximity (Figure 1). This template may thus be used to examine the orientational preferences of the two proximal phenylalanine side chains, in solution, by NMR methods. The studies described address this issue [4-8].






Figure 1: (A) An example of a peptide hairpin (-L-F-V-DP-G-L-F-V-OMe segment of a 17-residue peptide) with a type II′ β-turn, showing interacting phenyl rings of Phe residues at the non-hydrogen bonding position. (B) Schematic representation of an octapeptide hairpin showing possible modes of aromatic interactions. The strongest interaction between aromatic residues in synthetic peptide hairpins is anticipated when they are
placed at the non-hydrogen bonding position (checked squares) of the strand.







Interactions between aromatic rings have attracted a great deal of interest in the area of computational chemistry, with considerable attention being focused on the simple model system of benzene dimmers [4-8,11]. The energetics of stabilizing aromatic-aromatic interactions have been estimated using the benzene dimer as a model, with estimates varying from -0.6 to 1.4 Kcal/mol. Several energetically favorable geometries for an interacting pairs of benzene rings are shown in Figure 2.






Figure 2: Possible models of aromatic interaction in benzene dimer Aromatic pairs calculated with a fixed centroid-centroid distance of 5.5 Å.







In the case of Phe residues involved in cross strand interactions, the geometries of approach of the two phenyl rings are necessarily highly constrained. The review provides a summary of the interaction geometries observed in peptide crystal structures. Intramolecular aromatic-aromatic interactions in peptide crystals have been extensively investigated, in the case of helical peptides containing multiple Phe residues, as exemplified in Figure 3. In these cases, the geometries of approach of the Phe sidechains are significantly less constrain [4-8,12].






Figure 3: Phe-Phe interactions in crystals of the peptide Boc-Val-Ala-Phe-Aib-Val-Ala-Phe-Aib-Val-Ala-Phe-Aib-OMe.
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