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Abstract

The functional properties of a protein depend mainly on its three-dimensional (3D) structure. They are classically assigned, visualized and analysed through the prism of classical secondary structures
composed of repetitive parts (o-helices for 1/3™ of the residues and B-strands for 1/5%, resp.) connected by coil. Two other repetitive structures also exist, namely the PolyProline II and the B-turns.

The B-turns have been characterized by a hydrogen bond between N-H and C=O0 of residues i and i+3 by Venkatachalam [1]. He also characterized the first B-turn types. Later novel turns were defined,
some being discarded, leading to a final collection of type I, I’, I, II’, IV, VIal, VIa2, VIb, and VIII B-turns. Types VIal, VIa2 and VIb are characterized by the presence of a cis-Proline at residue i+2.
Turns that do not fit any of the above criteria are classified as type IV [2].

B-turn 1V, i.e. the miscellaneous category, represents near 1/3™ of B-turn residues in protein structure, and is the second most frequent B -turn. 25 years have passed since the last proposition of an
extension of the classical definition of B-turns. Over all we have known, 1t seems a good moment to dig them and to see 1f some new recurrent conformations are not hidden into this miscellaneous type.
An automatic clustering approach based on the rules of B-turn type assignment was designed to search for recurrent new turns inside this miscellaneous type. The four most occurring clusters defined the
new [-turn types. Surprisingly, these types, named IV, IV,, IV; and IV, represent half of the type IV B-turns, and are more frequent that many established ones. Type 1V, 1s in the neighbourhood of
type II but with very different amino acid composition, while IV, is close to type VIII with related amino acid content. Types IV, and IV, are in the same dihedral angle region than frequent B-turn type
I, but with distinct dihedral angle values [3].

In silico protocol The four new turns
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with the exception of one at +/-45° for the defined values. The
clustering derived from Self-Organizing Maps (SOM, without
diffusion between the clusters). The training was carried out in 2
successive parts; the first one limited the potential bias of
initialization, and the second refined the clustering by using the
specific rules for B-turn types.

Ramachandran plot of the different p-turn types. An
arrow connects the dihedral angle values of residue
i+1 to residue i+2. (a) Classical B-turns, (b) new [3 -
turns, (c) a close-up of type Il and IV, B -turns, and
(d) on type VIII and IV, B -turns, the first square

corresponds to the +/- 30° rule, and the second one to
the +/- 45° rule.

New p-turn representation. (a-d) Type IV,, (e-h) type
IV,, (1-1) type 1V;, and (m-p) type IV,. A turn close to the
ideal values of its type (a, e, 1, m) within a protein and (b,
f, j, n) a close-up of the turn. (c, g, k, 0) Ramachandran
plot (¢, v) of residue i+1 and (d, h, 1, p) of residue i+2;
red dots are the 1deal values. The number of observations

Amino acid analyses of both residues is strictly identical.
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