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                S5. Building a structural prototype library on the basis of the
   similarity of PB series leads to the identification of seven amino
   acid equivalence classes
   The previous study has pointed out a sequence-structure dependence
   resulting from the multiple structural alignments of local fragments
   performed by the HPM approach. We have carried out an extensive
   analysis. From the amino acid distributions (normalized in Z-scores)
   of the structural prototypes central residues, we performed two
   hierarchical clustering in order to extract information on the
   sequence-structure relationship. The first one corresponds to a
   hierarchical clustering of the 20 amino acids according to their
   structural preferences for the prototypes of the library. The second
   one corresponds to a hierarchical clustering of the 120 structural
   prototypes according to their amino acid central residue
   distributions. These two complementary analyses enabled us to extract
   several interesting properties.
   From the first hierarchical clustering, we identified seven amino acid
   equivalence classes (see Figure S5.1): (I) Gly; (II) Pro; (III) Thr,
   Asn, Ser, Asp; (IV) Ala, Leu; (V) Glu, Gln, Lys, Arg; (VI) Val, Ile;
   (VII) His, Trp, Cys, Met, Phe, Tyr. The two first groups isolate amino
   acids that play particular roles, namely Glycine and Proline. The
   third and fifth groups are composed principally of polar amino acids
   whereas the fourth, sixth and seventh groups include mainly
   hydrophobic amino acids. The distribution of the seven classes of
   equivalence identified is variable along the HPM. The amino acids are
   grouped according to their structural preferences. Hence, within a
   class, an amino acid could more likely substitute another.
   
   Figure S5.1. Hierarchical clustering of the amino acids. Seven
   equivalence classes of amino acids are identified after cutting the
   tree: 1) G; 2) P; 3) T, N, S, D; 4) L, A; 5) E, K, Q, R; 6) I, V; 7)
   H, W, C, M, F, Y.
   The second hierarchical clustering enabled us to associate each
   equivalence class of amino acids with a subset of preferential
   structural prototypes. From the clustering tree obtained, we
   identified four clusters of local prototypes on the basis of their
   sequence information content.
   The first prototype cluster includes 37 structural classes in great
   majority associated with -strand local structures, i.e., located in
   HPM regions from 1 to 7. Hence, these classes are primarily
   characterized by the PBs c and d. Concerning the sequence information
   content, we point out two amino acid equivalence classes showing
   preferences for this structural environment, i.e., class VI (Val, Ile)
   and to a lesser extent class VII (His, Trp, Cys, Met, Phe, Tyr). These
   preferences are also confirmed by figure 6 that shows the amino acid
   propensities along the HPM, i.e., the over- and under-represented
   amino acids for each HPM site. The amino acids Valine and Isoleucine
   show strong preferences for HPM  regions, e.g., 1, 5. The
   preference for this local structure is more weakly obvious along the
   HPM for the six amino acids composing the class VII but clearly
   appears in some HPM  regions, e.g., 1.
   The second cluster gathers 38 structural classes in majority
   associated with HPM  helical regions, i.e., from 1 to 3, but also
   to their edges, i.e., T1. They are characterized primarily by the PBs
   m, a and l. Helical regions are characterized by Alanine and Leucine
   that constitute the equivalence class IV. Their strong preference is
   essentially visible in HPM region 1. The class V of equivalence (Glu,
   Gln, Lys, Arg) also appears favored among the prototypes constituting
   this group, e.g., 1.
   The third cluster is composed of 40 structural classes primarily
   associated with HPM loop and turn areas. In structure, these classes
   are essentially characterized by the PBs f, k, h and b. On the
   contrary, the PBs m and d are significantly under-represented. In
   sequence, the characteristic amino acids correspond to the equivalence
   classes I (Gly), II (Pro) and III (Thr, Asn, Ser, Asp). These amino
   acids are classically associated with coil regions. The particular
   role of Glycine and Proline, which markedly influence protein
   architecture, is observed in HPM turn regions, e.g., T3, T4, and T7.
   The equivalence class III is composed of polar residues found in loops
   on protein surface, e.g., [14-21], T3, T5. On the contrary, these
   amino acids are strongly disfavored in regular secondary structure
   regions, e.g., 1. A more detailed analysis of these 40 structural
   classes points out a sub-division between the classes characterized by
   Proline and those defined by the five other amino acids.
   Finally, the fourth cluster makes it possible to isolate 5 structural
   classes primarily characterized by the presence of Glycine and
   Asparagine. These classes correspond to HPM sites #32, #48, #87, #104
   and #120. These five structural classes are the most informative ones
   with regard to their sequence information content, as highlighted
   previously by the KLd analysis. Gly and Asn have a propensity for
   forming reverse turns in which the polypeptide chain abruptly changes
   direction, hence their location in HPM turn regions. The PBs being
   distinguished from the others are i, j and p.
   Through this analysis, it appears clearly that the building of the
   structural prototype library on the basis of the PB series similarity
   provides valuable amino acid sequence information. We have identified
   seven amino acid equivalence classes and pointed out their preferences
   for distinctive local structure. These preferences are strong for
   certain equivalence classes, i.e., class VI (Val, Ile) in -strand,
   class IV (Ala and Leu) in -helix, classes I (Gly), II (Pro), and III
   (Thr, Asn, Ser, Asp) in loops, whereas the amino acids of the two last
   equivalence classes, i.e., V (Glu, Gln, Lys, Arg) and VII (His, Trp,
   Cys, Met, Phe, Tyr), are distributed in a less homogeneous way in the
   HPM structural classes. Nevertheless, interesting associations between
   different equivalence classes can be underlined, e.g., between classes
   VI and VII in the first cluster of prototypes corresponding primarily
   to  structures, between classes IV and V in the second cluster of
   prototypes mainly associated to  structures and between classes I, II
   and III preferred in the third cluster of prototypes corresponding to
   loop structures.
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