S4. Characterization of specific turns in the HPM

We focused our attention on the (-turns, (-turns and (-turns 
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(Bornot and de Brevern, 2006; Fuchs et al., 2007; Fuchs and Alix, 2005; Hutchinson and Thornton, 1996; Pavone et al., 1996; Rose et al., 1985)
. These turns induce a polypeptide chain reversal. The (-turns, defined by three consecutive residues (noted i, i+1, i+2), are divided into two classes: classic and inverse. The (-turns are defined by four consecutive residues (noted i, i+1, i+2, i+3). We analyzed seven (-turn types (The VIa1 and VIa2 types were not studied due to their low frequencies). Finally, the (-turns involve five residues (noted i, i+1, i+2, i+3, i+4). Eight (-turn types have been studied. We did not analyze the under-represented type I-C. Table I provides the three main locations of the motifs of interest in the HPM 
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(Benros et al., 2006; de Brevern and Hazout, 2000; de Brevern and Hazout, 2001; de Brevern and Hazout, 2003)
. We considered that a fragment of L = 7 PBs contained a turn if the turn was centered in the fragment, i.e., at the residue (i+1) for the (-turns and the (-turns, and at the residue (i+2) for the (-turns.

S4.1- Eight major HPM regions corresponding to turns are highlighted

We observe that the different turn types are grouped in 8 main zones of the HPM. They are labeled from T1 to T8 and sub-regions are specified by letters from a to g (see caption of Table I). These HPM zones are variable in length and are well defined, with a mean Neq value varying within the range [1.2; 5.3].  These turn zones from T1 to T8 correspond to the HPM sites [29-33], [38-41], [45-55], [63-67], [83-91], [101-108], [110-114] and [117-5] (the HPM extremities are connected), respectively (see Figure 6). They characterize more or less specific transitions between regular secondary structures ((-helix and (-strand). T3 corresponds to the largest turn zone. It appears from this analysis that only two HPM regions linking regular secondary structures are not described, i.e., [14-20] and [71-77]. This can be explained by the fact that these two regions are poorly populated. 

S4.2- Most of the different turn types have accurate locations in the Hybrid Protein Model

It appears from this analysis that the turns are globally well located in the HPM. For each type of turn, more than 50% are found in only three HPM zones. As an illustration, 49.8% of the ( type I turns, 66.3% of the ( type II turns, and, 95.5% of the ( II-LU turns are identified when considering their three most populated HPM zones. Only the inverse (-turns and the ( type VIII turns have not precise locations. With regard to the ( type IV turns, they constitute a miscellaneous category. These results are very interesting since the HPM is not specifically constructed to discriminate the different turn types. It has been built for learning globally a protein structure databank. Nevertheless, it enables to analyze turns in their environment. Furthermore, we observe that different turn types are found in the same HPM regions. This is explained by the fact that they present similar PB signatures (see next section).

S4.3- The PB signatures of the (-turns, (-turns and (-turns are derived from extensions of a limited number of motifs

Most of the different turn types analyzed are associated to well-determined PB signatures. Globally, it appears that the turns share a few number of distinct signatures. We point out mainly three common patterns, i.e., nopa, ehia and fklm. Most of the other motifs extracted are then derived by deletion, insertion or substitution of PBs.

S4.3.1 The PB signature nopa

This PB signature or close derivatives characterize different turn types. 17.3% of the ( type I turns are located in T1a and are defined by the PB series mnop. 56.8% of the ( type II-LU turns are located in T1b and their signature mnopa is clearly an extension of the one characterizing the ( type I turns. These two signatures overlap. It has been shown that the PB series nop characterizes principally the (-helix C-cap, and T1 corresponds to a well-determined transition between an (-helix and a (-strand. Other less determined HPM regions are also characterized by this PB series but to a lesser extent, e.g., T3a and T5.

S4.3.2 The PB signature ehia

The PB series ehia constitutes another important PB signature shared completely or in part by different turn types. A reduction of this PB series, i.e., hia, characterizes the classic (-turns. An extension of this series constitutes the signatures of the ( type II and I' turns, i.e., ehia. Variations are observed essentially for the first PB that can be substituted notably by PBs g or h. A further extension of this PB series results in the PB signature of different ( type turns, e.g., [e,h]hiac for 45.8% of the type II-RU turns. This PB signature also characterizes the type II-RS turns in a less specific way. PB insertions are also observed, e.g., ehhia for the I-LU or I-LS types. The turn types presenting this signature or a close derivative are essentially located in T6 (sub-regions a to c) which is a well determined transition between two (-strands, but also in more fuzzy regions like T7, T8 and in part T3. We point out about the ( type I' turns that they do not constitute a homogeneous category since two different PB series are observed, i.e., coarsely nopa and ehia. A heterogeneity involving these two main signatures is also observed for the ( type II-RU turns. 

S4.3.2 The PB signature fklm

Table I shows that 32.5% of the ( type I turns are defined by the PB signature fklm or close derivatives. This PB signature is well determined essentially for the two first residues fk. For 21.3% of the ( type I turns, the complete signature is fklm. This type of turn does not form a homogeneous cluster since 17.3% of the ( type I turns, analyzed previously, are characterized by the series mnop. It is interesting to see that two populations of ( type I turns are identified, the first one corresponding to an (-helix C-cap (i.e., mnop) and the second one to an (-helix N-cap (i.e., fklm). Most of the ( type I turns are located in T2. This HPM zone seems to be specific of this structural motif and is well determined (mean Neq-value of 1.3). Moreover, it is interesting to notice that a sub-population of the ( type IV turns (17.3%) have the same PB signature. Hence, the PB signatures enable us to characterize sub-groups among the ( type IV turns, and a deeper analysis would lead to a better description of this turn category. Different derivatives of this PB series are observed among the ( turns. The type I-RU turns present a close PB signature defined precisely for the four last PBs of the motifs and showing a substitution of one PB, i.e. jklm. The PB signature of the I-RS type is also interesting since it combines two of the three main roots analyzed, i.e. residues (i, i+1, i+2) are characterized by fkl while residues (i+2, i+3, i+4) are characterized, in a less specific way by nop. Overall, the turns presenting this PB signature are located in T2 as said previously, but also in T4, and in part in T3, T5, T7 and T8.

S4.3.4 Atypical PB signatures

The ( type VIb turns are not frequent in the databank but present an interesting and unusual PB signature, i.e., acfb. The PB signature of the type II' is less determined but also appears to be defined by unusual series of PBs, e.g., hj[a,b]c. Some of the turns, essentially the (-turns which are the longest ones, are classified in HPM regions with gaps. This is the case of the type II-LS for which two of the three main HPM locations are regions with gaps. The large length of this turn and its low frequency are arguments explaining the presence of PB signatures not well-defined. In fact, the HPM approach gives priority in the learning of the most frequent motifs observed in the databank, and consequently introduces gap to cluster this kind of structural motifs.

S4.4 Multiple turns

Another interesting point is that different turns identified are involved in multiple turns 
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(Guruprasad et al., 2000; Hutchinson and Thornton, 1994)
, i.e., overlapping turns. They have residues in common with other turns. This characteristic is pointed out through the analysis of the eight HPM turn zones and the overlapping PB signatures. Most of the HPM turn zones are long, e.g., T3, T5, T8, they are so associated to different structural motifs. The multiple turns described by Hutchinson and Thornton (1994), involve only (-turns and Guruprasad and coworkers (2000) only – and (-turns. The HPM underlines a possible formation of multiple turns involving ( and ( turns.

It results from this analysis that our library of structural prototypes contains representatives for the turns, as expected. Interestingly, they are grouped in eight major HPM zones. The differences observed in the location of turns belonging to the same category and sharing a close PB signature can be explained by the fact that the HPM learns fragments of 7 successive PBs. Thus for fragments containing a turn, their location in the HPM is influenced by the PBs present in their environment. Moreover, our structural alphabet enables us to extract specific PB series characterizing turns, with mainly three PB signatures and their derivatives. In a previous work (de Brevern et al., 2002), the 72 most frequent series of five PBs have been identified. They are called Structural Words (SWs) and point out highly specific transitions between successive PBs. Among the most frequent SWs, we can find those corresponding to the main PB signatures characterizing turns or close derivatives, e.g., nopac, ehiac, fklmm. Finally, we also point out the fact that a same turn type can be encoded by different series of PBs. Hence, it is distributed in different HPM zones. 
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