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Abstract

Order and disorder govern protein functions, but there is a great diversity in disorder, from regions that are – and stay – fully

disordered to conditional order. This diversity is still difficult to decipher even though it is encoded in the amino acid sequences.

Here, we developed an analytic Python package, named pyHCA, to estimate the foldability of a protein segment from the only

information of its amino acid sequence and based on a measure of its density in regular secondary structures associated with

hydrophobic clusters, as defined by the Hydrophobic Cluster Analysis (HCA) approach. The tool was designed by optimizing

the separation between foldable segments from databases of disorder (DisProt) and order (SCOPe (soluble domains) and OPM

(transmembrane domains)). It allows to specify the ratio between order, embodied by regular secondary structures (either

participating in the hydrophobic core of well-folded 3D structures or conditionally formed in intrinsically disordered regions)

and disorder. We illustrated the relevance of pyHCA with several examples and applied it to the sequences of the proteomes

of 21 species ranging from prokaryotes and archaea to unicellular and multicellular eukaryotes, for which structure models are

provided in the AlphaFold2 databases. Cases of low-confidence scores related to disorder were distinguished from those of

sequences that we identified as foldable but are still excluded from accurate modeling by AlphaFold2 due to a lack of sequence

homologs or to compositional biases. Overall, our approach is complementary to AlphaFold2, providing guides to map structural

innovations through evolutionary processes, at proteome and gene scales.
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d1hhn, calreticulin (Rattus norvegicus) d2g5r, sialic acid binding lectin (Homo sapiens)
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d1b3qa2,  signal transducing kinase CheA (Thermotoga maritima)

HCA score : -0.63 HCA score : -0.01 HCA score : 3.62

6lod_ C, polysulphide reductase NrfD (Roseiflexus castenholzii) 

13 aa

4c00_A, transolcation and assembly module Tama (Escherichia coli)

2mic_A, TNFR6 (Rattus norvegicus)

b) OPM

HCA score : -0.19

β-barrel transmembrane proteins

α-helical polytopic proteins

HCA score : 5.07

α-helical bitopic proteins

HCA score : 8.24

2l2t_A, erbB-4 (Homo sapiens)

HCA score : 8.30 HCA score : 8.64
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2mk9_A, Toll-like receptor 3 (Homo sapiens)

HCA 2D plot

and symbols
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. P28697 MbiA (Escherichia coli)

P16918 RhsC (Escherichia coli)

HCA score : 3.07, 161 aa

HCA score : 2.87, 76 aa

a)

b)

P47138 YdfE (Escherichia coli)c)

HCA score : 4.68, 71 aa

P39308 YjfZ (Escherichia coli)d)

HCA score : 1.74, 31 aa

Q8IK03 hypothetical protein (Plasmodium falciparum)e)

HCA score : 1.04, 225 aa
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