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Intrinsically
Disordered Motivations: Presence of a relevant partner is Contributions: We developed a new bindingBioinformatics Introduction:
Proteins or Regions (IDPs/IDRs) participate in a prerequisite for induced-binding in peptides. inducing region predictor (BIRpredict) in
and Machine
crucial biological and pathological processes. Thus we aim to propose a novel hierarchical receptor proteins using model stacking. We
Learning (BML) The functional advantages of IDPs/IDRs are approach to identify binding-sites in peptides attempted to verify that properties of partner
facilitated
by
their
disorder-to-order from sequence only that purposely utilizes the residues provide supplemental information in
Lab
transitions, in short peptide regions, called properties of partner residues that potentially predicting binding-sites in peptides. We
http://cs.uno
binding-sites through low affinity interaction promote the induced-folding. The technique will further computed binding-energy (PSBE) from
.edu/~tamjid/ with receptor partner proteins.
be useful in assembling potential interactomes. sequence only to recognize hot-spots.
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Fig 1. Binding-inducing region (BIR) annotation of PDZ domain
(green) bound to peptide (pink) A-iCAL36 (PDB ID 4JOE). Two
potential binding-inducing regions (BIRs), beta region (residue: 28 –
36, yellow) and helix region (residue: 66 – 74, orange), with
interacting residues (a) before and (b) after smoothing.
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Fig 2. Crystal structure of H2Kb in complex with JHMV
epitope S598. (a) Class I
histocompatibility
antigen
(green), (b) peptide from
glycoprotein (tints), and (c) the
antigen receptor and the
peptide in complex, bindinginducing regions of the
receptor in contact with
peptide are shown in yellow.

PSBE of Partner Residues (1)
Partner Properties (58)

(c) 2ZSV:A,E

Extra Tree

PBSpredict

Physiochemical Properties (7)
Conservation Profile: PSSM, mono/bigrams (41)
Local Backbone Structure: SS, , , ASA (6)
Flexibility: Disorder probability, , (3)
Energy Profile: PSEE (1)

BIRpredict Performance
Table 1: Comparison on binding-inducing residue prediction.

BIRpredict
SPRINT

ACC
0.603
0.646

PPV
0.674
0.094

F1
0.324
0.164

MCC (*)
0.361 (0.524)
0.136 (0.326)

0.72

0.74
(3.10%)

0.71

0.73
(2.13%)

0.88

0.94
(6.87%)

* MCC on different test datasets, reported in respective articles.
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Fig 4. Performance gain in peptide binding-site prediction after
including receptor partner properties.
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Fig 3. Performance comparison of BIRpredict (cyan) and
SPRINT (orange) on PDB ID: 2ZSV. Comparison with the actual
BIRs (Fig 2(c)) shows that SPRINT over-predicts with a fall-out rate
of 70.2% and miss-rate of 31.5%. On the other hand, BIRpredict
provided a well-balanced prediction output with a fall-out rate of
3.9% and miss rate of 20.5%.

 We aim to investigate what are the most influencing structural
properties of binding-inducing residues of partners that
promote induce-folding.
 We are currently tuning the parameters of PBSpredict and
benchmarking its performance against existing state-of-the-art
predictors.
 With BIRpredict, PBSpredict and PSBE, we aim to accurately
identify the hot-spots of peptide-protein interface.
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PSEE and PSBE
 Position Specific Estimated Energy (PSEE): approximates the
free energy contribution of each residue using
 pairwise thermodynamic interaction energy and
 Hydrophobic effect in terms of solvent accessibility (or
burial) of the residue in local neighborhood.
 Position Specific Binding Energy (PSBE): approximates the free
energy contribution of each residue for binding with partners.
We mutated each residues to alanine and recomputed PSEE after
alanine mutagenesis (aPSEE), and quantified the induced
energy gap in between as PSBE.
 PSBE = aPSEE - PSEE

PSBE Recognizes Hot-Spots
Fig 5. Box-plots of bindingenergies (PSBE) for 20 types of
amino acids (AA) on the peptide
interface while interacting with
partners. The boxes are sorted
according to the median PSBE
values. We found that for five AAs
(W, F, Y, I, L), average PSBE
values are higher than a particular
threshold 0.5 within a range of
− 1.0 to +1.0 , showing higher
energy contribution in binding.
This findings are consistent with
that of (London et al., 2010), which
reports the AA overrepresentation
in peptide hot-spot residues from
structures of 103 peptide-protein
complexes. Thus, sequence-based
PSBE can recognize hot-spots.
Amino acids in
Hot-spots
(PSBE > 0.5)

Leu (L) : 0.581
Trp (W): 0.593
Tyr (Y) : 0.688
Ile (I)

: 0.685

Phe (F) : 0.849

