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a b s t r a c t

The hot regions of protein–protein interactions refer to the active area which formed by thosemost impor-
tant residues to protein combination process. With the research development on protein interactions, lots
of predicted hot regions can be discovered efficiently by intelligent computingmethods, while performing
biology experiments to verify each every prediction is hardly to be done due to the time-cost and the com-
plexity of the experiment. This study based on the research of hot spot residue conservations, the proposed
method is used to verify authenticity of predicted hot regions that using machine learning algorithm com-
bined with protein’s biological features and sequence conservation, though multiple sequence alignment,
module substitute matrix and sequence similarity to create conservation scoring algorithm, and then
using thresholdmodule to verify the conservation tendency of hot regions in evolution. This researchwork
gives an effective method to verify predicted hot regions in protein–protein interactions, which also
provides a useful way to deeply investigate the functional activities of protein hot regions.

� 2016 Published by Elsevier Inc.

1. Introduction

Though research of protein interaction interface, alanine muta-
tion experiment discoveries that not all residues but only a few
play an important role to protein binding, and those important
residues are called hot spot residues [1]. Numerous studies have
addressed that hot spots formed to a special conformation during
process of protein interaction, instead of being distributed along
protein interfaces homogeneously, hot spot residues are usually
clustered within tightly packed regions, which are called hot
regions [2], Fig. 1 shows the hot region in protein complex 1A22.

Hot regions of protein–protein interactions play important roles
in the functions and stability of protein complexes; they are more
important than hot spots in maintaining the stability of protein
complexes and exerting the molecular mechanism of biological
functions. The research on hot regions are very important to under-
standing the protein activities like disease origin, pharmaceuticals,
drug effect targeting, etc.

With the development and deeply study of proteomics, intelli-
gent computing method [3–5] more and more became supporting
technology of proteomics. Discovery and discrimination of hot

regions in protein-protein interaction brings lots of predicted hot
regions, while there is no efficiency method to verify authenticity
of predicted hot regions. As we know, biological experiment is
the most direct method to verify authenticity of predicted hot
regions, while because of long-time and complexity of biological
experiment, it’s impossible to verify every predicted result using
biological experiment. The scale and number of verifying is limited
by existing method mainly focused on comparing with published
literatures. Thus, how to using intelligent computing method to
verify hot regions has become an important and urgent topic.

In recent years, many studies have been made to hot regions. In
2005, Keskin [2] developed an algorithm to cluster hot spots into
hot regions after studying the organization and contribution of
structurally conserved hot spot residues. Further analysis show
that hot spots in hot regions are usually more structurally con-
served than other interface residues, and hot spots play roles asso-
ciated with surrounding interface residues, which lead to binding
free energy of hot spots are higher than other interface residues.

In 2007, Hsu [6] presented a pattern-mining approach for the
identification of hot regions in protein–protein interactions, which
demonstrates that the important residues associated with the
interface residues may be discovered by sequential pattern-
mining automatically. The proposed method aimed to locate hot
region structure modules with sequence modules by multiple
sequence alignment with homologous proteins and analyzing
higher conserved modules with alignment results.
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In 2010, Cukuroglu [7] proposed there are more hot regions are
formed between hub proteins by analyzing hot regions organized
structure though studying physical and chemical features of
three kinds of interface, and then built a database called Hot
Region [8].

In 2014, Nan [9] proposed a method to predict hot regions
based on complex network and community detection. By revising
false positive and false negative during the detection process, the
proposed method can improve the reliability in the recognition
of hot regions. In 2015, Hu [10] propose a method to predict
hot regions in protein–protein interactions by combining
density-based incremental clustering with feature-based classifi-
cation. These method further improved precision of hot region
prediction.

In the aspect of protein conservation, lots of study showed that
hot spots in protein-protein interactions are usually more struc-
turally conserved than other surface residues [1,2,11], while there
is little correlation of conservation between interface residues and
other surface residues, either in sequence [12] or in structure
[1,13]. Hot regions are composed by hot spot residues, and have
so many similar biological features with hot spots, and conserva-
tion is key and fundamental features of hot regions.

Based on above researches, we have sound reasons to use con-
servation features to verify hot regions in protein interactions.

2. Method

Here a sequence conservation-based method to test hot regions
is proposed. For each every hot spot in a hot region, two proteins
that form the complex are found in the protein database, and by
isoforms we obtain the complete sequence of genes, with the com-
plete protein sequence we get all the orthologs in different species,
and then by multiple sequence alignment, we record all the sites of
the hot spot residue in different species, here we apply Blocks Sub-
stitution Matrix to build conservation scoring function of hot
regions for the first time, and by the scoring function we built,
the conservation scores of the hot regions in different species are
obtained, and at last, we calculate the hot region conservation rel-
ative to other regions on the interaction interface. We test whether
hot regions are conserved in sequence in different species follow-
ing four steps:

Step 1: Find isoforms of each gene in the protein complex;
Step 2: Find orthologs for each gene in different species using
isoforms obtained in the first step;
Step 3: Perform multiple sequence alignments using orthologs
obtained in the second step;

Step 4: Calculate a conservation score for each hot region using
the scoring function and calculate the conservation probability
of each hot region compared to other binding sites in different
species.

For more clearly show the method, we take a protein complex
1A22 for example in every step.

2.1. Isoforms of protein

In the first step, we identified isoforms of each gene in protein
complexes within hot regions. In the database of this paper, all
complexes are composed of two or more proteins. We find iso-
forms according to each chain of every complex. Here two genes
of protein complex 1A22 are GH1 (GROWTH HORMONE) and
GHR (GROWTH HORMONE RECEPTOR). Through the Protein data
bank [14] (PDB), we obtained the UniProt ID of each gene of every
complex. In the UniProt database [15] we obtained the sequences
of isoforms using UniProt ID and, if there is more than one isoform
in a single gene, we use the one most closely similar by sequence
alignment as this gene’s isoform. There are 5 isoforms of GH1,
which are list below, and though multiple sequence alignment,
sp:isoform-1 is selected as isoform of GH1.

>1A22:A|PDBID|CHAIN|SEQUENCE FPTIPLSRLFDNAMLRAHRLH
QLAFDTYQEFEEAYIPKEQKYSFLQNPQTSLCFSESIPTPSNREETQQKSNL
ELLRISLLLIQSWLEPVQFLRSVFANSLVYGASDSNVYDLLKDLEERIQTLM
GRLEDGSPRTGQIFKQTYSKFDTNSHNDDALLKNYGLLYCFRKDMDKVE
TFLRIVQCRSVEGSCGF

>sp:isoform-1|P01241|SOMA_HUMAN Somatotropin OS=Homo
sapiens GN=GH1 PE=1 SV=2 MATGSRTSLLLAFGLLCLPWLQEGSAFP
TIPLSRLFDNAMLRAHRLHQLAFDTYQEFEEAYIPKEQKYSFLQNPQTSLC
FSESIPTPSNREETQQKSNLELLRISLLLIQSWLEPVQFLRSVFANSLVYGAS
DSNVYDLLKDLEEGIQTLMGRLEDGSPRTGQIFKQTYSKFDTNSHNDDA
LLKNYGLLYCFRKDMDKVETFLRIVQCRSVEGSCGF

>sp:isoform-2|P01241-2|SOMA_HUMAN Isoform 2 of Soma-
totropin OS=Homo sapiens GN=GH1 MATGSRTSLLLAFGLLCLPWLQ
EGSAFPTIPLSRLFDNAMLRAHRLHQLAFDTYQEFNPQTSLCFSESIPTPSN
REETQQKSNLELLRISLLLIQSWLEPVQFLRSVFANSLVYGASDSNVYDLL
KDLEEGIQTLMGRLEDGSPRTGQIFKQTYSKFDTNSHNDDALLKNYGLLY
CFRKDMDKVETFLRIVQCRSVEGSCGF

>sp:isoform-3|P01241-3|SOMA_HUMAN Isoform 3 of Soma-
totropin OS=Homo sapiens GN=GH1 MATGSRTSLLLAFGLLCLPWLQ
EGSAFPTIPLSRLFDNAMLRAHRLHQLAFDTYQEFEEAYIPKEQKYSFLQN
PQTSLCFSESIPTPSNREETQQKSNLELLRISLLLIQTLMGRLEDGSPRTGQI
FKQTYSKFDTNSHNDDALLKNYGLLYCFRKDMDKVETFLRIVQCRSVEG
SCGF

>sp:isoform-4|P01241-4|SOMA_HUMAN Isoform 4 of Soma-
totropin OS=Homo sapiens GN=GH1 MATGSRTSLLLAFGLLCLPWLQ
EGSAFPTIPLSRLFDNAMLRAHRLHQLAFDTYQEFEEAYIPKEQKYSFLQN
PQTSLCFSESIPTPSNREETQQKSNLELLRISLLLIQSWLEPVQIFKQTYSKF
DTNSHNDDALLKNYGLLYCFRKDMDKVETFLRIVQCRSVEGSCGF

>sp:isoform-5|P01241-5|SOMA_HUMAN Isoform 5 of Soma-
totropin OS=Homo sapiens GN=GH1 MATGSRTSLLLAFGLLCLPWL
QEGSAFPTIPLSRLFDNAMLRAHRLHQLAFDTYQEFNLELLRISLLLIQSW
LEPVQFLRSVFANSLVYGASDSNVYDLLKDLEEGIQTLMGRLEDGSPRTG
QIFKQTYSKFDTNSHNDDALLKNYGLLYCFRKDMDKVETFLRIVQCRSV
EGSCGF.

2.2. Orthologs algorithm

Orthologs are homologs separated by speciation events.
OrthoMCL DB [16,17] is a database of groups of orthologous pro-
tein sequences. OrthoMCL is a genome-scale algorithm for group-
ing orthologous protein sequences. It provides not only groups
shared by two or more species/genomes, but also groups repre-
senting species-specific gene expansion families. So it serves as

Fig. 1. Hot region in protein complex 1A22. In complex 1A22, hot spots in hot
region are shown as small spheres, Spheres and their located chain are the same
color, while different colors represent different chains, the cyan belt represents
chain A and the orange belt represents chain B.
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