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Abstract

The current study aimed to assess whether the A122V causal polymorphism promotes alterations in the functional
and structural proprieties of the CXC chemokine receptor type 1 protein (CXCR1) of cattle Bos taurus by in
silico analyses. Two amino acid sequences of bovine CXCR1 was selected from database UniProtKB/Swiss-Prot:
a) non-polymorphic sequence (A7KWGO0) with alanine (A) at position 122, and b) polymorphic sequence harboring
the A122V polymorphism, substituting alanine by valine (V) at same position. CXCR1 sequences were submitted
as input to different Bioinformatics’ tools to examine the effects of this polymorphism on functional and structural
stabilities, to predict eventual alterations in the 3-D structural modeling, and to estimate the quality and accuracy of
the predictive models. The A122V polymorphism exerted tolerable and non-deleterious effects on the polymorphic
CXCR1, and the predictive structural model for polymorphic CXCR1 revealed an alpha helix spatial structure typical of
a receptor transmembrane polypeptide. Although higher variations in the distances between pairs of amino acid residues
at target-positions are detected in the polymorphic CXCR1 protein, more than 97% of the amino acid residues in both
models were located in favored and allowed conformational regions in Ramachandran plots. Evidences has supported
that the A122V polymorphism in the CXCR1 protein is associated with increased clinical mastitis incidence in dairy
cows. Thus, the findings described herein prove that the replacement of the alanine by valine amino acids provokes
local conformational changes in the A122V-harboring CXCR1 protein, which could directly affect its post-translational
folding mechanisms and biological functionality.

Keywords: CXCRI1 protein, in silico analysis, protein conservation, single nucleotide polymorphism, structural and
functional proprieties.

Predicio in silico das consequéncias funcionais e estruturais do polimorfismo
de nucleotideo tinico ndo-sindnimo A122V no receptor de
quimiocina CXC do tipo I bovino

Resumo

O presente estudo objetivou avaliar se o polimorfismo causal A122V promove alteragdes nas propriedades funcionais e
estruturais da proteina receptora de quimiocina CXC do tipo 1 (CXCR1) de bovino Bos taurus por analises in silico. Duas
sequéncias de aminoacidos da CXCR1 bovina foram selecionadas a partir do banco de dados UniProtKB/Swiss-Prot:
a) sequéncia nao-polimorfica (A7KWG0) contendo alanina (A) na posigdo 122, e b) sequéncia polimorfica carreando
o polimorfismo A122V, causando a substitui¢ao de alanina por valina (V) na mesma posi¢ao. As sequéncias CXCR1
foram analisadas por diferentes ferramentas de Bioinformatica para examinar o efeito desse polimorfismo sobre sua
estabilidade, fungao e estrutura, predizer eventuais alteragdes na sua modelagem estrutural 3-D, bem como estimar a
qualidade dos modelos preditos. O polimorfismo A122V exerceu efeitos toleraveis e nao-deletérios sobre a CXCR1
polimérfica, apresentando um modelo estrutural de alfa-hélice tipico de uma proteina receptora transmembranar para
ambas as proteinas. Embora maiores variagdes nas distancias entre os pares de aminoacidos nas posi¢des-alvo tenham
sido detectadas na proteina polimoérfica, mais do que 97% dos aminoéacidos em ambos os modelos foram situados em
regides ditas favoraveis e permitidas nos diagramas de Ramachandran. Evidéncias sustentam que o polimorfismo de
nucleotideo tinico A122V na proteina receptora CXCR1 esta associado a aumentada incidéncia de mastite clinica em
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vacas leiteiras. Assim, as descobertas descritas aqui comprovam que a substitui¢do do aminoacido alanina por valina
provoca mudangas conformacionais locais na proteina CXCR1 polimorfica, que podem estar diretamente afetando
seus mecanismos de enovelamento pos-traducionais e sua fung@o bioldgica.

Palavras-chave: proteina CXCR1, analises in silico, conservagao proteica, polimorfismo de nucleotideo tnico,

propriedades estruturais e funcionais.

1. Introduction

The CXC chemokine receptor type 1 (CXCRI)
characterizes as a class-A, rhodopsin-like G-protein-coupled
receptor, the largest class of integral membrane proteins
responsible for cellular signal transduction and targeted as
drug receptors. Moreover, CXCR1 is one of two high-affinity
receptors for the CXC chemokine interleukin-8 (IL-8), a
major mediator of immune and inflammatory responses
implicated in many disorders, including tumor growth
(Emadi et al., 2005). The IL-8, released in response to
inflammatory stimuli, binds to the extracellular side of
CXCRI1, which promotes the neutrophil migration to the
site of inflammation (Dakal et al., 2017).

Several genetic polymorphisms in the CXCR1 gene
have suggested that this gene is a potential marker of
susceptibility to mastitis in dairy cows. Within this
context, Zhou et al. (2013) detected four single nucleotide
polymorphisms (SNPs) in the CXCR1 gene associated with
milk traits in Chinese native cattle. Particularly, the SNP
¢.365C>T located in exon II of the CXCR1 gene resulted
in a non-synonymous mutation [GCC (Ala) > GTC (Val)],
which suggests its possible negative effect on the host
response against mastitis (Zhou et al., 2013). According
to Pokorska et al. (2016), a non-synonymous mutation
¢.+365T>C in the bovine CXCR1 gene provoked a change
in the coded protein [GCC (Ala) to GTC (Val) at the
122nd amino acid], demonstrating stronger association
with susceptibility of Polish Holstein-Friesian cows to
clinical mastitis.

Over the past decades, powerful experimental
approaches of computational biology have been largely
raised from development and application of data-analytical
and theoretical methods, mathematical modeling and
computational simulation techniques to the study of
biological, behavioral and social systems (Ouzounis,
2012). Computational tools are routinely employed to
test virtually hypotheses for characterization of genes,
determining structural and physiochemical properties
of proteins, phylogenetic analyses, and performing
simulations to study how biomolecule interacts in a living
cell (Mehmood et al., 2014). In silico studies of protein and
nucleic acid is becoming a useful technique in the field of
Bioinformatics, since the knowledge of the 3-D structure
of a protein would be an invaluable aid to understand the
details of a particular protein (Adzhubei et al., 2010). Within
this context, the current study aimed to assess whether the
A122V causal polymorphism promotes alterations in the
functional and structural proprieties of the CXCRI1 protein
of bovine Bos taurus using computational biology tools.
Such in silico approach must proportionate new insights
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into the protein structure by validating the consequences
of the A122V polymorphism in structural and functional
stability of the bovine polymorphic CXCR1 protein.

2. Material and Methods

2.1. Search and selection of the sequences of the bovine
CXCRI protein from biological database set

In current study, the sequence of amino acid residues
concerning CXCR1 protein of cattle Bos taurus (ATKWGO0) was
searched and selected in FASTA format from non-redundant
protein sequence database UniProtKB/Swiss-Prot.
This sequence designed non-polymorphic CXCR1 protein
has the alanine (A) amino acid at position 122. Moreover,
other CXCRI1 sequence harboring the A122V causal
polymorphism designed polymorphic CXCR1 protein
presents the replacement of alanine by valine (V) amino
acid at same position.

2.2. Prediction of the effects of the A122V
polymorphism on structure, stability and function of the
CXCRI protein

Assessment of the functional impact of the A122V
polymorphism on the CXCR1 protein was carried out using
Sorting Intolerant From Tolerant (SIFT), which predicts
whether an amino acid substitution affects protein function
from sequence homology and the physical properties of amino
acids (Ng and Henikoff, 2003). Since each substitution in
protein-coding regions exhibits potential to affect protein
function, SIFT tool involves multistep procedure that takes
a query sequence and uses multiple alignment information
to predict tolerated and deleterious substitutions for every
position of the query sequence. Substitutions at each position
with normalized probabilities less than a tolerance index
0f'0.05 are predicted to be intolerant or deleterious; those
greater than or equal to 0.05 are predicted to be tolerated
(Ng and Henikoft, 2003).

The influence of the A122V polymorphism on the
structural and functional stabilities of proteins was predicted
using specific empirical rules of the PolyPhen program
version2.0 (Polymorphism Phenotyping v2) that validates
possible impacts of amino acid substitutions on the structure
and function of human proteins using straightforward
physical and evolutionary comparative considerations
(Adzhubei et al., 2010). Scores generated by PolyPhen
analyses can be classified as “probably damaging” (2.00),
“possibly damaging” (1.50-1.99), “potentially damaging”
(1.25-1.49), or “benign” (0.00-0.99) (Khan and Ansari, 2017).

Alterations in the polymorphic A122-harboring CXCR1
protein stability was predicted by support vector machine
based tool server I-Mutant2.0 that calculates the Gibbs free
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energy change (DDG) by subtracting the mutated protein
unfold Gibbs free energy from wild type proteins unfold
Gibbs free energy (Capriotti et al., 2005). The value of
DDG below 0 (<0) indicates decrease in the protein stability
and value higher than 0 (>0) indicates increase in protein
stability. [-Mutant version 2 also predicts the sign of decrease
or increase in Gibbs free energy estimated by Reliability
Index (RI) with values ranging of 0 (low estreliability) to
10 (high estreliability).

2.3. Prediction of the 3-D structural models of the
CXCRI proteins by comparative homology modelling
analyses

Comparative protein modellings were performed to infer
the 3-D structure of the non-polymorphic and polymorphic
CXCRI1 proteins using Comparative Homology Modelling
MODELLER version 9.17 (Program for Comparative Protein
Structure Modelling by Satisfaction of Spatial Restraints),
providing alignments of the sequences of interest with known
related structures (Webb and Sali, 2014). First, the Basic
Local Alignment Search Tool BLAST program identified
regions of similarity between the CXCR1 query sequences
and protein template sequences deposited in the database.
Two target-templates were automatically selected: ID 2LNL
structure of human CXCR1 in phospholipid bilayers with
identity of 79%, total score value of 483 (85%) and e-value
of 8¢'”, and ID 5LWE crystal structure of the human CC
chemokine receptor type 9 in complex with vercirnon,
showing identity of 37%, total score value of 204 (78%)
and e-value of 7¢®. According to Vitkup et al. (2001),
template models with at least 30% sequence identity are
considered ‘reasonably accurate’ or, for brevity, ‘accurate’.
To build the 3-D structural models of the proteins of
interest by MODELLER analyses, Blast files of the ID
2LNL and ID 5LWE templates were converted to PDB
format using Protein Structure Databank available in the
Protein Data Bank PDB, a single worldwide repository of
3-D structures of large biological molecules. The building
of the 3-D structural models from non-polymorphic and
polymorphic CXCR1 sequences was carried out using
BLOSUMBG2 similarity matrix of the MODELLER program,
as presented in details by tutorial notes (Eswar et al., 2006).
Two evaluative scores are potentially relevant to assess
the quality of the predictive 3-D models: GA341, a score
derived from statistical potentials with values >0.7 generally
indicating a reliable and correctly folded model under high
probability (>95%); and zDOPE, normalized Discrete
Optimized Protein Energy, an atomic distance-dependent
statistical score where negative values indicate better models
(Eswar et al., 2006). Finally, homology-modeling analyses
of the amino acid side chain conformations was carried
out by UCSF Chimera, an extensible molecular modeling
system for interactive visualization of high-quality images
and animations, and analysis of molecular structures,
including density maps, supramolecular assemblies,
sequence alignments, docking results, trajectories, and
conformational ensembles (Pettersen et al., 2004).
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2.4. Estimation of the quality of the predictive structural
models from non-polymorphic and polymorphic CXCRI
protein sequences

The quality and accuracy of the predictive 3-D models
for non-polymorphic and polymorphic CXCR1 proteins was
confirmed by Qualitative Model Energy ANalysis QMEAN
server, accessing the scoring function QMEANBTrane,
which calculates specifically trained potentials for three
different segments (membrane, interface and soluble)
in a transmembrane protein model (Studer et al., 2014).
The quality of the predictive models was estimated by
QMEAN4 and QMEANG Z-scores and for normalization,
QMEAN scores of a model are compared to distributions
obtained from high-resolution structures solved by X-ray
crystallography (Benkert et al., 2011). According to
Benkert et al. (2011), higher QMEAN Z-scores indicate
better agreement with predictive features and lower mean
force potential energy. Other statistical potentials, such as
all-atom and Cp interactions, solvation and torsion, were
also generated by QMEANbrane analyses to assess the
overall structural quality of the predictive transmembrane
models for non-polymorphic and polymorphic CXCR1.

Furthermore, RAMPAGE server was also employed to
validate the structural accuracy and quality of the homology
models of the proteins of interest by visualizing energetically
allowed regions for backbone dihedral angles of their amino
acid residues in Ramachandran plots (Laskowski et al.,
2001). In fact, the major effect in the Ramachandran plots
corresponds to the presence or absence of the methylene
group at CP. In practice, the glycine amino acid has only a
hydrogen atom for its side chain with a much smaller van
der Waals radius than the CH,, CH,, or CH group that starts
the side chain of all other amino acids (Ting et al., 2010).
On the other hand, the Ramachandran plot for proline,
with its 5-membered-ring side chain connecting Ca to
backbone N, demonstrates a limited number of possible
combinations of y and ¢ torsion angles (Anderson et al.,
2005). A 3-D structural model with >90% of its residues
in the most favored regions of Ramachandran plot is
considered as accurate as a 2A-resolution crystal structure
(Laskowski et al., 2001).

3. Results

3.1. Effects of the A122V polymorphism on functional
and structural stabilities of the CXCRI protein

The impact of the A122V substitution on function of
the CXCRI1 protein by SIFT analyses predicted that this
polymorphism is ‘tolerable’. Corroborating this finding,
prediction of the effect of this polymorphism on the structure
and function stability of the protein CXCR1 by PolyPhen-2
analyses demonstrated that p.A122V is ‘benign’ with score
values 0of 0.001 and 0.000 at levels of variation (sensibility
0.99 and specificity 0.09) and divergence (sensibility
1.00 and specificity 0.00), respectively. The polymorphic
A122V-harboring CXCR1 sequence was also submitted
as input to I-Mutant 2.0, showing DDG and RI values of
0.28 and 3.0, respectively, which indicate increased stability
and non-deleterious effect of this nsSNP on structure and
function of the polymorphic CXCR1 protein.
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3.2. Assessment of the structural variations of the
predictive 3-D models from non-polymorphic and
polymorphic CXCR1

The predictive 3-D structural model for CXCR1
A122V-harboring protein revealed tridimensional spatial
structure typical of a single transmembrane alpha helix
of a receptor polypeptide (Figure 1A), exactly similar to
predictive structural model for non-polymorphic CXCR1
protein (data not shown). The modeling conformation
for both two proteins yielded a characteristic wave-like
pattern, reflecting helical structure with breaks in the
waves corresponding to helix termini or kinks. Specially,
the replacement of alanine by valine amino acid residues
revealed local quality score of 0.78 (Figure 1B) in
comparison to 0.81 value for non-polymorphic CXCR1
protein (data not shown) at a highly conserved position
reached in hydrophobic residues. The GA341 score
values for non-polymorphic and polymorphic CXCR1
protein models were calculated in 0.99897 and 0.99611,
respectively, whereas DOPE score values were calculated
in -35260.26953 and -35282.07813 for non-polymorphic
and polymorphic CXCR1 protein models, respectively.
Such evaluative parameters indicate a high significance
and quality degree of the predictive 3-D models for both
proteins in MODELLER results.

A)

=2

> b M D D P

Stereochemical alterations in the distances between
residues of Val121 and Ala122 amino acids were estimated
in 7.573A for non-polymorphic CXCR1 (Figure 2A),
contrarily the distance between Val121 and Val122 amino
acids was 8.037A for polymorphic CXCR1 (Figure 2B).
Accordingly, the distance between Alal22 and Ser123
residues was 6.210A for non-polymorphic CXCR1
(Figure 2C), whereas this distance between residues
Val122 and Ser123 was 7.508A for polymorphic CXCR1
(Figure 2D). Total difference in the distance of the amino
acid residues situated at positions 121 and 122 was 0.464A
between non-polymorphic and polymorphic CXCR1
proteins (5.77%), whereas difference in the distance of the
amino acids located at positions 122 and 123 was 1.298A
between both sequences (17.29%).

3.3. Estimates of the structural quality and accuracy of
the predictive 3-D models for CXCRI proteins

QMEAN4 and QMEANG6 Z-scores concerning structural
quality of the predictive models for A122V-harboring
CXCRI1 protein was -6.75 and -5.44, respectively, whereas
the predictive model for non-polymorphic CXCR1 sequence
demonstrated QMEAN4 and QMEANG6 Z-score values of
-5.91 and -4.97, respectively. All-atom interactions among
chemically distinguishable heavy atoms in local secondary

| VAL122:0.78

Figure 1. Structural modeling pattern of the polymorphic A122V-harboring CXCR1 protein by QMEANbrane analyses.
(A) Tridimensional model typical of a transmembrane receptor protein; (B) Protein sequence with amino acid residues
distributed in linear chain. Low and high local quality scores are presented in red (zero-value) and blue (one-value) colors,

respectively.
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Figure 2. Distances in A among pairs of amino acid residues situated at target-positions 121, 122 and 123 in the
non-polymorphic (A and C) and polymorphic (B and D) CXCRI proteins by Modeller/Chimera analyses. Amino acid

residues: alanine Ala, serine Ser, valine Val.

structure were -6.25 and -6.93 for non-polymorphic and
polymorphic CXCRI1, respectively, as well as values of
interactions among Cp positions of the 20 standard amino
acids, in particular glycine, were -5.65 and -8.18 in the
predictive models for non-polymorphic and polymorphic
CXCRI1 proteins, respectively. Solvation calculated
by counting surrounding atoms around all chemically
distinguishable heavy atoms not belonging to the assessed
residue itself was -1.73 and -1.97 for non-polymorphic
and polymorphic CXCR1 models, respectively. Torsion
of the @/ central angles of three consecutive amino acids
was predicted in -4.43 and -4.78 for non-polymorphic and
polymorphic CXCR1 models, respectively. Based on these
evaluative parameters, the predictive 3-D models from both
CXCRI1 protein sequences demonstrated lower modeling
quality with strongly negative scores than those generated
from non-polymorphic CXCR1.

Furthermore, 93.3% (334 amino acids) and 4.75% of
residues (17 amino acids) were situated in the most favorable
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and allowed regions, respectively, in Ramachandran plots in
the predictive model for non-polymorphic CXCR1 protein.
Yet, assessment of the predictive model from polymorphic
CXCRI1 sequence demonstrated that 92.18% of its residues
(330 amino acids) were in the most favorable regions and
21 of residues (5.86%) were situated in allowed regions
in Ramachandran plots. Seven amino acids (1.96% of its
residues) were situated in disallowed regions for both
predictive models. These results prove that the structural
quality and accuracy of the predictive 3-D structural models
from non-polymorphic and polymorphic CXCR1 protein
sequences are perfectly acceptable with good structural
modeling quality.

4. Discussion

The bovine A122V-harboring CXCRI1 protein sequence
was submitted as input to Bioinformatics’ tools to infer
eventual alterations in its structural and functional stability,
demonstrating that this polymorphism exerted benign,
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acceptable, tolerable and non-deleterious effects on this
protein. Most algorithms for prediction of the functional
impact of non-synonymous mutations are based on the
observation that evolutionary and structural constraints are
non-randomly distributed on proteins (Lee et al., 2009).
Several studies have concluded that SIFT and PolyPhen
are useful to prioritize changes associated with loss of
protein function, and their low specificity to predict gain
of protein function should be interpreted with caution to
support/refute pathogenicity or functionality of a missense
variant (Gnad et al., 2013; Miosge et al., 2015). Thus, findings
revealing great stability of the polymorphic CXCR1 protein
using Bioinformatics’ tools are not sufficient to validate
the empirical effects of the A122V polymorphism on its
structural and functional stability, since previous report in
the literature have described that this polymorphism is yet
associated with higher susceptibility to clinical mastitis
in dairy cows (Pokorska et al., 2016).

The predictive structural model from polymorphic CXCR1
A122V-harboring protein revealed a tridimensional spatial
structure typical of transmembrane alpha helix of a receptor
polypeptide, yielding a characteristic wave-like pattern of
helical structure with breaks in the waves corresponding
to helix termini or kinks (Figure 1A). Transmembrane
segments usually characterize as a single alpha helix of a
thermodynamically stable transmembrane protein reached
by hydrophobic amino acid residues in the interior of the
bilayer and the interiors of most proteins of known structure.
High local quality score were estimated for polymorphic
A122V-harboring CXCR1 protein (Figure 1B), suggesting
that the substituting one amino acid for another with similar
biochemical properties (nonpolar, hydrophobic amino
acids) is less likely to proportionate functional protein
alterations. In the meantime, both predictive 3-D models
for CXCR1 protein sequences revealed strongly negative
scores for evaluative parameters regarding overall quality
and accuracy of the structural modeling. Especially for
transmembrane proteins, such findings are absolutely
expected, since in silico Bioinformatics’ tools still poorly
perform when applied to models of transmembrane segment
(Studer et al., 2014). Interestingly, more strongly negative
QMEAN Z-scores were predicted for the model of the
polymorphic A122V-harboring CXCRI1 protein, suggesting
that the replacement of the small amino acid alanine by
the large amino acid valine could sterically hinder packing
during protein folding.

Higher variations in the distances between pairs of
amino acid residues at target-positions were demonstrated
in the predictive 3-D model for A122V-harboring CXCR1
protein than for non-polymorphic sequence (Figure 2). In
the meantime, Ramachandran plots predicted that more
than 97% of the amino acid residues in two models were
located in favored and allowed conformational regions for
the general case (all amino acids except glycine, proline,
and pre-proline), for glycine, and for proline. Thus, although
remarkable differences in the distance between pairs of
amino acid residues are inferred resulting from A122V
polymorphism, both predictive CXCR1 models safely
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demonstrated high local quality and acceptable structural
accuracy. Recently, Guzzi etal. (2017) examined the secondary
structure pattern of the bovine A122V-harboring CXCR1
protein, revealing the absence of an alpha helix domain
between positions 100 and 150, as possible consequence
of the replacement of alanine with high helix-forming
propensity by valine with limited helix-forming propensity
in the polymorphic protein. Notably, diverse functions of
the proteins are directly associated with their appropriate
structural folding resulting from physical interactions
among their amino acid residues. Recently, Jones et al.
(2012) concluded that a pair of residues is spatially close
residues in a 3-D structure, if their Co atoms are separated
by a minimum distance of at least 6A. According to
Cohen et al. (2009), the side chains of arginine, glutamic
acid, valine and leucine amino acids are not symmetrical
in respect to the interactions of their head groups. From
findings described herein it is reasonable to expect that
conformational changes provoked by differences in
the rotation of the chain between pairs of amino acids
should naturally affect the structural modeling pattern
of the polymorphic CXCR1 protein and consequently its
biological functionality.

Multiple polymorphisms associated with loss-of-function
phenotype have affected the expression and function of
the human neuropeptide S receptor as consequence of the
disruption of the disulfide bridge through the substitution
of'a cysteine by a phenylalanine at position 197, promoting
profound effect on the overall conformation of the protein
and its ligand affinity (Anedda et al., 2011). Theoretical
studies have hypothesized that the presence of a rare
codon in a silent mutation marked by a synonymous
polymorphism in a complex mammalian membrane
transport protein alters the substrate specificity; affecting
the timing of cotranslational folding and resulting in
altered function with consequence to clinically important
aspects, as postulated by Kimchi-Sarfaty et al. (2007).
Recently, Dakal et al. (2017) showed that some SNPs
in the human IL-8 protein provoked local alterations in
the structure-function relationship, which could possibly
lead to prioritization of diseases, such as cancer. All these
experimental evidences support that intricate details of
3-D structures are crucial for protein function and local
conformational changes, especially connected to binding
sites, may exert stronger negative impacts on the protein
function and cause diseases. The disruption of hydrophobic
interactions, or the introduction of charged residues into
buried sites, or mutations that break beta-sheets often
influences severely phenotype and raises the susceptibility
for disease (Gong and Blundell, 2010). Within this
perspective, Pokorska et al. (2016) speculated that the
A122V polymorphism in the CXCR1 protein could result
in changes in the receptor function, which may be a
reason for increased mastitis incidence in cows carrying
this polymorphism. In the meantime, the presence of the
alanine and valine residues at position 122 in the bovine
CXCRI1 protein seems to be very far away from regions
of'the protein involved in its function (binding sites, active
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sites), based on understanding the 3-D structure of the
human CXCRI1 protein (Park et al., 2012). Accordingly,
findings described herein prove that the replacement of the
alanine by valine amino acids provoked local conformational
changes in the polymorphic A122V-harboring CXCR1
protein, which could directly affect its post-translational
folding mechanisms and biological functionality.

Evidences have supported that the CXCRI1 receptor
is an excellent prospective genetic marker for mastitis
resistance in cattle that regulates neutrophil recruitment,
migration, killing, and survival during inflammation processes
(Dakal etal., 2017) and despite its importance, its molecular
mechanism is poorly understood due to the limited structural
information available. For the deep understanding of the
biological roles attributed to transmembrane proteins as key
components of signal transduction, cell-cell adhesion and
energy and material transport into and out from the cells, the
structure determination of these segments is indispensable.
However, only a few transmembrane protein structures
have been experimentally determined due to technical
difficulties. With the advent of large-scale genomic, increased
amounts of sequence information on the proteins and
whole proteomes of living organisms have been provided,
becoming a crucial challenge of Bioinformatics to elucidate
how the structural information should be gained from a
sequence. Within this perspective, the findings described
herein provide insights into consequences of the A122V
non-synonymous single nucleotide polymorphism in the
structural and functional proprieties of the bovine CXCR1
protein using computational biology tools, supporting
previous practical evidences that this polymorphism is
associated with the loss-of-function phenotype increasing
the susceptibility of dairy cows to clinical mastitis.
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