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Abstract

Aim: In this study, a wide range of in silico investigation of Bubalus bubalis (BB) heat shock protein 70 (HSP70) and heat
shock factor-1 (HSF1) has been performed, ranging from sequence evaluation among species to homology modeling along
with their docking studies to decipher the interacting residues of both molecules.

Materials and Methods: Protein sequences of BB HSP70 and HSF1 were retrieved from NCBI database in FASTA format.
Primary and secondary structure prediction were computed using Expasy ProtParam server and Phyre2 server, respectively.
TMHMM server was used to identify the transmembrane regions in HSP70. Multiple sequence alignment and comparative
analysis of the protein was carried out using MAFFT and visualization was created using ESPript 3.0. Phylogenetic analysis
was accomplished by COBALT. Interactions of HSP70 with other proteins were studied using STRING database. Modeller
9.18, RaptorX, Swiss-Modeller, Phyre2, and I-TASSER were utilized to design the three-dimensional structure of these proteins
followed by refinement; energy minimization was accomplished using ModRefiner and SPDBYV program. Stereochemical quality
along with the accuracy of the predicted models and their visualization was observed by PROCHECK program of PDBsum and
UCSF Chimera, respectively. ClusPro 2.0 server was accessed for the docking of the receptor protein with the ligand.

Results: The lower value of Grand Average of Hydropathy indicates the more hydrophilic nature of HSP70 protein. Value
of the instability index (II) classified the protein as stable. No transmembrane region was reported for HSP70 by TMHMM
server. Phylogenetic analysis based on multiple sequence alignments (MSAs) by COBALT indicated more evolutionarily
closeness of Bos indicus (BI) with Bos taurus as compared to Bl and BB. STRING database clearly indicates the HSF1 as
one of the interacting molecules among 10 interacting partners with HSP 70. The best hit of 3D model of HSP70 protein and
HSF1 was retrieved from I-TASSER and Phyre2, respectively. Interacting residues and type of bonding between both the
molecules which were docked by ClusPro 2.0 were decoded by PIC server. Hydrophobic interactions, protein-protein main-
chain-side-chain hydrogen bonds, and protein-protein side-chain-side-chain hydrogen bonds were delineated in this study.

Conclusion: This is the first-ever study on in silico interaction of HSP70 and HSF1 proteins in BB. Several bioinformatics
web tools were utilized to study secondary structure along with comparative modeling, physicochemical properties, and
protein-protein interaction. The various interacting amino acid residues of both proteins have been indicated in this study.

Keywords: Bubalus bubalis, docking, heat shock proteins, heat shock factor-1, heat shock protein 70, homology modeling.

Introduction

Environmental stresses instigate physiological
responses in living organisms as part of their adap-
tation mechanism. Temperature deflections produce
a heat shock response in living organisms, which
comprise the expression of heat shock proteins (HSPs).
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medium, provided you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons
license, and indicate if changes were made. The Creative Commons
Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this
article, unless otherwise stated.

Synonymously known as molecular chaperones, these
proteins are in charge of regulating proteostasis, when-
ever any kind of physical or chemical trigger disturbs
the internal milieu of the cellular organization [1-4].
Among this huge family of proteins, HSP70 is one
of the members with a molecular weight of 70 kDa,
comprising various isoforms. Rising levels of HSPs
have been reported throughout the exposure to diverse
environmental stresses, including heat and HSP70 to
function as an indicator of thermotolerance in cells [5].
The expression of the HSP-encoding genes is mainly
under the transcriptional control of heat shock factor-1
(HSF1) [6-11]. HSF1 is a monomer, which complexes
with HSP70 during an unstressed condition and the

Veterinary World, EISSN: 2231-0916

2036



Available at www.veterinaryworld.org/Vol.12/December-2019/21.pdf

complex disintegrates when the stressors come into
action, resulting in trimerization of HSF1 monomers.
This leads to the activation of HSF1 followed by tran-
scription of HSP70 gene [12]. This is a ubiquitous
mechanism owned by all mammalian systems.

In the present time, the ever-changing global
climatic conditions have made abiotic stresses
such as heat, a major challenge for productivity in
livestock [13,14]. In general, animals require an ambi-
ent temperature, which is crucial for proper physio-
logical functioning, referred to as the thermal comfort
zone [15]. Heat stress is a consequence of exposure of
the livestock to a temperature more than the upper crit-
ical temperature of the range. Animals have developed
phenotypic responses to various sources of stress such
as heat called acclimatization [16]. Acclimatization
results in reduced feed intake, increased water intake,
and altered physiological functions such as repro-
ductive and productive efficiency and a change in
respiration rate [17]. Buffalo (Bubalus bubalis [BB])
in India, is an important livestock species among all
domestic animals because it alone contributes to the
highest to the country’s milk as well as meat produc-
tion [18,19]. However, the black skin coat color of
buffalo proves as a major drawback. These challenges
are counterfeited by some special morphological char-
acters which include the protection from ultraviolet
due to the excess melanin secretion by the black skin
coat, aid in reflecting the solar radiations [20]. As the
heat stress has a systemic impact on the biological
system, the morphological features may be helpful to
some extent in aiding buffaloes for better physiologi-
cal comfort but the parallel responses taking place due
to heat stress at the cellular level, are more deleteri-
ous. The cellular consequences of heat stress include
protein unfolding, entanglement, unspecific aggrega-
tion, and increase in membrane fluidity [21,22]. This
is where HSPs, especially HSP70, which is abundant
comes into action [5]. As a 70-kDa HSP, HSP70 facil-
itates a stunning array of diverse functions [23,24].
HSP70 assists a wide range of folding processes,
including the folding and assembly of newly syn-
thesized proteins, refolding of misfolded and aggre-
gated proteins, membrane translocation of organelle
and secretory proteins, and control of the activity of
regulatory proteins [25-29]. The availability of pre-
liminary structural data is, therefore, required for
exploring possible imputes of HSP70 in BB due to
morphologically divergent acclimatization to that of
cellular components. Furthermore, the HSP70 shares
a high percent of similarity among various eukaryotes,
which makes it an approachable candidate to evaluate
functional roles using in silico studies.

To date, there is no availability of experimental
structure of HSP70 protein for BB, and therefore, eval-
uation of HSP70 in BB becomes essential to analyze
the prospective mechanism of its functioning in buf-
falo and interaction studies with other molecules. The
study has also focused on finding the other interacting

partners of HSP70 protein and also to deduce their
roles during cell cycle regulation and signal transduc-
tion in BB, utilizing various in silico tools.

Materials and Methods

Ethical approval

The present work did not involve any wet labo-
ratory experiments. However, all the animal handling
procedures followed under the project had the Institute
Animal Ethics Committee approval vide sanction
F.No. NBAGR/IAEC/2017 dated 21-01-2017.

Sequence extraction

The primary sequence of the HSP70 (Accession
No. ADQ27308.1) and HSF1 (Accession No.
AHB38918.1) of BB was extracted from the reference
protein database of NCBI. Both the protein sequences
were retrieved in FASTA format and used for further
analysis.

Primary and secondary structure prediction

For HSP70 and HSF1 proteins’, primary
structure prediction, molecular weight, theoretical
isoelectric point (pl), total number of positive and neg-
ative residues, extinction coefficient [30], instability
index [31], aliphatic index [32], and grand average of
hydropathicity (GRAVY) [33] were computed using
the Expasy ProtParam server (https://web.expasy.org/
protparam/). Secondary structure of this protein was
predicted using the FASTA sequences of HSP70 and
HSF1 using Phyre2 server [34].

Comparative sequence analysis of HSP70 protein
The homologous HSP70 sequences of 10 species,

i.e.,BB, Bosindicus (BI), Bos taurus (BT), Capra hircus

(CH), Ovis aries (OA), Rattus norvegicus (RN), Sus

Table-1: Accession numbers used for multiple sequence
alignment of HSP70 from different species.

Species Accession number
Bubalus bubalis ADQ27308.1
Bos indicus AEX55799.1
Bos taurus AAA73914.1
Capra hircus NP_001272632.1
Ovis aries NP_001254803.1
Rattus norvegicus NP_001316825.1
Sus scrofa P34930.1
Equus caballus NP_001243852.1
Mus musculus NP_034609.2
Homo sapiens AAD21816.1
1.2
1
3, 08
:;g 06
g
04
0.2
g 0 100 200 300 400 500 600
transmembrane inside outside ——

Figure-1: The TMHMM server prediction for the membrane
topology of heat shock protein 70.
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scrofa (SS), Equus caballus (EC), Mus musculus  was carried out using ESPript 3.0 [35,36], which
(MM), and Homo sapiens (HS), were fetched from  divulge crucial dissimilitude in BB HSP70 protein as
protein reference database of NCBI (Table-1). MSA  compared to other species. Phylogenetic analysis was
was done using MAFFT MSA tools and visualization = accomplished using COBALT [37].
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RC

consensus>70

consensis>70

consensus>70

consensis>70 qVCrP!!. LYQOAOQPG.COFOAQ pKGgSOSOPTIBIVD

319 129 339 340 3sQ 369 379 389 390 400

RFEELCSODLFRsTLEPVEKALRDAKSDKAQIEDLVLVGGSTRIPKVQKLLQDFFNGRDLNKSINPDEAVAYGAAVQAALILNGDKSENVQDLLLLDVAPLS

419 429 439 44Q 450Q 46¢q 479 480Q 499 50Q
LGLETAGGVMTALIKRNSTIPTKOTONFTTYSDROPGVLIQVYEGERAMTEDNNLLGRFELSGIPPAPRGVPOQIEVTFDIDANGILNVTATDKS TGKANK
LGLETAGGVMTALIKRNSTIPTKQTQNFTTYSDRQPGVLIQVYEGERAMTDNNLLGRFELSGIPPAPRGVPQIEVTFDIDANGILNVTATDKS TGKANK
LOGLETAGOVMTALIKKNSTIPTKQIQRFTTYSDNQPGVLIQVYEGERAMTROUONNLLGKFELSGIPPAPKGVPQIEVTFDIDANGILNVTATOKSTGKANK]
LCLETACCVMTALIKRNSTIPTKQTQRF TTYSDRQPCVLIQVYRCRRAMTEDNNLLCRFRLSCIPPAPRCVPQIRVTFDIDANCILNVTATOKS TCXANK]
LGLETAGGVMTALIKRNSTIPTKQTQRFTTYSDRQPGVLIQVYEGERAMTEDNNLLGRFELSGIPPAPRGVPQIEVTFDIDANGILNVTATDKS TGKANK
LGLETAGGVMTALIKRNSTIPTKQTQMFTTYSDRQPGVLIQVYEGERAMTDNNLLGRFELSGIPPAPRGVPQIEVTFDIDANGILNVTATDKS TGKANK
LGLETAGGVMTALIKRNSTIPTKQTQRFTTYSDRQPGVLIQVYEGERAMTIDNNLLGRFELSGIPPAPRGVPQIEVTFDIDANGILNVTATOKS TGKANK
LGLETAGGVMTALTIKRNSTIPTKQTQ L 2 BDONNLLGRFRELSGTPPAPRGVPQIEVTFDIDANGTINVTATDKSTGXKANK)
LGLETAGGVMTALIKRNSTIPTKQTQNFTTYSDRQPGVLIQVYEGERAMTEDNNLLGRFELSGIPPAPRGVPQIEVTFDIDANGILNYTATDKS TGKANK
LGLETAGGVMTALIKRNSTIPTKQTQMFTTYSDRQPGVLIQVYEGERAMTIDNNLLGRFELSGIPPAPRGVPQIEVTFDIDANGILNVTATDKS TGKANK
LGLETAGGVMTALIKRNSTIPTKQTQ - FTTYSDRQPGVLIQVYEGERAMT:DNNLLGRFELSGIPPAPRGVPQIEVTFDIDANGILNVTATOKS TGKANK

519 20 s39Q 540 ssQ 56¢ 570 s8Q 590 600
RVEAKNALESYAFNMKSBIVEDEGLKGK
RVEBAKNALESYAFNMKSHMVEDECLKCK K|
RVEAKNALESYAFNMKSRIVEDEGLKGK ¢ KVLDKCQEVISWLD|
RVEAAKNALESYAFNMKSRIVEDEGLKGK ({KVLDKCQEVISWLD
RVEIAXNALESYAFuMKSEIVEDEGLKGK
S RVBIAKNALESYAFNMKSEVEDECLKCKHMS X
ITITNDKGRLSKEEIERMVQEAERY ) RERVEIAKNALESY AFNMKSHIVEDEGLKGKMSEADKKVLDKCQEVISWLD
ITITNDKGRLSKEEIERMVQEAERY  RERVEAKNALESYAFNMKSRVEDEGLKGK SEADLK'VLDKCQEVISNLD
ITITNDKGRLSKEEIERMVQEAERY ] AKNALE SYAFNMKSEVEDEGLKGK X
TTTTNDKGRLEKERETERMVQRARQYK RVEBAKNALESYAFNMKSEVEDRGLKGK

SGSGPTIEEVD
SGSGPTIEEVD
SGSGPTIEEVD
SCSCPTIREVD
SGSGPTIEEVD
SGSGPTIEEVD
SGSGPTIEEVD
SGSGPTTERVD
SGSGPTIEEVD
SGSGPTIEEVD

Figure-2b: The multiple sequence alignment (301-641amino acids) for the 10 species. RN=Rattus norvegicus, MM=Mus
musculus, SS=Sus scrofa, CH=Capra hircus, HS=Homo sapiens, EC=Equus caballus, BI=Bos indicus, BB=Bubalus bubalis,
OA=0vis aries, BT=Bos taurus.

Veterinary World, EISSN: 2231-0916 2038



Available at www.veterinaryworld.org/Vol.12/December-2019/21.pdf

Annotation of interacting partners of HSP70

STRING database (https://string-db.org/) was uti-
lized to know the critical interactions displayed by HSP70
in BB for performing diverse cellular activities, and data
on protein-protein interactions were collected [38].
Model building, evaluation, and docking studies of
HSP70 and HSF1

The modeling of the three-dimensional struc-
ture of these proteins was constructed by various tools
and servers such as Modeller 9.18, RaptorX, Swiss-
Modeller, Phyre2, and I-TASSER; the best hit of HSP70
protein was obtained from I-TASSER (https://zhan-
glab.ccmb.med.umich.edu/I-TASSER/) and the best
hit of 3D model of HSF1 was generated by Phyre2.
After model construction using I-TASSER and Phyre2
(http://www.sbg.bio.ic.ac.uk/phyre2/) server, the mod-
els were subjected to refinement and energy minimiza-
tion using ModRefiner and Swiss-PdbViewer (SPDBV)

—9ORN
. S
—9@HS
Q ——————SS
QEC
o{ 9BI

Figure-3: Phylogenetic tree (heat shock protein 70) based
on COBALT multiple alignments. BB=Bubalus bubalis,
BI=Bos indicus, BT=Bos taurus, CH=Capra hircus, OA=0vis
aries, RN=Rattus norvegicus, SS=Sus scrofa, EC=Equus
caballus, MM=Mus musculus, HS=Homo sapiens.

Figure-4: The 3D structure generated for heat shock
protein 70 using I-TASSER (a) and heat shock factor-1
using PHYRE2 (b).

Table-2: Quality assessment of HSP70 and HSF1 model.

program [39,40]. PROCHECK program of PDBsum
and verifies 3D score from SAVES server was used to
check the stereochemical quality and precision of the
predicted model [41,42]. Finally, the protein was visual-
ized in UCSF Chimera [43].

For the docking studies, HSF1 was docked within
the HSP70 homology model using an automated
server, ClusPro 2.0, in which receptor was HSP70
protein and HSF1 was used as a ligand. On the basis
of different desolvation and electrostatic potential,
ClusPro 2.0 can differentiate thousands of conforma-
tions of the protein. The generated conformations can
be further categorized through clustering and there-
fore interpreted the most fit structure, normally, the
structure found to be closest to native structure from
X-ray crystallography results is considered [44,45].

Results and Discussion

Among various chaperones, HSP70 is one of the
major de novo protein folding chaperones. The exten-
sive range of cellular functions in eukaryotic organelles
is coordinated by HSP70, including refolding, or deg-
radation of misfolded proteins and folding of de novo
synthesized polypeptides [46]. In brief, HSP70 is a nano-
machine that plays a significant part in sustaining the
homeostasis and proteostasis of any organism [47]. For
farm animals, as HSP70 was identified to be the ideal
biological marker for heat stress; therefore, a wide range
in silico study along with evaluation of structure eluci-
dation and stereochemical properties was performed for
buffalo’s HSP70. In addition, the protein-protein inter-
action of HSP70 and HSF1 was also studied.

Primary and secondary structure prediction

The primary structure of HSP70 was estimated
using Expasy ProtParam server. The server estimated
the protein’s molecular weight to be 70359.61 and to
be 641 amino acids long. Positively charged residues
(Arg+Lys) and negatively charged residues (Asp+Glu)
in the sequence were found to be 83 and 92, respec-
tively. Calculated GRAVY was too low (—0.403)
which indicates better interaction of the protein with
water, i.e., more hydrophilic nature. The value of the
instability index (II) was computed to be 33.03 (<50),
therefore, classifying the protein as stable [48]. None
of the HSP70’s region was located in transmembrane,
as delineated by TMHMM server (Figure-1).

The MSA of 10 different species was inves-
tigated to scrutinize the evolutionary relatedness
(Figure-2); subsequently, less variation was detected

Quality check HSP70 (%) Quality check HSF1
VERIFY-3D 92.36 VERIFY-3D 82.79
Ramachandran Plot statistics 98.6 Ramachandran plot statistics 100.00
(MFRs, AARs, and GARs) (MFR, AAR, and GAR)

Ramachandran Plot statistics 1.4 Ramachandran plot statistics 0.0

(disallowed regions)

(disallowed regions)

*MFRs=Most favored regions, AARs=Additional allowed regions, GARs=Generously allowed regions
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and the major portion of the protein remains con-  highlighted in white columns and the conserved one
served among the species under investigation (BB, in red (Figure-2). The phylogenetic tree for MSA
BI, BT, CH, OA, RN, SS, EC, MM, and HS). The  obtained from COBALT server showed BI as evolu-
observed sequence variations in HSP70 have been  tionary more closer to BT than BB (Figure-3).
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Table-3: HSP70 interacting proteins during cell cycle regulation and signal transduction.

Interacting protein Protein details

Combined score

HSF1

Heat shock factor protein 1; DNA-binding protein that specifically binds HSEs

0.990

and activates transcription. In higher eukaryotes, HSF is unable to bind to
the HSE unless the cells are heat shocked

DNAJB1

Dnal homolog subfamily B member 1; interacts with HSP70 and can

0.996

stimulate its ATPase activity. Stimulates the association between HSC70 and

HIP
DNAJB6

Dnal homolog subfamily B member 6; plays an indispensable role in the

0.994

organization of KRT8/KRT18 filaments. Acts as an endogenous molecular
chaperone for neuronal proteins including huntingtin. Suppresses aggregation
and toxicity of polyglutamine-containing, aggregation-prone proteins. Has a
stimulatory effect on the ATPase activity of HSP70 in a dose-dependent and
time-dependent manner and hence acts as a cochaperone of HSP70. Also
reduces cellular toxicity and caspase-3 activity

HSP90AA1

HSP90-alpha; molecular chaperone that promotes the maturation, structural

0.990

maintenance and proper regulation of specific target proteins involved

for instance in cell cycle control and signal transduction. Undergoes a
functional cycle that is linked to its ATPase activity. This cycle probably
induces conformational changes in the client proteins, thereby causing their
activation. Interacts dynamically with various cochaperones that modulate its
substrate recognition, ATPase cycle, and chaperone function

BAG3
HSP90AB1
LOC783577
DNAIC7
BAG1
DNAJC2

HSP90-beta
HSP90-beta
Uncharacterized protein

BAG family molecular chaperone regulator 3

BAG family molecular chaperone regulator 1
Dnal homolog subfamily C member 2; acts both as a chaperone in the

0.987
0.986
0.985
0.982
0.979
0.972

cytosol and as a chromatin regulator in the nucleus. When cytosolic, acts as
a molecular chaperone: Component of the RAC, a complex involved in folding
or maintaining nascent polypeptides in a folding-competent state. In the RAC
complex, stimulates the ATPase activity of the ribosome-associated pool of
HSP70-type chaperones HSPA14 that bind to the nascent polypeptide chain

HSP=Heat shock protein, HSE=Heat shock promoter elements, RAC=Ribosome-associated complex

Phyre2 module was exploited to deduce the
disorder and secondary structure of HSP70 using
amino acid sequences. Phyre2 uses the alignment
of hidden Markov models through HH search to
pointedly improve the precision of alignment and
detection rate [49]. A new ab initio folding simu-
lation called Poing2 has also been amalgamated
to model those regions of the protein which show
no homology to known structures [50]. The results
showed the highest percentage of alpha-helix region
(39%) followed by beta-strand (29%) and the disor-
der region (13%) was found in the least proportion
of the protein.

The three-dimensional (3D) model for HSP70
protein (Figure-4a) and HSF1 (Figure-4b) was
first generated by various tools and servers such as
Modeller 9.18, RaptorX, Swiss-Modeller, Phyre2,
and [-TASSER; the best hit of HSP70 protein was
obtained from [-TASSER and the best hit of 3D model
of HSF1 generated by Phyre2. [-TASSER can screen
out the best 10 templates using the LOMETS thread-
ing programs. LOMETS is a meta-server that adopts
threading approach comprising numerous threading
programs and in each threading program, there can
be generated thousands of multiple alignments [51].
I-TASSER only uses the templates which show the
highest impact in the threading alignments for build-
ing HSP70 model. The Phyre2 uses PDB ID-c21duA
as a template to build HSF1 model, 122 residues

Table-4: Hydrophobic interactions (within 5 Angstroms).

S. Position Residue Chain Position Residue Chain

1 163 VAL A 119 VAL B
2 170 LEU A 111 LEU B
3 170 LEU A 115 ILE B
4 380 LEU A 111 LEU B
5 381 MET A 102 PRO B
6 459 PHE A 4 PRO B
7 485 ILE A 3 LEU B
8 485 ILE A 9 ALA B
9 503 ILE A 4 PRO B
10 515 ILE A 119 VAL B
11 515 ILE A 7 PRO B
12 519 VAL A 119 VAL B

have been modeled with 100.0% confidence by the
single highest scoring template. As earlier described,
HSF1 encompasses 67% disordered region, making it
tedious to model the whole protein with a high accu-
racy rate. In spite of the disorderedness, the Phyre2
modeled the 122 residues of HSF1 with very high
accuracy and further refinement of this model was
done to obtain precise and refined model of HSF1
along with HSP70. This refinement was done using
ModRefiner program since it utilizes an algorithm
that uses a two-step strategy for atomic-level energy
minimization; through the SPDBY, all computations
were done in vacuo with the GROMOS96 43B1
parameters set without reaction field. Ramachandran
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plot statistics of both models shown in Table-2 was
analyzed by PROCHECK program of PDBsum
(Figure-5a and b). It provides the knowledge of ste-
reochemical features of all protein chains in a given
PDB structure [52]. Score “S” gives information
about the 3D profile of the amino acid sequences and
it should be equal or above the set threshold value,
i.e., 80.0%, since the generated 3D protein model
showed “S” value more than the threshold value,
therefore, considered to be correct. Verify 3D anal-
ysis of the best models of HSP70 and HSF1 showed
more than 80.0% of the residues having an average
3D-1D score <0.2, indicating that the models were
compatible with their sequences (Figure-6a and b).
Verify 3D scores are presented in Table-2.

As far as concern with Ramachandran plot, more
than 98.0% of residues of both the proteins were in the
allowed region which, in turn, signifies that the quality
of both the models is reliable and good enough because
both are as per the acceptance criteria, i.e., at least 90%
of residues fall under allowed region. Again, Qualitative

Model Energy Analysis termed as QMEAN analy-
sis [53,54] showed the same results, i.e., good quality
of models. QMEAN is a composite scoring function
narrating the extensive geometrical aspects of protein
structures. In this study, values of both the models were
found to be around 0.7 which depicts that both mod-
els to be having comparable qualities to experimental
structures as for a superior quality model QMEAN
value must lie between 0 and 1 (Figure-7a and b).

Protein-protein interactions and docking analysis

A solitary protein may not be able to play each of
the committed tasks separately, as a result, these pro-
teins have to be associated with some other proteins
or different factor(s) and form channels/pathways or
frame buildings that can manage multiple biological
events. Similarly, the molecular chaperone(s) requires
co-chaperones or some transcription factors, etc., to do
their activity efficiently. By the use of STRING data-
base, we are able to know the interacting partners of
HSP70. These interacting proteins are mainly molec-
ular chaperones/regulators of molecular chaperones

Table-5: Protein-protein main-chain-side-chain hydrogen bonds.

S. No. Position Donor chain Residue Atomic Position Acceptor chain Residue Atomic Dd-a Dh-a MO
1 3 A LYs NZ 117 B ARG (0] 2.65 9.99 -
2 159 A LYS NZ 8 B GLY (0] 2.75 9.99 -
3 168 A ASN OD1 114 B ASP O 2.87 1.94 1
4 168 A ASN OoD1 114 B ASP (e} 2.87 3.71 2
5 168 A ASN ND2 114 B ASP (e} 2.86 193 1
6 168 A ASN ND2 114 B ASP (e} 2.86 3.70 2
7 171 A ARG NH1 110 B GLN 0 2.80 3.70 1
8 171 A ARG NH1 110 B GLN (0] 2.80 1.94 2
9 171 A ARG NH2 110 B GLN (0] 2.77 3.67 1
10 171 A ARG NH2 110 B GLN O 2.77 1.90 2
11 487 A ASN OoD1 2 B ASP (e} 3.01 352 1
12 487 A ASN OoD1 2 B ASP (e} 3.01 197 2
13 2 B ASP N 487 A ASN OoD1 3.37 9.99 -
14 8 B GLY N 160 A ASP OoD1 3.09 2.16 -
15 116 B LYS N 168 A ASN OoD1 2.70 1.91 -

Dd-a=Distance between donor and acceptor, Dh-a=Distance between hydrogen and acceptor, MO=Multiple occupancy

Table-6: Protein-protein side-chain-side-chain hydrogen bonds.

S. No. Position Donor chain Residue Atomic Position Acceptor chain Residue Atomic Dd-a Dh-a MO
1 4 A ASN OoD1 100 B GLN NE2 291 2.55 1
2 4 A ASN OoD1 100 B GLN NE2 291 2.50 2
3 159 A LYS NZ 114 B ASP OoD1 2.63 9.99 -
4 159 A LYS NZ 114 B ASP OD2 2.77 9.99 -
5 171 A ARG NH1 110 B GLN OE1 276 249 1
6 171 A ARG NH1 110 B GLN OE1 276 241 2
7 171 A ARG NH2 114 B ASP 0oD2 2.77 1.93 1
8 171 A ARG NH2 114 B ASP 0oD2 2.77 2.95 2
9 483 A ASN ND2 114 B ASP 0oD2 3.13 2.17 1
10 483 A ASN ND2 114 B ASP 0OD2 3.13 3.73 2
11 74 B ASN OoD1 1 A MET SD 3.73 438 1
12 74 B ASN OoD1 1 A MET SD 3.73 296 2
13 100 B GLN NE2 4 A ASN OoD1 291 224 1
14 100 B GLN NE2 4 A ASN OoD1 291 2.96 2
15 114 B ASP 0oD2 483 A ASN ND2 3.13 2.63 1
16 114 B ASP 0OD2 483 A ASN ND2 3.13 2.88 2
17 118 B LYS NZ 523 A GLU OE1 2.62 9.99 -
8 118 B LYS NZ 523 A GLU OE2 2.56 9.99 -

Dd-a=Distance between donor and acceptor, Dh-a=Distance between hydrogen and acceptor, MO=Multiple occupancy
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and also found to be participated in signal transduc-
tion and cell cycle regulation (Table-3). Interestingly,
this database was also enlisted HSF1 which again
ensures its importance in heat stress conditions.
The STRING database also revealed other proteins

DNAJC7

Figure-8: STRING database interaction confidence score
of heat shock protein 70/HSPA1A.

Figure-9: Docked complexes of heat shock protein 70 and
heat shock factor-1 as visualized using UCSF Chimera.

Figure-10: Docked complexes of showing some of the
interacting hydrophobic residues.

that are found to be interacting with HSP70 and are
HSP90AA1, HSF1, HSP90AB1, DNAJB1, DNAJBG,
BAG3, LOC783577, DNAJC7, BAG1, and DNAJC2.
Figure-8 displays the results of STRING database for
the interactions with a confidence score of 0.900. The
number of nodes, interaction number of edges, and
average node degree at this confidence score were 11,
20, and 3.64, respectively.

The HSF1 acts as a transcriptional regulator of
HSP70; therefore, clucidation of these interactions
by docking is very valuable for a general understand-
ing of complex biological mechanisms and pathways.
After the quality assessment and model validation step,
the modeled ligand protein (HSF1) was docked with
receptor (HSP70) homology model using ClusPro 2.0
docking environment. The goal of docking HSP70 and
HSF1 was to investigate those docked confirmations,
which shows good surface complementarity, which, in
turn, can be attained by selecting those complexes that
possess the lowest desolvation and electrostatic ener-
gies. Only top 10 results out of thousands of synthesized
confirmations are revealed by ClusPro 2.0 and the very
first model had lowest electrostatic and desolvation
potential values (Electrostatic= —824.9, Hydrophobic=
—846.6, Van der Waals interaction value = —225.7).

Final docked complex, HSP70, and HSF1 were
analyzed using Protein Interactions Calculator (PIC)
web server to confirm the interacting residues [55].
Hydrophobic interactions (within 5 Angstroms),
protein-protein main-chain-side-chain hydrogen bonds,
protein-protein side-chain-side-chain hydrogen bonds,
and ionic interactions were studied. The residues K, R,
and E at positions 159, 171, and 523, respectively, of
HSP70 showed ionic interactions with residues D, D,
and K at positions 114, 114, and 118, respectively, of
HSF1. Hydrophobic and all other interactions are given
in Tables-4-6. All the structures and docked complexes
were finally visualized using UCSF Chimera (Figure-9)
and highlighted some of interacting hydrophobic resi-
dues (Figure-10).

Conclusion

This is the first-ever in silico interaction study
of HSP70 and HSF1 in BB. The investigation has led
to the prediction of the secondary structure of HSP70
along with its physicochemical properties study,
comparative modeling, protein-protein interaction
with HSF1, transcriptional regulation, model evalu-
ation, and its accuracy assessment. The comparative
analysis of the HSP70 protein revealed certain signifi-
cant variations, but most of the sequences were found
to be conserved across species. The study delineated a
number of amino acid residues of HSP70 potentially
interacting with HSF1, which was important to under-
stand the mechanism of heat stress adaptation in BB.

Authors’ Contributions

RS and RSK designed the experiment. RS and
AG wrote the first draft of the manuscript; RS, AG,

Veterinary World, EISSN: 2231-0916

2043



Available at www.veterinaryworld.org/Vol.12/December-2019/21.pdf

SKM, SR, AB, and VK performed the in silico exper-
imentations. CR and RSK contributed to drafting
and revision of the manuscript. All authors read and
approved the final manuscript.

Acknowledgments

The authors duly acknowledge Director, ICAR-
National Bureau of Animal Genetic Resources for
providing funding and facilities to carry out this study
under Institute Project code ‘Phenotypic and genetic
characterization of buffalo populations of Odisha’ (2.9).

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Creagh, E.M., Carmody, R.J. and Cotter, T.G. (2000) Heat
shock protein 70 inhibits caspase-dependent and-independent
apoptosis in Jurkat T cells. Exp. Cell. Res., 257(1): 58-66.

2. Lindquist, S. and Craig, E.A. (1988) The heat-shock pro-
teins. Annu. Rev. Genet., 22(1): 631-677.

3. Archana, P.R., Aleena, J., Pragna, P., Vidya, M. K.,
Niyas, A.P.A., Bagath, M., Krishnan, G., Manimaran, A.,
Beena, V., Kurien, E.K. and Sejian, V. (2017) Role of heat
shock proteins in livestock adaptation to heat stress. J.
Dairy Vet. Anim. Res., 5(1): 00127.

4. Park, CJ. and Seo, Y.S. (2015) Heat shock proteins:
A review of the molecular chaperones for plant immunity.
Plant Pathol. J., 31(4): 323.

5. Pawar, H.N., Kumar, G.R., Narang, R. and Agrawal, R.K.
(2014) Heat and cold stress enhances the expression of heat
shock protein 70, heat shock transcription factor 1 and cyto-
kines (IL-12, TNF-and GMCSF) in buffaloes. Int. J. Curr.
Microbiol. Appl. Sci., 3(2): 307-317.

6. Fujimoto, M. and Nakai, A. (2010) The heat shock fac-
tor family and adaptation to proteotoxic stress. FEBS J.,
277(20): 4112-4125.

7. Singh, R., Kumar, V., Rajesh, C., Gurao, A., Kulshrestha, A.,
Sehgal, M., Kaushik, A., Sharma, P., Mishra, S.K. and
Kataria, R.S. (2017) Computational analysis of HSP-60
Protein with structural insights into chaperonin containing
TCP-1 subunit 5 in Bos taurus. MOJ Proteomics Bioinform.,
6(1): 00183.

8. Anniina, V. and Sistonen, L. (2014) HSF1 at a glance. J.
Cell Sci., 127(2): 261-266.

9. Naidu, S.D. and Dinkova-Kostova,A.T. (2017) Regulation of the
mammalian heat shock factor 1. FEBS J., 284(11): 1606-1627.

10. Krakowiak, J., Zheng, X., Patel, N., Feder, Z.A.,
Anandhakumar, J., Valerius, K., Gross, D.S., Khalil, A.S.
and Pincus, D. (2018) Hsfl and Hsp70 constitute a
two-component feedback loop that regulates the yeast heat
shock response. Elife., 7: €31668.

11.  Peffer, S., Gongalves, D. and Morano, K.A. (2019)
Regulation of the Hsfl-dependent transcriptome via con-
served bipartite contacts with Hsp70 promotes survival in
yeast. J. Biol. Chem., 294(32): 12191-12202.

12. Morimoto, R.I., Kline, M.P., Bimston, D.N. and Cotto, J.J.
(1997) The heat-shock response: Regulation and function
of heat-shock proteins and molecular chaperones. Essays
Biochem., 32: 17-29.

13.  Rojas-Downing, M.M., Nejadhashemi, A.P., Harrigan, T. and
Woznicki, S.A. (2017) Climate change and livestock: Impacts,

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

adaptation, and mitigation. Clim. Risk Manage., 16: 145-163.
Fregley, M.J. (1996) Adaptations: Some general char-
acteristics. In: Handbook of Physiology. Vol. 1. Sec. 4.
Environmental Physiology, Oxford. p3-15.

Singh, R., Rajesh, C., Mishra, S.K., Gurao, A., Vohra, V.,
Niranjan, S.K. and Kataria, R.S. (2018) Comparative
expression profiling of heat-stress tolerance associated
HSP60 and GLUT-1 genes in Indian buffaloes. /ndian J.
Dairy Sci., 71(2): 183-186.

Lacetera, N., editor. (2003) Interactions between Climate
and Animal Production. Wageningen Academic Publishers,
Netherlands.

Singh, R., Mishra, S.K., Rajesh, C., Dash, S.K., Niranjan, S.K.
and Kataria, R.S. (2017) Chilika-a distinct registered buffalo
breed of India. /nt. J. Livest. Res., 7(9): 259-266.

Marai, .F.M. and Haeeb, A.A.M. (2010) Buffalo’s biolog-
ical functions as affected by heat stress- A review. Livest.
Sci., 127(2): 89-109.

Kumar, S., Singh, R., Niranjan, S.K., Mishra, S.K.,
Kumar, P., Vohra, V., Dash, S.K. and Kataria, R.S. (2019)
Cytogenetic characterization of Sambalpuri and Manda buf-
faloes of Odisha. Indian J. Anim. Sci., 89(1): 53-56.
Toivola, D.M., Strnad, P., Habtezion, A. and Omary, M.B.
(2010) Intermediate filaments take the heat as stress pro-
teins. Trends Cell Biol., 20(2): 79-91.

Welch, W.J. and Suhan, J.P. (1986) Cellular and biochem-
ical events in mammalian cells during and after recovery
from physiological stress. J. Cell Biol., 103(5): 2035-2052.
Beckham, J.T., Mackanos, M.A., Crooke, C., Takahashl, T.,
O’Connell-Rodwell, C., Contag, C.H. and Jansen, E.D.
(2004) Assessment of cellular response to thermal laser
injury through bioluminescence imaging of heat shock pro-
tein 70. Photochem. Photobiol., 79(1): 76-85.

Genest, O., Wickner, S. and Doyle, S.M. (2019) Hsp90 and
Hsp70 chaperones: Collaborators in protein remodeling. J.
Biol. Chem., 294(6): 2109-2120.

Said, S. and Putra, W.P.B. (2018) Novel single nucleotide
polymorphisms (SNPs) in the 5’UTR of bovine heat shock
protein 70 (bHSP70) gene and its association with service
per conception (S/C) of Pasundan cattle. Biodiversitas.,
19(5): 1622-1625.

Bukau, B., Deuerling, E., Pfund, C. and Craig, E.A. (2000)
Getting newly synthesized proteins into shape. Cell,
101(2): 119-122.

Neupert, W. and Brunner, M. (2002) The protein import motor
of mitochondria. Nat. Rev. Mol. Cell Biol., 3(8): 555-565.
Yu, A., Li, P, Tang, T., Wang, J., Chen, Y. and Liu, L. (2015)
Roles of Hsp70s in stress responses of microorganisms,
plants, and animals. Biomed. Res. Int. 2015: 510319.

Toft, D.O. (1999) Control of hormone receptor function by
molecular chaperones and folding catalysts. In: Bukau, B., edi-
tor. Molecular Chaperones and Folding Catalysts: Regulation,
Cellular Function and Mechanism. Harwood Academic
Publishers, Amsterdam, the Netherlands. pp313-327.

Hassan, F.U., Nawaz, A., Rehman, M.S., Ali, M.A.,
Dilshad, S.M. and Yang, C. (2019) Prospects of HSP70 as a
genetic marker for thermo-tolerance and immuno-modula-
tion in animals under climate change scenario. Anim. Nutr.
DOI: 10.1016/j.aninu.2019.06.005.

Gill, S.C. and Von Hippel, P.H. (1989) Calculation of pro-
tein extinction coefficients from amino acid sequence data.
Anal. Biochem., 182(2): 319-326.

Guruprasad, K., Reddy, B.B. and Pandit, M.W. (1990)
Correlation between stability of a protein and its dipeptide
composition: A novel approach for predicting in vivo sta-
bility of a protein from its primary sequence. Protein Eng.
Des. Sel., 4(2): 155-161.

Ikai, A. (1980) Thermostability and aliphatic index of glob-
ular proteins. J. Biochem., 88(6): 1895-1898.

Kyte, J. and Doolittle, R.F. (1982) A simple method for dis-
playing the hydropathic character of a protein. J. Mol. Biol.,
157(1): 105-132.

Veterinary World, EISSN: 2231-0916

2044



Available at www.veterinaryworld.org/Vol.12/December-2019/21.pdf

34.  Kelley, L.A., Mezulis, S., Yates, C.M., Wass, M.N. and Xia, B., Hall, D.R. and Vajda, S. (2013) How good is auto-
Sternberg, M.J. (2015) The Phyre2 web portal for protein mod- mated protein docking? Proteins: Struct., Funct., Genet.,
eling, prediction and analysis. Nat. Protoc., 10(6): 845-858. 81(12): 2159-2166.

35. Larkin, M.A., Blackshields, G., Brown, N.P., Chenna, R., 45.  Kozakov, D., Hall, D.R., Xia, B., Porter, K.A., Padhorny, D.,
McGettigan, P.A., McWilliam, H., Valentin, F., Yueh, C., Beglov, D. and Vajda, S. (2017) The ClusPro web
Wallace, .M., Wilm, A., Lopez, R. and Thompson, J.D. server for protein-protein docking. Nat. Protoc., 12(2): 255-278.
(2007) Clustal W and clustal X version 2.0. Bioinformatics., 46. Kevei, E., Pokrzywa, W. and Hoppe, T. (2017) Repair or
23(21): 2947-2948. destruction: An intimate liaison between ubiquitin ligases

36. Robert, X. and Gouet, P. (2014) Deciphering key features in and molecular chaperones in proteostasis. FEBS Lett.,
protein structures with the new END script server. Nucleic 591(17): 2616-2635.

Acids Res., 42(W1): W320-W324. 47. Fernandez-Fernandez, M.R., Gragera, M., Ochoa-

37. Papadopoulos, J.S. and Agarwala, R. (2007) COBALT: Ibarrola, L., Quintana-Gallardo, L. and Valpuesta, J.M.
Constraint-based alignment tool for multiple protein (2017) HSP70-a master regulator in protein degradation.
sequences. Bioinformatics., 23(9): 1073-1079. FEBS Lett., 591(17): 2648-2660.

38.  Szklarczyk, D., Franceschini, A., Wyder, S., Forslund, K., 48. Prabhavathi, M., Kumar, K.A., Geetha, N. and Devi, K.S.
Heller, D., Huerta-Cepas, J., Simonovic, M., Roth, A., (2011) Homology modeling and structure prediction of thi-
Santos, A., Tsafou, K.P. and Kuhn, M. (2014) STRING v10: oredoxin (TRX) protein in wheat (Triticum aestivum L.).
Protein-protein interaction networks, integrated over the Int. J. Bio. Sci., 1(1): 20-32.
tree of life. Nucleic Acids Res., 43(D1): D447-D452. 49.  Soding, J. (2004) Protein homology detection by HMM-

39.  Xu, D. and Zhang, Y. (2011) Improving the physical real- HMM comparison. Bioinformatics., 21(7): 951-960.
ism and structural accuracy of protein models by a two-step 50. Jefferys, B.R., Kelley, L.A. and Sternberg, M.J. (2010)
atomic-level energy minimization. Biophys. J., 101(10): Protein folding requires crowd control in a simulated cell. J.
2525-2534. Mol. Biol., 397(5): 1329-1338.

40. Guex, N. and Peitsch, M.C. (1997) SWISS-MODEL and the 51.  Yang, J., Yan, R., Roy, A., Xu, D., Poisson, J. and Zhang, Y.
Swiss-pdb viewer: An environment for comparative protein (2015) The I-TASSER suite: Protein structure and function
modeling. Electrophoresis., 18(15): 2714-2723. prediction. Nat. Methods., 12(1): 7-8.

41. Liithy, R., Bowie, J.U. and Eisenberg, D. (1992) Assessment 52.  Laskowski, R.A. (2008) PDBsum new things. Nucleic Acids
of protein models with three-dimensional profiles. Nature., Res., 37(1): D355-D359.

356(6364): 83-85. 53. Benkert, P, Tosatto, S.C. and Schomburg, D. (2008)

42. Laskowski, R.A., MacArthur, M.W., Moss, D.S. and QMEAN: A comprehensive scoring function for model
Thornton, J.M. (1993) PROCHECK: A program to check quality assessment. Proteins: Structure, Function, and
the stereochemical quality of protein structures. J. Appl. Bioinformatics., 71(1): 261-277.

Crystallogr., 26(2): 283-291. 54. Benkert, P., Kiinzli, M. and Schwede, T. (2009) QMEAN

43.  Pettersen, E.F., Goddard, T.D., Huang, C.C., Couch, G.S., server for protein model quality estimation. Nucleic Acids
Greenblatt, D.M., Meng, E.C. and Ferrin, T.E. (2004) UCSF Res., 37(suppl_2): W510-W514.
chimera? A visualization system for exploratory research 55.  Tina, K.G., Bhadra, R. and Srinivasan, N. (2007) PIC:
and analysis. J. Comput. Chem., 25(13): 1605-1612. Protein interactions calculator. Nucleic Acids Res.,

44. Kozakov, D., Beglov, D., Bohnuud, T., Mottarella, S.E., 35(suppl_2): W473-W476.

skeskeoskoskoskokskok
Veterinary World, EISSN: 2231-0916 2045



