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Abstract: Objective: The Heat Shock Protein 70 (HSP70) family is a highly conserved group of molecular chaper-
ones essential for maintaining cellular homeostasis. These proteins are necessary for protein folding, assembly,
and degradation and involve cell recovery from stress conditions. HSP70 proteins are upregulated in response
to heat shock, oxidative stress, and pathogenic infections. Their primary role is preventing protein aggregation,
refolding misfolded proteins, and targeted degradation of irreparably damaged proteins. Given their involvement in
fundamental cellular processes and stress responses, HSP70 proteins are critical for cell survival and modulating
disease outcomes in cancer, neurodegeneration, and other pathologies. The present study aims to understand do-
main architecture, physicochemical properties, phosphorylation, ubiquitination, and alternative polyadenylation site
prediction in various HSP70 members. Method: SMART and InterProScan software were used for domain analysis.
EXPASY Protparam, NetPhos 3.1 server DTU, and MUbisiDa were used for physicochemical analysis, phosphoryla-
tion, and ubiquitination site analysis, respectively. Alternative polyadenylation was studied using the EST database.
Result: Domain analysis shows that coiled-coil and nucleotide-binding domains are present in some of the HSP70
members. Five HSP70 family members have alternate polyadenylation sites in their 3’'UTR. Conclusion: The pres-
ent work has provided valuable insights into their structure, functions, interactome, and polyadenylation patterns.
Studying their therapeutic potential in diseases like cancer can be helpful.
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Introduction tor generates a signal and transfers the polyri-

bosome complex to the translocation channel

Protein folding occurs when polypeptide chains
fold into their specific form, which is stable and
functional; this folding occurs by forming a
three-dimensional structure. The folding pro-
cess of polypeptides occurs inside cells in the
endoplasmic reticulum [1-3]. The endoplasmic
reticulum has several types of machinery by
which it folds properly and packages the pro-
tein, then sends it to the Golgi apparatus, called
the warehouse of the cell. Protein production
occurs on the polyribosome complex in the
cytosol and bound ribosome on the endoplas-
mic reticulum surface. In the ribosome com-
plex, when a newly synthesized protein is form-
ing, a signal recognition particle (SRP) is att-
ached to the end of the newly synthesized pro-
tein [4-7]. On the surface of ER, there is an SRP
receptor, which binds with SRP, and this recep-

[5, 8]. The translocation channel allows polyri-
bosomes to come inside the lumen. Inside the
lumen of the Endoplasmic Reticulum (ER), sev-
eral chaperon proteins can help fold the nascent
polypeptide into a complex one [9, 10].

The Heat Shock Protein 70 (HSP70) family is a
highly conserved group of molecular chaper-
ones essential for maintaining cellular homeo-
stasis [11-14]. These proteins play critical roles
in protein folding, assembly, and degradation,
thereby mitigating cellular stress and facilitat-
ing recovery from various stress conditions [15,
16]. In humans, the HSP70 family comprises
several members, each with distinct and over-
lapping functions. These include HSPA1A,
HSPA1B, HSPA2, HSPA4, and others, each
encoded by different genes but sharing a com-
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mon structural and functional framework. All
HSP70 proteins share a conserved domain
structure consisting of an N-terminal ATPase
domain and a C-terminal substrate-binding
domain. The ATPase domain binds and hydro-
lyzes ATP, which drives the conformational
changes necessary for protein folding [17-20].
The substrate-binding domain interacts with
unfolded or misfolded proteins to facilitate pro-
per folding or degradation. HSP70s are upregu-
lated in response to heat shock, oxidative stre-
ss, and pathogenic infections. In silico models
have revealed that HSP70 proteins undergo sig-
nificant conformational changes during their
functional cycle. The transition between the
open and closed states of the substrate-bind-
ing domain is crucial for their chaperone activi-
ty. Molecular dynamics simulations have pro-
vided insights into the dynamics of these con-
formational changes and their implications for
protein-substrate interactions [21-24].

Their primary role involves the prevention of
protein aggregation, refolding of misfolded
proteins, and targeted degradation of irrepara-
bly damaged proteins [14, 20, 22]. Phylogene-
tic studies using sequence alignment and
evolutionary tree construction have elucidated
the evolutionary relationships among human
HSP70 family members. These analyses sug-
gest that the HSP70 family has undergone sig-
nificant evolutionary divergence, leading to the
specialization of different family members in
distinct cellular functions [25]. HSP70 proteins
could be targeted for therapeutic interventions
in various diseases. For instance, inhibitors or
modulators of HSP70 activity could be explored
as potential treatments for excessive protein
aggregation or impaired protein homeostasis
[26-29].

The structural and functional insights gained
from in silico analyses have significant implica-
tions for drug design. Small molecules that tar-
get specific domains or conformational states
of HSP70 proteins could be developed to
modulate their activity [30, 31]. This approach
has potential applications in treating diseases
related to protein misfolding and aggregation,
such as neurodegenerative disorders and can-
cer [32-36]. The role of various HSP70 proteins
has also been studied in multiple metabolic dis-
orders like diabetes and hypertension [37-39].

Given their involvement in fundamental cellular
processes and stress responses, HSP70 pro-

teins are critical for cell survival and modulat-
ing disease outcomes in cancer, neurodegen-
eration, and other pathologies. In the present
work, insilico analyses like domain architec-
ture, physicochemical, phosphorylation, ubiqui-
tination site prediction, and alternative polyad-
enylation analysis were performed in various
HSP70 family members.

Materials and methods

The Heat Shock Protein 70 (HSP70) genes were
analyzed using various parameters. For this,
data was collected from different software and
databases.

Retrieval of sequence of human HSP70 family
members

cDNA and protein sequence of different HSP70
family members were retrieved from NCBI
(National Centre for Biotechnology Information)
and UniProt (Universal Protein Resources) data-
base. Their interacting partners were studied in
the UniProt database [40, 41] and STRING
(Search tool for retrieval of interacting genes/
proteins) tool [42, 43].

Domain analysis by SMART and InterProScan

SMART stands for simple modular architecture
research tool [44, 45]. This database is used to
identify and analyze different protein domains
with the help of their sequence. InterPro scan is
a bioinformatics database used for functional
analysis of protein sequences and the pres-
ence of domains at specific sites [46, 47].

Physico-chemical analysis

EXPASY Protparam is a tool that provides differ-
ent physical and chemical parameters of pro-
tein on a computational basis. The parameters
include molecular weight, PI (Isoelectric point),
amino acid composition, atoms composition,
half-life, aliphatic index, etc. [48, 49].

Phosphorylation and ubiquitination site predic-
tion

NetPhos 3.1 server DTU is a software that effi-
ciently predicts eukaryotes’ serine, threonine,
and tyrosine phosphorylation sites by search-
ing their gene names. NetPhos 3.1 server DTU
detects the phosphorylation site of different
HSP70 members. It also predicts their specific
position, i.e., at which position phosphorylation
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occurs in serine, threonine, and tyrosine resi-
due [50, 51].

The MUbisiDa database provides comprehen-
sive information about the ubiquitination site of
different proteins in mammals. The ubiquitina-
tion site in different HSP70 members, their
amino acid number, and their ubiquitination
position were found in this database [52].

Alternative polyadenylation analysis by EST

EST database, a library of short reads generat-
ed from mRNA or cDNA, was used for insilico
analysis of alternate 3’UTR sequence at 3’ end
of human HSP70 family members. The genes
with multiple polyA signals and cleavage sites
generate transcripts with alternate 3’ end,
which the EST database can predict. The
sequence of the longest possible 3’'UTR is
blasted in the EST database against Homo
sapiens with high similarity. If multiple 3'UTRs
exist, then multiple transcripts end at the
same position in the graphical representation.
The presence of shorter 3'UTR can be con-
firmed by taking the sequence of shorter UTR,
and multiple adenine nucleotides are added at
its 3’ end and blasted in the EST database. If
it shows similarity with the additional adenine
nucleotides, it confirms the presence of tran-
script with this shorter 3’'UTR in the EST library.

Results
HSP70 family members

HSP70 family proteins play a crucial role in fold-
ing and stabilizing the proteins. In different
databases like NCBI and UniProt, 14 members
of the human HSP70 family (Table 1) have
been reported with diverse biological roles.
HSPA1A, HSPA1B, and HSPA1L have the same
amino acid number (641), while HSPA1A and
HSPA1B have the same molecular weight
(70052 Dalton). The analysis of the Interacting
partner of HSP70 (by STRING and UniProt) pro-
vides information about how many different
genes interact with HSP70 members and are
responsible for their involvement in various
biological pathways. The gene symbol, func-
tions, and interacting partners of various
HSP70 family members are represented in
Table 1.

Domain architecture of HSP70 family proteins

HSP70 members have three functional do-
mains: One N-terminal nucleotide-binding do-

main having ATPase activity, a middle domain
that is protease sensitive, and another C-ter-
minal substrate binding domain, which binds
with substrate molecule [14, 53]. The Domain
analysis of HSP70 members was performed
through SMART and InterProScan databases.
Two main domains, i.e., Coiled-coil and NBD
domain, were present in different HSP70
members but only in some. HSPA1A, HSPA1B,
HSPAG, and HSPA8 have only Coiled-coil
domains. Both Coiled-coil and NBD domains
are present in HSPA4 and HSPA5. HSPAl14
has only an NBD domain. The domain architec-
ture of HSP70 members is represented in
Figure 1.

Characterization of physicochemical analysis
of HSP70 family proteins

The physicochemical analysis of proteins is
important to understand their functions be-
cause, based on these properties, it deter-
mines whether the protein can interact with
another molecule [54, 55]. The physiochemical
analysis of HSP70 was performed through the
EXPASY Protparam tool, which provides a com-
prehensive physiochemical property like molec-
ular weight, number of amino acids by which
protein is formed, their Isoelectric point (PI),
negative and positive charged residue, their ali-
phatic index, etc. A detailed analysis of the
physicochemical properties of HSP70 mem-
bers is given in Table 2.

Prediction of phosphorylation and ubiquitina-
tion sites on HSP70 proteins

Phosphorylation and ubiquitination play signifi-
cant roles in the regulation and functions of
proteins [56, 57]. Phosphorylation confers pro-
tein stability and is also responsible for confor-
mational changes in protein by regulating its
catalytic activity. Phosphorylation occurs at
Serine (S), Threonine (T), and Tyrosine (Y) resi-
dues. Phosphorylation sites in various HSP70
members at S, T, and Y residues are repre-
sented in Table 3. Ubiquitination occurs mainly
at Lysine (K) residue. It is a posttranslational
modification and affects protein degradation,
cellular localization, and protein-protein inter-
actions. The ubiquitination site determination
in HSP70 members was performed with
MuBiSiDa, and it was observed that there are
various Lysine (K) residues present in the
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Table 1. HSP70 family members

S. No. Gene Symbol Function Domain Interaction/Interacting partner

01 HSPA1A Stabilizes existing proteins against aggregation and mediates the folding of newly Coiled-coil TERT, TRIM5, METTL21A, DNAAF2, PRKN, FOXP3, NOD2,
translated proteins in the cytosol and organelles. Involved in the ubiquitin-proteasome DNAJC9, ATF5, RNF207, HSF1, NAA10, HSP40, HSP9O0 and
pathway through interaction with the AU-rich element RNA-binding protein 1. It is also HDAC4, NEDD1 (via NBD) with BAG1, BAG2, BAG3 and HSPH1/
present in the primary histocompatibility complex class Il region. HSP105, SMAD3, DNAJC8, NLRP12

02 HSPA1B Stabilizes proteins against aggregation and mediates the folding of newly translated Coiled-coil CHCHD3, DNAJC7, IRAK1BP1, PPP5C and TSC2, TERT, TRIM5,
proteins in the cytosol and organelles. Involved in the ubiquitin-proteasome pathway METTL21A, PRKN, FOXP3, NOD2, DNAJC9, ATF5, NAA10,
through interaction with the AU-rich element RNA-binding protein 1. Also present in the HSP40, HSP90 and HDAC4, NEDD1, BAG1, BAG2, BAG3 and
major histocompatibility complex class llI region. HSPH1/HSP105, SMAD3, DNAJC8

03 HSPA1L Stabilizes existing proteins against aggregation and mediates the folding of newly HS71L, BAG4, TRI38, NFKB1, P53
translated proteins in the cytosol and organelles. The gene is located in the major
histocompatibility complex class Ill region.

04 HSPA2 Protection of the proteome from stress, folding, and transport of newly synthesized HSPBP1, GRPEL1, S100A1, HSPA9, ABHD15, GAKHSPH1,
polypeptides, protein quality control system, ensuring the correct folding of proteins, the HSP9OOAA1, DNAJB12, THSD4, POX2, FAM73B, STIP1, HSF2,
re-folding of misfolded proteins, and controlling the targeting of proteins for subsequent DNAJC6, HSPOOAB1, HSPA1A, KLHL34, TSSK1B, RNF34, VWA2,
degradation. Plays a role in spermatogenesis. In association with SHCBP1L, it may HSPA2, ILK, THAP4, DNAJB14, HSPA8
participate in maintaining spindle integrity during meiosis in male germ cells.

05 HSPA4 Ubiquitous expression in testis, esophagus, and other organs. NBD, Coiled-coil  HSP74, APBP2, ATRAP, POG6F2, HSP7C, EGFR

06 HSPA5 Plays a role in the folding and assembly of proteins in the ER. It interacts with the NBD, Coiled-coil TMEM132A and TRIM21, DNAJC10, DNAJB9/ERdj4, ERN1/
transmembrane stress sensor proteins PERK, IRE1, and ATF6 during stress or infection. IRE1, MX1, METTL23, CEMIP, PCSK4, CIPC, CCDC88B, INPP5K,
It acts as a repressor of the unfolded protein response (UPR) and plays a role in cellular MANF, LOXL2, CLU, CCDC47, CLN3, KIAA1324, CASP7
apoptosis and senescence.

o7 HSPA6 Ensuring the correct folding of proteins, the re-folding of misfolded proteins, and control- Coiled-coil HSP76, RFA1, BAG4, SAHH2, CV015-2, FLNA-2, KT222, COMD6,
ling the targeting of proteins for subsequent degradation. PRAP1, TERF1, LEG7, PPIB

08 HSPA7 (pseudogene) ATPase activity, binding with misfolded protein, and ubiquitin protein ligase binding site
help in vesicle-mediated transport.

09 HSPA8 Binds to nascent polypeptides to facilitate correct folding. Functions as an ATPase in Coiled-coil
the disassembly of clathrin-coated vesicles during transport of membrane components
through the cell.

10 HSPA9 Function in cell proliferation, stress response, and maintenance of the mitochondria. GRP75, GRPE1, P53, P73, NELFB, HSC20, TCTP, EGFR, A4D2J0

11 HSPA12A Broad expression in the brain and 16 other tissues. SORL, HS12B

12 HSPA12B It may be involved in susceptibility to atherosclerosis. Alternative splicing results in TNS1, STUB1, TRAP1, HSPA12B, MIB1, HSF4, DNAJC10,
multiple transcript variants encoding different isoforms. GRPEL1, S100A1, LALBA, TNS3, GAK, TENC1, GRPEL2,

HSP90AA1, BAG3, DNAJC6, HSP9OAB1, PTEN, DNAJC1, SUGT1,
PODXL, DNAJC2, TPTE2, MIB2, TPTE

13 HSPA13 Role in the processing of cytosolic and secretory proteins, in removing denatured or HSP13, SGTA, UBQL1, Q24JT5, UBQL2, SGTB
incorrectly-folded proteins.

14 HSPA14 A component of the ribosome-associated complex (RAC) is a complex involved in folding NBD NUP37, HSPA14, DNAJC2, DNAJB6G, DNAJB1, HSPA12A,
or maintaining nascent polypeptides in a folding-competent state. HSPA12B, BAG3, HSPA4, HSPH1, HSPA4L
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HSPA1A
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Figure 1. Domain architecture of Human HSP70 family proteins.

Table 2. Physicochemical properties of Human HSP70 members

Gene MW Amino acid Pl Positive charge residue Negative charge residue Aliphatic index
HSPA1A 70052.23 641 5.47 (Arg + Lys): 81 (Asp + Glu): 92 85.23
HSPA1B 70052.23 641 5.47 (Arg + Lys): 81 (Asp + Glu): 92 85.23
HSPA1L 70375.05 641 5.75 (Arg + Lys): 82 (Asp + Glu): 90 87.96
HSPA2 70020.97 639 5.55 (Arg + Lys): 84 (Asp + Glu): 94 81.82
HSPA4 94330.92 840 5.10 (Arg + Lys): 110 (Asp + Glu): 137 74.86
HSPA5S 72332.96 654 5.07 (Arg + Lys): 89 (Asp + Glu): 111 85.70
HSPAG 71028.14 643 5.81 (Arg + Lys): 84 (Asp + Glu): 94 80.86
HSPA7 40244.45 367 7.72 (Arg + Lys): 48 (Asp + Glu): 47 78.45
HSPA8 70898.09 646 5.37 (Arg + Lys): 82 (Asp + Glu): 95 81.52
HSPA9 73680.50 679 5.87 (Arg + Lys): 88 (Asp + Glu): 95 82.64
HSPA12A  74978.38 675 6.32 (Arg + Lys): 78 (Asp + Glu): 83 84.81
HSPA12B  75687.56 686 8.81 (Arg + Lys): 83 (Asp + Glu): 75 83.63
HSPA13 51927.46 471 5.52 (Arg + Lys): 47 (Asp + Glu): 57 99.30
HSPA14 54794.43 509 5.41 (Arg + Lys): 54 (Asp + Glu): 65 96.01
sequence of different HSP70 members, which sites in various HSP70 members are summa-
are the sites of ubiquitination. Ubiquitination rized in Table 4.
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Table 3. Phosphorylation sites in various HSP70 members at S, T, and Y residues

Gene Name Serine (S)

Threonine (T)

Tyrosine (Y)

HSPA1A 16, 40, 85, 106, 153, 254, 276, 277, 281, 286, 296, 307, 312, 13, 38, 45, 47, 66, 111, 125, 145, 158, 211, 265, 273, 15, 41, 294, 371, 431, 525
340, 362, 400, 418, 494, 511, 537, 544, 551, 563, 579, 631 275, 278, 298, 313, 3441, 425, 430, 450, 491, 495, 502,
585, 636
HSPA1B 16, 40, 85, 106, 153, 254, 275, 276, 277, 281, 286, 296, 307, 312, 13, 38, 45, 47, 66, 111, 125, 145, 158, 211, 265, 273, 278, 15, 41, 294, 371, 431, 525
340, 362, 400, 418, 494, 511, 537, 544, 551, 563, 579, 631 298, 313, 341, 425, 430, 450, 491, 495, 502, 585, 636
HSPA1L 18, 42, 108, 155, 241, 256, 277, 278, 279, 288, 298, 387, 402, 15, 40, 47, 49, 68, 127, 147, 160, 213, 267, 275, 280, 300, 17, 43, 290, 296, 342, 373,
420, 513, 546, 556, 565, 567, 581 315, 343, 364, 427, 432, 452, 493, 497, 504, 618, 624, 433,527,626
636
HSPA2 17,41, 97, 154, 242, 278, 279, 280, 284, 289, 299, 343, 365, 14, 39, 46, 48, 65, 67, 112, 126, 146, 159, 164, 214, 268, 16, 42, 291, 297, 374, 434,
403, 497, 514, 530, 547, 622, 630 276, 281, 301, 316, 344, 414, 421, 428, 430, 433, 453, 528, 550, 595, 614
498, 505, 555, 634
HSPA4 31, 40, 47, 54, 58, 76, 123, 131, 155, 258, 267, 287, 298, 323, 35, 63, 99, 104, 114, 149, 160, 225, 230, 300, 328, 364, 14, 89, 148, 336, 446, 454,
355, 384, 393, 403, 408, 414, 415, 448, 463, 471, 474, 475, 476, 433, 468, 512, 538, 576, 649, 655, 732, 738, 776, 824 597, 624, 626, 660, 671, 723
491, 496, 503, 546, 552, 556, 575, 633, 641, 647, 692, 714, 715
737, 756, 765, 777, 784, 828, 830
HSPAS 4, 40, 64, 86, 300, 301, 311, 319, 354, 365, 406, 448, 452, 448, 37,69, 91, 124, 137, 151, 156, 166, 171, 184, 274, 321, 39, 65, 127, 396, 568
452,567, 571, 587, 588, 607, 632, 637 323, 338, 366, 428, 441, 445, 462, 473, 481, 518, 525
527,534, 561, 593, 643, 648
HSPAG 18, 42, 59, 87, 98, 127, 155, 213, 256, 277, 278, 279, 288,298, 15, 40, 47, 49, 68, 83, 115, 132, 147, 160, 267, 275, 280, 17, 43, 296, 373, 433, 527
309, 314, 342, 364, 402, 489, 496, 513, 543, 554, 559, 634 300, 315, 343, 414, 427, 429, 432, 452, 493, 497, 504, 594
626
HSPA7 18, 42, 59, 87, 98, 127, 155, 213, 256, 277, 278, 279, 288, 298, 15, 40, 47, 49, 68, 83, 115, 132, 147, 150, 160, 267, 275, 17, 43,296
309, 314 280, 300, 315
HSPAS 16, 40, 85, 113, 121, 153, 275, 276, 277, 281, 286, 296, 329, 13, 38, 45, 47, 64, 66, 111, 125, 140, 145, 158, 211, 265, 15, 41, 288, 294, 371, 431
340, 362, 381, 385, 400, 489, 494, 511, 537, 538, 541, 544, 613, 273, 278, 298, 313, 341, 418, 425, 427, 430, 450, 495, 525, 545, 611
633, 637, 638 502, 552, 641
HSPA9 3,29, 34, 42, 48, 89, 148, 162, 164, 200, 253, 320, 321, 322, 22,62, 87,111, 116, 120, 177, 185, 192, 205, 294, 347, 46, 118, 568, 652
337, 376, 378, 408, 444, 469, 473, 533, 550, 554, 627, 638, 639, 356, 362, 449, 462, 466, 504, 539, 592, 594
644, 657, 662, 664, 665, 667
HSPA12A 9, 19, 23, 27, 37, 39, 47, 50, 68, 73, 190, 195, 226, 243, 258, 18, 34, 45, 66, 99, 101, 106, 146, 150, 202, 277, 291, 21, 122, 311, 339, 346, 360
259, 267, 289, 303, 316, 348, 388, 408, 420, 428, 436, 437, 444, 320, 324, 474,513, 536, 589, 614, 623, 631, 644, 651
458, 533, 587, 594, 605, 611, 632, 663, 665 662
HSPA12B 16, 17, 21, 25, 29, 44, 46, 58, 60, 72, 77, 80, 149, 192, 194, 230, 32, 42, 70, 103, 110, 121, 200, 206, 296, 339, 375,397, 126, 316, 344, 351
247,262, 276, 279, 280, 291, 294, 347, 409, 413, 433, 434, 442, 428,542,662, 673
449, 492, 539, 583, 593, 631, 672, 676, 680
HSPA13 10, 44, 69, 72, 84, 113, 136, 143, 185, 249, 280, 323, 324,334, 6, 30, 40, 41, 52, 95, 108, 135, 274, 312, 372, 379, 428 42,79, 97, 146, 162, 272
335, 343, 350, 354, 357, 366, 429
HSPA14 42,55, 61, 74, 75, 122, 130, 174, 186, 202, 204, 206, 219, 241, 35, 63, 104, 108, 127, 188, 234, 274, 413, 420, 481, 491, 444
246, 264, 271, 273, 277, 284, 305, 338, 389, 407, 418, 435, 451, 493, 497
487,504
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Analysis of alternative polyadenylation in
3’UTR of human HSP70 mRNAs

Alternative polyadenylation is a process of gen-
erating transcripts with different 3'UTR ends
using different polyadenylation sites. The tran-
script with alternate 3’'UTR exhibits different
stability and translation efficiency and pos-
sesses varying target sites for miRNA and cis-
regulatory elements [58, 59]. Alternative poly-
adenylation (APA) in the different HSP70 fa-
mily members’ mRNA was analyzed by the EST
(Expressed Sequence Tag) database. Among
14 genes (As mentioned in Table 1) in this
study, only five genes (HSPAL1L, HSPA4, HSPA5,
HSPA6, and HSPA9) showed the presence of
multiple PAS and CS. It was observed that
HSPA1L, HSPA4, HSPA5, and HSPAG have two
polyA sites, and HSPAQ has three polyA sites.

HSPA1L generates a transcript with two differ-
ent lengths of 3'UTR viz: 320 bp and 420 bp
(Figure 2A). A sequence of shorter UTR, i.e.,
320 bp, was taken, and polyA tail was added at
3’ end before EST blast. If adenine nucleotides
attached to the sequence of shorter UTR show
similarity in the EST blast, it confirms that
shorter 3’UTR also exists in the EST library.
Figure 2B depicts that the polyA tail also
shows similarity, and the alignments are repre-
sented in Figure 2C. Further, for the HSP4
gene, a transcript with two different 3’'UTR
(1622 bp and 2000 bp) was confirmed in the
EST database (Figure 3). In EST blast analysis
with full-length 3’'UTR of HSPA5, two putative
polyadenylation sites were found at 353 bp
and 1738 bp (Figure 4A). EST analysis with
shorter UTR with and addition of polyA tail (like
above) was performed, which shows similarity
with shorter UTR and extended polyA tail (Fi-
gure 4B, 4C). Another HSP70 member, HSPAG,
has two alternate 3’'UTRs of 220 bp and 300
bp (Figure 5). Interestingly, HSPA9 has three
putative polyadenylation sites and generates
transcripts with three different lengths of 3’'UTR
viz: 702 bp, 1155 bp, and 2100 bp. Both the
shorter (702 bp) UTR and medium size UTR
(1155 bp) have similarities when polyA tail is
added at their 3’ end (Figure 6).

Thus, five members of the HSP70 family have
alternate 3'UTR as per the EST database. Their
further validation and functional significance in
different cellular contexts must be studied.

Discussion

Protein folding is an essential process inside
the cell that makes the protein functionally
active, and for this, many proteins are required,
including molecular chaperones. The molecular
chaperone helps properly fold the protein and
prevents disaggregation [4, 9]. Changes in
physiological conditions inside the cells create
a stressful environment, which may alter the
protein’s overall confirmation and be responsi-
ble for the diseased state. The heat shock pro-
tein helps protect the cell and allows proper
protein folding [60, 61]. In Humans majorly, five
classes of Heat shock proteins are found,
which are HSP40 (DNAJ), HSP60 (human chap-
eronin), HSP70, HSP90O (HSPC), and HSP110
(name of HSP given according to their molecu-
lar weight) [29, 61]. These HSP classes are
involved in various biological pathways for the
proper functioning of protein and proteostasis.
The HSP70 and HSP40 mediates the appropri-
ate folding of nascent polypeptides and inhi-
bits disaggregation. The HSP70 family has four-
teen members (HSPA1A-HSPA14). We have
performed an Insilico analysis of HSP70 family
members using different bioinformatical tools
and databases. These databases and tools
help analyze HSP-70 members in various as-
pects. The coiled-coil domain and NBD domain
are present in some of the members of the
HSP70 family. The coiled-coil domain, mainly
involved in protein-protein interaction, might be
responsible for the interaction of HSP70 mem-
bers with other proteins in different cellular
contexts and perform various functions, includ-
ing protein folding [62]. Analysis of the physico-
chemical characteristics of the HSP70 mem-
bers helps to study their aliphatic index, iso-
electric point, etc., and can be helpful in study-
ing the interaction and involvement of HSP70
proteins. Phosphorylation and ubiquitination of
the proteins determine stability and ensure the
interactome of the protein. Prediction of phos-
phorylation and ubiquitination sites will be
helpful in studying HSP70 members in different
cellular contexts.

It is known that genetic information is encoded
in the DNA, which is transcribed in the form of
mMRNA and further translated up to the protein
level. Newly synthesized pre-mRNA undergoes
several steps to become a mature mRNA.
These steps are mainly splicing, capping, and
polyadenylation, and they are translated to the
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Table 4. Ubiquitination sites in various HSP70 members

S. No. Gene Name Ubiquitination site Nu.mber.of
amino acids

1. HSPA1A and HSPA1B K102; K550; K71; K559; K108; K348; K597; K628; K112; K126; K56; K361; K88; K423; K328 641

2. HSPA1A and HSPA1B K102; K550; K71; K559; K108; K348; K597; K628; K112; K126; K56; K361; K88; K423; K328 641

3. HSPA1L K425; K509; K528; K514; K161; K453; K363 641

4., HSPA2 K510; K188; K351; K454; K109; K503; K360; K328 639

5. HSPA4 K686; K609; K748; K679; K557; K194; K221; K697; K754; K573; K638; K388; K568; K517; K785; 840
K719; K798; K704; K794; K437; K711; K53; K430; K126; K543; K124; K360

6. HSPA5S K548; K341; K139; K371; K97; K524; K377; K465; K164; K119; K186; K327; K153; K114; K353; K82; 654
K126; K574; K214; K602; K269

7. HSPAG K327; K509; K359; K321; K350; K453; K502 643

8. HSPA7 K327; K321 367

9. HSPA8 K137; K3; K71; Kb12; K583; K524; K597; K601; K246; K56; K88; K361; K539; K423; K328 646

10. HSPA9 K653; K138; K368; K646; K121 679

11. HSPA12A No data for human 675

12. HSPA12B No data for human 686

13. HSPA13 No data for human 471

14. HSPA14 No data for human 509
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ribosome for protein synthesis [58, 63]. Capp-
ing is done at the 5’ end of the transcript, and
polyadenylation is done at the 3’ end of the
transcript by the addition of a stretch of ade-
nosine residues (called poly(A) tail), which is
essential for transcript stability, nuclear ex-
port, and translation. Heterogenous mMRNA
(HNRNA), generated by transcription, can form
multiple transcripts with alternate 3’ end by
alternative polyadenylation. These transcripts
with different 3'UTR lengths exhibit different
stability and translation efficiency and have dis-
tinct binding sites for miRNA and various cis-
regulatory elements [59]. Different pathophysi-
ological conditions can affect the generation
of the transcripts with alternate 3’ end [64].
Five HSP70 genes have more than one poly-
adenylation signal in their 3’'UTR sequence.
Thus, they can generate mRNA with different
3'UTR lengths. Further validation and studying
the significance of this alternative polyadenyl-
ation of HSP70 members is a hot research
topic.

Conclusion

HSP70 members possess various protein-pro-
tein interaction domains where the Coil-coil
domain is prevalently present. This domain mi-
ght be responsible for the interaction of HSP70
proteins with other proteins to perform proteo-
static functions. Many phosphorylation and
ubiquitination sites are present on HSP70 pro-
teins, which might affect their location, stabili-
ty, and functions during different cellular con-
texts. Five members of HSP70 show the pres-
ence of alternative polyadenylation signals, whi-
ch may be responsible for their diverse func-
tions and stability.

Overall, this bioinformatic analysis provides
insights into the different cellular aspects and
functions of HSP70 members, and further
study might be useful to understand their role
in various pathophysiological conditions.
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