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INTRODUCTION 

 
When exposed to high temperatures, all organisms, from prokaryotes to eukaryotes, respond by inducing or enhancing the 

expression of Heat Shock Proteins (HSPs). HSPs are proteins that seem to work in all cell types and are formed when a cell is 

subjected to environmental stress, such as heat stress. Heat stress is one of the environmental stresses that can cause HSPs to be 

produced. Hydroponics can be induced and inhibited under several stresses, such as ethanol and heavy metals, oxygen deprivation, 

etc. HSPs function properly as (MC) to ensure that the correct proteins are formed correctly in the cells [90]. In 1962, Ritossa 

found that fruit fly Drosophila melanogaster salivary glands contain unusual structures that puff up when subjected to long-term 

Abstract 
Cellular defense mechanisms are the most primitive expression of a family of polypeptides called heat shocks or stress proteins 

(HSPs). Some of these HSPs are present in unstressed cells and play an essential role in polypeptide piling and translocation 

through membranes. Thus, (MC) were named. A variety of stresses, including hyperthermia, oxygen radicals, heavy metals, 

ethanol, and amino acid analogs, are expressed in HSPs. In clinically essential cases, including ischemia/reperfusion and 

circulatory and hemorrhagic shocks, the reaction to the heat shock is induced. All the above stresses have in common that they 

disrupt the tertiary protein structure and adversely affect the metabolism of the cells. Pre-handling of cells with moderate tension, 

enough to induce his expression, offers protection against subsequent insults. It is a "stress tolerance" coined phenomenon caused 

by the resolubilization of proteins denatured during stress. Furthermore, the second stress in stress-tolerant cells and species 

stabilizes or repairs the cellular structures (microfilaments and centrosomes) and processes (transcription, splicing, and 

translation). There is a large body of evidence to demonstrate that. Much research indicates that HSPs play an immediate role in 

stabilizing these incidents. As a natural mechanism for organ defense in dangerous environments and operations and in the fight 

against pathogens, HSPs have the inherent capacity to defend cells. This “stress tolerance” refers to the resolubilization of proteins 

that were denatured during stress. Besides, these are strengthened during stressful times and are resilient organisms. There is 

significant research saying that hypertension is involved in major cardiovascular diseases. HSPs can potentially enhance human 

recovery and combat pathogen infection. 
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heat shocks, which were also noticed by [106]. They showed that this is a hereditary illness due to increased heat shock protein 

expression, which is a response to abnormal environmental conditions. Stress proteins are involved in lysosomal and ubiquitin-

protein degradation. The cellular stress response induces proteins that support the cell's repair and recycling mechanisms [64]. 

Heat, oxidizing conditions, and poisonous chemicals influence cell proteins; hence all cells create HSPs [55]. Experiments. 

Salmonella, yeast, flies, mice, rats. Greene has demonstrated that increasing these proteins can heal stress-induced damage 

[66,67,111]. 

 

2 The Molecular chaperones (MC) 

Molecular chaperones (MC) are a group of unrelated proteins that stabilize folded proteins, facilitate their translocation across the 

membrane, or help correct folding and assembly [18][27]. Figure 1 About 25 molecular chaperone-forming proteins have been 

identified recently [10] (Table 1). 

 

 
Figure1. The role of (MC) in protein quality control. [1] 

 

 

Table 1. Eukaryotic and prokaryotic HSPs family classification depends on molecular weight 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Molecular 

Weight kDa 

The Family of 

Prokaryotic 

proteins 

The Family of Eukaryotic 

proteins 

Proposed  

functions 

References  

10-30 kDa GroES, GrpE 
Hsp10, HspB, Hsp27 or Hsp1, 

RPE1, GRPE2 

Preventing aggregation, Co-

chaperone 

[44][60] 

 

20-30 kDa 

 

Hsp20 

Human HSPB genes. Hsp27, 

HSPB6 or HspB1, α-crystallins 

Preventing aggregation, Co-

chaperone 

[44][60] 

40 kDa 
DnaJ, DjlA, CbpA, 

HscB 
Hsp40, Hdj2, Mtj1, ERdj 

Cochaperones  [26][73][99]  

60 kDa 
GroEL,60kDa 

antigen 

Hsp60 (HSPE) 

 

Cochaperones for folding 

protein in prokaryotes  

misfolding and aggregation 

 

Hsp60 works together with 

Hsp70 for protein folding of 

unfolded proteins 

[21] 

70 kDa 
DnaK, HscA 

(Hsc66) 

HspA, Hsp70 ,Hsp71, Hsc70, 

Hsp72, Grp78 (Bip), Hsx70  

Assisting refolding, Preventing 

aggregation 

[48][49][74] 

90 kDa HtpG, C62,5 HspC, Hsp90, Grp94 
• Genetic buffering, 

Regulation of receptors, Protein 

translocation 

[45][38][39]  

100 kDa 

 

ClpA, ClpB, ClpC, 

ClpX, ClpY 
Hsp104, Hsp105 

protein folding, disaggregation  

[7][37] 
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2.1 The roles of (MC) in the cell 

     All of the gene products that are stress-induced or generated constitutively utilize free ATP to partially unfold polypeptides. 

This polypeptide binding and release cycle makes protein-protein interactions easier, such as stabilizing nascent and partially 

unfolded proteins. Next, protein translocation is finished. This is followed by cycles of protein assembly and disassembly. Finally, 

the DnaK chaperone complex helps the substrate fold back into its original shape [20]. HSPs are a family of chemical compounds 

induced under stressful conditions by chemical and physical factors, such as hyperthermia, oxygen radicals, heavy metals, ethanol, 

and amino acid analogs. The major function of HSPs is to respond to stressful conditions by MC that initiate protein folding and 

prevent the formation of insoluble protein aggregates. In both prokaryotic and eukaryotic cells, chaperones are useful. For example, 

the function of ubiquitin in both cell types is similar in that it helps fold nascent peptide chains, helps fold denatured proteins, and 

prevents the aggregation of surface-exposed hydrophobic parts of proteins. Moreover, the chaperones help to enhance folding by 

increasing the rate of polypeptide folding, stabilizing unstable intermediates during folding, and lowering activation barriers [6]. 

 

Additionally, MC plays a vital role within cells by functioning in conjunction with (HSPs)  and helping ensure that proteins are in 

the correct shape and region at the right time. Such as, Escherichia coli DnaK needs DnaJ to replicate DNA. Furthermore, MC 

safeguard protein structure, transports proteins across membranes, prevents protein misfolding, facilitates normal physiological 

activities, inhibits protein aggregation, and aids in protein folding and translocation [36].  

 

HSPs10, HSPs20 (GRpE), HSPs40 (DnaJ), HSPs60 (GroEL), Hsp90, HSPs100, HSPs110 are major intracellular chaperone 

families. HSP100, which may denature proteins, can also fold proteins. The J-domain of HSP70 can also stimulate the ATPase 

activity of HSP40, which allows the protein to directly bind foreign polypeptides and deliver them to HSP70 for folding. 

 

In the majority of cases, the families of HSPs have broad specificities for non-native binding proteins, and the complexes are 

separated by the binding and hydrolysis of ATP, such as in the DnaK/DnaJ/GrpE system and the GroES/GroEL system; HSPs70 

(DnaK) binds to short unfolded hydrophobic regions of newly synthesized proteins, while the GroES/GroEL system interacts The 

HSP70 (DnaK) protein is essential [22]. HSP70 binds to non-native peptides in an extended conformation and then folds those 

peptides back into their natural state. These proteins, however, cannot function properly without the help of several other proteins 

known as cohorts or helper proteins [97]. These proteins collaborate to guarantee proper biochemical activity. 

 

2.2 The heat shock protein GrpE 

(HSPs) stabilize newly synthesized polypeptides through denaturation and can reactivate heat-denatured proteins in response to 

stress [44][59].  

 

 

2.2.1The primary structure of GrpE   

GrpE is a homodimer in which N-terminal a-helices (residues 40–88) are connected by four-helix bundles (residues 89–137) and 

have a C-terminal b-domain (residues 139–197) [29][95]. In addition to these residues, residues 1–33 are involved in binding with 

the substrate-binding domain of DnaK and causing substrate proteins to be released from DnaK [100].  

 

2.2.2 Localization and Function: 

GrpE GroES, are (HSPs)  that were found in the Endoplasmic reticulum (ER), and cytoplasm (CY), and the main function is Co-

factor of Hsp60, Co-factor of DnaK/Hsp70, only for bacterial mitochondrial(MT)/chloroplastic (CP) forms, prevents protein 

aggregation, may have a role in cell growth and differentiation [34][62][97]. 

 

2.3 The heat shock protein Hsp20-30 kDa 

HSPs are a family of proteins produced in response to stressful conditions and provide chaperone function by stabilizing proteins 

to ensure proper folding or by helping to replicate proteins damaged by cell stress [34][62]. In addition, they play an essential role 

in responding to stress Both prokaryote Hsp20 and Eukaryote Eleven in mammals, including Hsp27, HSPB6, or HspB1 Hsp20s 

[44].  

 

2.3.1 The primary structure of Hsp20-30 kDa  

The Crystalline Domain (ACD) of Hsp20–30 kDa is a classic example of a conserved domain. It has an 80-100 amino acid 

sequence that has been maintained, a compact-strand structure, and two conserved regions (CRs): CR I with 2, 3, 4, and 5; and CR 

II with 7, 8, 9, and a 6 loop [91]. In addition, the reign is made up of residues designated by the 5-007-crystalline domain, also 

known as the putative C-terminal domain [14][77]. This area is bookended by the N-terminal domain and the C-terminal extension, 

which exhibit low sequence and length conservation levels and are poorly preserved overall. HSPs are the family of HSPs that 

have been the least well maintained. For instance, genetic similarity between individuals within a human population might range 

from 8% to 53% [102]. In most cases, each gene in a mammalian cell will have either one or two introns. For instance, the Hsp27 

gene and the 5-007A-and 5-007B-crystalline genes have three exons and two introns. An independent structural unit is represented 

by exon 1, which corresponds to the whole of the N-terminal domain (residues 1–67 in the sB-crystalline form). [4] Exons 2 and 

3 (residues 68–108 and 109–175 in 5-007B-crystallin, respectively) make up the C-terminal part of the protein, which is made up 

of the 5-007-crystalline domain and the C-terminal domain extension [82].  
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2.3.2 Localization and function of (sHSP20-30kDa) family 

Small HSPs (sHSPs) are part of a family of HSPs in the Endoplasmic Reticulum (ER) and Cytoplasm (CY) that protect proteins 

under stress. HSP20 responds to chemical and physical stress. Chaperones stabilize proteins to ensure correct folding or assist 

duplicate broken proteins [44]. To withstand heat and osmotic stress, hsp20 transcription is substantially enhanced [55][109]. In 

addition, proteins influence cellular redox state by improving tolerance to H2O2 stress, indicating that Hsp20 may play a major 

role in adjusting to lactic acid buildup [112]. 

 

2.4 The molecular chaperone protein DnaJ 

The heat shock protein Hsp40, a molecular weight 40 kda is found in prokaryotes and eukaryotes. In prokaryotes, DnaJ, DjlA, 

CbpA, and HscB but eukaryotes, Hsp40 is present (DNAJ; three subfamilies in humans). 

 

2.4.1 The primary structure of DnaJ1/Dnaj2 

An N-terminal conserved domain dubbed the "J" domain, a glycine-rich region (the "G" domain") of around 30 residues, a central 

domain of about 120 to 170 amino acids, and a C-terminal section are all components of the DnaJ protein [8].  

 

2.4.2 Localization and function of DnaJ  

This family of (HSPs)  is present in Cytoplasm (CY), Mitochondria (MT), prokaryotes, and DnaJ. But in Eukaryotes is called 

Hsp40. The main function is to play the same role in cells Hsp70 cochaperones regulating Hsp70 activity Helps protein folding as 

a co-chaperone of hsp70. For example, lactic acid bacteria are under the control of a transcriptional regulator called Htpr. The 

DnaJ and GrpE molecules work together to stimulate the ATPase activity of DnaK. DnaJ and GrpE are implicated in protein 

folding, transport, high-temperature cell survival, autophagy, bacteriophage replication, and plasmid replication [26][72][97]. 

 

2.5The heat shock protein GroEL- GroES Hsp60 kDa 

The Hsp60 family of proteins is found in prokaryotes as GroEL, the 60kDa antigen, and in eukaryotes as Hsp60. Its oligomeric 

structure is vital to its function. 

 

2.5.1The primary structure of Hsp 60kDa and its ATPase domain 

HSP60 has vertical sine waves, alpha helices, beta sheets, and 90-degree turns. The protein traverses hydrophobic membrane areas. 

104, 230, 436 are N-linked glycosylation sites [107]. 

 

2.5.2 Localization and Function: 

HSP 60 is located in (CY), (MT), (CP), one of the functions of this family; a mitochondrial chaperonin that is typically transported 

to the matrix and is involved in mitochondrial protein folding and transport and the other functions as a chaperonin that assists in 

folding the linear chains of individual amino acids into their three-dimensional structure. HSP60 plays a crucial role in synthesizing 

and transporting essential mitochondrial proteins from the cell's cytoplasm into the mitochondrial matrix. HSP60 fights diabetes, 

stress, cancer, and immunological problems, according to a study. Recent investigations have shown that HSP60 is present in 

mitochondria and cytoplasm [28]. 

 

2.6 The heat shock protein DnaK (hsp70)   

The heat shock protein Dnak (hsp70) genes are widely distributed across all prokaryotic and eukaryotic organisms, In the 

prokaryote family that includes DnaK, HscA (Hsc66) but in the eukaryote, the hsp70 family that`s having hsp70; Hsp71 (HSPA8), 

Hsp72 (HSPA1A), Grp78 (BiP, HSPA5); Hsx70 (HSPA1B) [47]. 

 

2.6.1 The primary structure of DnaK and its ATPase domain. 

The N and P domains of Hsp70 and Hsc70 have comparable fundamental structures. However, the C domain helices 1, 2, and 3 

to 5 vary somewhat. Two helices, 1 and 2, are found in the substrate binding domain of DnaK/Hsc70, which is formed of helices 

P [ATP], and three more helical domains, N [ATP], P [ATP] with helices 3 to 5, are found in the C-terminal helical domain of 

DnaK/Hsc70. The chimera was created at residues 386, 557, and 1 [41]. 

 

2.6.2 Localization and Function  

Dnak/HSP70 family is located in Cytoplasm (CY), Mitochondria (MT), and Endoplasmic reticulum (ER) (Craig. 2018). The main 

functions, folding proteins and unfolding, cellular function, and ATPase activity, are part of the molecular chaperone family. There 

are two major functional domains in HSP70 chaperones. Polypeptides unfold in the presence of EDTA, multi-protein complexes 

are disassembled, and heat-shock responses are activated.   

 

2.7 The heat shock protein Hsp90 kDa 

Hsp90 is a major heat-related protein found in humans. 90 kDa Dalton protein is a large protein by protein standards. In bacteria 

belonging to the family HtpG, C62,5, and all lineages of eukaryotes, Hsp90α, Hsp90β, and Grp94 are present, and the hsp90 

proteins are absent from archaea [13]. 
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2.7.1The primary structure of Hsp90 kDa 

Hsp90 is a homodimer; each monomer has an N-terminal ATP-binding domain (NTD), a middle domain (MD), and a C-terminal 

dimerization domain (CTD) [2]. 

 

2.7.2 Localization and Function: 

Hsp90/ HtpG is found in the cytoplasm and the endoplasmic reticulum, which acts as a folding chaperone. HtpG is unnecessary 

under non-heat stress conditions because the bacterial homolog HtpG possesses all the features: Maintenance of steroid hormone 

receptors, transcription factors, and the importance of all of these things for viability in all organisms.  

 

2.8The heat shock protein Hsp100 kDa/CIp 

The Hsp100 family of proteins has a wide distribution in both prokaryotes and eukaryotes, In prokaryotes, the family includes 

ClpB, ClpA, ClpX, but in the eukaryote, the family is present Hsp104 (CLPB) 

 

2.8.1The primary structure of Hsp100 kDa /CIp  

Hsp100 (CIpB, CIpA, CIpx, Hsp104, Hsp110) proteins are made up of 5 different domains: the amino (N)-terminal domain, the 

nucleotide-binding domain (NBD) 1, the middle domain, the NBD2, and the carboxyl (C)-terminal environment. The signature 

sequences are the parts of each field that stay the same. 

 

2.8.2 Localization and Function:  

Hsp100/ClpA, is located in (CY), (MT), the one function of this family; chaperones are essential for cellular thermotolerance and 

function on the off-folding pathway to prevent protein aggregation. Hsp100 exists as a six-membered ring in which it dissolves 

protein aggregates either through reactivating constituent proteins or assisting their proteolysis[76]. Hsp100 can contribute to the 

disassembly of proteins and the function of the Hsp70 system (Glover and Lindquist,1998). The hexameric Hsp100 protein binds 

to the target protein, and the ATP-dependant conformational change drives the exposure of hydrophobic regions, allowing the 

protein to be recognized by the Hsp70 folding system[24]. Hsp100 does not directly cleave Ab – this is achieved by the actions of 

unrelated proteases, ClpP[40][51]. In contrast, Hsp100 facilitates the degradation of the target protein by reconfiguring the protein 

to render it more accessible to ClpP [60]. Other members of the family HSP101 play a crucial role in plant thermotolerance, along 

with a conserved function of HSP101, suggesting that engineering plants to express increased HSP101 may improve survival under 

various environmental stresses [83].  

 

2.9.1The primary structure of Hsp104 kDa /CIp 

Hsp104/ClpB contains two AAA nucleotide-binding domains (NBD) in head-to-tail orientation, an N-terminal domain and a 

middle domain forming a coiled structure (Mdomain) [65].  

 

2.9.2 Localization and Function:  

The Hsp104 disaggregate functions as an ATP-powered disaggregation enzyme [23][72]. Bacteria have homologues of Hsp104, 

including E. A different E. coli ClpB with DnaK and the NEF GrpE to separate ATP. Disassembly is mediated by a bi-chaperone 

system comprised of chaperones Hsp104/ClpP and GrpE. Several studies demonstrated that Hsp104 is required for yeast-induced 

thermotolerance and that homologous proteins are present in E. Coli and HeLa cells during heat stress [75][89]. 

 

2.10 Heat shock protein 105/110 kDa (Hsp105/110) 

the 105-kDa heat-shock protein (HSP105α) and 42°C-HSP (HSP105β) as a unique subfamily of mammalian high molecular 

mass heat-shock protein in human, Hsp110 family- Sse1 and Sse2 

 

2.10.1The primary structure of 105/110 kDa (Hsp105) 

Hsp105, like Hsp70, consists of an amino-terminal ATPase domain and a carboxyl-terminal substrate-binding domain (SBD) 

4ATP-binding domain, a β-sheet domain in the central region, and a carboxyl-terminal a-helical domain [59].  

 

2.10.2 Localization and Function:  

 105/110 kDa  this family is located in (CY), Cytosol (CS) & nucleus, One of the functions is efficiently refolding and reproducing 

denatured proteins in vitro[80][81]. Hsp105 forms with Hsc70 [31] allowing it to interact with Hsc70 [97][115] as well as Hsp90 

[62][97]. Hsp105 facilitates Hsc70's DNA binding [86][117]. Hsp105 homolog Sse1 interacts with homologous Hsp70 homolog 

Ssb or Ssa in mammals to govern protein folding [114]. For the translocation of the yeast mating, pheromone alpha-factor, and 

SSA1 dependent enzyme is necessary [97]. ER protein Hsp105 interacts with apolipoprotein B and facilitates its secretion from 

the ER [32]. Two mammalian Hsp105 forms exist, Hsp105alpha and Hsp105beta [116]. Hsp105 is expressed in the absence of 

heat shock and is further induced by stress or heat shock. Hsp105α, a Hsp105 alternate form, is only induced with heat.  

 

2. 11 The interaction of DnaK, DnaJ, and GrpE with ATP 

The major (MC) are DnaK, DnaJ, and GrpE, which use ATP as fuel to bind and release proteins. DnaJ picks up the proteins and 

sends them to DnaK-T. ATP hydrolysis is driven by intermediate ATP binding and DnaJ activation. This turns on DnaK. DnaJ 

drops off, and GrpE joins. ADP is swapped for ATP, and ATP makes DnaK go into its high-affinity T state, where it is no longer 

active. The binding of the substrate protein is broken. During heat stress, GrpE opens up. This doesn't change how much GrpE 
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likes DnaK, but it does change how it acts [43]. This slows down the change from R to T and keeps DnaK in the high-affinity state 

longer [25][56].  

 

3. The significance of (HSPs)  and chaperone systems  

Prokaryotic and eukaryotic cells both include constitutive genes whose products are essential for appropriate growth, such as DNA 

polymerase and RNA polymerase. Housekeeping genes must be active at a baseline level. Other genetic products, such as enzymes 

that synthesize amino acids from carbohydrates, are only created under specified growth circumstances or in response to 

environmental stimuli like DNA damage or hazardous substances. When genes aren't needed, they are expressed in very low 

quantities. (MC) binds to other proteins, assisting them in reshaping themselves [61]. Chaperones attach ATP-dependently to 

misfolded proteins to fulfill specialized tasks. Chaperones connect misfolded proteins ATP-dependently to perform activities. 

Exposed hydrophobic residues can interact and produce protein aggregation. Chaperones limit protein aggregation by attaching to 

residues or creating a "safe" folding environment. HSPs may assist the immune system in detecting sick cells by displaying protein 

fragments on the cell surface. HSR HSP70, HSP90, and HSP60. HSP60, HSP70, and HSP90 are chaperones [102]. 

 

3. 1 (HSPs)  and Disease 

Despite the obvious importance of stress responses, the role of HSPs in the regulation of disease pathology in humans and the 

survival and virulence of pathogens has only recently been scrutinized. The Hsp functions in organisms like bacteria are more 

advanced than in eukaryotes, but some Hsp involvement in mammalian diseases is already present. The disturbance is listed here. 

HSP expression occurs when a virus is present. Viruses utilize HS proteins to facilitate the takeover of cellular DNA replication 

machinery and they employ HS proteins for the assembly of virus particles. During thermal stress, (HSPs) , which are associated 

with viral products, cause a cell cycle arrest, which leads to cell transformation (cancer) [46] Oxidative stress causes HSP 

expression. Immune cells release nitric oxide and superoxide in response to foreign invaders. Host cells express scavenging 

enzymes to protect them from oxidative damage. Because of the high production of HSPs, pathogens have been developing a 

response. The immune system is activated by Hsp70, which binds peptide antigens. Hsp70 acts as a translocase between the ER 

and the lysosome, similar to its function in transporting newly synthesized proteins to the mitochondria and ER. Proteasome-

generated peptides found in the cytoplasm are transported through TAP transporters, which are loaded into MHC Class I and 

presented to cytotoxic T-cells. Acid hydrolases produced inside lysosomes form peptides which are presented to MHC proteins 

found on helper T-cells. HSPs are potentially immunogenic antigens. Due to the number of Hsps they make, Hsps flood the 

immune system with antigenic epitopes. Since they are highly conserved proteins, much divergence in the sequence of Hsps allows 

immune resistance by mammals. Antioxidant responses are sometimes defensive. In some cases, Hsps cross-react with self-Hsps, 

which leads to autoimmune responses [19]. The response to self-HSP (Hsp60) has different effects in certain diseases. Mechanical 

and/or physical stresses trigger the expression of heat shock protein. Vascular endothelial cells from stressed rats elevate HSP70 

levels in response to stress. An abrupt rise in blood pressure has been observed in response to an initial stimulus. Hsp70 is a defense 

system against heart failure [64]. As a result of an experimental ischaemic event, transgenic mice that express elevated Hsp70 

show significantly less damage to their hearts. The budding of prions requires HSP100. When yeast Hsp100 is present, Sup35 

binds together, which causes the complex to grow [103].  

 

4. Regulation of the heat shock protein response in eukaryotes and Prokaryotes 

4. 1 Gene regulation 

All the cells must be able to regulate the Heat Shock Protein response to environmental factors by either up-regulation or down-

regulation of gene expression to match the needs of the organism. In addition, the cells or organisms adjust their expression of 

specific genes or gene groups based on changes in the environment or infections by certain microorganisms. 

 

4.2 Regulation of the heat shock protein response in prokaryotes  

All organisms create HSPs as an adaptive response to stress, regulated by heat shock transcription factors that bind to the heat 

shock operon's promoter. Escherichia coli possesses a heat shock response that is regulated by DnaK, DnaJ, and GrpE proteins. In 

E., the heat shock reaction involves a fast spike in synthesis followed by a reduction to a new steady-state level. The transcription 

factor 32 allows core RNA polymerase to preferentially transcribe heat shock genes by binding to the heat shock operon promoter 

region when temperature transiently raises 32, resulting to HSP induction. The hsp32 gene is activated in stressful but not 

unstressed cells [50][95]. 

 

4.3 Regulation of the heat shock protein response in eukaryotes 

 The conserved heat shock transcription factor is involved in the control of heat shock gene expression in eukaryotes (HSF). HSF 

is present in an inactive state under normal circumstances; heat stress activates it by inducing trimerization and high-affinity DNA 

binding, as well as exposing regions for transcriptional activity. The structural and regulatory areas responsible for the inducible 

activities have been identified using HSF cDNA clones from a variety of animals. Changes in the physical environment, the activity 

of HSF-modifying enzymes, or changes in the intracellular amount of (HSPs)  are considered to transmit the heat stress signal to 

HSF [54]. 
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5. Expression of HSPs in specific bacteria 

5. 1 Bacillus subtilis 

It is possible to identify three categories of heat shock genes in this species: Class I genes include Dnaj and GrpE, the groEL and 

groES chaperone protein genes, and the four-gene dnaK operon (Orf 39-grpE-dnaK-dnaJ). In addition, an unidentified 

environmental factor regulates class III heat shock genes; class II is controlled by the B ecological factor [95].  

 

5. 2 Streptomyces 

Several distinct sigma factors control Gram-positive soil-dwelling bacteria's poly and multienzyme complexes. HSPs are created 

in greater quantities by the organism in response to an elevated temperature. The sigma factor mediates this heat shock protein 

response, which is activated by different environmental circumstances. 32. ATP, commonly known as cellular energy, activates 

the (HSPs) of bacteria when they are in the stationary phase[11]  

 

5.3.3 The regulation of HSPs in E. coli 

In E. coli, two genetic regulators are expressed during the heat shock response, one of which includes proteins to deal with 

intercellular protein damage and is under the transcriptional control of the E. coli regulator 32. The second regulon identifies 

several proteins that can respond to periplasmic damage. The regulated by the transcription factors   E the study focused on 

regulations of DNA transcription. The focus is on the function of the RNA polymerase protein and how this protein can produce 

the rpoH product. The holoenzyme binds to the promoter region of the heat shock genes and activates the genes. The DnaK, DnaJ, 

and GrpE (HSPs)  protect against damage caused by high temperatures in the cells [50]. By mediating the refolding of denatured 

proteins, DnaK, DnaJ, and GrpE (KJE) support the refolding process of proteins. Certain strains of bacteria possess a molecular 

chaperone system that prevents protein aggregation, assists in the refolding of denatured proteins, and prevents aggregation of 

misfolded proteins [16].  

 

5.4 Expression of HSPs in Eukaryotes 

Stress protein expression is induced quickly by transcriptional activation and preferred translation pathways. These processes help 

Transcriptional activation and favoured translation routes swiftly enhance stress protein production. HSFs (HSF1–HSF4) are 

proteins that regulate the inducible synthesis of HSPs throughout development, growth, and adaptability[61]. (1994, Morimoto 

and colleagues) , HSF is encoded by essential single-copy genes in Saccharomyces cerevisiae and Drosophila, while numerous 

HSFs have been discovered in chicks, plants, mice, and humans [100]. [91]. There are two HSFs in the mouse (HSF1 and HSF2, 

which encode 75 and 72 kDa proteins, respectively). HSF1 and HSF2 are not heat-inducible (Sarge and colleagues, 1991), but 

members of the MAPK subfamilies (ERK1, JNK/SAPK, and p38 protein kinase) hyperphosphorylate HSF1 in a ras-dependent 

manner during physiological stress. HSF1 in vertebrates has DNA-binding and transcriptional activity[58]. 

 

CONCLUSION 

Heat shock protein families have a wide distribution in both prokaryotes and eukaryotes, the major intracellular chaperone families 

include HSPs10 (GroES), HSPs20 (GrpE), HSPs40 (DnaJ), HSPs60 (GroEL), HSPs70 (DnaK), Hsp90, HSPs100, HSPs110. On 

the other hand, as we are known to be expressed in high-temperature stress plants, HSPs are present in both mammalian and plant 

Eucaryotes. HSPs are called for their expression or sequence similarity to other Heat Shock protein genes. Most HSPs' molecular 

function, membrane or protein stabilization, is unknown. Following heat stress, (HSPs)  are activated, suggesting they play a vital 

role in cellular homeostasis. HSPs may develop thermotolerance. Heat stress can cause excessive cell proliferation, retarded 

development, and death. Temperature stress can also destroy plant anabolism and catabolism by acting on protein complexes, with 

the quaternary structure being the first to fold during heating. Eliminating routes often require electron transfer, resulting in high-

energy electron movement. Understanding how plants respond to heat stress is the first step in developing heat-tolerant crops. 

More study is needed to understand how plants respond to heat stress. (HSPs) ' molecular activity and response to heat stress in 

plants need more study. (HSPs)  have both benefits and drawbacks. A minor rise or decline in their levels may have new detrimental 

consequences due to their ubiquitous nature. Despite the experience, developing new treatments for complex, incurable diseases 

takes more study. 
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