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KEYWORDS ABSTRACT

Cells are able to respond to stress stimuli through the expression of proteins that

(I-:lgrlnztorstasi & compensate for or seek to return the cell to its functional status. Among the most
' studied proteins in relation to stress are heat shock proteins(HSPs) or chaperones;

Heat shock : - . . : -

Proteins, these proteins were originally discovered as induced proteins that facilitate proper

Small heat folding of proteins with non-native conformations. HSPs are a set of highly
conserved proteins that are present in all types of cells, from microbes to mammals.
In bacteria, chaperones and proteases regulate cell activity under stress conditions. In
echinoderms, aguatic invertebrates and fish stress proteins response mechanisms are
associated with the expression of chaperones that protect them of temperature
changes and oxidative stress. In mammalian cells, there is the expression of anti-
stress mechanisms that are also associated with certain physiological conditions such
as mitosis and maintaining the cell under homeostatic conditions. In plants, one of the
conditions most studied is the response to osmotic stress, leading to the synthesis of
membrane transporter systems that compensate the water flow and at the same time,
over expressing intracellular mechanisms associated with enzymes that contribute to
decrease the production of free oxygen radicals. In general, cells of al organisms are
capable of initiating regulatory mechanisms that contribute a reduction in cell injury
that can result in loss of homeostasis. When this mechanisms decline because aging
or faulty metabolism, disease occur. This finding allows to use them as a therapeutic
aternative for aging diseases as Alzheimer and cancer between others.

Shock proteins,
Aging-disease
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I ntroduction

At cellular level, living organisms constantly
deal with unfavorable or stressful situations
of diverse origin including oxidative stress
(Oskala et al., 2014), resulting in the
expression of specific genes that alows its
variability and biological adaptation. When
living cells or organisms are exposed to high
temperatures or chronic and acute stress
conditions, they respond by synthesizing
HSPs (Srivastava and Lilly, 1992; Liu et al.,
2014; Nakgima and Koizumi 2014).The
response to heat stress was first observed by
Ritossa at early 60°s while studying nucleic
acid synthesis in the saliva glands cells of
Drosophila melanogaster, where an increase
in transcriptional activity when these cells
were exposed to elevated temperatures was
noticed (Ritossa, 1962 De Mario et al.,
2010). This response has been identified in
al cel types, since prokaryotes to
eukaryotes (Craig, 1985; Hendstridge et al.,
2014; Liu et al., 2014). Stress response is a
protective homeostatic process that allows
tolerance to increased temperatures and has
been associated with other inducing factors
that destabilize cell function and integrity
(Hendstridge et al., 2014; Liu et al., 2014).

In addition to response to heat shock, stress
response can be induced by anoxia (the 2,4
dinitrophenol, a substance that uncouples
oxidative phosphorilation, and sodium azide,
an inhibitor of cellular respiration) (Ritossa,
1962; Mahmood et al., 2014). There are also
other inducers such as sodium arsenite,
ethanol, thiol compounds, hydrogen
peroxide, metals (Zn, Cd and HG), vira
infections (Lindquist and Craig, 1988;
Mahmood et al., 2014), hormones such as
insulin (Ting et al., 1989), certan
prostaglandins (Ohno et al., 1988), hypoxia
(Benjamin et al., 1990; Mahmood et al.,
2014), light, exercise and diet components
(Lockeet al., 1990; Liu et al., 2014).
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HSPs are encoded by a set of genes, called
heat shock genes, because they are the
product of the induction of these genes in
response to heat and other forms of stress,
that have different cellular functions
(Lindquist and Craig, 1988; Ritossa, 1962).
Some of these proteins are known as
chaperones, and are involved in functional
folding of proteins and in the prevention of
misfolding or nonfunctional aggregation of
these proteins (Shiver and Ravid, 2014).
This superfamily of proteins is widely
conserved in different biological systems
and is associated with transport functions,
folding, and coupling and uncoupling of
multi-structural units, and the degradation of
misfolded or non-functionaly aggregated
proteins (Sarensen et al., 2003; Mahmood et
al., 2014). Such tasks are performed under
normal cellular conditions, and are further
induced by stress factors that can cause cell
damage.

The genes encoding these proteins are also
highly conserved in different biological
systems. This set of highly conserved
proteins are present and can be induced in
al types of cells in all species and are
categorized into seven families on basis of
their molecular weight: HSP10 (including
FAM proteins of 130-144 amino acid),
small HSPs (form 15-30KDa), HSPAO0,
HSP60, HSP70, HSP90O/HSPI0B1 grp94
gp96 andHSP110 (Nakgima and Koizumi,
2014; Liu et al., 2014). Each family
includes at least one member, but often more
(Gething, 1997; Liu et al., 2014). HSP70 is
one of the most conserved and inducible
proteins known to date, with ~60%
phylogenetic similarity between microbes
and mammals. Intracellular HSPs are highly
conservative and localized in different
compartments in al type of cells in
mammals. Most HSPs function as
chaperones, involved in client protein
assembly, stabilization, folding, refolding
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and translocation of proteins to proper
intracellular space in physiological or stress
conditions. Some HSPs are detected in the
body fluid of healthy individuals or in cell
secretion under non-stressed situation, as
HSP70 (HSC, heat shock cognate; HSF1,
heat shock factor 1; mHSP70, mitochondrial
HSP70), indicating a novel role of these
proteins. Other chaperons are BIP,
immunoglobulin  heavy chain  binding
protein, included in HSP 70 family; gp96,
grp94, glucose-regulated protein; HDJ and
Dnal homologue (Table 1) (Liu et al.,
2014).

Studies on distinct types of stress have led to
the understanding that various HSPs are
involved in its response. Depending on
which biological system, organ or tissue is
involved;, each of these proteins fulfills
different functions. A clear exampleisfound
in some HSPs in poikilothermic fish which
are induced by temperatures around 5°C
compared to HSPs in thermophilic bacteria
that are induced at temperatures around
100°C (Parsell and Lindquist, 1993).
Additional examples are the SOS proteins
that regulate homeostasis in roots and stems
of plants, which play a maor role in the
mechanisms of control of Na” and K* and
cytoskeletal dynamics under stress. Studies
have shown a high complexity of the
regulatory network involved in plant
responses to salt stress (Reichmann and
Jakob, 2013).

This review is focused on some of these
regulatory proteins mechanisms involved in
stress response and their role in maintaining
homeostasis in different biological species.

Stressproteinsin bacteria
Bacterial systems adapt to life in very

different environmental condition:
psychrophilic, thermophilic and halophilic
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bacteria being only a few examples of
bacterial adaptation to extreme conditions.
Most  bacteria live in  changing
environments, where the availability of
nutrients, temperature and presence of
chemica can vary (MarlesWright and
Lewis, 2007). Their adaptation to these
environmental changes depends on a series
of global regulatory networks that control a
large number of genes alowing them to
respond to changes such as pH, temperature,
nutrients, salinity, etc (MarlesWright and
Lewis, 2007). These systems have a very
similar response in prokaryotic organisms.
Some of them are conserved in eukaryotes
and archaea and they are fall within heat-
shock response. However, activating them
vary with respect to defined normal
conditions of each organism (L akasanalamai
and Robb, 2004; Liu et al., 2014; Sugimoto
et al., 2004).

Commonly, the stress response s
characterized by the induction of a large
amount of HSPs, which are most typically
chaperones (GroEL, GroES, DnaK and
Dnal) and ATP dependent proteases (ClpP,
Lon (La) and HSIVU). In the case of
bacteria, the most evolutionarily conserved
proteins from bacteria to humans are GroEL
(bacterial homologue of Hsp60) and DnaK
(bacterial homologue of Hsp70) (Boorstein
et al., 1994; Gupta, 1995; Liu et al., 2014;
Kusmierczyk and Martin, 2001; Sugimoto et
al., 2004).

HSPs play an important role in the
protection against environmental stress,
providing tolerance to increases the
temperature, sat, and heavy meta
concentrations (Inbar and Ron, 1993;
Hecker and Volker 1998; Kusmierczyk and
Martin, 2001; Sugimoto et al., 2004; Va
and Cronan, 1998). Also, HSPs play an
important role in bacterial virulence and
protection systems (Hecker and Volker
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1998; Va and Cronan, 1999; Liu et al.,
2014). In Escherichia coli, small increases
in temperature (28-30°C to 36-42°C)
generate transient increases in the synthesis
of HSPs, while significant increases (28—
30°C to 47-50°C) are lethal, resulting in a
unigque synthesis of HSPs and the inhibition
of normal protein synthesis (VanBogelen et
al., 1987). Another inducible HSP in E. coli
is the protease encoded by lon gene, whose
transcription rate increases multiple times
with increases in temperature (28-30°C to
42°C) (Goff and Goldberg, 1985). It has also
been found that the transcription of the lon
gene increases upon exposure to ethanol 4%
(Travers and Mace, 1982) and the induction
in the synthesis of aberrant polypeptides
(Goff et al., 1988).

Similarly, there are another HSP related
proteins that respond to stress in bacteria,
where the organism’s gene expression is
modified to counteract the adverse effects of
different types of biotic or abiotic stress.
Upregulating of the transcription of genes
that respond to stressis carried out by sigma
factors and transcription factors that interact
with RNA polymerase (Marles-Wright and
Lewis, 2007). RNA polymerase selectivity
for promoter sequences of genes is
modulated primarily by the sigma factors
and subsequently by transcription factors
(Ishihama, 2010). Sigma factors are
associated with resistance to various
stresses, for example the overall stress sigma
factor RpoS strongly induced in E. coli
under conditions of starvation,
hyperosmolarity, or changes in pH optimum
and growth temperature (Weber et al.,
2005).

Alternatively, other proteins involved in
stress response are the two component
systems, consisting of a sensor protein
(histidine kinase) and a regulatory response
(Bourret, 2010) (Figure 1). The recognition
of a specific signal from the sensor activates

88

a protein  phosphorylation  response
regulator, which in turn activates or
represses the transcription of a limited set of
genes (Szurmant et al., 2007). For example,
in E. coli the EnvZ/OmpR two component
systems detect changes in osmolarity
regulating the expression of the OmpF and
OmpC porins in the outer membrane (Stock
et al., 2000).

Stress protein in aquatic invertebrates,
fish and echinoderms

Another type of stress response protein is
known as metallothionein (MT). They are
globular proteins of small molecular weight
(7 kDa), found in al living cells. These
proteins bind to minerals and ions (Cd*,
Cu*?, and Fe"). They have high cysteine
content (20 cysteine of about 60-62 amino
acids) and are induced by toxic agents,
which cause the loss of its specific
biologica function effectively blocking
them. They are then accumulated and
synthesized de novo in the target tissue,
serving as marker proteins of cellular and
molecular attack by environmental stress
(Mahmood et al., 2014; Oskala et al., 2014).
These proteins have been found in tissues of
various aquatic species of cyanophyta algae,
crustaceans, echinodermata, fishes, mollusca
and nematode. In fish, thermal stress
increased HSP levels that associated with
lower protein and lipid oxidation, providing
evidence that physiological increase in HSP
levels can protect against oxidative stress.
Other inducers of HSP response, including
heavy metals or environmental toxins,
hypoxia, handling, crowding, osmotic stress
and cold shock induce oxidative stress in
fish. The Hsp60 and Hsp70 families are the
most prominent chaperone proteins and
provide cytoprotection to various stress
stimuli as HSP70, HSP60, HSP90, HSC70
and grp75 (Oskala et al., 2014; Mahmood et
al., 2014).
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Stress proteinsin mammals

As previously mentioned, HSPs are
constitutively expressed or expressed at the
time that the cell perceives a stimulus that
can be classified as stress. However, it has
aso been observed that the process of
mitosis and processes involved in cell
differentiation increase their production
(Trautinger et al., 1995; Haslbeck and
Buchner, 2002).

HSPs are present in al cell-cytosol
compartments, mitochondria, nucleus and
endoplasmic reticulum (Morimoto, 1998).In
the case of normal cells (not under stress
stimuli), the expression of HSPs is scarce,
only appearing in the cellular environment
after a certain change in the celular
environment or as a consequence of Nnoxious
stimuli  (Jadtteld, 1999).With regard to
development, HSPs are among the first
proteins produced during embryonic
development in mammals (Neuer et al.,
1999). Their presence or absence influences
in all aspects of development (Bergh and
Arking, 1984) and are essential for normal
growth conditions (Walsh et al., 1999).
When this is not possible, misfolding
proteins are discarded by proteasome.
However, when this not happen, aggregation
of misfolding proteins is produced, this is
one of causes of diseases as Alzheimer and
Parkinson, between others (Lu et al., 2014;
Ou et al., 2014; Cornelius et al., 2014).

Stressproteinsin the skeletal system

As observed in Table 1, the human Hsp27
belongs to the family of small HSPs. This
protein is expressed constitutively at low
levels in the cytosol of most human cells
(Arrigo, 2000). During development, Hsp27
appears to play a crucia role in specific
developmental stages associated with cell
proliferation, differentiation and death
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(Davidson and Morange, 2000; Shiver and
Ravid, 2014). Although its expression has
been more related to the differentiation stage
of proliferation and cytoskeletal
arrangement (Liu et al., 2014), it has aso
been involved in the balance between
differentiation and apoptosis (Arrigo, 2000)
and has been involved in the development of
cacified tissue (Shakoori et al., 1992).
Hsp27 has been detected in endochondral
bone development in mouse and rat models
(Tiffee et al., 2000). It is also expressed on a
stage-specific pattern during the latter stages
of odontogenesis (Ohshima et al., 2000).
Additionally, it has been detected in rat
molars and incisors, but in these cases, its
expression is related to the reinforcement of
the ameloblasts layer during enamel
formation, as well as, the formation and
maintenance of the ameloblasts. Another
function that is attributed to Hsp27 is that
has been identified as a protein associated
with estrogen receptor p29, involved in
osteoblast physiology (Cooper et al., 1994;
Cornelius et al., 2014). Estrogen receptors
that have been detected in long bones seem
to be involved in the maturation and growth
of the fetal skeleton (Ben-Hur et al., 1993).
Moreover, it is possible that the resistance to
apoptosis induced by estrogen osteoblasts is
associated with increased Hsp27 expression
(Cooper et al., 2000; Cornelius et al., 2014).

Stress Proteinsin the Nervous System

Constitutive stress proteins whose function
is directly involved in the protection of
nerve cells and glia have been identified in
the central nervous system (CNS) (Richter-
Landsberg and Goldbaum, 2003; Nakajima
and Koizumi, 2014). Within this group of
HSPs, there are the smaller Hsp90, Hsp70,
Hsp60 families and some smaller ones
including ap-crystallin,  ubiquitin  and
Hsp32, generally named based on their
molecular weight (Sharp et al., 1999; Lu et
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al., 2014). When the CNS is exposed to
stressful situations HSPs are over expressed
and apparently Hsp70 synthesis is increased
in  mitochondria, cytoplasm and the
endoplasmic reticulum. Hsp70 is used as a
stress marker because under normal
circumstances it is not significantly
expressed (Yenari et al., 1999; Lu et al.,
2014). Hsp90, which is found ubiquitously
in the cytoplasm, is constitutively expressed
in the mammalian brain. It is capable of
interacting with cytoskeletal elements (actin
and protein kinases), and participates in cell
cycle control and hormone signaling
processes (Brown, 1990; Scheibel and
Buchner, 1998; Ou et al., 2014). When the
anti-stress mechanisms decline because
aging or faulty metabolism, aggregation of
proteins occurs producing diseases as
Alzheimer and Parkinson (Figure 2) (Lu et
al., 2014; Nakajima and Koizumi, 2014; Ou
et al., 2014).

Oxidative Stressresponse

It is well known that in response to cellular
stress, such as oxidative damage, levels of
HSPs dramatically increase in order to help
the organism survive and adapt to a wide
range  of environmental problems
(Fehrenbach and Northo, 2001; Urani et al.,
2001; Carnevai and Maradonna, 2003;
Mahmood et al., 2014). It is also thought
that the first line of defense against
oxidative damage comes from molecular
switches that recognize changes in the
intracellular redox environment. In the case
of proteins that are sensitive to changes in
intracellular pH, the ionic medium folds
losing their native conformation and become
misfolded proteins (Salminen et al., 1998;
Fehrenbach and Northo, 2001; Reichmann
and Jakob, 2012). Misfolded proteins induce
the activation of a heat shock response by
activating the thermal shock factor to assist
in the refolding of damaged proteins,
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facilitating the restoration of the function of
renatured protein and transport irreversibly
damaged protein to proteasomes (Morimoto
and Santoro, 1998; Mahmood et al., 2014).
Hsp27 is known to act as an antioxidant to
protect against misfolding proteins after
exposure to oxidative stress (Preville et al.,
1999). This action is mediated by its ability
to maintain glutathione in its reduced form,
even under oxidative conditions, thereby
restoring redox homeostasis (Arrigo et al.,
2005).

In some mammalian cells, HSPs such as
Hsp70 are related to cytoprotection in
harmful situations (Walter et al., 1994,
Hassen et al., 2005; El Golli et al., 2006;
Mahmood et al., 2014). Such protection is
likely due to the ability of these HSPs to
prevent induced oxidative damage by
restoring cellular protein levels and
stabilizing endogenous antioxidants
(Cornélius et al., 2014). Furthermore,
Hsp70 has the ability to inhibit apoptosis
induced by stress, by suppressing the
apoptotic program and trying to repair the
damage. Hsp70 appears to be a pleiotropic
apoptotic pathway inhibitor (Cornelius et
al., 201; Mahmood et al., 2014).

Oxidative stress also induces protein
instability through thiol oxidation and other
processes, such as, direct cytotoxic
interaction with xenobiotics (Zou et al.,
1998; Freeman et al., 1999; Mahmood et al .,
2014; Shiver and Ravid; 2014). In the case
of mycotoxins, this expression has not been
shown. However, several mycotoxins are
highly oxidant substances; some are toxic in
the presence of scavenger antioxidants,
suggesting that oxidative stress partially
contributes to its toxicity. Some induce
pathological effects without producing toxic
oxidative damage during signaling
mechanisms (El Golli and Bacha, 2011).



Int.].Curr.Res.Aca.Rev.2015; 3(1):85-100

Table.1 Stress protein families. The HSP superfamily consists of seven families whose members
are grouped based on their molecular weights, which vary between 10 000 and 150 000 Da. They
can be found in major cellular compartments (Liu et al., 2014 modified)

Family Name L ocation Function
Small P20. Cytoplasm. Vasodilation.
Hsp. Hsp22 Cytoplasm and Cytoskeletal stabilization.
(aB- Nucleus. Chaperones.
crystalline). Cytoplasm Actin dynamics.
Hsp 25 Cytoplasm and Chaperone/cytoskel etal stabilization
(rats). Nucleus.
Hsp 27
(human).
Hsp Hsp 40. Cytoplasm. Chaperones.
40. Hsp 47. Endoplasmic Ret. Collagen synthesis control.
Hsp Hsp 58. Mitochondria. Chaperones.
60. Hsp 60. Mitochondria/ Chaperone activity in folding/ refolding/ assembly of
Cytoplasm multimeric protein structures
Hsp Hsp 70 Cytoplasm. Chaperones for nascent polypeptide chains
70. (73). Cytoplasm/Nucleus. Chaperones.
Hsp 70 Mitochondria. Folding/refolding, transport
(72). Endoplasmic
Hsp 75. Reticulum
Grp 78. Endoplasmic
BIP Reticulum
Hsp Hsp 90 o Cytoplasm. Union of steroid hormone receptors.
0. (86). Chaperones.
Cytoplasm. Chaperoneactivity, proliferationand
Hsp 90 B Endoplasmic growth/bindstootherprotei ns/assi stingthemai ntenance
(84). Reticulum of the HSF1 monomericstateunder normal conditions
grp 94/grp
96
Hsp Hsp 105. Cytoplasm. Chaperones.
110. Hsp 110.  Cytoplasm/Nucleus. Cytoprotective.
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Figure.l Two Component Systems (TCS), proteins involved in stress response in bacteria. The TCS pathways
include two proteins: a histidine kinase (HK) protein, called “sensor,” and a cognate partner, called “response
regulator” (RR). Upon detection of the stimulus (A), the HK is activated and auto-phosphorylates on a conserved
histidine residue (B). The phosphoryl group is then transferred onto a conserved aspartate residue on the cognate RR
(C). Phosphorylation results in RR activation (D), which is most frequently a transcriptional regulator (F)

oM
Peptidoglycan — - - — — — — — — _ l _________________________
A B
i A) (B)
—_
HK \

/ o (D)
(C) AN 7

Transcription

Figure.2 Protein folding control in eukaryotic cell. Protein is synthesized in endoplasmic reticle (A) and folding
helped by HSPs (B). When the folding fails (C), protein is ubiquitinated (D) and degraded by proteosome system
(E), when this system fails protein misfolded is aggregated (F) producing disease
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Figure.3 Late Embryogenesis Abundant (LEA) proteins, involved in stress response in plants. In
a situation without stress, proteins take its normal configuration (A) and LEA proteinsarein an
inactive state (D). However, under stress, such as loss of water, proteins can be denatured (B).
Under thiskind of hydric stress, LEA proteins are activated (E) and serve as chaperones
preventing protein denaturation in the plant cell (C)

(A)

Protein
(D)
LEA proteins
inactive

(B)

Mr\ Denatured
protein
©)
S,
LEA
protection
g ——
(E)

(((

LEA proteins
active

Zeardenone and citrinin  are highly
oxidative mycotoxins and the oxidative
damage is the major toxic effects. In vivo
studies have shown that these toxins induce
an over-expression of Hsp70 and Hsp27 as
part of the body's response to oxidative
damage, in addition to the inhibition of cell
proliferation and DNA fragmentation
(Ouanes et al., 2005; Ayed-Boussema et al.,
2007; Donmez-Altuntas et al., 2007).
Aflatoxin B1 (AFB1) is the most powerful
hepatotoxic and natural carcinogen that
exists (IARC, 1993). In rats intoxicated
with AFB1, an increase in the expression of
Hsp70 attributed to the oxidative effect of
this mycotoxin has been observed (Meki et
al., 2004). However, in the absence of
oxidative stress, AFB1 epoxides are highly

reactive with DNA forming adducts, thus
exerting genotoxic effects that eventually
lead to tumorigenesis (Eaton and Gallagher,
1994). In these cases, following exposure to
these mycotoxins, it performs a heat shock
response to neutralize and repair oxidative
damage, thus resulting in a strong
relationship between oxidative stress and the
induction of Hsp (Ayed-Boussema et al.,
2007).

Stress Proteinsin Plants

When plants are no-ideal conditions, under
stress, this affects their growth, survival and
yield, causing genomic responses in them
(Burdon, 1993). In plants, stress responses
are dynamic and complex, involving
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crosstalk between different levels of
regulation, including the adjustment of
metabolisn and gene expression to
physiologica and morphological adaptation
(Krasensky and Jonak, 2012). An exampleis
the osmotic stress; thisis one of the form of
abiotic stress that can inhibit the growth and
development of plants (Chen et al., 2012;
Krasensky and Jonak, 2012). To cope with
the osmotic stress, plants have developed
various responses, such as the production of
osmolytes for osmotic adjustment, synthesis
of antiport transporters Nat+/H+ to sequester
ions, and many other mechanismsin order to
minimize the accumulation of salts (Zang
and Komatsu, 2007; Baek et al., 2011).

In the genus Arabidopsis (a glycophyte), salt
overly sensitive (SOS) signaling pathway
play an important role in tolerance to
salinity. SOS signaling pathway includes
several proteins with activity plasmatic
membrane of Na'/H" antiport (Zhang and
Shi, 2013). SOSL is one that plays a direct
role in the tolerance of plants to salt
conditions. SOS1 encodes for the Na'/H*
antiport transporter, which play an important
role in the movement of Na" from stems to
roots. Under conditions of salinity, thereisa
sobreexpression of this protein and decrease
the Na" movement, increasing tolerance to
saline conditions (Shi et al., 2003). The Na"
transporter AtHKT1 of the membrane is also
a key determinant of salt tolerance in
Arabidopsis a control of the absorption,
transport and accumulation of Na“ (Shi et
al., 2003; Zhang and Shi, 2013). It is

believed that  AtHKT1lcontrols the
accumulation of Na" in plants by
transporting from the xylem into the

parenchyma in both, in roots and shoots,
which ultimately reduce the transport of Na
from the root xylem into the cells of the
leaves (Sunarpi et al., 2005). On the other
hand, the increase in gene expression for the
vacuolar membrane antiport transporter
Na'/H"AINHX1 under osmotic stress has
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been seen, representing another mechanism
for the reduction of Na' toxicity by
sequestering Na' in the vacuoles (Sunarpi et
al., 2005; Zang et al., 2007; Zhang and Shi,
2013). The above permits that the turgor
pressure of the cell can be maintained and
decreased the lossof water in the plant cell
under conditions of salt stress (Bassil et al.,
2011). Likewise, three carriers membrane
proteins. SOS1, AtHKT1 and AtNHX1, work
together to reduce osmotic toxicity on a
cellular and plant level (Zhang and Shi,
2013).

Plants can also suffer stress for reasons
involving the lack of water (Shinde et al.,
2012). Like al living organisms, they seek a
mechanism to stabilize the process, and in
doing so, they accumulate various proteins,
sugars and compatible solutes used to
replace water and stabilize the subcellular
environment (Shinde et al., 2012). Some of
these proteins are known as LAE (Late
Embryogenesis Abundant), represent an
important group of hydrophobic proteins
that accumulate in high levels of water
present in both, mitochondria and cytoplasm
(Cuevas-Velazquez et al., 2014), generating
an adoption process during stress due to lack
of water, and as such providing important
protection functions, like DNA protection,
stabilization of cytoskeletal filaments, and
acting as molecular chaperones (Waters,
2013). To perform the latter function, they
act synergistically with sugars, such as
trehalose, to prevent aggregation during the
absence of water (Waters, 2013). Another
response to the scarcity of water in plantsis
the hypo-production of ATP, causing the
elevation of reactive oxigen species (ROS)
(Schmidt and Schippers, 2014), to which
plants respond with an increase in the
production of multiple enzymes, such as,
superoxide dismutase (SOD), cataase
(CAT), ascorbate peroxidase (APX), mono-
dehydroascorbate  reductase = (MDAR),
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reductase dehydroascorbate (Dhar),
glutathione  peroxidase  (GPX), and
glutathione reductase (GR), found mostly in
the cytoplasm (Schmidt and Schippers,
2014). Being the first line of defense of
cellular stress, SOD belongs to the
metalloprotease family of enzymes that
catalyze the deprotonation of superoxide
(O,) to molecular oxygen and hydrogen
peroxide (H.O,)by a reduction of an
electron, wrapping it in central copper atom
(Schmidt and Schippers, 2014). SOD
removes superoxide and therefore reduces
the risk of the formation of hydroxyl
radicals. SOD is classified into three groups.
Mn-SOD, Fe-SOD and Cu/Zn-SOD
(Schmidt and Schippers, 2014). Mn-SOD is
predominantly found in mitochondria and
peroxisomes, Fe-SOD is localized in
chloroplasts and Cu/Zn-SOD found in
chloroplasts, cytoplasm and possibly in the
extracellular space (Schmidt and Schippers,
2014) (Fig. 3).

Therapeutic use of HSPs

As described before, oxidative stress
increased proteotoxic and lipoperoxidative
damage with protein clearance defects
through the ubiquitin-proteasome system
(Figure 2). When this system decline
because aging aggregation of proteins
occurs (Lu et al., 2014; Ou et al., 2014). The
downregulation of smal HSPs as FAM
proteins identified in several nuclear
proteins, including transcription factors,
produces cancer (Nakgima and Koizumi,
2014), understand the regulation of the
production of FAM proteins has been
proposed as possible therapy against cancer
(Nakgjima and Koizumi, 2014). Protein
misfolding and aggregation are associated
with a number of human diseases (Lu et al.,
2014; Ou et al., 2014). Misfolded proteins
can aggregate and impair signal transduction
pathways or cause cell toxicity (Henstridge
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et al., 2014). HSPs participate in folding
process of proteins and in targeting
misfolded proteins to degradation through
proteasome system (Shiver and Ravid,
2014). With aging this homeostatic process
fail. Chemical chaperones or pharmaceutical
chaperones are small molecules that
stabilize the folding of proteins, provide
improvements to protein folding and buffer
abnormal protein aggregation (Henstridge et
al., 2014). HSPs increased expression has
been proposed as therapeutic alternative to
treatment of several human diseases;
however more studies are necessary in order
to use these proteins as therapy.

Conclusion

When exposed to stressful conditions that
cause morphological and physiological
damage, different biological  systems
produce response mechanisms, such as, the
expression of regulatory proteins, where
HSPs being the most common. In the case of
HSPs, their capacity of neutraize the
damage and repair the cells is clear.
Following exposure to stress, there is an
expression and regulation of genes followed
by an activation of signaling pathways,
resulting in the induction of HSPs. Hsp70
and Hsps27 are the widely reported proteins
that play an outstanding maintenance of
homeostasis role. In addition to HSPs, there
are other proteins in response to the stress
conditions, such as, the chaperones GroEL
and DnaK in bacteria systems, and
metallothionein in aquatic species. In plants,
the response mechanisms include the
production of osmolytes and the expression
of signaling pathways, such as SOS
mechanism, which can work together to
stabilize these vital functions. Finaly, the
particular mechanisms of action employed
will depend on the biological system, the
degree of stimulation and the particular
factor that triggers the process. However,
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the final goal of these protein systems is to
neutralize and repair the damage caused by
situations that affect homeostasis, regardless
of the source.
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