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Abstract Carbon tetrachloride (CCl4) induces liver damage, apparently through the formation of free-radical metabo-
lites. Molecular chaperones such as heat shock protein (Hsp) of 70 kDa have been found to protect cells from various
stresses. We previously found that cytosolic chaperone pairs of the Hsp70 family and their DnaJ homolog cochaperones
prevent nitric oxide–mediated apoptosis and heat-induced cell death. Expression of cytosolic chaperones, including
Hsp70; heat shock cognate (Hsc) 70; and DnaJ homologs dj1 (DjB1/Hsp40/hdj-1), dj2 (DjA1/HSDJ/hdj-2), dj3 (DjA2),
and dj4 (DjA4), in the liver of CCl4-treated rats was analyzed. Messenger ribonucleic acids for all these chaperones
were markedly induced 3–12 hours after CCl4 treatment with a maximum at 6 hours. Hsp70 and dj1 proteins were
markedly induced at 6–24 hours with a maximum at 12 hours, whereas dj2 and dj4 were moderately induced at around
12 hours. Hsc70 was weakly induced after treatment, and dj3 was little induced. To better understand the significance
of the induction of chaperones, the effect of preinduction of chaperones on CCl4-induced liver damage was analyzed.
When chaperones were preinduced in the liver by heat treatment, increase in serum alanine aminotransferase activity
after CCl4 treatment was significantly attenuated. Hsp90, another major cytosolic chaperone, also was induced by heat
treatment. On the other hand, Mn- and Cu/Zn-superoxide dismutase were not induced by heat treatment or by CCl4
treatment. These results suggest that cytosolic chaperones of Hsp70 and DnaJ families or Hsp90 (or both) are induced
in CCl4-treated rat liver to protect the hepatocytes from the damage being inflicted.

INTRODUCTION

Heat shock proteins (Hsps) are induced in response to
various stresses and to protect cells from such stresses
(Kampinga 1993; Parsell and Lindquist 1993; Samali and
Orrenius 1998; Smith et al 1998). Major Hsps are rele-
gated into several groups on the basis of both size and
function. Some Hsps are constitutively expressed and act
as molecular chaperones. Members of the Hsp70 family
are involved in the folding and intracellular transport of
newly synthesized proteins (Lindquist and Craig 1988;
Johnson and Craig 1997; Netzer and Hartl 1998). To pro-
tect cells from various stresses, Hsp70s bind to damaged
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and misfolded proteins and facilitate their refolding or
target severely damaged proteins for degradation (Kam-
pinga 1993; Stege et al 1994; Samali and Orrenius 1998).
DnaK, which is the Hsp70 homolog of Escherichia coli, is
regulated by other molecular chaperones, DnaJ and GrpE
(Parsell and Lindquist 1993; Netzer and Hartl 1998). Sev-
eral mammalian DnaJ homologs (Hsp40 family members)
were identified (Ohtsuka and Hata 2000) and have been
shown to regulate Hsp70 family members. Major DnaJ
homologs in mammalian cytosol are dj1 (DjB1/Hsp40/
hdj-1), dj2 (DjA1/HSDJ/hdj-2), and dj3 (DjA2). We found
that heat shock cognate (Hsc) 70-dj2 or dj3 rather than
Hsc70-dj1 facilitates mitochondrial protein import and lu-
ciferase refolding (Terada et al 1997; Terada and Mori
2000). We also found that both Hsp70-dj1 and Hsp70-dj2
chaperone pairs are effective in preventing nitric oxide–
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Fig 1. Induction of messenger ribonucleic acid (mRNAs) for molecular chaperone in the carbon tetrachloride (CCl4)–treated rat liver. (A)
Rats were given intraperitoneally various amounts of CCl4, as indicated on the top. Total RNA was isolated from the rat liver at indicated
times after CCl4 injection. RNAs (2.25 mg) were subjected to blot analysis for Hsc70, Hsp70, dj2, and dj3 mRNAs as described in the Materials
and Methods. Control RNA was total RNA from vehicle-treated rat liver. The positions of 28S ribosomal RNA (rRNA) are shown on the right.
The bottom panel shows ethidium bromide staining of 28S rRNAs. (B) Serum ALT activities were measured at indicated times after CCl4
(1.0 mL/kg) injection, and the results are shown as means 6 SE (n 5 3). ALT, alanine aminotransferase; Hsc70, heat shock cognate 70;
Hsp70, heat shock protein 70.

mediated apoptosis in RAW 264.7 macrophages (Gotoh
et al 2001). Recently, we characterized another cytosolic
DnaJ family member dj4 (DjA4), which is highly ex-
pressed in the heart, and showed that the Hsp70-dj4
chaperone pair prevents cells from severe heat-induced
cell death (Abdul et al 2002).

Carbon tetrachloride (CCl4)–treated rats are widely
used to study liver damage. CCl4 was reported to induce
not only necrosis but also apoptosis in rat liver (Shi et al
1998; Sun et al 2001). Although the mechanism by which
CCl4 causes liver damage is unclear, several lines of evi-
dence suggest that the liver damage can be caused by
free-radical metabolites (Williams and Burk 1990). CCl4

is converted to the trichloromethyl radical by cytochrome
P-450 through a 1-electron reduction. A fatty acid radical
is generated by the reaction between trichloromethyl rad-
ical and unsaturated fatty acids, and lipid peroxidation
follows. This lipid peroxidation leads to malfunction of
cell membranes and intracellular organelle membranes.

We now report that cytosolic molecular chaperones are
induced in the liver of CCl4-treated rats and that this

CCl4-induced liver damage is attenuated by preinduction
of chaperones by heat treatment.

MATERIALS AND METHODS

Materials

Monoclonal antibodies against Hsc70 (cognate form) and
Hsp70 (inducible form) were obtained from Santa Cruz
Biotechnology Inc (Santa Cruz, CA, USA). Polyclonal an-
tibodies against dj1, Mn-superoxide dismutase (SOD),
and Cu/Zn-SOD and monoclonal antibody against
Hsp90 were obtained from StressGen Biotechnologies
Corp (Victoria, Canada). This anti-Hsp90 antibody de-
tects both Hsp90a and Hsp90b. Polyclonal antibodies
against dj2 (Terada et al 1997), dj3 (Terada and Mori
2000), dj4 (Abdul et al 2002), and argininosuccinate lyase
(AL) (Yu et al 1995) were as reported.

Animals and treatment

All procedures involving animals were approved by the
Animal Care and Use Committee of Kumamoto Univer-
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Fig 2. Time course of induction of mRNAs for Hsc70, Hsp70, dj1, dj2, dj3, and dj4 in the carbon tetrachloride (CCl4)–treated rat liver. (A)
Total ribonucleic acids (RNAs) were isolated from rat livers at indicated times after CCl4 (1.0 mL/kg) injection. RNAs (2.25 mg) were subjected
to blot analysis. The positions of 28S ribosomal RNA (rRNA) are shown on the right. The bottom panel shows ethidium bromide staining of
28S rRNA. (B) Results in (A) were quantified and are shown as means 6 SD (n 5 3). Maximal values are set at 100%. Hsc70, heat shock
cognate 70; Hsp70, heat shock protein 70; mRNA, messenger ribonucleic acid.
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Fig 3. Time course of induction of heat shock cognate (Hsc) 70, heat shock protein (Hsp) 70, dj1, dj2, dj3, dj4, and argininosuccinate lyase
(AL) proteins in the carbon tetrachloride (CCl4)–treated rat liver. (A) Liver extracts (10 mg of protein for Hsc70, Hsp70, dj1, dj2, and AL; 50
mg of protein for dj3 and dj4) prepared at indicated times were subjected to immunoblot analysis for Hsc70, Hsp70, dj1, dj2, dj3, dj4, and
AL. AL served as control. Molecular weight markers are bovine serum albumin (66 kDa) and ovalbumin (46 kDa). (B) Results in (A) were
quantified and are shown as means 6 SD (n 5 3). Maximal values are set at 100%.



Cell Stress & Chaperones (2004) 9 (1), 58–68

62 Lee et al

Fig 4. Induction of heat shock protein (Hsp) 70 and DnaJ chaperones in the liver by whole body heat treatment. (A) Rats were heated at
428C in waterbath for indicated periods and allowed to recover at room temperature for 6 hours. Liver extracts (10 mg of protein) were
subjected to immunoblot analysis for Hsp70. Extracts from rat liver (10 mg of protein) 12 hours after carbon tetrachloride (CCl4) injection were
included for comparison. (B) Rats were heated at 428C for 40 minutes and allowed to recover at room temperature for 6 hours. Liver extracts
(10 mg of protein for heat shock cognate [Hsc] 70, Hsp70, dj1, dj2, Hsp90, Mn-superoxide dismutase [SOD], and Cu/Zn-SOD; 50 mg of
protein for dj3 and dj4) were subjected to immunoblot analysis for Hsc70, Hsp70, dj1, dj2, dj3, dj4, Hsp90, Mn-SOD, and Cu/Zn-SOD. Liver
extracts from untreated rats were used as control. Molecular weight markers are phosphorylase B (97.4 kDa), bovine serum albumin (66
kDa), ovalbumin (46 kDa), and trypsin inhibitor (21.5 kDa). (C) The results in (B) were quantified and are shown by means 6 SD (n 5 3).
Values without heat treatment are set at 100%, except for Hsp70, for which the value after heat treatment is set at 100%.
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sity. Specific pathogen–free male Wistar rats (160–190 g,
6 weeks of age) were given CCl4 intraperitoneally (Wako
Pure Chemical Industries, Osaka, Japan) after it had been
dissolved in olive oil (1 mL total volume). For heat treat-
ment, rats were placed in a temperature-controlled water
bath to maintain the rectal temperature at 428C for 40
minutes with the rats under anesthetization with thio-
pental (50 mg/kg body weight, intraperitoneally). Rats
were killed by cutting abdominal aorta and inferior vena
cava under anesthetization with thiopental.

Measurement of serum alanine aminotransferase
activity

Blood samples were obtained from the inferior vena cava,
then centrifuged at 500 3 g for 20 minutes. The serum
fractions were used for the measurement of enzyme ac-
tivity. Alanine aminotransferase (ALT) activity was mea-
sured using the GPT UV Test Wako kit (Wako Pure
Chemical Industries) according to the protocol provided
by the manufacturer.

Northern blot analysis

Total ribonucleic acid (RNA) from rat liver was prepared
according to the acid guanidium thiocyanate-phenol-
chloroform extraction procedure (Chomczynski and Sac-
chi 1987). The RNAs (2.25 mg) were electrophoresed in
denaturing formaldehyde-containing agarose (1%) gels
and transferred to nylon membranes. Hybridization was
performed using digoxigenin (DIG)-labeled antisense
RNAs as probes. DIG-labeled antisense RNA probes were
synthesized using a DIG RNA labeling kit (Roche Molec-
ular Biochemicals, Indianapolis, IN, USA) with comple-
mentary deoxyribonucleic acid templates for Hsc70 (nt
1630-1979; GenBank accession number M19141), Hsp70
(nt 2894-3911; GenBank accession number X74271), dj1
(nt 226-775; GenBank accession number AB028272), dj2
(nt 390-989; GenBank accession number U53922), dj3 (nt
336-991; GenBank accession number U95727), and dj4 (nt
4-1315; GenBank accession number AB032401). Chemi-
luminescence signals derived from hybridized probes
were detected using a DIG luminescence detection kit
(Roche Molecular Biochemicals) and were quantified us-
ing a chemiluminescence image analyzer Las-1000 Plus
(Fuji Photo Film Co, Tokyo, Japan).

Immunoblot analysis

Rat liver was homogenized in lysis buffer (300 mM NaCl,
50 mM Tris-HCl, 1% Triton X-100, pH 7.5). After centri-
fugation, the supernatants served as tissue extracts. Im-
munoblot analysis was done as described (Oyadomari et
al 2001). Immunodetection was performed using an ECL

kit (Amersham Life Science, Buckinghamshire, UK), ac-
cording to the protocol provided by the manufacturer.
The chemiluminescence signals were quantified using
Las-1000 Plus.

RESULTS

Induction of cytosolic chaperone of Hsp70 and DnaJ
families in CCl4-treated rat liver

In preliminary experiments, we injected intraperitoneally
0.5, 1.0, and 2.0 mL/kg body weight of CCl4 into rats.
Next, we examined viability of animals and analyzed in-
duction of messenger RNAs (mRNAs) for Hsc70, Hsp70,
dj2, and dj3 in the liver 6 hours after injection (Fig 1A).
Rats injected with 2.0 mL/kg died within 6 hours; there-
fore, RNAs were measured 3 hours after injection. In con-
trol livers, mRNAs for Hsc70, dj2, and dj3 were ex-
pressed, whereas Hsp70 mRNA was not detected. All
mRNAs were markedly induced by CCl4 at 1.0 mL/kg
and further increased at 2.0 mL/kg. Similar induction of
mRNAs for Hsc70, Hsp70, and dj2 by CCl4 at 2.0 mL/kg
at 3 hours was observed, whereas dj3 mRNA was more
strongly induced than the level at 1.0 mL/kg at 6 hours.
Thus, CCl4 at 1.0 mL/kg was used in the following ex-
periments.

ALT catalyzes the reversible transamination between
alanine and 2-oxoglutarate to form pyruvate and gluta-
mate. Serum ALT activity is used as an index of hepato-
cyte destruction. Time course of serum ALT activity was
measured as the marker of liver damage under these con-
ditions (Fig 1B). Serum ALT activity began to increase 6
hours after CCl4 injection, reached a maximum at 12
hours, and then decreased. These results show that de-
struction of hepatocytes is most severe from 6 to 12 hours
after CCl4 injection.

Figure 2 shows the time courses of induction of
mRNAs for Hsc70, Hsp70, dj1, dj2, dj3, and dj4 in the
liver of CCl4-injected rats. Hsc70 mRNA began to in-
crease at 3 hours after treatment, reached a maximum at
6 hours, then decreased, and returned to a control level
at 48 hours. This marked induction of Hsc70 mRNA is
noteworthy because such induction has not been reported
in any other stress conditions. Hsp70 mRNA began to
increase at 3 hours after treatment, reached a maximum
at 6 hours, markedly decreased at 12 hours, and was not
detectable at 24 hours. The time course for the induction
of dj1 and dj2 mRNAs was similar to that of Hsp70.
mRNAs for dj3 and dj4 began to increase at 3 hours after
injection and reached a maximum at 6 hours like Hsp70
mRNA but decreased more slowly than Hsp70 mRNA.

Figure 3 shows the time course for induction of Hsc70,
Hsp70, dj1, dj2, dj3, and dj4 proteins in the liver of CCl4-
treated rats. Hsc70 protein, which was expressed before
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Fig 5. Induction of heat shock protein (Hsp) 70 and DnaJ chaperones in the carbon tetrachloride (CCl4)-treated rat liver with heat pretreat-
ment. (A) and (C) Rats were heated at 428C for 40 minutes and allowed to recover at room temperature for 6 hours or not heat treated.
Next, CCl4 was given intraperitoneally or not given. After 12 hours (A) or 24 hours (C), liver extracts (10 mg of protein for heat shock cognate
[Hsc] 70, Hsp70, dj1, dj2, Hsp90, Mn-superoxide dismutase [SOD], and Cu/Zn-SOD; 50 mg of protein for dj3 and dj4) were subjected to
immunoblot analysis for Hsc70, Hsp70, dj1, dj2, dj3, dj4, Hsp90, Mn-SOD, and Cu/Zn-SOD. Molecular weight markers are phosphorylase B
(97.4 kDa), bovine serum albumin (66 kDa), ovalbumin (46 kDa), and trypsin inhibitor (21.5 kDa). (B) and (D) The results of CCl4-treated
rats with or without heat treatment in (A) and (C) were quantified and are shown as means 6 SD (n 5 3), respectively. Maximal values of
CCl4-treated rats without heat treatment are set at 100%. (E) Rats were heated at 428C for 40 minutes and allowed to recover at room
temperature for 6 hours (filled circle) or not heat treated (open circle). Then, CCl4 was injected intraperitoneally. At indicated times after CCI4

(1.0 mL/kg injection, serum ALT activity was measured, and the results are shown as means 6 SE (n 5 3). ALT, alanine aminotransferase.
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Fig 5. Continued.
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the treatment, began to increase at 3 hours, and then in-
creased gradually. On the other hand, Hsp70 protein,
which was undetectable before treatment, began to in-
crease at 6 hours after treatment, reached a maximum at
12 hours, and then decreased sharply. dj1, dj2, and dj4
proteins, which were detectable at low levels before treat-
ment, began to increase at 6 hours, reached a maximum
at 12 hours, decreased gradually thereafter, and then
reached a control level at 48 hours. dj3 protein, which was
detectable at low levels before treatment, was weakly in-
duced up to 48 hours. AL protein, which was used as
control, remained little changed by the CCl4 treatment.
These results show that CCl4 treatment induces all mem-
bers of cytosolic Hsp70 and DnaJ families in rat liver.
Among these members, Hsp70 and dj1 were induced
strongly, dj2 and dj4 moderately, and Hsc70 and dj3
weakly. For reasons unknown, inductions of Hsc70, dj1,
dj2, and dj4 proteins (about 1.7-, 6.2-, 2.0-, and 2.3-fold,
respectively) were much lower than those of respective
mRNAs (about 5.1-, 28.7-, 11.9-, and 22.2-fold, respective-
ly). This discrepancy may be due to the decrease in trans-
lation of their mRNAs or to an increase in degradation of
these proteins after CCl4 treatment.

Heat pretreatment induces Hsps in rat liver and
prevents CCl4-induced liver damage

Hsp70 or Hsp70-DnaJ chaperone pairs protect cells from
various stresses. We speculated that Hsp70 and DnaJ
chaperones are induced by CCl4 to protect hepatocytes
from CCl4-induced damage. We then speculated that
Hsp70-DnaJ chaperone pairs induced before CCl4 treat-
ment will suppress liver damage. To test this, we exam-
ined the effect of heat pretreatment of rats on CCl4-in-
duced liver damage. Figure 4A shows induction of Hsp70
in the liver by whole-body heat treatment of rats. Animals
were heat treated for 20, 40, or 60 minutes at 428C and
then allowed to recover for 6 hours at room temperature.
Hsp70 was induced weakly by treatment for 20 minutes,
strongly by treatment for 40 minutes, and less strongly
by treatment for 60 minutes. The induction by 40-minute
treatment was higher than that at 12 hours after CCl4

treatment. Thus, heat pretreatment for 40 minutes was
used in the following experiments.

Induction of chaperones by heat treatment is shown in
Figure 4B,C. Hsp70 was induced markedly, dj1 and dj4
moderately. Hsc70, dj2, and dj3 were not induced. Hsp90
is 1 of the major mammalian cytosolic molecular chap-
erones, and its antiapoptotic effects have been reported
(Pandey et al 2000; Garrido et al 2001). Hsp90 was in-
duced moderately by heat treatment (Fig 4B).

Antioxidant activities are closely related with CCl4-in-
duced lipid peroxidation (Wolfgang et al 1990; Sato et al
1995). SOD is 1 of the important intracellular antioxidant

enzymes. Schiaffonati and Tiberio (1997) reported that
Mn-SOD and Cu/Zn-SOD are induced by CCl4 treatment
in rat liver, as well as Hsp70s. However, these enzymes
were not induced by heat treatment (Fig 4B).

To examine the effect of preinduced chaperones before
CCl4 injection, rats were heat-pretreated and then sub-
jected to CCl4 treatment. Levels of chaperones in heat-
pretreated and untreated animals 12 and 24 hours after
CCl4 injection are shown in Figure 5A–D. Levels of all
chaperones including Hsc70, Hsp70, dj1, dj2, dj3, dj4, and
Hsp90 were similar between heat-treated and untreated
animals, except that dj4 was higher in heat-pretreated an-
imals 24 hours after CCl4 treatment. Levels of Mn-SOD
and Cu/Zn-SOD proteins were similar between heat-
treated and untreated animals. Those levels were also
similar to the levels in heat-treated animals.

Histopathological studies of rat liver after CCl4 treat-
ment showed little difference between with and without
heat pretreatment (data not shown).

Figure 5E shows the effect of heat pretreatment on se-
rum ALT activity. Increase in ALT activity was sup-
pressed by heat pretreatment by about 53% at 12 hours
after CCl4 treatment and by about 66% at 24 hours. Be-
cause levels of chaperones in heat-untreated and heat-pre-
treated animals were similar at 12 and 24 hours after CCl4

treatment, these results suggest that chaperones prein-
duced by heat pretreatment protect hepatocytes from
CCl4-induced damage at early stages of CCl4 treatment.
These results also suggest that Hsp70 and DnaJ chaper-
ones are induced in rat liver by CCl4 treatment to protect
hepatocytes from CCl4-induced damage.

DISCUSSION

The mechanism of cytoprotection by Hsp70 is generally
explained by the notion that Hsp70 binds to damaged
and misfolded proteins and facilitates refolding or targets
severely damaged proteins for degradation (Kampinga
1993; Stege et al 1994; Samali and Orrenius 1998). Hsp70
protects cells from various stresses, including apoptosis-
inducing stresses and agents, such as oxidative stress, ni-
tric oxide, tumor necrosis factor, anticancer drugs, cer-
amide, and radiation (Samali and Orrenius 1998). In he-
patocytes, Hsp70 was reported to protect cells from tu-
mor necrosis factor–a, prostaglandin, hydrogen peroxide,
ethanol, or ultraviolet C (Kim et al 1997; Ahn et al 1998;
Chen et al 1999; Ikeyama et al 2001). Although antiapop-
totic effects of Hsp70 have been repeatedly reported, re-
lated mechanisms are unclear. Polla et al (1996) reported
that Hsp70 provides antiapoptotic effects upstream of the
intrinsic pathway by blocking the effect of factors to in-
duce cytochrome c release. In contrast, Jäättelä et al (1998)
suggested that the site of Hsp70 action is downstream of
caspase-3 activation in tumor necrosis factor-a–induced
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apoptosis. Using in vitro systems, Hsp70 was reported to
prevent formation of functional apoptosome (Beere et al
2000). In heat-induced cell death, Hsp70 was reported to
inhibit the activation of stress-activated protein kinase c-
Jun N-terminal kinase and processing of procaspase-3
(Mosser et al 1997).

Shi et al (1998) reported that apoptosis in the rat liver
was observed histochemically after CCl4 administration.
Sun et al (2001) reported that the activity of caspase-3
was increased in the rat liver and plasma after CCl4 ad-
ministration. Schiaffonati and Tiberio (1997) reported that
Hsp70 is induced in acute liver damage by CCl4 and that
heat shock transcription factor is activated. In this study,
we found that not only Hsp70 but also Hsc70 and DnaJ
homologs are induced in CCl4-treated rat liver. Induction
of Hsc70 is notable because it is known to be little in-
duced by various stresses. All these chaperones are in-
duced through similar kinetics, and it is likely that these
chaperones are induced by activation of a heat shock tran-
scription factor. If this is indeed the case, it remains to be
elucidated how CCl4 activates heat shock transcription
factor.

DnaJ family members are known to function as co-
chaperones by stimulating adenosine triphosphatase ac-
tivity of Hsp70 in protein folding (Bukau and Horwich
1998; Kelley 1998; Terada and Mori 2000). We found that
dj1 or dj2 is essential for the antiapoptotic function of
Hsp70 and that the Hsp70-DnaJ chaperone pairs exert
antiapoptotic effects upstream of cytochrome c release
from mitochondria in nitric oxide–induced apoptosis
(Gotoh et al 2001). However, the precise mechanism of
how the DnaJ homolog cooperates with Hsp70 to protect
cells from apoptosis is unknown. Further studies are
needed to elucidate how Hsp70-DnaJ chaperone pairs
prevent liver damage caused by CCl4. We also showed
that Hsp90 is moderately induced by heat pretreatment.
Therefore, Hsp90 may also be involved in the protection
against CCl4-induced liver damage. Salminen et al (1997)
reported that Hsp induction did not afford protection
from CCl4 hepatotoxicity in mice. Whether this difference
is due to species difference or to other factor(s) is not
known.

Our results show that Mn-SOD and Cu/Zn-SOD are
not induced by either heat-treatment or CCl4 treatment.
This agrees with the previous report that SOD activity is
not induced in mouse liver by whole-body hyperthermia
(King et al 2002). Although Schiaffonati and Tiberio
(1997) reported that Mn-SOD and Cu/Zn-SOD mRNAs
are induced in rat liver around 24 hours after CCl4 treat-
ment, this induction is much later than when the liver
damage occurs (Fig 1B). These results suggest that SOD
is not important in the protection of CCl4-induced liver
damage.

Clinically, liver injury caused by drugs and toxins is

most common disease. Although severe liver injury is oc-
casionally lethal, an effective therapy has not been estab-
lished, except for liver transplantation. Induction of
Hsp70-DnaJ chaperone pairs may eventually prove ther-
apeutic for liver injury. Development of efficient and safe
procedures to induce Hsp70-DnaJ chaperone pairs is
waited.
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