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Different Responses in Brain Regions upon Heat Shock 
in Adult Zebrafish (Danio rerio)
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ABSTRACT : HSP70 has widely been induced in in vivo hyperthermia conditions in various organisms to study gene 
regulation and recently neuroprotectve roles of the induced gene expression under varying conditions. We investigated 
different responses among various tissues in zebrafish under heat shock to evaluate whether spatial and temporal expression 
pattern of zebrafish (z) hsp70 in transcriptional and translational level under heat shock stress in different brain regions. 
Heat shock groups were given for 1 h at 37℃ after recovery by transferring the treated animals back to 28℃ for 1, 2 
and 24 h for recovery, respectively. Control (CTRL) group was kept at 28℃. At the end of treatments, five animals were 
collected and used for isolation of total RNAs and peptides from the corresponding tissues. Expression of zhsp70 mRNA 
showed different patterns in recovery periods in the tissues including the brain, eye, intestines, muscles, heart and testis 
by RT-PCR. Unlike the RT-PCR analysis, Northern blot analysis demonstrated nearly 30-fold increase in zhsp70 at 1 h 
heat shock, suggesting that RT-PCR may not be appropriate in unmasking regulation of the time-dependent zhsp70 
expression. In the experiment involving different brain regions, the cerebellum showed gradual activation at 1 h to R1h 
and decreases in R2h and R24h, while the medulla oblongata and optic tectum showed gradual increase at R1h and decrease 
at R24h, indicating that different brain tissues respond specifically to heat shock in inducing zhsp70 and recovering from 
the heat shock status. Western blot analysis also demonstrated that the intracellular levels of zHSP70 in three different brain 
regions including the cerebellum, medulla oblongata and optic tectum are differently induced and recovered to normal state. 
These results clearly demonstrate that different regions of the body and the brain tissues are responding differently to heat 
shock in the aspects of its level of expression and speed of recovery. 
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INTRODUCTION

Heat shock among many other sources of stress to orga-
nisms triggers a cellular program called the heat shock res-
ponse, i.e. elevated expression of specific classes of pro-
teins known as heat shock proteins (HSPs). HSPs are asso-
ciated with many cellular processes including protein syn-
thesis, folding and translocation as well as assembly of 
larger protein complexes, all of which can be impaired 
upon under the stress (Lindquist & Craig, 1988). HSP70 
has widely been induced in in vivo hyperthermia condi-

tions in the brain tissues including the oligodendrocytes of 
white and gray matter, astrocytes and microglia (Li et al., 
1992; McCabe & Simon, 1993). The expression of hyper-
thermic hsp70 mRNA appears in the rabbit brain where 
hsp70 mRNA was expressed in oligodendrocytes and micro-
glia, but not in GFAP-positive astrocytes of the forebrain 
white matter (Foster & Brown, 1997). However, even a 
strong expression of hsp70 mRNA following heat stress 
could be dampened at the translational level (Krueger et 
al., 1999). The roles of the induced hsp70 have been 
reported by demonstrating that neuronal injury is markedly 
reduced after ischemic injury in rat brain (Tsuchiya et al., 
2003; Yenari et al., 2005), and that hsp70 protects from 
the injury caused by strokes through anti-inflammatory 
responses (Zheng et al., 2008).
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The aim of the study is to evaluate whether spatial and 
temporal expression pattern of zebrafish (z) hsp70 in tran-
scriptional and post-tranlational level under heat shock 
stress in different brain regions, we tried to northern blot 
and western blot. And, to determine response of heat 
shock in zebrafish tissues, zhsp70 mRNA levels analyzed 
using semi-quantitative analysis, RT-PCR.  

MATERIALS AND METHODS

1. Heat Shock
Zebrafish, Danio rerio, were purchased from a local 

aquarium store and allowed to acclimatize for 1 month 
prior to exposure to stress. They were kept in a light- and 
temperature-controlled facility and maintained at optimal 
breeding conditions (Westerfield, 2000). To subject to heat 
shock stress, each group of adult fish were placed in 10 ℓ 
of aquarium that was pre-warmed at 37℃ in a water bath. 
Heat shock groups were given for 1 h at 37℃ after 
recovery by placing the treated animals back to 28℃ for 
1, 2 and 24 h for recovery, respectively. Control (CTRL) 
group was kept at 28℃. At each sampling, five fish per 
treatment were removed from their tanks and all tissues 
were immediately frozen at liquid nitrogen gas. Samples 
were collected and analyzed from three independent ex-
periments.

2. Quantitative RT-PCR Analysis
Total RNA was purified using standard procedures (TRIzol 

Reagent, Invitrogen, Carlsbad, CA, USA) from various 
tissues at adult zebrafish. Synthesis of cDNA was perform-
ed with 2 ㎍ of total RNA isolated from various tissues 
(brain, eye, intestines, heart, liver, muscles, ovary and testis) 
at 42℃ for 45 min with oligo dT primers (Invitrogen, Carlsbad, 
CA, USA) and AMV reverse transcriptase (Promega, Madi-
son, WI, USA). The forward and the reverse primers used 
for RT-PCR analysis include: 5'-atcctgaccattgaagtcgg-3' 
and 5'-tgttcagttctctgccgttg-3' for zebrafish hsp70 (457 bp); 
5'-ttgctgatccacatctgctg-3' and 5'-gacaggatgcagaaggagat-3' for 

zebrafish β-actin (180 bp). The reaction mixture was first 
heated to 95℃ for 5 min, and 30 cycles of PCR were 
performed with denaturation at 95℃ for 30 sec, annealing 
at 55℃ for 30 sec and elongation at 72℃ for 45 sec. All 
semi-quantitative RT-PCR analysis has performed by the 
drop-PCR. β-Actin was performed from 10 cycle and 30 
cycles for zhsp70 were done in the same way. After PCR, 
the reaction mixtures were kept at 72℃ for 15 min. Finally, 
the contents of PCR mixtures were electrophoresed on a 
1.2% agarose gel and ethidium bromide-stained DNA band 
intensities were quantitated by densitometric analysis with 
an image documentation system (Amersham, USA).

3. Western Blot Analysis
A 30 ㎍ sample of whole cell extract was separated on 

a 10% SDS-PAGE gel and subsequently, the separated 
proteins were transferred to nitrocellulose membranes using 
an electrotransfer kit (Bio-Rad, CA, USA). The mem-
branes were blocked for 2h in 5% nonfat dry milk and 10 
㎎/㎖ BSA in 0.02 M Tris-HCl, 0.5 M NaCl, pH 7.5 
(TBST) with 0.1% Tween 20. Immunoreaction was per-
formed using three monoclonal mouse anti-HSP70 anti-
bodies, 3A3 (1:50,000, Affinity Bioreagent, Golden, CO, 
USA) with TBST. The membranes were washed five times 
for 10 min each with TBST. After washing with TBST, 
the blots were incubated for 1 h with affinity- purified 
goat anti-mouse (A9316, Sigma) conjugated with alkaline 
phosphatase diluted 1:5000 with TBST, washed five times 
for 10 min each with TBST. Immunoreactivity was visu-
alized using nitroblue tetrazolium chloride (NBT, at 340 
㎍/㎖) and 5-bromo-4-chloro-3-indolyl phosphate (BCIP, 
175 ㎍/㎖). The immunoreactivities of HSP70 were quantified 
using an loading control peptide with an anti-β-actin 
antibody (1:10,000 dilution, A5541, Sigma).

RESULTS

To determine response of heat shock in zebrafish tissues, 
zhsp70 mRNA levels analyzed using semi-quantitative 
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RT- PCR. After heat shock, heat shock responses showed 
sharp increases among the different tissues examined. 
Although there were different levels of zhsp70 expression 
induced after heat shock, the brain, eye, and intestines 
showed highly increased zhsp70 mRNA level, when 
compared with the rest of tissues. The muscle, heart, liver 
and testis also showed increased level of zhsp70 ex-
pression, although the response of heat shock was rather 
intermediate in the ovary (Fig. 1). Expression of zhsp70 
mRNA showed different patterns in recovery periods. The 
brain, eye and intestines showed slight decrease in R1h. In 
the meantime the muscles, heart and testis showed pro-
longed expression of zhsp70 mRNA upto R2h. Especially, 
the expression almost disappeared in the intestines at R2h. 
Liver showed gradual increase up to R1h, and then rapidly 
decreased at R2h. In case of ovary, heat shock response of 
zhsp70 mRNA was comparatively low, as compared with 
the rest of tissues, and rapidly decreased at R1h. Thus, 
depending on the tissue the intensity of heat shock 
response and recovery to normal state were varies. 

Since we focused on the induction of zhsp70 mRNA in 
the brain tissue, we evaluated whether spatial and temporal 
expression pattern of zhsp70 at transcriptional level with-
out RT-PCR to verify the mRNA amount newly made 
upon heat shock and during recovery to normal tempe-
rature. Fig. 2 summarizes the marked induction of zhsp70 
transcripts after heat shock. About 99-fold of increase in 
the zhsp70 expression level was noticed in whole brain 
tissues (Fig. 2B). Among the induced amount of mRNAs, 
only one third (36.4-fold) remained after 1 h recovery. Al-
though the amounts of mRNA rapidly decreased at 2 and 
24 h recovery, they were still 8- and 2.6-folds of control 
expression level, respectively. 

To define any different heat shock response among the 
brain tissues, adjacent regions including the cerebellum, 
the medulla oblongata and the optic tectum of the brain 
were isolated, and separately analyzed for zhsp70 by 
RT-PCR (Fig. 3A). The gradual decrease of zhsp70 expre-
ssion was found similarly in all brain regions after the 

explosive induction of 1h heat shock. However. the levels 
of zhsp70 expression decreased about 3- and 2-folds at 1 
and 2h recovery at normal temperature, respectively (Fig. 
3B). 

To demonstrate zHSP70 expression at translational level, 
we analyzed zHSP70 peptide expressions in different regions 
of the brain including the cerebellum, the medulla oblon-
gata and the optic tectum by Western blot. Unlike zhsp70 
mRNA expression, all the brain tissues showed ubiquitous 
expressions of zHSP70 in the control lanes. During 1h of 
heat shock, the increases in the level of zHSP70 expre-
ssion were found, but the delayed increase of zHSP70 
expression was noticed in the recovery of 1h at normal 
temperature. This delayed zHSP70 expression continued 
up to 24 h of recovery in the cerebellum. The explosive 
zHSP70 expression was induced in whole brain after 1h 
heat shock (Fig. 4A). However, the levels of zHSP70 
expression decreased very slowly unlike the levels of 
mRNA.

We analyzed the intracellular levels of zHSP70 under 
heat shock in three different brain regions. Cerebellum was 
gradually activated from 1h to R1h and decreased in R2h 
and R24h. medulla oblongata and optic tectum were gra-
dually increased to R1h and gradually decreased to R24h. 
Although zHSP70 was different from degree, zHSP70 
existed with basically level in control of all regions. 
Despite that RT-PCR directly showed the absence of heat 
shock inducible zhsp70 mRNA transcript in control when 
a large amount of zHSP70 was spontaneously synthesized, 
there existed a possibility. zHSP70 was detected in all 
tissues at 72 kDa. β-Actin protein was used as a loading 
control (43 kDa). From these results, we found that in 
brain, it showed similar responses to zHSP70 in brain 
regions like transcriptional levels. Maroni et al. (2003) 
reported that hyperthermia caused HSF activation and the 
induction of hsp70 mRNA and protein to a greater extent 
in the cerebellum than in the hippocampus. Northern blot 
analysis indicated that the increase in zhsp70 mRNA 
levels in the cerebellum was more prompt and greater than 
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in the hippocampus. However, the increase in zhsp70 
mRNA led to a slight increase in zHSP70 protein levels in 
the cerebellum and the hippocampus, as demonstrated by 
our Western blot analysis, too.

DISCUSSION

Hyperthermia refers to a higher than normal body tem-
perature with the induction of a characteristic cellular heat 
shock response and the induction of the HSP interrupting 
and altering the physiological homeostatic mechanisms of 
the cell and body (Walsh et al., 1997). Studies on early 
embryos demonstrated that post-blastula stage embryos 
maintained at 28.5℃ (control temperature) first exhibit 
inducible hsp47, hsp70 and hsp90 mRNA accumulation 
following one hour heat shock at 34℃ with maximum 
induction occurring at 37℃ (Krone & Sass, 1994; Pearson 
et al., 1996; Sass et al., 1996). In the adult fish, heat shock 
(25℃) of 10℃ acclimation in rainbow trout led to in-
creases in hsp70 mRNA in blood, brain, heart, liver, red 
and white muscle with level in blood being amongst the 

Fig. 1. Time-course zhsp70 mRNA expressions in various tissues of zebrafish revealed by RT-PCR during and after heat shock.
Among the tissues examined there were specific differences in their heat shock responses. For example, the intestines and the 
liver recovered more quickly than the rest did during recovery periods. The induction of zhsp70 was weaker in the ovary than
the testes, and the recovery in the testes was far slower than the ovary. CTRL, no heat shock; HS, 1h heat shock, and R1h 
and R2h, recovery for 1h and 2 h after 1h of heat shock treatment, respectively. Five adult male and female zebrafish were 
treated for heat shock for 1 h. At each time point, corresponding tissues were collected from 5 zebrafish, analyzed for mRNA
expression by RT-PCR after total RNA isolation. A representative pattern of RT-PCR result is presented from three replicate
experiments.

highest. Hsp30 mRNA is also increased with heat shock in 
all tissues with the exception of blood (Currie et al., 2000).

Our study indicates a tissues-specific pattern of zhsp70 
mRNA expression in the zebrafish tissues during both heat 
shock and recovery periods. And, the modulation of zhsp70 
mRNA against heat shock was dramatically activated after 
heat shock. The brain, eye, intestines, liver and testis 
exhibited highest increase. And the other tissues also show-
ed induced expression of zhsp70 mRNA high, although 
the level is not much as those of the above-mentioned 
tissues. There is also different degree of recovery responses 
when compared the intensities of RT-PCR results at R1h 
and R2h, suggesting different responses among the tissues. 

Similar increases in zHSP70 expression have been 
shown in non-mammalian species, including the rainbow 
trout (Iwama et al., 1998). Lele et al. (1999) have examin-
ed differences in the spatial and temporal regulation of 
stress-induced hsp47 and hsp70 gene expression following 
exposure of zebrafish embryos to heat shock. Using 
Northern blot analysis, they also found that levels of hsp47 
and hsp70 mRNA were dramatically elevated during heat 



Dev. Reprod. Vol. 13, No. 3 (2009) Hsp70 Induction in Brain Regions of Zebrafish 203

shock in 2-day-old embryos (Lele et al., 1999). However, 
as our result demonstrated, Northern blot result diffe-
rentiates the expression levels of induced zhsp70 and the 
expression levels of recovery at even R1h in the brain 
tissues (Fig. 2) from those of RT-PCR results (brain tissues 
in Fig. 1). Therefore, the interpretation of the RT-PCR 
result should take careful consideration due to the ex-
ponential amplification of extremely little gene expressed. 

In the experiments involving different regions of the

Fig. 2. Northern blot analysis of zhsp70 mRNA expressions
in whole brain tissues. Twenty mg of total RNAs were
loaded in each lane. The RNAs were transferred to a 
nitrocellulose membrane, followed by hybridization with
a specific probe for zhsp70. The image was obtained by
exposing an X-ray film using anti-Dig antibody and sub-
sequently alkaline phosphatase reaction. The explosive 
zhsp70 expression was induce in whole brain after 1h 
heat shock (A). However. the levels of zhsp70 expre-
ssion decreased about 3- and 10-fold at 1 and 2 h recovery
at normal temperature, respectively. Total RNA shows the
amounts of loading sample. The semi-quantitations revealed
dramatic induction and decreases during recovery from 
the heat shock (B). CTRL, no heat shock; HS, 1h heat
shock, and R1h, R3h and R24h, recovery for 1, 2 and 24 h
after 1 h of heat shock treatment, respectively. A repre-
sentative expression pattern of zhsp70 mRNA in whole
brain obtained from three replicate experiments.

brain, there is a region-specific recovery in particular at 
R24h, although the difference is much less than those 
shown in Fig. 1. As reported for hsp70 mRNA, hsp70 
protein reached higher levels in the cerebellum than in the 
hippocampus (Maroni et al., 2003). In the present study, 
zHSP70 expression was relatively high in the brain and 
different brain regions under control as well as after 1h 
heat shock. These results correlate well with studies examin-
ing stress protein expression in various species where 
tissue- and stress-specific responses have been demon-
strated (Airaksinen et al., 1998; Menzerra et al., 1997).

Exposing tissues to elevated temperatures has been

Fig. 3. RT-PCR analysis of zhsp70 mRNA expressions in 
different regions of the brain. The gradual decrease of
zhsp70 expression was found in whole brain after the 
explosive induction of 1h heat shock (A). However, the
levels of zhsp70 expression decreased about 3- and 2- 
folds at 1 and 2 h recovery at normal temperature, re-
spectively. Total RNA shows the amounts of loading sam-
ple. The semi-quantitations revealed dramatic induction 
and decreases during recovery from the heat shock (B).
CTRL, no heat shock; HS, 1 h heat shock, and R1h and
R2h, recovery for 1h and 2 h after 1 h of heat shock 
treatment, respectively. Each brain region was dissected
out for isolation of total RNAs, followed by RT-PCR 
analysis for mRNA expression at different time points
to reveal different expression patterns of zhsp70 mRNA.
A representative pattern of RT-PCR result is presented
from three replicate experiments.
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shown to induce HSPs in almost all organisms examined 
to date (Morimoto et al., 1997). In this study, it was 
shown that zebrafish are no exception, as an ambient 
temperature increase from 28℃ to 37℃ induced HSP70 
expression in various tissues of the zebrafish examined. 
Airaksinen et al. (1998) also demonstrated that a tem-
perature increase from 18℃ to 26℃ induced the synthesis 
of 67 kDa and 69 kDa proteins (members of the Hsp70 
family of stress proteins) in cultured Oncorhynchus mykiss 
hepatocytes, gill epithelial cells and gonadal fibroblasts. In 

Fig. 4. Western blot analysis of zHSP70 peptide expressions
in different regions of the brain including the cerebellum,
the medulla oblongata and the optic tectum. Each brain
region was dissected out for extraction of cellular proteins,
followed by SDS-PAGE and Western blotting at different
time points to reveal different expression patterns of 
zHSP70 peptide expression. All the brain tissues showed
ubiquitous expressions of zHSP70 in the control lanes. 
During 1h of heat shock, the increased expression levels
of zHSP70 are found, but the delayed increase of zHSP70
expression is also noticed in the recovery of 1 h at nor-
mal temperature. This delayed zHSP70 expression continued
up to 24 h of recovery in the cerebellum. The elevated
zhsp70 expression was induced in whole brain after 1
h heat shock (A). The semi-quantitations revealed dramatic
induction and decreases during recovery from the heat 
shock (B). CTRL, no heat shock; HS, 1h heat shock, and
R1h and R2h, recovery for 1 h and 2 h after 1 h of heat
shock treatment, respectively. 

mammalian species, heat shock also results in induction of 
Hsp70 proteins (Bechtold et al., 2000).

From the results obtained in this study, the level of 
zhsp70mRNA increases markedly after the heat shock in 
different tissues. Adult brain regions respond differently in 
their recovery of zhsp70 back to normal state. This was 
clearly demonstrated in the analysis of zHSP70 expression 
in different regions of the brain tissues in its level of 
expression and speed of recovery. This may reflect the 
position and size of the regional tissues in the brain. 
Further investigation of distributions of the mRNA and 
peptide should provide more understanding of vulnerabi-
lity and neuroprotection from hyperthermic stress.
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