
Iranian Journal of Fisheries Sciences                        18(4) 1014-1024                                                   2019        

DOI: 10.22092/ijfs.2018.116979                         

Effect of enviromental temperature on heat shock proteins 

(HSP30, HSP70, HSP90) and IGF-I mRNA expression in 

Sparus aurata  

 

 

Bildik A.
1*

; Asıcı Ekren G.S.
1
; Akdeniz G.

2
; Kıral F.

1
 

 

Received: October 2016                           Accepted: April 2017  

 

Abstract 

Ambient temperature is one of the most important environmental factors affecting 

physiological mechanisms and biochemical reactions of living organisms. Thus the 

effect of ambient temperature on HSPs and IGF-I gene expression levels in the liver 

and muscle tissues of Sparus aurata were investigated in this research. The levels of 

HSPs, and IGF-I gene expression of the liver and muscle of Sparus aurata were 

analyzed in by qRT-PCR. The experiment was done   in July (27 
◦
C) and  January 

(18
◦
C). HSP70 mRNA relative expression levels in the muscle on January were 

significantly higher than July (approximately 1.7 fold), whereas HSP30 gene 

expression in the liver on July was increased by 2.0 fold (p<0.05). Transcription of 

other heat shock proteins and IGF-I were not affected by water temperature changing. 

The HSP findings of the research show that these proteins are important and sensitive 

in the average adaptation.  
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Introduction 

The biology of fish is affected by various 

environmental stressors such as water 

temperature, dissolved oxygen, salinity 

which control their existence (vital 

activities), the aquatic environment and the 

poikilotherm’s inability to control its 

temperature. Therefore, fish are an 

available model to study the results of 

thermic stress in the whole organism for 

both short and long time scales. 

Temperature is an important factor 

changing their biogeographic circulation 

during evolutionary time. At that, daily 

and seasonal temperature variations have a 

significant influence on the living of 

individual fish (Kelly et al., 2000; Basu et 

al., 2002). Regulation of gene expression 

constitutes the main component of the 

aquatic organisms` response to stress 

factors such as temperature. Stress proteins 

are collectively the only one of the 

molecular mechanisms that fish utilized to 

tolerate stress, and these proteins have 

pleiotropic effects, connecting with 

multiple systems in various ways regulated 

by the endocrine system (Kayhan and 

Atasayar, 2010).  HSPs play important 

physiological roles in cellular stress 

responces and a have critical function in 

the development of thermotolerance, are 

involved in many regulatory pathways, 

and protection from stress-induced cellular 

damages. The major heat shock genes in 

fish do not contain introns and so the 

mRNA can be directly translated into new 

proteins within minutes of exposure to 

stress  (Iwaws et al., 1998; Kregel, 2002).  

As a result, fishes are suggested an 

alternate and ideal model system to 

research the physiological, ecological, and 

evolutionary genomics of heat shock 

proteins (Basu et al., 2002).  

    Growth is regulated by the integration 

of environmental signals as food, 

photoperiod and temperature with 

neuroendocrine answers to the genetic 

code that essentially establish the 

organism’s structure. The insulin-like 

growth factors (IGFs) are fundamental 

elements of multiple processes controlling 

both growth and metabolism (Le Roith et 

al., 2001).  Acute changes in temperature 

and salinity induce different relations 

between IGF1 and growth but adaptation 

to permanent differences in environmental 

condition generally result in concordant 

relations. Generally, by distinguishing 

between fish in different physiological 

status and discriminating and classifying 

differences among habitat one may be 

effectively used IGF1 as a growth index 

for fishes (Beckman, 2011). There is good 

evidence showing that IGF-I played a 

major role in mediated pathways the 

growth-supporting effects of GH in 

ectotherms like teleost fish. Most studies 

of IGF-I in fish have focalized on 

identification of the fish IGF, measuring 

changes in IGF-I in blood and tissue IGF-I 

expression in response to varying 

nutritional conditions and season, and 

detecting control of IGF-I production by 

growth hormone and other endocrine 

factors, such as thyroid hormone ( Schmid 

et al., 2003; Carnevali et al,. 2005; 

Reinecke et al., 2005). We therefore 

investigated HSP30, HSP70, HSP90 and 

IGF-I gene expression response to 

temperature changing in the liver and 

white muscle of adult Sparus aurata. 
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Materials and methods 

Ten adult S. aurata, weighing about 700-

800 g, were obtained in January (water 

temperature, 18˚C) and July (water 

temperature, 27˚C) from the commercial 

fish farm in Turkey (6° 39' 33.2820'' N and 

29° 7' 34.8492'' E). The fish were 

dissected, and samples of the liver and 

white skeletal muscles from the dorsal side 

of the fish were removed. After removing, 

the tissue samples were immediately 

frozen in liquid nitrogen and stored at  - 

80˚C until being analyzed.  

 

RNA Isolation from tissues and cDNA 

synthesis: 

Total RNA was extracted from liver and 

muscle using commercial RNA isolation 

kit Roche, Germany Cat No. 

11667157001). One ml of TriPure 

isolation reagent per 50 to 100 mg was 

added onto the tissue sample. Samples 

were homogenized in Qiagen Tissuelys 

LTE (Germany) using steel beats at 4500 

rpm for 45 seconds. The cooled samples 

incubated 5 minutes at room temperature. 

Chloroform was added to 200 µl of each 

homogenized tissue, waited 5 minutes. 

Then, samples centrifuged at 12000 g for 

20 min at 4˚C and then 500 μl isopropanol 

added to 500 μl supernatant which 

containing RNA, incubated 10 min. 

Supernatants were centrifuged at 12000 g 

at 4˚C for 10 minutes, after removal the 

upper supernatant, 1 ml ethyl alcohol 75% 

was added to residue. Later, they were 

centrifuged at 7500 g at 4 ˚C for 5 

minutes; supernatants were eliminated, 

removed ethanol at 57˚C. Supernatants 

were re-suspended by sterile 

DNase/RNase free water, samples were 

stored at -80˚C until used. RNA 

concentrations were determined by optical 

density measurement at 260 and 280 nm. 

Purity assessed by the A260/280 nm ratio 

(1,733). 

     Following RNA isolation, cDNA 

synthesis was performed using Light 

Cycler Nano Real Time PCR for cDNA 

commercial kit (Roche Cat. No: 

04896866001). For complementary DNA 

synthesis, 1 μg of total RNA from each 

sample was added PCR into tubes 

containing 2 μl random hexamer primer 

and 6 μl dH2O. The reaction mix was 

incubated at 65˚C for 15 min. After that, 4 

μl reaction buffer, 0,5μl RNaz inhibitor, 2 

µl dNTP, 0,5 µl Transcriptor Reverse 

transcriptase was added to reaction mix. 

First- strand cDNA synthesis was allowed 

to proceed at 55˚C for 30 min, after which 

time the reaction was incubated at 85˚C for 

5 min.  

    Real-time RT-PCR analysis were 

performed using SYBR green qPCR 

Master Mix (Roche, Fast Start Essential 

DNA Green Master), according to the 

manufacturer’s procedure using a Light 

Cycler Nano Real Time PCR. All primers 

were synthesized by Genmar 

(Izmir/Turkey) and had the following 

sequences (Table 1).  

 

Table 1: Forward and reverse primer sequences of Sparus aurata β-actin, IGF-I, HSP30, HSP70 and 

HSP90 genes are shown. 

Gene Forward (5′→3′) Reverse (5′→3′) GenBank No 
β-actin CGACGGACAGGTCATCACCA AGAAGCATTTGCGGTGGACG AF384096.1 

IGF-I AGTGCGATGTGCTGTATC CAGCTCACAGCTTTGGAAG- EF563837.1 

HSP30 CCTCAGCCTGGACACTCAG CTGCCCACCTGTTTGACTG GU060312.1 

HSP70 AATGTTCTGCGCATCATCAA CCAACCTTTTTGTCCAATCC EU805481.1 
HSP90 GACCACCCCATTGTCGAG TCACAGCCTTGTCGTTCTTG DQ012949.1 
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β-actin (Santos et al., 1997) was also 

amplified in each assay as a control for 

using equal amounts of RNA in the RT-

PCR reaction (Table 2). Relative gene 

expression was calculated using a ∆∆Ct 

method (Haimes and Kelley, 2010). 

 

Table 2: Real Time PCR condition 

Temperature (ºC) 
Ramp rate 

( ºC s
-1

) 
Time (sec) 

Hold 

95 5 600 

Amplification (45 cycle) 

95 5 10 

55 4 10 

72 5 16 

Melting 

60 4 20 

95 0,1 20 

Hold 

40 5 40 

 

Statistical analysis  

Statistical analysis of the data was 

performed with a SPSS 15.0 software. 

Because the absence of normal distribution 

in normality test done, the significance 

between two means was determined by the 

non-parametric Mann– Whitney’s U-test. 

Descriptive statistics are given as median 

with lower (25th percentile) and upper 

(75th percentile) quartile. 

 

Results 

Expression of IGF-1 and HSPs  mRNA in 

the liver and white skelatal muscle of  

S.aurata  determined by RT-PCR. The 

relative mRNA expression levels of genes 

to β-Actin (housekeeping gene) is given in 

Fig. 1 a,b,c,d. When tissue samples taken 

from fish, the water temperature was 

measured 27 
◦
C in July and 18

◦
C in 

January. All sample/primer combination 

showed down regulation of gene 

expression to reference gene. Median 

values for July and June of HSP30, 

HSP70, HSP90 and IGF-I were 

statistically compared. Statistical analysis  

revealed a significant variation between 

different seasons for HSP70 and HSP30 

genes expression. HSP70 mRNA relative 

expression levels in the muscle on January 

were significantly higher than July 

(approximately 1.7 fold) (Fig. 1b), 

whereas HSP30 gene expression in the 

liver on July was increased by 2.0 fold 

(p<0.05) (Fig. 1a). However, in the liver 

and muscle, temperature changes did not 

affect transcription of IGF-I and HSP90 

genes (p>0,05) (Fig. 1c,d). The expression 

of HSP70 and HSP 30 genes showed 

temperature sensitivity and seasonal 

variation. 
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Figure 1: HSP30 (a), HSP70 (b),HSP90 (c) and IGF-I(d) relative  mRNA expression level in muscle and 

liver of Sparus aurata on January and July. 

 

Discussion 

Physiological processes, metabolism, 

growth and life of Ectothermic vertebrates 

such as fishes are under the influence of 

the ambient temperature. At the tolerance 

limits, every species has the most suitable 

temperature changing during its lifetime 

depending on its volume for its 

metabolism, feed consumption, and 

growth. Metabolic rate and growth of 

many temperate species slow down to 

adapt to long-term low temperature. In 

contrast, temperatures rising above the 

upper tolerance limit may cause more 
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rapid hazardous effects (Kullgren, 2011). 

GH-IGF-I system in fish and water 

products is accepted as a good indicator in 

terms of determining the growth 

performance and nutritional status. It was 

observed that growth and seasonal changes 

altered the expressions of hypophyseal 

hormones (Bhandari et al., 2003). 

    Gabillard et al. (2003) fed trout 

adlibitum for a period of 10 weeks in the 

environment of 8, 12 and 16˚C. The 

amounts of the liver mRNA and plasma 

IGF levels increased in parallel with the 

increase in temperature. A significant 

correlation between liver mRNA 

expression and plasma IGF was found. 

The muscle tissue findings in the 

researchers’ study showed that the 

autocrine/paracrine effect of IGF-I and 

IGF-II was not an important regulator in 

the growth stimulation with the effect of 

temperature.  

    Growth regulation in the adult Atlantic 

salmon was investigated in seawater at 13, 

15, 17 and 19˚C for 45 days. While no 

change was observed in the plasma IGF-I 

concentrations, IGFBP mRNA expressions 

increased in the fish raised at 17˚C and 

decreased in the fish raised at 19˚C. 

Muscle IGF-I mRNA expression 

decreased in the fish raised at 15, 17 and 

19˚C, but no change was detected in the 

liver IGF-I mRNA levels. The researchers 

argued that for Atlantic Salmon with a big 

muscle mass to adapt to long-term 

temperature exposure, decreased IGF-I and 

IGF-II mRNA levels mediated, in addition 

to GH-related lipolytic effects, and water 

temperature above 13˚C affected the 

growth of fish negatively (Hevrøy et al., 

2013). In the young mirror carps fed for 60 

days at 18, 23 and 28˚C water temperature, 

the IGF-I mRNA expression in the brain 

and liver, body weight and specific growth 

rate increased in linear with the 

temperature rises; on the 

contrary,hepatosomatic index and 

viscerosomatic index decreased. A positive 

correlation between the IGF-I mRNA 

levels and body weight and specific 

growth rate was found. Saera-Vila et al. 

(2007) determined that the liver IGF-I and 

GHR mRNA expression in the young gilt-

head breams (S. aurata) in summer months 

when water temperature was 20-30˚C was 

maximum. In contrast, IDF-II and GHRI 

were too much expressed in the muscle 

and fatty tissue during the winter months. 

Davis and Peterson (2006) found the 

plasma IGF levels of fish living at 25 and 

30˚C to be higher in young hybrid striped 

basses which were kept at 5, 10, 15, 20, 25 

and 30˚C for 5 days. Researchers noted 

that the fish kept at low temperatures 

consumed much more feed; they argued 

that the experimental findings could be a 

result of the temperature and feed 

interaction.   

     In this study, the IGF-I gene expression 

in muscle and the liver tissues of gilt-head 

breams did not show a significant change 

in January and July. In the studies carried 

out on trouts (Gabillard et al,. 2003), 

young gilt-head breams (Saera-Vila et al., 

2007), young mirror carps (Duan, 1997; 

Huang et al., 2015) young hybrid striped 

basses (Davis and  Peterson, 2006), it was 

observed that liver IGF-I mRNA amounts 

and plasma IGF levels increased in parallel 

with the temperature rises. These studies, 

in which IGF mRNA expressions 

increased with the temperature, are 

experimental studies, and young fish were 

used as the experimental group. No change 
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in the liver mRNA expression with the 

temperature was determined in the adult 

Atlantic salmon (Hevrøy et al., 2013), 

however,  it was found out that muscle 

IGF-I mRNA synthesis decreased. The 

liver findings of the current study are 

similar to the results of Hevrøy et al. 

(2013), however, different from the 

experimental studies, tissues of gilt-head 

breams living in the natural culture 

medium were used in this study. For this 

reason, the study results bear importance, 

as it is considered that IGF-I levels may be 

important in the adaptation of the fish to 

the environment they live in.  

     Almost every organism has a cellular 

mechanism to get protected from the 

harmful effect of heat stress through a 

special protein class, molecular chaperons 

or heat shock proteins (HSPs). Heat shock 

proteins (HSP) are a defence mechanism 

of organisms against stress preserved at a 

high rate in all organisms, which is 

induced by factors such as thermal shock 

like hyperthermia, UV, heavy metals, 

oxidants, oxidative stress, osmotic stress, 

temperature, exercise, metabolic change, 

ageing, extreme density of the population, 

aggression-competition between other fish 

species and individuals of the same 

species, and microorganisms (Iwaws et al., 

1998). Madeira et al. (2013) found that 

fish species gave different responses to the 

increase in the water temperature, and 

while the increase in temperature created 

oxidative stress in some species, it did not 

create a cause of any stress in others, and 

there was a positive correlation between 

lipid peroxidation and HSP 70. While HSP 

70 genes were expressed in the trout gonad 

fibroblast (RTG-2) cells which were 

applied in vitro thermal shock (28˚C, 3 

hours), no change was observed in HSP90 

(Ojima et al., 2005). Similarly, it was 

argued that HSP70 expression could play a 

key role in the adaptation to the 

environment in the study carried out in 

vivo and on the hepatocytes isolated from 

Mugil cephalus (Padmini and Usha Rani, 

2008). In another study, no change was 

observed in the muscle, liver, heart, and 

gill tissue HSP70 and HSP60 proteins of 

the trouts which were applied cold 

shocking at 1˚C for 1 hour after having 

been kept at 17˚C for 6 weeks (Washburn 

et al., 2002). HSP 70 expression decreased 

in the liver and red muscle tissue of the 

basses which were not given food for 2 

weeks, and it increased in the 3-week 

hunger. While HSP 90 increased during 

the 2-week hunger, no change was 

observed during the 3-week hunger 

(Antonopoulou et al., 2013). In a study in 

which the effect of summer and winter 

seasons (13-35˚C) on the HSP 70 levels of 

the liver, muscle and gill tissues of gilt-

head breams and common soles living in 

the Kuwait gulf was investigated, while no 

difference was found between the fish 

species; contrary to the expectations, it 

was observed that the liver and muscle 

HSP70 levels increased in the winter. It 

was argued that the adverse finding 

between the HSP levels and temperature 

could be a result of the genetic adaptation 

of fish to the hot climate conditions of the 

region (Beg et al., 2010). It was 

determined that the muscle and liver HSP 

70 gene expression of H. antarcticus fish 

which were applied acute thermal shock (2 

hours) upregulated for ~3 .4 times at 10˚C; 

~5.97 times at 15˚C (Clark et al., 2008). 

HSP70 in blood, muscle, brain, liver, heart 

and brain tissues of  the trouts kept at 25˚C 
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for 3 hours, and HSP30 increased in all 

tissues except blood (Currie et al., 2000). 

The increase in water temperature in S. 

aurata stimulated the HSP 70 and HSP 90 

protein synthesis in the liver, blood, and 

muscles (Feidantsis et al., 2012). In the 

study, the water temperature in the 

summer season when the tissue samples of 

the fish were taken was measured as 27
◦
C, 

and as 18
◦
C in winter. HSP70 from the 

thermal shock proteins was expressed 1.7 

times more in the low water temperature 

when compared to the high temperature in 

muscle tissue; HSP30 gene in the liver 

tissue was expressed 2 times more in the 

summer season compared to the winter. 

The transcription of other thermal shock 

proteins was not affected by the change in 

the water temperature. Contrary to the 

research findings in which short-term 

thermal shock was applied (Currie et al., 

2000; Feidantsis et al., 2012), the 

expression of  HSP 70 gene in muscle 

tissue increased during winter as it did in 

the results of  Beg et al. (2010). The HSP 

findings of the research show that these 

proteins may be important in the average 

adaptation.  

     Induction of transcription of genes 

belonging to the HSPs and IGF-I occurs as 

a response to several stress stimuli such as 

environmental stress factors. Even the 

minimum temperature fluctuations in the 

environmental habitat of the aquatic 

organism can affect biochemical reactions 

and physiological processes at the 

molecular level. The results from this 

study demonstrate how temperature 

acclimation in fish affects the regulation of 

the HSPs multigene family. These proteins 

are important and sensitive to adapt in its 

natural habitat. 

References 

Antonopoulou, E., Kentepozidou, E., 

Feidantsis, K., Roufidou, C., Despoti, 

S. and Chatzifotis, S., 2013. Starvation 

and re-feeding affect Hsp expression, 

MAPK activation and antioxidant 

enzymes activity of European sea bass 

(Dicentrarchus labrax). Comparative 

Biochemistry and Physiology - A 

Molecular and Integrative Physiology, 

165(1), 79–88.  

     DOI: 10.1016/j.cbpa.2013.02.019 

Basu, N., Todgham,  A.E., Ackerman, 

P.A., Bibeau, M.R., Nakano, K., 

Schulte, P.M. and Iwama, G.K., 2002. 

Heat shock protein genes and their 

functional significance in fish. Gene, 

295, 173–183.  DOI:10.1016/S0378-

1119(02)00687-X 

Beckman, B.R., 2011. Perspectives on 

concordant and discordant relations 

between insulin-like growth factor 1 

(IGF1) and growth in fishes. General 

and Comparative Endocrinology, 

170(2), 233–252. DOI: 

10.1016/j.ygcen.2010.08.009. 

Beg, M.U., Al-Subiai, S., Beg, K.R., 

Butt, S.A., Al-Jandal, N., Al-Hasan, 

E. and Al-Hussaini, M., 2010. 

Seasonal effect on heat shock proteins 

in fish from Kuwait bay. Bulletin of 

Environmental Contamination and 

Toxicology, 84(1), 91–95. DOI: 

10.1007/s00128-009-9908-0 

Bhandari, R.K., Taniyama, S., 

Kitahashi, T., Ando, H., Yamauchi, 

K., Zohar, Y., Ueda H. and Urano, A. 

2003. Seasonal changes of responses to 

gonadotropin-releasing hormone analog 

in expression of growth 

hormone/prolactin/somatolactin genes 

in the pituitary of masu salmon. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
19

.1
8.

4.
17

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
fr

o.
ir

 o
n 

20
26

-0
6-

10
 ]

 

                             8 / 11

http://doi.org/10.1016/j.cbpa.2013.02.019
http://doi.org/10.1016/S0378-1119\(02\)00687-X
http://doi.org/10.1016/S0378-1119\(02\)00687-X
https://dor.isc.ac/dor/20.1001.1.15622916.2019.18.4.17.8
https://jifro.ir/article-1-2408-en.html


Iranian Journal of Fisheries Sciences 18(4) 2019                                      1022 
 

General and Comparative 

Endocrinology, 130(1), 55–63. DOI: 

10.1016/S0016-6480(02)00536-1 

Carnevali, O., Cardinali, M., 

Maradonna, F., Parisi, M., Olivotto, 

I., Polzonetti-Magni, A.M., Mosconi, 

G. and Funkenstein, B., 2005. 

Hormonal regulation of hepatic IGF-I 

and IGF-II gene expression in the 

marine teleost Sparus aurata. 

Molecular Reproduction and 

Development, 71(1), 12–18. DOI: 

10.1002/mrd.20122 

Clark, M.S., Fraser, K.P.P., Burns, G. 

and Peck, L.S., 2008. The HSP70 heat 

shock response in the Antarctic fish 

Harpagifer antarcticus. Polar Biology, 

31(2), 171–180. DOI: 10.1007/s00300-

007-0344-5 

Currie, S., Moyes, C.D. and Tufts, B.L.,  

2000. The effects of heat shock and 

acclimation temperature on hsp70 and 

hsp30 mRNA expression in rainbow 

trout: in vivo and in vitro comparisons. 

Journal of Fish Biology, 56(2), 398–

408. DOI:org/10.1006/jfbi.1999.1166 

Davis, K.B. and  Peterson, B.C., 2006. 

The effect of temperature, stress, and 

cortisol on plasma IGF-I and IGFBPs in 

sunshine bass. General and 

Comparative Endocrinology, 149(3), 

219–225.  DOI: 

10.1016/j.ygcen.2006.05.009 

Duan, C., 1997. The insulin-like growth 

factor system and its biological actions 

in fish. American Zoologist, 37, 491–

503. DOI: 10.1093/icb/37.6.491 

Feidantsis, K., Anestis, A., Vasara, E., 

Kyriakopoulou-Sklavounou, P. and 

Michaelidis, B., 2012. Seasonal 

variations of cellular stress response in 

the heart and gastrocnemius muscle of 

the water frog (Pelophylax ridibundus). 

Comparative Biochemistry and 

Physiology - A Molecular and 

Integrative Physiology, 162(4), 331–

339. DOI: 10.1016/j.cbpa.2012.04.006 

Gabillard, J.C., Weil, C., Rescan, P.Y., 

Navarro, I., Gutiérrez, J. and Le Bail, 

P.Y., 2003. Effects of environmental 

temperature on IGF1, IGF2, and IGF 

type I receptor expression in rainbow 

trout (Oncorhynchus mykiss). General 

and Comparative Endocrinology, 

133(2), 233–242. DOI: 10.1016/S0016-

6480(03)00167-9 

Haimes, J. and Kelley, M., 2010. 

Demonstration of a ΔΔ C q calculation 

method to compute relative gene 

expression from qPCR data. GE 

Healthcare, Tech Note, 1–4. 

http://dharmacon.gelifesciences.com/up

loadedfiles/resources/delta-cq-solaris-

technote.pdf 

Hevrøy, E.M., Hunskår, C., de Gelder, 

S., Shimizu, M., Waagbø, R., Breck, 

O., Takle, H., Sussort, S. and  

Hansen, T., 2013. GH-IGF system 

regulation of attenuated muscle growth 

and lipolysis in Atlantic salmon reared 

at elevated sea temperatures. Journal of 

Comparative Physiology B: 

Biochemical, Systemic, and 

Environmental Physiology, 183(2), 

243–259. DOI: 10.1007/s00360-012-

0704-5 

Huang, J.F., Xu, Q.Y., and Chang, 

Y.M., 2015. Effects of temperature and 

dietary protein on the growth 

performance and IGF-I mRNA 

expression of juvenile mirror carp 

(Cyprinus carpio). Aquaculture 

Nutrition, n/a–n/a. DOI: 

10.1111/anu.12254 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
19

.1
8.

4.
17

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
fr

o.
ir

 o
n 

20
26

-0
6-

10
 ]

 

                             9 / 11

http://doi.org/10.1016/j.ygcen.2006.05.009
http://doi.org/10.1016/j.ygcen.2006.05.009
https://dor.isc.ac/dor/20.1001.1.15622916.2019.18.4.17.8
https://jifro.ir/article-1-2408-en.html


1023 Bildik et al., Effect of enviromental temperature on heat shock proteins (HSP30, HSP70, HSP90) and... 

 

Iwaws, G.K., Thomas, P.T., Forsyth, 

R.B. and Vıjayan, M.M., 1998. Heat 

shock protein expression in fish. 

Reviews in Fish Biology and Fisheries, 

56(8), 35–56. 

Kayhan, F.E. and Atasayar Z., 2010. A 

biological importance of heat shock 

proteins (Hsp) in aquatic organisms and 

thermotolerance stress. Journal of 

Fisheries Sciences, 4(3), 246–253. 

DOI: 10.3153/jfscom.2010026  

Kelly, P.D., Chu, F., Woods, I.G., Ngo-

hazelett, P., Cardozo, T., Huang, H., 

Kimm, F., Liao, L., Yan, Y.L., Zhou, 

Y., Jonhson, S.L, Abagyan, R., 

Schier, A.F., Posthlethwait, J.H. and 

Talbot, W. S., 2000. Genetic linkage 

mapping of zebrafish genes and ESTs 

genetic linkage mapping of zebrafish 

genes and ESTs. Genome Research, 

650, 558–567.  

     DOI:10.1101/gr.10.4.558 

Kregel, K.C., 2002. Heat shock proteins: 

modifying factors in physiological 

stress responses and acquired 

thermotolerance. Journal of Applied 

Physiology, 92, 2177–2186.  DOI: 

10.1152 /japplphysiol.01267.2001 

Kullgren, A., 2011. Environmental, 

nutritional and endocrine regulation of 

metabolic processes in fish. Thesis, 

University of Gottenburg, Sweden.,27-

34. 

Le Roith, D., Bondy, C., Yakar, S., Liu, 

J.L. and Butler, A., 2001. The 

somatomedin hypothesis: 2001. 

Endocrine Reviews, 22(1), 53–74. 

DOI:10.1210/er.22.1.53 

Madeira, D., Narciso, L., Cabral, H.N., 

Vinagre, C. and Diniz, M.S., 2013. 

Influence of temperature in thermal and 

oxidative stress responses in estuarine 

fish. Comparative Biochemistry and 

Physiology Part A: Molecular & 

Integrative Physiology, 166(2), 237–

243. DOI:10.1016/j.cbpa.2013.06.008 

Ojima, N., Yamashita, M. and Watabe, 

S., 2005. Quantitative mRNA 

expression profiling of heat-shock 

protein families in rainbow trout cells. 

Biochemical and Biophysical Research 

Communications, 329(1), 51–57. 

DOI:10.1016/j.bbrc.2005.01.097 

Padmini, E. and Usha Rani, M., 2008. 

Impact of seasonal variation on HSP70 

expression quantitated in stressed fish 

hepatocytes. Comparative Biochemistry 

and Physiology - B Biochemistry and 

Molecular Biology, 151(3), 278–285. 

DOI:10.1016/j.cbpb.2008.07.011 

Reinecke, M., Bjornsson, B.T., Dickhoff, 

W.W., McCormick, S.D., Navarro, I., 

Power, D.M. and Gutierrez, J., 2005. 

Growth hormone and insulin-like 

growth factors in fish: Where we are 

and where to go. General and 

Comparative Endocrinology, 142, 20–

24. DOI:10.1016/j.ygcen.2005.01.016 

Saera-Vila, A., Calduch-Giner, J.A. and 

Perez-Sanchez, J., 2007. Co-

expression of IGFs and GH receptors 

(GHRs) in gilthead sea bream (Sparus 

aurata L.): Sequence analysis of the 

GHR-flanking region. Journal of 

Endocrinology, 194(2), 361–372. 

DOI:10.1677/JOE-06-0229 

Santos, C.R., Power, D.M., Kille, P., 

Llewellyn, L., Ramsurn, V., Wigham, 

T. and Sweeney, G.E., 1997. Cloning 

and sequencing of a full-length sea 

bream (Sparus aurata) beta-actin 

cDNA. Comparative Biochemistry and 

Physiology Part B: Biochemistry and 

Molecular Biology Supports Open 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
19

.1
8.

4.
17

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
fr

o.
ir

 o
n 

20
26

-0
6-

10
 ]

 

                            10 / 11

http://doi.org/10.1152
http://doi.org/10.1152
https://dor.isc.ac/dor/20.1001.1.15622916.2019.18.4.17.8
https://jifro.ir/article-1-2408-en.html


Iranian Journal of Fisheries Sciences 18(4) 2019                                      1024 
 

Access, 117(2), 185–189. Retrieved 

from 

http://www.ncbi.nlm.nih.gov/entrez/que

ry.fcgi?cmd=Retrieve&db= 

PubMed&dopt=Citation&list_uids=922

6879 

Schmid, A.C., Lutz, I., Kloas, W. and 

Reinecke, M., 2003. Thyroid hormone 

stimulates hepatic IGF-I mRNA 

expression in a bony fish, the tilapia 

Oreochromis mossambicus, in vitro and 

in vivo. General and Comparative 

Endocrinology, 130(2), 129–134.  

DOI:10.1016/S0016-6480(02)00577-4 

Washburn, B.S., Moreland, J.J., 

Slaughter, A.M., Werner, I., Hinton, 

D.E. and Sanders, B.M., 2002. Effects 

of handling on heat shock protein 

expression in rainbow trout 

(Oncorhynchus mykiss). Environmental 

Toxicology and Chemistry / SETAC, 

21(3), 557–60.  

 

 

 

 

  

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
19

.1
8.

4.
17

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
fr

o.
ir

 o
n 

20
26

-0
6-

10
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

http://www.ncbi.nlm.nih.gov/
http://doi.org/10.1016/S0016-6480\(02\)00577-4
http://doi.org/10.1016/S0016-6480\(02\)00577-4
https://dor.isc.ac/dor/20.1001.1.15622916.2019.18.4.17.8
https://jifro.ir/article-1-2408-en.html
http://www.tcpdf.org

