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 ABSTRACT: Heat shock protein 70 (Hsp70) is one of family of proteins expressed in response to 
a wide  range of biotic and abiotic stress conditions. Quantitative real-time PCR (qRT-PCR) has been 
used to study the expression profiles of heat shock protein (Hsp70) gene in Nile tilapia, Oreochromis  
niloticus. Young fish (30 g) were exposed to  different degrees of heat (10, 15, 35, 39) and control 
(28°C) for 2 and 4 hr., followed by qRT-PCR of Hsp70 mRNA, using Beta actin (ß-Actin) as a 
reference gene and flourogenic dyes. Expression of Hsp70 gene  was different  among fish tissues 
(muscles, gills and liver). In all treatments the expression level detected in male were more than 
female fish. The highest expression organs after 2 hr., was muscles in both fish sex but after 4 hr.,  
liver recorded the highest expression value at cold shock where muscles recorded the highest 
expression at heat shock treatments in both fish sex.   
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INTRODUCTION 

By exposure to high temperature, cells will  
mount a strong physiological response,  including 
the heat stress response and the expression of 
heat shock proteins (Hsps). Hsps and  the  
associated  stress  response  have been shown to 
be induced by cold and a range of other stresses  
including  insecticides,  heavy  metals, desiccation, 
diseases, parasites,  inbreeding  and  habitat  
condition (Sørensen et al., 2003 ; Herring et al., 
2009). Thus, the heat stress response is 
considered to be a  fundamental  component  of  
the physiological response to stress. Hsps play a 
pivotal role in protein homeostasis and cellular 
stress response within the cell (Iwama et al., 
1998; Feder and Hofmann, 1999; Multhoff, 
2007; Keller et al., 2008). Disruption  of  normal  
cellular  processes may cause rapid increase in 
the synthesis of a group of proteins which 
belong to the Hsp families. These proteins  have  
been  classified  into  several  families based on 
their molecular weight such as Hsp 90 (85-90 

kDa), Hsp70 (68-73 kDa), Hsp 60, Hsp 47, and 
small Hsps (12-43  kDa)  (Hallare et al., 2004; 
Park et al., 2007). The Hsp genes are highly 
conserved and have been characterized in a wide 
range of organisms. The heat shock response is 
an evolutionarily conserved mechanism for 
maintaining cellular homeostasis following  sub 
lethal noxious stimuli (Lindquist, 1986; Lindquist 
and Craig, 1988).  

Like all Hsps family, Hsp70 has been 
recognized as a molecular chaperone, playing a 
central role in cell biology and  biochemistry 
(Bukau  and Horwich,  1998; Iwama et al., 
1998; Mayer and Bukau, 1998). Hsp70 and its 
co-chaperones, encoded by multi- gene family 
members, are developmentally regulated and 
differentially expressed in response to 
temperature stress and also, to other conditions 
that interrupt normal protein folding or favour 
protein denaturation (Schelesinger, 1990 ; 
Sanders, 1993). Many Hsp 70 genes are strongly 
and rapidly induced at 37 - 45°C within a  
period of 30 min. to 2 hr., (Liu and Saint, 2002). 
Under adverse environmental conditions, the 
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new synthesis of stress Hsp70 increases, and it 
takes on   new but  related  role  to  protect  the  
cell from  other  adverse effect. (Basu et al., 
2002), described the functions of Hsp70 in 
various aspects of fish physiology, including 
development and aging, stress physiology, 
endocrinology, immunology, environmental 
physiology, acclimation then with stress 
tolerance. Molina et al. (2000) reported that 
Hsp70 in tilapia, Oreochromis mossambicus 
promoter is able to confer the heat shock 
response on a reporter gene after transient 
expression, both in cell culture and in 
microinjection process. The most widely  
studied  member  of  the  Hsp  families, 
especially in response to  proteotoxic is  the  70   
kDa (Hsp70) family of proteins (Feng et al., 
2003 ; Luciana et al., 2006). Basu et al. (2003) 
reported that a physiological response as well as 
an inducible cellular stress response occurs  in  
Hsp70  family.  It  is  only  this  specie  that  is 
subjected  to  these  stressful  conditions,  for  
this  has  not been  observed  in the cellular and 
tissues- responses  of  other  teleosts species. 

Fish are an excellent vertebrate model to 
investigate the physiology, function and 
regulation of Hsps, because they are exposed to 
thermal and other stressors in their nature 
environment. The relationship between Hsp 
synthesis and the development of thermo 
tolerance has been studied by some investigators  
(Mosser et al., 1987; Chen et al., 1988). The 
effects of daily and seasonal temperature 
fluctuations as well as acclimation temperature 
have also been examined, especially in fish 
species (Koban et al., 1987 ; White et al., 1994). 

Tilapias are a group of fish belong to order 
Teleostei and family Cichlidae. Tilapias are 
divided into three main genera; Oreochromis, 
Tilapia and Sarotherodon, (Trewavas, 1983). 
There are four tilapia species in Egypt; Nile 
tilapia (Oreochromis niloticus), blue tilapia 
(Oreochromis aureus), white tilapia (Sarotherodon 
galilaeus) and green tilapia (Tilapia zillii). The 
diploid chromosome number of these species is 
44 (Ergene and Cavas, 1999). Nile tilapia 
(Oreochromis niloticus) is the most commercially 
important freshwater fish in Egypt due to their 
relatively fast growth rate and consumer 
preference. The major part of the Egyptian fish 
production (capture and aquaculture) is coming 
from tilapia fish production. 

Quantitative real time  polymerase   chain 
reaction (qRT-PCR) is a variant of polymerase 
chain reaction (PCR), a laboratory technique 
commonly used in molecular biology to 
generate  many copies of a DNA sequence and a 
flourogenic dye, which is used to continuously 
monitor product accumulation. With this 
methods, the initial concentration of template 
DNA is assessed by using the number of PCR 
amplification that enters the exponential phase. 
Other methods such as northern hybridization, 
RNase protection assay and in situ hybridization 
have been used for quantification of gene 
expression. However,   qRT-PCR has many 
advantages over these methods, including  
analysis time and sensitivity, specificity, case of 
use and reproducibility (Freeman et al., 1999; 
Klein, 2002; Liu and Saint, 2002 ; Radonic et 
al., 2004).  

The aim of this work was to study the 
expression profile of heat shock protein 70 
across different sex and organs of Nile tilapia 
(Oreochromis niloticus).  

MATERIALS AND METHODS 

This study was carried out at summer months 
in Molecular Genetics Lab, cytogenetics Lab 
and Microbial genetic Lab in Genetics Dept., 
Fac. Agric. and Unit of Biotechnology, Faculty 
of Veterinary Medicine in Zagazig Univ., Egypt.   

Fish Sampling 

Nile tilapia  (Oreochromas niloticas) male 
and female were grown in laboratory tanks that 
have water of constant temperature  (28°C) all 
have approximately weight 30 g. Fish were fed 
once daily on tilapia grown diet. 

Heat Shock Exposure 

Sixteen fish were acclimatization for more 
than 72 hr., at normal temperature (28°C) then 
fish were moved to similar tank where the water 
was in wanted heat treatments (10, 15, 35 and 
39°C) and were left in all treatments once for 
two hours and in other one for four hours.  Then 
the fish were moved back to the tank of normal 
temperature and were left for two more hours. 
Fish were dissected to obtain gills, liver and 
muscles. These body tissues were kept directly 
with dry ice and then kept in more -20°C for 
further use. 
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RNA Extraction 

Total RNA was isolated from 2 g of each of 
the samples of frozen liver, kidney, gills and 
intestine according to the Standard Acid 
Guanidinium Thiocyante Phenol Chloroform 
(AGPC) extraction method (Chomczynski and 
Sacchi, 1987). Total RNA concentration and 
purity were determined spectrophotometrically 
as described by Sambrook and Green (2002) or 
the reaction products were analyzed by 
electrophoresis on 1.4% agarose gels stained 
with ethidium bromide and photographed under 
UV light. 

Reverse Transcription 

Reverse transcription (RT) was performed 
using Primescript TM RT reagent kit (Takara, 
Japan) according to the manufacturer’s 
instructions. 5 µl of 10X Buffer RT (GENI, 
Bangalore), 2 µl of dNTPs (5 mM each), 0.5 µl 
Oligo-dt (10 µM), 0.25 µl RNAse inhibitor (10 
U/µl), 1 µl sensiscript Reverse Transcriptase and 
RNAse – free water up to 20 µL were added to 
50 ng of RNA. The mixed solution was allowed 
to vortex for 5 min after incubating at 37°C for 
15 min then 5 s at 85°C to inactivate the reverse 
transcriptase. RT products were stored at 4°C 
for further PCR analysis.  

Primers for RT-PCR 

 Primers were designed with the help of 
primer 3 program (http: frodo.wi.mit.edu/cgi-
bin/primer3/ primer 3-www.cgi). Specific PCR 
primers for the HSP70 protein corresponding 
gene (283bp) were designed  A sense strand 
primer was 5'-GCATTCACACCATGAGGC 
GTT-3' and antisense primer  5'-GCTTTGACA 
CGCTTCCCATT-3' with annealing temperature 
59°C. Then second degenerate primers for ß-
Actin (ACTIN) gene (143 bp) were designed A 
sense strand of Forward: 5'-CTACAATGAGC 
TGCGTGTGG-3' and anti sense 5'-AAGGAA 
GGCTGGAAGAGTGC-3' with annealing 
temperature 58.5°C ß-Actin sequences, ESTs 
found on the internet databases: EBI (http:// 
www.sbi.ac.uk/ Databases/) and NCBI (http:// 
www.ncbi.nlm.nih.gov/).   

qRT-PCR Condition and Analysis 

Each PCR reaction consisted of 10 µl of 
SYBR Premix Ex Taq (2X), 0.5 µl of each 

primer (10 µM), 2 µl of cDNA template (500 
ng/µl) and double distilled water to a final  
volume of 20 µl. Reactions were then analyzed 
on an the Rotor- Gene Q system under the 
following conditions: 95 C for 10 s and 40 
cycles  of 95°C for 5 sec., followed by 60 C for 
1 min.  All  standard  dilutions,  no template 
controls, and induced samples were run in 
triplicates. The fluorescence signals were 
measured at the end of each extension step. The 
threshold cycle (Ct) was determined for each 
sample using the exponential growth phase and 
the baseline signal from the fluorescence versus 
cycle number plots. To ensure  that  a  single 
product  was amplified, melt curve analysis was 
performed on the PCR products at the end of 
each PCR run, then normalizes the Ct data using 
single or multiple endogenous control genes 
(Livak and Schmittgen, 2001 ; Schmittgen and 
Livak, 2008): 

∆Ct=Ct gene of interest–Normalization factor (1) 

Normalization Factor is the arithmetic mean 
or geometric mean of Ct values of the selected 
control genes. If multiple  genes are selected as 
controls, a gene stability measure is also  
calculated based on the geNorm 

Algorithm to assist with selecting most stable 
control genes for data normalization. The 
normalized ∆Ct data are used to calculate the 
relative gene expression fold change using a 
selected calibrator (reference sample): 

∆∆Ct= ∆Ct sample A – ∆Ct calibrator     (2) 

Fold Change = 2-∆∆Ct                 (3) 

The fold change can also be calculated 
between sample groups of biological replicates, 
by grouping samples to biological replicates, the 
mean 2-∆Ct of the biological  replicates is used 
to determine the expression fold change : 

Fold Change=2-∆C tgroup A/2-∆Ct reference (4) 

RESULTS AND DISCUSSION 

Nile tilapia (Oreochromis  niloticus) known 
to tolerate high temperatures, it can not tolerate 
for a long period water temperature between 10 
and 15°C (Ballarine and Hatton, 1979), and does 
not survive below 10°C (Chervinski and Lahav, 
1976). The optimum temperature for feeding, 
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growth and reproduction is between 22 and 
30°C (Caulton, 1982) while good growth was 
recorded in upper portion of this range (Hauser, 
1977). Thus, at high or low temperatures, 
feeding and growth rates are reduced, and at 
20°C or less, feeding and growth are stopped 
(Caulton, 1982). In this study the expression of 
Hsp70 gene was estimated under several thermal 
treatments vary between cold and high 
temperatures on both sex (males and females)  
of tilapia. These temperatures were 39, 35, 15, 
10 and control 28°C. These treatments had been 
done on two experiments; the first one was two 
hours exposing treatment and the second one 
was four hours and both followed by one hour 
recovery at 28°C. After both experiments fish 
have been dissected and obtained the three 
tissues for study (muscles, liver and gills, Fig. 1) 
to estimate Hsp70  expression  in this organs 
where RNA isolated and confirmed by gel 
electrophoresis which showed a quantitative 
differences between bands intensity (Fig. 2) 
followed by  reverse transcriptase into cDNA 
which did not show a quantitative difference 
between bands inttensity (Fig. 3). Real-time 
PCR using specific primers for Hsp70 and ß- 
actin with Sypergreen for these samples were 
obtains (Fig. 4) this is a good proof that gene 
have been expressed, this agreed with that of 
Indhuleka and Jeyanthi (2011) whom reported 
that gel electrophoresis of Rt-PCR products 
reflect the success of Rt-PCR experiment, then 
the results showed on computer (Fig. 5) which 
represented the values of cycle threshold (Ct) 
and from Ct values and by some equations gene 
expression had been calculated (Tables 1 and 2). 
The results after 2 hours treatment (Table 1 and 
Fig. 6) showed  that the most Hsp70 expression 
tissue in both fish sex was muscles followed by 
gills and liver  and the highest expression level 
of Hsp70 in tissues was found at 10°C followed 
by 39°C then 15°C and 35°C treatment. The 
highest expression at 10°C in males tissues 
(muscles, liver and gills) recorded (17.39, 15.45 
and 12.47 folds up regulation,  respectively) and 
in females was (16.22 , 12.99 and 7.94 folds up 
regulation, respectively) but the lowest 
expression at 35°C in males recorded (1.35 up 
regulation but 0.2 and 0.67 folds down 
regulation, respectively) and  in females was 
(1.16 up regulation but 0.18 and 0.29 folds down 

regulation, respectively). These results do agree 
with Sharaf El-Deen (2006) who found that in 
Nile tilapia after sudden heat of 34°C for 2 hrs, 
the accumulation of Hsp70 was 2 to 3-folds 
greater than in control fish, in the different 
examined tissues and spleen was recorded as the 
most sensitive organ where it had the highest 
response of Hsp70 accumulation. Gills were the 
second specific tissue target of heat shock, then 
heart and lastly the liver tissue (liver, may be 
prior to its normal high growth temperature). 
The  expression of Hsp70 at cold shock were 
more than heat shock, this might due to the cold 
shock in summer affected on fish more than heat 
shock because the large different between the 
temperature of shock and room temperature and 
this reason agree with Nagy (1987), who 
reported that cold shock is  effective primarily 
on warm water fish and heat shock on cold 
water one. Other reason that fish can avoid 
localization stressful temperature so heat shock 
is less likely to kill fish than cold shock 
(Langford, 1983). On the other hand, the results 
after 4 hours treatment showed that, males were 
different from females in Hsp70 induction, 
where the expression values in males was higher 
than females (Table 2 and Fig. 7), and the values 
of expression were varied between all thermal 
treatments, where 10°C showed the highest 
expression of Hsp 70 followed by 39°C then 
15°C and 35°C treatment. In cold shock (15°C 
and 10°C), the highest expression level of 
Hsp70 was found in liver followed by muscles 
and gills in both fish sex. The highest expression 
value was found in liver at 10°C  in males 
(32.22 folds) and females (24.59 folds) as up 
regulation but the lowest expression value found 
in gills  at 35°C recorded in males (2.3 folds) 
and females (1.61 folds). These results do agree 
with Gui-Cheng et al. (2015) where they found 
that the expression of liver Hsp70 at cold shock 
was more than in muscles tissues and the Hsp70 
in liver of tilapia fish showed more volatility 
during cold stress compared with that in 
muscles. A possible explanation is that liver as a 
metabolic organ of fish, is more susceptible than 
muscle in response to environmental stressors 
such as cold stress. However, a country finding 
revealed that Hsp70 level in muscle elevated 
higher than hepatic tissues in tilapia under 
hypoxia condition (Delaney and Klesius 2004). 
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Table 1. Amount of Hsp70 mRNA, normalized to ß-Actin mRNA in 2 hr., treatment 

2-∆∆Ct ∆∆Ct ∆Ct Tilapia ß-Actin 
average Ct 

Hsp70 gene 
average Ct 

Sample name Sex Treatment 

1 0 4.24 16.20 20.44 Muscle  

1 0 3.69 18.61 22.30 Liver  

1 0 -2.56 20.06 17.50 Gill  

Male 

1 0 5.19 18.01 23.20 Muscle  

1 0 6.14 19.32 25.46 Liver  

1 0 -1.83 26.03 24.20 Gill  

Female 

28°C 

(control) 

7.16 -2.84 -0.36 22.58 22.22 Muscle  

4.66 -2.22 0.26 19.02 19.28 Liver  

6.59 -2.72 -0.24 21.04 20.80 Gill  

Male 

6.77 -2.76 -0.28 21.50 21.22 Muscle  

4.02 -2.01 0.47 17.00 17.47 Liver  

4.72 -2.24 0.24 20.50 20.74 Gill  

Female 

39°C 

1.35 -0.43 2.05 19.35 21.40 Muscle  

0.1975 2.34 4.82 17.22 22.04 Liver  

0.67 0.58 3.06 28.61 31.67 Gill  

Male 

1.16 -0.21 2.27 18.16 20.43 Muscle  

0.1767 2.50 4.98 19.25 24.23 Liver  

0.29 -1.78 4.26 29.02 33.28 Gill  

Female 

35°C 

3.92 -1.97 0.51 17.47 17.98 Muscle  

2.75 -1.46 1.02 18.64 19.66 Liver  

2.53 -1.34 1.14 18.14 19.28 Gill  

Male 

3.14 -1.65 0.83 18.84 19.67 Muscle  

2.60 -1.38 1.10 17.12 18.22 Liver  

1.92 -0.94 1.54 20.07 21.61 Gill  

Female 

15°C 

17.39 -4.12 -1.64 27.10 25.46 Muscle  

15.45 -3.95 -1.47 21.67 20.20 Liver  

12.47 -3.64 -1.16 22.56 21.40 Gill  

Male 

16.22 -4.02 -1.54 25.06 23.52 Muscle  

12.99 -3.70 -1.22 23.25 22.03 Liver  

7.94 -2.99 -0.51 20.52 20.01 Gill  

Female 

10°C 

Mean of ∆Ct of control = 2.48   Ct = Cycle threshold. 

∆Ct = Ct gene of interest–normalization factor.  ∆∆Ct= ∆Ct sample A – ∆Ct calibrator 

2-∆∆Ct = Gene expression. 
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Table 2. Amount of Hsp70 mRNA, normalized to ß-Actin mRNA in 4 hr., treatment 

2-∆∆Ct ∆∆Ct ∆Ct Tilapia ß-Actin 
average Ct 

Hsp70 gene 
average Ct 

Tissue Sex Treatment 

1 0 3.19 17.15 20.34 Muscle  

1 0 -4.28 21.71 17.43 Liver  

1 0 -3.03 23.46 20.43 Gill  

Male 

1 0 5.23 16.02 21.25 Muscle  

1 0 3.99 18.07 22.06 Liver  

1 0 -2.37 20.03 17.66 Gill  

Female 

 

 

 

28°C 

(control) 

15.56 -3.96 -1.23 23.45 22.22 Muscle  

12.13 -3.60 -0.87 26.53 25.66 Liver  

10.63 -3.41 -0.68 34.40 33.72 Gill  

Male 

2.30 -1.20 1.53 19.29 20.82 Muscle  

11.00 -3.46 -0.73 24.25 23.52 Liver  

9.19 -3.20 0.47 19.54 20.01 Gill  

Female 

39°C 

3.53 -1.82 0.91 20.44 21.35 Muscle  

2.71 -1.44 1.29 21.44 22.73 Liver  

2.30 -1.20 1.35 19.29 20.82 Gill  

Male 

3.14 -1.65 1.08 20.95 22.03 Muscle  

2.55 -1.35 1.38 29.52 30.90 Liver  

1.61 -0.69 -3.42 23.23 19.81 Gill  

 

Female 

 

35°C 

7.26 -2.86 -0.13 20.12 19.99 Muscle  

8.06 -3.01 -0.28 17.08 16.80 Liver  

5.35 -2.42 0.31 17.78 17.47 Gill  

Male 

6.54 -2.71 0.02 22.02 22.04 Muscle  

7.46 -2.90 -0.17 25.63 25.46 Liver  

3.97 -1.99 0.74 29.32 30.06 Gill  

Female 

 

15°C 

22.47 -4.49 -1.76 25.60 23.84 Muscle  

32.22 -5.01 -2.28 21.56 19.28 Liver  

18.77 -4.23 -1.50 23.41 21.91 Gill  

Male 

19.70 4.30- -1.57 21.47 19.90 Muscle  

24.59 -4.62 -1.89 25.53 23.64 Liver  

16.11 -4.01 -1.28 29.31 28.03 Gill  

Female 

10°C 

 

Mean of ∆Ct of control = 2.73   Ct = Cycle threshold. 

∆Ct = Ct gene of interest–normalization factor.  ∆∆Ct= ∆Ct sample A – ∆Ct calibrator 

2-∆∆Ct = Gene expression. 
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Fig. 1. Anatomy of Nile tilapia (Oreochromis niloticus); the three tissues of tilapia used  in  the 
present study 

 
 

 
 
 
 
 
 
 
 
 
 

Fig. 2. RNA of Nile tilapia isolated from different tissues (a: muscle, b: liver and c: gill) 

 
 
 
 
 
 
 
 
 
 
 

 Fig. 3. Reverse transcriptase (cDNA) results for tilapia RNA extracted from different tissues (a: 
muscle, b: liver and c: gill) 
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Fig. 4. Real-time PCR results for tilapia ß-Actin and Hsp70 genes from different tissues (muscle 

(1-7), liver (8-15) and gills (16-22)  
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Fig. 5. Real-time PCR amplification plot for cDNA samples; A) after 2 hours, B) after 4 hr., 
treatment 
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B) 
 
Fig. 6. The expression chart of Hsp70 after 2 hours treatment in the three tissues (liver, gills and 

muscles) of Nile tilapia; A) in males, B) in females 
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Fig. 7. The expression chart of Hsp70 after 4 hours treatment in the three tissues (liver, gills and 

muscles) of Nile tilapia; A) in males, B) in females  
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The effect of low  as well as high temperatures 
on the histology of fish (Labeo boga), it can be 
concluded that lower temperature has been 
found to be more deleterious to liver compared 
to higher temperature (Rania et al., 2015). In 
heat shock treatments (35°C and 39°C) in both 
tilapia sex, the most expressive tissues were 
muscle then liver and at last gills and this agree 
with Nichanan et al. (2009) where they 
estimated the expression of Hsp70 in Nile tilapia 
after shock treatments  in different tissues and 
showed that the highest expression level of 
Hsp70 was found in kidney followed by muscle, 
liver and gill, respectively . Expression values of 
Hsp70 of male were more than female in all 
treatments, this mean that the male is the most 
tolerant and this agreed with that of Watanabe et 
al. (1985) whom reported that male tilapia tend 
to be larger than female and more tolerant also, 
Perschbacher and McGeachin (1988) found that 
tolerance to environmental condition as salinity 
of tilapia is affected by fish sex and size. 
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 يل النييلبلط أسماك ايف  كيلودالتون٧٠ بروتين الصدمة الحرارية  المسئول عنجينال تعبير تقدير
  ي الكمPCR ـباستخدام ال

 حسن يوسف أبوبكر  محمد-محاسن سلطان سيد أحمد -ي شوق حسنيأحمد شوق - عبده محمد الصباحيأحمد حسين

 مصر –قازيق  جامعه الز– كلية الزراعة –قسم الوراثة 

س�تجابة لمس�توى واس�ع اعن نفسھا  تعبر يالتعائلة البروتينات من  كيلودالتون واحد ٧٠يعتبر بروتين الصدمة الحرارية 
 عن الجين المسئول  لقياس تعبيري للحامض النوويعمل تحليل كمة  تم فى ھذه الدراس،حيويةال وغير ةمن المؤثرات الحيوي

 صغيرة يالبلطحيث تم تعريض اسماك  ، موضع الدراسةي النيلي أسماك البلطيلتون فاكيلود ٧٠بروتين الصدمة الحرارية 
ح�رارة الدرج�ة الكنت�رول و) م °٣٩ ، ٣٥ ، ١٥ ، ١٠ (ة مس�تويات مختلف�ة م�ن المع�ام£ت الحراري�إل�ى )رام ج�٣٠(لوزن ا

دام جين البيتا أكت�ين كج�ين  باستخي أربع ساعات من المعاملة  ثم تبع ذلك التحليل الكمومرة أخرى لمدةم  لمدة ساعتين °٢٨
 العض�£ت  الس�مك المختلف�ة وھ�ىنس�جةكيلودالت�ون مختلف�ا ب�ين أ ٧٠ ة الحراريةجين بروتين الصدم ووجد أن تعبير ،قياسي

  أنً، ول�وحظ أيض�ان�اث المختب�رة ا°ي ال�ذكور من�ه ف�يالجين أعلى ف� رجميع المعام£ت تعبيي ووجد أنه ف والخياشيم والكبد،
 س�اعات معامل�ه ة أربع� بينم�ا بع�دة ك£ الجنسين بعد ساعتين من المعامل�يمن حيث ھذا الجين فً على تعبيراا´ھي العض£ت 

 معام£ت البرودة فى حين العض£ت سجلت أعلى تعبيرا للجين تحت مع�ام£ت يسجل الكبد أعلى مستوى من تعبير الجين ف
 . ك£ الجنسينيالحرارة ف
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