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ABSTRACT 
This research investigated the possibility of using heat shock protein HSP70 in fish as a biomarker to evidence chronic exposure to 
pollution. Equally sized male tilapia Oreochromis niloticus were exposed to two separate concentration of diazinon for 30 days; 0.28 
mg/L (Group 1 – G1) and 1.87 mg/L (Group 2 – G2). Both groups were recovered for 7 days (Group 3 – G3 and Group 4 – G4, 
respectively). The four groups were compared to control fish (Group 5 – G5) of equal size. Analysis of blood samples to test HSP70 
induction was done using SDS/PAGE and molecular marker ranges between 214 and 6.8kDa. HSP70 proteins (71 and 77 kDa) were 
induced in G1 but the induction was removed by the recovery period in G3. While 78.16 kDa was induced in G2, the induction intensity 
decreased in G4. These results suggest that expression of HSP70 in tilapia is sensitive to chronic exposure to diazinon contamination in 
aquatic ecosystems, which reflects the cellular response of fish to the stress of water pollution. 
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INTRODUCTION 
 
Most organisms residing adjacent to agricultural activities 
are vulnerable to pesticides, such as diazinon [O,O-diethyl 
O-(2- isopropyl-6-methyl-4-pyrimidinyl) phosphorothioate], 
which is widely used in Egypt. Although the loss of genetic 
diversity and biodiversity among species are potential haz-
ards, pesticides are valuable for maintaining a healthy envi-
ronment and for the welfare of humans. Heat-shock proteins 
(HSPs) reflect the resistance of an organism to stressful 
conditions, this due to their ability to react and respond to 
environmental and physiological stresses. This leads to de-
naturation of proteins in the animal’s body. During disease, 
they may play critical roles in immune protection (Jacquier-
Sarlin et al. 1994), antigen presentation (DeNagel and 
Pierce 1993) and non-specific immune responses (Guzik et 
al. 1999). HSPs refold partially unfolded proteins and detect 
those that are irreversibly damaged. Under non-stressed 
conditions, HSPs facilitate the correct folding of proteins 
during translation (Parsell and Lindquist 1996). Therefore, 
they are considered as molecular chaperones (Frydman 

2001; Hartl and Hayer-Hartl 2002). Thus, from an ecolo-
gical perspective, HSPs may serve as potential indicators 
for protein synthesis for reversible protein denaturation, and 
for stressed states in fish in general (Iwama et al. 2004). 
Hence, this research was conducted, in 2007, to examine 
hsp70 in Oreochromis niloticus after being exposed to dia-
zinon. 

 
MATERIALS AND METHODS 
 
Diazinon was tested on 40 ± 2 g adult male O. niloticus. Ninety 
fish were divided into 3 groups, each consisting of three replicates. 
The first group was exposed to 0.28 mg/L (G1) while and the sec-
ond group was exposed to 1.87 mg/L (G2) for 30 days, and then 
both were recovered for seven days (G3, G4). All groups (G1, G2, 
G3, and G4) were compared to untreated fish of equal size (G5). 
At the end of the exposure period, three replicates of blood sam-
ples were randomly taken from the fish in each aquarium and the 
induction of HSP70 was identified using SDS/PAGE and BioRAD 
molecular markers ranging between 214 and 6.8kDa. A total of 15 
blood samples was prepared and injected into a PAGE gel (Laem-

mli 1970). A photo of the gel was captured and analyzed on a Gel 
documentation analyzer, Ver. 2, 2006, Elmanar Co. 
 
RESULTS AND DISCUSSION 
 
Examining the protein separation gel revealed the induced 
expression of HSP70 proteins (71 and 77 kDa) in G1, but 
which was totally absent in the recovery (G3). As for G2, 
which was exposed to a higher concentration of diazinon, 
78.16 kDa proteins were induced, but the induction inten-
sity was less in G4 (Fig. 1). 

The induction was mostly caused by the pollution effect 
resulting from exposure to diazinon sublethal concentra-
tions for 30 days which, rarely if ever, occur under natural 
conditions (Scholz et al. 2000). This may be due to the fre-
quent water currents which resulted in dilution of the water 
contaminates. However, unstable temperature, hypersomatic 
pressure and changing salinity as well as pollution may all 
lead to the induction of HSP70 protein synthesis in fish 
(Chen et al. 1988 and Takeuchi et al. 2000). Acid or alkali 
treatment can have the same effect (Kim et al. 2003). 

The induction of HSP70 proteins was probably caused 
by the bound FATP (fatty acid transport proteins) in the 
HSP70, which freely associates with nascent or misfolded 
peptides (open lid), causing a conformational change that 
activates inherent HSP70 ATPase activity. This enhances 
the association of HSP40 to further accelerate conversion of 
ATP to an ADP (closed lid) (Meyer et al. 2007). However, 
the reduction in HSP70 in G3 and G4 most likely resulted 
from the removal of diazinon. These results may indicate 
potential dysfunctions in protein folding, translocation of 
proteins across organellar membranes, and/or disassembly 
of protein complexes (Bukau 2006; Craig et al. 2006). They 
may also point out to a potential possibility of promoting 
mitosis of dividing cells and suppressing the reactivity of 
the immune system cells (Browne et al. 2007). However, 
hsp response may vary in accordance with a variety of fac-
tors related to tissue (Rabergh et al. 2000), stressor (Airak-
sinen et al. 2003), species (Basu et al. 2001; Nakano and 

Iwama 2002) and the developmental stage in question (Mar-
tin et al. 2001). 
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CONCLUSION 
 
In conclusion, HSP70 proteins in O. niloticus are induced 
by chronic exposure to contaminated water with diazinon.  
These results can be applicable to use HSP70 as biomarker 
to reflect the cellular responses in fish to water pollution in 
the aquatic systems. 
 
ACKNOWLEDGEMENTS 
 
The authors acknowledge the Biotechnology Research Center 
(BRC) for financing the research; and the BRC team members, 
headed by Prof. Helmy Omran then, for providing the facilities 
and the assistance. 
 
REFERENCES 
 
Airaksinen S, Rabergh C, Lahti A, Kaatrasalo A, Sistonen L, Nikinmaa M 

(2003) Stressor-dependent regulation of the heat shock response in zebrafish, 
Danio rerio. Comparative Biochemistry and Physiology A Modular Integra-
tive Physiology 134, 839 -846 

Basu N, Nakano T, Grau E, Iwama G (2001) The effects of cortisol on heat 
shock protein 70 levels in two fish species. General and Comparative Endo-
crinology 124, 97 -105 

Browne C, Swan J, Rankin E, Calvert H, Griffiths S, Tytel M (2007) Extra-
cellular heat shock protein 70 has novel functional effects on sea urchin eggs 
and coelomocytes. Journal of Experimental Biology 210, 1275-1287 

Bukau B, Weissman J, Horwich A (2006) A molecular chaperones and protein 
quality control. Cell 125, 443-451 

Chen JD, Yew FH, Li GC (1988) Thermal adaptation and heat shock response 
of tilapia ovary cells. Journal of Cell Physiology 134, 189-99 

Craig EA, Huang P, Aron R, Andrew A (2006) The diverse roles of J-proteins, 
the obligate Hsp70 co-chaperone. Review of Physiology Biochemistry and 
Pharmacology 156, 1-21 

DeNagel D, Pierce S (1993) Heat shock proteins in immune responses. Critical 
Reviews in Immunology 13 (1), 71-81 

Frydman J (2001) Folding of newly translated proteins in vivo: The role of 
molecular chaperones. Annual Review of Biochemistry 70, 603-649 

Gething M, Sambrook J (1992) Protein folding in the cell. Nature 355, 33-45 

Guzik K, Bzowska M, Dobrucki J, Pryjma J (1999) Heat shocked monocytes 
are resistant to Staphylococcusaureas-induced apoptotic DNA fragmentation 
due to expression of hsp72. Infection and Immunology 67 (8), 4216-4222 

Hartl F, Hayer-Hartl H (2002) Molecular chaperones in the cytosol: From 
nascent chain to folded protein. Science 295 (5561), 1852-1858 

Iwama G, Afonso L, Todgham A, Ackerman P, Nakano K (2004) Are HSPs 
suitable for indicating stressed states in fish. Journal of Experimental Biology 
207, 15-19 

Jacquier-Sarlin M, Fuller K, A D-X, Richard M, Polla B (1994) Protective 
effects of hsp70 in inflammation. Experentia 50, 1031-1038 

Kim Y, Park J, Choi Y (2003) New approach for the effective recovery of fish 
proteins and their physiochemical chrematistics. Fisheries Science (Tokyo) 69, 
1231-1239 

Laemmli U (1970) Cleavage of structure proteins during the assembly of the 
head bactriophage T4. Nature 227, 680-685 

Martin C, Tang P, Barnardo G, Krone P (2001) Expression of the chaperon-
nin 10 gene during zebrafish development. Cell Stress Chaperones 6 (1), 38-
43 

Nakano K, Iwama G (2002) The 70-kDa heat shock protein response in two 
intertidal sculpins, Oligocottus maculosus and O. snyderi: relationship of 
hsp70 and thermal tolerance. Comparative Biochemistry and Physiology 133, 
79-94 

Meyer A, Hung N, Yang P, Johnson A, Craig EA (2007) The specialized cyto-
solic J-protein, Jjj1, functions in 60S ribosomal subunit biogenesis. Procee-
dings of the National Academy of Sciences USA 104, 1558-1563 

Parsell D, Lindquist S (1994) Heat shock proteins and stress tolerance. In: 
Morimoto RI, Tissieres A, Georgopoulos C (Eds) The Biology of Heat Shock 
Proteins and Molecular Chaperones, Cold Spring Harbor Laboratory Press, 
New York, 26, pp 457-494 

Rabergh C, Airaksinen S, Soitamo A, Bjorklund H, Johansson T, Nikinmaa 
M, Sistonen J (2000) Tissue-specific expression of zebrafish (Danio rerio) 
heat shock factor 1 mRNAS in response to heat stress. Journal of Experimen-
tal Biology 203, 1817 -1824 

Scholz N, Truelove N, French B, Berejikian B, Quinin T, Casillas E, Collier 
T (2000) Diazinon disrupts antipredator and homing behaviors in Chinook 
salmon (Oncorhynchus tshawytscha). Canadian Journal of Fisheries and 
Aquatic Sciences 57, 1911- 1918 

Takeuchi K, Toyohara H, Sakaguchi M (2000) Effect of hyper and hypos-
motic stress on protein synthesis in cultured epidermal cells in common carp. 
Fisheries Science 66, 117-123 

 
 

G5  G1   G3    G2    G4     M.

78.16  kDa
77.05  kDa
71.78  kDa

G5   G1   G3     G2    G4     M.

78.16  kDa
77.05  kDa
71.78  kDa

G5  G1   G3    G2    G4     M.G5  G1   G3    G2    G4     M.

78.16  kDa
77.05  kDa
71.78  kDa

G5   G1   G3     G2    G4     M.

78.16  kDa
77.05  kDa
71.78  kDa

Fig. 1 Scanned separated proteins. (A) Stained SDS-PAGE gel. (B) Stained SDS-PAGE gel analyzed by GDS. Note: one of each three replicates is 
represented. 
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