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Abstract 
 
Heavy metals are one of the most persistent pollutants in waters, and molecular 
biomarkers as bioindicators could uncover early warning signals of stress suffered by 
organisms exposed to these pollutants. This research was conducted to explore the 
impact of lead contaminant on expression levels of hsp70 gene as well as protein 
pattern and innate immune indicators of skin mucus in Common carp as a biological 
model. The fish were exposed to different concentrations of Pb(NO3)2 as a source of 
lead (0, 7.875, 15.75, and 31.5 mg/L of lead) for 14 days. After the completion of the 
experiment, the liver and gill tissue plus mucus samples were collected from the fish. 
Next, the effects of exposure to sublethal doses of lead were investigated on 
expression levels of hsp70 gene, protein pattern, and innate immune indicators of skin 
mucus. The results indicated that the expression level of hsp70 gene significantly 
increased (at 7.5% & 30% LC50) in the liver tissue compared to the control group 
(P<0.05). The protein pattern of treatment samples was different from that of the 
control group. Also, in the mucus innate immune parameters, the levels of alkaline 
phosphatase increased significantly at high concentrations of lead contamination in 
comparison with the control group (P<0.05). The protein levels first revealed an 
ascending trend (P<0.05), and then a descending trend (at 30% LC50), though it was 
not a significant downward trend compared with the control group (P>0.05). The 
results suggested that these physiological indicators in Cyprinus carpio could be used 
as molecular and mucosal biomarkers for ecotoxicological studies.  

 

Introduction 
 

Water systems may be widely contaminated by 
toxic metals released from household, industrial, and 
other human activities. Toxic metal pollution may have 
detrimental effects on ecological balance and 
biodiversity of marine ecosystems (Vinodhini & 
Narayanan, 2008). Among metals, lead is of particular 
concern since it is extremely toxic to aquatic creatures 
at ecologically related levels (Zhang et al., 2008). 

Evaluation of the expression levels of different 
genes as molecular biomarkers under different 
exposure conditions has prompted new studies (Head et 
al., 2012). Indeed, molecular changes as the first 
measurable changes can provide helpful information to 
understand the effects of environmental stress on 
aquatic life (Rose et al., 2006). Among the investigated 
factors, heat shock protein expression level is a suitable 
biomarker in environmental toxicology studies 
(Tedeschi et al., 2015; Cantinha et al., 2017).  
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Stress indices in mucus are increasingly used as an 
indicator (mucosal biomarkers) for assessing the impact 
of sub-lethal stressors on fish. A mucous layer covers the 
fish skin which constantly changes. The mucus serves as 
a physical barrier between aquatic medium and fish; it 
has advanced diverse innate immune factors, such as 
proteases, immunoglobulins, lysozyme, proteolytic 
enzymes, lectins, as well as other antibacterial peptides 
and proteins (Subramanian et al., 2007). Studies have 
reported that stress indices in skin mucus change in 
reaction to physical, environmental, and microbial 
stresses (Ellis, 2001; Chong et al., 2006; Omidi et al., 
2020). 

Fish are largely used to assess the quality of the 
aquatic environment and can be used as an 
environmental contaminant bioindicator 
(Dautremepuits et al., 2004). The family Cyprinidae are 
freshwater fish throughout the world, extensively used 
as a fish model in the study of evolutionary biology. 
Cyprinus carpio is the common species of the family 
Cyprinidae. It is an important commercial species 
around the universe with an adaptive reaction to 
environmental pollution (Heidary et al., 2016). 

The study about impact of heavy metals on 
molecular and mucosal biomarkers has been 
insufficiently conducted to date. Thus, the aim of this 
study is to investigate the effect of lead contaminant on 
expression levels of hsp70 gene as well as protein 
pattern and innate immune indicators of skin mucus in 
Common carp as a biological model. 

 

Materials and Methods 
 

Fish Husbandry and Maintenance 
 
About 400 pieces of Common carp were obtained 

from aquaculture farms with a mean weight of 20 ± 3.16 
g. The fish were kept in aquaria (80- L) for two weeks 
under laboratory conditions and fed twice a day with 
commercial food of Common carp at the limit 2% body 
weight for adaptation. During the adaptation and 
experimentation period, the fish were maintained a 12 
h light and 12 h dark cycle. 
 
Determination of LC50 (96-h) 

 
LC50 determination experiment was carried out at 

eight concentrations for 96 hours. The fish were 
exposed to concentrations of Pb(NO3)2 as a source of 
lead. Specifically, the effective concentrations of lead in 
the determined concentrations were 0,1, 10, 20, 40, 80, 
160, and 320 mg/L lead (molar mass of lead (II) 
nitrate=331.2 g/mol, molar mass of Lead=207.2 g/mol). 
Three replicates were taken for each concentration, 
with the random distribution of seven pieces of fish in 
each glass aquarium of 80 L. The duration of the lethal 
test was 96 hours and mortality of fish was recorded 
daily at these concentrations. Then, Probit software was 
employed for measuring LC50 (96-h). 

Sub-lethal Experiment 
 
The experiment was performed for 14 days at 

concentrations of 0, 7.5, 15, and 30 % of LC50 lead (II) 
nitrate. The effective concentration of lead in the 
determined concentrations of Pb(NO3)2 were 0, 7.875, 
15.75, and 31.5 mg/L of lead (three replicates for each 
concentration). It was followed by random division of 
the fish in aquaria (10 fish per aquarium), which were 
nourished twice per day with commercial food of 
Common carp at 2% body weight. The experimental 
water and lead in the water were changed daily. The 
parameters of water quality during the experiment were 
as follows: pH, temperature, dissolved oxygen levels 
above 6 mg /L, and nitrite below 0.05 mg /L. Animals 
were starved for 24 h before sampling. 

 
Molecular Analysis 
 
Sample Provision 

 
At the end of the experiment, the sampling steps 

were conducted in an ethically and professionally. We 
randomly selected three fish pieces from each 
aquarium. Clove powder was used for anesthesia, and 
then the tissues of the liver and gill were separated. 
They were instantly placed in liquid N and stockpiled at 
- 80 °C until RNA extraction. 

 
Extraction of RNA and cDNA Synthesis 

 
For extracting RNA, after homogenizing 50 -100 mg 

of gill and liver tissues in 1.0 mL RNAxPlus reagent 
(Sinaclon; Iran), they were exposed to ambient 
temperature for 15 minutes. The approach prescribed 
by Panigrahi et al. (2011) was followed for conducting 
other stages of RNA extraction. The spectrophotometer 
was used for investigating the RNA amount at 260/280 
nm. The RNA quality was specified through 
electrophoresis on a 1.5% agarose gel stained with 
ethidium bromide. Genet Bio cDNA synthesis kit (Korea) 
for real-time PCR was used for synthesizing the first-
strand cDNAs in accordance with manufacturer’s 
instructions and based on a combination of oligo-dt as a 
primer. RT-PCR reactions were conducted three times 
based on a standard protocol [primary denaturation for 
10 min at 95 °C in 40 cycles, extension, and annealing at 
95 °C for 15 s, 72 °C for 15s, and 56 °C for 30 s]. 
 
Primer Design and Quantitative RT-PCR 

 
The qPCR primers for hsp70 and b-actine were 

designed based on past studies (Ouellet et al.,2013) 
(Table 1). Standard curve analysis was used for 
determining the performance of PCR and relative mRNA 
expression of hsp70 with serial dilution of cDNA (5 
dilutions), which was explained by Miandare et al. 
(2013). The housekeeping gene was b-actine.  



Genetics of Aquatic Organisms GA448 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An iCycler (Bio-Rad) with Fermentas Maxima SYBR 
Green qPCR Master Mix with the gene-specific primers 
was used for conducting Rt-PCR analysis. The rt-PCR 
analyses were conducted using standard protocol 
explained by Miandare et al. (2013). The standard 
curves were created from dilution series of cDNA (5 
dilutions from 1/10 to 1/200). The PCR performance was 
determined by the formula: E% = (101/slope – 1) × 
100(Radonic et al 2004). The standard curve and 2−ΔΔCT 
method were used for determining the fold change in 
the relative mRNA expression of hsp70 (Livak & 
Schmittgen, 2001). The iQ5 optical system software 2.0 
(Bio- Rad) was used for data analysis. 

 
Fish Mucus Samples and Sample Analysis 

 
Mucus Collection  

 
The approach described by Ross et al. (2000) was 

used for mucus collection, which was collected from five 
Common carp per aquarium, with some slight 
modifications. Packs with 10 ml of 50 mM NaCl were 
used for placing the fish. The fish were taken out after 1 
minute, and released to the aquaria. We poured the 
mucus samples into 15 ml sterile centrifuge tubes. They 
were centrifuged (1500 g) at 4 °C for 10 min. The 
gathered skin mucus was immediately frozen so that 
bacterial contamination would be prevented. Then, the 
samples were lyophilized and stockpiled at -80 °C. 

 
Determination of Soluble Protein Concentration, 
Alkaline Phosphatase, and Lysozyme Activity 

 
The approach proposed by Lowry et al. (1951) was 

employed for determining the protein level of the 
samples, where serum albumin (BSA, Sigma) was 
applied as the standard. The commercial kits (Pars 
Azmon, Iran) and spectrophotometer (405 nm) were 
employed to determine alkaline phosphatase activity. 
Also, a turbidimetric test (Subramanian et al., 2007) and 
spectrophotometer were used to specify lysozyme 
activity. Shortly, Micrococcus lysodeikticus was held in 
50 cc of sodium acetate buffer (17 μl of glacial acetic acid 
per 100 cc of water, 139 mg of sodium acetate, pH 5.5). 
Specifically, 250 μl of mucus samples was then 
combined with 1.25 mL of bacterial suspension, and the 
sample absorbance reduction was observed for 10 min 
at 450 nm. A unit of lysozyme activity was described as 
the amount of enzyme resulting in absorbance 
reduction of 0.001 per minute.  

SDS-PAGE 
 
Sodium dodecyl sulphate-polyacrylamide gel 

electrophoresis (SDS-PAGE) was used for examining the 
protein pattern of the aqueous extract of skin mucus, in 
accordance with the approach explained by Laemmli 
(1970). The migration buffer contained 192 mM glycine 
(pH 8.5) and 25 mM Tris. The samples were combined 
with sample buffer composed of 0.1% SDS, 0.01 M Tris-
glycine buffer (pH 6.8), 20% glycerol, and 1% 2-b-
mercaptoethanol. It was then warmed for 4 min at 100 
°C, centrifuged at 1000 g for 3 min (2K15 Sigma), and 
used on the gel, running with a continuous current [50 
mV (15%) and 30 mV (7%)]. Then, the gel was stained 
with Coomassie Brilliant Blue G, while trypsin inhibitor 
(20.1 kDa), Lactalbumin (14.4 kDa), carbonic anhydrase 
(30 kDa), phosphorylase b (94 kDa), and albumin (67 
kDa) were utilized as molecular weight markers 
(Pharmacia). 
 
Data Analysis 

 
The data normality was surveyed. Data were 

analyzed by Duncan test and one-way ANOVA 
(confidence level 95%) using R-3.5.2 Software. 
 

Results 
 

Assessment of Hsp70 Gene Expression in Liver and Gill 
 
The impacts of varying lead levels on the 

expression of hsp70 in the gill and liver of Common carp 
were analyzed (Figures 1 and 2). With elevation of lead 
concentration, hsp70 gene expression levels in the gill 
did not indicate any significant difference in comparison 
with the control group (P>0.05), while hsp70 gene 
expression levels in fish liver grew with increasing the 
lead concentration (at 7.5% & 30% LC50) in comparison 
with the control group (P<0.05). 
 
Protein Pattern Assay 

 
The protein profiles of the treated samples and 

control samples were significantly different (Figures 3 
and 4). As revealed by protein pattern results, changes 
occurred in the treated groups in terms of intensity of 
the protein bands (in the band of 25 kDa). The results 
demonstrated a new band in treated groups while the 
control group did not show it (between 17 and 25 kDa). 

 

Table 1. Primer pairs used for quantitative mRNA expression 

Gen Operation Particular Primers (5’-3’) Efficiency (%) 

β-actin Internal standard aGGGTATGGAGTCTTGCGGTA 
bACAGGTCCTTACGGATGTCG 

92.7 
 

hsp-70 Protein folding and conservation aTCATGGGAGACACATCTGGA 
bAGGTCTGGGTCTGTTTGGTG 

92.34 
 

aforward primer, breverse primer 
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Figure 1. The expression of gene hsp70 in the gill of Cyprinus carpio exposed to sub-lethal concentrations of lead; Values are 
expressed as the mean ± S.D. The bars with different letters show significant differences between treatments (P<0.05). 

 
 
 
 

         
 
 
 
 

Figure 2. The expression of gene hsp70 in the liver of Cyprinus carpio exposed to sub-lethal concentrations of lead; Values are 
expressed as the mean ± S.D. The bars with different letters indicate significant differences between treatments (P<0.05). 
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Figure 3. Assessment of skin mucus protein pattern by SDS-PAGE; Bands with enhanced intensity are indicated by green arrows; 
the blue arrow indicates a new band; Line 1: Control, Line 2: 7.5% LC50, Line 3: 15% LC50, Line 4: 30% LC50. 

 
 
 

 

Figure 4. The impact of varying lead concentrations on the pattern of skin mucus protein bands in Cyprinus carpio by gel analyzer 
software; Control: 0%LC50, T1: 7.5% LC50, T2: 15% LC50, T3: 30% LC50. 
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Measurement of Mucus Safety Parameters 
 
The mucus safety parameters in Common carp 

exposed to sub-lethal concentrations of lead were 
measured (Figure 5). Increasing lead levels significantly 
altered alkaline phosphatase and protein levels in 
comparison with the control group (P<0.05), only 
excepting lysozyme levels (P>0.05). With elevation of 
lead concentration, protein levels first showed an 
upward trend, then a descending trend (at 30% LC50), 
but it was not a significant diminishing trend in 
comparison with the control group. Finally, alkaline 
phosphatase levels increased significantly at high 
concentrations of lead contamination in comparison to 
the control group.  

 

Discussion 
 

The current work explored the impact of lead 
contaminant on the relative expression of hsp70 gene as 
well as protein pattern and safety parameters of skin 
mucus in Common carp. Here, protein pattern changes 
in mucus of Common carp exposed to varying lead 
concentrations were demonstrated using SDS-
polyacrylamide gel electrophoresis (SDS- Page). The 
results revealed that there are different protein bands 
in the protein pattern of Common carp. The protein 
band intensity, in the 25 kDa range, increased in the 
treated groups. There was a new band within 17 to 25 
kDa, while it was not observed in the control group. The 
difference in the protein pattern across living creatures 
can be because of external and internal conditions. The 
protein profile of mucus has been reported for many 
species (Lortal et al., 1997; Ebran et al., 1999; Fagan et 
al., 2003; Subramanian et al., 2008; Khattab et al., 2014). 
Among the sparse studies on the effect of heavy metals 
on the protein pattern of fish mucus, recently Omidi et 
al. (2020) reported a change in the protein pattern of 
Neogobius melanostomus skin mucus under the 
influence of heavy metals, using SDS- Page. It was 
consistent with the results of the present study 
concerning the effect of lead contamination on the 
protein pattern of Common carp mucus. 

The sample total protein reflects the amount of 
secretion or the present mucus levels (Yokoyama et al., 
2006). Mucus is produced by goblet cells (Guardiola et 
al., 2015). With readiness of mucosal secretions, these 
cells release their contents to the fish skin surface. 
Meanwhile, environmental changes influence the 
amount of goblet cells in the epidermis (Iger et al., 
1994). Fish mucus protein levels in reaction to changes 
in body physiology and environmental conditions have 
been reported in many studies (Fagan et al., 2003; 
Pottinger& Pickering, 1985; Timalata et al., 2015). Also, 
in our work, the amount of mucus protein in the 
Common carp increased in comparison to the control 
group under the influence of varying concentrations of 
lead, which concurs with the findings of Omidi et al. 
(2020). 

There are many mucus enzymes in the skin mucus 
with important functions (Iger et al., 1994; Ebran et al., 
1999). Alkaline phosphatase is an antibacterial factor in 
mucus, which grows in the mucus of fish after exposure 
to environmental stressors (Sheikhzadeh et al., 2012). In 
this work, the lysozyme enzyme levels did not show any 
significant differences at varying lead concentrations; 
however, the alkaline phosphatase enzyme levels 
increased at high concentrations of lead contamination 
in comparison to the control group. Similar to the 
current research, a significant rise was observed by 
Guardiola et al. (2015), in the alkaline phosphatase of 
Sparus aurata mucus exposed to varying concentrations 
of heavy metals and different exposure times. The 
increase of these enzymes in the mucus might be due to 
accumulation of Rudlet cells in the epithelium because 
of the stress resulting from exposure to heavy metals 
(Guardiola et al., 2015, Omidi et al., 2020). 

Heat shock proteins are essential for maintaining 
the major functions of cells (Fink, 1994). The amount of 
heat-shock protein synthesis in response to oxidative 
stress conditions has been reported for different species 
(Hassanein et al., 1999; Rhee et al., 2009; Monari et al., 
2011; Jiang et al., 2012; Simpkins et al., 2013; Xing et al., 
2013). Indeed, various stressors induce the synthesis of 
these proteins (Sanders, 1993). Liver and gill tissues are 
selected as specific organs for the study of hsp70 gene 
expression due to their high susceptibility to 
contamination, which results in impaired cellular 
processes in these tissues (Rao et al., 2003; Safari et al., 
2014). 

In the present study, the relative expression levels 
of hsp70 gene increased under the influence of lead 
contaminant (at 7.5% & 30% LC50), compared to the 
control group. Similarly, Safari et al. (2014) found a 
significant increase in hsp70 gene expression level in the 
liver of Acipenser persicus exposed to cadmium chloride. 
In addition, Shabrangharehdasht et al. (2020) reported 
a significant growth in hsp70 expression level in 
Oncorhynchus mykiss exposed to different nanosilver 
concentrations. Hsp70 gene expression levels in the gill 
showed no significant difference, which concurs with 
the study of Osman et al. (2019), who explored the lead 
(II) nitrate impact on the levels of hsp70 expression. The 
difference in the amount of synthesis across various 
tissues can be attributed to the inherent differences 
between the tissues (Safari et al., 2014; 
Shabrangharehdasht et al., 2020). 
 

Conclusions 
 

Our results indicated the positive impact of lead 
contamination on the expression of gene hsp70 in the 
liver. The results also indicated that there are 
differences between the mucus protein pattern of 
treated group and the control group. Further, of the 
innate mucus immune parameters, alkaline 
phosphatase and protein levels indicated a significant 
rise in concentrations of lead in comparison with the 
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Figure. 5. Levels of mucus safety parameters in Common carp exposed to lead; Values are expressed as the mean ± S.D. The bars 
with different letters show significant differences between treatments (P<0.05). 
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control group. According to the results mentioned, 
mRNA-hsp70 and mucosal indicators can be considered 
sensitive biochemical indicators in Cyprinus carpio for 
ecotoxicological research.  
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