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ABSTRACT 

Dunaliella salina a photosynthetic halotolerant microalgal strain was isolated during a screening program from Maharlu 

Salt Lake, Shiraz, Iran. After molecular identification and characterization, the influences of different salinity levels (0%, 

5%, 12%, 20% and 30% NaCl) and different periods of salinity exposure (0, 1, 3, 6, 12, 18, 24, 48 h) on the expression of 

hsp70 gene in D. salina was investigated. The highest expression levels of hsp70 was seen under 12% NaCl concentration. 

Besides, When D. salina was stressed by NaCl, upregulation of hsp70 specific mRNA occurred within 1 h and remained 

increased during a culture of up to 6 h, as compared with normal cells. 
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INTRODUCTION 

Dunaliella salina is a unicellular flagellate eukaryotic 

green alga with no cell walls1. Dunaliella have been used 

as a model system to study the molecular mechanisms of 

halotolerance in eukaryotes for more than 100 years2. 

Dunaliella is the most resistant halotolerant eukaryotic cell 

known, and can survive in media with wide range of 

chemical compositions and salt concentrations ranging 

from 0.05 M to 5.5 M saturation3. The significant 

intracellular components of Dunaliella are carotenoids, 

glycerol, protein and vitamins with antioxidant properties4-

6. D. salina is one of the world's richest natural sources of 

β-carotene and glycerol, so it is a good choice for microbial 

cell factory applications and biofuel production3,7. 

While D. salina can proliferate in hypersaline medium, the 

intracellular concentrations of Na+ and K+ are maintained 

at a low level of 100–200 mM, means that this is a 

halotolerant but not halophilic algae3. The isolation of 

Dunaliella from hypersaline lakes like Maharlu Salt Lake 

in Shiraz, Iran, has been reported several times7-11. Cells 

have different strategies to deal with the environmental 

changes12. They generally respond to stress by changing 

gene expression and upregulating the production of a 

group of highly conserved proteins known as the heat 

shock proteins (HSPs)13. Some of these environmental 

stresses like low temperature, osmotic, salinity, oxidative, 

desiccation, and heavy metals are stressful for cells and 

these stresses were found to induce the synthesis of 

HSPs14. Their classification as stress or heat-shock 

proteins may be misunderstanding because these 

components are present in considerable amounts and fulfill 

essential functions under non-stressful conditions15. HSPs 

have multiple roles, including membrane translocation, 

protein degradation, protein folding, and repair misfolded 

proteins, in regulation of protein homeostasis in normal 

and stressed cells16. HSPs, in particular the 70 kDa (hsp70) 

family, first achieved fame as the genes whose expression 

are caused by heat and other stresses17. Later discoveries 

revealed their roles as molecular chaperones15. All known 

stresses, if sufficiently intense, induce HSPs expression. 

Some studies have reported the reversible increase in 

hsp70 expression in response to salinity stress18-20.  The 

primary objective of this research is to investigate the gene 

expression profile of hsp70 in D. salina exposed as one of 

the osmotic response process to different salinities (5%, 

12%, 20% and 30%). 

 

MATERIALS AND METHODS 

Strain and culture media 

The green algae D. salina was isolated from Maharlu Salt 

Lake in south of Shiraz, Fars province. Identification and  
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characterization of the isolated strain was exploited as 

described before21,22. Cells of D. salina were cultured in a 

modified Johnson medium23. A laboratory experiment was 

conducted to investigate the effects of different salinity  

levels (0%, 5%, 12%, 20% and 30% NaCl) and different 

periods of salinity exposure (0, 1, 3, 6, 12, 18, 24, 48 h) on 

the expression of hsp70 gene in D. salina. Cells were 

harvested by centrifugation and total RNA was isolated 

using RNX-Plus buffer (CINNAGEN, Iran) according to 

the manufacturer’s protocol. The purified total RNA was 

quantified by Nano-Drop ND 1000 spectrophotometer 

(Wilmington, USA). To eliminate genomic DNA, the 

RNA preparations were treated with Fermentas DNase Kit 

(Fermentas, Hanover, MD) following the manufacturer’s 

instructions. First-strand cDNA was synthesized from the 

total RNA by M-MuLV reverse transcriptase (Fermentas, 

Hanover, MD), oligo dT primers and random hexamer in a 

20 µL final volume24. Primer design was carried out using 

Allele ID 7 software for 18S rRNA (GQ337903) as an 

internal control gene and hsp70 gene (AY078499) (Table 

1). Relative real-time PCR was performed in a 20 µL 

volume containing 1 µL cDNA, 10 µL SYBR® Premix Ex 

Taq ™ II (TaKaRa, Japan) and 4 pmol of each primer. The 

amplification reactions were carried out in a lineGeneK 

thermal cycler (Bioer, China). The cycling program 

included 2 min at 94 °C for initial denaturing and followed 

by 40 cycles of 94 °C for 10 s alternating with annealing 

temperature (Ta) of each of the primer pairs for 15 and 30 

s of extension at 72 °C. Two negative controls were added: 

one without reverse transcriptase, and one without cDNA 

template. After 40 cycles, the specificity of the 

amplifications was checked based on melting curves 

Table 1: Sequences of primers used for real-time PCR amplification and the resulting product size 

Primer    Ta Amplicon length (b) Sequence 

hsp70 F    57.5 137 CTGCTGTTGCTGGATGTCAC 

hsp70 R 57.5 137 GGCTGGTTGTCGCTGTAGG 

18S rRNA F 56.8 148 AGTGTTGGGCAAGTGGAC 

18S rRNA R 56.8 148 TAGAAATAGCGAGCGATAAGC 

 

 
Figure 1: hsp70 gene expression profile under different concentration of NaCl (control, 5%, 12%, 20% and 30% 

NaCl). SE indicated as vertical error bar for all the columns. 

 
Figure 2: hsp70 gene expression profile under different times after NaCl treatment (control (0), 1, 3, 6, 12, 18, 24 and 

48 h). SE indicated as vertical error bar for all the columns. 
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resulted by heating the amplicons from 60 to 95 oC24. Data 

were expressed relative to the expression of the 

housekeeping gene 18S rRNA. For quantitative real-time 

PCR data, relative expression for hsp70 was calculated 

based on the threshold cycle (CT) method. The fold change 

of target mRNAs over the reference values were calculated 

by the equation 2-ΔΔCT25. Statistical analysis was carried out 

using GraphPad Prism (CA, USA). 

 

RESULTS AND DISCUSSION 

As the success of the qRT-PCR experiment depends on the 

choice of PCR primers, in this experiment we designed 

primers using Allele ID 7 software with great sensitivity. 

Besides hsp70 gene, the 18S rRNA gene expression was 

calculated as the internal control (whose expression not 

influenced by salt stress) for data normalization. To date, 

several research has been conducted to demonstrate the 

effect of hsp70 gene expression on salinity tolerance. In 

this experiment in order to aiming at identification of the 

mechanism of salinity tolerance, quantitative real-time 

PCR was employed to investigate the expression pattern of 

hsp70 gene under different concentrations of NaCl. Figure 

1 shows the quantitative expression profile of hsp70 under 

different concentrations of NaCl (control, 5%, 12%, 20% 

and 30% NaCl). Kruskal-Wallis analysis showed 

significant impact of salinity on hsp70 relative expression 

(p-value: 0.0204) but no significant differences was seen 

between groups using Dunn's Multiple Comparison Test (p 

≤ 0.05). The highest expression of hsp70 was seen under 

12% NaCl concentration, while control and 30% NaCl 

concentration showed lower levels of gene expression. In 

fact, a gradual decrease in gene expression was seen from 

12% to 30% NaCl concentration. On the other hand, When 

D. salina was stressed by NaCl, upregulation of hsp70 

specific mRNA occurred within 1 h and remained 

increased during a culture of up to 6 h, as compared with 

cells not treated with NaCl, then slowly decrease up to 48 

h (Figure 2). Kruskal-Wallis analysis for the investigation 

of differences in the hsp70 gene expression under different 

times after NaCl treatment (control (0), 1, 3, 6, 12, 18, 24 

and 48 h) showed no significant differences (p ≤ 0.05). The 

highest level of hsp70 gene expression was occurred at 

12% NaCl concentration. It can be concluded that HSP70 

protein is involved in the adaptation of D. salina to low 

salinity exposure and in the higher levels of salinity, other 

mechanisms of tolerance, like the regulation of 

intracellular concentrations of glycerol and expression of 

other genes for resistance to salinity, should be activated. 

In other hand the best growth rate of Dunaliella cell 

accrued in a 12% NaCl concentration that shows in this 

concentration cell function be better than other 

concentration. So cell hove to express hsp70 gene for 

protein folding in addition of salinity stress. On the other 

hand, the highest level of hsp70 gene expression was 

occurred 6 h after salinity treatment, which may indicate 

that hsp70 is one of the early salt stress response genes. As 

more time passes from the NaCl treatment the HSP70 gene 

expression gradually decreases because of the activation of 

other mechanisms of tolerance or because of the stability 

of the produced protein. Dunaliella osmotic responses 

include three stages, which they divided according with the 

time. The first is immediate response, the second one is 

short-term and the last one is a long-term response, which 

long-term response include change and induce gene 

expression and also accumulation of some salt-induced 

proteins26,27. 
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