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Abstract 

Dunaliella salina is single green algae, isolated from Sambhar Salt Lake, which has very high percentage of carotenoids. 

The effect of different concentration of mutagen in the form of ethyl methane sulfonate was studied by rapid addition and having 

treatment for 1hr in dark and its effect on various bio-pigments viz. total chlorophyll, carotenoids and protein contents were 

determined. Further it was observed that chlorophyll content in treated cultures were decreased as compare to untreated (control) 

cultures. Maximum carotenoids content was observed at 0.005% EMS on 6th day through rapid addition of EMS.  Maximum 

protein content was observed at 0.04% on 8th day while in cultures kept in dark showed slight increase in chlorophyll as compare 

to rapid addition of EMS. 
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I. INTRODUCTION 
 

Dunaliella salina is a hyper-halo tolerant green microalgae found in high densities in saline lakes (Brock, 1975 and 

Schlipalius, 1991) and able to tolerate NaCl concentrations (0.2% to 35 %) (Farhat et al., 2011). D. salina is richest natural 

source of β- carotene (Farhat et al., 2011). The β- carotene is used as natural food coloring agent in processed foods and 

cosmetics (Dufossé et al., 2005). One of the most valuable characteristic of D. salina is its antioxidant property. Previous 

researchers had demonstrated that this algae can protect cornea from UVB-induced damage (Tsai et al., 2012). An extract of D. 

salina decreases the human lung cancer cell proliferation by 48% by inducing cell death (Sheu et al., 2008) and extract is also 

effective against skin cancer cells(Emtyazjoo et al., 2012). Previous researchers had reported that these algae reduce narrowing 

of the arteries (Sheu et al., 2010) and protect against atherosclerosis (Karppi et al., 2013) through decreasing oxidation and 

increasing antioxidant activity. Markers of antioxidant activity were greatly increased in rat by receiving its β- carotene (Murthy 

et al., 2005). D. salina as algae-based vaccine will be a breakthrough in resolving aquaculture problems such as viral disease in 

crustacean (Feng et al., 2014). 

The primary objective of the mutation is to enlarge the frequency and spectrum of viable mutations, as an approach towards 

directed mutagenesis. Chemical mutagenesis can be used not only to loss- or gain-of-function mutants but also to understand 

the protein function. 

Ethyl methane sulfonate (EMS) is mono-functional ethylating agent that has been found to be mutagenic induce mispairing 

and base changes. EMS can mimic nitrogen base in normal DNA but it cannot couple during DNA replication (Sega, 1984). It 

has also been shown to be carcinogenic in mammals. Genetic data obtained using microorganisms suggest that EMS may 

produce both GC to AT and AT to GC transition mutations and can cause base-pair insertions or deletions as well as more 

extensive intragenic deletions (Sega, 1984). Some reports revealed that EMS gradually hydrolyses DNA form the deoxyribose 

on backbone (mostly the N-7 position of guanine) and leaving behind an apurinic (or possibly an apyrimidinic) site that is 

unstable and can lead to single-strand breakage of the DNA and causing chromosome breakage (Sega, 1984) 

Many of the damaging effects of chemical mutagens or physical factors are reduced through defense mechanisms. (ib 

Bhattacharya, 2011, Boran et al., 2017 and  Słoczyńska et al., 2014) Production of anti-mutagenic agent in the cell is a step of 

defense mechanisms. So, chemical mutagens induces and improve the quantity of nutritionally useful products involved in 

defense mechanism in organisms that are important for human welfare. There are many studies reported chemical mutagens 

induce and improve cell function(James et al., 2013, El-Nashar et al., 2015 Kishk et al., 2016) 

There are many studies reported by scientists which favours that EMS affects carotenoids, chlorophyll and proteins. (Kumar 

et al., 1974, Hairui et al., 1997, Doan et al., 2012, Tripathi et al., 2001, Huesemann et al., 2009, Chamovitz et al., 1993, Liu et 

al., 2010, Hu et al., 2008 and Jin et al., 2003) In a different study EMS produces pollution-tolerant strains, (Kumar et al., 1974) 

enhances intracellular lipid (Doan et al., 2012) and improves biomass productivities (Tripathi et al., 2001and Huesemann et al., 

2009). Overproduction of carotenoid in Haematococcus mutants while reducing cell mortality during stress-induced 

carotenogenesis was reported. (Hu et al., 2008) It has been reported mutant of alga Dunaliella salina constitutively accumulates 

high carotenoid under all growth conditions (Jin et al., 2003). 
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The present study was aimed to investigate the possibility of effect of EMS on proteins and bio pigments in D. salina through 

induce mutagenesis. 

 

II. MATERIALS AND METHODS  

Dunaliella salina was isolated from Sambhar Lake. Isolation and purification was made by dilution, plating technique. Culture were 

grown and maintained under ASWM (Lata et al., 2016)at 26+20C temperature under cyclic fluorescent illumination (12 hrs dark: 

12 hrs light) of 2500 lux. 

We design two type of experimental arrangements to ensuring the better effect of EMS on chlorophyll, carotenoid and 

proteins content of D. salina  

1. Rapid addition of EMS 

Uni-algal cultures were added to 500ml conical flasks containing 250ml artificial sea water medium (ASWM) with different 

concentration of EMS i.e. 0.005%, 0.01%, 0.02%, 0.04% and 0.08% for 12 days duration along with controlled culture 

conditions. The cultures were grown in EMS treated media at 26+20C under cyclic fluorescent illumination (12 hrs dark: 12 hrs 

light) of 2500 lux. Non-treated D. salina cultures in artificial sea water media were used as control. In order to find out effective 

concentration of EMS mutagen and effect on pigmentation, protein content  during rapid addition of EMS culture were observed  

on 2nd ,4th, 6th,8th,10th, and 12th days for chlorophyll, carotenoid and protein content. 

2. 1 hour treatment of EMS in dark 

Uni-algal cultures were centrifuged at 5000 rpm for 5 min, centrifuged cells were treated with varied concentrations of EMS 

i.e. 0.005%, 0.01%, 0.02%, 0.04% and 0.08%. 5 ml of EMS solution was used for each concentration for soaking. The cells 

were treated with EMS of specified concentrations for 1 hour in dark under controlled conditions with intermittent shaking. 

After 1 hour, the EMS solution was removed through centrifuge and cells were thoroughly washed in ASWM for 4 times to 

remove the EMS residues using centrifuge. After 4 times washing, treated algal cells were added to 500ml conical flask 

containing 250ml artificial sea water media (ASWM) for 12 days duration along with controlled culture conditions.  The cultures 

were grown at 26+20C temperature under cyclic fluorescent illumination (12 hrs dark: 12 hrs light) of 2500 lux. Non-treated D. 

salina cultures in artificial sea water media were used as control. In order to find out effective concentration of EMS mutagen 

and effect on pigmentation, protein production during 1 hour treatment of EMS in dark culture were observed  on 2nd ,4th, 

6th,8th,10th, and 12th days for chlorophyll, carotenoid and protein content. 

Estimation of Bio pigments 

 Total chlorophyll was determined by the method of Arnon. (Arnon., 1949) 

 Total Carotenoid was estimated by method of Mahadevan and Sridhar (Mahadevan & Shridhar). 

Estimation of protein content 

 For quantitative estimation of Protein, protocol of Osborne’s was followed (Osborne, 1962) and the quantity of total 

protein content was estimated by Lowry’s method (Lowry, 1951). 

SDS PAGE analysis 

The effect of different concentration of EMS on protein profile was determined through SDS-PAGE. Cultures exhibited 

highest growth parameters, bio pigments, protein content were followed for SDS-PAGE. Protein extraction was carried out 

according to Naushad (Turi et al., 2010). Electrophoresis was carried out according Laemmli’s method (Laemmli, 1970). 

In order to score and preserve banding pattern, the gel was subjected to image scanning using BIO-RED GS-700 Imaging 

Densitometer (USA) and the protein profiles were obtained for each variety. The band were designated on the basis of their 

molecular weight, for this purpose molecular weight marker ranging from 14.4kDa to 116.0kDa was loaded simultaneously 

with samples. The distance run by amplified fragment, from the well translated to molecular weight with reference to protein 

molecular weight marker. The presence of each band was scored as (+) plus and it absence as minus (-) 

 

III. RESULTS AND OBSERVATIONS 

 

Effect of different concentration of EMS on carotenoid 

Overall maximum amount of carotenoids was observed in rapid addition of EMS at 0.005% dose and minimum carotenoids 

was observed in 1 hour treatment of EMS in dark at 0.08% dose (Graph: 1a, 1b). Carotenoid increased in both treatments as 

compare to control but lower in quantity in 1 hour treatment of EMS in dark. Overall carotenoid was found highest mostly on 

6th day (Graph: 1a, 1b).  

 
Graph 1a: Amount of carotenoid (in mg/g) measured in D. salina under Rapid addition of EMS. 
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Graph 1b: Amount of carotenoid (in mg/g) measured in D. salina under 1 hour treatment of EMS in dark. 

 

Effect of different concentration of EMS on Chlorophyll 
Overall Maximum chlorophyll was observed in control on 8th day and minimum was observed on 12th day in 1 hour treatment 

of EMS in dark at 0.08% dose. Chlorophyll was found slightly high in 1 hour treatment of EMS in dark as compared to rapid 

addition of EMS. Overall chlorophyll was found maximum mostly on 8th day (Graph: 2a, 2b). 

 

 
Graph 2a: Amount of chlorophyll (in mg/g) measured in D. salina under Rapid addition of EMS. 

 

 
Graph 2b: Amount of chlorophyll (in mg/g) measured in D. salina under 1 hour treatment of EMS in dark. 
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Effect of different concentration of EMS on Protein content 

Overall highest protein was observed in rapid addition of EMS at 0.04% dose on 8th day. Least was found in 1 hour treatment 

of EMS in Dark at 0.08% dose. Protein was found highest mostly on 8th day (Graph: 3a, 3b) 

 

 
 Graph 3a: Amount of proteins (in mg/g) measured in D. salina under Rapid addition of EMS. 

 

 
Graph 3b: Amount of proteins (in mg/g) measured in D. salina under 1hour treatment of EMS in dark. 

 

Effect of different concentration of EMS on SDS- PAGE Analysis 
Culture treated by rapid addition of EMS were found the best in all aspect (such as bio pigments and protein quantity) as 

compared to culture treated with EMS for 1hour in Dark. So, finally Culture treated by rapid addition of EMS were analysed 

for protein profiling through SDS-PAGE. In each gel a wide range molecular weight marker (Fisher) was included. M: Marker 

in kDa, L1: control, L2: 0.005%, L3:0.01%, L4:0.02%, L5:0.04%, L6:0.08% was different concentration of EMS resolved in 

SDS PAGE. After staining and de-staining, gel was scanned and photographs were taken. As shown in (Fig: 1) polypeptide 

profile of extracted protein in SDS-PAGE, there were some newly expressed and some highly expressed polypeptide bands. 

As compared to control, there were some newly expressed polypeptide bands  such as P1 in 0.04%EMS treated D. salina 

(As shown in in L5 of Fig. 1) and P2, P3 in 0.02%EMS treated D. salina (As shown in in L4 of Fig. 1). 
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Fig 1: Coomassie brilliant blue stained polypeptide profile of extracted protein separated by SDS-PAGE. 

 The protein were extracted from D. salina under EMS stress treatment. M: Marker in kDa, L1: Control, L2: 

0.005%, L3:0.01%, L4:0.02%, L5:0.04%, L6:0.08% of EMS treated culture. 

 

As compared to control, there were some highly expressed polypeptide bands such as P4, P5, P6 and P7 in 0.005%EMS 

treated D. salina, (As shown in in L2 of Fig. 1), P8 in 0.01%EMS treated D. salina, (As shown in in L3 of Fig. 1), P9 in 

0.02%EMS treated D. salina (As shown in in L4 of Fig. 1), P10 in 0.04%EMS treated D. salina ( As shown in in L5 of Fig. 1) 

and P11 in 0.08%EMS treated D. salina, ( As shown in in L6 of Fig. 1).  

All the band were designated between 14.4 kDa to 116.kDa on the basis of their molecular weight. The distance run by 

amplified fragment, from the well translated to molecular weight with reference to protein molecular weight marker the presence 

of each band was scored as (+) plus and it absence as minus(-). 

  

IV. DISCUSSION 

The potential roles of EMS in terms of their comparative advantage over their wild type (control) and mutants (treated) for 

the production of carotenoid with respect to their potential utilization by the algal biotechnology industry are discussed. However 

a better understanding of the interrelationship between stress and carotenoid overproduction will facilitate an innovative idea 

for production of specific carotenoids and other products in D. salina and in related organisms. 

The protocol of EMS treatment having 1hour in dark is not an effective method to induce carotenoid, chlorophyll and protein 

as compared to control culture and to cultures treated by rapid addition of EMS also. This may be due to loss in viability by 

mechanical damage induces by 4 time washing of D. salina through centrifugation.  

Overall biomass productivity of mutants were higher than control and achieving the highest volumetric productivity of 

carotenoid (1.8 mg g−1 d−1).  Carotenoid content was increased significantly as compared to control due to stress. Low 

concentration of EMS causes significantly low stress which supports cell stability to induce a high amount of total carotenoid 

productivity. It has been reported that overproduction of carotenoid in Haematococcus mutants reduced cell mortality during 

stress-induced carotenogenesis (Hu et al., 2008). 

Hence biomass productivity of mutants were substantially high in very low concentration of EMS (0.005% to 0.04%) than 

to high concentration of EMS. The mutants thus obtained showed enhanced (2.2–3.2-fold) carotenoid accumulation at very low 

concentration as compare to control. It has been also reported that Dunaliella grown under stress conditions produce higher 

carotenoid 14% of dry weight of cell (Emeish, 2012). 

Overall photosynthetic productivity as measured by chlorophyll content of mutants were low as compare to control achieving 

the highest volumetric productivity of chlorophyll   (3.2 mg g−1 d−1) on 8th day. Lowest chlorophyll content (0.124 mg g−1 d−1) 

was found on12th day of experimental period in culture treated 1hour with 0.08%EMS in dark treatment. Photosynthetic 

productivity were substantially low in high concentration of EMS (0.01% to 0.08%). Here photosynthesis is clearly an important 

target of EMS toxicity.  

Hence, the chlorophyll content was decreased and carotenoid was increased compared with the control values and both 

chlorophyll and carotenoid reduced with increasing EMS concentration. Volumetric productivity of biomass was closely 

associated with the cellular content of total chlorophyll. Results observed at low concentration of EMS also agreed with the 

previous findings on D.salina. (Abu-Rezq et al., 2010) According to previous findings (May SO) under different type of high 

stress such as high salinities, high light intensity, in nitrogen or phosphorus deficiency the increase in carotenoid occurs. In such 

a large quantity of carotenoid water becomes red due to algal colour changed from green to red. Red colour due to a 

decomposition of chlorophyll content of the algal cells and an increase in the β-carotene content. 
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High concentration of mutagen can causes abrupt change in protein quantity due to activation and induction of cell division 

inhibitor protein by high stress as showing in EMS dose 0.04%, protein content was found highest 550 mg g−1 d−1 among 8th 

day. When we compare the both protocol with the control with respect to protein content, we found overall Protein content of 

both treated cultures were high as compare to control. From the day of induction the total protein productivity in 0.005%EMS 

was found 322 mg g−1 d−1 (in rapid addition of EMS) on 6th day, whereas it was 316 mg g−1 d−1 (in 1hour treatment of EMS in 

dark) on same day, on the other hand it was 276 mg g−1 d−1 (in Control) on same day. The protein content showed some variation 

due to synergic effect of time intervals and concentrations of EMS. Increment in protein quantity as compare to control may 

also support to enhance carotenoind production. It has been reported that a point mutation in the phytoenedesaturase enzyme 

(PDS) gene by chemical mutagen enhance carotenoid production in a strains of the cyanobacterium Synechococcus sp. PCC 

7942(Chamovitz et al., 1993) and Chlorella zofingiensis mutants (Liu et al., 2010). This gene was responsible for desaturation 

of phytotene.  

On the other hand, from the results obtained through SDS-PAGE, it is showed  that differential protein expression induced 

by very low concentration (0.005%) of EMS. differential protein expression is not reduced by EMS hence it is suggested that 

protein can protect cells against damage induced by very low concentration (0.005%) of EMS and may support in enhance 

carotenoid production. Statistically, the variations in biochemical analysis due to different concentration of EMS treatment of 

D. salina studied were significant. 

Hence when culture treated with very high concentration 0.08 % of EMS, cell experiences excessive stress due to inhibition 

of cell division ultimately cell not supports carotenoid production.  Photosynthesis also gets adversely affected. Hence the 

chlorophyll content was decreased with increase in concentration of EMS. 

These mutants are discussed in terms of its commercial value and potential utilization by the algal biotechnology industry 

for the production of carotenoid. Moreover, future directions that might further our knowledge in this area are given. 

 

V. CONCLUSION 

The mutants thus obtained showed reduced chlorophyll content and enhanced (2.2–3.2-fold) carotenoid accumulation at low 

concentration in case of rapid addition of EMS. Improvement in the carotenoid content in addition to low concentration of EMS 

through rapid addition could be a good basis for the exploitation of microalgae as a source of bio pigment.  

Mechanical damages reduces bio pigments, and protein production as in 1 hour treatment of EMS in dark protocol. 

It was concluded that bio pigments varies with different concentration of chemical mutagen and EMS induce its positive 

effect for bio pigments production with very low concentration. There are many studies have been reported in supporting our 

findings. (Kozgar, 2014, Satpute et al., 2012). 
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