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Abstract 

Microalgae proteins are being used in the human and animal food sector, but future applications can be 

as functional proteins (e.g. emulsifying and gelation agents) and for extraction of important enzymes, 

like glycerol-3-phosphate dehydrogenase, that is involved in cellular osmotic response, through the 

production of glycerol. A possible application of this enzyme can be as a biosensor for clinical diagnosis 

or industrial monitoring. 

The aim of this work is to extract proteins from the microalgae Dunaliella sp., through its cultivation 

under stress conditions, in order to characterize and fractionate the protein extracts. 

The principal change in the protein expression profile of Dunaliella occurred when cells were exposed 

to salt stress. Between the proteins overexpressed was glycerol-3-phosphate dehydrogenase. 

Fractionation assays using an anion exchange chromatography (DEAE ligands) allowed to obtain the 

enzyme in a single fraction (eluted at 200mM NaCl), proving that this chromatography can be a first 

purification step for the enzyme. The flow-through protein fraction from the chromatographic column can 

be used as functional proteins due to its heat-induced aggregation capacity.  

Keywords: chromatographic fractionation, Dunaliella sp., gelation capacity, glycerol-3-phosphate 

dehydrogenase, microalgae protein extraction, protein characterization  

1. Introduction 

Proteins are present in every cell that 

composes an organism and have a key role in 

many biological processes [1]. But proteins are 

also widely used in industries such as food, 

cosmetics and pharmaceuticals, having several 

biotechnological applications – 

diagnostic/analytical purposes (e.g. biosensors), 

biocatalysts in food processing, detergents and 

production of antibiotics and nutritional and 

functional purposes (e.g. source of essential 

amino acids and controlled delivery of bioactive 

compounds, respectively) [2].  

Proteins can be obtained from animal, 

vegetable and microbial sources. Due to the 

lower productivities of animal and vegetable 

protein sources, microorganisms appear as a 

sustainable alternative to obtain high quality 

protein. Microalgae proteins have a great 

potential to be an alternative protein source, 

since they contain all essential amino acids and 

have unique growth requirements – 

consumption of CO2 in the presence of light and 

growth in salt waters, for example. Due to their 

high protein content and other important 

compounds, such as lipids and pigments, 

microalgae have been used as a source of single 

cell protein. However, their protein extracts can 

have several applications, like extraction of 

biotechnological important enzymes and 

functionality capacities, as gelation or 

emulsifying agents, in several industries, such 

as food and pharmaceutical [3], [4], [5]. 

One example of a functional property is the 

protein gelation capacity, which is responsible 

for the solid-like, viscoelastic and increased 

viscosity of some foods, being also used in the 

immobilization of enzymes. The formation of 

protein gels occurs when partially unfolded 

proteins develop uncoiled polypeptide segments 

that interact to form a three dimensional cross-

linked network. Mechanisms like heat and 

treatments with acids cause gelation and this 

process is accelerated at high protein 

concentrations due to high intermolecular 

interactions [6]. 

Dunaliella are eukaryotic, unicellular, 

halotolerant and motile microalgae that lack a 

rigid cell wall, being enclosed by a thin elastic 

plasma membrane. Its capacity to grow in a wide 

range of salt concentrations (from 0.05M NaCl to 

saturation) is due to the massive intracellular 

accumulation of glycerol in order to equilibrate 

the osmotic pressure [7], [8]. The principal 

characteristic of these microalgae is the 

production of β-carotene in the form of lipid 

globules (up to 14%DW), when cells are 

exposed to high light intensities, nutrient 

deficiency and high salt concentrations. This 
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high-value compound is a precursor of vitamin A 

and can be used as a colorant and antioxidant in 

food and pharmaceutical industries [8].  

Dunaliella is an extremophile organism and so 

it has some advantages as a protein producer – 

its cultivation has a lower probability of 

contamination by other organisms, it only 

possess a plasma membrane, which facilitate 

cell rupture, its proteins have a higher range of 

functionality and stability and, under stress 

conditions, it is capable of produce several 

bioactive compounds, including valuable 

enzymes [9], [10].  

The exposure of Dunaliella cells to abiotic 

stresses, like the presence of exogenous H2O2, 

extreme pH and high salt concentrations, can 

cause alterations on the protein expression 

profile of the cells. Some proteins overexpressed 

in these conditions are, for example, antioxidant 

enzymes responsible for the scavenging of 

reactive oxygen species, enzymes responsible 

for inorganic carbon uptake and concentration, 

like carbonic anhydrase, and enzymes 

responsible for glycerol accumulation, like 

glycerol-3-phosphate dehydrogenase [3]. 

Glycerol-3-phosphate dehydrogenase catalyze 

the reversible conversion of dihydroxyacetone 

phosphate to glycerol-3-phosphate, which then 

is converted to glycerol by the enzyme glycerol-

3-phosphate phosphatase. The dehydrogenase 

has been widely used in enzyme assays with 

diverse compounds of industrial interest, such as 

glycerol/glycerol phosphate, as well as a number 

of important bioanalytical applications, like in the 

clinical determination of blood triglyceride level 

together with lipase and glycerol kinase [11]. 

The goal of this study is to enhance the 

accumulation of proteins – glycerol cycle 

enzymes, carbonic anhydrase and antioxidant 

enzymes – from the microalgae Dunaliella sp. 

through the application of three stress strategies 

– salt, pH and oxidative stress, respectively – in 

order to characterize and fractionate the protein 

extracts.  

2. Materials and Methods 

2.1. Cultivation of Dunaliella sp.  

The microalgae strain Dunaliella sp. was 

obtained from the algae culture collection of A4F 

– Algafuel, S.A, Lisbon.  

The cultivation systems used were 1L bubble 

columns with 700mL of working volume. Each 

culture was performed three times.  

2.1.1. Control culture and inoculum 

Dunaliella sp. was cultivated in a sterilized 

culture medium containing 120g/L NaCl and 

4mM of nutritive medium. The cellular growth 

occurred at 25°C and 135µmol/(m2s) provided 

by fluorescents lamps, under a photoperiod of 

24h with continuous aeration (air+0.5% CO2).  

Samples for cell counting (Neubauer 

haemocytometer), microscopic observation and 

protein extraction were taken once a week, 

during three weeks. The inoculum concentration 

for the cultivations under stress was 

7x105cell/mL. 

2.1.2. Stress cultures 

Salt stress: addition of a saturated brine to 

cause an increase of 30g/(L.day) NaCl of the 

medium until reaching 200g/L NaCl. The salinity 

increase occurred in 3 days and the culture was 

kept at 200g/L NaCl during 2 days. Samples 

were taken at 0h, 2h, 24h, 48h and 96h after 

inoculation. The salinity of the culture medium 

was measured with a refractometer.  

pH stress: addition of 2.6mM Na2CO3 to the 

culture medium to keep a pH range between 9 - 

10. After 24h, the pH was corrected by the 

addition of 1.0mM Na2CO3. Samples were taken 

at 0h, 24h and 72h after inoculation. The pH was 

measured daily by a pH meter.  

Oxidative stress: culture continuously 

subjected to 343µM H2O2. A concentrated 

solution of H2O2 (300mM) was added to the 

culture medium in pulse additions (1min/h) by a 

peristaltic pump (800µL/min). Samples were 

taken at 0h, 24h and 72h after inoculation. The 

pH was measured daily by a pH meter. 

All cultures were complemented with 4mM of 

nutritive medium and the cellular growth 

occurred in the same conditions as the control 

culture. All samples were used for microscopic 

observation, cell number determination (by cell 

counting) and protein extraction.  

2.1.3. Induction culture 

Dunaliella sp. was cultivated in a sterilized 

culture medium containing 120g/L NaCl and 

0.3mM of nutritive medium. The cellular growth 

was at 25°C. The light intensity was higher than 

150µmol/(m2s), provided by fluorescents lamps, 

under a photoperiod of 24h with continuous 

aeration (air+0.5% CO2).  The inoculum 

concentration was 3x105cell/mL. Samples for 

cell counting, microscopic observation and 

protein extraction were taken once a week. 
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2.2. Protein Extraction 

2.2.1. Mechanical cell rupture 

Fresh culture samples: 3mL of sample were 

centrifuged at 4250g for 15min at 4°C. The algal 

pellets were ressuspended in 3 mL of deionized 

water followed by 10min vortex with 4.6g of 

zirconia beads (0.5mm+1.0mm). The extracts 

were centrifuged at 4250g for 15min at 4°C and 

used for protein quantification and 2D-PAGE.  

Freeze-dried samples: 0.5g/L of Dunaliella sp. 

were ressuspended in 100mM Tris-HCl buffer 

(pH 6.9). 1g of zirconia beads (0.5+1.0 mm) was 

added followed by vortex during 10 min. The 

protein extract was used for protein 

quantification.  

Each culture was set duplicated samples. 

2.2.2. Osmotic shock 

Fresh culture samples: 3mL of sample were 

centrifuged at 4250g for 15min at 4°C. The algal 

pellets were ressuspended in 3mL of 100mM 

Tris-HCl buffer (pH 6.9) and used for protein 

quantification and 2D-PAGE.  

Freeze-dried samples: 0.5g/L of Dunaliella sp. 

and Spirulina were ressuspended in 100mM 

Tris-HCl buffer (pH 6.9). The protein extracts 

were used for protein quantification. 

Each culture was set duplicated samples.   

2.3. Microdialysis 

Microdialysis was applied to fresh culture 

samples using a porous regenerated cellulose 

membrane with 3.5kDa cut-off replacing the 

micro tubes cover. The micro tubes were 

inverted and placed in 1L of dialysis buffer 

(100mM Tris-HCl buffer pH 6.9). The procedure 

occurred overnight under slow shaking at 4°C. 

2.4. Quantification of Proteins 

Protein quantification of the extracts was 

performed using Pierce™ BCA Protein Assay Kit 

(Thermo Scientific). The calibration curve and 

quantification assays were performed according 

to the manufacturer’s instructions (with minor 

modifications). For each buffer a calibration 

curve was done using BSA (concentration range 

0-500µg/mL). In a 96-well microplate, 25µL of 

each sample were mixed with 200µL of BCA 

working reagent. The microplate was incubated 

for 30min at 37°C and then cooled for 5min. 

Absorbance was measured at 562nm. All 

samples were measured in quadruplicate. 

Protein concentrations were estimated using the 

average absorbance data and the respective 

calibration curve. 

2.5. 2D PAGE 

Samples for 2D Polyacrylamide Gel 

Electrophoresis were precipitated using cold 

acetone (-20°C) before isoelectric focusing. To 

110µg of protein was added 4 volumes of cold 

acetone, vortex and incubated overnight at -

20°C. Then, the mixture was centrifuged at 

13000g, for 15min at 4°C. The supernatant was 

discarded and the acetone was allowed to 

evaporate during 30min. The pellet was 

ressuspended in 137.5µL of Rehydration buffer 

(RH buffer – 8M Urea, 2% CHAPS, 50mM DTT, 

0.2% Bio-Lyte®3/10 ampholyte, 0.001% 

Bromophenol Blue). 

Isoelectric focusing (IEF) was performed in 

PROTEAN® IEF Cell (Bio-Rad). The IPG strips, 

with a linear 3-10 pH gradient, were rehydrated 

in 125µL of RH buffer containing 100µg of 

proteins, during 12h at 20°C on the focusing tray. 

After this period, the IEF occurred at 250V for 

15min, followed by 4000V for 1h, 4000V in linear 

mode to reach a total of 15000Vh and finally a 

holding period at 500V. Then, the IPG strips 

were either moved to the SDS-PAGE step or 

stored at -70°C until further analysis. 

The SDS-PAGE started with the equilibration 

of the IPG strips in Equilibration buffer I (EB-I 

buffer, containing 2% DTT) during 10min at 25°C 

followed by 10min incubation in Equilibration 

buffer II (EB-II buffer, containing 2.5% 

Iodoacetamide). Then, the IPG strips were 

immersed in Running buffer 1x (25mM Tris-HCl 

buffer pH 8.3, 192mM glycine, 1% SDS) and 

placed on the top of a SDS-PAGE gel (Mini-

Protean TGX Gel Any kD, Bio-Rad). 5µL of 

molecular weight marker was placed in a piece 

of filter paper. The IPG strip and the marker were 

sealed with a solution of 0.5% (w/v) agarose. 

The separation of the proteins occurred at 200V 

until the dye front reached the end of the gel.  

Gel were silver stained and scanned in a 

densitometer. The images were analyzed by 

PDQuest Advanced software to identify protein 

spots that differed between the Control and the 

Stress conditions. A 2.0 fold change per group 

was designated as a significant change. The 

estimation of the molecular weight (MW) and 

isoelectric point (pI) of each spot was done using 

ImageJ software. 
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2.6. Protein fractionation by Anion 

Exchange Chromatography 

2.6.1. Concentration of protein samples 

50mL of 96h samples (salt stress), were 

centrifuged at 4250g for 15min at 4°C. The algal 

pellets were ressuspended in 10mL of 100mM 

Tris-HCl buffer (pH 6.9 and a portion was 

quantified by BCA protein quantification and the 

remaining was concentrated by ultrafiltration.  

The ultrafiltration was done applying 4mL of 

protein sample in an Amicon centrifugal filtration 

unit (3kDa membrane) and centrifuging at 

3220g, 7min at 4°C. The process was repeated 

until reach the desired volume of concentrated 

solution. Then, the concentrate was recovered 

and micro dialyzed in a solution containing 

100mM Tris-HCl buffer (pH 6.9) and 2.5% (v/v) 

glycerol. The concentration factor obtained was 

10.  

2.6.2. Anion exchange chromatography 

Anion exchange chromatography was done 

using a prepacked 1mL HiTrap DEAE FF column 

(HiTrap™ IEX Selection Kit, GE Healthcare), the 

system ÄKTA Purifier 10 and the software 

Unicorn 5.11. For all assays, the absorbance at 

280nm and the conductivity were recorded. 

The washing buffer was composed by 100mM 

Tris-HCl buffer (pH 6.9) and 2.5% (v/v) glycerol. 

The elution and regeneration buffers also 

contain NaCl (400mM and 1M, respectively). 

2L Assay: a 2mL loop was used to inject the 

sample. 10CV (column volumes) were used to 

wash the column. Linear elution was done using 

20CV of elution buffer with different 

concentrations of NaCl (0 to 400mM). The 

column was regenerated with 10CV of 

regeneration buffer. 

1L Assay: a 1mL loop was used to inject the 

sample. 5CV were used to wash the column. 

Linear elution was done using 35CV of elution 

buffer with different concentrations of NaCl (0 to 

400mM). The column was regenerated with 

15CV of regeneration buffer.  

1S Assay: a 1mL loop was used to inject the 

sample. 5CV were used to wash the column. 

Step elution was done using 10CV of elution 

buffer with different concentrations of NaCl – first 

step at 153mM NaCl, second step at 196mM and 

last step at 378mM NaCl. The column was 

regenerated with 10CV of regeneration buffer. 

5S Assay: a 5mL loop was used to inject the 

sample. 20CV were used to wash the column. 

Step elution was done using 15CV of elution 

buffer with different concentrations of NaCl – first 

step at 153mM NaCl and second step at 378mM 

NaCl. The column was regenerated with 15CV 

of regeneration buffer. 

All the fractions collected that corresponded to 

elution peaks were pooled and analyzed by 

protein quantification and SDS-PAGE. 

2.6.3. SDS-PAGE 

The electrophoresis was run in vertical 12% 

resolving and 4% stacking gels. The preparation 

of the samples consisted in the addition of 20µL 

of protein sample with 25µL of Laemmli sample 

buffer and 5µL of DTT. The mixture was heated 

at 100°C during 10min and then cooled at room 

temperature. Each gel lane was loaded with 

20µL of the mixture and 3µL of molecular weight 

marker was loaded per gel. The electrophoresis 

occurred at 90V until the dye front reached the 

end of the gel. After the run, gels were silver 

stained and scanned. The estimation of proteins 

molecular weight was done using ImageJ 

software. 

2.7. Acid gelation 

The acid gelation procedure was based on 

[12], with some modifications. Two gluconic acid 

concentrations were tested – 0.5% and 1.0% 

(w/v). For the heat denatured gels, 750µL of 

protein sample were heated at 96°C during 

15min in a water bath, followed by cooling to 

room temperature in an ice bath. Then, the 

respective quantities of gluconic acid powder 

were added and homogenized. For the native 

gels, the respective quantities of gluconic acid 

powder were added to 750µL of protein sample 

and homogenized. Native and denatured control 

samples were prepared (750µL). Samples were 

kept at room temperature during 24h for gel 

formation. Then, the pH was measured and the 

particle’s size was measured by DLS (dynamic 

light scattering) using Zetasizer software 

(Zetasizer Nano ZS, Malvern). Each sample was 

measured three times, resulting in a particle’s 

size (Z-Average, nm) and the respective error 

(Pdl). Duplicated samples were prepared.  

2.8. Statistical analysis 

Statistical analysis was performed between the 

protein contents at each time and the 0h sample 

(stress conditions) and between the protein 

content of induction and control cultures. 

Significance was determined at a p-value<0.05, 

using ANOVA (Microsoft Excel software). 
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3. Results and Discussion 

3.1. Cellular growth 
The growth of all Dunaliella sp. cultures was 

monitored during the experiments (Figure 1).  

 
Figure 1: Growth curves for the control ( ), salt 

stress ( ), pH stress ( ), oxidative stress (
) and induction ( ) cultures. X represents 

the cellular concentration in cell/mL and X0 represents 
the initial cellular concentration. For the stress 
cultures, data are given as mean ± standard deviation 
(n=3). The continuous lines are present only to 
facilitate the analysis. 

The stress and induction cultures had lower 

growth than the control culture, as expected 

since control culture was growing under optimal 

nutritional and salinity conditions [13]–[15].  

During the first 24h, the growth of the salt 

stress culture was more affected, which 

indicates that Dunaliella responds more rapidly 

to a salinity change than to the other stresses. 

However, cellular growth occur during all the 

salinity increases, which is related with the 

halotolerance of these microalgae, allowing 

growth in a wide range of salt concentrations 

[16].  

3.2. Protein content of Dunaliella sp. 

3.2.1. Protein quantification method 

Two protein extraction procedures for fresh 

culture samples were developed – mechanical 

cell rupture and osmotic shock (Table 1). The 

protein content obtained using the osmotic 

shock method (43±6%DW) is similar with values 

present in the literature for Dunaliella (around 

40%DW [7]). In consequence, this was the 

method adopted for extraction of proteins. The 

osmotic shock followed by centrifugation was 

used to study the effect of cell debris in the 

protein content. The value obtained (23±3%DW) 

was around half of the protein content 

determined with the entire protein extract, which 

indicates that there are some proteins attached 

to cell debris and membrane proteins, which are 

not quantified when only the supernatant is used 

for quantification. The mechanical rupture has a 

final centrifugation step before the quantification, 

and the protein content obtained is similar with 

the value from the osmotic shock followed by 

centrifugation, which indicates that these two 

methods only give the soluble protein content of 

cells.  

Table 1: Protein content obtained from fresh control 
cultures using different extraction methods. Data are 
given as mean ± standard deviation (n=2). 

Protein Extraction 
Method 

Protein 
Content (% 
dry weight) 

Mechanical Rupture 17±1 
Osmotic Shock (Tris-HCl 

buffer) 
43±6 

Osmotic Shock (Tris-HCl 
buffer) plus 

centrifugation 
23±3 

Note: These values where determined without the 
microdialysis step and cannot be compared with 
values from Figure 2. 

3.2.2. Validation of protein quantification 

method 

Freeze-dried microalgae samples were used to 

prove the applicability of the protein 

quantification method to different matrices 

(Table 2).  

The protein contents for freeze-dried Dunaliella 

sp. were around 40%DW, which are similar with 

literature values [7], confirming the applicability 

of the protein quantification method for freeze-

dried Dunaliella.   

The sample of Spirulina had a protein content 

between 60 and 70%DW, which also is in 

agreement with literature values [17], proving 

that the protein quantification method developed 

can be used with other microalgae species. 

Table 2: Total protein content of freeze-dried samples 
using the osmotic shock extraction method. 1The 
method used in this sample was mechanical rupture 
using Tris-HCl buffer as solvent. Data are given as 
mean ± standard deviation (n=2). 

Freeze-dried 

Sample 

Protein Content 

(%DW) 

D. salina (P) 31±5 

D. salina (M)1 37±2 

Spirulina 64±1 

3.2.3. Protein content of stress cultures 

The protein extracts from all the cultures in 

study were quantified regarding their total and 

soluble protein contents (Figure 2).  
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For salt stress samples, the total protein 

content was higher (>50%DW) that the values 

present in the literature (40%DW, [7]), especially 

the value for the 96h of exposure to the stress 

(74±26%DW). This result was due to the 

interference of glycerol in the BCA protein 

quantification (for glycerol concentrations higher 

than 1.4M). In consequence, a microdialysis 

step was used, before the quantification 

procedure, in order to remove the excess of 

glycerol from the samples. The protein contents 

obtained after microdialysis (in the range 25-

31%DW) prove the interference of glycerol in the 

quantification, because these results are more 

similar with the values present in literature [7].  

The maximum compatible concentration for 

BCA quantification is around 1.4M glycerol. The 

salinity of the control culture is around 2M NaCl 

and the intracellular glycerol concentration is 

proportional to the extracellular salt 

concentration [18]. This means that the samples 

growing under optimal salinity conditions also 

suffer from glycerol interference in the 

quantification of proteins. In consequence, all 

fresh culture samples need to be subjected to 

microdialysis to obtain a more real protein 

content value.  

In the case of soluble protein content, a 

significant change occur after 24h of exposure to 

the salt stress (increase from 11±1%DW to 

18±1%DW), and seems to remain in the same 

values until the end of the experiment (Figure 2 

A). This is related with the accumulation of salt-

induced proteins and antioxidant enzymes, in 

response to the increase in salinity and reactive 

oxygen species [19], [20]. 

 
Figure 2: Graphic representation of protein content during the time of exposure to the stress. A) salt stress, where ( ) 

represents total protein content, ( ) represents total protein content after microdialysis, ( ) represents soluble 

protein content after microdialysis and ( ) represents the salinity at each time. B) pH stress, where ( ) represents 

total protein content, ( ) represents soluble protein content and ( ) represents pH variation. C) oxidative stress, 

where ( ) represents total protein content, ( ) represents soluble protein content and ( ) represents pH 

variation. D) control (grey columns) and induction (orange columns) cultures, where ( ; ) represents total protein content 

and ( ; ) represents soluble protein content. Significant differences in the protein content from the 0h/control sample are 
indicated by an asterisk (*; p ≤ 0.05). Data are given as mean ± standard deviation (n=3). 
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The total and soluble protein contents after 24h 

of exposure to pH stress seem to slightly 

increase but is not significant (Figure 2 B). 

Dunaliella tends to accumulate proteins when 

exposed to pH values higher than 9. However, 

this change was proved after 10 days of 

exposure to the stress, which can mean that 

cells have a higher response time to this type of 

stress [14].  

 The total and soluble protein contents from the 

oxidative stress culture did not have significant 

changes with exposure to the stress (Figure 2C). 

Comparing the protein content of oxidative 

stress and control cultures (Figure 1C and 1D), 

the values are similar, which can indicate that the 

conditions used to cause the stress – time of 

exposure and/or stressor concentration – were 

not sufficient to change the protein content of the 

cells.   

No significant changes in the total protein 

content of the induction culture occurred in 

relation to the control culture (Figure 2D). 

However, the soluble protein contents were very 

different. This can be related with the increase in 

lipids production, due to the oxidative stress 

caused by high light intensities, and with the lack 

of nutrients – nitrogen – that are essential for 

synthesis of proteins. Cells respond by only 

producing proteins essential for their survival 

[13], [15].   

3.3. Characterization by 2D-PAGE 

The comparative analysis of the responses to 

96h of exposure to salt stress and 24h of 

exposure to pH and oxidative stress serve to 

identify the proteins of interest that were 

overexpressed (Table 3).  

The response to the salt stress cause a higher 

change  in the protein expression profile (83 

spots of interest), leading to the possible 

overexpression of enzymes responsible for the 

production of glycerol – G3PDH and G3PP – and 

antioxidant enzymes – SOD and CAT. This 

result support the hypothesis that the increase in 

the protein content of cells exposed to this stress 

is due to salt-induced proteins and ROS 

scavenging antioxidant enzymes [19], [20]. 

The only possible protein of interest 

overexpressed during 24h of exposure to pH 

stress was CAT, due to the oxidative stress 

caused by the addition of Na2CO3 [21]. Since 

only the soluble protein fraction was used for 2D 

characterization, it was not possible to study the 

response of the enzyme carbonic anhydrase to 

the stress, because it is a membrane protein 

[22].  

The oxidative stress response during the first 

24h of exposure did not cause the 

overexpression of proteins of interest, but the 

expression of SOD and ascorbate peroxidase 

was repressed. These proteins are antioxidant 

enzymes, being related with the oxidative stress 

response of cells. Its repression in relation with 

control culture reinforce the possibility that the 

conditions used to cause the stress were not 

sufficient to originate a protein response in 

Dunaliella. 

The confirmation of the identities of the 

possible protein spots of interest should be done 

by amino acid sequence determination.  

3.4. Fractionation of protein extracts 

The sample from 96h of exposure to the salt 

stress was used to fractionate the enzyme 

G3PDH by anion exchange chromatography. 

Both elution modes – linear and step – allowed 

to obtain a MW band that possibly correspond to 

the enzyme G3PDH in a single fraction eluted 

from the column between 176mM and 200mM 

NaCl (P1, Figure 3 (2L) and (1S)). However, 

using a step elution mode, a more pure fraction 

can be obtained due to the higher resolution of 

elution peaks P1 and P2.  

Using only 0.9µg of total protein, the flow-

through fraction do not contain the MW band that 

could correspond to G3PDH, meaning that this 

is the capacity of the DEAE resin.   

 

3.5. Acid gelation 

The flow-through fraction of 2L assay was used 

to test the gelation capacity of Dunaliella 

proteins.  

The protein destabilization due to the 

application of different gluconic acid 

concentrations (change in pH) did not occur 

because of the buffering capacity of samples 

solvent (100mM Tris-HCl buffer).  

Heat-induced aggregation of the heat 

denatured samples occurred. This could be 

related with the exposure of sulfhydryl and 

hydrophobic amino acid residues leading to 

interactions between protein molecules, causing 

its aggregation [12]. 

Gel formation did not occur possible because 

of the lower protein concentration present in the 

samples. To form a gel, it is necessary to occur 
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intermolecular interactions, in order to form a 

three dimensional network. These interactions 

are facilitated when the protein concentration of 

the samples are higher, because distances 

between molecules are lower and the probability 

of interaction between protein molecules 

increases [6].   

Table 3: Possible identification of protein spots of interest expressed in stress conditions and their respective estimated 
molecular weight (MW) and isoelectric point (pI). G3PP – glycerol-3-phosphate phosphatase, SOD – superoxide 
dismutase, CAT – catalase, G3PDH – glycerol-3-phosphate dehydrogenase, AsPeroxidase – ascorbate peroxidase. 

Stress 
Spot 

Number 

Estimated 

MW (kDa) 

Estimated 

pI 
Protein 

Stress/Control 

Ratio 

Salt 

(overexpression) 

6603 84 5.5 G3PP 3.05 

7202 26 5.6 SOD 3.12 

7203 26 5.8 SOD 2.34 

7504 55 5.8 CAT 4.39 

7602 66 5.6 G3PDH 2.80 

pH 

(overexpression) 
8601 55 6.0 CAT 7.48 

Oxidative 

(repression) 

8202 19 5.9 AsPeroxidase - 

8203 22 5.9 SOD - 

Figure 3: Chromatogram (A) and SDS-PAGE (B) from 2L and 1S fractionation assay. ( ) represents the absorbance 

value at 280nm and ( ) represents conductivity. M – molecular weight marker; Feed– sample injected into column; FT– 
flow-through; P1– first elution peak; P2– second elution peak;P3– regeneration peak. SDS-PAGE gel was silver stained. The 
red rectangle possibly include the G3PDH molecular weight band localization.   
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4. Conclusion 

The production of protein extracts from 

Dunaliella can be done using both methods 

studied – osmotic shock and mechanical cell 

rupture.  

The stress that cause higher responses at the 

protein level of cells (protein content and 

expression profile) is the salt stress. Antioxidant 

enzymes and salt-induced proteins are 

overexpressed in this stress conditions. One of 

them is the enzyme glycerol-3-phosphate 

dehydrogenase, involved in the synthesis of 

glycerol as an osmotic response to 

hypersalinity.    

The fractionation assays using 96h salt stress 

protein extracts and an anion exchange 

chromatography (DEAE ligands) reveal that this 

type of chromatography can be used as a first 

purification step of G3PDH, eliminating 

positively charged proteins and obtaining the 

enzyme in a single fraction eluted at salt 

concentrations between 176mM and 200mM 

NaCl. The capacity of the resin obtained, which 

avoide losses of G3PDH in the flow-through 

fraction eluted from the column, was 

0.9gProt/Lresin,  

The functionality study of the flow-through 

protein fraction showed heat-induced 

aggregation capacity, due to the heat 

denaturation of proteins, allowing interactions 

between hydrophobic and sulfhydryl amino acid 

residues.  

Future work should be done to prove the 

identity of the proteins of interest identified by 

2D-PAGE. Peptide mass fingerprinting of the 

spots of interest could be a good amino acid 

sequence determination test.  

The extraction of membrane proteins [23] and 

its characterization should be developed in 

order to understand the influence of the 

stresses in the expression of the enzyme 

carbonic anhydrase.  

The G3PDH enzymatic activity of all the 

chromatographic peaks should be determined 

to prove the presence of the enzyme and to 

determine the degree of purification obtained 

with this type of chromatography. Then, the 

fraction containing G3PDH could be applied to 

an affinity chromatography to obtain an enzyme 

fraction with a higher degree of purity.  

The gelation tests should be optimized to 

allow the variation of pH with the application of 

different gluconic acid or glucono-δ-lactone 

concentrations and to occur gel formation. 

Microdialyzing or diafiltrating the protein 

samples with water would remove the buffering 

effect and using more concentrated protein 

samples would help in gel formation.  

In general, this projects showed that proteins 

from an extremophile microalgae can be used 

to isolate specific enzymes and as functional 

proteins, proving its several biotechnological 

applications. 
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