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ABSTRACT:

The halotolerant green alga Dunaliella salina
(isolate SEA003) recently isolated from salt
march at Zaranik nature reserve, North Sinai,
(Egypt) was cultivated in the artificial
seawater medium (ASW) with different
salinity levels (0.5, 1, 2, 3, and 4 M), under
continuous illumination of two different light
intensities: 50 and 200 pmol m2s™, during 30
day of incubation. The maximum growth
density as number of cell was recorded in
media contained 2M NaCl under the high light
intensity, while Chlorophyll a giving its
maximum values at 1 M salinity under high
light intensity. Anent values of B carotene
produced by Dunaliella salina revealed that, 2
M salinity had the superiority in enhancing B
carotene production during the 30 days of this
study, especially under high light intensity. In
contrast with [ carotene productivity,
Dunaliella salina gave its maximum glycerol
values at the high salinity (4M). This result
revealed that, the algal productivity can be
controlled, as well as directed to produce a
particular substance (such as carotene and
glycerol) on a wide scale by controlling the
growth conditions. Adjusting salinity and light
intensity is likely the best strategies to
achieve optimal p-carotene or glycerol
production in mass cultures.
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INTRODUCTION:

The halotolerant, unicellular,
biflagellate alga Dunaliella is distinguished
morphologically by absence of rigid cell wall
(Ben-Amotz, 2009; Tran et al., 2013; Rad et
al., 2015), however it shows a remarkable
degree of adaptation to a variety of salt
concentrations (from 0. 1 to 5.0 M NaCl) in
the aquatic environments (Alizadeh et al.,
2015). Thus, this organism is unique in its
ability to adapt in harsh environmental
conditions. Dunaliella species has the ability
to accumulate significant amounts of
carotenoids (Hadi et al., 2008; Mingazzini et
al., 2015), proteins, vitamins (Ghoshal et al.,
2002) and it was also recommended as a
good source for glycerol production (Ben-
Amotz, 2003) under stress conditions.
Currently, the best commercial source of
natural B -carotene (with economic value)
among all organisms in the world is
Dunaliella salina (Ben-Amotz, 1995; Rad et
al., 2015), which contains B-carotene up to
14% of its dry weight (Aasen et al., 1969).
Therefore, production of P -carotene by
mass cultivation of D. salina has being
masterful in many countries including China,
USA and Australia (Rad et al., 2015).

The mechanism by which Dunaliella
cell adapted to broad salinity range based
on the ability of the algal cell to change its
internal concentration of carotenoids
especially B-carotene and glycerol (Raja et
al., 2007). Where, significant amounts of 8 -
carotene accumulated in the plastid as
droplets to prevent the photo-damage of
chlorophyll under stress conditions "include
high temperature, light intensities, salinity
and deficiency of nutrient"” (Ben-Amotz and
Shaish, 1992; Ben-Amotz, 2003). Beta-
carotene accumulates within the lipid
globules in the spaces between thylakoids
located in chloroplast (Ben-Amotz, 2003).
Thus, it has been proposed that the increase
in fatty acid content under stress conditions
can be partially attributed to the increase in
B-carotene (Mendoza et al., 1999).

It is of interest to mention that, liver
enzymes oxidized p-carotene compound
producing vitamin A, which plays a vital role
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in increasing the efficiency of the immunity
system and act as antioxidants agents

beside of that it is necessary for many
important physiological functions (Mishra
and Jha, 2011). Hence, Dunaliella's -

carotene can be used as health dietary
supplements for both human and animals
(Pulz and Gross, 2004), cosmetic and also in
several promising pharmaceutical industries
(Borowitzka, 1999; Chidambara-Murthy et
al., 2005), reducing the risk of
cardiovascular diseases (Tornwall et al.,
2004) and controlling cholesterol. In addition
B-carotene can prevent or even inhibit
various types of tumors (Hallmann, 2007;
Chattopadhyay et al., 2008). It is well known
that, all the B-carotene's therapeutic effects
related to its protective ability against
potentially harmful free radicals and
stimulatory affects to the immunity system
(Gotz et al., 1999). Although, natural B -
carotene can be obtained from many other
sources like fruits, green leafy vegetables
and fungi (Pulz and Gross, 2004) or even
synthetically produced (Mayer and Isler,
1971), the Dunaliella's B-carotene has more
therapeutic effects, where concerning
isomers composition, the synthetic B -
carotene only contains all-trans isomers.
While, natural B -carotene present in fruits
and vegetables composed mainly of a
mixture from 9-cis and trans [-carotene
(Ben-Amotz and Shaish, 1992) and it is
highly difficult in purification and obtained by
relatively low concentration. It is well known
that, the 9-cis isomer is more efficient as
antioxidant than all-trans, where it is
significantly more soluble in lipid and thus it
may be more effectively accumulated in
human tissue (Ben-Amotz et al., 1989).
Hence, the higher the 9-cis concentration,
the higher is the anticancer and antioxidant
efficiency (Hu et al., 2008). In comparison,
among all natural sources, Dunaliella salina
produce the greatest amount of 9-cis isomer
(more than 50% of all its isomers). In
addition, a Dunaliella cell can accumulate B -
carotene, thousands of times more than a
carrot cell (Klausner, 1986). In summary,
Dunaliella salina is considered as the best-
known [ -carotene natural source (Ben-
Amotz, 2003; Rad et al., 2015), because it
has high commercial value where the
cultivation of microalgae and purification
with organic solvents is economically cheap.
Indeed, the natural B -carotene has a market
price approximately double or triple more
than that of the synthetic products (Pulz and
Gross, 2004).

On the other hand, glycerol is a vital
commercial organic chemical act in
osmoregulation beside using in food,
cosmetic and pharmaceutical industries, as
well as it is also used as anti-drying agent
(Shariati, 2003). Under stress circumstances
of high salinity, glycerol accumulated (up to
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40% of the cell dry weight) by Dunaliella
(Ben-Amotz, 1990). Nowadays, the price of
glycerol is depended on the price of crude
oil, where it is mostly produced from
petrochemical sources. Therefore, recently
advancing algal biotechnology and mass
culture cultivation of Dunaliella sp. for
glycerol and carotenoid production and other
biotechnological purposes is of great
interest. The ability to induce, modify and
scale up Dunaliella sp. to produce a series
of uncommon carotenoids of high nutritional
and medical value and glycerol, also opens a
new field in the area of Dunaliella
biotechnology. It is necessary to mention
that, among different strains of D. salina,
there is no predictable unique condition for
reaching the maximum (-carotene or
glycerol contents per unit time and per unit
volume for all strains. Where, there are great
physiological variations in response to
different inductive growth factors.

Therefore, it was very important to
determine the optimal conditions of salinity
and irradiance enhancing the production of
both B- carotene and glycerol from this strain

of D. salina, recently isolated from salt
march at Zaranik nature reserve, North
Sinai, (Egypt), as well as determine its

productivity at different stress conditions for
mass cultivation.

On Line ISSN: 2090 - 0503

MATERIAL AND METHODS:

The marine microalga Dunaliella salina
(Eukaryota, Viridiplantae, Chlorophyta,
Chlorophyceae, Chlamydomonadales,
Dunaliellaceae, Dunaliella, Species: D.
salina) isolated from salt march at Zaranik
nature reserve, North Sinai, (Egypt), was
generously donated by doctor: Eltanahy E.
G., from the Culture Collection of Botany
Department, Faculty of Science, Mansoura
University, Egypt. The test isolate was
identified by morphological and genetic
analyses. Dunaliella salina isolate SEA003
was deposited in the GenBank under the
accession number JX220893.1 (Eltanahy et
al., 2015).

Growth Conditions:

Dunaliella salina was cultivated in the
artificial seawater medium (ASW) which
contained: 4.5 mM MgCl,.6 H,O0, 3 mM
CaCl,. 2H,0, 1.5 mM NaVO;, 5 mM KNOs,
0.13 mM K,HPO,4, 0.5 mM MgSO,. 7 H,0,
0.02 mM EDTA, 0.02mM FeCl;, 1 mg It trace

element stock with 10 mM MnCl,.4H,0,
CuS04.5H,0, 25 mM NaHCO;, 50 mM
H;BO;, 2mM NaMo00O,.2H,O, 0.8 mM

ZnS0,.7H,0, 0.2 mM CoCl,.6H,0. Different
NaCl concentrations (0.5, 1, 2, 3 and 4 M)
were added to one litter of medium. The pH
value was adjusted at 7.5 by addition of 40
mM of Tris -buffer. All stock solutions were
sterilized separately for 30 minutes and
pooled aseptically, in order to avoid
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precipitation of certain compounds (Hejazi et
al., 2003). After autoclaving, the culture
flasks were left to cool at room temperature
for one day to allow for pH stabilization at
7.5 (Olmos et al.,, 2000). To achieve an
initial cell density of 4000 cell ml?*, 10 ml of
actively growing vegetative inoculums of
Dunaliella salina cells were inoculated into
sterilized flasks containing 250 ml of ASW
medium. Flasks were incubated at 28 + 1°C
under continuous illumination (24 h light) of
two different light intensities: 50 pmol m2s™
(low light intensity) and 200 pmol m'2s™
(high light intensity) by cool-white
fluorescent lamps (Philips, 50 w). To ensure
a uniform illumination of the cells, the media
were shaked manually twice a day. The
experiment was performed in triplicate for 30
days, and all experiments were repeated at
least twice.

Growth Estimation:

Cell number was determined by direct
counting under a light microscope
(magnification x 40) by using a 0.1 mm deep
counting chamber "haemocytometer” (James
and Al-Khars, 1990). Once in every 5 days
the samples were collected and cell counting
was performed. Since the alga is motile, one
drop of Lugol’s iodine solution was added to
arrest the motility.

Estimation of Chlorophyll a:

Chlorophyll extraction was carried out
according to Pistal and Lele (2005). Four ml
aliquots sample from each culture medium of
Dunaliella salina cultures were centrifuged
at 5,000 rpm forl5 min. The precipitated
pellets were washed with distilled water,
then suspended in an acetone/water solution
(80:20 v/v) for 30 min. after that it was
thoroughly vortexed for 5 min. to ensure
complete extraction and then centrifuged
again for 5 min at 5000 rpm to extract
pigments until the pellets turned clear/white.
The amount of extracted pigments in the
solvent phase was spectrophotometric
quantified using method described by
Lichtenthaler and Wellburn (1985):

Chl a (ug mI™?) = 11.75 (Ags2) — 2.35 (Agas)
Determination of B-Carotene Content:

Contents of B -carotene in each sample
were determined spectrophotometrically.
Four ml from the aqueous phase of each
Dunaliella culture medium was centrifuged at
4000 rpm for 15 min, discarding supernatant
and then, each precipitated pellet was added
to 4 mL (75%) acetone solution, shacked
until separation. The above processes
repeated till the extract turned to white, then
1/10 volume of 60% KOH was added at
49°C, to 10 ml volumetric flask, the
supernatant without chlorophyll was
transferred and 2ml acetone was added to
the volume. After determining the A,s; value,
the concentration (A4s3) of the B -carotene
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solution could be found from the standard
curve. Standard curve was prepared by
dissolving different concentrations of
standard (B -carotene in pure acetone and
measured at 453 nm which is the
characteristic absorption for B -carotene.
Graph was constructed by plotting the -
carotene concentrations on X axis and OD
values on Y-axis (Semenenko and
Abdullaev, 1980).

Determination of Glycerol Content:

Four ml of the growth culture of D.
salina was centrifugated at 1500 rpm for 10
min at room temperature, and then the
precipitated pellets were washed twice in a
solution of 1.5 M NaCl and 5 mm phosphate
buffer at pH 7.5. One ml of periodate
reagent and 2.5 ml of acetylacetone reagent
were added to 200 pl of precipitated pellets,.
The mixture was incubated at 45°C for 20
min. After that, optical density was
determined at 410 nm. Results were
compared with the standard curve prepared
by using known amount of glycerol (Chitlaru
and Pick, 1991).

Statistical Analysis:

The data obtained are represented as
Mean + Standard deviation (mean * SD).
The significance of the difference between
the groups was calculated by one-way
analysis of variance (ANOVA) using the

On Line ISSN: 2090 - 0503

SPSS-PC computer software package
version 10.
RESULTS:

The effect of different salt

concentrations on cell number of Dunaliella
salina under both high (200 pmol m2s") and
low (50 pmol m'2s™') light intensities were
studied. Inspection of Fig.1 revealed that,
growth density as number of cell, reached its
maximum (8.97 cell X10° mI") after 30 days
of incubation in media contained 2M NaCl
under the high light intensity. Meanwhile, the
same sample under low light intensity gave
lower cell number (2.68 cell X10° mlY),
however the maximum density gained under
the low light intensity was considered during
entire period of investigation. In contrast to
the above, low cell density were recorded in
0.5 M salinity, followed by that values
recorded within 1M and 4M respectively.
Concerning the incubation period, it is
noticeable that, the first ten days had
convergent the lowest cell number (Fig. 1) in
all parameters. Generally, compared with the
other salt concentrations, the 2 M salinity
supported the Dunaliella growth during the
entire period of investigation under the two
light intensities after the first ten days. Also it
is of interest to mention that, 2M salinity
significantly+ enhanced growth of D. salina
over the other NaCl concentrations under
high light intensity during the incubation
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period, however in case of low light intensity;
the growth was higher but with values closely
to that recorded in 3 M salinity.
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Fig. 1. Effect of different salinity concentrations on
Dunaliella salina cell number (cell X10° mI™*) under
high and low light intensity during 30 days

A glance on figure 2 reveal that
Chlorophyll "a" giving its maximum values in
1 M salinity under both high and low light
intensity (0.26 - 4.88 mg I'* - 0.07 -2.2 mg I'%,
respectively), followed by that values
recorded at 2 and 3 M of salinity respectively
during the entire period of investigation. In
this context, the high intensity of light
enhanced chlorophyll "a" production more
than the low light intensity. However, both 0.5
and 4 M NaCl suppressed the chlorophyll a
production in tested Dunaliella salina. It is
noticeable that, generally the chlorophyll "a"
values under the high light intensity were

higher than that recorded under low light
intensity.
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Fig. 2. Effect of different salinity concentrations on
chlorophyll "a" (mg I'") in Dunaliella salina under high
and low light intensity during 30 days

Anent values of B carotene produced
by Dunaliella salina the results showed that,
2 M salinity had the superiority in enhancing
B carotene production during the 30 days of
this study, giving significant high values
especially under high light intensity (2.41 -
34.62 mg I'") followed by that values recorded
with 3M salinity (1.41- 18.91 mg I'!) and then
1M (0.77- 17.02 mg |I'") under the same
conditions (Fig. 3). Nevertheless, generally
low light intensity enhanced [ carotene
productivity at all NaCl concentrations but
with lower rate from that recorded at high
light intensity, however at low intensity the
difference between the recorded values with
all NaCl concentrations were convergent,
where it produced 14.2, 12.48, 10.03, and
9.92 mg I'* after 30 days with 2M, 3M, 1M and
4M, respectively.
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Fig. 3. Effect of different salinity concentrations on [3-
carotene (mg I') yield of Dunaliella salina under high
and low light intensity during 30 days
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In contrast with B carotene productivity,
Dunaliella salina gave its maximum glycerol
values (48.49 - 31.7 mg I'* under both, high
and low light intensity, respectively) within
the high salinity (4M). Compared with this
high values (4.06- 48.49 mg |I) of glycerol
related to high salinity concentration, the
recorded values in 0.5M (0.12 - 2.91 mg I’}

are very low. Again, comparable to
carotene, the maximum values of glycerol
were recorded under high light intensity
especially within the highest NacCl
concentrations (Fig. 4).
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Fig. 4. Effect of different salinity concentrations on glycerol
(mg I'") yield of Dunalielia salina under high and low
light intensity during 30 days
The considerable variation between

carotene, Chlorophyll a and glycerol

production within the different tested salinity
concentrations during the period of
investigation, reflect the importance of
focusing on the ratios between [ carotene
and both of Chlorophyll a and glycerol. As
regard in figure 5, the B carotene/Chlorophyll
ratio under both high and low light intensities
following the same approach of high values,
where it fluctuated from 9.82 to 5.49 under
high light intensity and from 9.66 to 6 under
low light intensity with high salinity (2, 3, and

4 M). However, within lower salinity

concentrations (0.5 and 1 M) it tended to give

lower values. Nevertheless, the situation was
reversed in case of B carotene/Glycerol ratio,
where the cited results revealed that low

NaCl concentrations gained the maximum

carotene/Glycerol ratio (Fig. 6). Meanwhile,

minimum values were related to the high

NaCl concentrations, under both, high and

low light intensity, during the investigation

period.
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Fig. 5. Ratio of B-carotene : chlorophyll "a" in Dunaliella
salina under high and low light intensity during 30
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under high and low light intensity during 30 days
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DISCUSSION:

On the contrary to other chlorophyta,
Dunaliella's cells have no rigid cell wall, but
only enclosed by an elastic plasma membrane
covered by a mucus surface layer, which
facilitates rapid swelling or shrinking when
subjected to hypotonic or hypertonic
condition, (Ben-Amotz, 2003), then it rapidly
responds to any change in osmotic pressure
by changing the volume of the cell (Rad et
al., 2015). Hence, Dunaliella species can
physically resist 3 to 4 fold decreases or
increases in osmotic pressure (which know as
osmoregulation). Nevertheless, more
hypoosmotic stress will lead to bursting of the
cell, while the hyperosmotic stress causes
irreversible shrinkage (Ben-Amotz and Avron,
1992; Prieto et al., 2011; Suong et al., 2014;
Mingazzini et al., 2015). In the present study,
the maximum cell number (8.97 - 4.05 - 2.68 -
2.42 cell X 10° mI'') of the recently isolated
strain of Dunaliella salina recorded within
media contains 2M NaCl under both high (200
umol m2s!) and low (50 pmol m2s™) light
intensity followed by that recorded in 3M
NaCl concentration during entire period of
investigation. Meanwhile, the lower salinity
(0.5 and 1 M) responsible for the minimum
growth, which reflected that low salinity, was
inappropriate for the growth of this strain of
D. salina. This agreed with Hadi et al. (2008)
results, who reported that the optimal growth
of Dunaliella salina was obtained at 2 M
NacCl.

Chlorophyll is the pigment of life in the
photosynthetic organisms, therefore this
study interested with the influence of light
intensity and salinity on chlorophyll "a"
production. The cited results revealed that,
Chlorophyll a giving its maximum values
within 1 M salinity under both, high and low
light intensity. However 0.5 M NaCl
suppressed the chlorophyll a production in
Dunaliella salina. Previous studies have
described that, salinity exerted inhibitory
effects on the activities of plastid's thylakoid
membrane and some soluble enzymes of
Dunaliella (Finel et al., 1984). Rad et al.
(2015) also reported that, hypo-osmotic
shocks stimulate a temporary inhibition of
photosynthesis and then the main
photosynthetic pigment (chlorophyll), while
hyper-osmotic shock induce a substantial
inhibition of photosynthesis, but stimulate the
glycerol synthesis. Since light intensity is a
major contributing factor for the pigment
production, the present study demonstrated
that, high light intensity enhance chlorophyll
a production than the low light intensity, the
result which agreed with the results obtained
by Liu and Shen (2004) in their study on D.
salina.

B-carotene considered as extra-
photosynthetic product, stored and accumulated
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to protect cells against chlorophyll catalyzed
single reactive oxygen and possibly other
excited chlorophyll damaging agents, and
also to protect the cell against the deleterious
effects of high radiation intensity by acting
as a light filter or a screen to absorb
excessive irradiation (Ben-Amotz and Avron,
1992; Ben-Amotz, 2003 & 2009), where the
possible reasons for increasing the synthesis
of pB-carotene in Dunaliella seems to be
photo-protection through its absorption
properties. The oily nature of the cup shaped
chloroplast is most efficient for this purpose.
Prieto et al. (2011) also indicated that, B-
carotene has various roles include acting as
pro-vitamin "A", absorbing light energy,
antioxidation activity, oxygen transport and
general colorizing agent for many organisms.

Maximizing the production of B-carotene
per unit time in mass culture of the halo-
tolerant green algae Dunaliella, have been
experimented by several strategies. These
strategies based on the hypothesis that,
severe physiological growth parameters, such
as high light intensity (Coesel et al., 2008),
high salinity (Hadi et al., 2008), temperature
(Ben-Amotz, 2009; Mingazzini et al., 2015),
and nutrient deficiency (Shariati, 2003; Aghaii
and Shariati, 2007) induce the rate of
synthesis and the accumulation of significant
amounts of B-carotene (up to 14% of dry
weight). Anent, values of [-carotene
produced by the tested strain of Dunaliella
salina in this study reveal that, 2 M salinity
had the superiority in enhancing B carotene
production during the 30 days of this study,
giving significant high values especially under
high light intensity. Pisal and Lele (2005) also
indicated that [(-carotene can be greatly
enhanced at higher irradiation. Hence, it was
thought desirable to explore the possibility of
using higher light stress for carotenogenesis.
On the other hand, salinity affected the f
carotene production as shown in cited results.
Ben-Amotz (2009) indicated that, the highest
accumulation of anti-oxidant vitamin A (B-
carotene) in Dunaliella salina was observed
when it subjected to high intensity of light in
media containing high salinity (30%).

Beside, [B-carotene and under stress
conditions of salinity, Dunaliella species
possess the ability to accumulate significant
amounts of glycerol (Hadi et al.,, 2008;
Hosseini Tafreshi and Shariati, 2014). The
mechanism by which Dunaliella cells can
balance the extracellular osmotic stress by
wide range of NaCl (from 50 mM up to 5 M
NaCl) based on the ability of the microalga to
modify its intracellular glycerol concentration
(Shariati, 2003, Raja et al., 2007; Hadi et al.,
2008). In fact, when Dunaliella cells grown at
high salinity, the intracellular concentration of
glycerol increased up to 50% and is sufficient
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to account for essentially all of the osmotic
pressure required to balance the extracellular
osmolarity, while the internal NacCl
concentrations remaining very low (Hosseini
Tafreshi and Shariati, 2014). Some studies
have confirmed that, measurements of
freezing point depression in cell sap of D.
salina indicated that, the internal osmotic
concentration is higher than that expected
due to the presence of the intracellular
glycerol (Liu and Shen, 2004; Chen et al.,
2011), the phenomena known as
osmoregulation. In this condition, glycerol
acts as a ‘compatible solute’ that protects
enzymes against both inhibition and
inactivation (Hosseini Tafreshi and Shariati,
2014). The maximum values of glycerol in the
present study related to high salinity (4M)
under both, high and low light intensity.
Generally, the concentration of glycerol in
Dunaliella salina increase with increasing
salinity, which are consistent with the
previous hypothesis.

Glycerol produced in Dunaliella either
by photosynthetic carbon dioxide fixation or
by degradation of starch. The contribution of
these two metabolic pathways to glycerol
synthesis mainly depends on the degree of
salinity stress, the availability of light and the

reserved starch. Hosseini Tafreshi and
Shariati (2014) reported that, both the
glycerol synthesis under hypertonic

conditions and its elimination under hypotonic
condition occur in the dark or light (Rad et
al., 2015). In the dark, Dunaliella produces
glycerol by degradation of starch, and the
capacity of the cells to recover from
hyperosmotic shock depends on the amount
of reserved starch. However, in the light the
hyperosmotic shock greatly encourage the
production rate of glycerol and also stimulate
starch degradation, which indicate that, in the
light both the two metabolic pathways have
significant contributions in the production of
glycerol (Hosseini Tafreshi and Shariati,

2014; Tran et al.,, 2014). This hypothesis
greatly supported the results of this study
where, the maximum values of glycerol were
recorded under high light intensity especially
within high salinity concentrations. Meanwhile
the minimum concentrations were obtained
under low Light intensity.

The B carotene/Chlorophyll ratio under
both, high and low light intensity following the
same approach of high values, which reflect
that B carotene production increase at that
concentration. However, within lower salinity
concentrations (0.5 and 1 M) it tended to give
low values proving that the production of f
carotene was related to salinity stress.

On the other side, in case of B carotene
/Glycerol ratio, where the cited results reveal
that, low NaCl concentrations gained the
maximum B carotene/Glycerol ratio.
Meanwhile, minimum values were related to
the high NaCl concentrations under both, high
and low light intensity during the investigation
period, which reflect that the cell has shifted
its activity to produce glycerol by increase in
salinity level. Therefore logically, from a
commercial point of view, the best strains of
D. salina for use in mass cultivation should
have the maximum specific growth rate and

the highest p-carotene and/or glycerol
content per unit time and culture volume
under optimized conditions (Prieto et al.,
2011).
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