Plant, Algae, and Environment, Vol. 8, Issue 2, 2024

Seasonal Dynamics of Growth and Secondary Metabolites Biosynthesis in
Dunaliella sp. (ABRIINW-I1) from Urmia Lake

Robab Salami!, Abbas Saidi'"", Mohammad Amin Hejazi*** , Bahman Panahi3

Received: 2024-06-12  Accepted: 2024-08-09
Abstract

Dunaliella sp. is a unicellular microorganism recognized for its ability to tolerate high salinity
levels. It is a valuable source of natural pigments, lipids, and proteins and is of significant interest to
various industries, including food, pharmaceuticals, cosmetics, and aquaculture. The study aimed to
analysis of growth patterns and biochemical compositions throughout various seasons. For this reason,
Dunaliella sp. ABRIINW-I1 was cultured in water samples collected from Lake Urmia during the
winter, spring, summer, and autumn seasons of 2021. The salinity of the water samples was mainted
at 1.5 M through diluting with demi- water and cultivating of the algae was performed at pH 7.8, with
a light intensity 200 pmol photon m™ s™" at 28 °C in a 2L photobioreactor. The microalgae achieved
a stable growth phase after an average of 10 days. Biomass production, along with protein content,
chlorophyll a, chlorophyll b, and beta-carotene werequantified using spectrophotometric analysis. To
assess the fatty acid composition, gas chromatography was performed on the extracted lipids utilizing
the fatty acid methyl ester (FAME) profiling method. The physicochemical properties were evaluated
following the guidelines established by the American Public Health Association (APHA). The findings
indicate that the winter season exhibited the highest levels of protein content (50.3 %) and pigment
concentration (2.88% DW), predominantly consisting of chlorophyll a, compared to the other seasons,
with a significant difference. Conversly, lipid levels did not exhibit any significant variations among
the different seasons. Furthermore, the ANOVA results revealed a notable difference in the data set of
saturated fatty acids (SFA), polyunsaturated fatty acids (PUFA), Omega-6 fatty acids, and the ratio of
unsaturated fatty acids (UFA). These findings emphasize the nutritional potential of the ABRIINW-I1
strain, particularly when cultivated during the colder months. The consistent cultivation conditions
in the laboratory, along with the composition of key cations, anions, and the microbiome, likely
played a significant role in shaping these outcomes. This research also demonstrates the feasibility of
large-scale cultivation of Dunaliella microalgae in proximity to Lake Urmia. Furthermore, principal
component analysis (PCA) revealed that the growth and nutritional characteristics were influenced
by the ionic composition of the lake water under controlled laboratory conditions.
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Introduction

Urmia Lake, located in northwestern
Iran, is renowned for its rich biodiversity
and unique ecosystems, encompasses a
variety of halophilic species, including
single-celled microalgae Dunaliella
(Eimanifar and Mohebbi, 2007). The lake’s

water primarily comes from precipitation

a

and river inflow. However, since 1995,
precipitation has
(Arkian et al., 2018). Several factors have
contributed to the significant decline in Lake
Urmia’s water levels (Schulz et al., 2020).

This drawdown has led to increased salinity,

rainfall decreased

alterations in ionic composition (Sima et al.,
2021), and an altered salt concentration that
now exceeds 300 g/l, reaching saturation
levels (Parsinejad et al., 2022). The rising
temperatures and salinity have caused
a substantial decrease in the density of
Dunaliella within the lake. To endure these
harsh conditions, the microalgae synthesize
elevated levels of B-carotene and glycerol,
which serve to shield against intense light
and osmotic pressure, respectively (Rad
et al, 2011). The study also revealed
that Lake Urmia’s influence on the local
climate intensifies during warmer periods,
particularly in the summer, while its impact
is least in the winter. Despite the ongoing
decline in water levels, the lake continues to
affect the local climate, albeit to a diminished
extent (Dehghanipour et al., 2020).

Microalgae are a valuable source of nutrition
for both humans and other organisms, owing
to the richness of carbohydrates, proteins,
and fibers

composition. In addition to these essential

enzymes, in their chemical

nutrients, microalgae contain a variety of
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vitamins, including vitamins A, C, B1, B2,
B6, and B3, as well as minerals such as
iron, potassium, calcium, and magnesium
(Pourkarimi et al., 2019). Microalgae are
known for their beneficial pigments, such
which

anti-cancer,

as carotenoids and chlorophyll,
have a natural antioxidant,
anti-diabetic,  anti-hypertensive,  anti-
inflammatory, and, anti-obesity properties
thereby playing a crucial role in human
health (Sedjati et al., 2019).

Dunaliella is a unicellular and, biflagellated
green microalga known for its unique
morphology characterized by the absence of
arigid cell wall (Borowitzka and Siva, 2007).
This genus is well-adapted to saline marine
environments and is and recognized for its
ability to produce valuable compounds such
as polysaccharides, lipids, proteins, and
pigments. As a result, Dunaliella has found
applications in various areas including
food production, aquaculture, cosmetics,
all

of which contribute significantly to its

wastewater treatment, and biofuels,
economic value (Pourkarimi et al., 2020).
The microalga Dunaliella salina flourishes
in highly saline environments, such as
salterns, where it endures intense light and
temperature fluctuations. Dunaliella salina
has developed adaptive strategies to cope
with these harsh conditions; including
modifications to its cell cycle and the
accumulation of specialized metabolites for
protection.

To date, a variety of Dunaliella species
have been identified, many of which are
flourishing in marine and brackish water
habitats. One such species, Dunaliella sp.
ABRIINW-I1, which originated from Lake
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Urmia, has been isolated, purified, and
cataloged. This particular strain is currently
maintained in the phytotron (cell bank) of
the Agricultural Biotechnology Research
Institute of Iran (ABRII), Northwest and
West Branch, subsequent to its collection
and coding (Hejazi et al. 2018). Notably,
this isolate contains a substantial amount
of protein (~40% of dry weight) and
exhibits a pigment concentration of 3.2%,
consisting primarily of chlorophyll (1.9%)
and carotenoids (1.1 %). Furthermore, it
possesses a high lipid content (47%) and
relatively low carbohydrate levels (4-7%),
indicating a preference for energy storage
primarily in the form of lipids (Gharajeh et
al., 2020).

Previous studies have shown that the
diversity and structure of algal communities
fluctuate with the seasons and are shaped by
environmental factors (Chen et al., 2023).
Factors such as pH, salinity, temperature,
light, and the availability of macro and
micronutrients  affect growth, protein
production, etc. in microalgae. Optimizing
cultivation conditions such as temperature,
nutrientavailability,pH, and illumination will
enhance predictions for outdoor production.
A study indicates that high light intensity
can significantly impact on Dunaliella
salina, leading to a decrease Chla and Chlb
contents, while simultaneously increasing
the ratio of carotenoids to total chlorophyll.
Additionally, this

the content of cellular proteins and lipids

condition enhancies
following a two -weekscultivation period
(Zarandi-Miandoab et al. 2015). Dunaliella
salinais , particularly distinguished by polar

lipid content, which is approximately 41%,
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making it suitable for applications in both
food and cosmetic industry (Vanitha et al.,
2007). Furthermore, when cultivatedinhigh
salinity environments, Dunaliella salina
can accumulate over 50 % of its dry mass
as glycerol. Recent studies highlightes the
effectiveness of various culture conditions
sp. ABRIINW-I1.

instance, elevated NaCl concentrations and

on Dunaliella For
CO, enrichment have been found to enhance,
lipid production and growth rates compared
to other isolates (Gharajeh et al., 2020;
Mirzahasanlou and Hejazi, 2022). Studies
examining the effect of different pH and
temperature on the growth and biochemical
responses of Dunaliella showed that dry
weight gain and the biochemical component
enhancement occurred at pH 7.5 (Khalil et
al., 2010).

The earlier results demonstrated that the
Urmia lake is classified as athalassohaline,
withpredominant ions being Na*, K*, Mg,
Ca*, SO, CI, HCO,", and Ca®* (Jookar
Kashi et al. 2021 and Alkhayer et al 2023).
For optimal growth, Dunaliella cells require
sulphate along with several ions, including
K*, Ca*, Mg*, Cl, and, Na* (Barbosa et al.,
2023). The ratio of Mg*to Ca*'in Dunaliella
cultures can be significantly effect both
growth and carotene production (Hosseini
Tafreshi and Shariati, 2009).

Previous research has demonstrated that
the diversity and composition of algal
communities vary with seasonal changes
and are influenced by environmental factors
(Chen et al., 2023). For example, research
focusing on the seasonal distribution and
population dynamics of limnic microalgae
in the Noyyal River highlighted that



variations in physico-chemical parameters
significantly impact microalgal populations
throughout the year. Notable, during the
summer, a significantproportion (29.57%)
of the microalgae population was observed,
attributed to stable hydrographic conditions
such as temperature, salinity, and light. The
highest pH was recorded in the summer
(9.54 £ 0.01), while the lowest pH was
noted in winter at 6.16 = 0.005. Increased
alkalinity during summer, likely due to
elevated bicarbonate levels and an increased
rate of photosynthsis, was associated with
higher abundance of microalgae in the water
samples (Kumar and Thomas, 2019). The
physico-chemical parameters are crucial in
shaping microalgae populations and their
diversity, serving as major factors that
(Hulyal

and Kaliwal, 2009). Seasonal variations

influence population dynamics

in these parameters affect the distribution,
periodicity, and abundance of microalgal
populations as well as their diversity
(Shekhar et al., 2008).

Bacteria play a vital role in microalgae
cultures, affecting nutrient both nutrient
availability and growth dynamics. They
can facilitate nutrient conversion and
provide essential vitamins and cofactors for
microalgae (Marcilhac et al., 2015). On the
other hand, negative interactions, such as
contamination by fungi, bacteria, viruses,
or other microalgae, and environmental
pollutants, can adversely affect microalgae
2008).

and

cultures (Patil and Gunasekera
the

seasonal variation of bacterial populations

Understanding distribution

is essential, as they significantly influence

marine ecosystems (Harley et al., 2006).
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As previously mentioned, environmental
conditions and water parameters play a
critical role in the cultivation of microalgae.
In this study, we maintained the majority
most of these factors at a constant level,
except for the ionic composition and
microbiome of the lake water sample.
This research focuses specifically on the
effects of ions on the growth patterns and
biochemical composition of Dunaliella sp.
(ABRIINW-I1) inoculated in water samples

throughout different seasons.

Material and methods
Sampling location

Monthly sampling of Lake Urmia,
located at coordinates 37°47°45.0168”N
45°22°51.1212”E,
throughout the year 2021, covering all four

was performed
seasons.

The water samples were collected from
Lake Urmia and stored at 4 °C. The samples
were analyzed promptly without any
further preservation in the lab. To prepare
the samples, two liters of lake water were
immediately filtered under aseptic conditions
using glass microfiber filters (Whatman
GF/D) to remove debris and eukaryotic
cells. Dunaliella sp. ABRIINW-I1 was then
introduced into a two-liter photobioreactor
(PBR) containing the filtered Lake Urmia
water sample, as described by Benlloch et
al. (2001).
Characterization  of  physicochemical
properties
Electrical ~ conductivity  (EC), salt
concentration, and pH were measured
using EC meters (Cond 3151/SEC), by

the manufacturer’s instructions. samples
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Fig. 1. This figure shows the geographical location of Lake Urmia in Iran, positioned on the right

side of the mapcreated using the Google Maps online tool

were analyzed using a Flame Photometer
for the analysis of potassium, and sodium
concentrations, (Models PFP7). Sodium and
potassium concentrations were measured
using a Flame Photometer (Models PFP7)
following a specific protocol. To prepare a
stock sodium solution, 2.542 g dried NaCl
was dissolved at 140°C for one hour until
a constant weight was achieved, and then
diluted to final volume of 1000 mL with
water. For the preparation ofthe intermediate
sodium solution, 10 ml of the stock sodium
solution was diluted with water to reach to a
total volume of 100.0 ml. This intermediate
solution was utilized to establish a calibration
curve for sodium concentrations ranging
from 1 to 10 mg/l. in a subsequent step, , the
standard sodium solution was prepared by
diluting 10.00 ml of the intermediate sodium
solution with water to a final volume of 100
ml. This sstandard olution was employed to
create a calibration curve in the sodium range
of 0.1 to 1.0 mg/l. Additionally, a blank and
sodium calibration standards were prepared
within a range of 0 to 100 mg/l (West et al.,
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1950).
Apotassium solution and standard potassium
solutions were prepared as according to
the following protocol. Dried 1.907g KCI
was dissolved and diluted to 1000 mL with
water to prepare stock potassium solution.
For the intermediate potassium solution,
10 ml of the stock potassium solution was
further diluted with water toreach to the total
volume of 100ml. This intermediate solution
was utilized to stablish a calibration curve
for potassium concentrations ranging from 1
to 10 mg/l. Moreover, a standard potassium
solution was prepared by diluting 10 ml of
the intermediate potassium solution to the
final volume of 100 ml. This solution was
employed to create a calibration curve for
potassium concentrations between 0.1 to 1
mg/l. To measure the sodium and potassium
of the lake water sample, after dilution, the
measurements were performed by flame
photometer following a standard formula
(Helmke et al., 1996; Brown et al., 1988).

Additionally,

characteristics,

other  physicochemical

including calcium,



magnesium, nitrate chloride, and sulfate
were determined using atomic absorption
(Lambda  35).

First, the samples were filtered to prevent

spectroscopy Initially,
suspended particles from scattering UV light,
which could potentially affect the measured
absorbance.. Subsequently, the samples were
acidified with 1 N HCI to avoid interference
from OH™ or COs* ions, which can absorb
at 220 nm. All solutions were prepared using
nitrate-free water available in the laboratory.
All measurements were conducted following
the guidelines set by the American Public
Health Association (APHA).

Cultivation of microalgae and experimental
design

The indigenous, Dunaliella sp.
ABRIINW-I1 strain was obtained from the
Iran Agricultural Biotechnology Research
Institute (ABRIINW), Northwest Branch.
This strain was isolated from Lake Urmia,
the second-largest hypersaline lake in the
world, with a salinity range of 140-220 g/L
that has escalated to more than 380 g/L/L
in recent years owing to a drastic decrease
in the water level (Mirzahasanlou, J.P. and
Hejazi, 2022). The strain was identified
based on the 18S rDNA gene (1770 bp) with
Dunaliella-specific primers and genetic
variation of the gene region sequences (TIS)
with an accession number MH880103 in
NCBI GenBank (Hejazi et al., 2010).
Dunaliella sp. ABRIINW-I1 was initially
cultured in 250 ml Erlenmeyer flasks under
sterile conditions using modified Johnson’s
medium with a salt concentration of 1.5 M,
as described by Hejazi and Wijffels (2003).
After an average 15-day culture period,

the algae were transferred to a two-liter
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photobioreactor (PBR) with a Lake Urmia
water sample, and growth was sustained
under continuous light using an artificial
light source. The culture was continuously
aerated with filtered air, following the
procedure outlined by Castilla Casadiego et
al. (2016). The optical density was monitored
daily throughout the cultivation period.
Biomass production

Optical density, which indicates cell growth,
was monitored daily using the Perkin Elmer
Lambda 35-UV/V spectrophotometer at a
wavelength of 730 nm. The relationship
730 nm,

biomass, and dry weight was determined

between optical density at
experimentally as detailed by Gharajeh et al.
(2020). The calculation of these parameters

is based on the following equations:

Biomass (g.L"' AFDW)=0D_, *0.41, R?
095 (1)
DW (gL') = 0D * 08,  R>=095

2

Profile and pigment content

The pigment content of the isolates was
extracted following the method of Sedjati et
al. (2019). Three milliliters of algal biomass
were centrifuged at 3000 rpm for 15 minutes,
and the supernatant was removed. Three ml
of' 100% pure acetone solvent was then added
to each falcon and vortexed until complete
pigment extraction. After centrifuging the
mixture again at 3000 rpm for 10 minutes,
a clear supernatant was obtained. The
supernatant was used to measure chlorophyll
a, chlorophyll b, and beta-carotene content
by the spectrophotometric method (Perkin
Elmer, Lambda 35-UV-VIS) using the
equations as described by Lichtenthaler and
Buschmann (2001).
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Chla (ug ml'h)= 11.24*A662-2.04*A645
Chlb (ug ml')=20.13*A645-4.19*A662
Cart (ng ml')= (1000*A470-1.9*Chla-
63.14*Chlb)/214

T Chl (ug ml')= Chla + Chlb

Chla: chlorophyll a, Chlb: chlorophyll b,
Chl T: total chlorophyll, Cart: carotenoid
The

determined in micrograms per milliliter (ug

concentration of pigments was
ml') and then converted to a percentage
of the dry-weight biomass. Chla/Chlb,
Cart/Chla, and Cart/Chlb ratios were also
calculated.

Protein content

The total protein content was measured
using the Bradford (1976) method.
Polyvinylpyrrolidone (PVP) and 50 puM
potassium-phosphate buffer (pH 7) extraction
buffer were added to 0.05 g of microalgae
from 100 ml cultures. The mixture was then
centrifuged at 1000 rpm for 30 minutes at
0°C, and the supernatant was collected
for protein measurement. All extraction
procedures were conducted at 0-4°C.
Subsequently, 20 microliters of protein
extract were mixed with 2 ml of Coomassie
blue reagent and thoroughly mixed. The
total protein content was determined using a
spectrophotometric method at 595 nm based
on a standard curve established with bovine
serum albumin.

Lipid extraction and GC analysis

Lipid content was extracted according to the
modified method of Bligh and Dyer described
by Yang et al. (2014). gas chromatography
was performed on the extracted lipids
using the fatty acid methyl ester (FAME)
profiling method to determine the fatty acid

composition, at the Parto Bashash Danesh
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Gostar research institute. the direct methyl
esterification method was used for Gas
Chromatography (GC) analysis (Duong et
al. 2015). 1 pl of the extract was injected
into the GC system (Varian company, Model
4000) equipped with a flame ionization
(FID) detector, the capillary column of CP-
Sil 88 (CP7489) and 1079 injector. The inlet
temperature of the injector and detector
were set as 250 and 280 °C, respectively.
The flow rate of carrier gas was set as 1 mL
min~' under the application of the following
program: column temperature was kept
at 130 °C for 4 min then increased to 180
°C at the rate of 5 °C min!, then raised to
220 °C with the rate of 4 °C min™' and was
maintained at this temperature for 20 min.
The tentative identification of fatty acids
present in the samples was performed by
comparing their retention time with those of
the external standards in F.A.M.E mix C4-
C24 (Sigma, 18919-1AMP Supelco with
37 components). Fatty acid composition in
the samples was reported as the percentage
of the total fatty acid content, and the
relevant quantity (mg ml—1 of the extract)
was measured against the internal standard
C13:0 (Sigma-Aldrich, 91558) (Duong et
al., 2015).

Statistical analysis

Statistical analysis was conducted using
SPSS v23.0 (IBM, Armonk, NY), and a
normality test was performed on the data.
One-way analysis of variance (ANOVA)
was utilized with a 95% confidence interval.
(PCA)
analysis was conducted using GenStat 12th
Edition.

Principal component analysis



Results and Discussion

ANOVA analysis showed no significant
variation in the growth level as well as
lipid and carotenoid contents in Dunaliella
sp. ABRIINW-I1 (Table 1). However, the
seasonal changes did result in significant
variations in protein content, total
chlorophyll (including chlorophyll a and b),
saturated fatty acids, polyunsaturated fatty
acids, omega-6 fatty acids, and, the ratio of
unsaturated to saturated fatty acids.
Biomass yield
The isolate Dunaliella sp. ABRIINW-I1
displayed the highest ash-free dry weight
AFDW and dry weight (DW) in the summer
water sample, measuring 0.71g 1" and 1.3886
g/l, respectively. As illustrated in Figure 2,
the winter season came next with values of
0.68 g.I"and 1.3344 g.I'!, followed by the
fall season with values of 0.63 g 1"'and 1.23
g/L, and the spring season with the lowest
quantity, 0.56 g I''and 1.1g L"(. Gharajeh et
al. (2020) The Dunaliella sp. ABRIINW-I1
isolate had the lowest values, with 0.55g
-1 AFDW and 1.1 g I-1 DW, according to
Gharajeh et al.’s (2020) investigation of the
AFDW and DW of three isolates. This is
in line with the findings found in the data
observed in the spring season of the present
study. Microalgal growth and its survival is
influenced by habitats and seasons,where

pond temperature and incident light on
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the pond surface fluctuates substantially
in seasons in addition to normal dairy
variations. During a study, Picochlorum sp.
isolated from tropical habitat was found to
be better adapted and more productive in the
summer tropical simulations. Upregulation
of carbon saving pathways leads to an
increase in biomass accumulation in
summer simulation (Manjre et al., 2022).
Seasonal distribution of limnic microalgae
and their correlation with physicochemical
parameters of river Noyyal demonstrated
that the higher pH observed in summer
might have been attributed to the strong
photosynthetic activity of microalgae during
that season (Kumar and Thomas. 2019).

Microalgae are microorganisms that growth
rapidly, in less than a day, their biomass can
double (Tredici, 2010). The growth rate of
microalgae was enhanced under highCO,
conditions, according to research on the
effect of varying CO, concentrations as a
carbon source on two native Dunaliella
strains (ABRIINW-CH2 and ABRIINW-
SH33) under adjusted pH (Moghimifam
et al., 2019). In addition to abiotic factors,
microalgae production can be impacted by
biological factors such as bacteria, fungi,
viruses, and the competitive environment
created by other algal species (Celebi et
al., 2021). It is crucial to note that these

parameters may fluctuate with seasonal

Table 1. Statistical analysis of growth, pigment content, lipid ontent, and lipid profile of Dunaliella sp. ABRIINW-I1 in Lake water samples from four seasons of 2021
Mean Square
ource of variation f Biomass  Dry Lipid Protein  Chla  Chlb TChl Cart T SFA Omega Omega nim6  FPUF  YUFA UFAS
Weight i 6 A FA
Season 3 0.012+% 0.047% T4.5Tn  BR4.9%  075%  0.245*%  1.E34*  0.06ns 172.58% 5430n  T9.09%  252ns 1529 192.6n  0.427*
5 5 5

Error 5 0.049 018 55.62 184.5 016 0.044 0.256 0,33 3228 17.58 15.67 0.9 B55 71.55 0.67
Total 11
CV (%) 8.52 8.53 10.32 13.56 IL14 3646 10.37 39.3 3.72 18.83 9.13 2 1.35 19.61

ns = Non-significant (P=0.05); * = Sigmficant (P<0.05); ** = lughly sigmficant (P<0.01)
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Fig. 2. The biomass concentration of Dunaliella sp. ABRIINW-I1 as AFDW and dry weight

(DW) in different seasons of the year

variations throughout the year (Harley et al.,
2006).

Microalgae productivity is largly governed
by changing seasonal conditions affecting
physiology
metabolic activity. In this study, microalga

its micromorphology, and
belonging to the Picochlorum sp. that was
isolated from tropical habitat was found
to be better mare adaptable and twice as
productive in the summertime tropical
simulations.

Pigment content

Microalgae biomass cultivated in water
samples of different seasons of the year
showed a significant difference for Chla,
Chlb, and total chlorophyll content, as
indicated by variance analysis ofacompletely
random design (p < 0.05). Specifically, the
maximum chlorophyll content was observed
in winter (2.88% DW), while the lowest
was recorded in summer (0.98% DW).
Moreover, compared to other seasons the
amount of Chla, Chlb, and chlorophyll in

the total biomass was significantly higher
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in winter. However, carotenoid content was
not significantly different among different
seasons (p < 0.05). According to previou
study (Gharajeh et al., 2020) the Dunaliella
sp. ABRIINW-I1

content was comparable to the quantity of

isolate’s  chlorophyll
chlorophyll produced by this microalgae
during the winter (2.35%) in the present study
(Figure 3). Unlike this study, no significant
difference in the level of photosynthetic
pigments was observed in different seasons
of Chaetomorpha antennina microalgae
(Vinuganesh et al. 2022).Lipid content and
Lipid profile
Dunaliella sp. ABRIINW-I1 has been
reported to produce 36% of lipid content
(Gharajeh et al., 2020). In the aquaculture
sector, the positive impact of lipid content
on weight gain, protein deposition in
muscles, disease resistance, reduced
nitrogen production, increased digestibility,
physiological activities, hunger tolerance,
and the overall quality of aquatic animals

have been recognized (Fleurence et al.



2012). Seasonal variations in the lipid
content of Dunaliella sp. ABRIINW-II in
the cells were not statistically significant.
The winter samples had the highest fat
concentration in the Vinuganesh et al.
(2022) investigation. The fact that the loss
of growth to biomass ratio in microalgae
cells occurs concurrently with the hyper-
production state of a metabolite is supported
by the low biomass of the cells with high
lipid production cultivated in spring water
(Yang et al, 2018).Fatty acids with odd or
fewer than 14 carbons were not found by gas
chromatography, whereas fatty acids with

2.5

15

1

) III II

. ﬂ Ml

Chlb T Chl

Chla
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carbons 14 to 24 were observed. . ANOVA
results showed that there was a significant
difference in datasets of saturated fatty acids
(SFA) (p <0.05), polyunsaturated fatty acids
(PUFA) (p <0.01), omega 6 fatty acids (p <
0.05), and the ratio of UFA: SFA (p < 0.05)
with seasonal changes. In the cells cultured
in fall and winter water samples, the ratio of
omega 3 to omega 6 fatty acids ranged from
1.06 to 58.4. (Figure 4).

Based on the data, the fatty acid profile
of microalga can be altered by modifying
growth media (Rismani and Shariati, 2017).
The salinity is an influential parameter in

I

BWinter @Full BSpring OSummer

Fig. 3. Pigment content (DW%) in Dunaliella sp. ABRIINW-I1, Chl: chlorophyll, Chl T:

total and, chlorophyll

UFASFA 20.93

sura (BGTSSTTTegssl 2200 )

seura  (HESAD S s )

wins D S - Wi
Omegac  EESNINNSTOEISEIT =2 ) csummer

Omegas  (NZORENN RS Tk
svora (TSNS a2 )
ysea (e s T 2aes )

0

&

20% 40% 60% B0% 100%

Fig. 4. Fatty acid profile of the isolate, Dunaliella sp. ABRIINW-11, grown in the water samples
collected in spring, summer, fall, and winter seasons. UFA: unsaturated fatty acids, SFA:
saturated fatty acids, UFASFA: UFA/SFA, PUFA: Polyunsaturated fatty acid, n3: Omega3:
omega 3 fatty acids, n6: Omega6: omega 6 fatty acids, n3.n6: omega 3 to omega 6 fatty acids,
MUFA: mono-unsaturated fatty acids and, SFA: saturated fatty acids
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the TFA concentration and fatty acid profile.
Due to the high occurrence of evaporation in
the spring and summer seasons, the salinity
in the water increases. The high salt in both
spring and summer waters has seemingly
resulted in the high ratio of UFA to SFA
and high production of PUFA including the
major fraction of omega 6 type. Based on the
studies, the TFA synthesis might be induced,
unaffected, or even inhibited at different
salinities depending on the microalgae
origin (Adarme-Vega et al. 2012).

Microalgae, respond to changes in the
external environment by adjusting the
internal conditions (de Morais et al. 2015).
In this study, the external factors of seasonal
water samples both directly and indirectly
influenced the growth and production
behavior of the isolate, Dunaliella sp.
ABRIINW-I1. Key factors such as the
composition of the culture media and nutrient
availability directly impact microalgal
biomass and product concentration (Panahi
et al. 2019., Sanchez-Bayo et al. 2020).
Additionally, biomass and productivity of
the microalga are also indirectly affected
by the cultivation variables. A wide variety
of microorganisms, such as zooplankton,
and, Dbacteria which coexist
the

in microalgae behavior can result from

protozoa,

alongside microalgae.  Variations
seasonal change in the microbiota, which
provides microalgae with foods(Marquez-
Rocha et al. 2019). Factors

pH, salinity, temperature, light, and the

such as

availability of macro- and micro-nutrients
influence the formation and composition of
the microbiome community (Steinriicken

et al.,, 2023). Specifically, salinity and
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pH are crucial for the survival of certain
microorganisms (Bui-Xuan et al., 2022). The
light spectrum, illumination duration, and
wavelength range also play a significant role
in the metabolism and biomass composition
of water microbiota (Sanchez-Bayo et al.,
2020; Udayan et al., 2023). Furthermore,
water temperature plays a substantial role in
the water flora that supports microalgae, with
low temperatures limiting the microbiome
population (Diez-Montero et al., 2020).

Culture media serve as essential nutrient
sources for the survival and proliferation
of microorganisms. These media must meet
the specific nutritional requirements of the
microorganisms to maintain a consistent
composition. The microbiome in natural
water sources before collection and the
microalgae after cultivation in collected
water samples depend on environmental
conditions that are influenced by seasonal
variations. Variations in the microbiome
within the culture medium are associated
with the availability of essential nutrients.
The presence or absence of certain nutrients
and microorganisms in different cultivation
media can stimulate the biosynthesis of
specific compounds
Morais et al., 2015).

Protein content

in microalgae (de

The highest protein accumulation from the
isolate was achieved in winter water samples
(50.3 %) (Figure 5). It was significantly
higher than the second value of 21.16 %
related to the cells grown in fall samples
(p<0.05). The

occurred in spring (1.53 %) and summer

lowest protein content

(1.34 %). Correspondingly, the seasonal

variation of chemical composition in Ulva



spp. revealed the elevated protein content in
winter, higher than in fall samples (Jansen et
al. 2022).

In the present study, the amount of Na®
ion was significantly higher in winter and
the amount of protein content and growth
by microalgae was also higher in winter.
The water’s phosphates, nitrates, nitrites,
ammonia, and chloride levels varied
significantly with the seasons’ temporal
climate shifts, which affected the diversity

and abundance of microalgae.Nitrogen, a
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w

Season

Spring

Winter

[=]
[
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key variable for the growth of microalgae
was provided in the form of ammonia,
nitrite, and nitrate which was differently
metabolized resulting in enhanced protein
content and growth capacity of microalgae
(Varadharajan and Soundarapandian, 2014).
Physio-chemical properties of Lake Urmia
across seasonal variation

The scree plot of the PCA displays the
variance explained for each component
(Fig. 6). Accordingly, the first two principal
components (PC) accounted for 48.48%

30 60

Protein

Fig. 5. The protein content of the isolate, Dunaliella sp. ABRIINW-I1, grown in the water

samples collected in different seasons of the year
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Fig. 6. Principal component analysis of Dunaliella microalgae variables across four

s€asons
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and 40.92% of the variance, respectively.
The first component explains the most
variant. Chl b, K+, PUFA, Cl-, carotenoid,
and Omega6 have the greatest impact on
the first component. Mg2+, Li+, Fe2+, N+,
pH, and Protein have the greatest impact
on the second component of variations. In
fact, results of PCA analysis showed that the
Mg2+, Li+, Fe2+, N+, pH, and Protein have
a similar variation pattern across seasonal
change.

In general, the main dominant cations and
anions in Urmia Lakeare, Na*,Mg?*,K*, Ca*,
CI, SO,*, and HCO,, respectively (Sharifi
et al., 2018). However, due to the variation
in the volume and the ionic composition of
inflow water and evaporation/precipitation
reactions, the chemistry of the lake water
continually changes. Water quality also
varies seasonally, determined by river
inflows and the lake bathymetry (Lak et al.,
2022).

Physico-chemical parameters are considered
one of the most essential components
that are capable of influencing the aquatic
environment. The diversity of microalgae
distribution was largly influenced by
the physico-chemical parameters of the
water due to seasonal variations (Kumar
and Thomas, 2019). All the biochemical
functions and retention of physicochemical
properties of the water were prominently
dependent on the pH of the surrounding
environments (Jalal and Kumar, 2013).
The pH of the lake is almost neutral and
according to previous studies, the pH of
the lake is neutral (7.2-7.5) and does not
change in different places and times (Jookar

Kashi et al. 2014). Our data supported these
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conclusions by demonstrating that, with
minor variations, pH values are mostly
constant around neutral throughout the
seasons. variations The results showed that
K*, Mg*, and SO,* ions were significantly
high in the fall and then decreased in
summer, spring, and winter. Also, it was
observed that Na* in winter and spring was
significantly higher than in summer and
fall. It can be due to the decrease in rainfall,
more evaporation, and the formation of salt
crystals. The amount of Na* ions is changed
under the influence of water fluctuations
(Alipour 2006). Similar to the changes in
ionic composition from July (wet season) to
October (dry season) 2019, while the water
level reduced, Na+ concentration decreased
at the surface layer due to the gradual
formation of halite (NaCl) at the bottom of
the simulation vessel (Alkhayer et al 2023).
The contribution of phosphorus and NaCl
in B-carotene production in Dunaliella has
been demonstrated by (Pourkarimi et al.
2020). Summer, which is regarded as a dry
month and is marked by low water levels
because of evaporation, which results in a
concentrated level of nutrients, particularly
nitrates, during these seasons, had a high
variety value (Kumar and Thomas. 2019).

It was reported, that the sulfate level was
elevated during the summer months, which
was substantially connected with biomass
and growth rate of Dunaliella. Tt has
been demonstrated that sulfate deficiency
in microalgae causes primarily an inhibition
of cell
metabolites (Gimmler and Weiss, 1987).

For optimal growth, Dunaliella requires

division and accumulation of

sulfate concentrations of approximately 2



mmol 1'(Hosseini Tafreshi and Shariati.
2009). The observations confirmed that
elevated sulfate levels in summer coincided
with increased biomass concentrations of
Dunaliella in the water sample.Our findings
align with previous studies that have shown
the growth rate of Dunaliella tertiolecta in
a high MgSO, (0.94 M) medium was lower
than that in a NaCl medium of equivalent
osmolality. The inhibition of
D. tertiolecta in the high MgSO, medium

growth

was found to be partially alleviated by
increases in extracellular Ca2+ concentrations

(ranging from 1 to 11 mM) . Furthermore,
measurements of intracellular cations in the
current study revealed that the intracellular
concentration of Ca** rose in response to the
elevated extracellular Ca** concentration.
These findings suggest that elevated Mg**
concentrations inhibit the uptake of Ca*" into
the cells, which accounts for the observed
growth inhibition in MgSO, media (Fujii
and Hellebust, 1992).

Magnesium levels peaked during the Fall
that

seasonal evaporation might lead to a higher

and Summer months, suggesting
concentration magnesium in the lake. The
observed decrease in winter could be due
to increased dilution or reduced magnesium
sources during the colder months. Similarly,
Potassium levels exhibit a comparable
seasonal pattern, being elevated in Fall
and Summer while declining in winter and
spring. The variations in nutrients, such as
nitrate, phosphate, and sulfate, could impact
primary productivity of the lake (Spiridon
et al.m 2018). Overall, the data reveals
significant seasonal fluctuations in the water

chemistry of Lake Urmia. These variations

Plant, Algae, and Environment, Vol. 8, Issue 2, 2024
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are affected by precipitation, evaporation,
runoff, and biological activity, all of which
play arole in the water quality and chemistry
of the lake throughout the year. Recognizing
these seasonal trends is crucial for effective
management and conservation of the lake’s
ecosystem.

The results of this study indicated that
seasonal changes impact the biochemical
profile fingerprint of
Dunaliella sp. ABRIINW-I1. This suggests

that microalgae cultivation and harvesting

and metabolic

should be aligned with the relevant seasons
to optimize the production of desired
metabolites. Tailoring cultivation systems
to the seasonal variations in biochemical
composition may enhance the productivity
of target products. For example, a
biotechnology study conducted in South
Korea’s South Sea revealed that bacterial
population and diversity peaked in spring
season, followed by a decrease from spring to
summer, and then an increase again in autumn
(Suh et al., 2015). These findings align with
previous research showing that bacterial
exhibit
suggesting predictable trends in microbial
diversity (Suh et al., 2015). Considering
the

conditions in the laboratory, the composition

communities seasonal patterns,

stability of microalgae cultivation

of cations and anions and the microbiome’s
composition can be an effective factor in
these results. Environmental factors impact
the associated microbiota, which influences
biomass production and metabolite yields.
Each season creates unique environmental
conditions and growth media that favor
specific microbial communities.

The study faced limitations due to a lack
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of available literature and data on related
topics. However, as noted, the variation in
microalga growth and production behavior is
significantly influenced by the microbiome
community structure (Steinriicken et al.,
2023). It is essential to collect, preserve, and
identify indigenous microorganisms in the
lake, study their interactions, and explore
various parameters associated with the lake.
Future research should monitor seasonal
changes in the microbiota and incorporate
meta-analysis and open system cultivation
studies to better understand alterations in
microbiome populations during different

cultivation seasons.
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