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ABSTRACT
Mycosporine like amino acids (MAAs) are UV absorbing compounds which
Keywords: are produced by a variety of organisms such as algae and cyanobacteria, in
Desmodesmus sp. order to protect themselves from harmful UV irradiation. Thus, they can
QA}I’F‘?SPOHHG like amino acids potentially be used as sunscreens in pharmaceutical and cosmetic industry.
alinity

Many abiotic factors are studied which induce the production of MAAs in algae
and cyanobacteria. In this investigation, we have cultivated the green microalga
Desmodesmus sp. under salt stress and studied the effect of high salinity on
MAAs biosynthesis. MAAs was extracted and partially purified using HPLC
method. One compound with similar properties to MAAs was detected from the
biomass extract, having a maximum absorption at 320 nm. Accordingly, this
genus of microalgae can produce MAA-like compound under this condition,

UV absorbing compounds

whereas it was not capable to synthesize MAA in normal condition. In fact,
salinity is a stressor which can lead to the induction of MAAs synthesis in this
microalga. Moreover, this investigation supports that the production of MAAs
in microalgae helps the organism to survive in harsh environments, such as
high salinity conditions.

Introduction (D’Orazio et al., 2013). Sunscreens as UV filters play a

key role in skin protection against the exposure to solar
UV irradiation is recognized as one of the major risk v radiation and therefore, can be considered as an
factor for skin cancers and many other skin disorders,  offactive agent in the prevention of common types of
although it has also some beneficial effects on human skin carcinoma (Van Der Pols et al., 2006; Antoniou et
health such as the induction of vitamin D synthesis al., 2008).

A variety of organisms including prokaryotes and

© R. Gharib: https://orcid.org/0000-0001-5508-115X eukaryotes are capable of protecting themselves from
® T. Hosseinabadi: https://orcid.org/0000-0003-3127-0233 harmful UV irradiation by producing UV absorbing
Corresponding Author: compounds. Some of these compounds such as
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Mycosporine like amino acids (MAAs) and Scytonemin
are detected in cyanobacteria and algae. MAAs as
bioactive  metabolites from cyanobacteria and
microalgae, are synthesized from different amino acids
and like to the other protein-based UV absorbing
pigments can reduce the harmful effect of UV
irradiation (Rastogi et al., 2017).

Mycosporine like amino acids are water soluble
secondary metabolites, which have a wide range of
molecular weight (188-1050 Da). They are composed of
cyclohexenone or cyclohexenimine chromophores,
which are conjugated to a nitrogen substitute of amino
acids or imine alcohols. Some of them contain sulfate
esters or link through a glycoside bond to different
oligosaccharides. Thanks to this structure, MAAs have
the ability of absorbing UV radiation in harmful range
including 309 nm to 362 nm with high molar extinction
coefficients (e= 28,000-50,000 M™' cm™") (Lawrence et
al., 2017; Chrapusta et al., 2017).

Many studies have been also showed that MAAs
could have radical scavenging activities. Thus, they can
protect biomolecules including DNA and proteins from
oxidative stress (Wada et al., 2015;
Cheewinthamrongrod et al., 2016). Moreover, they have
a protective effect against UV-induced photo-aging as
well as have anti-inflammatory activity in response to
skin aging (Ryu et al., 2014; Suh et al, 2014).
Therefore, MAAs exhibit great potential as natural
sunscreens and can be used in pharmaceutical and
cosmetic industry.

The biosynthesis of MAAs can be influenced by
many different abiotic factors. UV radiation is one of the
major factor which can force the algae to produce
MAAs in order to protect themselves from harmful
irradiation  (Rastogi and  Incharoensakdi, 2013;
Khanipour Roshan et al., 2015). Another important
factor is nutrient. Adjusting the concentration of
nutrients like nitrate would lead to the accumulation of
MAAs in cells (Figueroa et al., 2010; Barufi et al., 2011;
Vale, 2015b; Saadatmand and Zamani, 2015). Salinity is
also another factor which showed a positive effect on
MAA production (Portwich and Garcia-Pichel, 2007;
Vale, 2015a). It has been also proved that these abiotic
factors could have synergistic effect on MAAs production
(Singh et al., 2008a). Hence, the production of MAAs can
increase by the adjustment of these factors.

Desmodesmus sp. is a green microalga which has
been well studied for the treatment of wastewater and
biofuel production (Mandal and Mallick, 2011; Doria et
al., 2012; Mata et al., 2012). In this research we have
focused on Desmodesmus sp. MAA production and
investigated the effect of salinity on MAA production in
this genus.

Materials and Methods
Cell cultivation and salinity experiment

20 mL of stocked culture (approved by Department of
Biotechnology, School of Pharmacy, Tehran University
of Medical Sciences, Tehran, Iran) were cultivated in
200 mL of BG-11 culture medium. Sodium chloride at
the concentration of 513 mM was added to the culture
medium. This concentration of NaCl has previously
shown that could exert a positive effect on MAAs
production (Portwich and Garcia-Pichel, 2007). A
culture medium of Desmodesmus sp. under salinity
stress and a culture medium of Desmodesmus sp. under
normal conditions (without adding NaCl) were prepared
and analyzed.

Molecular identification of microalga using polymerase
chain reaction (PCR)

DNA of the studied microalga was extracted using the
technique described by Wan et al. with minor
modifications (Wan et al., 2011). One mL of cells was
collected and centrifuged at 10000 xg for 1 min. The
biomass was then suspended in 100 uLL EDTA 10 mM as
an extraction buffer and well vortexed. The sample was
preserved at -20°C overnight. Then, it was incubated at
100°C for 15 min and in following, it was cooled
immediately by placing on ice for 5 min. The cells were
vortexed again and centrifuged at 10000 xg for 1 min.
The supernatant was used as DNA template.

The DNA of samples were amplified using 18s
rRNA. PCR was carried out by forward primer
(GTCAGAGGTGAAATTCTTGGATTTA) and reverse
primer (AGGGCAGGGACGTAATCAACG) of 18s
rRNA, and in the presence of 5 pL. of DNA template.
The PCR was run using thermal cycler (T 100™ Thermal
Cycler, BIORAD, USA). The thermal program of PCR
was as the following: 1-Denaturation: at 95°C, initially
for 3 minutes and then, through cycles for each cycle, 30
seconds. 2-Annealing: at 57°C for 30 seconds. 3-
Extension: at 72°C for 30 seconds and finally, for extra
1 min. The cycle was repeated 35 times. The PCR
products were evaluated by gel electrophoresis on 1%
agarose gel. Then, the related bands were extracted from
gel using Expin® kit protocol (Roche, Germany). The
extracted genes were precipitated using ethanol
precipitation method. Finally, the amplified gene
segment was sequenced.

MAA extraction and partially purification

MAA was extracted using the method of Rastogi et al.
with mild modification (Rastogi and Incharoensakdi,
2013). The biomass was separated and centrifuged at
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6800 x g 10 min. Cells were then lyophilized. Then, the
dried biomass was slightly soaked in water and extracted
in 100% HPLC grade methanol. The methanolic extracts
were incubated overnight at 4°C and dark condition
followed by sonication using ultrasound bath at 35°C for
15 minutes. The extract was then centrifuged at 6800 x g
10 min and the supernatant was transferred to a new
tube. The methanolic extract was evaporated under
nitrogen. One mL of deionized Mili-Q water was added
to dried product and transferred to a new eppendorf
tube. In order to separate water insoluble impurities, it
was centrifuged at 13200x g for 10 min. The supernatant
was transferred in to a new micro tube and 500 puL of
chloroform were added, followed by shaking and
vortexing vigorously. The tubes were again centrifuged
at 13200x g (10 min) and the colorless supernatant was
transferred to a new Eppendorf tube. This step was
repeated until the chloroform layer did not turn green
more. Before injecting to HPLC column, the samples
were filtered through 0.22-pum syringe filter (MS® PTFE
Syringe Filter).

Characterization of MAAs

HPLC was performed using a Shimadzu HPLC system
equipped with a photodiode array (PDA) detector (SPD-

Sequences producing significant alignments:
Select: All None Selected:0

M10A- Shimatzu, Japan). The samples were injected to
the C;3 HPLC column (5 pm, 25 x 4.6 mm) using the
isocratic mobile phase of 25% aqueous methanol plus
0.1% acetic acid (HPLC grade) with flow rate of 1
mL/min, and the presence of MAA compounds were
detected at 320 nm. The absorbance spectrum was
scanned at the wavelength range of 250 to 450 nm.

Results and Discussion
Genus identification

According to the morphological assessment of this
species, it was classified as Chlorella sp. However, for
more specific classification, molecular genetic
assessment was applied. As shown in Fig. 1, the result of
NCBI blasting for 18srRNA sequences amplified from
the studied microalga to the reported data in genebank
confirmed about 98.68% and 98.54% similarity between
the sequence obtained to the Desmodesmus sp. and
Scenedesmus sp., respectively (Fig. 1a). This similarity
value was about 98.13% for Chlorella sp. (Fig. 1b).
Accordingly, this studied species can be more likely
considered as Desmodesmus sp.

It Alignments o
Max = Total |Que E Per.
Hescription Score Score Cuvg value Ident Brcceasin
Desmodesmus sp. YACCYB330 185 ribosomal RNA gene, partial sequence 1227 1227 96% 0.0 98.68% WMHEB3854.1
Desmodesmus sp. YACCYB297 185 ribosomal RNA gene, partial sequence 1227 1227 96% 0.0 98.68% WMHE83841.1
Desmodesmus sp. YACCYB214 188 ribosomal RNA gene, partial sequence 1227 1227 96% 0.0 98.68% W 26.1
Desmodesmus communis strain CCAP 256/87 small subunit ribosomal RNA gene, partial sequence 1221 1221 96% 0.0 98.54% MKS41738.1

Desmodesmus armatus strain CCAP 268/87 small subunit ribosomal RMA gene, partial sequence

1221 1221 96% 00 9854% WK5417351

Desmodesmus armatus strain CCAP 258/67 small subunit ribosomal RNA gene, partial sequence 1221 1221 96% 00 9854% MK5417331

Desmodesmus pannonicus strain CCAP 258/90 small subunit ibosomal RNA gene, partial sequence: internal transcrived s 1221 1221 96% 0.0 98.54% WMKS541797.1

Desmedesmus armatus strain CCAP 258/197 small subunit ribosomal RNA gene, partial sequence; internal ranscrived spa 1221 1221 896% 0.0 9854% WMK541796.1

Oooooooooao @

Scenedesmus sp UKW 8 183 ribosomal RMA gene, partial sequence

Sequences producing significant alignments:
Select: All None Selected:0

1221 1221 96% 0.0 98.54% KU170547.1

i Alignments

o

Chiorella sp. AK-2013 clone CH3 188 ribosomal RNA gene. partial sequence

Chlorella sp. YACCYB54 188 ribosomal RNA gene, partial sequence

Chlorella sp. YACCYB105 1885 ribosomal RNA gene, partial sequence

Chlorella sp. YACCYB104 188 ribosomal RMA gene, partial sequence

Chiorella sp. YACCYB103 185 ribosomal RNA gene. partial sequence

Chlorella sp. YACCYB102 188 ribosomal RINA gene, partial sequence

Chlorella sp. YACCYB101 188 ribosomal RINA gene, partial sequence

Chlorella sp YACCYB100 188 ribosomal RMA gene. partial sequence

g o 5 it

Chiorella sp. YACCYB196 188 ribosomal RNA gene. partial sequence

o
Max = Total Query E Per. A .
Score Score Cover value Ident coession
1027 1027 82% 0.0 98.13% KC7904351

1011 1011 96% 0.0 93.01% KI279474.1
992 992 9% 0.0 9257% MHE19552.1
992 992 96% 00 9257% MHE195511
992 992 96% 0.0 9257% MHE19550.1
992 992 96% 0.0 9257% MHEB19549.1
992 992 96% 00 9257% MHG195481
992 992 96% 0.0 9257% MHE19547.1
982 982 96% 0.0 9257% MHG636653.1

Figure 1. BLAST analysis of 18srRNA amplified sequence from studies microalgae; BLAST with all data of genebank

(a), BLAST with the gene data of Cholorella sp. (taxid. 3071)
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MAA production under normal condition

This species of green microalga did not show significant
absorption in the range of 309-365 nm under normal
conditions and in the absence of high concentration of
NaCl. The HPLC chromatogram for the methanolic
extract of Desmodesmus sp. under normal condition did
not similar to that was reported in hypersaline medium,
as shown in Fig.2 a and Fig.2 b. As it was seen in the
Fig. 2, the maximum absorbance of main compound
detected in the methanolic extract of Desmodesmus sp.
biomass in normal condition was recorded in 257 nm. It
may be one of the precursors of MAAs compounds.
Accordingly, under normal condition without the
exertion of any induction strategies, this microalga was
not capable to produce MAAs.
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Figure 2. HPLC chromatogram for Desmodesmus sp. (a) and UV
absorbance of the major peak of chromatogram (RT=2.05 min) for
Desmodesmus sp (b). Under normal condition shows a maximum
absorption at 275 nm which is not in the range of MAAs.

MAA production under saline-stress

The HPLC chromatogram of the methanolic extract of
Desmodesmus sp. biomass under salinity stress had a
main peak with the retention time of about 2.28 min
(Fig. 3a) which showed a maximum absorbance at about
320 nm in the range of UV wavelength (Fig. 3b).
Comparing to the chromatograms for Desmodesmus sp.
under normal condition (without adding NaCl to the

medium), these results indicate that this microalga can
produce an UV absorbing compound in the presence of
NaCl (hypersaline medium). Thus, increasing the
salinity can be considered as an inducing factor for
MAA production in Desmodesmus sp., similar to some
previous reports indicated the effect of salinity condition
on the MAAs production in other species of microalgae
or cyanobacteria (Portwich and Garcia-Pichel, 2007;
Kageyama et al., 2017).
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Figure 3. HPLC chromatogram for Desmodesmus sp. extract under
salinity stress (a), and UV absorbance of the major peak of
chromatogram (RT=2.28 min) for Desmodesmus sp. (b) under salinity
stress, which shows an absorption at 320 nm in the UV absorbance
range of MAAs.

Generally, MAAs production in algae can be
influenced by many abiotic factors. UV irradiation as a
major factor induced the production of MAA in
cyanobacteria and algae. It has been confirmed that
long-term exposure (up to 72 hours) to UV irradiation
would lead to the induction of MAAs in many species of
cyanobacteria and microalgae (Singh et al., 2008a;
Rastogi and Incharoensakdi, 2013; Rastogi and
Incharoensakdi, 2014; Roshan et al., 2015). Nutritional
factors can be also considered as key factors for MAAs
production. Increasing the concentration of nitrate and
phosphate had a positive effect on the induction of
MAAs in Arthrospira sp. (Saadatmand and Zamani,
2015). Barufi et al. had investigated that the elevation of
nitrate concentration could lead to the accumulation of
MAASs compounds in red alga, however, after a specific
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concentration value was reached, the MAAs production
would reduce (Barufi et al., 2011). The MAAs
production may be also adjusted by the circadian
rhythm. Rastogi et al. has studied the effect of light and
dark periods on MAAs production in the species of
Fischerella muscicola as a cyanobacterium. The results
showed that some of MAAs increased in light periods
and some of them in dark condition (Rastogi and
Incharoensakdi, 2015). Desiccation was also
investigated as a stressor for the induction of MAAs
production. Joshi et al. examined the effect of
desiccation and UV-B irradiation on MAAs production
in marine cyanobacterium of Leptolyngbya sp. It was
showed that these two factors could rise the
concentration of MAAs and led to their accumulation in
this cyanobacterium (Joshi et al., 2018). Salinity can be
considered as another factor for the induction of MAAs
production by cyanobacteria and algae, such as in
Anaebena variabilis. UV radiation, heat, aluminum
treatment and salinity were examined in this species.
Results showed that heat had no effect on MAAs
production, however the 72 hours exposure to UV
irradiation, aluminum treatment and salinity induced the
MAAs production, and also, these factors could show a
synergistic effect on MAAs production (Singh et al.,
2008b).

Conclusion

In this investigation, we have proved that salinity has a
positive effect on MAAs production in Desmodesmus
sp. while in normal condition, MAAs were not produced
in this microalga. This study confirmed the previous
results showed that several species of cyanobacteria and
algae can thrive on high salinity environments by
producing MAAs as an osmoprotectant. Therefore,
MAAs appear to play a role not only in protecting
against light stress, but also in salinity condition, maybe
as an mechanism balanced the cellular osmotic pool.
Additionally, this genus of Desmodesmus sp. could
produce MAAs-like compound under high salinity
without other inducers, such as the exposure to
ultraviolet irradiation. Further studies are needed to
optimize the MAAs production in this microalga.
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