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Abstract

Cyanobacteria are ancient photosynthetic organisms inhabitant of various habitats including arid and semi- arid water bod-
ies. These are effective producers of various biologically active compounds that have been widely used in food, medicine,
cosmetics and pharmaceutical industry. However, non-heterocystous cyanobacteria of arid and semi- arid water bodies are
less explored for biotechnological applications. The aim of the present study was to investigate non-heterocystous filamentous
cyanobacteria of freshwater bodies of semi-arid region for their pigment profile, phenolic contents and antioxidant properties.
Our results revealed that among 8 cyanobacterial strains, D. tharense AT2015/7 and S. subsalsa AT2016/1 possessed higher
amount of valuable pigments, phenolic contents and also showed good antioxidant properties. S. subsalsa AT2016/1 was the
most promising cyanobacterial taxa for the production of phycocyanin when compared to so far studied non-heterocystous
cyanobacteria inhabit aquatic habitats. In the LC-HRMS/MS analysis, 11 phenolic compounds were tentatively identified
in D. tharense AT2015/7 and nine phenolic compounds detected in S. subsalsa AT2016/1. The present study revealed that
cyanobacteria thriving in the semi-arid region could be promising candidates for the production of valuable pigments, phe-

nolic compounds and could be a potential source of antioxidants.
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Introduction

Cyanobacteria thriving in arid and semi-arid reservoirs
experience the changes in limnological parameters (low
to high nutrients, minerals, pH, temperature, salinity, etc.)
caused by an annual cycle of drought and rainy season (de
Castro Medeiros et al. 2015). One-third land of the planet
encompasses arid and semi-arid regions, where most of the
tropical developing countries including Latin America, India
and Southeast Asia are covered by semi-arid environment
(Barbosa et al. 2012). In the past few years, water bodies
of arid regions have drawn attention of some of the coun-
tries, including Australia, Africa and North America for its
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biological diversity (Stanley and Fisher 1992; King et al.
1996; Witham et al. 1998; Brendonck and Williams 2000).
However, the water reservoirs of arid and semi-arid regions
of Asia are less explored for its biological diversity as well
as their potential to produce antioxidant molecules (Gopal
2003).

Oxidative stress has long been known in the biological
system, arising as a result of an imbalance between oxidants
(reactive oxygen and nitrogen species) and antioxidants,
which ultimately causes improper metabolism and damage
to the cellular system (Sies 1997). An increase in the levels
of reactive oxygen and nitrogen species (ROS and RNS) dur-
ing metabolism leads to incidence of diseases such as can-
cer, cardiovascular and neurological diseases (Aradjo et al.
2016). In order to overcome the menacing effects of free rad-
icals, antioxidant defence system possessing both enzymatic
as well as non-enzymatic antioxidants could be introduced
(Sharma et al. 2012). In this context, antioxidants derived
from natural sources and the foods rich in antioxidants have
markedly paved its way as a superfood over synthetic prod-
ucts for the prevention of oxidative-stress related diseases
(Vaz et al. 2010; Agyei et al. 2015). Primarily, terrestrial
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plants are main source of commercially available natural
antioxidants. However, in the current world’s scenario, algae
have taken over the lead as a functional food that is com-
monly used in Asian and Western countries. Further, addi-
tion of algal constituents in conventional food can present as
an attractive approach for producing healthy food products
(Blagojevic et al. 2018).

In recent decades, cyanobacteria has drawn tremen-
dous attention owing to its ability to synthesise a variety
of biologically active secondary metabolites with wide
range of medicinal activities such as anti-proliferative, anti-
inflammatory and anti-infective activities (Nunnery et al.
2010). The non-heterocystous cyanobacterium Arthrospira
commercially known as Spirulina is the well-established
genus for its beneficial compounds as well as proteins for
alimentary or industrial use (Belay 2013). It is also known
as a potential source of antioxidants that includes pigments
(C-phycocyanin and carotenoids) as well as phenolic com-
pounds (Kepekei and Saygideger 2012). Phycobiliproteins,
one of the unique photosynthetic pigment endowed by
cyanobacteria have also presented as a major candidate for
its application in biotechnology, food industry and medicine
(Amchova et al. 2015; Dasgupta 2016). These are composed
of three basic components, phycocyanin, allophycocyanin
and phycoerythrin (Bennett and Bogobad 1973). Several
non-heterocystous cyanobacteria were also studied for total
phenolic compounds, antioxidant activity, and antibac-
terial activity (Prakash et al. 2011; Hossain et al. 2016).
Kumar et al. (2016) reported that the nutritional value of
non-heterocystous cyanobacteria Phormidium foveolarum,
and Arthrospira platensis increased under UV-exposure in
comparison to heterocystous cyanobacteria Nostoc musco-
rum. Thus, these attributes have made non-heterocystous
cyanobacteria an emerging source of pigments, phenolic
compounds and antioxidants for its application in medicine
and food industry. Moreover, non-heterocystous cyanobac-
teria showed dominance over heterocystous cyanobacteria in
nitrogenous aquatic system (Havens et al. 2003; Loza et al.
2014). Thus, owing to paucity of research towards the bio-
technological potential of non-heterocystous cyanobacteria
thriving in aquatic habitats of the semi-arid regions, the pre-
sent study was designed to explore antioxidant properties of
non-heterocystous cyanobacteria inhabit water bodies of the
semi-arid regions of Rajasthan.

Materials and methods
Cyanobacterial strains and culture conditions
Eight filamentous non-heterocystous cyanobacteria were

isolated from the water samples collected from different
aquatic habitats of Ajmer district of Rajasthan, India and
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identification of cyanobacterial isolates was done based
on conventional method using recent taxonomic literatures
(Komérek and Anagnostidis 2005; Dadheech et al. 2012a, b;
Heidari et al. 2018). The cyanobacterial strains AT2015/3,
AT2015/5, AT2015/7, AT2016/2, AT2017/2, AT2016/9 and
AT2016/21 were inoculated in 100 mL of BG-11 medium
(Rippka et al. 1979) in 250 mL Erlenmeyer flasks, whereas
cyanobacterial strain AT2016/1 was inoculated in 100 mL
of SP media (Aiba and Ogawa 1977) in 250 mL Erlenmeyer
flasks with initial OD of 0.1 for the biomass production.
The inoculated cultures were incubated at 25 +2 °C under
cool white fluorescence lamp (10 Wm™ ) with 14 h:10 h
light—dark photoperiod. The cultures were hand-shaken three
times in a day. After 15 days of incubation, the cyanobacte-
rial biomass was harvested by centrifugation at 5000 g for
10 min at 4 °C and washed three times with autoclaved dou-
ble distilled water. The wet biomass of cyanobacteria was
freeze-dried at — 80 °C under vacuum in a lyophilizer (AF-5,
India) and stored at — 20 °C for further use.

Pigments analysis

Extraction of chlorophyll-a and carotenoids were carried out
by weighing 2 mg freeze-dried biomass of cyanobacteria
into a microcentrifuge tube (1.5 mL) with the addition of
1 mL of cold methanol (99.9%) followed by homogenization
using micropestle. The mixture was vortexed and incubated
overnight at 4 °C in dark. After incubation, the pigment
loaded extract was centrifuged at 9000 g for 10 min at 4 °C
and supernatant collected into a clean Falcon tube (15 mL).
The pellet was re-suspended in 1 mL of cold methanol
(99.9%) and the suspended cells were completely disrupted
using a probe sonicator (CPX 130 Cole-Parmer, USA) with
72 pm amplitude and 20 kHz frequency for 120 s (10 s “on”
and 10 s “off” cycle) followed by centrifugation at 9000 g
for 10 min at 4 °C. This step was repeated until transparent
(without pigment) supernatant was obtained. The superna-
tants of all the steps were pooled together in a round bot-
tom flask and concentrated using a rotary evaporator (Hei-
VAP, Heidolph, Germany). The concentrated extract was
re-dissolved in 1 mL of methanol (99.9%) and absorbance of
extract was measured at 666 nm, 653 nm and 470 nm using
a UV-Visible spectrophotometer (SECTROstar™*"°, BMG
LABTECH, Germany) against methanol (99.9%) as a blank.
Chlorophyll-a (Chl-a) and carotenoids (Car) contents were
quantified according to the equation described by Wellburn
(1994).

The total phycobiliproteins were extracted by weigh-
ing 2 mg freeze-dried biomass of cyanobacteria in 1.5 mL
microcentrifuge tube and suspended in 1 mL of 0.1 M phos-
phate buffer (pH 7.2) followed by homogenization using
micropestle. The cell suspension was frozen (at — 20 °C)
and thawed at room temperature repeatedly three times
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followed by centrifugation at 9000 g for 10 min at 4 °C.
After that, supernatant was collected into a clean centrifuge
tube (15 mL). The pellet was again suspended in 1 mL of
0.1 M phosphate buffer (pH 7.2) and the suspended cells
were completely disrupted using a probe sonicator (CPX
130 Cole-Parmer, USA) with 72 um amplitude and 20 kHz
frequency for 120 s (10 s “on” and 10 s “off” cycle) followed
by centrifugation at 9000 g for 10 min at 4 °C. This step
was repeated until transparent (without pigment) supernatant
was obtained. The supernatant was pooled together into a
Falcon tube (15 mL) and freeze-dried at — 80 °C under vac-
uum in a lyophilizer (AF-5, India). The freeze-dried extract
was re-dissolved in 1 mL of 0.1 M phosphate buffer (pH
7.2). The absorbance of extract was measured at 620 nm,
652 nm and 562 nm using a UV-Visible spectrophotom-
eter (SECTROstar™*"°, BMG LABTECH, Germany) against
phosphate buffer as a blank. The phycobiliprotein concen-
tration was determined using the equations as suggested by
Bennett and Bogobad (1973).

Extract preparation for phenolic contents
and antioxidant activity

Lyophilized biomass of each sample was extracted in metha-
nol (99.9%) and water (10 mg of biomass added to 1 mL
of solvent) by sonication at 72 um amplitude and 20 kHz
frequency for 3 min with a 10 s on/off cycle using a probe
sonicator (CPX 130 Cole-Parmer, USA). After that, the cell
fragments were separated by centrifugation at 10,000 g for
10 min and supernatants collected into clean Falcon tubes.
The extraction procedure was repeated thrice and the super-
natant pooled together and again centrifuged at 10,000 g for
15 min. The collected supernatant of methanol was dried
using a rotatory evaporator (Hei-VAP, Heidolph, Germany)
at 35 °C and water extract was lyophilized at — 80 °C under
vacuum in a lyophilizer (AF-5, India) to obtain the cell-free
dried extract. The dried extracts were used for estimation
of total phenolic compounds, and antioxidant activity was
measured by two different methods namely 2,2,1-diphenyl-
1-picrylhydrazyl (DPPH) and Ferric reducing antioxidant
power (FRAP).

Total phenolic content

Folin-Ciocalteu (F—C) assay was performed for determining
the total phenolic content (TPC) using 96-well microplates
(Zhang et al. 2006). Herein, milli Q water (25 uL) and sam-
ple or standard (25 pL) added into well of microplate, fol-
lowed by the addition of F—C reagent (25 pL). Thereafter,
the mixture was incubated for 6 min at room temperature and
100 L of Na,CO; (7.5% w/v) was added to it. The reaction
mixture was further incubated in dark condition for 90 min.
The absorbance was measured spectrophotometrically at

765 nm (SECTROstar™"°, BMG LABTECH, Germany). A
calibration curve was plotted using galiic acid at a concen-
tration of 20~100 ug mL~ ! and phenolic compounds were
expressed as mg gallic acid equivalents (GAE) g~ L.

Antioxidant activity
DPPH assay

DPPH assay was performed in order to evaluate the free
radical scavenging efficacy of cyanobacterial extracts (Espin
et al. 2000). The experiment was executed by adding 20 pL
of extract (12.5-800 pg mL~ ') and 180 uL of 100 uM DPPH
reagent to the 96-well plate. For reagent blank, the solvent
was added to the DPPH reagent instead of extract. Similarly,
methanol and extract were mixed in case of matrix blank.
The samples with DPPH reagent including reagent blank
and matrix blank were measured at 517 nm using a spec-
trophotometric microplate reader (SECTROstar™"°, BMG
LABTECH, Germany) after incubating for 30 min in the
dark. The antioxidant activity was then expressed in terms
of ICs, of the extract using non-linear regression analysis.
Further, ascorbic acid was taken as a positive control in sup-
port of the aforementioned experiment.

FRAP assay

The FRAP reagent was prepared by mixing a definite pro-
portion of TPTZ (2,4,6-tripyridyl-s-triazine), aqueous FeCl,
and acetate buffer (pH 3.6) in 1:1:10 ratio (Benzie and Strain
1996). Freshly prepared 200 uL. of FRAP reagent (warmed
to 37 °C) was added to the 20 pL of extract and incubated
for 6 min at room temperature. The sample mixture was then
measured at 593 nm using a spectrophotometric microplate
reader (SECTROstar™"°, BMG LABTECH, Germany).
A standard curve was plotted using ascorbic acid and the
reducing power displayed in terms of ascorbic acid equiva-
lents (AAE) per gram of dry weight. All the results were
shown as mean + standard deviations (SDs) of triplicate
experiments.

LC-HRMS/MS analysis

Liquid chromatography high resolution mass spectrometry
(LC-HRMS/MS) analysis of the extracted phenolic com-
pounds was performed on Xevo G2-S Qtof (Waters, USA).
Chromatographic separation was attained in an ACQUITY
UPLC BEH C18 column (1.7 pm, 2.1 x50 mm, Waters,
USA). The flow rate was 250 pL min~ 1 and a volume of
10 pL of the sample injected into the column. The mobile
phase was composed of solvent A (water with 0.1% for-
mic acid) and solvent B (methanol with 0.1% formic acid).
The mobile phase gradient was programmed as follows:
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98-90% A (v/v) from O to 5.0 min, 90-70% A (v/v) from
5.0-10.0 min, 70-98% A (v/v) from 10.0-15.0 min. The ion-
ization parameters were as follows: capillary voltage 4000 V,
endplate voltage — 500 V; nebulizing gas of nitrogen at 35.0
p.s.i.; drying gas of 10 L min~ ! nitrogen at 350 °C and mass
analyzer scanned from 50 to 1500 m/z (mass to charge ratio).
The fragmentation amplitude was set to 1.0 V. Mass spectra
was simultaneously acquired using electrospray ionization in
the positive mode. The phenolic compounds were tentatively
identified by comparing MS data of detected peaks with
freely available mass spectra of pure reference compounds
at MassBank of North America-MoNA (https://mona.fiehn
lab.ucdavis.edu) and the MS data reported in the literature.

Statistical analysis

All the results were expressed as mean + standard deviations
for triplicate experiments. Tukey’s test of One-Way ANOVA
was used to analyze the significant differences between the
means. Non-linear regression analysis was implicated for
the determination of ICs, values. Pearson correlation coeffi-
cient was calculated to find the extent of correlation between
antioxidant activity and total phenolic compounds. Here,
p-value <0.05 was considered as statistically significant. All
the statistical analysis was done using GraphPad Prism 6
(GraphPad Software, San Diego, California).

Results and discussion
Identification of cyanobacterial taxa

Based on the phenotypic features, four cyanobacterial iso-
lates (AT2015/3, AT2015/7, AT2016/2 and AT2017/2) were
assigned to the species Desertifilum tharense. Two isolates
AT2016/1 and AT2016/9 belonged to the species Spirulina
subsalsa and Haloleptolyngbya alcalis, respectively, while
two other isolates AT2015/5 and AT2015/10 were identi-
fied as Leptolyngbya sp. and Laspinema sp., respectively

(Table 1). Microphotographs of identified cyanobacterial
isolates are given in the supplementary file.

Biomass production and pigment analysis

The cyanobacteria which can produce higher biomass and
bioresource for the production of valuable products are in
great interest for the industrial purposes. In this study, the
biomass yield of 15 days old culture of the tested cyano-
bacterial strains ranged from 283 to 724 mg L™ !. Among
the cyanobacterial strains, Desertifilum tharense AT2015/7
and AT2016/2, Spirulina subsalsa AT2016/1 and Halolep-
tolyngbya alcalis AT2016/9 were found to produce higher
biomass as compared to others (Table 2). In the earlier study,
non-heterocystous filamentous cyanobacteria belonging to
the genus Lyngbya and Limnothrix were studied for the pro-
duction of biomass, where strain 15-2 of Lyngbya genus
was found to yield 600 mg L™ ! of biomass and four strains
of the genus Limnothrix were found to produce biomass in
the range from 500-1200 mg L~ ! (Gantar et al. 2012). In
the present study four cyanobacteria belonging to the genus
Dersertifilum were observed to produce a different range of
biomass yield (335-548 mg L™ h. Recently, seven species of
cyanobacteria were evaluated for high biomass production
(Patel et al. 2018). Among the seven species, three were non-
heterocystous cyanobacteria i.e., Oscillatoria sp., Phormid-
ium sp. and Lyngbya sp. where Phormidium sp. gave maxi-
mum yield (1070 +10.1 mg L™ 1) of biomass in 19-days-old
culture (Patel et al. 2018). In our study, H. alcalis AT2016/9
yielded maximum biomass equal to 724 + 17 mg L™ ! from
15-days-old culture (Table 2). The biomass yield of tested
cyanobacterial strains could be enhanced by changing cul-
ture conditions (Silva et al. 1994; Clark et al. 2018).
Researchers have constantly been screening cyanobacte-
rial strains for their valuable pigments such as Chl-a, carot-
enoids and phycobiliprotein. In this study, dry biomass of
tested cyanobacteria was used to determine their pigment
profile. Amongst all the strains, a significant difference
was observed in the amount of Chl-a, carotenoids and total

Table 1 GPS coordinates of sampling sites and cyanobacteria taxa isolated from collected water samples

Sampling site Latitude Longitude Altitude (m) Non-heterocystous cyanobacteria taxa
Water tank, Kishangarh 26°34'44"N 74°52'38"E 437 Desertifilum tharense AT2015/3
Gundalao lake, Kishangarh 26°34'43"N 74°52'41"E 433 Leptolyngbya sp. AT2015/5

Bhairav ghat, Gundalao lake, Kishangarh 26°34"22"N 74°52'47"E 437 Desertifilum tharense AT2015/7
Pond, CuRaj* Campus 26°37'41"N 75°02'09"E 396 Laspinema sp. AT2015/10

Aana sagar lake, Ajmer 26°28'04"N 74°37'12"E 486 Spirulina subsalsa AT2016/1

Aana sagar lake, Ajmer 26°28'42"N 74°36'49"E 486 Desertifilum tharense AT2016/2
Sewage treatment plant, Ajmer 26°28'34"N 74°36'46"E 487 Desertifilum tharense AT2017/2
Pushkar lake, Pushkar 26°29'10"N 74°33'10"E 483 Haloleptolyngbya alcalis AT2016/9

*Central University of Rajasthan
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Table 2 Biomass yield, Chlorophyll-a (Chl-a), total carotenoids (Car), total phycobiliproteins (TPBPs) and total phenolic compounds (TPC) in

the isolated non-heterocystous cyanobacteria

Cyanobacteria Biomasls Yield Chl-a ] Car 1 TPBPs1 TPC (ug GAE mg™")
(mgL™) (ug mg™) (ngmg™) (mgg™) ME WE
Desertifilum tharense AT2015/3 335+9% 9.4+0.28* 3.7+0.13* 138.3+4.7° 20.5+1.8* 24.0+0.6*
Leptolyngbya sp. AT2015/5 283+7° 6.8+0.13° 3.1+0.15° 89.0+3.6° 12.8+0.8° 254+0.8*
Desertifilum tharense AT2015/7 530+8° 15.0+0.36° 4.1+0.10* 156.3+7.0° 21.2+09* 28.6+1.3°
Laspinema sp. AT2015/10 324+ 16° 9.0+0.25° 23+0.15° 63.3+3.06° 15.3+0.5° 14.8+0.3¢
Spirulina subsalsa AT2016/1 625+7¢ 13.3+0.23¢ 4.7+0.13¢ 251.0+12.5¢ 152+1.1° 28.2+1.8¢
Desertifilum tharense AT2016/2 548 +9° 11.9+0.28° 3.6+0.10* 176.3+4.0° 10.8+0.7¢ 14.3+1.4°
Desertifilum tharense AT2017/2 341+12° 9.0+0.28* 2.3+0.13° 173.3+5.5¢ 19.7+0.3* 23.5+1.4%
Haloleptolyngbya alcalis AT2016/9 724 +17° 13.3+0.33¢ 3.4+0.26%° 170.3+6.4° 14.4+0.7° 18.1+0.8°

ME methanolic extract, WE water extract

The values depict mean of triplicate + SD and different superscripted letters in the same column represent statistically different results (p <0.05)

phycobiliproteins content (Table 2). The maximum amount
of Chl-a (15+0.36 ug mg™") was observed in D. tharense
AT2015/7. S. subsalsa AT2016/1 possessed a higher amount
of total carotenoids (4.7 +0.13 pug mg™") as well as total
phycobiliproteins (251 +12.5 mg g™!) as depicted in Table 2.
In our previous study, among six cyanobacteria, the strain
PD2001/4 of cyanobacteria D. tharense was found to possess
maximum total phycobiliproteins (113.1 mg g~!) (Tomer
et al. 2018). The genus Arthrospira (non-heterocystous) is
known as an excellent source of phycocyanin (PC) (Pagels
et al. 2019). Recently, Arthrospira plentesis IFRPD 1182
was studied for the production of PC that showed an yield of
103 +9.23 mg g~! PC content (Pan-utai and Tamtham 2019).

However, in our study, maximum PC (192 +10.01 mg g‘l)
was observed in S. subsalsa AT2016/1 (Fig. 1) that is 1.8
times more than the earlier reported PC in Arthrospira plen-
tesis IFRPD 1182. Hence, S. subsalsa AT2016/1 could be
considered as a promising cyanobacterial strain for the pro-
duction of natural PC.

Total phenolic content (TPC)

Phenolic compounds are known to play crucial role
in antioxidant activity as they can donate hydro-
gen atom or electron in order to form a stable com-
plex. In this study, two solvent systems (methanol and
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water) were used for the extraction of phenolic com-
pounds. The methanolic extract of tested cyanobacte-
rial strains was observed to have TPC in the range from
10.8+£0.7 to 21.2 + 1.8 pg GAE mg~ !, whereas water
extracts possessed TPC in the range from 14.3 +1.4 to
28.6+ 1.3 ug GAE mg~ ! (Table 2). Earlier, 12 cyano-
bacterial strains were tested for the TPC in three differ-
ent solvents, water fraction was found to possess TPC
in range from 0.3 +0.02 to 19.15+0.04 uyg GAE mg™ !,
while hexane and ethyl acetate fraction were observed
to have 0.02 +0.0002 to 2.11+0.11 ug GAE mg~ ! and
0.02 +0.006 to 4.47 +0.02 ug GAE mg~ ! respectively
(Hajimahmoodi et al. 2010). Recently, four cyanobac-
terial strains were isolated from a stressed aquatic sys-
tem and their TPC was in the range from 6.25+0.12
to 13.58 +0.17 ug GAE mg~ ! (Badr et al. 2019). In
our study, amongst 8 cyanobacterial strains, the TPC
was found to be higher in water extract of D. tharense
AT2015/7 and S. subsalsa AT2016/1 in comparison to
its methanolic extracts (Table 2). However, these results
were also in agreement with the earlier studies where
water fraction was found to possess high TPC (Haji-
mahmoodi et al. 2010; Machu et al. 2015). The lowest
phenolic content was observed in the methanolic as well
as aqueous extract of D. tharense AT2016/2 (10.8+0.7
and 14.3 + 1.4 ug GAE mg~ ! respectively). The variabil-
ity in the TPC can be well attributed to several governing
factors such as the type of strain, geographical origin,
physiological and environmental variations (Marinho-
Soriano et al. 2006). Further, another most important
factor is the extraction procedure used, that plays a deci-
sive role in obtaining TPC of any cyanobacteria. Hence,
extraction with water showed higher content of phenolic
compounds from non-heterocystous filamentous cyano-
bacteria isolated from aquatic bodies of the semi-arid
region.

In vitro antioxidant activity

Antioxidant potential of cyanobacteria is commonly
determined by DPPH and FRAP assay (Babic¢ et al. 2016;
Blagojevic et al. 2018). In this study, DPPH radical scav-
enging activities of both extracts (methanol and water) of
cyanobacteria were tested against the DPPH radicals. For
this purpose, an antioxidant assay was performed with dif-
ferent concentrations of extracts in the reaction. The ICy,
values of DPPH were observed to be different among all the
tested cyanobacteria (Table 3). The S. subsalsa AT2016/1
and D. tharense AT2015/7 showed most effective scavenging
activity (64.3+2.7 and 67.2 +3.6 ug mL™ !, respectively),
whereas the strains Laspinema sp. AT2015/10 exhibited
least effective scavenging activity (347 +19.4 uyg mL™!) in
the water extract. However, the methanolic extract of S. sub-
salsa AT2016/1 also showed remarkable scavenging activ-
ity (118.4+5.6 ug mL™ ') and Leptolyngbya sp. AT2015/5
displayed poor scavenging activity (333.8+7.2 ug mL™").
Two non-heterocystous cyanobacteria Oscillatoria M2
and Phormidium M1 were found to have ICs, values equal
to 93.25+8.63 and 47.62+7.59 ug mL™ !, respectively
(Babic et al. 2016). Similarly, non-heterocystous cyanobac-
teria belonging to the genus Arthrospira and Leptolyngbya
were studied for the radical scavenging activity where ICs,
for the strain S1 and S2 of Arthropsira was 120 pg mL~!
and 110 ug mL~ ! respectively, whereas Leptolyngbya sp.
showed scavenging activity (22.94+0.47%) at 50 uyg mL ™
(Blagojevic et al. 2018; Badr et al. 2019). Hence, S. subsalsa
AT2016/1 and D. tharense AT2015/7 could be more potent
as antioxidant. Interestingly, it was also noted that the scav-
enging activity was strain-specific as well as dependent on
the solvent used for extraction as some of the strains showed
good scavenging activity in water extract, whereas others
showed in methanolic extract (Table 3). These results were
in concordance to earlier study where antioxidant activity

Table 3 Antioxidant activity
of methanolic and water
extracts of non-heterocystous

Cyanobacteria

DPPH ICs,, (ug mL™ 1) FRAP (ug AAE mg™!)

cyanobacteria

ME WE ME WE
Desertifilum tharense AT2015/3 151.4+3.6* 197.4+9.4% 25.4+2.0° 16.0+1.1°
Leptolyngbya sp. AT2015/5 333.8+7.2° 211.1+5.7° 39.4+1.0° 22.8+1.6°
Desertifilum tharense AT2015/7 172.5+£2.5° 67.2+3.6° 56.5+2.6° 21.7+0.5°
Laspinema sp. AT2015/10 179.0+6.1° 347.2+19.4¢ 33.2+0.7¢ 7.6+0.7°
Spirulina subsalsa AT2016/1 118.4+5.6¢ 64.3+2.7° 49.8 +2.8° 11.9+1.0%
Desertifilum tharense AT2016/2 214.7+£9.6° 212.6+6.2° 43.4+0.6° 14.9+3.6°
Desertifilum tharense AT2017/2 173.0+4.5¢ 242.4+6.64 26.4+0.7* 10.3+£0.9°
Haloleptolyngbya alcalis AT2016/9 149.5+9.5* 205.2+7.4% 31.1+0.2¢ 11.3+0.6°

The values depict mean of triplicate+SD and different superscripted letters in the same column repre-
sent statistically different results (p <0.05). DPPH ICy is the extract concentration that scavenged 50% of
DPPH free radicals and FRAP is ferric ion reducing activity of Methanolic extract (ME) and Water extract

(WE)
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by DPPH was found highest in water extract of some micro-
algae while other strains showed good scavenging in ethyl
acetate and hexane extract (Hajimahmoodi et al. 2010).
However, phenolic compounds were found maximum in
water extract of all the strains in comparison to methanolic
extract except Laspinema sp. AT2015/10 (Table 2). Thus,
the results indicate that the scavenging activity was also
governed by other compounds present in the extracts with
phenolic compounds. Promisingly, cyanobacteria thriving
in aquatic habitats of the semi-arid regions could be good
candidates for scavenging the free radicals.

In case of FRAP assay, the antioxidant activity of the
prepared extracts was tested by assessing the reduction of
ferric to coloured ferrous-tripyridyltriazine complex (Benzie
and Strain 1996). It is an inexpensive and simple approach
with high reproducibility to determine the reducing power
of biological extract along with various fruits and vegetables
(Wong et al. 2006). The maximum reducing power of metha-
nolic extract was observed for the D. tharense AT2015/7
(56.5+2.6 ug AAE mg~ ). Similarly, FRAP activity of
water extract was observed to be higher in D. tharense
AT2015/7 (21.7+0.5 ug AAE mg™ ') and Leptolyngbya sp.
AT2015/5 (22.8+1.6 uyg AAE mg™ 1) (Table 3). However,
in one of the studies, highest FRAP activity was observed
in the ethanolic extract of a cyanobacterium Phormidium
M1 (22.48 +2.18 ug AAE mg™ ') (Babi¢ et al. 2016) and
Arthrospira S1 (21.01 +1.66 pg AAE mg~ D) (Blagojevié
et al. 2018). In our study, D. tharense AT2015/7 was found
to have maximum reducing power with the methanolic
extract. It could be due to the presence of majority of total
carotenoids and phenolic compounds in methanolic extract
of D. tharense AT2015/7 (Table 2).

The degree of correlation was evaluated with the phenolic
compounds following the DPPH and FRAP assays. Herein,
Pearson correlation analysis showed significant relation
of water extract with DPPH assay (r=0.7447, p=0.034)
(Table 4). However, TPC in methanolic extract of tested
cyanobacterial strains did not show a significant relation-
ship with DPPH activity. Similarly, in case of FRAP assay,
no significant correlation was observed between total phe-
nolics and antioxidant activity in both the extracts, which
showed the probability of other compounds playing a major

Table 4 P values and Pearson correlation coefficients (r) between the
antioxidant activity (DPPH and FRAP assay) and total phenolic com-
pounds (TPC) in methanolic and water extract of tested non-hetero-
cystous cyanobacterial strains

Extraction solvent DPPH assay FRAP assay
for TPC

r p value r p value
Methanol 0.3545 0.3889 —0.1050 0.8046
Water 0.7447 0.0340 0.5353 0.1715

role in FRAP activity. Machu et al. (2015) reported that the
water-soluble compounds present in edible algal products
showed a correlation with the antioxidant activity. How-
ever, Blagojevi¢ et al. (2018) reported that TPC extracted
in aqueous ethanol did not show a significant correlation
with DPPH acitivity. Thus, our results depicted that phenolic
compounds extracted in water showed good correlation with
the radical scavenging activity. The DPPH activity in metha-
nolic and FRAP activity in the both extracts may be majorly
governed by some other compounds (Babi¢ et al. 2016;
Blagojevic et al. 2018). Based on the maximum phenolic
contents and good antioxidant activity in water extract, S.
subsalsa AT2016/1 and D. tharense AT2015/7 were selected
for the characterization of phenolic compounds.

LC-HRMS/MS analysis of phenolic compounds

A total of 11 phenolic compounds were tentatively identified
in D. tharense AT2015/7, while 9 phenolic compounds were
identified in S. subsalsa AT2016/1 based on the protonated
molecular ion m/z and their MS/MS fragmentation (Table 5).
The phenolic compounds namely p-coumaroylquinic acid,
resveratrol 3-O-glucoside, vanillin, 4-hydroxyphenylacetic
acid, caffeic acid ethyl ester, 3-sinapoylquinic acid, ellagic
acid glucoside, rosmarinic acid, 4-sinapoylquinic acid, feru-
lic acid 4-O-glucoside, and resveratrol were detected in D.
tharense AT2015/7. Whereas, S. subsalsa AT2016/1 showed
the presence of compounds including chlorogenic acid,
4-hydroxybenzoic acid 4-O-glucoside, caffeic acid ethyl
ester, rosmadial, gallic acid ethyl ester, gallic acid, ellagic
acid, vanillic acid and caffeoyl tartaric acid. Amongst all the
phenolic compounds, caffeic acid ethyl ester was found to be
common in both strains (D. tharense AT2015/7 and S. sub-
salsa AT2016/1). It can be noted that most of the phenolic
compounds reported in the current study have also been
found previously in different taxa of cyanobacteria (Machu
et al. 2015; Babic et al. 2016; Singh et al. 2017; Blagojevi¢
et al. 2018) except some of the compounds such as ellagic
acid, rosmadial, resveratrol 3-O-glucoside, rosmarinic acid,
4-sinapoylquinic acid, and resveratrol. Thus, D. tharense
AT?2015/7 and S. subsalsa could prove to be a promising
source of diverse phenolic compounds.

Conclusions

Our study reported bioprospecting potential of non-het-
erocystous cyanobacteria isolated from freshwater bod-
ies of semi-arid region. Cyanobacterial strains D. tha-
rense AT2015/7 and S. subsalsa AT2016/1 were found to
be promising candidates in terms of valuable pigments,
phenolic contents and their antioxidant properties. The
phycocyanin pigment-producing capacity of S. subsalsa
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Table 5 Phenolic compounds

; A [M+H]*
tentatively identified by

Fragment ions Identified compounds

LC-HRMS/MS analysis Desertifilum tharense AT2015/7

339
391
153
153
209
399
435
361
399
357
229
Spirulina subsalsa AT2016/1
355
301
209
345
199
171
303
169
313

175, 147 p-Coumaroylquinic acid
229,135 Resveratrol 3-O-glucoside
125, 111,93 Vanillin

107,77 4-Hydroxyphenylacetic acid
191, 163 Caffeic acid ethyl ester

353, 207 3-Sinapoylquinic acid

303, 285 Ellagic acid glucoside

163, 135 Rosmarinic acid

353,207 4-Sinapoylquinic acid

195, 177, 137 Ferulic acid 4-O-glucoside
183, 135, 107 Resveratrol

163, 126 Chlorogenic acid

283, 139 4-Hydroxybenzoic acid 4-O-glucoside
191, 163 Caffeic acid ethyl ester
327,315, 179 Rosmadial

171, 153, 125 Gallic acid ethyl ester
153,127, 190 Gallic acid

257,220 Ellagic acid

125,93 Vanillic acid

295,277, 163 Caffeoyl tartaric acid

AT2016/1 indicates its putative use as food colorant, which
can be further scaled up for large scale production. Fur-
thermore, statistical analysis showed significant correlation
between phenolic compounds extracted in water and free
radical scavenging activity. In addition, LC-HRMS/MS
analysis revealed that D tharense AT2015/7 and S. subsalsa
AT2016/1 possessed diverse phenolic compounds.
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