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Abstract

Calothrix desertica having a semilunar apical heterocyst is proficient at
excreting 1.2 g/L of extracellular polymers (EPsC) in 45 days. The refined
EPsC constitutes 430 mg/g of glycogen, 390 mg/g of protein, and 14.6 mg/g of
glycoproteins (GPs). The glycoprotein estimation of EPsC was performed by
two step hydrolysis methods with H.SO4. The peak between 10 mAU to 20
mAU in HPLC, 1400 cm™ to 1700 cm™ in FTIR, and 40kDa- 35kDa bands in SDS-
PAGE authenticates the presence of glycoproteins in the EPsC. The EPsC
agglomerate of 1000 nm to 3000 nm size with a Zeta potential of -20 mV to 5
mV was determined using DLS. Further EPsC of nanosizes of 30 nm to 150 nm
in 50,000 X and 20 nm to 40 nm in 60,000 X was measured using FE- SEM. The
DPPH assay and H,O,scavenging assay showed 73.1% and 70.8% of anti-
oxidant activity in EPsC, which is coequally efficient as standard gallic acid.
EPsC biopolymer can also be used as a potential reducing agent, as per the
anti-nutrient activity studies.
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Introduction

Lithophilic cyanobacteria establish its thallus and anchor themselves firmly
on their surface niche by defending other microbial communities. Our
experimental organism, Calothrix desertica is attached to rocks and expels
slimy discharge out of the cell for its sustainability. The quantity of
extracellular polymers of C. desertica (EPsC) produced remains
proportionate to the environmental stress imposed (1). The incorporation of
extracellular polymers in the manufacturing of high value products and
pharmaceuticals by manipulating their level of tension has become a
relevant study (2). At the same time, the total production cost of extraction
and downstream processing of EPsC still keeps it at the bottleneck (3).

EPsC is a complex mixture of polymers with extracellular
polysaccharides and proteins, along with minerals. The enzyme protease
breaks the biopolymer into tiny molecules that can be easily utilized as
carbon and energy sources by other microbes (4). Recent studies reveal the
presence of glycoproteins like glucosamine (GlcN) and N- acetyl glucosamine
(GlcNAc) formed by the glycosylation of exoproteome that also share a major
ratio of EPsC matrix.
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The cyanobacteria EPsC extract could behave as a
good substitution for extracellular polymers from plants,
seaweed, and animals since they can easily grow under
controlled ex-situ conditions (5). Still, due to its production
and recovery costs, these extracellular polymers represent
a very small fraction of the biopolymer market. The
production method using cheaper substrates like waste
materials and agricultural by-products is considered to be
the best remedy to reduce biosynthesis expenses. The
nanosized extracellular polymer forming capability of C.
desertica is a noticeable physical feature that will
encourage the incorporative capacity of this bio- product
in different biotechnological applications.

Microbial extracellular polymers are becoming a
research focus in the biomedical industry by delivering anti
-oxidation and anti-microbial properties. Extracellular
polymers synthesized by cyanobacteria also bear equal bio
-functions. They are capable of acting on superoxide
anions and free radicals based on the species from which
EPS has been extracted.

This study aims at the extraction of EPsC using
solvents and its physical and chemical anatomization
using instrumentation techniques. This evaluation can
lead to estimating its capability to act as an effective anti-
oxidant (6) and also its capacity to leave the
micronutrients free by avoiding the adsorption tendency of
biopolymer on atomic nutrients.

Materials and Methods
Collection and preservation of the sample

The algal mats were peeled out from the wet rocky vicinity
near Thommankuthu waterfalls at Idukki, Kerala, India
lying at 9°57' 33.0768'"' N, 76° 49' 8.346'' E angular distance.
The sample collection area is broadly categorised into
three zones: bedrock surrounding the waterfall as
outcropping (OC), running water touching rock edges as
ephemeral region (ER), and the impacted base of the
waterfall as plunge pool (PP).

Cyanobacterial biodiversity of washed and sieved
(50um mesh) natural samples was recorded with a Light
microscope (MCX 500, Micros, Austria). Both the species
richness and evenness of the sampling site were evaluated.
Traditional water analysis protocols (7, 8) were followed to
analyse the growth influencing nutrients like Dissolved
Oxygen (DO), Nitrate (NOs), Nitrite (NO2), Calcium (Ca) and
Magnesium (Mg) in the sampling site. The Atomic
Absorption Spectroscopic technique (AA6200, Shimadzu,
Japan) was adopted to determine the chemical content.
Hand-ground assorted algal peels were spread plated in
BG11 agar medium (0.80%) (9), incubated, and monitored
for 7 days interval of time. The morphology of procured
axenic C. desertica culture was profoundly defined via light
microscopic (Nikon Eclipse TS100 Microscope, USA) and
confocal laser scanning microscopic (CLSM) (LSM 60, Carl
Zeiss, Germany) observation. Features of C. desertica were
compared with existing digital (algae base) cyanobacterial
records. The genetic similarity was confirmed by 16S rRNA
amplification (PCR, Applied Biosystems™ Veriti) with

distinct primers (CYA106F/CYA781) (10), nucleotide
sequencing and aligning (BLAST) followed by evolutionary
detailing with the MEGA6.06 program. The DNA sequence
was submitted to the National Center for Biotechnology
Information (NCBI) GenBank. Equally 1.0g of wet C
desertica cells were transferred in a 3L Haffkine’s flask
bearing nitrogen deficient modified BG 11 medium at
24°C, pH 7.4 with photon a flux of 80420 umol m?2Stin a
12 hrs dark and 12 hrs light regime (11, 12) under photo-
protective shades to avoid bleaching and attain
logarithmic growth (13).

Processing culture exudate

The jellified culture medium with biomass of C. desertica
was centrifuged at 10,000 rpm at 8°C for 10 min to
segregate viscous EPsC (14). The viscid centrifugate was
blended with an equal volume of acetone in a 2 L beaker,
covered, and refrigerated (4°C) for 48 hrs. Sedimentary
EPsC obtained by solvent extraction was resolved by
centrifugation at 10,000 rpm at 10°C for 8 min. Dialysis of
collected EPsC pellets with double distilled water across
the 10 kDa molecular-weight-cut-off for 24 hrs with gently
stirring water wash at 20°C for 2 times was done (15). The
EPsC was further air dried at room temperature (30 °C) for
2 hrs then lyophilized at -40°C for 12 hrs (16).

Proteo: glyco content of EPsC

For polysaccharide precipitation, 0.1 mg of EPsC powder
was dissolved in 40 mL of Na,COs (0.2 M) at 80°C for 2 hrs
and centrifuged at 10,000 rpm for 10 min. The supernatant
was mixed with 0.05M HCl and centrifuged at 10,000 rpm
for 20 min and the pellet was washed with double distilled
water. Finally, the pellet was centrifuged at 15,000 rpm for
20 min by adding 0.1M NaOH and ethanol (80%). Protein in
EPsC was precipitated by adding 2.0M H,SO; to the
supernatant, regulating it to its isoelectric precipitation
condition (pH 3.3), and centrifuged at 9000 rpm for 10 min
(17, 18). The conventional colorimetric methods, in
particular phenol sulphuric acid (19) and Lowry’s protocol
(20) for carbohydrates and proteins were followed to
quantify and understand their rational distribution in
EPsC.

Glycoprotein estimation in EPsC
Two-step hydrolysis method

The extracellular glycoprotein of EPsC was determined by
two steps of hydrolysis: initially treating with concentrated
H,S0.at low temperature, then with diluted H,SO.at high
temperature, along with nitrous acid depolymerisation.
Add 10 mg of EPsC to 0.3 mL of 72% (v/v) sulfuric acid in a
15 ml screw cap tube and keep shaking for 2 hrs. This
partially diluted EPsC tube was autoclaved by adding 8.4
mL of water for complete dissolution. The obtained
homogenous solution was transferred to a tube and added
to 0.5 mL of 1 M NaNO.. The tubes were kept closed and
open for 6/6 hrs time regime to accomplish the
depolymerization-deamination. To the anhydromannose
bearing tubes, 0.5 mL of 0.5% MBTH (3-methyl-2-
benzothiozolone-hydrazone-hydrochloride) and 0.5 mL of
0.5% FeCl; were added. As the blue colour developed (in 1
hr) absorbance was read with UV- Vis spectrophotometer
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(Cary 60 UV-Vis, Agilent Technologies) at 650 nm and pure
GlcNc hydrochloride in 2.48% (v/v) H,SOs was taken as
standard. The presence of glycoprotein was confirmed
with High Performance Liquid Chromatography (HPLC)
(Milford, MA, USA) at 60°C with 5 mM sulfuric acid as eluent
and a UV-vis detector gauge of 254 nm (21, 22).

Electrophoretic method

The EPsC protein was separated using SDS-PAGE using the
Bio-Rad Mini-PROTEAN Electrophoresis system. The test
sample was diluted in 20% TCA and kept under
refrigeration for 12 hrs to precipitate. The gel was casted
with stacking gel and separating gel having concentration
ratios of 5:12 and 1:4 partition area, respectively. 500 pg/
mL of sample along with a protein ladder of 15-130 kDa
size range were loaded in the gel and allowed to run under
the applied voltage of 70V for a period of 2 hrs 30 min (23).

Derivatization of EPsC

To improve the application capability of EPsC, a solubility
test has been conducted for the biopolymer. The protic
and aprotic solvents like 90% ethyl acetate, dimethyl
sulfoxide (DMSO), diethyl ether, and ethanol with their
combinations of DMSO to water, ethanol to water, diethyl
ether to water, ethyl acetate to water, diethyl ether to
ethanol, and ethanol to ethyl acetate in 1:9 ratio. The
mixture containing vials was sonicated (V TECH Mild Steel
Probe Sonicator) under a 10 kHz to 50 kHz frequency
range, which was later kept in ultrasonic baths for 1 hr at
45°C to obtain homogenized EPsC solutions (24, 25).

Size determination of EPsC
Dynamic light scattering

Dynamic Light Scattering (DLS) is the precise technique
used to determine the size of the EPsC particle in the
suspension. The efficacy of biopolymers is significantly
affected in their particle size and distribution. DLS
determines the dimension of EPsC based on the Brownian
motion of the particle and measures the hydrodynamic
size in a range of 0.3 nm to 10000 nm. The rate of repulsion
between the particles of the suspension was measured
using the Zeta potential. This parameter measures the self-
sedimentary characteristics of EPsC. As the value of Zeta
potential increases, the rate of sedimentation decreases
(26).

Scanning electron microscopy

SEM micrographs of EPsC were taken using the field
emission technique to understand the surface
morphology. A scanning electron microscope (FE-SEM)
(JEOL JSM-6701F, UK) incorporating a cold cathode field
emission gun was used for imaging gold sputtered EPs
particles mounted on the metal stub. An accelerating
voltage of 3.0 keV and higher magnifications of 30,000X
and 50,000X were employed to ensure a clear profile of EPs
(27).

IR spectroscopy

Fourier transform infrared spectroscopy (FT-IR, Perkin
Elmer with version 10.4.00, USA) with a transmittance

range of 4000 cm™- 400 cm™ was used to analyse the

presence of different functional groups embedded in EPsC.
The attenuated transmittance (ATR- FT-IR) principle
incorporated into the protocol was followed. The
spectrum obtained was interpreted and compared with
library data (28).

Bio-processes
Anti-oxidation activity

In-vitro assessment of EPsC as an anti-oxidant was studied
by understanding DPPH (2, 2-diphenyl-1-picrylhydrazyl)
and hydrogen peroxide scavenging capacity.

In the DPPH assay 1mg/mL of EPsC dissolved in
DMSO was considered the sample solution. Make up the
sample solution in 1 mL of 200 pg/mL to 1000 ug/mL
concentration. 1 mL of 0.1 mM DPPH in ethanol was added
to each concentration and incubated in the dark for 2 hrs.
The absorbance was measured using a Cary 60 UV-Vis
Agilent Technologies spectrophotometer at 517 nm with
deionised water as a control. The capacity of EPsC to
scavenge DPPH molecules determines its ability to act as
an anti-oxidant.

DPPH scavenging activity or inhibition (%) = [1 - As /A x
100 where A is the absorbance of the sample, Ac is the
absorbance of the control (29).

Hydrogen peroxide scavenging assay was performed by
preparing 10 mM hydrogen peroxide solution in 0.1 M
phosphate buffer saline (pH 7.4), 200-1000 ®g of EPsC
were mixed with 2 mL of hydrogen peroxide solution and
incubated for 10 min. The absorbance was measured at
230 nm (Cary 60 UV-VIS, Agilent Technologies, USA).

Percentage of scavenging (%) = (4g - 41) x 100

Ao
Here, the absorbance of the control is (A and the
absorbance of the sample or standard is (Al).

Gallic acid is used as a standard anti-oxidant for
both scavenging assays (30).

Anti- nutrient activity

Pre and post quantification of two essential elements, iron
(Fe) and zinc (Zn), in the EPsC treated metal mixtures was
performed with respective cathode lamps of flame atomic
absorption spectroscopy (AAS) (AA6200, Shimadzu,
Japan). To the 0.5 mg/mL and 1.0 mg/mL of Fe and Zn
solutions, an equal volume of 1.0 mg/mL of EPsC mixture
was added, shaken and kept stable for 20 min. The metal
solution alone was considered the control, and a triplex of
each experiment was set for confirmation (31).

Results
Biodiversity and isolate

Lithophilic green slimes bearing cyanobacterial samples
showed an appreciable range of diversity (Fig.1). The
microscope aided analysis of the collected samples
showed evenness in the distribution of Phormidium sp.
and Oscillatoria sp. throughout the three (OC, ER, and PP)
areas with varying disturbance intensity. Extracellular
polymer synthesizers such as Nostoc sp. and Calothrix sp.

Plant Science Today, ISSN 2348-1900 (online)
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Fig. 1. Microscopic images of major cyanobacterial species distrib-
uted near Thommankuthu waterfalls: (1,2,3,4) Phormidium sp.,
(5,6,7,8,9), Oscillatoria sp., (10,11), Nostoc sp., (12) Spirulina sp., (13),
Stigonema sp., Calothrix desertica (14 a, b)

among the collected samples were evenly present in the
OC and ER regions. Spirulina sp. and Stigonema sp. are the
two other major cyanobacterial groups distinguished in
the moderately disturbed rocky outcrops of waterfalls.
Planktons, green algae and diatoms were also found
associated  with  these  recorded predominant
cyanobacterial groups (Table. 1). Plated natural samples
developed green patches in the petri plates within 7- 10
days of incubation under controlled temperature and light
(32). The ex situ acclimatization rate of C. desertica was
comparatively high. By careful pricking and inoculating
viable cells of C. Desertica, its growth initiated in 1mL BG
11 broth within 14- 20 days further established its biomass
at a rate of 3.0 g/L in haffkine culture flask over 45 days.

The water analysis results of the collection sites
(OC, ER, and PP) (Fig. 2) revealed minimal human activity
and a low pollution rate. The light microscopic and CLSM
images under an Ar laser of 480- 540 nm of excitation wave
length of C. desertica materialized a 200um long filament
with a 5um broad and 3um long trichome holding a thin

sheath and an apical heterocyst (Fig.1. 14a). The CLSM
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Fig. 2. Chemical composition of water in the three collection sites
(Out Cropping (OC), Ephimeral Region (ER), Plunge Pool (PP))

images focused the slightly attenuated and constricted
thallus with hemispherical and compressed heterocyst
(Fig.1. 14b). The gene amplicons of the cyanobacterial
isolate fall within = 650 bp of the marker. Polymerised
genetic material of C. desertica was sequenced and
deposited in the GenBank (NCBI) with accession number
MH144148. Alligning the genomic sequence of the
amplified DNA figured out its genetic compatibility with
Calothrix sp., Nostoc sp., and cyanobacteria. The
phylogenetic tree (Fig. 3) was constructed by the
maximum likelihood method to understand its
descendants for better genus confirmation (33). The
culture was preserved for public access in the germplasm
of the National Repository for Microalgae and
Cyanobacteria-Freshwater (NRMC-F), BDU, Tamil Nadu,
India.

Extracted biopolymer

Jellification of the C. desertica culture medium began
within 30 days (mid log phase) of its growth, with
maximum EPsC synthesized in 45-50 days (stationary
phase) (Fig. 4). The gelatinous C. desertica medium
collected over a 60-day interval released 1.2 g/L of dry
EPsC powder. Usually Nostocale enhances its biomass
slowly, since it takes 60- 70 days to reach sufficient density
of cells for polymer extraction (34); whereas C. desertica
consumed less time for effective sustainable EPsC

Table 1. The chart depicting cyanobacterial species richness and evenness in the area divided (OC: Out Cropping; ER: Ephimeral Region; PP: Plunge Pool)

around the water falls

Cyanobacteria (o]} ER PP

1. Phormidium sp. THF W

2. Phormidium sp. ++ ++

3. Phormidium sp. +++ ++ ++
4, Phormidium sp. Saisis W

5. Oscillatoria sp. + +

6. Oscillatoria sp. 4+

7. Oscillatoria sp. ++ -
8. Oscillatoria sp. ++ + -
9. Oscillatoria sp. + ++ -
10. Nostoc sp. +++ ++ -
11. Nostoc sp. ++ -
12, Spirulina sp. ++ -
13. Stigonema sp. ++ - -
14. Calothrix desertica +++ - -

(+++) Dominant, (++) abundant, (+) present, (-) absent

https://plantsciencetoday.online


https://plantsciencetoday.online

X99213.1 calothrix 0263

EU009147.1 Rivularia sp. E1

KX913928.1 Nostoc linckia MBOU 709
DQ234826.1 Anabaena variabilis strain KCTCAG10059
KT33649.2 Macrochaete psychrophita CCALA 32
MH271061 Nostoc sp. Su 54

EU009145.1 Ri ia sp. MAB

MH271080.1 Calothrix sp. Su 45

MHO014811.1 Calothrix sp. Alborz

KX913933.1 Calothrix marchica MOU 107
KT818633.1 Anabaena variabilisMBOU 013
LC326266.1 Tolypothrix sp. Ryu

792329.1 Nostoc carneum SULS.A1
KP792342.1 Nostoc parmelioides SULS.P1
KP792342.1 Nostoc parmelioides SULS.P1 (2)
KX670281. Trichormus fertilissimus AUS.JR/MT/NT.119
KP792336.1 Anabaenopsis baltygungii SULS.11
FJ661016. 1 Calothrix sp.PCC

FJ661012 .1 Calothrix sp. CC

AJ133164.1 Calo&hrlx sp- 7714

KM019960.1 PccC

KX45483.1 Nostoc sp. CCNA513

KX670288. Nostoc carneum AUS.JR/MT/NT.126

. MH144148.1

{K‘I‘!ﬁ’ 8630.1 Nostoc punctiforme "MBOU 009
KY052185.1 Nostoc sp. MGCY329

Fig. 3. Phlylogenetic tree connecting the ancestry of calothrix
desertica to other Nostocales proves its EPsC releasing efficacy

synthesis. A polar solvent like acetone can change the
polarity of EPsC in water and decrease its relative
solubility, which improves its precipitation. Thus, the
quantity of sedimentary EPsC particles is elevated, and
downstream processing of EPsC becomes more prolific at
low temperatures (4°C). This hyporeactive biopolymer can
be stored in a dark, cool place at room temperature.

Proteo- Glyco and glycoprotein ratio in EPsC

Extracellular  polysaccharides and proteins were
successfully extracted from C. desertica medium exudates.
The UV-spectrum based chemical quantification detected
430 mg/g of glycogen and 390 mg/g of protein content.
Glycoprotein content determined by two-step hydrolysis
using H.SOsand one-step nitrous acid depolymerization
showed 14.6 mg/g of glycoprotein in EPsC. The peaks
obtained between 15 to 20 retention times in the
chromatogram of HPLC for acetic acid also indicate the
chances for the occupancy of glycoprotein in EPsC (Fig. 5)
(34).

Further investigation of the EPsC protein by
performing SDS- PAGE revealed the existence of bonds
between carbohydrates and proteins. The molecular
weight of the EPsC protein was obtained in a range of
40kDa-35kDa, which confirms the formation of
glycoprotein (Fig. 6).

Surface tension and topology

Solubility and surface tension are inversely proportionate
characteristics. To obtain a homogenous solution of EPsC
temperature was elevated, which reduced the surface
tension among water molecules. The maximum solubility
of EPsC was obtained in 90 % of DMSO (a polar aprotic

00 10 20 30
min

Fig. 5. The HPLC chromatogram tapering peak at R: 10 min.
indicating N- acetyl glucosamine composition in EPsC
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Fig. 4. Graphical plot representing stages of nutrient requirement
and EPsC synthesis during growth of Calothrix desertica
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130<—
100<—
70 «<—

10-<— St

Fig. 6. SDS- PAGE depicting glycoprotein bands of EPsC.

solvent). DLS determined the size of the EPsC particle
between 1000 nm to 3000 nm by recording the light
scattered by the particles with an incident monochromatic
coherent light source (Fig. 7a). The size of the EPsC powder
can be brought down to nanometres by working on
minimizing the agglomeration tendency among molecules
(35). The Zeta potential of EPsC ranges from -20 mV to 5
mV, which is closer to zero (Fig. 7b). As Zeta potential value
increases and remains closer to zero, the rate of self-
sedimentation efficacy decreases. The intermolecular Van
der Waals forces will be high if the Zeta potential is closer
to zero. Since the value of the Zeta potential of EPsC
indicates the stability of its suspension at high levels (36).

Field emission scanning electron microscopy (FE-
SEM) images of EPsC focused on irregularly clumped
globular granules (Fig. 8). The size of the particles fell in a
range of 30 nm to 150 nm at 50,000 X and 20 nm to 40 nm
at 60,000 X magnifications. The particle size obtained
indicates the habit of nanoparticle biosynthesis in C.
desertica (27). Having a homogenous solution with smaller
particle sizes is a necessity for enhancing the
biotechnological properties of any natural extract.

Plant Science Today, ISSN 2348-1900 (online)
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Fig. 7. Graphs showing the particle size (a) and Zeta potential (b) of EPsC.

% 106.9nm
% 125.6nm

SASTRA 3.0kv  X50,000 WD6O0mm 100nm

(c)

SASTRA SEI 30kvV  X15000 WD 6.0mm 1um

Fig. 8. FE- SEM images of EPsC focusing at different magnifications

Molecular Vibrations

IR spectrum of EPsC with 14 peaks was obtained, which
covers the wavelength of 300 cm™ to 3000 cm™* indicating
the presence of proteins, glycoproteins, polysaccharides,
and hydrocarbons. Narrowly differentiated peaks were
obtained by the stretching forces and intermolecular
bonds developed by the EPsC molecules if a particular
quantum of energy fell on them. The peak at 3366.8 cm™
1637.7

represents the Amide | band, and 1408.08 cm™ represents
C-N stretching, N-H deformation, and C-H deformation of

indicates asymmetric O-H stretching, cm™

SASTRA

Zeta Potential (mV)

(b)

3.0kV  X30,000 WD6.0mm 100nm

(d)

4 37.5nm

% 26.6nm

©28.1nm

SASTRA 3.0kV  X60,000 WD6O0Omm 100nm

Amide Il amino acids (37). The various peaks between 800
and 600 cm-1 indicate the presence of a mineral matrix
(Fig. 9).

Anti- oxidant and anti- nutrient

The antioxidant character of EPsC is clearly disclosed by
performing two scavenging assays. In the DPPH assay, the
percentage of DPPH inhibition is calculated as an anti-
oxidation parameter, which showed a logarithmic increase
with EPsC concentration. The maximum of 73.1% of anti-
oxidation activity was indicated by EPsC at 1000 pg/mL but
in the hydrogen peroxide scavenging assay, the
percentage reduced a little to 72.1% (Fig. 10). The standard
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Fig. 9. FTIR peaks of EPsC showing amide bands and hydrocarbons

__|DPPH
H,0,
Gallic acid

80|

-3
S

Inhibition (%)
-
&

»
S

4 1
Concentration (ug/ml)

Fig. 10. Graph representing the percentage of anti-oxidation via DPPH and
hydrogen peroxide scavenging assays

reducing agent, gallic acid, showed 90% electron removal
capacity, which in effect should increase the anti-oxidation
activity with the increasing concentration of the reducing
agent.

The EPsC has been dissolved directly without
following any intermediary elution steps, and this itself is
showing an appreciable amount of antioxidant activity.
This depicts the easy releasing tendency of electron
acceptors by this natural polymer (38). Anti-nutrient
analysis with AAS denoted no change in the quantity of the
atoms (Fe and Zn) and zero precipitation tendency in the
‘EPsC treated and untreated’ metal solutions.

Discussion

Extracellular polymer synthesis

Calothrix desertica is an ecologically important genus with
thick walled apical heterocysts that help nitrogen fixing
enzymes. While comparing the morphology of C. Desertica,
it resembles the most ubiquitous and ample taxa like
Calothrix fusca and Rivularia minutula to some extent. As

425 85cm-1
1408 08cm-1
1& 77cm &
1036 S4cme1
8§55 97em-1
2000 1500 1000 500400

the apical heterocyst is a common character among the
three species, C. desertica differs by having a perfect
semilunar heterocyst compared with C. fusca and the
absence of apical or terminal hair, which is present in R.
minutula (39). Genetically, this cyanobacterium is
determined by its ability to synthesize hairs, while the
expression of this feature is totally based on its ecology.
The reproduction by cracking hormogonia bearing
transparent necridic cells can also count as one of the
characteristic features of C. desertica. The cladistic data for
understanding the evolution of C. desertica reveals
evidence of polyphyly, which has some evolving elements
missing in its ancestry (40). Hence, some taxonomical
researchers with similar data suggested modifying the
family Calotrichaceae by putting Dulcicalothrix, Calothrix,
and Macrochaete under it. Together, they strongly
recommend the reclassification of C. desertica to
Dulcicalothrix desertica (41).

C. desertica secretes polymers bearing valuable
elements out of the cell (EPsC) under starvation and
during reproduction, like all other nostocales. The earlier
study reports show that this exocytosis activity starts after
two weeks in cyanobacteria. This mechanism is eccentric
among each cyanobacterium, since it depends on
physical, chemical, and biological factors. Related results
on the quantity of EPsC extract fall in a range of 0.5 g/L to
1.0 g/L of EPS in 21 to 40 days, which is approximately
equal to the ability of C. Desertica, synthesizing 1.2 g/L in
45 days. Extraction is preferably done with solvents like
acetone or ethanol in a single step; two-step extraction
using lukewarm water and 0.1 M EDTA was also followed,
which didn’t make any noticeable difference in the
quantity of product (42).

Embedded glycoprotein
Anatomization of cyanobacterial extracellular polymers
traced the presence of polysaccharides and proteins,

which were always 70% of total moieties. Earlier, the major
studies were based on focusing on extracellular
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polysaccharides alone. The micro algal groups like
Zygnematophyceae and Chlorophyceae excrete more
carbohydrates than proteins (43). Under optimized culture
conditions and involving different bioreactors the
productivity of EPS can be made promising (34). In
Nostocales like C. desertica, estimated ratio for
carbohydrate and protein lies approximately on the linear
level, which is a unique feature. The species-specific
exoproteome and exopolysaccharides, which remain
stable outside the cell, can be associated with cosmic
biotechnological applications.

The protein-polysaccharide linkage in the
exocytotic polymers adds to the relevance of the bio-
product. The composition of glycoprotein was confirmed
by the primary treatment of EPsC with concentrated
sulfuric acid at room temperature, which dissolved the
molecule to a large extent. Final autoclaving helps to
dissolve any remaining residues and enhances
deacetylation. The precipitation rate of EPsC after bringing
it to room temperature was found to be comparatively
low. To avoid the sedimentation risk, the solution can be
kept at a temperature higher than room temperature.
Generally, the results of different groups show that the
quantity of the glycoprotein exists in the 15 to 20 mg/g
range (42).

Interpreting the patterns of molecular vibrations,
bonds such as (-CO-NH-, C=0O,N-C, N-H) represent the
exoproteomic content. A similar FTIR analysis of another
cyanobacterial exocytotic polymer reported the same
atomic excitement peaks except for the common aliphatic
(C-H) stretching for carbohydrates. They observed the
peak of amine (-NH2 or -NH) along with carboxylic acid (-
C=0) at 3233 cm™ and 1622 cm™ respectively. Merging our
findings with those based on the IR spectrum proves the
plentifulness of proteins over polysaccharides in EPsC (36).
The presence of the Amide | band predicts the
glycoprotein secondary structure having an absorbance

value around 1700 cm™! to 1600 cm™ (44). Particularly in
amino acids, B-sheets create a number of transmittance
bands around 1600 cm™! to 1400 cm~L.This indicates the
development of covalent linkage among amide and
monosaccharide groups that mould glycoproteins in EPsC
(45).

The massive band with highly retarded
electrophoretic movement in SDS-PAGE indicates
glycoprotein. The presence of limited bands indicates the
absence of a large quantity of multiple protein
distributions, which occurred due to the extraction
procedure rather than the strain involved. The EPsC delays
precipitating protein due to its unique topology and
atomic planes (46). Besides comparing to the previous
studies, amount of glycoprotein in EPsC is less than that in
fungal extracellular matrix while being much higher than
that in bacterial biofilms.

Anti-oxidation potential of EPsC

DPPH assay that can scavenge the free radicals is the most
preferably used anti-oxidation property determining test
by the researchers. We observed a gradual increase in the

inhibition of free radicals in the EPsC treated assay, which
correlates with the comparative anti-oxidation study
conducted among Calothrix sp. and Phormidium sp. They
reported very specific data holding up the inhibition of
DPPH radicals by an ethnolic extract of Calothrix with an
inhibitory concentration of (1C50)=30.72+3.31 pg/mL (47).
Other suggested assays to test the reducing properties of
EPsC are the ferric reducing capacity of plasma assays and
phosphomolybdate complex forming assays (37).

A rapid and effortless colorimetric assay from the
natural extracts was developed, which involves H202,
phenol and 4-aminoantipyrine, along with horseradish
peroxidase (HRP). Superoxide, the precursor of active
radicals found free in the organisms forms reactive oxygen
compounds like hydrogen peroxide promoting tissue
damage, DNA damage and protein damage. The presence
of this reactive oxygen species (ROS) breaks anti-oxidation
activity. The existence of organisms is highly influenced by
ROS scavengers, and here EPsC reveals its potential to act
as an electron scavenger based on the concentration
parameter. Besides the in vitro activities performed by
various research groups and species, it is disclosed that
antiradical activity is a culture specific property (48).

Anti-oxidants are crucial factors for the body
because they act as anti-nutrients in some cases based on
their chemical composition. Studies on some higher plants
provide information that antioxidant compounds like
tannin act as efficient anti-nutrients, which directly act on
the metabolic system. Hence, the EPsC is devoid of such a
specific compound that assimilates or deposits the
essential nutrients (49).

Conclusion

The chemical profiling of extracellular polymers from
Calothrix desertica has extended its application spectrum
to more biological aspects. The value of EPsC exudate
along with its thalloid biomass was able to be understood
by precipitating, refining, solubilising, and bioprospecting.
The glycoprotein composition detected in EPsC made the
biopolymer worthier than other bacterial and fungal
extracellular matrixes. The polar-aprotic nature of EPsC
enhanced the surface tension of the homogenous solution.
The probability of biosynthesis of nanoparticles was also
observed using DLS and FE-SEM. These base-line
characteristics support EPsC’s ability to act as an efficient
anti-oxidant and anti-nutrient.

Acknowledgements

For this work, first author thanking Department of Science
and Technology (DST), Govt. of India for granting INSPIRE
Fellowship (IF150895).  All  authors  gratefully
acknowledging Department of Biotechnology (DBT, Govt.
of India) for sanctioning National Repository for
Microalgae and Cyanobacteria - Freshwater (NRMC-F) and
DST- PURSE scheme (SR/FT/LS- 113/2009), Govt. of India
for providing CLSM facility

https://plantsciencetoday.online


https://plantsciencetoday.online

Authors contributions

Lavania. R performed the investigation, data
interpretation and optimisation of methodology.
Narayanasamy. M involved in the data analysis, draft
preparation and adding scientific suggestions. Thajuddin.
N done Formal analysis and Revision of manuscript. All the
authors looked through the manuscript for accession .

Compliance with ethical standards

Conflict of interest : The authors not have any
competing interests to declare.

Ethical issues : None

References

1. Bharti A, Velmourougane K, Prasanna R. Phototrophic
biofilms: diversity, ecology and applications. Journal of
applied phycology. 2017; 29:2729-44. https://
doi.org/10.1007/s10811-017-1172-9

2. Pannard A, Pedrono J, Bormans M, Briand E, Claquin P,
Lagadeuc Y. Production of exopolymers (EPS) by

cyanobacteria: impact on the carbon-to-nutrient ratio of the
particulate organic matter. Aquatic Ecology. 2016; 50:29-44.
https://doi.org/10.1007/s10452-015-9550-3

3. Bhatnagar M, Pareek S, Ganguly J, Bhatnagar A. Rheology
and composition of a multi-utility exopolymer from a desert
borne cyanobacterium Anabaena variabilis. Journal of

applied phycology. 2012; 24:1387-94. https://
doi.org/10.1007/s10811-012-9791-7
4, Xue C,Wang L, Wu T, Zhang S, Tang T, Wang L, Zhao Q, Sun Y.

Characterization of co-cultivation of cyanobacteria on
growth, productions of polysaccharides and extracellular
proteins, nitrogenase activity, and photosynthetic activity.
Applied biochemistry and biotechnology. 2017; 181:340-9.
https://doi.org/10.1007/s12010-016-2215-4

5. Deepa KP, Panneerselvam A, Thajuddin N. Seasonal Variation
of Planktonic MicroAlgal and Cyanobacterial Diversity In The
Temple Pond Of Tepakulam, Tiruchirappalli,Tamil Nadu.
ZENITH International Journal of Multidisciplinary Research.
2019; 9(3): 23-28.https://www.semanticscholar.org/paper/
Seasonal-variation-of-planktonic-micro-algal-and-in-Deepa-
Panneerselvam/
fc04d27c33447a7d427994a7e95b7792¢6399d61

6. Ventorino V, Nicolaus B, Di Donato P, Pagliano G, Poli A,
Robertiello A, lavarone V, Pepe O. Bioprospecting of
exopolysaccharide-producing bacteria from different natural
ecosystems for biopolymer synthesis from vinasse. Chemical
and Biological Technologies in Agriculture. 2019; 6:1-9.
https://doi.org/10.1186/s40538-019-0154-3

7. Rice EW, Bridgewater L. American Public Health Association,
editors. Standard methods for the examination of water and
wastewater. Washington, DC: American public health
association; 2012. https://beta-static.fishersci.com/content/
dam/fishersci/en_US/documents/programs/scientific/
technical-documents/white-papers/apha-water-testing-
standard-methods-introduction-white-paper.pdf

8. Deepa K P, Panneerselvam A, Thajuddin N. Growth and
Proximate Composition of Waste Water Isolated Microalga
Coelastrella spp. Under Different Nutrient Conditions.
International Journal of Research and Analytical Reviews.
2018; 5(4): 239-243.

9. Munoz-Rojas M, Chilton A, Liyanage GS, Erickson TE, Merritt
DJ, Neilan BA, Ooi MK. Effects of indigenous soil

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

cyanobacteria on seed germination and seedling growth of
arid species used in restoration. Plant and Soil. 2018; 429:91-
100. https://doi.org/10.1007/s11104-018-3607-8

Casero MC, Velazquez D, Medina-Cobo M, Quesada A, Cires S.
Unmasking the identity of toxigenic cyanobacteria driving a
multi-toxin bloom by high-throughput sequencing of
cyanotoxins genes and 16S rRNA metabarcoding. Science of
the Total Environment. 2019; 665:367-78. https://
doi.org/10.1016/j.scitotenv.2019.02.083

Gonzalez-Fernandez C, Ballesteros M. Linking microalgae and
cyanobacteria culture conditions and key-enzymes for
carbohydrate accumulation. Biotechnology advances. 2012
Nov 1;30(6):1655-61. https://doi.org/10.1016/
j.biotechadv.2012.07.003

Churro C, Alverca E, Sam-Bento F, Paulino S, Figueira VC,
Bento A J, Prabhakar S, Lobo AM, Calado AJ, Pereira P.
Effects of bacillamide and newly synthesized derivatives on
the growth of cyanobacteria and microalgae cultures.
Journal of Applied Phycology. 2009; 21:429-42. https://
doi.org/10.1007/s10811-008-9388-3

Ramachandran L, Marappa N, Sethumadhavan K, Nooruddin
T. Glycoprotein prompted plausible bactericidal and
antibiofilm outturn of extracellular polymers from Nostoc
microscopicum. Applied Biochemistry and Biotechnology.
2020 ;191:284-98. https://doi.org/10.1007/s12010-019-03179-
8

Vidhyalakshmi R, Valli NC, Kumar GN, Sunkar S. Bacillus
circulans exopolysaccharide: Production, characterization
and Dbioactivities. International journal of biological
macromolecules. 2016; 87:405-14. https://doi.org/10.1016/
j.ijbiomac.2016.02.001

Liu L, Huang Q, Qin B. Characteristics and roles of Microcystis
extracellular polymeric substances (EPS) in cyanobacterial
blooms: a short review. Journal of freshwater ecology. 2018;
33(1):183-93. https://
doi.org/10.1080/02705060.2017.1391722

Flores C, Lima RT, Adessi A, Sousa A, Pereira SB, Granja PL,
De Philippis R, Soares P, Tamagnini P. Characterization and
antitumor activity of the extracellular carbohydrate polymer
from the cyanobacterium Synechocystis AsigF mutant.
International journal of biological macromolecules. 2019;
136:1219-27. https://doi.org/10.1016/j.ijbiomac.2019.06.152

Deepa K.P. A comprehensive analysis on carbon assimilation
and longevity of algae in induced stress condition. Journal of
Emerging Technologies and Innovative Research. 2019; 6 (3):
340-342. https://www.jetir.org/papers/JETIR1903654.pdf

Tiwari ON, Mondal A, Bhunia B, kanti Bandyopadhyay T,
Jaladi P, Oinam G, Indrama T. Purification, characterization
and biotechnological potential of new exopolysaccharide
polymers produced by cyanobacterium Anabaena sp. CCC
745. Polymer. 2019; 178:121695. https://doi.org/10.1016/
j.polymer.2019.121695

Patel A, Tiwari S, Prasad SM. Effect of time interval on arsenic
toxicity to paddy field cyanobacteria as evident by nitrogen

metabolism, biochemical constituent, and
exopolysaccharide content. Biological Trace Element
Research. 2021; 199(5):2031-46. https://doi.org/10.1007/

$12011-020-02289-3

Papadopoulos KP, Economou CN, Dailianis S, Charalampous
N, Stefanidou N, Moustaka-Gouni M, Tekerlekopoulou AG,

Vayenas DV. Brewery wastewater treatment using
cyanobacterial-bacterial ~ settleable aggregates. Algal
Research.  2020;  49:101957.  https://doi.org/10.1016/

j.algal.2020.101957

Zamani A, Jeihanipour A, Edebo L, Niklasson C, Taherzadeh
MJ. Determination of glucosamine and N-acetyl glucosamine

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1007/s10811-017-1172-9
https://doi.org/10.1007/s10811-017-1172-9
https://doi.org/10.1007/s10452-015-9550-3
https://doi.org/10.1007/s10811-012-9791-7
https://doi.org/10.1007/s10811-012-9791-7
https://doi.org/10.1007/s12010-016-2215-4
https://www.semanticscholar.org/paper/Seasonal-variation-of-planktonic-micro-algal-and-in-Deepa-Panneerselvam/fc04d27c33447a7d427994a7e95b7792c6399d61
https://www.semanticscholar.org/paper/Seasonal-variation-of-planktonic-micro-algal-and-in-Deepa-Panneerselvam/fc04d27c33447a7d427994a7e95b7792c6399d61
https://www.semanticscholar.org/paper/Seasonal-variation-of-planktonic-micro-algal-and-in-Deepa-Panneerselvam/fc04d27c33447a7d427994a7e95b7792c6399d61
https://www.semanticscholar.org/paper/Seasonal-variation-of-planktonic-micro-algal-and-in-Deepa-Panneerselvam/fc04d27c33447a7d427994a7e95b7792c6399d61
https://doi.org/10.1186/s40538-019-0154-3
https://beta-static.fishersci.com/content/dam/fishersci/en_US/documents/programs/scientific/technical-documents/white-papers/apha-water-testing-standard-methods-introduction-white-paper.pdf
https://beta-static.fishersci.com/content/dam/fishersci/en_US/documents/programs/scientific/technical-documents/white-papers/apha-water-testing-standard-methods-introduction-white-paper.pdf
https://beta-static.fishersci.com/content/dam/fishersci/en_US/documents/programs/scientific/technical-documents/white-papers/apha-water-testing-standard-methods-introduction-white-paper.pdf
https://beta-static.fishersci.com/content/dam/fishersci/en_US/documents/programs/scientific/technical-documents/white-papers/apha-water-testing-standard-methods-introduction-white-paper.pdf
https://doi.org/10.1007/s11104-018-3607-8
https://doi.org/10.1016/j.scitotenv.2019.02.083
https://doi.org/10.1016/j.scitotenv.2019.02.083
https://doi.org/10.1016/j.biotechadv.2012.07.003
https://doi.org/10.1016/j.biotechadv.2012.07.003
https://doi.org/10.1007/s10811-008-9388-3
https://doi.org/10.1007/s10811-008-9388-3
https://doi.org/10.1007/s12010-019-03179-8
https://doi.org/10.1007/s12010-019-03179-8
https://doi.org/10.1016/j.ijbiomac.2016.02.001
https://doi.org/10.1016/j.ijbiomac.2016.02.001
https://doi.org/10.1080/02705060.2017.1391722
https://doi.org/10.1080/02705060.2017.1391722
https://doi.org/10.1016/j.ijbiomac.2019.06.152
https://www.jetir.org/papers/JETIR1903654.pdf
https://doi.org/10.1016/j.polymer.2019.121695
https://doi.org/10.1016/j.polymer.2019.121695
https://doi.org/10.1007/s12011-020-02289-3
https://doi.org/10.1007/s12011-020-02289-3
https://doi.org/10.1016/j.algal.2020.101957
https://doi.org/10.1016/j.algal.2020.101957

10 THAJUDDINET AL

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

in fungal cell walls. Journal of agricultural and food
chemistry. 2008; 56(18):8314-8. https://doi.org/10.1021/
if801478;

Bhattacharya A, Mathur M, Kumar P, Malik A. Potential role of
N-acetyl glucosamine in Aspergillus fumigatus-assisted
Chlorella pyrenoidosa harvesting. Biotechnology for biofuels.
2019; 12:1-7. https://doi.org/10.1186/s13068-019-1519-3

Wang AL, Paciolla M, Palmieri MJ, Hao GG. Comparison of
glycoprotein  separation reveals greater impact of
carbohydrates and disulfides on electrophoretic mobility for
CE-SDS versus SDS-PAGE. Journal of Pharmaceutical and
Biomedical Analysis. 2020;180:113006. https://
doi.org/10.1016/j.jpba.2019.113006

Rajoka MS, Jin M, Haobin Z, Li Q, Shao D, Jiang C, Huang Q,
Yang H, Shi J, Hussain N. Functional characterization and
biotechnological potential of exopolysaccharide produced
by Lactobacillus rhamnosus strains isolated from human
breast milk. Lwt. 2018; 89:638-47. https://doi.org/10.1016/
j.lwt.2017.11.034

Deepa KP, Panneerselvam A, Thajuddin N. A study on the
waning effect of oil spill isolated miocroalga Coelastrella sp.
on a synthetic dye, Eriochrome black T. Asian Journal of
Microbiology, Biotechnology and Environmental Sciences
2019; 21 (1): 205-214.http://www.envirobiotechjournals.com/
article_abstract.php?aid=9457&amp;iid=270&amp;jid=1

Stetefeld J, McKenna SA, Patel TR. Dynamic light scattering:
a practical guide and applications in biomedical sciences.
Biophysical reviews. 2016; 8:409-27. https://doi.org/10.1007/
s12551-016-0218-6

Zhao W, Yang S, Huang Q, Cai P. Bacterial cell surface
properties: role of loosely bound extracellular polymeric
substances (LB-EPS). Colloids and Surfaces B: Biointerfaces.
2015; 128:600-7. https://doi.org/10.1016/
j.colsurfb.2015.03.017

Xu Q, Han B, Wang H, Wang Q, Zhang W, Wang D. Effect of
extracellular polymer substances on the tetracycline removal
during coagulation process. Bioresource technology. 2020;
309:123316. https://doi.org/10.1016/j.biortech.2020.123316

Parwani L, Bhatnagar M, Bhatnagar A, Sharma V. Antioxidant
and iron-chelating activities of cyanobacterial exopolymers
with potential for wound healing. Journal of applied
phycology. 2014; 26:1473-82. https://doi.org/10.1007/s10811
-013-0180-7

Sonani RR, Patel S, Bhastana B, Jakharia K, Chaubey MG,
Singh NK, Madamwar D. Purification and antioxidant activity
of phycocyanin from Synechococcus sp. R42DM isolated from
industrially polluted site. Bioresource technology. 2017;
245:325-31. https://doi.org/10.1016/j.biortech.2017.08.129

Marappa N, Ramachandran L, Dharumadurai D, Nooruddin T.
Recovery of gold and other precious metal resources from
environmental polluted E-waste printed circuit board by
bioleaching Frankia. International Journal of Environmental
Research. 2020; 14:165-76. https://doi.org/10.1007/s41742-
020-00254-5

Uhliarikova I, Sutovska M, Barborikova J, Molitorisova M, Kim
HJ, Park YI, Matulova M, Lukavsky J, Hromadkova Z, Capek P.
Structural characteristics and biological effects of
exopolysaccharide produced by cyanobacterium Nostoc sp.
International Journal of Biological Macromolecules. 2020;
160:364-71. https://doi.org/10.1016/].ijbiomac.2020.05.135

Asthana RK, Tripathi MK, Srivastava A, Singh AP, Singh SP,
Nath G, Srivastava R, Srivastava BS. Isolation and
identification of a new antibacterial entity from the Antarctic
cyanobacterium Nostoc CCC 537. Journal of applied
phycology. 2009; 21:81-8. https://doi.org/10.1007/s10811-008
-9328-2

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Ekelhof A, Melkonian M. Microalgal cultivation in porous
substrate bioreactor for extracellular polysaccharide
production. Journal of Applied Phycology. 2017; 29:1115-22.
https://doi.org/10.1007/s10811-016-1038-6

Jun BM, Kim S, Rho H, Park CM, Yoon Y. Ultrasound-assisted
Ti3C2Tx MXene adsorption of dyes: Removal performance
and mechanism analyses via dynamic light scattering.
Chemosphere. 2020; 254:126827. https://doi.org/10.1016/
j.chemosphere.2020.126827

Kaplan Can H, Gurbuz F, Odabagsi M. Partial characterization
of cyanobacterial extracellular polymeric substances for
aquatic ecosystems. Aquatic Ecology. 2019; 53:431-40.
https://doi.org/10.1007/510452-019-09699-z

Jakhu S, SharmaY, Sharma K, Vaid K, Dhar H, KumarV, Singh
RP, Shekh A, Kumar G. Production and characterization of
microalgal exopolysaccharide as a reducing and stabilizing
agent for green synthesis of gold-nanoparticle: a case study
with a Chlorella sp. from Himalayan high-altitude
psychrophilic habitat. Journal of Applied Phycology. 2021; 33
(6):3899-914. https://doi.org/10.1007/s10811-021-02580-3

Bian J, Peng F, Peng XP, Peng P, Xu F, Sun RC. Structural
features and antioxidant activity of xylooligosaccharides
enzymatically produced from sugarcane bagasse.
Bioresource  technology. 2013; 127:236-41. https://
doi.org/10.1016/j.biortech.2012.09.112

Stancheva R, Sheath RG, Read BA, McArthur KD, Schroepfer
C, Kociolek JP, Fetscher AE. Nitrogen-fixing cyanobacteria
(free-living and diatom endosymbionts): their use in
southern California stream bioassessment. Hydrobiologia.
2013;720:111-27. https://doi.org/10.1007/s10750-013-1630-6

Cordeiro R, Luz R, Vasconcelos V, Gongalves V, Fonseca A.
Cyanobacteria phylogenetic studies reveal evidence for
polyphyletic genera from thermal and freshwater habitats.
Diversity. 2020; 12(8):298. https://doi.org/10.3390/d12080298

Saraf A, Suradkar A, Dawda HG, Gaysina LA, Gabidullin Y,
Kumat A, Behere I, Kotulkar M, Batule P, Singh P.
Phylogenetic complexities of the members of Rivulariaceae
with the re-creation of the family Calotrichaceae and
description of Dulcicalothrix necridiiformans gen nov., sp
nov., and reclassification of Calothrix desertica. FEMS
Microbiology Letters. 2019; 366(17). https://doi.org/10.1093/
femsle/fnz219

Ahmed M, Moerdijk-Poortvliet TC, Wijnholds A, Stal LJ,
Hasnain S. Isolation, characterization and localization of
extracellular polymeric substances from the cyanobacterium
Arthrospira platensis strain MMG-9. European Journal of
Phycology. 2014; 49(2):143-50. https://
doi.org/10.1080/09670262.2014.895048

Luo X, Zhang H, Li Q, Zhang J. Effects of static magnetic field
on  Chlorella wvulgaris:  Growth and  extracellular
polysaccharide (EPS) production. Journal of Applied
Phycology. 2020; 32:2819-28. https://doi.org/10.1007/s10811-
020-02164-7

Lewis SP, Lewis AT, Lewis PD. Prediction of glycoprotein
secondary  structure using  ATR-FTIR.  Vibrational
Spectroscopy. 2013; 69:21-9. https://doi.org/10.1016/
j.vibspec.2013.09.001

Movasaghi Z, Rehman S, ur Rehman DI. Fourier transform
infrared (FTIR) spectroscopy of biological tissues. Applied
Spectroscopy  Reviews. 2008; 43(2):134-79. https://
doi.org/10.1080/05704920701829043

Boleij M, Seviour T, Wong LL, van Loosdrecht MC, Lin Y.
Solubilization and characterization of extracellular proteins
from anammox granular sludge. Water research. 2019 Nov
1;164:114952. https://doi.org/10.1016/j.watres.2019.114952

Babic O, Kovac D, Raseta M, Sibul F, Svircev Z, Simeunovic J.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1021/jf801478j
https://doi.org/10.1021/jf801478j
https://doi.org/10.1186/s13068-019-1519-3
https://doi.org/10.1016/j.jpba.2019.113006
https://doi.org/10.1016/j.jpba.2019.113006
https://doi.org/10.1016/j.lwt.2017.11.034
https://doi.org/10.1016/j.lwt.2017.11.034
http://www.envirobiotechjournals.com/article_abstract.php?aid=9457&amp;iid=270&amp;jid=1
http://www.envirobiotechjournals.com/article_abstract.php?aid=9457&amp;iid=270&amp;jid=1
https://doi.org/10.1007/s12551-016-0218-6
https://doi.org/10.1007/s12551-016-0218-6
https://doi.org/10.1016/j.colsurfb.2015.03.017
https://doi.org/10.1016/j.colsurfb.2015.03.017
https://doi.org/10.1016/j.biortech.2020.123316
https://doi.org/10.1007/s10811-013-0180-7
https://doi.org/10.1007/s10811-013-0180-7
https://doi.org/10.1016/j.biortech.2017.08.129
https://doi.org/10.1007/s41742-020-00254-5
https://doi.org/10.1007/s41742-020-00254-5
https://doi.org/10.1016/j.ijbiomac.2020.05.135
https://doi.org/10.1007/s10811-008-9328-2
https://doi.org/10.1007/s10811-008-9328-2
https://doi.org/10.1007/s10811-016-1038-6
https://doi.org/10.1016/j.chemosphere.2020.126827
https://doi.org/10.1016/j.chemosphere.2020.126827
https://doi.org/10.1007/s10452-019-09699-z
https://doi.org/10.1016/j.biortech.2012.09.112
https://doi.org/10.1016/j.biortech.2012.09.112
https://doi.org/10.1007/s10750-013-1630-6
https://doi.org/10.3390/d12080298
https://doi.org/10.1093/femsle/fnz219
https://doi.org/10.1093/femsle/fnz219
https://doi.org/10.1080/09670262.2014.895048
https://doi.org/10.1080/09670262.2014.895048
https://doi.org/10.1007/s10811-020-02164-7
https://doi.org/10.1007/s10811-020-02164-7
https://doi.org/10.1016/j.vibspec.2013.09.001
https://doi.org/10.1016/j.vibspec.2013.09.001
https://doi.org/10.1080/05704920701829043
https://doi.org/10.1080/05704920701829043
https://doi.org/10.1016/j.watres.2019.114952

48.

Evaluation of antioxidant activity and phenolic profile of
filamentous terrestrial cyanobacterial strains isolated from
forest ecosystem. Journal of Applied Phycology. 2016;
28:2333-42. https://doi.org/10.1007/s10811-015-0773-4

Fernando CD, Soysa P. Optimized enzymatic colorimetric
assay for determination of hydrogen peroxide (H202)
scavenging activity of plant extracts. MethodsX. 2015; 2:283-
91. https://doi.org/10.1016/j.mex.2015.05.001

49.

11

Carbas B, Machado N, Oppolzer D, Ferreira L, Queiroz M,
Brites C, Rosa EA, Barros Al. Nutrients, antinutrients, phenolic
composition, and antioxidant activity of common bean

cultivars and their potential for food applications.
Antioxidants.  2020; 9(2):186.  https://doi.org/10.3390/
antiox9020186

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1007/s10811-015-0773-4
https://doi.org/10.1016/j.mex.2015.05.001
https://doi.org/10.3390/antiox9020186
https://doi.org/10.3390/antiox9020186

