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Abstract

Cyanobacteria are prokaryotes found in many heavy metal polluted environments. Since their
photosynthetic system has an urgent need for metals, the homeostasis of these micronutrients in
cyanobacteria has been widely studied. The aim of this article is to compare the ability of two
single-celled and filamentous strains of Alborzia kermanshahica and Desmonostoc alborizicum
to remove heavy metals and different concentrations of sodium chloride salt. In this study, after
the cultivation of two cyanobacterial strains, the morphology of the strains, determination of dry
weight, protein and extracellular polysaccharides were studied in different environments, then
atomic absorption spectroscopy was used to estimate the removal rate of heavy metals. Volatile
compounds were identified using an atomic absorption spectrometer. The results showed that
the soil single-cell strain had a greater ability to remove heavy metals than the aquatic
filamentous strain and the ability to grow at different salt concentrations. In the control cultures,
the amount of dry cell weight, exopolysaccharides and protein in the single-cell strain was 1.70,
1.32 and 1.5 times higher than in the filamentous strain, respectively. This caused the single-cell
strain to remove the three metals nickel, chromium and copper in the first ten minutes in control
cultures without sodium chloride. However, the amount of protein in both strains decreased in
the presence of heavy metals. Although the absorption of heavy metals decreases with time, the
results of statistical analyses show that the single-cell strain of Alborzia kermanshahica is
resistant to salt, in fact there is a significant increase in exopolysaccharides and cell dry weight
at a salt concentration of 0.5%. Sodium chloride compared to the control culture demonstrates
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this. In addition, the highest levels of exopolysaccharide, protein and carbohydrate were
observed in the nickel-containing culture medium for both strains studied. The results of volatile
compound analysis using GC-MS showed an increase in ester, ketone, alcohol, benzene and
aldehyde compounds, which may play an important role in salinity stress management and
heavy metal removal . The results of this study show that A. kermanshahica strain can be a good
candidate for heavy metal removal in saline environments.

Keywords: Metal removal capability, extracellular polymeric substances, cyanobacteria, A.
kermanshabhica, D. alborizicum, salinity stress.

Introduction

Recent research has drawn considerable attention to the biological capabilities of cyanobacteria,
particularly in the areas of heavy metal removal and tolerance to environmental stresses such as
salinity. These photosynthetic microorganisms are recognised as effective bioremediation tools
due to their remarkable ability to produce exopolysaccharides and proteins, as well as their
adaptability to different environments, strains, Alborzia kermanshahica, a unicellular terrestrial
species, and Desmonostoc alborizicum, a filamentous aquatic species, to respond to heavy
metals such as nickel, copper and lead, as well as their tolerance to salinity under varying
concentrations of sodium chloride. The primary objective of this research was to compare these
two strains in terms of their heavy metal removal capabilities and growth under saline
conditions.

Materials and Methods

Cultivation of Cyanobacterial Strains

The cyanobacterial strains A. kermanshahica and D. alborizicum were obtained from the Alborz
Herbarium and cultured in BG110 and Z8 liquid media, respectively. A. kermanshahica belongs
to the family Chroococcaceae and the order Chroococcales, while D. alborizicum belongs to
the family Nostocaceae and the order Nostocales. The samples were maintained in a growth
chamber at 28°C under continuous fluorescent light for 30 days. The mother cultures were then
inoculated into media containing different concentrations of sodium chloride (0.5%, 1% and
1.5%), with one medium used as a control. After preparation and sterilization of the media, their
pH was adjusted to approximately 7.2 and the cultures were incubated at 28°C for 48 hours.

Measurement of Physiological Parameters:

1. Determination of Dry Weight:

To determine dry weight, cell biomass was collected at intervals of 6, 12, 25 and 48 hours. After
filtration through cellulose nitrate filters (0.45 um), the biomass was dried at 100°C for 2 hours.

2. Measurement of Exopolysaccharides (EPS):

Extracellular polysaccharide (EPS) extraction was performed according to the method of
Norouzi and colleagues. Cells were separated by centrifugation at room temperature and the
supernatant was used for polysaccharide extraction. The resulting precipitate was dissolved in
boiled distilled water, centrifuged again, washed with ethanol, dissolved in double distilled
water, and stored at -4°C.

3. Measurement of Carbohydrate and Protein Content:

Carbohydrate content was measured using the phenol-sulfuric acid method with glucose as
standard. Protein content was measured using the Lowry method and the absorbance was
recorded at 750 nm using a biophotometer.

4. Estimation of Heavy Metal Removal:

Dialysis bags containing culture medium were placed in a 0.1 M HCI solution. Then 50 mL of
treated cultures were added to 490 mL of metal solution (Cu (I1), Cr (1I1), and Ni (II)) at a
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concentration of 0.001 g/L. The mixture was kept at 30°C with continuous stirring for 24 hours.
The biomass was separated from the metal solution and the metal content in the supernatant was
measured by atomic absorption spectrometry at 232 nm for copper, 359.9 nm for chromium and
324.7 nm for nickel.

5. ldentification of Volatile Compounds

A 50 mL sample of the cyanobacterial culture was centrifuged and combined with a methanolic
solution and 2 M HCI at 100°C for 4 hours. After centrifugation, the supernatant was collected
for analysis using a GC-MS system (model TQ-8050).

Discussion of Results and Conclusion
Data analysis was performed using one-way ANOVA and Duncan's post-hoc test at a
significance level of 0.05, using SPSS software version 26.

Morphological and Growth Analysis:

In A. kermanshahica strain, in culture media with different concentrations of sodium chloride
(0.5%, 1% and 1.5%), after 48 hours, cells in the control medium were observed as single cells
or small colonies with a thick sheath and varying colors from yellow-green to olive-green. With
increasing salt concentration, the cell aggregates became darker and larger, and the colour of the
medium changed from olive green to yellow. In the D. alborizicum strain, hormogonia and
heterocysts were clearly observed in the culture medium. With increasing salinity, cells
appeared in chains and heterocysts gradually deteriorated. At higher salt concentrations,
filaments and heterocysts were destroyed and cells were observed individually.

Cellular Dry Weight:

In the control culture medium, the cell dry weight of A. kermanshahica increased significantly
after 48 hours. In media containing 0.5% and 1% sodium chloride, the dry weight of this strain
was the highest and greater than that of D. alborizicum.

Exopolysaccharides (EPS):

The A. kermanshahica strain produced the highest amount of EPS in the control medium during
the first 48 hours. With increasing sodium chloride concentration, the amount of EPS first
increased and then decreased. The D. alborizicum strain produced less EPS but increased
significantly over the 48 hour period.

Protein calculation:

The A. kermanshahica strain initially showed the highest protein content in the control culture
medium, but, the protein content decreased over time. At higher salt concentrations, the protein
content decreased significantly. A similar decrease in protein content was observed in the D.
alborizicum strain, with a significant reduction compared to the control medium.

Investigation of Heavy Metal Removal:

1. Chromium Removal:

In this study the chromium removal on dry weight basis by A. kermanshahica and D.
alborizicum was compared. During the first ten minutes, A. kermanshahica performed better
than D. alborizicum in the control medium (155 mg per gram) and in the medium with 0.5% salt
(100 mg per gram). As time progressed and at 1% and 1.5% salt concentrations, A.
kermanshabhica still showed higher absorption (80 and 60 mg per gram, respectively), although
in some cases the differences decreased.

2. Nickel Removal:
In this study, nickel absorption based on dry weight by A. kermanshahica and D. alborizicum
was investigated. In the control medium, A. kermanshahica absorbed 200 mg nickel per gram
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dry weight in the first ten minutes, which was less than D. alborizicum. In the 0.5% salt
medium, no significant difference in nickel absorption (200 mg per gram) was observed
between the two strains. In the 1% salt medium, A. kermanshahica performed significantly
better in the first ten minutes with an absorption of 150 mg. However, in the 1.5% salt medium,
there was no significant difference in nickel absorption between the two strains (100 mg per
gram).

3. Copper lon Removal:

In this study, the removal of copper ions on a dry weight basis by A. kermanshahica and D.
alborizicum was investigated. In the control medium, both strains showed no significant
difference in copper removal at 150 mg per gram dry weight. In the 0.5% salt medium, A.
kermanshahica performed significantly better in the first ten minutes, removing 140 mg of
copper, but then absorption decreased. At the end of the absorption period, A. kermanshahica
still performed better. In the 1% salt medium, A. kermanshahica initially showed a better
performance (100 mg), but at the end of the absorption period, D. alborizicum had a higher
absorption. In the 1.5% salt medium, A. kermanshahica initially showed higher absorption (80
mg), but by the end of the absorption period, D. alborizicum performed better.

Comparison of Exopolysaccharides (EPS) in the Presence of Heavy Metals and Various
Concentrations of Sodium Chloride:

In the medium containing 0.5% sodium chloride, A. kermanshahica produced the highest
amount of EPS in the presence of heavy metals, especially nickel, compared to D. alborizicum.
At 1% and 1.5% salt concentrations, there was a significant difference in EPS production in the
presence of chromium and copper, with D. alborizicum showing less significant differences in
EPS production compared to A. kermanshahica. Overall, the highest EPS production was
reported in response to nickel, followed by copper and chromium, with the lowest amount
observed in the control media.

Comparison of Protein Levels in the Presence of Heavy Metals and Salinity:

When examining protein levels in the presence of heavy metals, the highest protein levels were
observed in response to nickel in both A. kermanshahica and D. alborizicum. Across different
concentrations of sodium chloride, the most significant heavy metal removal was associated
with nickel, while there was no significant difference in protein levels between copper,
chromium and the control at 1% and 1.5% salt concentrations.

Comparison of Carbohydrate Levels in the Presence of Heavy Metals and Salinity:

At 0.5% sodium chloride concentration, A. kermanshahica showed the highest ability to remove
nickel, while no significant difference was observed in the removal of copper and chromium. D.
alborizicum also showed the highest removal of nickel, but with increasing salt concentration
the carbohydrate content decreased significantly.

Identification of Volatile Compounds Using GC-MS:

A. kermanshahica showed a greater ability to remove heavy metals and grow in different salt
concentrations compared to D. alborizicum. Analysis of the volatile compounds in this strain by
GC-MS revealed the identification of 19 volatile compounds including aldehydes, ketones,
benzene compounds, acids, esters and alcohols under control conditions and in the presence of
0.5% sodium chloride and nickel. These compounds included 2-methylfuran, 3-methylbutanal,
2-methylbutanal, methyl acetate, ethyl acetate, 2-butanone, 2-pentanone, ethanol, acetic acid, 3-
methylbutyl ester, 1-butanol, 1,3-dimethylbenzene, 2-methyl-1-propanol, 3-methyl-1-butanol,
3-hydroxy-2-butanone, acetic acid, benzaldehyde, 2-phenylethanol, 1-octen-3-ol, 3-octen-2-ol
and 4-octen-3-one. These compounds may play an important role in salinitystress management
and heavy metal removal.
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Conclusion

The results of this study indicate that the unicellular strain Alborzia kermanshahica has a greater
ability to remove heavy metals and tolerate saline conditions than the filamentous strain
Desmonostoc alborizicum. Under controlled conditions, the dry cell weight, exopolysaccharides
and protein content of the unicellular strain were 1.70, 1.32 and 1.50 times higher, than those of
the filamentous strain, respectively, indicating superior metabolic and biological adaptability to
different environmental conditions. In addition, the unicellular strain showed significantly
higher heavy metal removal capacity during the first 10 minutes under controlled conditions,
especially in the presence of nickel, copper and lead. The significant increase in
exopolysaccharides and dry cell weight in the unicellular strain at 0.5% sodium chloride
concentration highlights the high resistance of this strain to salinity stress.

The results showed that in both strains the highest levels of heavy metal removal were for
nickel, followed by copper and lead. In addition, higher concentrations of exopolysaccharides,
proteins and carbohydrates were observed in cultures containing nickel, suggesting a
stimulatory role of nickel in the production of these metabolites. Volatile compound analysis
using GC-MS also revealed a significant increase in the diversity and concentration of ester,
ketone, alcohol, benzene and aldehyde compounds under salinity stress and heavy metal
conditions. These compounds are likely to play a key role in the defence mechanisms of
cyanobacteria against environmental stressors.
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Figure 1. Cultivation of strains A. kermanshahica and D. alborizicum for thirty days in BG110 and Z8
culture media, respectively (a). Cultures in media containing sodium chloride at different concentrations

(0.5%, 1%, and 1.5%) are observed (b).
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Figure 2. Light microscopy images of the cyanobacterium strain A. kermanshahica in culture media
containing 0.5% salt (a), 1% salt (b), and 1.5% salt (c) are shown. Light microscopy images of strain A.
kermanshahica in control media (d), 0.5% salt (), 1% salt (f), and 1.5% salt (g) are also observed.
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Figure 3. The cultivation of the cyanobacterium strain D. alborizicum in culture media containing 0.5%
salt (a), 1% salt (b), and 1.5% salt (c) is shown. Additionally, the morphology of the cyanobacterium

strain D. alborizicum in control media (d), 0.5% salt (e), 1% salt (f), and 1.5% salt (g) is observed.
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Figure 4. Dry weight of cells A. kermanshabhica (a, ¢, e, g) and D. alborizicum (b, d, f, h) in culture media

with different concentrations of sodium chloride salt. Vertical bars indicate the deviation from the mean
of data obtained from three replicates, and different letters represent significant differences in cell dry

weight at different times.
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Figure 5. Quantification of exopolysaccharides in A. kermanshahica (a, ¢, €, g) and D. alborizicum (b, d,
f, h) in culture media with different concentrations of sodium chloride. Vertical bars indicate the deviation
from the mean of data obtained from three replicates, and different letters represent significant differences

in exopolysaccharide levels at different times.
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the mean of data obtained from three replicates, and different letters represent significant differences in

protein levels at different times.
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Figure 7. Chromium removal efficiency of A. kermanshahica (a, c, e, g) and D. alborizicum (b, d, f, h) in

culture media with different concentrations of sodium chloride. Vertical bars indicate the deviation from
the mean of data obtained from three replicates, and different letters represent significant differences in

chromium removal at different times.
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Figure 8. Nickel removal efficiency of A. kermanshahica (a, ¢, e, g) and D. alborizicum (b, d, f, h) in culture media
with different concentrations of sodium chloride. Vertical bars indicate the deviation from the mean of data obtained
from three replicates, and different letters represent significant differences in nickel removal at different times.
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the mean of data obtained from three replicates, and different letters represent significant differences in

copper removal at different times.

a8l L5 81 Ol e o i A. kermanshahica
Ao)s ) eSS VL laclale s Lsls oLz 1 (EPS)
D. alborizicum 3 A. kermanshahica « sw 95 ;5
—\')ﬁ))&“)}\/é}(djc—\')g}g)b
Ol e oblias Sples (baysw s (F e

glj;.a .J.'Jhb@ J)‘Jf ‘) e E) rj;

Sl b Ol dwlio I ol mW
9 U‘;"“ 0!}15 Jge> 30 (EPS) 55‘91"" (,_-)lé

g 5 eKod Laliseo sl dale
A s 53 e IS S o y3 /0 (55l Laes
Jﬁ.: 3 < j4 D. alborizicum , kermanshahica

chtJ o 94 c&;ﬁ.:.w ol blas 5 (b ga-Y)

10.22108/bjm.2024.142035.1601



https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aKKRovwAAAAJ&cstart=20&pagesize=80&citation_for_view=aKKRovwAAAAJ:dfsIfKJdRG4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aKKRovwAAAAJ&cstart=20&pagesize=80&citation_for_view=aKKRovwAAAAJ:dfsIfKJdRG4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aKKRovwAAAAJ&cstart=20&pagesize=80&citation_for_view=aKKRovwAAAAJ:dfsIfKJdRG4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aKKRovwAAAAJ&cstart=20&pagesize=80&citation_for_view=aKKRovwAAAAJ:dfsIfKJdRG4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aKKRovwAAAAJ&cstart=20&pagesize=80&citation_for_view=aKKRovwAAAAJ:dfsIfKJdRG4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aKKRovwAAAAJ&cstart=20&pagesize=80&citation_for_view=aKKRovwAAAAJ:dfsIfKJdRG4C

v Sl e L 5 S3505 el /e 3 S S Ll 4 33 b § S D3 6 sb 53 aslllas

Ol o ey ik IS S (s (glaale ;> D alborizicum wsw 53 b, LS
335 035 e s o oSN w Gl IS boagrlse 3 mie LIS S el glacble

..k&j.)\jfdjz;fdl.a" 4 Gz Oljae op %S 93 1y (6 5eS Hlsbae Sl cCalises ',.S_..wn/‘ Ol s
» J= ol Losls ol Al kermanshahica

3.0000 5.0000

C

T3 = 4 i3 b
- =
A%  zoom b T 40000 | a b
78~ . g~
L= ] AE
m [ w B
=8 5 10000 &8 5 zoo00
. 1
g 8 ooooo gi 8 ooooo

control chrome NMickel Copper Control chrome Mickel Copper

2.5000 5 X

2.0000

o b C
= d
c b
_ 1.5000 z . 3.0000
1.0000 " o " 20000
0.5000 : 10000

0.0000

enfration (uzL)
(]

Exopalysaccharide

COM

Omrtrsd Chrame Bl e r
Control Chrome Mickel Copper Control Chrome: Mickel Coppe

2.0000 . 35000 c
— C | =
S £ 4= s0000 b d
§ & 15000 d ‘% 2 25000 | g
. -
93 b + 2.0000
iig \ g"5@15@:::
85 fm 10000 L 2% .
g8 2 g 10000
=
a, @ 4
&'g  pso000 I'E g 05000
el 8 I 4  [D.ooo00
& - K I
0.0000 _ & g
control Chrome Nickel Copper & % 5

S L s (h f o ) D. alborizicum (g & « @) A. kermanshahica (EPS) ol 5 awslie 1 Jol- RN K
Cog o 5 et 1SS w3l fol- 6m;t>&5\sgﬁ,~|_;|ﬂ|;u;ow@,&duﬁ.ﬁw IS ¢S Calibes glaclale L
Ak sl j 43 EPS Ol 55 ylsbias &gl sasOlis & glaws

Figure 10. Results of comparing exopolysaccharide (EPS) levels in A. kermanshahica (a, c, e, g) and D.
alborizicum (b, d, f, h) in culture media with different concentrations of sodium chloride. Vertical bars
indicate the deviation from the mean of data obtained from three replicates, and different letters represent

significant differences in EPS levels at different times.
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Figure 11. Results of comparing protein levels in A. kermanshabhica (a, c, e, g) and D. alborizicum (b, d, f,

h) in culture media with different concentrations of sodium chloride. Vertical bars indicate the deviation
from the mean of data obtained from three replicates, and different letters represent significant differences

in protein levels at different times.
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Figure 12. Results of comparing carbohydrate levels in A. kermanshahica (a, c, e, g) and D. alborizicum (b, d, f, h) in

culture media with different concentrations of sodium chloride. Vertical bars indicate the deviation from the mean of
data obtained from three replicates, and different letters represent significant differences in carbohydrate levels at

different times.
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peak ids B :iii?: e control sl e
RT(min) Abundance RT(min) Abundance
2-methylfuran F/00 AO+ O ¥/00 Ve/4e0 Sl
ﬁ]gt‘ﬁ;’? l'ﬁgé%?al, 2- one Ve IAPE I VYA Lials
acetic acid methyl ester A AANE ] VoA N
acetic acid ethyl ester V/FY O/AA V/FY o/YVS el
2-butanone AYF O/AFD AYE Y/Ff7 Sl
2-pentanone 4 FIVVY NAZ [ZARAS ol
ethanol [ \/VAY 3 VA ]
gg?et'[c acid, 3-methylbutyl Y ¥/vay W 1/40) il
1-butanol /AN ¥/04A AY/AN 0/0Ad als
1,3-di methyl benzene \F/ZA Y/¥EA \F/PA \/¥YY ol
2-methyl-I-propanol \o/-F UM F o/ F ARM Sl
3-methyl-1-butanol VO/8Y V/YFS \O/5Y Vo /0VF s
3-hydroxy-2-butanone /TS F/AQ ) \V/YF F/YYA ]
acetic acid Y /AN Y/IASY Y /AN YAy Sl
benzaldehyde YY/AY FIYVFY YY/AY VAR ]
2-phenylethanol YA/FE \/5\F YA/FE Y/ 94 als
1-octen-3-ol AIVA Y/0VF YAVA F/50F als
3-octen-2-ol Y4/0¢ Y/94V Y4/0% Y/YYA ol
4-octen-3-one /Y YIASA ¥o/r /Y ]

10.22108/bjm.2024.142035.1601




V¥ S e Aige 5 a5 ol 5 S 65 U slo 4 s 53 s (K DB Ol 6555 A5 1 anlllas

bug Odbaad ol o T Clblee 4 e
5 S35 s 53 (TF) 58 e OT (a0l
suSbll ) aY s (YY) OLSes
oles N commune &S s s (slai 8 55 ap S 3
ccbla?ug}s-b«fuw)glg-pwﬁsb
(S osba sl GBSl 5 Hs Sl (LS
gl Olsea Wil oo b Shslw s, Sl Ly
Cales glaaia) 3 g M5 Gl Jad S8
235 glesdse 5 sl dde (g, sliST dex
55 (Y0) s eslizel jge ysba slge oiS OU
5 Sisos 3 OLKea 5 Carpine Slidss caw lio
Chli> 5 b, b 25, zie oS
e s )8 (S Ll s s b STUgil
55 SUI5 G ol 3 zbls S5 LS 5
s Alborzia kermanshahica (¢, SUslew 4 su
e O3l Csd> > Desmonostoc alborizicum
Sls Olas adllas pl A vy (S sd 4 Cwglis
Sos% Ll s 55 Al kermanshahica  J sueSs 4 g
b s S 2 Shee R DUk Do (6l
ool il Olad )l Gl 4 g
Lyl 5o b STl 5l Cbli= ) by )8l
o Gaes opl S Jeyy tamalb uSTT Sis
23 Sk ol gbase Jes a8
sl oS DI 4 ST 5 ot
el
Soy (YA o, 5 Borah dss s
Losls Ol (s Lald 5o oga dag STLsilw
PIIRC SCT VO S P U L g O APy o W e A
G cae B Ohdas S eedale
C. capsulate s Cyanothece sp.dsle Ll (clad gl
i Chbls oS dna s badsS Gl
GBI L S o oalE (el S AT Rl o
W5 2 At g e L5 S skl

Fo g e e Ll b 36 Gdes ) s
AL Gl Gbasw 5o L L L
N (gysd Ll i 5 Wsls Ol ElE A e
Al 1P Kt Hba bl b 4
53 badshe 1 bl 4 a1 osde il bl
Pl Caslie S e WS guss il
i 3 B g S g Ol s
S gl Shsle A sdalie (roes
Gl 3 S o 5 b G,
G T Gl r b Oddad 5 Sis
G, b Coenl Laabl ol L dyls (g 2h
33 du'lf.,\;g e M& Olgea 1y Joh T
ol s e Ol 5 A8 e Aol b SUsle
o) 5l 5 G s Sl A e OS5
(YY) dzsl axals deluel  Joses Lol 15 b Sols g 5
(¥+14) o, 5 Roncero-Ramos o
Ol N commune o6 4 &S ey 3| sl &)
Sl B el sla S daa
(i) UV S Ol 4l sk 75l
(MMAS) dile ) g 5SS Lo (glaimeT ol oS 5
dsbe a1 Jld 2T Jald 156 ey > onST| s 0o
Chilws 50 UV Jae gl b 5l 9 wS o Wi
(1Y) ey oy (St Loyl 8 55 oo b S e
Lsls ol (YY) oL,Kes 4 Carpine
s STb gl 3l Chlis 55 age S8 L Sl b
5 S8 G 5o (1Y) Wyl (S Ll s s
GAL S 5 Olgea byady ol 51(YYY) O Kes
o C‘JT olwslsT 6)’TC:"’~ 4 5 A eslizal
Glap S5 sS bl PDlwss (515 55 SLS
05 T Cble= Cel N commune &S s g 4 gu
Caolt (ol e sh e St gladasee

b Sl 55 b, LB &b,

10.22108/bjm.2024.142035.1601



10.22108/bjm.2024.142035.1601

VXY o)led s o dlo 609 Son (ol

A

Dy (Brn S Ll 5

53 (Y)9) 0L 5 Singh 51 Sladss
g sdose Aas e 0L (S Sl Loe
Gl 5> LSl S S A
WY sy opde Ll e B OS5
b DS 5 (Gluldr sladnl b Ll o JgmS
FOLT 1 IS se b5 o o 5 (s
(YY) OLen 5 MOOTe (i ¢ pimman (Y4) LS
Lo 3l Coles 55 Hlsd eSS 58550 sl Ol
Ayls Sl o gla 25 s 53 g STU gl
s S gl ame Caliies sla 25 L ablis 1
AP U39S e Rl il glags ] el
s @b ol Do RIB R F
5 COz 5l (siagd ooy OUsplal (Sl S g
(1) 85,8 a8 1y i STy 2l 31

O, 5 Brandenburg Lw s ol Slalas
AhCos b SUgln & Sl sls olas (Y4Y4)
o 5 b 93 kS (S on )1 f S 58
5 g daz 5 g T Sl (550 bzl B 55
Al o Gl S e gl
b IS JSS wsle 136 L agrlse 55 PCCBBO3
b bs e Slagis g plaw 53 (IS 2al (o peslS
S ook sdalin S eedabe b s
sbodw o Olh edgle b Saasoly
el a8 (M)l o Sl (S5 55

PCC7120 ;5 T L& 5l dn opfisn Sl o

Synechocystis

Cyanothece sp. > .skél Swl Anabaena
poedlS & Ad o3ls CiST Jass 55 45T CCY0110
Sl B e 8 o3 odd @l OT 4 s
sls olas (Y¥Y) o, 5 Norena-Caro Slidiss
Giladle Jols 58 G 25 b L e lagal
CL S 5 Gaglr GboSsn  SbpesSs
e 3 o8 )3 b Sk 3 planSTAs

A IS S S L 5,08 e Sl s S
0L Kan 5 SIMONazzi bow 5 K5 Slidss > .(Y9)
LSk Lgﬁ.s clial b gw  (YRYY)
> g5 Anabaena sp. 33047 4 Synechococcus sp.
Cosgdoms Cdeay Liy Sl 5B Wb ol Ll i
SN TP T TR TS TP™ N L I
omoman (YY) s o ol 1 1y ey Sl s 5
(Y1) 0, Kea 5 Hasegawa Low g5 Kos G o
Aphanothece halophytica <SLs Jla 6 =S sl
25 o5 S chle O,k blas s 55 GRO2
25 s e Ol 5SVE 5 jaely Al JT sl
Cosd Ayl i Jloes sla Sl J ol
13 o 3l eS8 6l (e O o
OS5 me 5 oS (I sbos
A e Ky el S Ll
J5SE G S g pard 5 e b las STL sl
Sletiss o Olyea ol SLELE 5 Jy el
LS o Caslie (6y58 AT 5 (el L3l
S s O35S 4 B 3 S 53 g 5B
o) camslis 53 ((YA) Wyls (gysd AT OAEC b
s 93 U o a P osba G
S Lske

oS O3l sd> > Desmonostoc alborizicum

s Alborzia  kermanshahica
Olidss Sl ald,y (GHed 4 Cwplae
Ay el Ll i 4 i, Hasegawa o Simonazzi
4 LSl sbaal 5 bl ks S
G S5 b Gasw S Iy tlilastls y (g5
P b e Gl s 6 Sles
b4 SodT 5 sk Bl 55 S Lk
A. kermanshahica 4 sw o3 54 65,15 5 5 S
3 S oS DIl Dol 5l 5 So5h ul S )
Olgea Llg o 5 3505 Slaw) 450 4 Lol S g
33 e b8 gl cwle GlLulS eSS

10.22108/bjm.2024.142035.1601




v# S e Aige 5 a5 ol 5 S 65 U slo 4 s 53 s (K DB Ol 6555 A5 1 anlllas

o594 sk ol slad o b a fate Slayd s
s @ Jate Slaids s e
A e 3 53 58 S (a5 5 00
S I T R A S a
Synechocystis > FUtA2 «s ;L 5> Synechococcus
COpM ¢ ;L 53 Synechococcus s T 8 o yan
5> AlI7633 &, 5 Synechocystis s
Anabaena s wibe o 2 sla 555, 5 Anabaena
by Sy ol il Ol 4 Cwglae 55 page A
3 dske Js s S (ke ol sl s e
5 Shes dile tsl azils dkses cla 28 Sl 5 e
Gl S ol 4 Jlasl  osMe 47 s o 55 gJlae
Sohe ol lad 3 s Sl el 25
(PF) sl azsls
oLz (Y419) 0L 5 Singh Wi Slidss
S Al s e e SRl e
Ol ls b s,ls (6L Caenl K Sl g0y
Slaisy bl Al Lo 55 T il 5 ol
L s sbon odr dacs S (S5
5 S Il Ll zeslis éu(,}:;&,. 51 eslazal
PR S RTS SN RS D NPy
S eslimel s tlias e pl] Y05 Sads
FaupeS s LT Kl Olssa Lo S
5 e Sl 53 658 Glae VT 2als (ol
5 Tiwari Slallas (1) Conl ol 4t lis MGG
03,0 5 0 sladsle das e Olas (YeY) O,Ken
G Loy Clr gl e sbedlSe )
s Ol Lis gl o) glad s 1S o 0slizal
S s ks S ol e Lild 4
@y )l L S el lld wes e lad sk

Al 1 (8 Oy Wl e e IS s

' Precipitation
2 Chelation

R e R I R S
S5 Sl Lsbees HSPA usbe s,
Pl I JSS 8 me50 5 4,8
2> SlaE il 4 e s S S me 5o
ST 5 S oo 53 & o5 NISB 55
laontis n &2 SYNEChOCOCCUS &8 5 .5 s i
03 (YY) s e Ol e 4 Cand (3L e
w93 Ul G e 4 b G sl
3 Alborzia  kermanshahica (s S\ sl
oew Sl Csd> > Desmonostoc alborizicum
Wsls Ol gl .l s (5555 4 Zaslie
Gus% Ll s 3 A kermanshahica  J eSS 4 g
b s S 2 See S DU Do (ol
Slads 8 Oladesd yls Glawy 4w
4 ol GBS e 55 0 S
2l Gl o Jlm s tding S e 536 gla 5
Sl oo gl S 5 ol sl S
5 oS i 4 e T ladae 55 (STl
A. kermanshahica Jas s i 9 5)ls S ad 54
2 S D3l Code s o5 SIS Ll e
Sl s el
OLea 5 ROMeU Luy ol Olidss
Ol s Slglan oS ssyy & 5> (VYY)
(Joko U5l sbanlp by oesdle das
Caossy bus ediliy) Kol 5 sl
Sy (JolSS Sl g S s ol s Jske £l
ol 0 e S5y S (il oylp
Sl opl gaanl ol wlal Hlw b S
boboSsns ST 5l ol slaw gluld 4 e
S Ses b o5 Sl 5 ikt gl Slas
() 45 asetal
4 Cwgles o b‘(‘ﬂ}ﬁ,}f‘ 63 e &
sls olas (YY) Bauer 5 Zappa lew gy Sl

10.22108/bjm.2024.142035.1601



10.22108/bjm.2024.142035.1601

VXY o)led s o dlo 609 Son (ol

W

33 Slatna - ;kermanshahica
b ey Je oSis 0jg 5 a8l Ly S
P (ome Al olas r.i.u J.{jlfdia.?w):
4 by g 95 p s (S DI Bl Ol
LS 4 1 DS 5 o g e s eSS
(S (555 g el DLS 5 sl 0lis 55GC-MS
Gl 5 osh S L gzl o gl 5 S
S 0L g Rath Gudss sl il oK ol 6
2 e 035w Sl s ST S
ol S pae (ol Bl 8 s 8 b Ll
ol e G L G S Jb s
o Caslie 5 K Sk Oode s S Lk
A. kermanshahica aas w OLis 5 5,05 AT (5, 5a
Lild 5 oK Oljh oo gl plie gl L
Ll (555

o315 OLas (Y4 YY) O, 5 Van sl Slidss
AJg L Calothrix marchica (s, Sbslew ol
Y ol A3 (lgme b (JseeS Glad Sl
Gl S e o ) B o S ssba
Oljen by S0 s ol 536 05 540 (6 ST il
mg/g) &S~ e Dfﬂpfukf% S9de b ol
Wl K5 e S 0T 5 odle (Pb2+/g 50
3> Llesls glizs Cyanospira capsulata s Nostoc
Cod oo S0 g 2l dr 4 )30 aliee Loyl )2
Codo Oladily i o sk (535 5 JSG slo s 4
(V) ol sl ks S ) o LT

Ol (Y+1V) Diwan 5 Gupta bd Soladss
Bl (St LS o LS das
Wy bl s 6 @St b Jlasl
GHIBl A e i O 1y AL s S
S 3 Chryseomonas luteola «Jte sl 5 ¢ias oo
IS 5 psensls bl g e Sl andly Sl T

A e S e OO/YD 5 FENY Ol 4 S )

S o sl Olea b baa Sl S
5o b Lo slaly b ol 5 bl g8
Lo 5115 Loy opl ol DGl 5 e o
(sx D Wl Gl I eslil L
OA) 85T g0 o213 (A3 5005 5 (6 5le oSS
S e, o35 ok Sl s
& k5! Ochrobactrum anthropi Wil glas SL
53 wlileds e (Y0¥Y) oL 5 Rath i
Ll (b e bl 5 pH I el Ll
CblB 03,0 03 55 Slad L 5 51 ¢ puasls”
Sl PH 55 (Jle (gl s e yls oYL Ol 5 Ol
oz 3 A g p S ke YE G L5 e Y 2gu
(o LS Odam £/4Y ppm 4l CLle I, e
Bacillus Bacillus cereus asle Cakises slas S
Ll 5 ,> Pantoea agglomerans 5 pumilus
34 90 (‘ﬁ;ﬂ Lo)s AD I i PH YT L s
o 5 450 (Jl ol b eiS o ol |y aes 53
G Sl s ST aas o Ol I3k Ss ool
3P A T 8350 035w I el
(o S0 3 (8 IS s 3 pglan) &S el
3 (F7) LS (o O 1) (68 e Cﬁ;ls
S Lk 4 5w 53 QUIS (o) 4 Lo Goed ¢ il
Desmonostoc  sAlborzia kermanshahica
o Cwslie 5 e Ol e salborizicum
SIS 4 g L3 UL 5 el sy (65 5
wbls (lawsy 44 4 CwwsA. kermanshahica
Lild s Ay 5 (S Ob Gl s g b
S g (IS GlaaS s syl 6)sd
OS5 LA L by S Jsho oo 055 O 50
BB Lol h 5 5 S (Gl ) 4 g & S (6 R
Ol Dl S )3 (6 e oUl5 59 ke LN
Sl L agarlsn 53 45w 93 8 53 G Ol s 0l

A eSS waw bl otosl tals K

10.22108/bjm.2024.142035.1601




VA S e Aige 5 a5 ol 5 S 65 U slo 4 s 53 s (K DB Ol 6555 A5 1 anlllas

ﬁ;ﬁa&l}&db—ﬁﬁg%duwékT
Wil S Calibee glaclale s i db, CB
(Iobe Sis 03y Ol ST glacas s
S w5 s s LS Lk S
Slas y 4w 51 2is 5 VO 5 VYY OV OS5 S
IS Gias 53 us Lol ol ran b 318
WJsl 4ids Vo s JeeSS wse 5o gss A6
Ol Bl sl adls b aw A Oode jy (6 ris Ul
2 Pk oS 05y 5 LBl Ly BT sl
320 J ST @ g 53 S o s +/0 LIS
G 93 A 3 Sl Gosd 4 e pl Cuplie
b Gl e oS DI Bl Ol ot
Uir b 5 Sl G e oSS
Lo )3 Slpkay S 5 555, kSl ks S
ool cul ol & g 33 55 JSG (sl lacas’
S @l DS 5 T G Jeols mls ol
(655 (Gl OLS 5 il GC-MS oKaws
Llg e S Lnls Ol 1y s lIT 5 S (IS
Ol Ol 5 o580 A L agrlse 53 g B

sl ails K

References

1. Santini G, Biondi N, Rodolfi L, Tredici MR.
Plant biostimulants from cyanobacteria: An
emerging strategy to improve yields and
sustainability in agriculture. Plants, 2021;
10(4): 643.
https://doi.org/10.3390/plants10040643

2. Debnath S, Muthuraj M, Bandyopadhyay
TK, Bobby MN, Vanitha K, Tiwari ON, et
al. Engineering strategies and applications of
cyanobacterial ~ exopolysaccharides: A
review on past achievements and recent
perspectives. Carbohydrate Polymers, 2023,
121686.
https://doi.org/10.1016/j.carbpol.2023.12168
6

3. Najafi Y, Nowruzi B, Sari AH. Review on
the combined effect of cold plasma

5 Odddasl Wb gl Olua s il
S ol O gms 5 pincd
Slad A Pl 1y bl L S
e S b b Opedlpsied L el

das g B St sk 1 s sleoy
23S o S W5 e ) OlWlas gl L(YA)
KO 1 N W N I RPN WP e e |
Gl Sl o) b G (blas 5o L

Desmonostoc 5 Alborzia kermanshahica

S @ g 515 Olis 5 5 S jeze alborizicum
@bl Glaw) 49w 4 s A kermanshahica
ol 53 Ay 5 Ko DIl Cad 55 (s e
G bl Ol Lda 55 4 Diwan y Gupta s ,ls
g Giew & Jys sy, oled el
AST s Gladimme 55 las Sl sols 5,18

2yl

)J}Lﬂ&d@@‘}m )J @L\}J 4&5% gﬁ.‘ )J

Sl Ko S s b sl 55 Sl
L3ls QU gl b () 2 ok o IS a5 il

Glamsy wpw b amlio )3 S5 JhuiSS @ g

treatment technology and cyanobacteria in
heavy metal removal such as Zinc, Calcium,
and Magnesium. Iranian Journal of Applied
Physics, 2023; 13(1): 75-116.
https://doi.org/10.22051/ijap.2023.41033.12
89 [In Persian].

4. Kumar A, Ramamoorthy D, Verma DK,
Kumar A, Kumar N, Kanak KR, et al.
Antioxidant and phytonutrient activities of
Spirulina platensis. Energy Nexus, 2022; 6:
100070.
https://doi.org/10.1016/j.nexus.2022.100070

5. Boyanova P, Bosakova-Ardenska A,
Gradinarska D, Petkova N, Panayotov P,
editors. Ice cream supplemented with
Spirulina platensis: Antioxidant and color
stability. AIP Conference Proceedings;
2023: AIP Publishing.
https://doi.org/10.1063/5.0173329

10.22108/bjm.2024.142035.1601



10.22108/bjm.2024.142035.1601
https://doi.org/10.3390/plants10040643
https://doi.org/10.1016/j.carbpol.2023.121686
https://doi.org/10.1016/j.carbpol.2023.121686
https://doi.org/10.22051/ijap.2023.41033.1289
https://doi.org/10.22051/ijap.2023.41033.1289
https://doi.org/10.1016/j.nexus.2022.100070
https://doi.org/10.1063/5.0173329

VXY o)led s o dlo 609 Son (ol

va

10.

11.

12.

13.

14.

Waditee-Sirisattha R, Kageyama H.
Halotolerance, stress mechanisms, and
circadian clock of salt-tolerant

cyanobacteria. Applied Microbiology and
Biotechnology, 2023; 107 (4): 1129-41.
https://doi.org/10.1007/s00253-023-12390-x
Laroche C. Exopolysaccharides from
microalgae and cyanobacteria: diversity of
strains,  production  strategies,  and
applications. Marine drugs, 2022; 20(5):
336. https://doi.org/10.3390/md20050336

Wang H, Hu X, Shao C, Elshobary M, Zhu
F, Cui Y, et al. Optimizing mixotrophic
cultivation of oil-rich Tribonema minus
using volatile fatty acids and glycerin: a
promising approach for pH-controlling and
enhancing lipid productivity. Journal of
Cleaner Production, 2023; 402: 136733.
https://doi.org/10.1016/j.jclepro.2023.136733

Garlapati D, Chandrasekaran M, Devanesan
A, Mathimani T, Pugazhendhi A. Role of
cyanobacteria in agricultural and industrial
sectors: an outlook on economically
important byproducts. Applied Microbiology
and Biotechnology, 2019; 103: 4709-21.
https://doi.org/10.1007/s00253-019-09811-1

Arias DM, Garcia J, Uggetti E.
Production of polymers by
cyanobacteria  grown in  wastewater:
Current status, challenges and
future perspectives. New
Biotechnology, 2020; 55: 46-57.

https://doi.org/10.1016/j.nbt.2019.0

9.001

Al-Amin A, Parvin F, Chakraborty J, Kim
Y-l. Cyanobacteria mediated heavy metal
removal: a review on mechanism,
biosynthesis, and removal capability.
Environmental Technology Reviews 2021;
10(1): 44-57,
https://doi.org/10.1080/21622515.2020.1869323

Mares J, Johansen JR, Hauer T, Zima Jr J,
Ventura S, Cuzman O, et al. Taxonomic
resolution of the genus Cyanothece
(Chroococcales, Cyanobacteria), with a
treatment on Gloeothece and three new
genera, Crocosphaera, Rippkaea, and Zehria.
Journal of Phycology, 2019; 55(3): 578-610.
https://doi.org/10.1111/jpy.12853

Nowruzi B, Becerra-Absalon I, Metcalf JS.
A novel microcystin-producing
cyanobacterial species from the genus
desmonostoc, Desmonostoc alborizicum sp.
nov., isolated from a water supply system of
Iran. Current Microbiology, 2023; 80(1): 49.
https://doi.org/10.1007/s00284-022-03144-5
Eydelkhani M, Kiabi S, Nowruzi B. In vitro
assessment of the effect of magnetic fields

15.

16.

17.

18.

19.

20.

21.

22.

23.

on efficacy of biosynthesized selenium
nanoparticles by Alborzia kermanshahica.
BMC Biotechnology, 2024; 24(1): 27
https://doi.org/10.1186/s12896-024-00855-4
Nowruzi B, Soares F. Alborzia
kermanshahica gen. nov., sp.
nov.(Chroococcales, Cyanobacteria),
isolated from paddy fields in Iran.
International Journal of Systematic and
Evolutionary Microbiology, 2021; 71(6):
004828.
https://doi.org/10.1099/ijsem.0.004828
Nowruzi B, Khavari-Nejad R, Sivonen K,
Kazemi B, Najafi F, Nejadsattari T.
Optimization of cultivation conditions to
maximize extracellular investments of two
Nostoc strains. Algological Studies, 2013;
142(1): 63-76. https://doi.org/10.1127/1864-
1318/2013/0066

Kushwaha D, Upadhyay S, Mishra PK.
Growth of cyanobacteria: optimization for
increased carbohydrate content. Applied
Biochemistry and Biotechnology, 2018; 184:

1247-62. https://doi.org/10.1007/s12010-
017-2620-3
Tiwari ON, Muthuraj M, Bhunia B,

Bandyopadhyay TK, Annapurna K, Sahu M,
et al. Biosynthesis, purification and
structure-property relationships of new
cyanobacterial exopolysaccharides. Polymer
Testing. 2020; 89: 106592.
https://doi.org/10.1016/j.polymertesting.202
0.106592

Gao F. Iron-sulfur cluster biogenesis and
iron homeostasis in cyanobacteria. Frontiers
in  Microbiology, 2020; 11: 165.
https://doi.org/10.3389/fmich.2020.00165
Ghorbani E, Nowruzi B, Nezhadali M,
Hekmat A. Metal removal capability of two
cyanobacterial species in autotrophic and

mixotrophic mode of nutrition. BMC
Microbiology, 2022; 22(1): 58.
https://doi.org/10.1186/s12866-022-02471-8
Chorus I, Fastner J, Welker M.
Cyanobacteria and cyanotoxins in a
changing environment: Concepts,
controversies, challenges. Water, 2021,
13(18): 2463.
https://doi.org/10.3390/w13182463

Roncero-Ramos B, Roman J, Gomez-

Serrano C, Canton Y, Acién F. Production
of a biocrust-cyanobacteria strain (Nostoc
commune) for large-scale restoration of
dryland soils. Journal of Applied Phycology,
2019; 31: 2217-30.
https://doi.org/10.1007/s10811-019-1749-6

Carpine R, Olivieri G, Hellingwerf KJ,
Pollio A, Marzocchella A. Industrial

10.22108/bjm.2024.142035.1601



https://doi.org/10.1007/s00253-023-12390-x
https://doi.org/10.3390/md20050336
https://doi.org/10.1016/j.jclepro.2023.136733
https://doi.org/10.1007/s00253-019-09811-1
https://doi.org/10.1016/j.nbt.2019.09.001
https://doi.org/10.1016/j.nbt.2019.09.001
https://doi.org/10.1080/21622515.2020.1869323
https://doi.org/10.1111/jpy.12853
https://doi.org/10.1007/s00284-022-03144-5
https://doi.org/10.1186/s12896-024-00855-4
https://doi.org/10.1099/ijsem.0.004828
https://doi.org/10.1127/1864-1318/2013/0066
https://doi.org/10.1127/1864-1318/2013/0066
https://doi.org/10.1007/s12010-017-2620-3
https://doi.org/10.1007/s12010-017-2620-3
https://doi.org/10.1016/j.polymertesting.2020.106592
https://doi.org/10.1016/j.polymertesting.2020.106592
https://doi.org/10.3389/fmicb.2020.00165
https://doi.org/10.1186/s12866-022-02471-8
https://doi.org/10.3390/w13182463
https://doi.org/10.1007/s10811-019-1749-6

S e Aige 5 a5 ol 5 S 65 U slo 4 s 53 s (K DB Ol 6555 A5 1 anlllas

24,

25.

26.

27.

28.

29.

30.

31.

production of poly-p-hydroxybutyrate from
CO2: can cyanobacteria meet this
challenge?. Processes, 2020; 8 (3): 323.
https://doi.org/10.3390/pr8030323

Nowruzi B, Porzani SJ. Study of
temperature and food-grade preservatives
affecting the in vitro stability of
phycocyanin and phycoerythrin extracted
from two Nostoc strains. Acta Biologica
Slovenica, 2022; 65(1): 28-
47. https://doi.org/10.14720/abs.65.1.16225
Nowruzi B, Porzani SJ. Toxic compounds
produced by cyanobacteria belonging to
several species of the order Nostocales: A
review. Journal of Applied Toxicology,
2021; 41(4): 510-48.
https://doi.org/10.1002/jat.4088

Borah D, Nainamalai S, Gopalakrishnan S,
Rout J, Alharbi NS, Alharbi SA, et al.
Biolubricant potential of exopolysaccharides
from the cyanobacterium Cyanothece
epiphytica.  Applied Microbiology and
Biotechnology  2018; 102:  3635-47.
https://doi.org/10.1007/s00253-018-8892-x
Simonazzi M, Pezzolesi L, Galletti P,
Gualandi C, Pistocchi R, De Marco N, et al.
Production of polyhydroxybutyrate by the
cyanobacterium cf. Anabaena sp.
International  Journal  of  Biological
Macromolecules,  2021: 191: 91-92.
https://doi.org/10.1016/j.ijbiomac.2021.09.054
Hasegawa D, Kito K, Maeda T, Rai V, Cha-
Um S, Tanaka Y, et al. Functional
characterization of aminotransferase
involved in serine and aspartate metabolism
in a halotolerant ~ cyanobacterium,
Aphanothece  halophytica. Protoplasma,
2019; 256: 1727-1736.
https://doi.org/10.1007/s00709-019-01414-x
Singh S, Kant C, Yadav RK, Reddy YP,
Abraham G. Cyanobacterial
exopolysaccharides: composition,
biosynthesis, and biotechnological
applications. Cyanobacteria, 2019; 347-58
https://doi.org/10.1016/B978-0-12-814667-
5.00017-9

Moore KA, Altus S, Tay JW, Meehl JB,
Johnson EB, Bortz DM, et al. Mechanical

regulation of photosynthesis in
cyanobacteria. Nature Microbiology, 2020;
5(5): 757-67.

https://doi.org/10.1038/s41564-020-0684-2
Brandenburg F, Kldhn S. Small but smart:
on the diverse role of small proteins in the
regulation of cyanobacterial metabolism.
Life, 2020; 10(12): 322.
https://doi.org/10.3390/1ife10120322

32.

33.

34.

35.

36.

37.

38.

Norena-Caro DA, Zuniga C, Pete AJ,
Saemundsson SA, Donaldson MR, Adams
AJ, et al. Analysis of the cyanobacterial
amino acid metabolism with a precise
genome-scale metabolic reconstruction of
Anabaena sp. UTEX 2576. Biochemical
Engineering Journal, 2021; 171: 108008.
https://doi.org/10.1016/j.bej.2021.108008
Romeu MJ, Dominguez-Pérez D, Almeida
D, Morais J, Aradjo MJ, Osério H, et al.
Hydrodynamic  conditions  affect the
proteomic profile of marine biofilms formed
by filamentous cyanobacterium. npj Biofilms
and Microbiomes, 2022; 8(1): 80.
https://doi.org/10.1038/s41522-022-00340-w
Zappa S, Bauer CE. The maintenance of iron
homeostasis among prokaryotic phototrophs.
Modern Topics in the Phototrophic
Prokaryotes: Metabolism, Bioenergetics,
and Omics 2017: 123-61.
https://doi.org/10.1007/978-3-319-51365-2_4
Singh JS, Kumar A, Singh M.
Cyanobacteria: a sustainable and
commercial bio-resource in production of
bio-fertilizer and bio-fuel from waste waters.
Environmental and Sustainability Indicators
2019; 3: 100008.
https://doi.org/10.1016/j.indic.2019.100008
Rath S, Palit K, Das S. Variable pH and
subsequent change in pCO2 modulates the
biofilm formation, synthesis of extracellular
polymeric substances, and survivability of a
marine bacterium Bacillus stercoris GST-03.
Environmental Research 2022; 214: 114128.
https://doi.org/10.1016/j.envres.2022.114128
Van Camp C, Fraikin C, Claverie E,
Onderwater R, Wattiez R. Capsular
polysaccharides and exopolysaccharides
from Gloeothece verrucosa under various
nitrogen regimes and their potential plant
defence stimulation activity. Algal Research,
2022; 64: 102680.
https://doi.org/10.1016/j.algal.2022.102680
Gupta P, Diwan B. Bacterial
exopolysaccharide mediated heavy metal
removal: a review on biosynthesis,
mechanism and remediation strategies.
Biotechnology Reports, 2017; 13: 58-71.
https://doi.org/10.1016/j.btre.2016.12.006

10.22108/bjm.2024.142035.1601



10.22108/bjm.2024.142035.1601
https://doi.org/10.3390/pr8030323
https://doi.org/10.14720/abs.65.1.16225
https://doi.org/10.1002/jat.4088
https://doi.org/10.1007/s00253-018-8892-x
https://doi.org/10.1016/j.ijbiomac.2021.09.054
https://doi.org/10.1007/s00709-019-01414-x
https://doi.org/10.1016/B978-0-12-814667-5.00017-9
https://doi.org/10.1016/B978-0-12-814667-5.00017-9
https://doi.org/10.1038/s41564-020-0684-2
https://doi.org/10.3390/life10120322
https://doi.org/10.1016/j.bej.2021.108008
https://doi.org/10.1038/s41522-022-00340-w
https://doi.org/10.1007/978-3-319-51365-2_4
https://doi.org/10.1016/j.indic.2019.100008
https://doi.org/10.1016/j.envres.2022.114128
https://doi.org/10.1016/j.algal.2022.102680
https://doi.org/10.1016/j.btre.2016.12.006

