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ABSTRACT

This work was aimed at to extract a novel antimicrobial compound,
especially against certain human pathogens, from a sub-aerial
cyanobacterium Fischerella sp., isolated from the building facades of
Bhubaneswar, Odisha (India). The antimicrobial activity was determined
in different solvents and aqueous extracts using agar well diffusion
method which were purified using column chromatography and TLC
(twice), followed by direct bioautography, MIC, cytotoxicity and was
characterized using UV-Vis, FTIR and LC-MS spectroscopic methods.
The lowest MIC value (0.312 and 0.625 mg mL) was depicted by the
acetone extracted single compound against Escherichia coli and Candida
albicans. The bioautography and spectroscopic analysis revealed the
compound to be an alkaloid which was identified as pentaphenyl
ferrocene carboxamide and found to be non-toxic against Catla thymus
macrophage and Mus musculus up to 72 h. The cyanobacterium was
identified as Fischerella sp. (accession No. MN593556) through 16S rRNA
technique. The compound has potential for use as a therapeutic drug.

Keywords: Antimicrobial, cytotoxicity, Fischerella sp., natural
bioactive compound, spectroscopic analysis

INTRODUCTION

Infectious diseases are one of the root causes of high morbidity and mortality in human all over the
world, especially in the developing countries. Most of the bioactive microbial products lead to the
induction of resistance to antibiotics. This has stimulated the researchers to explore and screen the
less exploited microbial groups endowed with a more versatile secondary metabolite having drug
therapeutic values. Sub-aerial cyanobacteria are believed to produce diverse biologically active
compounds in the form of secondary metabolites due to their dwelling in extreme environments
such as rock surfaces, walls and roofs of building facades and monuments, etc. (Keshari and
Adhikary, 2014; Vasiliki et al., 2015). Some of these metabolites have the potential to be exploited
for the development of new pharmaceutical compounds having biotechnological applications
(Dobretsov et al., 2011). Fischerella sp. is one of the members of cyanobacteria belonging to the
order Stigeonematales which is identified by thallus bluish-green, spongy, branched, heterocystous
and cell quadrant to rectangular in shape. This microbe is a rich source of bioactive compounds
having antibacterial and antifungal activities (Tyagi et al., 2014; Singh et al., 2016; Safari et al.,
2019).
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Very few studies have reported the antimicrobial potential of sub-aerial cyanobacteria isolates
collected from the building facades (Panigrahi et al., 2015). In India, the state of Odisha, especially
Bhubaneswar known as temple city, has rich cultural heritages including old/modern building
which are inhabited by diverse cyanobacteria (Adhikary et al., 2015). This induced us to carry out a
study on sub-aerial cyanobacterium Fischerella strain (isolated from cement wall, building facades
of Bhubaneswar) and evaluate their antimicrobial activity against some selected pathogens by
characterizing and identifying the pure bioactive compound and elucidate its chemical structure.
Further, the toxic effects of pure compound were assessed against two different cell lines.

MATERIALS AND METHODS

Isolation and identification of cyanobacteria

The biofilms, collected from the cement wall surfaces of building facades of Bhubaneswar (India),
were soaked in sterile distilled water, then incubated under a fluorescent light for 72 h and observed
microscopically. Since morphological features needed for the identification were not distinct even
after the prolonged soaking (up to 7 to 14 days), a small amount of sample was transferred with the
help of an inoculation needle to the Petri-plates containing BG-11 agar medium with and without
nitrogen (Rippkaetal., 1979). The cultures were incubated at 28 + 1°C under continuous fluorescent
light at an intensity of 2000 lux. After 10 to 14 days incubation, the cyanobacteria appearing in
culture medium were isolated by sub-culturing methods (Ferris and Hirsch, 1991). The axenic
cultures were cultured in a 500 mL BG-11 medium for biomass production, and maintained under
controlled conditions at 28 + 1°C and continuous illumination of 2000 lux with 16:8 h light and dark
regime in laboratory. The cultures were identified as Fischerella sp. through morphological
variation studies and compared with standard monographs (Desikachary, 1959; Komarek and
Hauer, 2015).

Biochemical analysis

Cells grown on 10 mL BG-11 medium at 28 + 1°C for 40 days were harvested by centrifugation
technique at 4 days interval. By using standard protocols, the estimations were made for growth rate
(Sfriso et al., 2014), total protein (Lowry et al., 1951), total carotenoids (Jensen, 1978), total
carbohydrates (Herbert et al., 1971) and phycobiliproteins (Bennet and Bogard, 1973). All the
experiments were conducted in triplicates and the values represented as mean * SD.

Preparation of crude extracts

After 32" days of incubation, the isolates grown on BG-11 broth were harvested using Whatman
filter paper No. 1, dried in shade for 30 min and grinded to fine powder with a help of glass
homogenizer. One gram of above powder was extracted separately in a Soxhlet apparatus using 200
mL each of water and different solvents like hexane, benzene, chloroform, ethyl acetate, acetone
and methanol at 45°C for 48 h. The extracts were collected in pre-sterilized air tight containers and
preserved at 4°C for further characterizations.

Antimicrobial efficacy and screening of extracts

The aqueous and organic (acetone, hexane, benzene, chloroform, ethyl acetate and methanol) crude
extracts of microbial culture were screened for antimicrobial activity using agar well diffusion
technique (Perez et al., 1990) against the six human pathogens which included four bacteria
[Bacillus subtilis MTCC121, Pseudomonas aeruginosa MTCC741, Staphylococcus aureus
MTCC902 and Escherichia coli MTCC723] and two fungi [Candida albicans MTCC4748 and
Epidermaphyton flocossum MTCC7880]. These cultures were procured from the Microbial Type
Culture Collection (IMTECH), India. All the experiments were conducted in triplicates. The
bacterial and fungal pathogens were grown in nutrient broth and potato dextrose broth media and
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incubated for 24 and 72 h at 37 and 28°C, respectively. Then the bacterial and fungal pathogens
were lawn cultured in Petri-plates containing Mueller-Hinton agar and Sabouraud dextrose agar,
respectively, using sterile swab. A well of 6 mm dia. was made in the centre of plate and the bottom
of well was sealed with soft agar. Cyanobacterial extracts (100 uL) were poured into the well and
incubated at 37°C for 24 h and 28°C for 72 h, respectively, for bacterial and fungal pathogens to
study the antimicrobial effect. The zone of inhibition was measured in mm and the break point for
efficacy was taken as zone of inhibition >10 mm. Ciprofloxacin (10 mgmL™) and carbazine (10 mg
mL™) were used as positive controls and pure solvents as negative controls.

Column chromatography and TLC purification

The most effective cyanobacterial crude extract showing higher antimicrobial efficacy during
screening was fractionated by column chromatography (Rao et al., 2007). Silica gel (20 g) was
dissolved in 500 mL of pure solvent (acetone) and loaded on the top of column and allowed to dry
for 24 h. Then acetone cyanobacterial extracts (50 mL) were poured into the column. The solvent
mixture composition (10% solvent) was used in column chromatography. The elutes were collected
in fractions (30 mL each). Each fraction was further purified by preparatory TLC using ethyl
acetate and hexane (1:1) as the mobile phase. The fraction was visualized under UV and the bands
were marked and their R¢ values determined. Additional tests were carried out on obtained TLC
band by spraying of phytochemical screening reagents (Raaman, 2006) for phytochemical
constituents for confirmation of purity and the identity of isolated compound. The purified active
fraction was scrapped out separately, concentrated in vacuo to isolate the pure compound, dissolved
in 3 mL of respective solvent and the antimicrobial activity against test pathogens was done by
using agar well diffusion method as described earlier. The MIC (Wayne, 2012) and their toxicity
assay were also conducted using different cell lines like Catla thymus macrophage (Challouf et al.,
2011) and mouse (Mus musculus) [Martins et al., 2008]. The antimicrobial activity index (Al) of
purified compound was calculated using the formula of Welling (1983):

Inhibition zone of sample

Antimicrobial activity index (Al) = x 100
Inhibition zone of the standard

The bioactivities of compound were confirmed by secondary screening technique (bioautography
method) following the method of Dewanjee et al. (2015).

Minimum inhibitory concentration (MIC)

The purified compound was serially diluted with acetone solvents to obtain a concentration in the
range of 0.312 to 10.0 mg mL™ in Mueller-Hinton broth and Sabouraud dextrose broth for bacteria
and fungi, respectively, in 96 well micro-titre plates by micro-dilution method as per National
Committee for Clinical Laboratory Standards guidelines (NCCLS) (Wayne, 2012). Overnight
freshly grown pathogens (20 pL) were inoculated to each well. The wells without compound served
as negative control (acetone) and the antibacterial (ciprofloxacin, 10 mg mL™) and antifungal
(carbazine, 10 mg mL™) agents were included in the assays as positive controls. The test plates
were incubated at 37 and 28°C for bacteria and fungi, respectively. After incubation, one loopful of
sample was sub-cultured onto nutrient agar and Sabouraud dextrose agar plates for bacteria and
fungi, respectively. A dilution where no growth of pathogens was recorded the MIC of purified
compound.

Identification of bioactive compounds
The purified compound obtained in powdered form was further subjected to the following analysis
in order to elucidate its structure as much as possible.
1. UV/Vis spectroscopy (Model: 365, Perkin Elmer) [Rastogi and Incharoensakdi, 2013]
2. FT-IR spectroscopy (Nicolet 6700, USA spectrophotometer) [Bakir et al., 2018]
3. LC-MS analysis (1260 Infinity Binary LC coupled with 6530B accurate mass Q-TOF,
Agilent Technologies, USA) [Draisci et al., 2001]
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The purified compound (2.5 mg) was extracted using 5 mL acetone. Then 1.5 pL extract was
injected inside the inlet of LC-MS chamber through monolithic column (4 mm dia.) by direct
injection method. Formic acid (0.1%) and isopropyl alcohol was used (Merck, Germany). The
sample was subjected to LC-MS analysis for 20 min to identify the structure of compound. The
peak of purified compound obtained was analyzed by the software TopPIC.

Cytotoxicity studies of purified compound

The cytotoxicity of bioactive compound, dissolved in acetone in various concentrations from 0.875
to 400 mg mL?, were assessed with the help of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) (Sigma) assay and WST1 against Catla thymus macrophage and Mus
musculus (mouse) (Martins et al., 2008; Challouf et al., 2011), respectively. The absorbance was
measured at 595 and 460 nm (DR 6000, HACH spectrophotometer). The experiments were
conducted in 4 sets. The percentage of cytotoxicity was calculated by following formula:

% cytotoxicity = 100 - cell viability %
Cell viability = {(At-Ab)/(Ac-Ab)} x 100
Where, At - absorbance of test compound, Ab - absorbance of blank and Ac - absorbance of control

16S rRNA gene-based identification

The 16S rRNA gene-based identification was out-sourced and the sample was sent to SRM-DBT
Platform for Advanced Life Science Technologies, SRM Institute of Science and Technology,
Kattankulathur, Tamil Nadu (India). As per the details provided, the molecular identification was
carried out through 16S rRNA by following the standard protocol of Gracia-Pichel et al. (2001).
The experimental cyanobacterial sample (3 g) was grinded with the help of liquid nitrogen in a
pestle mortar. Then 10 mL TESC buffer [100 mM tris-HCI, pH 8, 100 mM EDTA, 1.5M NaCl, 1%
hexadecylmethyl ammonium bromide) was added followed by 550 mL 10% (w/v) sodium dodecyl
sulfate and 30 mL proteinase K and incubated at 50°C for 20 min. Chromosomal DNAs were
extracted in 10 mL phenol-chloroform-isoamyl alcohol (25:24:1) at 65°C and allowed to precipitate
by adding isopropyl alcohol for 30 min at room temperature. PCR amplifications were done by
using Cyclogene thermal cycler. Primers CYA 359F and CYA 781R were applied for amplifying
the DNA fragment. Then 10 mL PCR buffer (100 mM tris-HCI [pH 9.0], 15 mM MgClI, 500 mM
KCI, 1% triton X-100, 0.1% gelatin) was added and 10 mg DNA sample dissolved in 100 mL
water. Thirty-five incubation cycles were performed. The consensus sequence was obtained from
forward and reverse sequences using Bio-edit software and phylogenetic tree constructed using
Mega5 software. The BLAST sequence was obtained from the National Centre for Biotechnology
Information (NCBI) (www.ncbi.nIm.nih.gov) and the organism thus identified was deposited at
NCBI Gene Bank, USA to obtain the accession number.

Statistical analysis

The data obtained from the experiments were expressed as mean + SD of three replicates using one-
way analysis of variance (ANOVA, SPSS version 17.0 statistical software program) and the
treatments compared at 5% significance level.

RESULTS AND DISCUSSION

Fischerella sp., a sub-aerial cyanobacterium isolated from the building facades (cement wall
surfaces) of Bhubaneswar, Odisha (India), was examined for specific biochemical contents as well
as for the characterization and identification of antimicrobial potential compound against some
pathogenic bacterial and fungal strains. The biochemical studies revealed that during mid-stationary
phase, the specific growth rate was 6.78 ug mL™, chlorophyll-a 6.98 ug mL™, soluble cell-protein
48 pg mL™, carotenoids 18.98 pg mL™, cellular and extracellular carbohydrate content 56.36 pg
mL™* and 55.97 ug mL™* on 28™ days of incubation. The phycobiliproteins analyses revealed phyco-
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o cyanin content of 11.45 ug mL™,

0 g il allophycocyanin 15.19 pg mL:1
g o ;/ /i/; and phycoerythrin 6.98 pg mL™
: ® - A RS on 28" day of growth (Fig. 1).
g, Y 4 4 ! The  overall  biochemical
=E :Z i I P2 . s component contents in
| Bl o t/“I‘*/I 34 I Fischerella sp. increased with
- = S e Chloeileincrease in incubation time up to
N S § e A e 28" day and decreased thereafter.

== Carotenoids This finding is comparable with

—#—Phycocyanin the  reported  studies on

o Allphyeocyanin  F1SCherella muscicola, isolated

from freshwater sources (Paul

and Rout, 2017).

Fig. 1: Temporal variations of in growth rate (absorbance at The study revealed that the
750 nm), pigment composition, soluble cell-protein, isolate has  pharmaceutical

cellular and extracellular carbohydrates of Fischerella ~ potential. Swain et al. (2017)
reported that the cyanobacteria

releasing diverse secondary metabolites could be used in the development of anti-microbial
compounds against resistant bacteria and fungi as base molecules which can be exploited in drug
development. Bioactive metabolite analyses have mostly been studied in marine (Shaieb et al.,
2014) and freshwater algae (Ramya and Muralitharan, 2019). Very little is known about the algae
isolated from terrestrial and sub-aerial habitats (Panigrahi et al., 2015; Sahu et al., 2017). The sub-
aerial cyanobacteria isolated from building facades, known as extremophiles, are capable of
producing secondary biologically active metabolites and are usually abundant in stationary phase
(Drobac-Cik et al., 2007).

The isolate was screened for its antimicrobial potential using aqueous and crude organic
extracts viz., hexane, benzene, chloroform, ethyl acetate, acetone and methanol against certain
human pathogens such as Bacillus subtilis MTCC121, Pseudomonas aeruginosa MTCC741,
Staphylococcus aureus MTCC902, Escherichia coli MTCC723, Candida albicans MTCC4748 and
Epidermaphyton flocossum MTCC7880. The cyanobacterial extract showed effective antimicrobial
efficacy in polar solvents rather than in non-polar solvents against E. coli, S. aureus, C. albicans
and E. flocossum. On the other hand, these extracts showed no activity against B. subtilis and P.
aeruginosa. The agueous, ethyl acetate and chloroform extracts showed no zone of inhibition; while
hexane and benzene mimicked very little antibacterial effect and methanol extract showed moderate
antimicrobial activity towards S. aureus and E. flocossum which might be attributed to less
solubility of active components in these solvents (data not shown). The antimicrobial activity of
aqueous, ethanol, diethyl ether, hexane and chloroform extracts of Fischerella have previously been
reported (Asthana et al., 2006; Ravesh and Carmeli, 2007; Panigrahi et al., 2015). The variation
observed in present study may be attributed to the inherent potential of strain used or the degree
solubility of bioactive compounds in different solvent systems (Philip et al., 2009).

Based on the screening tests, the examination of antimicrobial activity of various extracts of
Fischerella sp. revealed acetone to be the best solvent for the extraction of active antagonistic
material and was found more effective against two pathogens, E. coli and C. albicans. The
compounds were further purified by column and thin layer chromatography (twice). The
chromatographic studies of 2 g biomass dissolved in 50 mL acetone extract of Fischerella sp.
resulted in 15 elutes (fractions). Of these, elute No. 2 showed activity during screening. Further
purification by TLC using ethyl acetate and hexane (1:1) revealed four pure fractions which were
labelled as A1, Az, Az and As. One single fraction (A.), out of four fractions on TLC plate, depicted
antimicrobial activity against E. coli and C. albicans while others were ineffective. The confirmation

Incubation Period (Days)

Phycoerythrin
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Table 1: Antimicrobial activity and antimicrobial index (in parentheses) of the compounds derived

from Fischerella sp.

Inhibition zone (mm)/Antimicrobial index (Al)

Sources C(ORT\F,);TJZ?S B. subtilis | E.coli |P.aeruginosa| S.aureus | C. albicans | E. flocossum
MTCC 121|MTCC 723] MTCC 741 |[MTCC 902|MTCC 4748| MTCC 7880
Ay - - - - - -
A, - Complete - - 16.3+6.0 -
Fischerella sp. (0.96) inhibition (Al =68)
As - - - - - -
A4 - - - - - -
Ciprofloxacin 1Z (mm) - 28 18 26 - -
(10 mg mL?)
Carbazine 1Z (mm) - - - - 24 30
(10 mgmLY)

8R¢ = Retention factor; 1Z = Inhibition zone; A = Acetone; numerals with the compounds indicate the number

of spots on TLC plate

r

of bioactivity of this fraction
(A2) was carried out after
second time purification on
TLC plate which recorded a
single major spot depicting the
same response. The spot (A2)
was carefully scrapped out and

Control (Acetonc)
Escherichia coli (MTCC723)

Compound (A, Ry value - 0.96)
E. coli (MTCC723)

@

Ciprofloxacin (10mgmL™")
E. coli (MTCC723) (28mm)

dissolved in acetone solvent as
it was found soluble in acetone
(3 mL) only. This extract was
centrifuged to remove the silica
gel powder. The supernatant
was concentrated in vacuo to
isolate the white powdered
compound and stored in 4°C till

Control (Acetone)
Candida albicans
(MTCCA4748)

Fig. 2: Antimicrobial activity of the purified compound (A2, Ry

Compound (Ax, R¢ value - 0.96)
C. albicans (MTCC4748)

Carbazine (10mgmL")
C. albicans (MTCCA4748)

(24mm)

value - 0.96) extracted from acetone of Fischerella sp.

use. The compound Az showed
complete inhibition against E.
coli (Table 1, Fig. 2). The zone
of inhibition obtained against C.
albicans was 16.3 + 6.0 mm
(antimicrobial index, 68%). In

comparison to the positive control ciprofloxacin (10 mg mL™) and carbazine (10 mg mL™?), the
compound A showed better activities against E. coli and completely inhibited its growth. Through
direct bioautography on TLC plates and phytochemical spraying, the pure compound A; with Ry
value of 0.96 was found to be an alkaloid (Fig. 2). Singh et al. (2017) and Safari et al. (2019) reported

Table 2: Minimum inhibitory concentrations (MIC) of compound (A;) from Fischerella sp.

MIC values (mg mL?)

Compound — - - -
Sources (Revalue) B. subtilis  E.coli P.aeruginosa S.aureus C.albicans E. flocossum
MTCC 121 MTCC 723 MTCC 741 MTCC 902 MTCC 4748 MTCC 7880
Fischerellasp. A (0.96) - 0.312 - - 0.625 -
Ciprofloxacin MIC (mgmL?) 25 0.625 0.625 2.5 - -
(10 mgmL™?)
Carbazine MIC (mg mL™) - - - - 0.312 0.625
(10 mg mLY)

®R¢ = Retention factor; A = Acetone; The numerals with compound indicate the number of spots on TLC plate
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Table 3: IR- spectrum of the purified active
compound from Fischerella sp.
Types of Characteristics absorption
Functional groups vibrations (cm™) of A, compound
(Rsvalue 0.96)

Hydroxyl O-H (stretch) 3534.7
Amide A N-H (stretch)
Alkanes -CH; (stretch) -

-CHjs (bending) -
Alkenes =C-H (stretch) 3003.8

=C-H (bending) -
Alkynes -C=C- (stretch) -

C-H (bend)

Amine 1| C-N (stretch) 1220.5

N-H (bending) 903.0
Aromatic rings C-C (stretch) 1420.3
Alcohol, carboxylic C= O (stretch) 1707.8
acids, esters C- O (stretch) 1092.1
Nitro compound N-O (stretch) 1358.8
Alkyl halides C-Br (stretch) 529
Phosphodiester >P=0 -
Iron containing Fe 420

210nm

Absorbance

reported that antimicrobial effects of
cyanobacterial extracts against pathogens
may include fatty acids, alkaloids,
flavonoids, phenolic compound, quinones
and steroids. In present study, direct
bioautography showed the presence of
alkaloids in the active purified compound
A, of Fischerella sp. (Walton and Berry,
2016). In contrast, many studies have
reported the presence of terpenoids,
tannins and saponin in the extracts of
cyanobacteria (Pattanaik and Lindberg,
2015). Further, the minimum inhibitory
concentration (MIC) of compound was
determined to assess the effectiveness of
compound. The lowest and moderate MIC
of A2 was 0.312 and 0.625 mg mL™ against
E. coli and C. albicans, respectively, which
was co-related with MIC values (Table 2)
indicating that acetone extract contained

200 210 220

Wavelength ()

Alkenes)

2 30

DTXCID9069699 1

(b) ()

{srosch
\-H (hending)
{Amine Il

(Esders

Hreick)

(Asomatic nngs)

M COntaining groop

I

) (stresch)
[ Aloohol, Carboxylic acids)
ND (stretch
10 Compoune |
o
(Am

N
C-Br (stretch)

(c)

Fig. 3: Spectroscopic analysis of the purified compound (A2, Rsvalue - 0.96) derived from acetone
extract of Fischerella sp. (a) Single spot/compound on TLC plates; (b) UV absorption
spectrum; (c) FT-IR spectrum, and (d) LC-MS
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better quality bioactive compound in concomitant to previous reports (Panigrahi et al., 2015;

Singh et al., 2016).

The elucidation of chemical structure of the isolated pure A, compound (Rf value 0.96) from
Fischerella sp. was determined by UV-Vis, FTIR and LC-MS analysis (Fig. 2). UV spectrum of
bioactive compound showed a single peak at 210nm and the compound was found to be an UV
compound which revealed the presence of functional groups of absorption bands at 3534 cm™ due to

1204 I W Control
]' - I Acetone
2 904 B 35mgml!
% 1L75mgml"*
fa
» M 0.875mgmL’
Kl
304
0-
24h 48h

Fig. 4: Cytotoxicity activity (%) of the compound (A2, Rs
value 0.96) of Fischerella sp. against Catla thymus
macrophage

G|
=
3 l |
: l
[ s
3
lmag 2 Sang dmg
Concentration mgml_ !
fta)
-
Mmag AS Sy
Concentration mgmi. *
(b)
-
3
2
P
s

deag

Concontration megeal *
(c)

Fig. 5: Cytotoxicity activity (%) of the compound (A2, Rt
value 0.96) of Fischerella sp. against Mus musculus cell
line at different time interval (a) 24 h, (b) 48 h, (¢) 72 h

to NH,, OH and NH groups. The peak
at 3003.8 cm™ indicated the presence
of C-H aliphatic compounds. The
absorption band at 1707.8 cm™ was
due to carboxylic acids, at 1420.3 cm™
due to aromatic ring, at 1358.8 cm™
due to amide group and at 1220.5 cm™
due to phosphodiester groups.

The peak at 1092.1 cm™ revealed
the presence of ester groups (C-O-C
stretching), at 903 cm™ for C-H, at 529
cm™ for alkyl halides and at 420 cm™
for iron group after FT-IR analysis
(Table 3). The LC-MS analysis
revealed the single pure compound A;
to be iron (2+) amino (cyclopenta 2,4
diene-1-ylidine) methanolate 1,2,3,4,5-
pentapheny-cyclopenta-2,4 dien-1-ide
(pentaphenyl-ferrocene-carboxamide)
CaiHz:FeNO:MW, 610 g mol™* (Fig.
2). The resultant compound was
surveyed with the available data base
of PubChem, provided by NCBI but
we found no biological activities.

The spectroscopic studies
suggested that the antimicrobial
activity of the extracts may be due to
the presence of these secondary
metabolites within it (Ozer et al.,
2016). In  earlier studies, the
compounds such as ambiguines, a
hapalindole type alkaloid, parsiguine,
fischerllin A, a allelochemicals and
hapalindole from Fischerella sp., F.
ambigua and F. muscicola (Singh et
al., 2016) exhibiting antibacterial and
antifungal activities against
Mycobacterium tuberculosis H37Rv,
Bacillus anthracis, Staphylococcus
aureus ATCC25923, Salmonella typhi
MTCC3216, Pseudomonas aeruginosa
ATCC27853, E. coli ATCC25992 and
Enterobacter aerogene MTCC2822
were reported where in pentaphenyl
ferrocene carboxamide was reported
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MNA447259 1 Fischerella sp. VBCCADS2008
‘ [ JXE26460 1 Fischarella sp. Indf?
ABO75085 1 Fischerolla muscicola SAG 1427.1 PCC 73103
LT745778 1 Hapalosiphon arboreus 30OWOS502
— LCA26255 .1 Hapalosiphon sp. Ryu2-7ON_ D3
MNA4O2500 1 Wastiellopsis sp. KHEA
KJ768871 .1 Flecherella ambigua UTEX 1903
o { MFB80043 1 Fischerella sp. CENA2OB
‘ ABOO3401 1 Fischerella sp, 1AM M-263
Fischarella sp. BOTUAT 46

Fig. 6: Phylogenetics tree of sub-aerial cyanobacterium Fischerella sp. (Accession No. MN593556)

from Fischerella sp. collected from sub-aerial habitat (cement walls), building of Bhubaneswar,
Odisha. The suggested compound A, was assayed for in vitro cytotoxicity test by comparing two
different cell lines i.e. Catla thymus macrophage and osteoblast precursor of Mus musculus with
different concentrations 0.875-4.0 mg mL™?, respectively (Fig. 4-5). Further, there was no
pronounced cytotoxic effect in cell lines derived from the healthy tissue of Catla thymus
macrophage and Mus musculus up to 48 h with a concentration range of 0.875-4.0 mg mL™, but
little lethal effect was noticed at 3.5 mg mL™ (ICso) after 72 h. Previous studies have reported
hapalindole from F. muscicola UTEX strain number LB1829 investigated with HT-29, MCF-7,
NCI-H460, SF268 and IMR90 cells was non-toxic (Kim et al., 2012) which are in agreement with
present finding.

The species was identified by molecular characterization using 16S rRNA sequencing where
maximum likelihood tree was obtained from the analysis of 16S rRNA sequences (Fig. 6). It was
identified as Fischerella sp. which is the most potential species with accession No. MN593556.

Conclusion: The sub-aerial cyanobacterium Fischerella sp. (accession No. MN593556) revealed
promising antimicrobial activities. In addition, the compound identified in acetone extract of
Fischerella sp. was found non-toxic in nature which can be potentially explored further leading to
the development of natural antimicrobial agents. This is the firsthand information regarding the
isolation of an extremophilic sub-aerial cyanobacterium from building facades of Bhubaneswar,
Odisha (India) with ability to produce antimicrobial compound. Further scientific studies are
required to find its use in pharmaceutical industries against resistant antibiotics and
chemotherapeutics.
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