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Abstract The information available on microalgae-
sourced compounds, especially antibiotics and other
bioactive compounds, and their potential commercial
applications is still insufficient. In this study, antibacte-
rial activity, metabolites, and molecular characterization
of Phormidium autumnale, which was isolated from
samples collected from different natural freshwater sources
in Ankara, Turkey, were investigated. Sequencing results
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of 16s tDNA confirmed the molecular identification of
P autumnale by 99%. It was determined that the peak
values of some phenolic compounds and cyclic peptides
were consistent with the 1653—1389 ¢cm ™' band regions in
the FTIR spectra of the species. The antibacterial activities
of P autumnale cyanobacteria (CBA) extracts that were
obtained by using different solvents were tested on
Escherichia coli, Staphylococcus epidermidis,
methicillin-resistant (MR) Staphylococcus aureus, Strepto-
coccus agalactiae, and Enterococcus faecalis by using a
disc diffusion method. Also, the minimum inhibition con-
centration (MIC) and antimicrobial indexes of all extracts
were determined. It was found that P autumnale methanol
extracts showed antibacterial activity on all test bacteria,
whereas acetone extracts showed effects only on E. coli.
For the inhibition of MR S. aureus, the control
methanol extract was found to give very similar
results to those exhibited by the control antibiotics,
and the antimicrobial index results were determined
to be 58.7-67.5%. According to the results of the
analysis of methanol extract, gentisic acid, vanillic
acid, 4-hydroxybenzoic acid, p-coumaric acid, and
catechin (especially phenolic compounds) were de-
termined to be the active compounds. It can be
concluded that P. autumnale is an alternative to
current commercial applications as an antibacterial
agent in phytotherapy.

Keywords Phormidium autumnale - Molecular
characterization - Antibacterial activity - Cyanobacteria
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Introduction

Cyanobacteria are one of the oldest organisms in the
world and have spread to very large habitats including
freshwater, sea, and land (Malathi et al. 2014; Mundt
etal. 2001; Thajuddin and Subramanian 2005). In recent
years, the metabolites and the biomass produced by
Cyanobacteria are gaining attention as new commercial
sources. Cyanobacteria are used in commercial areas
such as animal and human nutrition, cosmetics, agricul-
ture, and especially phytotherapeutic applications
(Heidari et al. 2012; Pandey 2015). Cyanobacteria are
natural sources of antiviral, antibacterial, antifungal,
anti-inflammatory, and anticancer compounds due to
their biologically active secondary metabolites (e.g.,
phenolics, terpenes, pigments, phytochemicals)
(Namikoshi and Rinehart 1996; Jaki et al. 2000;
Sundararaman and Sekar 2001; Ghasemi et al. 2003).
Also, they provide new and useful pharmaceuticals
which are hard to produce synthetically due to their
structural complexity (Schlegel et al. 1999).

Secondary metabolites produced by cyanobacteria,
such as Lyngbya majuscula (Burja et al. 2001),
Phormidium tenue (Rajeev and Xu 2004), Nostoc com-
mune (Bhadury and Wright 2004), and Anabaena
circinalis (Rajeev and Xu 2004), and antimicrobial ac-
tivities of these metabolites were successfully tested on
various microorganism groups. Similarly, Cyanobacterial
strains of the genera Spirulina, Tolypothrix, Anabaena,
Cylindrospermopsis, Tychonema, Microcystis,
Aphanizomenon, Oscillatoria, and Trichodesmium have
been reported mostly for antibacterial activities
(Deshmukh and Puranik 2010, Sundaramanickam et al.
2015). Cyanobacteria and their associated bacteria are
also utilized successfully in wastewater treatment
(Martins et al. 2011). Some cyanobacteria species, such
as Spirulina, Anabaena, and Nostoc, have been con-
sumed in several countries as potential nutritional sup-
plements since antiquity (Panjiar et al. 2018).

Many antimicrobial compounds currently used have
lost some of their efficacy due to various reasons including
an increase in the number of pathogenic microorganisms,
toxicity, lack of efficacy, cost increases, and the develop-
ment of resistant strains caused by frequent use. Therefore,
a need for the development of alternative biodegradable
and broad-spectrum alternative agents has emerged.
Microalgae and cyanobacteria have become important
subjects for researchers in the search for new raw materials
(Abedin and Taha 2008; Demiriz et al. 2011).
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Studies of the antibacterial activity of Phormidium
taxa, which play an important role in Cyanobacteria,
have demonstrated that these taxa show high biological
activity and can be more effective on many microorgan-
isms at various rates compared with other Cyanobacteria
species (Pabugcu and Demiriz Yiicer 2018). As can be
seen above, the antimicrobial properties of
cyanobacteria have been studied on different species,
but no study has been found in the literature on the
antimicrobial activity of Phormidium autumnale. In this
study, the antibacterial activity of P. autumnale isolated
from natural freshwater sources of Turkey was investi-
gated, and molecular characterization was performed.
P autumnale was evaluated in terms of phytochemical
content and phytotherapeutic activities against several
pathogenic bacteria.

Materials and methods
Sample isolation and preparation

Samples were collected from different natural freshwa-
ter sources in Ankara, Turkey. These cultures were
allowed to incubate at room temperature after inocula-
tion in pre-enrichment nutrition media. This media
contained MgSO,4-7H,0 (2.50 g), KNO;3 (5.0 g),
KH,PO4 (1.25 g), FeSO47H,0 (0.009 g), and distilled
water (1000 ml). Phormidium autumnale (C. Agardh)
Trevisan ex Gomont was isolated from these samples.
P. autumnale was identified at the species level with
microscopic examination after incubation (Huber-Pes-
talozzi 1938, 1955, 1982; Hur et al. 2015). From the
mixed species in the pre-enrichment medium,
P, autumnale was isolated through a micromanipulation
technique (CSIRO 2017). The subcultures were pre-
pared by putting 30 ml BG-11 nutrient media into 50-
ml Erlenmeyer flasks and adding approximately 5—-10%
culture depending upon the intensity of cells (Hur et al.
2015). The BG-11 medium contained (in g/l) NaNOs;,
1.5; KzHPO4, 004, MgSO47H20, 0075, CaC12~2H20,
0.036; citric acid, 0.006; ferric ammonium citrate,
0.006; EDTA, 0.001; and Na,COs, 0.02. This medium
was amended with 1 ml trace solution of composition
(in g/l) H3BOs3, 2.86; MnCl,, 1.81; ZnSO,4-7H,0, 0.222;
Na,MoO4-2 H,0, 0.39; CuSOy45 H,0, 0.079; and
Co(NO3),-6H,0, 0.0494. All the chemicals were ob-
tained from Merck, Germany. Those containing 30 ml
cultures were incubated at 25 °C and under fluorescent



Environ Monit Assess (2020) 192: 244

Page 3 of 11 244

lamps at photon flux density of 50 pmol photons
m 2 s ' with a photocycle of a light for 16 h and
darkness for 8 h (Guillard 2005). The pH was adjusted
to be 6.8 (Andersen and Kawachi 2005). This strain is
conserved in the Ahi Evran University of Culture Col-
lections of Algae (AEU-CCA) and is encoded as

CCAO1PhO2.
Pigment extraction analysis

Accordingly, 0.5 g of fresh sample was weighed, and
25 ml of methanol (96%) was added. The mixture was
homogenized at 1000 rpm in a centrifuge for 1 min, and
homogenate was filtered. Absorbances of chlorophyll-a
(630, 645, 665, and 750 nm) and total carotenoid
(480 nm) were measured with UV-vis spectrophotome-
try (Thermo Scientific GENESYS 10S UV-Vis). The
chlorophyll-a concentrations were calculated using the
equations below (Egs. 1 and 2). In order to determine the
total carotenoid, the absorbance at 480 nm was mea-
sured, and Eq. 3 was used to determine the total carot-
enoid content (Parsons and Strickland 1963).

Chlorophyll-a = 11.6 x D665-1.31 x D645-0.14 x D630 (1)

g v

Z=Cx—=xV 2
iz X ] X (2)
T'otal Carotenoid u—g = D480 x 10 (3)

where C is the chlorophyll-a content from the first
equation, V is the filtered water (1), v is the volume of
acetone (ml), and 1 is the path length ofthe cuvette (cm).

Molecular characterization
FTIR spectroscopy

For spectral analysis (and all measurements), samples
were prepared during their exponential phases. From
these samples, 0.5 ml aliquots were resuspended in
deionized water, and droplets of the culture suspension
were spread out all over “Low-e” reflectance slides
(Kevley Technologies) for monolayer preparations.
Samples were subsequently air-dried under a laminar
flow system at room temperature and stored in a desic-
cator until analysis. Infrared analysis was carried out at
the Nanotechnology Laboratory of Bilkent University
(UNAM), Ankara (Turkey), using a Vertex 70 with

Hyperion microscope fitted with a Bruker Tensor 37
FTIR spectrometer. Spectral resolution of the mercury
cadmium telluride (MCT) detector was 4 cm ', with
128 co-added scans. Each view on the microscope was
chosen from the transmission region between 400 and
5000 cm™ ! wave number range, 4 cm ! resolution, and
aperture of 20 x 20 um? (Sigee et al. 2002; Duygu et al.
2012). Firstly, samples were examined and analyzed by
bright-field microscopy in the dry state, without any
mounting medium or coverslip. Afterwards, infrared
absorption spectra were collected from a clear field
(background) and from algae colonies, and a ratio was
obtained of the sample-to-background spectrum. Spec-
tra were obtained from 33 individual colonies of
P autumnale (one spectrum per colony). The manipu-
lation of spectra was carried out using the Bruker OPUS
6.5 software. The spectra were baseline corrected, using
the automatic baseline correction algorithm, and were
normalized to amide 1. Spectral absorption bands were
identified in relation to the published information (Sigee
et al. 2002).

DNA extraction and PCR analysis

DNA extraction and PCR analysis were carried out
based on an unpublished study on other algae species.
At the first stage of analysis, DNA was extracted from
the algal cells using a DNA extraction kit from Mo Bio
Laboratories. The DNA was then cleaned using a
Qiagen QIAquick PCR purification kit and run on a
1% gel to visualize the cleaned-up DNA. PCR was
carried out using a Roche Expand High Fidelity PCR
kit. 16S rRNA gene amplicons were amplified by the
universal primers 27F and 1492R (~1.5 kb amplicon
size). The 16s PCR product was then cleaned using a
Qiagen QIAquick PCR purification kit to remove salt/
enzymes from the PCR reaction. The DNA was mea-
sured on a nanodrop (http://www.nanodrop.
com/Productnd2000overview.aspx), and the data are
presented in the following table.

Microalgae 260/280 260/230 ng/ul DNA

P autumnale 1.90 2.37 26.7

As the algae sample gave a concentration close to the
required range, it was sent to GATC-Biotech for single-
read sequencing (http://www.gatc-biotech.com/en/index.
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html). Subsequent sequence analysis was performed by
BLAST.

Identification of P. autumnale compounds
by HPLC-TOF

Extracts were analyzed in an Agilent 1260 Infinity
HPLC system coupled with an Agilent 6210 TOF-MS
detector and a VYDAC C18 column (25 mm % 300 mm
10 um) (Eser et al. 2017). The methanol extract was
obtained from the aerial parts of P. autumnale and
analyzed using HPLC-TOF. The identification of indi-
vidual compounds was based on the data from the
standards. Eight compounds were identified as phenolic
acids from the extract.

Antimicrobial activity
Preparation of the sample extracts

For antibacterial activity observations, P. autumnale
biomass was harvested after 15 days of incubation by
centrifugation at 20 min, dried, and powdered using a
blender (Prakash et al. 2012). The dried biomass was
extracted with organic solvents (methanol (ME) and
acetone (ACE)). Prepared suspensions were dried in a
rotary evaporator (Heidolph, Germany). The dried ex-
tracts were resuspended in 3 ml of each solvent and
preserved at 4 °C until further use in antibacterial assays
(Deshmukh and Puranik 2010).

Test microorganisms

In vitro antibacterial studies were carried out against the
pathogens Escherichia coli 4240620, Staphylococcus
epidermidis 4243606, methicillin-resistant (MR) Staph-
vlococcus aureus 4239589, Streptococcus agalactiae
4239460, and Enterococcus faecalis 4241508. Patho-
gens were obtained from the Culture Collection of Gazi
University.

Disc diffusion assay

Antibacterial activity of P autumnale extracts against
the test organisms was examined by a disc diffusion
assay (Deshmukh and Puranik 2010). Whatman No. 1
filter paper discs of 6-mm diameter were sterilized by
autoclaving for 15 min at 121 °C. The sterile discs were
impregnated with different extracts (100 pl). Agar plates
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were surface-inoculated uniformly from the broth cul-
ture of the tested microorganisms. Sufficient inocula
were added until the turbidity equaled 0.5 McFarland
standards (Sasidharan et al. 2010).

The impregnated discs were placed on the Mueller-
Hinton medium, suitably spaced apart, and the plates
were incubated at 37 °C for 24 h. All the organic
solvents that were used in extract preparation were used
as negative controls, while commercial antibiotic discs
(cefoxitin 30 meg, vancomycin 30 mcg, and cefotaxime
30 mcg) were applied as positive controls. Antibacterial
activity was assessed by measuring the diameter of the
growth inhibition zones around the discs. All the exper-
iments were carried out in triplicate.

Determination of minimum inhibitory concentrations
(MICs)

Minimum inhibitory concentrations (MICs) were mea-
sured by determining the lowest concentration of extract
or standard antibiotic needed to inhibit the visible
growth of a test microorganism. The test was performed
in 96-well microtiter plates, so that several replicates of
each sample could be run. All isolates were grown in
nutrient broth at 37 °C overnight, and then the bacterial
cultures were added into 96-well plates containing di-
luted samples of algal extract (10-100 pg/ml).

Each sample was tested in triplicate and the results
were recorded after 24-h incubation periods at 37 °C.

Antimicrobial index

The antimicrobial indexes of individual P. autumnale
extracts were calculated by the formula below (Ghasemi
et al. 2003).

Antimicrobial index

= (Extract inhibition zone/Antibiotic inhibition zone) x 100

Statistical analysis

Wet weight, pigment content, agar well diffusion, and
MIC were performed in triplicate, and the results were
expressed as means (£) (n =3) plus the standard devia-
tion of the means. Statistical analysis was performed
using Microsoft Excel.
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Results and discussion
Taxonomic identification

The genus Phormidium belongs to the family
Oscillatoriaceae and is a filamentous genus of
Cyanobacteria. Phormidium is a blue-green colored alga
that is morphologically unbranched filamentous, usually
colonial, thin, smooth, and microscopic (with a macro-
scopic appearance in the case of a colony). They are
facultative organisms that can live under extraordinary
conditions and have free trichomes. Trichomes consist of
isodiametric or long cylindrical-shaped cells. Although
there are some folds in the trichomes, heterocyst and
akinete-like structures are not observed (Pabugcu and
Demiriz Yiicer 2018). Approximately 170 species have
been classified, but there have been challenges with de-
scribing the genera of Phormidium, and molecular analy-
ses have shown different results from morphological ap-
proaches indicating that they are not monophyletic (Meijer
2017). In Fig. 1, the taxonomic classification (left) of
P, autumnale (Guiry and Guiry 2018), its appearance under
a microscope (middle), and a representative FTIR image
(right) are given.

Detection of P. autumnale growth and pigment content

In this study, pure cultures of isolated P autumnale were
first prepared. The BG11 medium was used for culturing
the strains, and pigment analysis was performed to

Classification

Empire Prokaryota

Kingdom Eubacteria
Subkingdom Negibacteria
Phylum Cyanobacteria

Class Cyanophyceae
Subclass Oscillatoriophycidae
Order Oscillatoriales

Family Oscillatoriaceae

Genus Phormidium

Fig. 1 Classification, microscopic, and FTIR images of P. autumnale

determine if there was sufficient biomass density following
the incubation. The total biomass volume, fresh weight,
chlorophyll-a, and carotenoid values obtained as a result of
the 15-day incubation of P. autumnale cultures are given in
Table 1. According to the results of the pigment analysis
performed at the end of the 15th day, the chlorophyll-a
content was 3.18 pg/ml, while the carotenoid content was
69.8 pg/ml. Asadi et al. (2011) have reported that the
chlorophyll-a content of Phormidium sp. was 1.282 ng/
mg, while Fresnedo et al. (1991) have reported the
chlorophyll-a content of Phormidium sp. as 10.9 mg/mg
and carotenoid content as 3.95 mg/mg. Santhose et al.
(2011) have reported that the chlorophyll-a and carotenoid
values of Phormidium sp. were 12.40 pg/ml and
76.2 ng/ml, respectively. These differences were associat-
ed with species structure and incubation conditions.

FTIR spectroscopy

The molecular characterization of P autumnale was per-
formed using FTIR spectroscopy (Fig. 2), and the band
assignments of the FTIR spectra are shown in Table 2. In
the 400-5000 cm ' wavelength range, 11 clear bands of
P autumnale were determined, and each peak of these
bands was assigned to a functional group. These bands
were temporarily identified on the basis of reference stan-
dards published for phytoplankton and bacteria (Sigee
et al. 2002; Nauman 2002; Dean et al. 2007). Two strong
bands represented in 1653 cm ' (amide I) and 1545 cm ™
(amide II) were defined as protein spectra. These bands are
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Table 1 Total biovolume, wet weight, chlorophyll-a, and carot-
enoid content of P autumnale at the end of 15 days

Total Wet Chlorophyll-a Carotenoid
biovolume (%) weight (gr) (ng/ml) (pg/ml)
0.25 0.012 + 0.0005 3.18 + 1.3 69.8 £2.3

Data are given as mean + standard deviation of triplicates. Mean
values, n=3

caused by a combination of C=0 stretching vibration and
N-H and C-N stretching vibrations in the amide complexes
(Ponnuswamy et al. 2013). Lipid spectra were character-
ized by two sets of strong vibrations: C-H at 2923 cm '
and the C=0 mode of the side chain from the ester
carbonyl group at 1740 cm '. The wavelengths of
1152 cm™', 1077 em ™', and 1050 cm™' detected in the
FTIR spectrum were carbohydrate absorption bands at-
tached to the C-O-C of polysaccharides. Functional groups
such as nucleic acids that are the stretching of
phosphodiesters in the same region of the spectrum
(1077 cm ') were identified (Table 2). FTIR spectra of
some phenolic compounds showed the wavenumbers of
C-H stretching and C=0 asymmietric stretching vibrations.
In this study, the absorbance values of the peaks in band
regions 47 (especially amide I and amide II) were high.
Initially, although the FTIR expressions were not planned
according to specific molecules such as phenolic com-
pounds or cyclic peptides, these band regions of
P autumnale resemble most of the wavelengths of FTIR
spectra of some phenolic compounds and cyclic peptides
(Signh et al. 2007; Swistocka et al. 2012; Trivedi et al.
2015; Poon et al. 2012). Cyclic peptides and phenolics
have attracted a great deal of attention for the development
and design of new antimicrobial agents due to their anti-
microbial activities and high stability (Flanga et al. 2017).

Genetic characterization of P. autumnale

The 16s sequencing results were returned in
FASTA format as shown below. The results con-
firmed the molecular identification of P. autumnale
by 99%.

>Phormidium autumnale

TTGGAAACGACTGCTAAGCCCCGATGTACCGA
AAGGGAAAATATTTATAGCCTGAAGATGAGCTCGCG
TCCGATTAGCTAGTNGGCGGAGTAAAAGCCCACCAA
GGCGACGATCGGTANCTGGTCTGAGAGGACGATCAG
CCACACTGGGACTGAGACACGGCCCAGACTCCTACG
GGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAA
AGCCTGACGGAGCAAGACCGCGTGGGGGAA
GAAGGCTCTTGGGTTGTAAACCCCTTTTCTCTGGGA
AGAAAGTTGTGAAAGCAACCTGACGGTACC
AGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGC
CGCGGTAAGACGGAGGATGCAAGCGTTATCCGGAAT
GATTGGGCGTAAAGCGTCCGCAGGTGGCAGTTCAAG
TCTGCTGTCAAAGACCGGGGCTTAACTTCGGAAAGG
CAGTGGAAACTGAACAGCTAGAGTATGGTAGGGGCA
GAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAG
ATCAGGAAGAACATCGGTGGCGAAGGCGCTCTGCTG
GACCATAACTGACACTCAGGGACGAAAGCTAGGGGA
GCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGT
AAACGATGGATACTAGGTGTTGTCTGTATCGACCCG
GACAGTGCCGTAGCTAACGCGTTAAGTATCCCGCCT
GGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAAT
TGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTT
TAATTCGATGCAACGCGAAGAACCTTACCAGGACTT
GACATGTCGCGAATCTTTTGGAAACAGAAGAGTGCC
TTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCG
TCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC
AACGAGCGCAACCCTCGTGTTTAGTTGCCATCATTA
AGTTGGGCACTCTAAACAGACTGCCGGTGACA

Fig.2 FTIR absorption spectrum
of P autumnale
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Table 2 Tentative assignment of bands found in FTIR spectra of air-dried preparations of P, autumnale'

Band number Band wavenumber

Wavenumber range

Tentative assignment of bands to major macromolecules

(ecm™ (cm™)
1 3426 3029-3639 Water v(O-H) stretching
protein w(N-H) stretching (amide A)
2 2923 2809-3012 Lipid—carbohydrate
Mainly v,s(CH,) and v{(CH,) stretching
3 1740 1763-1712 Cellulose—fatty acids
W(C=0) stretching of esters
4 1653 1583-1709 Protein amide I band
Mainly v(C=0) stretching
5 1545 1481-1585 Protein amide II band
Mainly 6(N-H) bending and v(C-N) stretching
6 1452 1425-1477 Protein d,5(CH,) and ¢,,(CH3) bending of methyl
Lipid d,5(CH,) bending of methyl
7 1389 1357-1423 Protein dy(CH,) and d(CH3) bending of methyl
Carboxylic acid v{(C-O) of COO™ groups of carboxylates
8 1238 1191-1356 Nucleic acid (and other phosphate-containing compounds)
vos(>P=0) stretching of phosphodiesters
9 1152 1134-1174 Carbohydrate v(C-O-C) of polysaccharides
10 1077 1072-1099 Carbohydrate v(C-O-C) of polysaccharides
Nucleic acid (and other phosphate-containing compounds)
vs(>P_O) stretching of phosphodiesters
11 1050 980-1072 Carbohydrate v(C-O-C) of polysaccharides

! Band assignment based on Sigee et al. (2002), Nauman (2002), and Dean et al. (2007)

Antimicrobial activity

In recent years, the resistance of the pathogenic bacteria
to antibacterial agents and the side effects of drugs have
led researchers to try to find new sources and other
antimicrobial options (Shamchi 2016). Although in
phytotherapeutic applications, higher plants are impor-
tant as biological materials, rich metabolite contents
produced by algae and cyanobacteria, and the develop-
ment of algae biotechnologies have made research on
this subject popular. In particular, cyanobacteria have
become potential sources of new active substances for
drugs and pharmaceuticals and have become available
as phytotherapeutic agents (Asadi et al. 2011;
Aliyazicioglu et al. 2018). It was determined that
P autumnale contains various phenolic compounds.
According to the antimicrobial test results of
P autumnale CBA extracts, screening the methanol
extract by the HPLC-TOF method, phenolic com-
pounds, gentisic acid, 4-hydroxybenzoic acid, caffeic
acid, (3-quartzic acid, 4-hydroxybenzaldehyde, salicylic
acid, catechin, and vanillic acid was identified among a
total of 23 parameters. Some other phenolics and flavo-
noids such as gallic acid and cinnamic acid were not
determined. Some of the phenolic acids detected in

P autumnale (especially gentisic acid, vanillic acid, 4-
hydroxybenzoic acid, and p-coumaric acid) were found
to be similar to those found in some other Phormidium
or terrestrial cyanobacterial species (Babi¢ et al. 2015;
Jerez-Martel et al. 2017).

For the phytotherapeutic evaluation of P. autumnale,
Gr (+) and Gr (—) test strains (Staphylococcus
epidermidis, MR Staphylococcus aureus, Streptococ-
cus agalactiae, Enterococcus faecalis, and Escherichia
coli clinical isolates) were used to determine the essen-
tial antibacterial activity. The data on inhibition abili-
ties of extracts, obtained from P. autumnale, and test
antibiotics (zone diameter: given in mm) are listed in
Table 3. The highest inhibition ability of methanol
extracts was found with E. faecalis 4241508 (15=+
0.4 mm), while the inhibitory effect on MR S. aureus
4239589 (13.5+0.5 mm) suggests that the extract has
a broad spectrum. Furthermore, the fact that only dis-
tilled methanol (13.5+0.72 mm) extract was effective
on S. epidermidis 4243606 shows that volatile com-
pounds of P. autumnale obtained after evaporation can
possess antibacterial effects. The extracts obtained with
acetone were found to be effective only on E. coli
4240620 (9.8 +0.43 mm). According to the results of
the analysis of methanol extract, the active compounds

@ Springer
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Table 3 Antimicrobial activities of different extracts of P autumnale compared with commercial antibiotics

Bacterial strains Inhibition zone (mm)

Antibiotic positive control

ME! DM? ACE? DAC? FOX* VAP CTX"
E. coli 4240620 4.1+0.68 2+0.37 9.8+0.43 2.54+0.45 22 - 20
S. epidermidis 4243606 - 13.5+0.72 - - 16 19 -
MR S. aureus 4239589 13.5+£0.5 11.5+0.58 - - 23 20 -
S. agalactiae 4239460 5.3+0.35 3+047 - - 21 19 -
E. faecalis 4241508 15+0.4 - - - 25 18 -

! Methanol extract

2 Distilled methanol extract
3 Acetone extract

“ Distilled acetone extract

# Cefoxitin 30 mcg

® Vancomycin 30 meg

¢ Cefotaxime 30 mcg

Data are given as mean + standard deviation of triplicates. Mean values, n=3

were determined to be the phenolic compounds
gentisic acid, vanillic acid, 4-hydroxybenzoic acid, p-
coumaric acid, and catechin.

Antibacterial activity tests for the evaluation of
P autumnale from a phytotherapeutic point of view
showed that this strain could be evaluated as an alternative.
Many studies on the inhibition data from extracts obtained
from higher plants and algae have reported that the differ-
ences are generally associated with the active compound
ratios and are caused by solvent differences. In the litera-
ture, it has been reported that the methanol extracts of
different algae showed higher antibacterial activity than
other extracts (Shamchi 2016). Acetone and distilled ace-
tone extracts of P autumnale were found to be effective
only on E. coli. The data on the minimum inhibition
concentrations of the extracts are shown in Table 4. The
MIC values for bacterial strains, which are sensitive to the
extracts, were in the range of 40-80 pg/ml.

To investigate the antimicrobial activity of
Cyanobacteria, various species have been investigated.
Malathi et al. (2014) investigated Tolypothrix tenuis,
Anabaena variabilis, and Cylindrospermum species
against Bacillus subtilis and Pseudomonas aeruginosa;
Tiwari and Sharma (2013) investigated Anabaena
variabilis and Synechococcus elongatus species against
E. coli, Enterococcus, and Klebsiella; Rania and Taha
(2008) investigated Spirulina platensis for the inhibition
of Gram-positive and Gram-negative bacteria and reported
positive results. Rodriguez-Meizoso et al. (2008) have
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reported that Phormidium sp. had an antibacterial effect
on Staphylococcus aureus and Escherichia coli. Demiriz
etal. (2011) determined that Phormidium tenue extract had
good antibacterial effects on Escherichia coli O157:H7. In
the literature, there has been no study yet to our knowledge
on the biological activity of P. autumnale.

The comparison of the antibacterial activity of
P autumnale extracts with commercial antibiotics was
evaluated as the antimicrobial index. These data are
shown in Table 5. According to the index data, the
efficacy of the methanol extract obtained from
P autumnale, especially on MR S. aureus, was 58.7—
67.5% similar to the efficacy of currently used antibi-
otics. Antimicrobial indexes were found to be notewor-
thy compared with those of commercial antibiotics.

Conclusion

Screening of extracts or isolated compounds from
different natural sources is a common way to explore
bioactive metabolites. In this study, it is noteworthy
that Cyanobacteria are a rich source of bioactive com-
pounds. These CBA-origin compounds have been a
subject of great interest in pharmaceutical therapy and
commercial applications. It has been established in this
work that P autumnale organic solvents have antibac-
terial effects against the tested pathogen bacteria. Our
data revealed that considerable inhibition zones were
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Table 4 Minimum inhibitory concentrations (MICs) of P. autumnale’s different extractions

Microalgae Test microorganisms MIC(ug/ml)
ME' DM’ ACE’ DAC*
P, autumnale Escherichia coli 4240620 70 80 50 80
Staphylococcus epidermidis 4243606 - 40 - -
MR Staphylococcus aureus 4239589 60 - - -
Streptococcus agalactiae 4239460 40 - - -
Enterococcus faecalis 4241508 50 - - -

! Methanol extract
2 Distilled methanol
3 Acetone
“Distilled acetone

Data are given as mean values, n=3

formed for the methanol and distilled methanol ex-
tracts, and these zones are comparable with those
formed by commercial antibiotics. However, further

Table 5 P, autumnale extractions antimicrobial index

investigations regarding toxicity, stability, and me-
tabolism of P. autumnale and its components must
be undertaken.

Bacterial strains Antibiotic Antimicrobial index in percentage
ME' DM’ ACE’ DAC*
Escherichia coli 4240620 FOX* 18.2 9 432 11.4
VA® - - - -
CTX® 20 10 47.5 12.5
Staphylococcus epidermidis 4243606 FOX* - 84 - -
VA® - 71 - -
CTX"® - - - -
MR Staphylococcus aureus 4239589 FOX* 58.7 50 - -
VA® 67.5 57.5 - -
CTX® - - - -
Streptococcus agalactiae 4239460 FOX* 26.2 14.3 - -
VA® 288 15.8 - -
CTX® - - - -
Enterococcus faecalis 4241508 FOX* 60 - - -
VA® 83.3 - - -
CTX® - - - -

! Methanol extract

% Distilled methanol extract

* Acetone extract

“ Distilled acetone extract

# Cefoxitin 30 mcg

®Vancomycin 30 meg

¢ Cefotaxime 30 mcg

Data are given as mean values, n=3
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