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ABSTRACT

Cyanobacteria are known for their potential for antibacterial activity against a variety of pathogens,
which are of medicinal importance in drug development. In addition, Cyanobacterial species pro-
duce various secondary metabolites that are used as dye and pigmentation and food additives.
Cyanobacteria Dolichospermum affine (Lemmermann) Wacklin, L. Hoffmann & Komarek was isolat-
ed from freshwater resources and its antimicrobial effect was studied. Chloroform, methanol and
water extracts of D. affine were tested to investigate their efficiency against five pathogenic bacte-
rial strains [Pseudomonas aeruginosa (ATCC 27853), Shigella dysenteriae (ATCC 11835), Escherich-
ia coli (ATCC 25924), Staphylococcus aureus (ATCC 29213) and Bacillus subtilis (ATCC 6633)]. The
antimicrobial test was determined using the disk diffusion method. The antimicrobial activities of
D. affine extracts were measured using the diameter of the inhibition zone (DIZ) of the pathogen
microorganisms. The results showed that B. subtilis and E.coli were more sensitive, while S. aureus
and P. aeruginosa showed more intermediate results. The highest antimicrobial activity was mea-
sured against E. coli (DIZ=13.9+0.05 mm - methanol), followed by B. subtilis (DIZ=13.6+0.05 mm -
methanol). The lowest antibacterial effect of D. affine extracts were observed against P aeruginosa
(DIZ=11.7+0.02 mm - chloroform) and S. aureus (DIZ=12.2+0.03 mm - chloroform). The Gram-neg-
ative bacteria S. dysenteria exhibited no zone of inhibition. The aqueous extract showed poor ac-
tivities against the tested pathogenic bacteria. Therefore, this study revealed that D. affine extracts
would be a promising natural resource for new antibiotics and further research would be needed.
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INTRODUCTION er, Purton, & Becker, 2005; Brennan & Owened,
2010). Today, the use of biomedical and pharma-
cological potentials of secondary algal metabo-
and terrestrial environments and in a wide vari-  |ites in algal biotechnology is a relatively new
ety of habitats, there are also numerous species  trend (Lorenz & Cysewski, 2000; Walker et al.,
and they are the primary producers of ecosys-  2005). Naturally active compounds found in al-
tems. The components produced by algae are  gae biomass have different biological properties
antioxidants and pigments (including fucoxan-  such as cytotoxic, antibiotic, antioxidant, anti-
thine, carotenoids, lutein, b-carotene, astaxan-  fungal, anti-inflammatory and antihelminthic
thin and phycobilliproteins), long chain polyun-  (Pulz & Gross, 2004; Gouveia, Batista, Sousa,
saturated fatty acids (LC-PUFA) and proteins (es- ~ Raymundo, & Bandarra, 2008; Plaza, Santoyo, &

Algae are organisms that live in both aquatic

sential amino acids methionine, threonine and
tryptophan). These secondary metabolites have
wide applications in food, feed, agricultural and
pharmaceutical industries (Gouveia, 2014; Walk-

Jaime, 2010; Patil, Patil, Mahajan, & Mahajan,
2011). Algae are also used as biomolecule and
biomass sources in fish farming, which can in-
crease the nutritional value of foods or provide
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additional health benefits (Mulbry, Kondrad, & Buyer, 2008). They
are also used in bioremediation applications and as a biofertilizer
because of their nitrogen fixation (Demir, 2011). Today, the most
important future use of biomass obtained from algae is thought to
be production of biofuels as a renewable energy source (Converti,
Casazza, Ortiz, Perego, & Borghi, 2009; Demirbas, 2010).

Cyanobacteria were the first photosynthetic organisms living in
the seas 3.5 billion years ago, capable of photosynthesis and hav-
ing prokaryotic cell structure. Due to their physiological flexibility
and long evolutionary backgrounds, they are found in a wide va-
riety of ecosystems (Weis & Pang, 2010). They show distinct mor-
phological differences for species as well as single-celled or fila-
mentous forms. The cell size of cyanobacteria is in the range of
0.5-1 um to 40 pm. It is capable of synthesizing chlorophyll-a and
at least one phycobiline as a pigment. Phycocyanin, which be-
longs to the phycobilin group, is blue in color and is the cause of
the blue-green color of most cyanobacteria with chlorophyll-a
(Madigan, Martinko, Stahl, & Clark, 2012). An important feature of
some species of cyanobacteria is the ability to fix atmospheric ni-
trogen (N,). Cyanobacteria species that fix nitrogen are generally
in filament form and make N, fixation by a small number of spe-
cialized cells called “Heterocyst” (Whitton, 2000).

In recent years, interest in biologically active substances from cy-
anobacteria has increased. Various studies have demonstrated
that cyanobacterial secondary metabolites have hypocholester-
olemic properties, enzyme inhibitor and other pharmacological
effects (Abobaker & Elsalhin, 2019). Various types of cyanobacte-
ria are known to produce intracellular and extracellular metabo-
lites with antibacterial and antifungal properties (Kreitlow, Mundt,
& Lindequist, 1999). These natural products are used in the pro-
duction of raw pharmaceutical materials and as structural models
in the synthetic molecules (Gault & Marler, 2009).

Bacterial infections cause major diseases worldwide, leading to
high mortality rates in humans and animals. Antimicrobial agents
are widely used in the treatment of bacterial infections, but bac-
teria can become resistant to existing drugs. For this reason, re-
searchers have begun to search for natural compounds in order
to discover new antibacterial compounds (Taskin, Ozturk, Taskin,
& Kurt, 2007). Cyanobacteria are seen as promising biological re-
sources in this field. Previous studies on antimicrobials obtained
from natural sources have focused on Spirulina platensis, Chro-
coccus sp., Oscillatoria sp., Synechocystis aquatilis, Anabaena
sp., Oscillatoria limosa, Pseudoanabaena limnetica, Phormidium
tenue and Spirulina platina species (Ozdemir, Karabay, Dalay, &
Pazarbasg, 2004; Demiriz, Cokmus, & Pabuccu, 2011). As can be
seen above, the antimicrobial properties of cyanobacteria have
been studied in different species, but a study on Dolichosper-
mum affine has not been found in the literature. This research in-
vestigated the antibacterial activity of cyanobacteria D. affine ex-
tracts against five selected pathogenic bacteria.

MATERIALS AND METHODS
Sample isolation

In our previous studies, D. affine was isolated in samples collected
from various freshwater resources in Ankara, Turkey. The one-cell

growth technique was used for the isolation of strains (Parvin, Zan-
nat, & Habib, 2007). Taxonomic identification of the isolate was
based on morphological features and species keys (Prescott 1973,
John, Witton, & Brook, 2002; Guiry & Guiry 2018). The subcultures
were prepared by putting 30 ml BG-11 nutrient media into 50 ml Er-
lenmeyer flasks and adding approximately 20% culture depending
upon the intensity of cells (Hur, Bae, Youn, & Jo, 2015). BG-11 me-
dium contained (in g/L) NaNO,, 1.5; K,HPO,, 0.04; MgSO, 7H,O,
0.075; CaCl,-2H,0, 0.036; citric acid, 0.006; ferric ammonium ci-
trate, 0.006; EDTA, 0.001; Na,CO,, 0.02. This medium was amend-
ed with 1 ml trace solution of composition (in g/L) H,BO,, 2.86;
MnCl,, 1.81; ZnSO,7H,0, 0.222; Na,MoO,2 H,0, 0.39; CuSO, 5
H,O, 0.079; and Co(NO,),-6H,0, 0.0494 (UTEX, 2016). All the chem-
icals were obtained from Merck, Germany. The pH was adjusted to
6.8 (Andersen & Kawachi, 2005). Those containing 30 ml cultures
were incubated at 25°C under fluorescent lamps at a photon flux
density of 50 pmol photons m? s with a photocycle of light for 16
hours and darkness for 8 hours (Guillard, 2005).

Cyanobacteria culture

D. affine was cultivated in BG-11 culture medium and the exper-
iments were carried out in 500 ml Erlenmeyer flasks containing
200 ml of medium and 50 ml suspended culture at room tem-
perature. Light was provided by cool-white fluorescent lamps at
photon flux density of 50 umol photons m? s with a photocycle
of a light for 16 hours and darkness for 8 hours for 14 days (Guil-
lard, 2005). After culturing, the cells of D. affine were centrifuged
at 5000 rpm for 20 min (Ndve NF 200), the supernatant was dis-
carded, and the remaining pellets were then used to test the ef-
fect of the algal extracts on some bacteria strains.

Preparation of algal extracts

Approximately one gram of dried powder of D. affine pellets was
extracted with chloroform, methanol and water (10 ml) and shaking
overnight for complete extraction. The extract was filtered and the
filtrate was concentrated under reduced pressure at 37-40°C and
stored in a refrigerator till further use. The concentration was ad-
justed to Tmg/ml using the same solvent used for extraction was
assayed for antibacterial activity (Malathi, Ramesh Babu, Mounika,
Snehalatha, & Digamber Rao, 2014; Deshmukh & Puranik, 2012).

Test microorganisms

In vitro antibacterial studies were carried out against the 5 hu-
man pathogen bacteria as shown in Table 1. Nutrient Broth was
used to grow these cultures and incubated at 30+1°C overnight.

Table 1. Test organisms.

Human Pathogen Bacteria Code Type
Pseudomonas aeruginosa ATCC 27853  gm negative
Shigella dysenteria ATCC 11835  gm negative
Escherichia coli ATCC 25924  gm negative
Staphylococcus aureus ATCC 29213  gm positive
Bacillus subtilis ATCC 6633 gm positive
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Antibacterial assay

The antibacterial activity test was done using the agar well diffu-
sion method (Perez, Pauli, & Bazerque, 1990). 0.1 ml of diluted in-
oculum (10° CFU ml"") of the bacterial strains were swabbed on
agar plates, and 5.0 mm size diameter wells on agar plates were
made with a sterile cork borer (5.0 mm). Using a micropipette,
100 pl of algal extract was added to the wells made on each
plate. The plates were allowed to incubate at 37+2°C for 24 to 48
h. Antibacterial activity was assessed by measuring the zone of
inhibitions (mm) against the bacterial strains. Negative controls
were prepared using the same solvents employed to dissolve the
obtaining extracts. Gentamycin (10 pg) and Ampicillin (10 pg) an-
tibiotic discs were used as a positive reference standard to deter-
mine the sensitivity of one strain from each bacterial species. The
tests were performed in triplicate. The following antimicrobial in-
dex formula was used to compare the antimicrobial activity of
the sample with the activity of the standard (Malathi et al., 2014):

Antimicrobial Index = (Extract inhibition zone/Antibiotic inhibi-
tion zone) x 100

Statistical analysis

The results were presented as mean values + standard deviation.
The standard deviations were calculated using Microsoft Excel.

RESULTS AND DISCUSSION

Dolichospermum affine (Lemmermann) Wacklin, L. Hoffmann &
Komérek is a Cyanobacteria which belongs to the family Aphani-
zomenonaceae of class Cyanophyceae and this is a freshwater spe-
cies. Fig. 1 presents the taxonomic classification (left) of D. affine
(Guiry & Guiry, 2018) and its appearance under a microscope (right).

Classification:

Empire Prokaryota
Kingdom Eubacteria
Subkingdom Negibacteria
Phylum Cyanobacteria
Class Cyanophyceae
Subclass Nostocophycidae
Order Nostocales

Family Aphanizomenonaceae

Genus Dolichospermum |

Figure 1. Classification (left) and microscopic images (right) of
D. affine.

Cyanobacteria produce different bioactive compounds with anti-
bacterial, antifungal, antiviral, and anti-inflammatory properties
of industrial, therapeutic and agricultural importance (Sethubathi
& Prabu, 2010). The discovery that extracts from cyanobacteria
have antimicrobial activity has shown that Cyanobacteria can be
an important source in obtaining new bioactive compounds in
the pharmaceutical field (Thajuddin & Subramanian, 2005). In the
study of Sethubati & Prabu (2010) with the extracts they obtained
from Oscillatoria sp., Phormidium sp. and Lyngbya majuscule;

Oscillatoria sp. showed the highest antibacterial activity and L.
majuscule the lowest. In the study of Abd El-Aty et al., (2014) with
Anabaena sphaerica and Oscillatoria agardhii, they found that
these species showed antibacterial activity against some
Gram-negative and Gram-positive bacteria. In this study, the re-
sults of antibacterial activity of the D. affine against two
Gram-positive and three Gram-negative bacterial strains are
shown in (Table 2). It is obvious that the diameter of the inhibition
zone (DIZ) depends on the type of algal species, the kind of sol-
vent used and the tested pathogenic microorganisms. In the
present study, extracts of D. affine were used with three different
solvents, namely methanol, chloroform and aqueous extracts.
The mean values of three replicates of the DIZ (in millimeters)
around each well with different extracts are also given in Table 2.
D. affine extracts confirmed antibacterial activities against four
tested pathogenic bacteria out of five pathogenic bacterial
strains. Methanol extracts exhibited better antibacterial activities
than chloroform extracts. According to DIZ results, Bacillus subti-
lis and Escherichia coli were more sensitive, while Staphylococ-
cus aureus and Pseudomonas aeruginosa showed more interme-
diate results. The highest antimicrobial activity was measured
against E. coli[DIZ=13.9+0.05 mm (methanol) and DIZ=13.8+0.01
mm (chloroform)], followed by B. subtilis [DIZ=13.6+0.05 mm
(methanol) and DIZ=13.5+£0.06 mm (chloroform)] (Fig. 2). D. af-
fine's chloroform extract showed the lowest antibacterial effect in
both P aeruginosa (DIZ=11.7£0.02 mm) and S. aureus
(DIZ=12.2+0.03 mm). The Gram-negative bacteria S. dysenteria
exhibited no zone of inhibition. The agueous extract showed
poor activities against the tested pathogenic bacteria. Chloro-
form, Methanol, Distilled water negative control also showed no
inhibitory effect, while the positive control (Gentamicin and Am-
picillin) showed inhibition diameters ranging from 13.0 to 27.0
mm and 13.0 to 26.0 mm respectively.

The antibacterial effects of the D. affine extracts were compared
with commercial antibiotics and the results of this comparison
are given in (Table 3) as the antimicrobial index. According to the
index data, the efficacy of the chloroform and methanol extracts
obtained from D. affine, especially on E. coli, were 63% and 66%
similar to the efficacy of currently used antibiotics. It can be con-
cluded that D. affine is an alternative to current commercial ap-
plications as an antibacterial agent in phytotherapy.

Halder (2015) tested the antibacterial effects of Anabaena variabi-
lis extracts in different solvents against the eight pathogenic bac-
terial strains out of which three are Gram positive (Bacillus subtilis,
Micrococcus luteus and Staphylococcus aureus) and five are
Gram negative bacteria (Escherichia coli, Pseudomonas aerugi-
nosa, Shigella dysenteriae, Shigella flexneri and Vibrio cholerae)
using the agar well diffusion method. It was found that the results
obtained from the same solvent and bacteria used in the study by
Halder (2015) were similar to the results in this study. In the study
conducted by Abobaker & Elsalhin (2019), extracts of Anabaena
circinalis in different concentrations (25, 50, 75 and 100%) were
tested to determine the efficacy against four bacterial strains
(Achromobacter xylosoxidans, Staphylococcus aureus, Escherich-
ia coli, Shigella dysenteriae). Results showed that the highest lev-
el of antimicrobial activity was recorded against S. dysenteriae at
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Table 2. The diameter of inhibition zone (DIZ) of the different solvent extracts of D. affine.

Human

Antibiotic Positive Control DIZ (mm)

Pathogen Chloroform DIZ Methanol Water

Bacteria (mm) DIZ (mm) DIZ (mm) GEN' AL
P. aeruginosa

(ATCC 27853) 11.7+0.02 12.3+0.01 8.4+0.03 27 26
S. dysenteria . . i

(ATCC 11835) NCD NCD NCD 13 13
E. coli

(ATCC 25924) 13.8+0.01 13.9+0.05 8.0+0.02 21 29
S. aureus

(ATCC 29213) 12.2+0.03 13.5+0.07 7.30.05 26 25
B. subtilis (ATCC 6633) 13.5+0.06 13.6+0.05 8.2+0.04 24 25
Negative Control® 0 0 0 0

*NCD= No Culturable Cells Detected; ®Negative Control= Distilled water; (GEN)': Gentamicin 10 pg; (AMP)>:Ampicillin 10 ug; Data are given as mean + standard

deviation of triplicates. Mean values, n = 3.

Table 3. Antimicrobial index of D. affine extracts.

Antimicrobial Index in Per-
Human

Pathogen Antibiotics centage
Bacteria Chloro- Metha- Water
form nol
P aeruginosa GEN 43 46 31
(ATCC 27853) AMP 45 47 32
S. dysenteria GEN NCD NCD NCD
(ATCC 11835) AMP NCD NCD NCD
E. coli GEN 66 66 38
(ATCC 25924) AMP 63 63 36
S. aureus GEN 47 52 28
(ATCC 29213) AMP 49 54 29
B. subitilis GEN 56 57 34
(ATCC 6633) AMP 54 54 g8

NCD= No Culturable Cells Detected - (GEN) Gentamicin 10 ug; (AMP) Ampi-
cillin 10 ug

bacteria

zone of some pathogen
(methanol extracts) [A. P. aeruginosa (ATCC 27853);
B. E. coli (ATCC 25924); C. S. aureus (ATCC 29213);
D. B. subtilis (ATCC 6633)].

Figure 2. Inhibition

100% concentration. However, in this study, the extracts in differ-
ent solvents of D. affine against S. dysenteriae did not cause any
antibacterial effect. It is thought that this may be caused by the

species used in the studies and the different solvents.

Compounds obtained from cyanobacterial extracts with antimi-
crobial and antitumoral activity worldwide are attracting a great
deal of attention. Mtolera & Semesi (1996) stated that these com-
ponents include amino acids, terpenoids, fluorotannins, steroids,
phenolic compounds, halogenated ketones and alkanes, cyclic
polysulfides and fatty acids. Cyanobacter extracts are usually ob-
tained with organic solvents such as methanol, hexane, chloro-
form, ethanol, acetone, diethyl ether, butanol and DMSO (Sham-
chi, 2016). For substances extracted by means of these solvents,
Cowan (1999) suggests that these substances can be either ter-
penoid or flavonoid. In this study, it can be thought that the ac-
tive substance acting on test bacteria may be terpenoid or flavo-
noid, however, further analysis is required to say this.

Antibiotic-resistant bacterial species are serious threats to an-
imal and human health and cause serious damage. Clinical
studies on the resistance mechanism of bacteria have enabled
the identification of clinical uses of all antimicrobial agents
(Helms, Vastrup, Gerner-Smidt, & Molbak, 2002). Due to in-
creased bacterial resistance to commercial standards and re-
serve antibiotics, it is important to search for new active sub-
stances with antibacterial activity (Abobaker & Elsalhin, 2019).
In this context, Cyanobacteria have started to be seen as
promising sources in the production of antimicrobial sub-
stances due to their biologically active substances. Extracts of
different Cyanobacteria species obtained by different sol-
vents exhibited different degrees of antimicrobial activity on
pathogenic microorganisms and have been studied by differ-
ent researchers. In the study conducted by Tiwari & Sharma
(2013), cyanobacterial extracts of Anabaena variabilis and Syn-
echococcus elongates showed a significant antibacterial ratio
against Enterococcus sp., Klebsiella sp. and E. coli. Malathi et
al.,, (2014) observed significant antibacterial activities of
Anabaena variabilis in chloroform and methanol crude ex-
tracts against B. subtilis and P. aeruginosa. Rania & Taha (2008)
reported that Spirulina platensis extracts from different sol-
vents show different degrees of antimicrobial activity on both
Gram-positive and Gram-negative microorganisms.
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CONCLUSION

In this study, it was found that extracts of D. affine strain obtained
using different solvents have pharmaceutically interesting bioactive
compounds. The cyanobacterial extracts obtained showed anti-
bacterial properties against tested pathogenic bacteria, except S.
dysenteria. The present research has shown that the antimicrobial
activity of cyanobacterial strains is dependent on the solvents used
to make the extracts and the effect of these solvents. Therefore, it
is suggested that more detailed studies should be conducted to
confirm the effect of antimicrobial activity of crude extracts pre-
pared from different solvents. The future studies aim to identify the
bioactive components responsible for antimicrobial effect from cy-
anobacterial strains by purification. It is thought that the findings
obtained from this study can be used for future research and for the
production of antibacterial drugs of cyanobacterial origin.

Conflict of interest: The author declares no conflict of interest.

Ethical approval: This article does not contain any studies with
animals.
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