YK 582.263:547.56]615.322 https://doi.org/10.31861/biosystems2022.02.106

PHENOLIC COMPOUNDS OF CHLORELLA VULGARIS AS
ANTIMICROBIAL AGENTS

L.M. CHEBAN, A.-M.R. KOZAK

Yuriy Fedkovych Chernivtsi National University,
Ukraine, 58012, Chernivtsi, Kotsiubynsky 2 Str.
e-mail: |.cheban@chnu.edu.ua

Among the primary and secondary metabolites of microalgae, there are compounds that are potential antimicrobial
substances: polyphenols, carotenoids, saponins, tannins, etc. It is interesting that these BARs can be both localized in
algomass and accumulate in the culture liquid during the cultivation of algae.

In the study, an algologically pure culture of Ch. vulgaris, maintained in the NN collection of the Institute of Biology,
Chemistry and Bioresources of the ChN University. Algae were grown on the classic Tamiya medium at a temperature of 24
+ 2 °C for 14 days. Hydroxycinnamic acids, flavonoids and polyphenolic compounds were detected in the culture fluid and
alcoholic extract of biomass. The alcoholic extract of Chlorella vulgaris, in contrast to the culture liquid, had a higher
amount of polyphenols, hydroxycinnamic acids, azulenes and different classes of flavonoids. Spectral analysis of alcohol
extracts from algal biomass and culture liquid confirmed the presence of flavonoids, phenolic acids and coumarins.

The following microorganism test cultures were used: Bacillus subtilis and Sarcina flava (Gr+), Microcystis pul-verea
(Gr-), Rhodotorula rubra (eukaryote). One-day test cultures of microorganisms were standardized according to McFarland
to 0.5. The study of antimicrobial activity was carried out by the method of diffusion in agar: 100 ul of the test culture of
microorganisms was sown with a lawn on a solid medium of MPA, 25 ul of culture liquid Chh was introduced into the wells.
vulgaris. On the third day, the result of cultivation was evaluated.

It was noted that the sensitivity of the test cultures to the culture liquid and biomass extract of Ch. vulgaris depends on
the structure of the cell wall of microorganisms. Yes, gram-positive microorganisms and yeast are more sensitive. For them,
the diameter of growth retardation zones is determined in the range from 20 to 25 mm. The most sensitive were Sarcina flava
and Rhodotorula rubra.

At the same time, gram-negative microorganisms were not sensitive to the culture liquid and biomass extract of Ch.
vulgaris, the diameter of the zone of growth retardation did not exceed 5 mm. The revealed antimicrobial activity of green
algae Ch. vulgaris is associated with the presence of polyphenolic compounds in the biomass. Therefore, culture fluid and

biomass of Ch. vulgaris can be recommended for use in feed as a natural antifungal and antibacterial component.
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Introduction. Algae are a valuable source of
biologically active compounds that are synthesized in
the process of their vital activity. Most of them can not
only improve metabolism, digestion, skin condition,
well-being, but also fight bacterial diseases. This new
approach to the use of algae is based on ecological
observations and mechanisms of environmental control
(Andriopoulos et al., 2022). During the study of algae,
the following compounds were found that are capable of
exhibiting antimicrobial effects, including proteins and
peptides,  carbohydrates,  pigments,  phenolic
compounds, and triacylglycerols (Bulut et al., 2019;
Goiris et al., 2012).

Among the huge number of compounds, phenols are
the largest and most valuable group of secondary
metabolites found in algae. These compounds are
considered good antioxidants that protect the human
body from damage by reactive oxygen species that can
lead to health disorders (Arguelles et al., 2018; Freili-
Pelegrin and Robledo, 2014).
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All phenolic compounds contain at least one
aromatic phenolic ring with one or more hydroxyl
substituents. Today, more than 8,000 different structures
of phenols are known (Fernando et al., 2016; Goiris et
al., 2014). So, among the simple phenols of algae there
are phenolic acids (gallic, hydroxybenzoic, gentisic,
ferulic, caffeic, chlorogenic) (Alshuniaber et al., 2020;
Besednova et al., 2020), catechol, hydroquinone and
fluroglucin. The latter is characteristic exclusively for
the biomass of different departments of algae
(Cichonski et al., 2022).

Also, according to the authors, all 13 classes of
flavonoids, coumarins and isocoumarins can be found
in algae biomass (Frazzini et al., 2022; Haoujar et al.,
2019). Among the polymeric phenolic compounds of
algae, tannins and lignans are distinguished (Bulut et al.,
2019; Adhomi et al., 2016). Particular attention is paid
to the detection of phlorotannins - these are oligomers
of phloroglucin, which is contained exclusively in the
biomass of algae (Andrade et al., 2018). What is
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characteristic, its content can reach up to 25% of the dry
biomass of algae (Zakaria et al., 2017).

Algae are considered a natural and attractive
biotechnological source of new drugs. The high
antimicrobial activity of their polyphenolic compounds
is a promising basis for the development of innovative
medicines. They can become both a serious alternative
to traditional antimicrobial agents and an effective
addition to antibiotic therapy (Pina-Perez et al., 2017;
Ibanez and Cifuentes, 2013).

Chlorella vulgaris is a single-celled green alga that
has become widespread due to its high adaptive
potential, rapid accumulation of biomass, and ability to
suppress the growth of other representatives of
phytoplankton (Shaima et al., 2022). Chlorella biomass
synthesizes many biologically active compounds,
including phenolic compounds. It is likely that their
presence will determine the manifestation of the
antimicrobial activity of this algae.

The purpose of this work is to study the antimicrobial
potential of phenolic compounds of the green microalga
Chlorella vulgaris

Materials and methods. In the study, an
algologically pure culture of Ch. vulgaris, maintained in
the NN collection of the Institute of Biology, Chemistry
and Bioresources of the ChNU. Algae were grown on
the classic Tamiya medium at a temperature of 24 + 2
°C for 14 days.

Algal biomass was separated from fugat by
centrifugation at 3500 rpm for 10 min on a Micromtd
CM-3M centrifuge. Determination of the qualitative and
guantitative composition of phenolic compounds was
carried out in the culture liquid and in biomass Ch.
vulgaris.

Phenolic compounds were extracted with 40%
ethanol. To determine the UV spectra of the extracts,
spectroscopy was performed after 5 nm in the range of
180-400 nm on a CaryWin UV 60 spectrophotometer
(Agilent, USA).

Determination of the amount of phenolic acids and
polyphenolic compounds was carried out through the
specific absorption index of chlorogenic acid, the
content of flavonoids with AICI; through the specific
index of rutin.

The following microorganism test cultures were
used: Bacillus subtilis and Sarcina flava (Gr+),
Microcystis pulverea (Gr-), Rhodotorula rubra
(eukaryote). One-day test cultures of microorganisms
were standardized according to McFarland to 0.5. The
study of antimicrobial activity was carried out by the
diffusion method in agar: 100 pl of the test culture of
microorganisms was sown with a lawn on a solid
medium of MPA, and 25 pl of culture liquid or biomass
extract Ch. vulgaris was introduced into the wells.
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Tamiya's medium (in the experiment with culture
liquid) or 40% ethanol (in the experiment with extracts
from biomass) was used as a comparison solution
(Balouri et al., 2016). On the third day, the result of
cultivation was evaluated.

For static data processing, quantitative indicators
were processed by mathematical methods used in
biology on a personal computer using the Microsoft
Excel data analysis package. The mean (M) and
standard error of the mean (m) were estimated. Student's
t-test was used for parametric data. The results were
considered reliable at p < 0.05.

Results and discussion. Among the huge number
of primary and secondary metabolites of algae, it is
phenols that exhibit high antimicrobial activity. Such
high acantimicrobial activity of phenolic compounds of
algae is probably due to modification of the
permeability of cell membranes, changes in various
intracellular functions, or modification of the rigid cell
wall of prokaryotes with loss of its integrity due to
various interactions with the cell membrane (Zakaria et
al., 2020).

Depending on taxonomic, ecological and
exogenous aspects, there may be differences in the
content and composition of phenols in algae.
Physiological changes in response to ambient light,
temperature, and nutrient conditions directly affect
the chemical composition of algae.

UV spectra of the culture liquid and alcohol
extracts indicated the presence of a huge number of
groups of phenolic compounds (Fig. 1). The alcoholic
extract of Chlorella vulgaris, in contrast to the culture
liquid, had a greater amount of flavonoids,
oxycinnamic acids, and azulenes.

However, trace amounts of coumarins were found
in the culture fluid. In general, the qualitative
composition of phenolic compounds of culture liquid
and biomass was similar. The differences related to
the intensity of expression of the peaks typical for the
specific compound. The conducted qualitative
analysis gave grounds to determine the key
components of phenolic compounds Ch. vulgaris —
hydroxycinnamic acids (chlorogenic acid), various
classes of flavonoids.

To establish the antioxidant potential of algae
biomass, the content of polyphenolic compounds was
also determined (Fig. 2).

It was noted that the number of investigated
biomass components of Ch. vulgaris is 3-12 times
higher than that in the culture liquid. Yes, the amount
of hydroxycinnamic acids is the smallest. In biomass,
this indicator is 1.2 mg/g, while in the culture liquid
itis only 0.5 mg/g.
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Fig. 1. UV spectra of the culture fluid and biomass of Chlorella vulgaris

The content of flavonoids in the biomass is 10
times higher than that in the culture liquid and is 3.87
mg/g. Flavonoids are polyphenolic compounds
containing two aromatic rings connected by a three-
carbon bridge (diphenylpropane fragment C6-C3-
C6). The classification of these compounds is based
on the position of the phenolic ring B and the size of
the oxidation cycle. Flavonoids include flavones,
flavonols, flavanols, flavanones, isoflavones,

«2 biomass

flavonoids W

proanthocyanidins, anthocyanins and others (). They
are well known as antibacterial agents against a wide
range of pathogenic microorganisms. With the
increasing prevalence of incurable infections caused
by antibiotic-resistant bacteria, flavonoids have
attracted great interest because they can enhance the
effects of traditional antibiotics (Zielinski et al.,
2020).
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Fig. 2. Phenolic compounds of culture fluid and biomass of Chlorella vulgaris
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Both hydroxycinnamic acids and flavonoids
contribute to the total amount of polyphenolic
compounds. They are determined at the level of 12.4
mg/g in biomass, while only 0.89 mg/g in the culture
liquid. The high content of polyphenols in the studied
material may indicate the high antioxidant activity of
extracts from this material.

Potentially biomass and culture liquid Ch.
Vulgaris should show pronounced antimicrobial
activity against a number of microorganisms. That
was verified by us in the experiments on determining
the diameter of the growth retardation zones of test
cultures of microorganisms (Fig. 3).

When conducting an analysis of antimicrobial
activity by diffusion method in agar culture fluid and
biomass Ch. vulgaris, it was noted that the sensitivity
of test cultures of microorganisms depends on the

structure of their cell wall. Fig. 3 shows that the culture
liguid Ch. has the greatest antimicrobial activity.
vulgaris showed to the yeast Rhodotorula rubra, the
diameter of the zone of growth retardation was 24.9
mm + 5%. Whereas for biomass extract Ch. vulgaris,
the largest zones of growth retardation were noted for
Sarcina flava and Rhodotorula rubra—21.33 mm + 5%
and 21.32 mm =+ 5%, respectively. At the same time,
gram-negative microorganisms were not sensitive to
the action of this algae, the diameter of the growth
retardation zone did not exceed 5 mm.

Antimicrobial activity, which was revealed during
the study, is associated with the presence of a huge
number of biologically active compounds, in
particular, phenolic compounds, which are able to
inhibit the growth of microorganisms to one degree or
another, occupy an important place.
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Fig. 3. Antimicrobial activity of the culture fluid (A) and biomass (B) of Chlorella vulgaris
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Therefore, when screening the antimicrobial
activity of green microalgae Ch. vulgaris, a positive
result was noted for gram-positive bacteria and yeast.
For them, the diameter of growth retardation zones is
determined in the range from 15 to 25 mm. At the
same time, gram-negative microorganisms were not
sensitive to either the culture liquid or biomass extract
of Ch. vulgaris. Phenolic compounds of green algae
Ch. vulgaris can become a new generation of drugs
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®EHOJIBHI CIIOJIYKHN CHLORELLA VULGARIS AK AHTUMIKPOBHI ATEHTHU

JL.M. Yeban, A.-M.P. Ko3zak

Cepeo nepgunHUX ma 6MOPUHHUX Memaboaimie MiKposodopocmell 8UOINAIOMbCA CHOLYKU, WO € NOMEHYIUHUMU AH-
MUMIKPOOHUMU PEeHOBUHAMU. NOAIPeHoNU, KAPOMUHOIOU, canoHiny, 0younbHi pewosunu, mowo. Llikasum € me, wo yi
BAP moscyms Oymu aK 10KANI308aHI Y ANbeOMACT, MAK | HAKONUYYBAMUCS Y KYIbMYPALbHIU PIOUHI Npu 8UPOULYEAHHI
sodopocmell.

YV docriooscenni suxopucmosysanu arveonoiuno uucmy kyaemypy Ch. vulgaris, wo niompumyemocs ¢ xonexyii HH
iHcmumymy 6ionoeii, ximii ma biopecypcie YHY. Booopicms supowgyeanu na kiacuunomy cepedoguwyi Tamis, npu mem-
nepamypi 24+2 °C npomsieom 14 0i6. ¥V kyiemypanvHitl piouni ma cnupmosomy eKcmpaxmi 6iomMacu eUsesiiu 2l0poK-
CUKOPUYHT KUcomu, ¢aasonoiou ma norigenonsni cnonyku. Cnupmosuii excmpaxm Chlorella vulgaris na iominy 6io
KYIbMypanoHol piounu mas 6iivuLy KilbKicms NOAiQeHois, 2I0pOKCUKOPUYHUX KUCTIOM, A3YIeHI6 ma Pi3HUX K1acie ¢ua-
60H0iI0I8. [Iposedenuti cnekmpanbHull aHAli3 CRUPMOBUX eKCIMPAKmig i3 6iomacu 6000pocmi ma KyibmypaibHol piounu
niomeepous npucymuicmo (pragoHoidis, YeHONKapOOHOBUX KUCIOM MA KYMAPUHIE.

Ak mecm-xkyiemypu mikpoopeanizmie suxopucmosysanu: Bacillus subtilis ma Sarcina flava (Tp+), Microcystis pul-
verea (Ip-), Rhodotorula rubra (eykapiom). Oonodob6oei mecm-kynomypu MiKpoOp2anizmie CMAHOAPMUZYEATU 3d
McFarland oo 0,5. docrioocenns anmumixpobnoi akmusHocmi npogoounu memooom ougysii ¢ azap: 100 mxn mecm-
KYIbMypU MIKPOOP2AHI3MI8 8UCIBAIU 2A30HOM HA meepoe cepedosuwe MIIA, y nyHku enocunu no 25 MK KyibmypaibHoi
piounu Ch. vulgaris. Ha mpemio 006y oyinioganu pe3yismam supousy6anHsi.

Biomiueno, wo uymausicme mecm-kyaomyp 00 Kyibmypaibhol piounu ma excmpaxmy 6iomacu Ch. vulgaris zazne-
Jrcums 8i0 6y008U KIIMUHHOI cMIHKU Mikpoopeanizmie. Tak, Oinbuw wymausumMu € epamno3sumueHi Mikpoopeanizmu ma
Opidcoici. Jlist Hux diamemp 30H 3aMPUMKY pocmy eushadenutl y mexcax 6id 20 0o 25 mm. Haiuymausimumu euseuiucs
Sarcina flava ma Rhodotorula rubra.

B moil arce uac epammnecamushi MiKpoopeanizmu BUABUIUCS He YYNIUBUMU 00 KYTbMYPAlbHOT piOuHU ma eKCmpakmy
6iomacu Ch. vulgaris, diamemp 30nu 3ampumku pocmy He nepesuwyeas 5 mm. Buseneny anmumikpobHy akmueHicms
senenux godopocmeti Ch. vulgaris noe szyrome i3 nasenicmio y cknadi 6iomacu norigpenonvrux cnonyk. Omoice, Kyiomy-
panviy piouny ma 6iomacy Ch. vulgaris mooicna pexomendyseamu 0t GUKOPUCIAHHSL 8 KOPMAX SIK NPUPOOHO20 NPOMU2-
PpubK068020 Ma aHMubAKMepPianbHO20 KOMNOHEHMA.

Knrouosi cnosa: anmumikpobna akmugHicms, mecm-Kyabmypu MIKPOOP2aHi3Mis, 2iI0POKCUKOPUYHI CHOTYKU, (DIa8oH0IOu,
nonigpenonwvni cnonyxu, Chlorella vulgaris
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