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The isolation of fungi from lichens of the Magadan region
and biological activity of their extracts

The study aims to isolate fungi from lichens of the Magadan region (Russia) and evaluate their antibacterial
and antifungal activity. Fourteen species of lichen from the Magadan region (Russia) were selected for the
study. Antibacterial activity was determined based on gram-positive (Staphylococcus aureus) and gram-
negative bacteria (Escherichia coli). Antifungal activity was identified by using strains of Aspergillus terreus
and Candida albicans. According to the results of the study, fungi isolated from lichens Peltigera
leucophlebia (CD), Hypogymnia sachalinensis (CD) showed antifungal activity, and fungi from Peltigera
leucophlebia (CD), Peltigera aphthosa (CD), Melanohalea olivacea (PDA, CD), displayed antibacterial
activity. As a result of studying the biological activity, the fungi isolated from the lichen Peltigera
leucophlebia (CD) have both antibacterial and antifungal activity.
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Introduction

Lichens are complex symbiotic associations between a fungus (mycobiont) and an alga (photobiont)
and used in traditional medicine for various diseases due to the presence of several bioactive compounds [1].
Lichen compounds can be arbitrarily divided into two groups: primary and secondary compounds. Primary
lichen compounds have structural functions and are involved in cell metabolism.

Secondary lichen compounds are characterized by acid properties, such as lichen acids [2, 3]. Each
lichen species has its own set of lichen acids, which generally gives qualitative reactions enabling the lichen
species to be discriminated against. Many lichen species contain atranorin, usnic acid, lecanoric acid,
salazinic acid, lobar acid, and other acids [4]. Lichen acids are essential to identify the lichens, and could be
used as natural antibiotics [5, 6]. Therefore, the bioactive compounds from lichens have various
biopharmaceutical applications as antimicrobial, antioxidant and cytotoxic agents, which can be the basis for
the development of new antibiotics [7, 8].

Experimental

Lichen materials

Fourteen types of lichens: Flavocetraria nivalis (L.) Kérnefelt et A. Thell, Cetraria laevigata Rass.,
Umbilicaria hyperborea (Ach.) Hoffm., Melanohalea olivacea (L.) O. Blanco, A. Crespo, Divakar, Essl.,
D. Hawksw. et Lumbsch, Cladonia ecmocyna Leight, Flavocetraria cucullata (Bellardi) Kéarnefelt et
A. Thell, Cetraria islandica (L.) Ach., Cladonia uncialis (L.) Wigg., Vulpicida pinastri (Scop.)
J.-E. Mattsson, Peltigera aphthosa (L.) Willd., Cladonia stellaris (Opiz) Pouzar et Vézda, Vulpicida
Jjuniperinus (L.) J.-E. Mattsson et M.J. Lai, Peltigera leucophlebia (Nyl.) Gyeln., Hypogymnia sachalinensis
Tchabanenko et McCune, were collected in October, 2019, in the Magadan region (Russian Federation) and
identified by Dr. E.V. Zheludeva (Institute of Biological Problems of the North, Far-Eastern Branch of the
Russian Academy of Sciences) (Fig. 1).
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Figure 1. Lichens of the Magadan region (Russia)

Growth nutrient medium

Potato Dextrose Agar (PDA), Czapek DOX Agar (CD), Potato Dextrose Broth (PDB), and Czapek
DOX Broth (CDB) were used.
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Method of isolation of fungi from lichens

Lichen were cut into small pieces (about 0.5%0.5%0.5 cm), washed with a chemical solution (distilled
water, 96 % EtOH, 70 % EtOH, 1 % NaClO). A Petri dish with an antibiotic (streptomycin) was divided into
4 sectors; one fragment of lichen was added to each sector. Samples were incubated in a darkened place at
room temperature for 7-10 days. The process was repeated 3 times, after which a culture of pure fungi was
obtained. A pure identified fungi culture, grown in a solid medium (PDA, CD), was placed in a flask with a
liquid medium (PDB, CDB) to produce biomass. During cultivation at the room temperature in dark place
for 7-10 days, it was used the Biosan PSU-20i Orbital Shaker at 110 rpm.

Antibacterial activity

The antagonistic activity of lichen-fungi was determined by diffusion into agar by the diameter of the
zone of absence of the growth of opportunistic cultures: Staphylococcus aureus (B-RKM 0470) and
Escherichia coli (B-RKM 0447), provided by the Central Museum of the Republican Collection of
Microorganisms (Nur-Sultan, Kazakhstan). For this purpose, medium MPA (meat-peptone agar, Nutrient
agar + Meat extract, 5 g/l) is used. The pathogenic cultures in the form of suspensions of cells in the amount
of 1 bln/ml (for bacterial turbidity standard of 0.5) were applied on the surface of the Petri dish, rub
thoroughly with a spatula over the surface of the medium, then cut out holes with a drill diameter of 10 mm
and filled them with the investigated cultures (0.1 ml). The zones of inhibition were measured after 24 hours,
and the results were presented without deducting the diameter of the whole zone. The antagonistic activity
was considered zero at the width of the zone of absence of test strains up to 1.0 mm, low — at 1.1-4.9 mm,
medium — at 5.0-8.9 mm, high — at 9.0 mm or more [9, 10].

Antifungal activity

Antifungal activity of fungi extract was identified using two test strains: Aspergillus terreus (B-RKM
0697), Candida albicans (B-RKM 0475) provided by the Central Museum of the Republican Collection of
Microorganisms (Nur-Sultan, Kazakhstan). The Petri dishes with PDA and CD media were prepared and
waited until solidification and suspension in the amount of 1 bln/ml (for bacterial turbidity standard of 0.5),
were placed on Petri dishes and rub thoroughly with a spatula over the surface of the medium. Then, the
holes with diameter of 10 mm were drilled and filled with the cultures organisms (0.1 ml). After 48 hours of
incubation, the inhibition zones were measured.

Fermentation of fungi

Fermentation was carried out in conical flasks (250 ml), each containing 60 g of rice and wheat.
Distilled water (60 ml) was added to each flask and autoclaved at 15 °C for 30 minutes. After cooling to
room temperature, 50—100 ml of pure culture suspension isolated from lichen was poured into the flask.
Cultivation was carried out at room temperature for 25 days, in a dark place.

Results and Discussions

Mycelial cultures

Fungi isolated from lichens Cetraria islandica, Cladonia uncialis, Flavocetraria nivalis did not grow
after the first sowing on nutrient media (PDA, CD) with the antibiotic streptomycin, other fungi from the
samples, such as Peltigera aphthosa, Cladonia stellaris, Vulpicida juniperinus, Umbilicaria hyperborea,
Flavocetraria cucullata did not grow on PDA, but showed a good growth on CD (Fig. 2).

In the case of Peltigera leucophlebia, Vulpicida pinastri Hypogymnia sachalinensis, and Melanohalea
olivacea, mycelium growth was observed on two nutrient media. The fungi were actively growing after the
first sowing. After each seed incubation, the mycelium turned from light to dark. The growth of Cladonia
ecmocyna is very slow in nutrient media, its color is light, and has acquired a convex shape. Fungi isolated
from the lichen Cetraria laevigata showed excellent growth on the PDA medium; the shape is uniform, the
color is white.

Mycelium growth was checked every week, and after one month, we received pure fungi. Each fungus
demonstrated a different growth rate and pigmentation.
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Figure 2. The process of fungi isolation from lichens of the Magadan region in two nutrient media PDA, CD

Antibacterial activity

The antibacterial activity of fungi isolated from lichens of the Magadan region was evaluated using agar
diffusion method. The diffusion method in the agar provides information on the resistance of fungi material
extracts to various microorganisms [11]. Fungi extracts were tested with gram-positive and gram-negative
strains. Vulpicida pinastri, Cladonia stellaris, Hypogymnia sachalinensis, Vulpicida juniperinus, Cetraria
laevigata, Umbilicaria hyperborea, Flavocetraria cucullata did not show antimicrobial activity on both test
strains. Fungi from Peltigera leucophlebia (CD), Peltigera aphthosa (CD), Melanohalea olivacea (PDA,
CD) showed an antimicrobial activity (average — 5.0-8.9 mm). According to experimental data, it is
demonstrated that the activity of lichens is also affected by nutrient media.

Antifungal activity

Antifungal activity was determined on a solid medium based on a test strain of Aspergillus terreus
(B-RKM 0697), Candida albicans (B-RKM 0475). This study illustrated relatively high activity of fungi from
Peltigera leucophlebia (CD). Fungi isolated from lichens suppressed the growth of test strains, which
indicates antifungal activity. At that time, only the growth of the test strain was observed in other samples.
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Conclusions

It was found that fungi isolated from lichens of the Magadan region have a biological activity. Fungi
isolated from Peltigera leucophlebia (CD), Hypogymnia sachalinensis (CD) showed antifungal activity on
Aspergillus terreus, Candida albicans.

Fungi isolated from Peltigera leucophlebia (CD), Peltigera aphthosa (CD), Melanohalea olivacea
(PDA, CD) have activity against gram-positive (Staphylococcus aureus), and gram-negative bacteria
(Escherichia coli). These experiments make it possible to study further in-depth their other biological,
physical, and chemical properties.

Acknowledgment

This research was funded by the Science Committee of the Ministry of Education and Science of the
Republic of Kazakhstan (Grant “Creation and replenishment of the collection of industrially valuable
microorganisms, study and preservation of their biological diversity for the needs of biotechnology, medicine
and agriculture”).

References

1 Mitrovic T. Lichens as source of versatile bioactive compounds / T. Mitrovic, S. Stamenkovic, V. Cvetkovic, M. Nikolic,
S. Tosic, D. Stolcic // Biologica Nyssana. — 2011. — Vol. 2, No. 1. — P. 1-6.

2 Boustie J. Bioactive lichen metabolites: alpine habitats as an untapped source / J. Boustie, S.Tomasi, M. Grube //
Phytochemistry Reviews. — 2011. — No. 10. — P. 287-307.

3 Yamamoto Y. Lichen Substances and Their Biological Activities / Y. Yamamoto, K. Hara, H. Kawakami, M. Komine //
Recent Advances in Lichenology. — 2015. — No. 2. — P. 181-189.

4  Gomes-Serranillos M.P. Parmeliaceae family: phytochemistry, pharmacological potential and phylogenetic features /
M.P. Gomes-Serranillos, C. Fernandez-Moriano, E. Gonzalez-Burgos, P.K. Divakar, A. Crespo // RSC Advances. — 2014. — No. 4.
— P. 59017-59047.

5 Lauterwein M. In vitro activities of the lichen secondary metabolites vulpinic acid, (+)-usnic acid, and (—)-usnic acid against
aerobic and anaerobic microorganisms / M. Lauterwein, M. Oethinger, K. Belsner, T. Peters, R. Marre // Antimicrobial Agents and
Chemotherapy. — 1995. — No. 11. — P. 2541-2543.

6 Shrestha G. Lichens: a promising source of antibiotic and anticancer drugs / G. Shrestha, L. Larry, St. Clair // Phytochemistry
Reviews. — 2013. — No. 12. — P. 229-244.

7 Zambare V.P. Biopharmaceutical potential of lichens / V.P. Zambare, L.P. Christopher // Pharmaceutical Biology. — 2012.
— Vol. 50, Issue 6. — P. 778-798.

8 Basnet B.B. Diversity of anti-cancer and anti-microbial compounds from lichen and lichen-derived fungi: A systematic

review (1985-2017) / B.B. Basnet, L. Liu, H. Liu, Ye.M. Suleimen // Current Organic Chemistry. — 2018. — Vol. 22. — P. 2487
2500. https://doi.org/10.2174/1385272822666181109110813

9 IIpaktukym no Mukpobuosoruu. — M.: Akagemus, 2005. — 119 c.

10 CkoponymoB JI.M1. Mukpobuonorudeckas AMarHocTUKa OakrepuanbHbIXx OonesHedr sxuBoTHbIX / .M. Cxopoaymos,
B.B. Cy66otuH, M.A. Ctnopos, T.C. Kocrenko. — M.: M3orpad, 2005. — 656 c.

11 Bauer A.W. Antibiotic susceptibility testing by a standardized single disk method / A.W. Bauer, W.M. Kirby, J.C. Sherris,
M. Turck // American Journal of Clinical Pathology. — 1966. — P. 493-496.

E.M. Cyneiiman, E.B. XXenyneBa, A. bazapxanksizsl, JXK.b. TexeyOaena,
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Maraaas 00J1bICbl KbIHAJIAPBIHAH CAHBIPAYKYJIAKTAPABIH AJbIHYbI
JKOHE 0JIapAbIH (PEPMEHTATHUBTI CHIFbIHABLIAPbIHBIH 0MOJOTUSJIBIK OeJICeH TiIiri

3epTTey KYMBICHIHBIH MakcaTbl — Marazian o6mbIchHbIH (Pecelt) KplHamapelHaH caHbIpayKyJIaKTapIs! Oein
aly JKOHE OJIap/bIH MHUKPOOKa, CaHbIpayKyJaKKakapchl OCNCEHALTINH aHBIKTay. 3epTTey HBICAHBI PETiHIe
Maranan o6bIChl KbIHANApPBIHBIH 14 Typi ansiHasl. MukpoOkakapesl Oencenainiri rpamo (Staphylococcus
aureus) xoHe rpamrepic Oakrepusunap (Escherichia coli) nerisinge anbiKTangsl. CaHBIpayKyJIaKKaKapChl
6encenninik Aspergillus terreus sxxone Candida albicans mraMaapsl apKbUIbI TAaOBULIBL. 3epTTEY HOTIDKENIEpPl
Ooiipmnma Peltigera leucophlebia (CD), Hypogymnia sachalinensis (CD) KplHanapeiHaH GeJIHTEH yiTijep
caHbIpayKyJIaKKakapchl, an Peltigera leucophlebia (CD), Peltigera aphthosa (CD), Melanohalea olivacea
(PDA, C/) GemiHin anblHFaH CaHBIpAyKYIAKTap MHKPOOKaKapchl OelCeHIUTIK KepceTTi. Bromorusibik
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GenceHainikTi 3epTTey HaTIXNKECiHAE Peltigera leucophlebia (CD) GeniHin anblHFaH caHbIpAyKyJIaKk MHUKPOOKa
JKOHE CaHBIPAyKYJIaKKaKapchl OCNCeHIUTIKKE e OOJIbL.

Kinm  ce30ep: xpiHamap, Maragan OONBICHI, CaHBIPAyKYJIaKTap, MHKPOOKaKapchl — OENCeHAINIK,
(yHTaIIBFaKapChl OSJICEH ILTIK.

E.M. Cyneiiman, E.B. XKenyznesa, A. bazapxanksizbl, XK.b. Texeybaesa,
bynna baxanyp bamner, C.K. Haekoga, 3.C. Capmyp3una

Boinesienue rpu0oB u3 THIIAMHUKOB Marajanckou 00j1acTy 1 0MoJI0rnyecKas
AKTHBHOCTH UX ()epPMEHTATHUBHBIX IKCTPAKTOB

Iens maHHOrO WMCCIEemOBaHWS — BBIJEIUTh T'PHOBI U3 JHIIAHHUKOB Marananckoir obmactu (Poccus) n
OLICHUTH WX aHTHMHUKPOOHYIO M IIPOTHBOIPHOKOBYIO aKTHBHOCTB. J[Is mccienoBaHus ObLIH O0TOOpaHBI 14
BUOB JIMIIAHHUKOB. [IpOTHBOMHMKPOOHYIO AaKTHBHOCTH OHpENE/SUIM Ha  TI'PaMMIIOJIOKUTENBHBIX
(Staphylococcus aureus) m Tpammorpuuarenbubix (Escherichia coli) OGakrepusx. IIporuBorpnOkoByro
AKTUBHOCTb BBISBISUIM C HCHOJIb30BAHMEM INTaMMOB MHKPOCKONMYECKUX TI'pUOOB Aspergillus terreus n
Candida albicans. CornacHo pe3yJbTaTaM HUCCIeIOBaHUs, 00pa3Lbl, BbACICHHbBIC U3 JUIIAHHUKOB Peltigera
leucophlebia (CD), Hypogymnia sachalinensis (CD), mokazanu NpOTUBOMHKPOOHYIO aKTHBHOCTb, a Yy
obpasuoB u3 Peltigera leucophlebia (CD), Peltigera aphthosa (CD), Melanohalea olivacea (PDA, CD)
HaOmomanach aHTUMUKPOOHAsh AaKTUBHOCTb. B  pesynbprare U3y4eHHS OHONOIMYECKOH aKTHBHOCTH
YCTaHOBJIEHO, YTO TPHO, BBIIENCHHBIN U3 uImaiHuka Peltigera leucophlebia (CD), obnagaer aHTUMUKPOO-
HOH W IPOTHBOTPHOKOBOH aKTHBHOCTBIO.

Kniouesvie crosa: mmmaiiHuky, Maraganckas —o0macte, TpuOBl, aHTHUMHKpPOOHAas aKTUBHOCTb,
aHTH(YHraIbHAS AKTUBHOCTb.
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