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PAENIBACILLUS POLYMIXA, AS A CORE DIAZOTROPHIC
ENDOLICHENIC NON PHOTOSYNTHETIC BACTERIOBIOME
REPRESENTATIVE OF CORTICOLOUS PHYSCIA BIZIANA THALLUS
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The unique organization of lichen thallus provides still unexplored environment
for microbial communities. The study aimed to isolate and identify endolichenic
non photosynthetic diazotrophic bacteria from the thallus of corticolous lichen
species Physcia biziana. Two strains of chemoorganoheterotrophic endospore-
forming bacteria were isolated and identified based on 16S rRNA gene sequence
analysis as Paenibacillus polymyxa (> 93.54% similarity). Characterization of
cultivable strains suggest the involvement of associated bacteria in nitrogen cycling.
This study highlights the significance of studying the endobacteriobiome of lichens,
as it is an important aspect of their multicomponent natural biofilm.
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Introduction. Lichens represent some of the oldest and most diverse symbiotic
lifestyles on Earth. Lichen thallus is a multicomponent mutualistic symbiotic
structure composing of mycobiont (fungus), photobiont (cyanobacterium/alga), and
non-photosynthetic bacteriobiont (third symbiotic partner) [1, 2]. Lichen bacterial
associations were first studied based on traditional cultivation techniques in the last
century [3-5]. The dominating genera isolated and identified based on phenotypic
features were mainly Azotobacter, Pseudomonas, Beijerinckia, Bacillus and
Clostridium [5]. Although information on lichen thallosphere and thallus-associated
bacteribiomes has been known for a long time, their microbial communities is not
yet well characterized. A series of research have been undertaken to affiliate the third
symbiotic partners of lichens using up-to-date culture-independent approaches [5, 6].
Comparative omics studies in recent years have revealed that lichens are furnished
with a complex bacterial endomicrobiome, forcing the redefining of lichen as a
multicomponent natural biofilm. It was shown that more than 800 types of bacteria
can contribute to the bacterial microbiome of a single lichen individual [1].

The lichen bacteriobiome consists of two parts, core (more stable part) and
specific microbial (variable part depends on species) communities [7]. In many so

Fkk

E-mail: manehgharibyan@gmail.com E-mail: hpanosyan@ysu.am

™ E-mail: razmiksargsyan@ysu.am


https://doi.org/10.46991/PYSU:B.2024.58.1.027
mailto:manehgharibyan@gmail.com
mailto:hpanosyan@ysu.am
mailto:razmiksargsyan@ysu.am

28 PAENIBACILLUS POLYMIXA, AS A CORE DIAZOTROPHIC ENDOLICHENIC NON...

far studied lichens, Proteobacteria form the largest and metabolically most active
bacterial class. The other dominant phyla found in lichens were Actinobacteria,
Bacteroidetes, Firmicutes, Deinococcus and Verrucomicrobia [1, 6, 8-10]. The
lichen species is probably the best predictor of its microbiome composition [11].

The lichen microbiome may contribute multiple functions to the lichen
symbiotic system [1, 2]. The endolichenic bacteriobiome participates in diazotrophy,
nutrient supply by uptake and/or assimilation of biogenic elements, decomposition
of macromolecules, produces hormones and vitamins that stimulate thallus growth
and photosynthesis, protects lichens from abiotic and biotic stresses by detoxi-
fication reactions and the production of antibacterial substances [1]. Therefore, it is
important to study lichen microbiomes to understand their ecological and functional
role in the symbiosis.

More than 600 lichen species have been described in Armenia, but their
microbial coexistence have not been studied enough and evaluated [12]. The
diazotrophic non photosynthetic bacterial diversity of lichens found in Armenia have
been investigated since 1960s. Bacteria belonging to genera Azotobacter, Bacillus
and Pseudomonas have been isolated and characterized from most distributed in
Armenian lichens like Parmella, Lecanora, Ramalina, Physcia [4]. Considering
development of methodological approaches and actuality of investigation of
bacterial composition of lichens we aimed in this study to isolate diazotrophiic
endolichenic bacterial composition from one of the most common lichens in the
territory of Armenia, Physcia biziana, based on cultivable methods and to identify
the isolates based on phylogenetic analysis of 16S rRNA genes.

Materials and Methods.

Collection of Samples. The object of study were the samples of corticolous
lichen thalli collected from the surroundings of “Jrvezh” forest park (N 40°11'20"
E 44°36'30") in Yerevan in September 2019. The area mostly covered by temperate
deciduous forests predominating by Oriental Beech (Fagus orientalis), Hornbeam
(Carpinus spp.) and Oak (Quercus spp.). The samples were packed in sterile plastic
bags and transferred to the laboratory. where they were cleaned of soil debris, other
elements and identified according to the identification key as a species belonging to
the genus Physcia — P. biziana [12].

Isolation of Diazotrophic Bacteria. To isolate the non-photoautotrophic
bacteria, lichen thalli were washed with running tap water two times to remove soil
particles and other debris. For the surface sterilization process was chosen method
described by Li et al. [13] with some modification. The washed samples were
immersed in 70% ethanol for 5 min in aseptic conditions, then were washed by
sterilized distilled water two times. To ensure disinfection the lichen thalli were
dipped in 0.9% NaClO two times for 30 s each, then rinsed with sterilized distilled
water 5 times for 30 s, subsequently treated lichen thalli were left for desiccation.
After drying, samples were transferred to 10% NaHCO3 for 10 min to complete the
sterilization.

After sterilization of the outer surface the thalli were cut into 0.5 cm? pieces
under aseptic conditions with sterile lancet. Then to isolate atmospheric nitrogen
fixating bacteria, thalli pieces were placed on the surfaces of the medium containing
(g/L): malic acid, 5.0; K;HPO4, 0.5; MgSO4, 7H20, 0.2; NacCl, 0.1; CaCl,, 2H0,
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0.02; micronutrient solution (CuSQ4, 7H20, 0.12; H3BOs, 1.40; NazMoO4, H20, 1.0;
MnSQs, H20, 1.175). Complete volume to 1000 mL with distilled water, 2 mL
bromothymol blue (5 g/L in 0.2 N KOH), 2 mL; FeEDTA (solution 16.4 g/L), 4 mL;
vitamine solution (biotin, 10 mg; pyridoxal-HCI, 20 mg), 1 mL; KOH, 4.5 ¢g; and
159 agar to make a solid medium. Lichen thalli were macerated also into
homogenized pieces using a mortar followed by serial dilution of up to 107 in
microcentrifuge tubes. Thereafter, 20 uL of ground lichen thalli solution was
inoculated into the solid medium mentioned above. All inoculated plates were
incubated at 28°C for 5 days. The bacteria colony characteristics such as color,
texture, and shape, were observed and single colonies were collected and restreaked
on the same agar plates for purification by incubating 3 days. All isolates are
maintained in the culture collection of microbes at Chair of Biochemistry,
Microbiology and Biotechnology, YSU.

Identification of Isolated Bacteria. Slides were prepared from purified
cultivated bacteria for microscopy. Gram staining and spore staining were also
performed to determine their shape by Peshkov’s differential method using
Loeffler’s methylene blue as a dye. Catalase and oxidase activity of the isolates were
determined using widely obtained methods [14].

DNA Extraction from Isolated Bacteria. Genomic DNA was isolated from
bacterial cells using by Gene-EluteTM Bacterial Genomic DNA Kit (“Sigma
Aldrich”). The integrity of the isolated DNA was checked by agarose gel
electrophoresis, which was performed for 40 min at 80 V in a 1% agarose gel using
Tris-Acetate-EDTA (TAE) as a buffer and ethidium bromide as a fluorescent
marker. The genomic DNA was eluted with 50 uL of Tris-EDTA bufer (TE) and
used as a template in the PCR assays.

Polymeric Chain Reaction (PCR). 16S rRNA genes were amplifed
using universal primer pairs 27f (5'-GAGTTTGATCCTGGC TCA-3') and 1525r
(5'-GAAAGGAGGAGATCCAGCC-3") (Escherichia coli numbering). PCR mixtures
used for amplifcation of sequences contained 10 ng DNA, 5 4L 10xPCR bufer, 5 uL
10 mM dNTP (dATP, dGTP, dCTP, and dTTP), 1 uL of each primer (25 pmol/uL),
1.5 mM MgCl,, 0.2 uL Taq DNA polymerase and sterile water to make up a final
volume of 50 L. PCR amplification was conducted using a DNA Engine
thermocycler (BIO-RAD). First, the templates were denaturized for 3 min at 96°C,
then 30 cycles of the following steps were completed: denaturation for 30 s at 96°C,
annealing for 30 s at 55°C and extension for 2.5 min at 72°C. The 30 cycles were
followed by a final 10 min extension at 72°C. PCR products were viewed under UV
light after standard ethidium bromide gel electrophoresis. PCR products were
purified using the GenElute™ PCR Cleanup Kit (“Sigma Aldrich”).

Sequencing and Phylogenetic Analysis. Bacterial DNA associated with
lichen thallus was sent to the University of Bergen in Norway for phylogenetic
analysis. Each isolate’s 16S rRNA sequence was sequenced using the BigDye
Terminator kit (“Perkin Elmer”) on an ABI PRISM capillary sequencer as a phylo-
genetic marker. The pair of unique primers 27F (5 GAGTTTGATCCTGGCTCA 3)
and 1492R (3' GAAAGGAGGAGATCCAGCC 5') was used for the amplification
of 16S r-RNA genes. Sequences were processed with Chromas (version 2.6.6)
software. Reverse sequences were aligned with the Bioedit Sequence Alignment
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Editor tool. Consensus sequences obtained were aligned with the closest bacterial
sequence in the NCBI (National Center for Biotechnology Information) gene bank
using the nucleotide BLAST tool, thus identifying them to species. Alignment for
phylogenetic analysis of 16S rRNA genes was made using ClustalW 4 [15].
Phylogenetic tree of the strains was constructed using the neighbor-joining method
with the MEGA X software [16]. Confidence in branching points was determined
by bootstrap analysis (1000 replicates).

Nucleotide Sequence Accession Numbers. The 16S rRNA gene sequence was
deposited to GenBank and the accession number assigned was as follows: PP330953.

Results and Discussion. Collected corticolous lichen thalli identified based
on standard methods as P. biziana were used to isolate endolichenic diazotrophic
bacteria. Two aerobic chemoheterotrophic diazotrophic strains designated 1.1 and
1.2 have been isolated on used medium after incubation of 5 days at 28°C. The
microscopic examination of their fixed preparations, after Gram and Peshkov
staining, showed that all isolates were aerobic, oxidase, catalase positive, Gram
postive rod-shaped bacteria and had oval endospores (Fig. 1).

Fig. 1. A) P. biziana as an epyphite of Fagus orientalis in “Jrvezh” forest park; B) Peshkov stained
endospores of strain 1.1 (magnification rate x2000).

The 16S ribosomal gene of the isolates was partially sequenced. Identification
by BLASTn searches for significant sequence similarity revealed that both
phylotypes represent the genus Paenibacillus (Firmicutes). As a result, two strains
isolated from the species P. biziana were closely related to the species Paenibacillus
polymixa (see Table). The isolate 1.1 had 93.54% sequence similarity to P. polymixa,
while isolate 1.2 demonstrated 94.67% similarity to P. polymixa.

BLAST results of 16S rRNA gene sequences of isolates and accession numbers

Sequence length, | Closest match taxonomic affiliation, | % Similarity to | Accession

Strain bp phylotype accession No closest match No
P. polymyxa ZF129 o
1.1 999 (CP040829.1) 93.54% PP330953
P. polymyxa 2F129 o *
12 1492 (CP040829.1) 94.67% NA

* NA — not availble.
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Neighbor-joining evolutionary distance trees based on 16S rRNA gene
sequences for isolated strains and selected reference sequences from Gen Bank were
constructed (Fig. 2). A monophyletic clade of closely related phylotypes can be
clearly identified in the tree. Both strains constitute a part of the cluster with
P. polymyxa (EF656457.1) and Paenibacillus jamilae (MH017390.1). The positions
of the strains in the phylogenetic tree clearly indicate that the studied strains belong
to P. polymyxa.

P. polymyxa is a diazotrophic bacterium, some strains of which synthesize
polymyxin antibiotic compounds [17]. It lives also in the rhizosphere and inside
plants (i.e., endophytic lifestyle). The effectiveness of complexes of surfactant
compounds produced by P. polymyxa against biofilms of Bacillus subtilis, Micro-
coccus luteus, Pseudomonas aeruginosa, Shaphylococcus aureus, Streptococcus
bovis bacteria has been proven [18]. All this suggests that the possible role of this
bacterium in lichen is the fixation of atmospheric nitrogen, the stimulation of lichen
growth and possibly the production of several secondary metabolites that endow the
lichen with resistance to abiotic and biotic stresses in the environment.

Paenibacillus abyssi |[KC978082.1
Paembacillus cellulosilyvticus |1DO407282.1|
Paenibacillus agarexedens |4J345020.1
% Paenibacillus baekrokdamisoli |[LC082229.1
Paenibacillus humicus |AB681771.1|
Paembacillus apianus LAJ320492.1
Paenibacillus guangzhonensis \KJ000691.1|
o Paembacillus bovis |[KM978955.2|

| Paemibacillus amylolyvticus |AB363743.1
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Paenibacillus lactis |AY257868.1
PP330953.1
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00050

Fig. 2. Phylogenetic tree based on nearly complete 16S rRNA gene sequences, showing the
relationships between isolated of Paenibacillus strains obtained from Physcia biziana thalli and closely
related species. Evolutionary analyses were conducted in MEGAX using the neighbor-joining method.
The percentage of replicate trees (> 50%) in which the associated taxa clustered together in the bootstrap
test (1000 replicates) is shown next to the branches. Scale bar represents 0.005 substitutions per site.
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The lichen microbiome is identified as a surprisingly abundant and structurally
integrated element of the classical lichen symbiosis. The diversity of lichen-
associated non phototrophic diazotrophic bacterial community of P. biziana was,
to our knowledge, for the first time investigated by a culture-dependent approach.
The P. biziana lichen samples were chosen, because it was poorly studied and one
of the most distributed corticolous lichens in Armenia. It is not surprising to find
also Paenibacillus phylotypes within the microbial community of terrestrial lichens.
Paenibacilli belong to the Firmicutes phylum and are one of the four most frequent
and isolated phyla in the lichen-associated microbiome [1, 5, 10, 19]. All those findings
confirmed paenibacilli as a core endolichenic bacteriobiome representatives, and
were found for many corticolous and saxicolous lichens. Thus, different species of
Paenibacillus, like Paenibacillus pabuli, Paenibacillus agarexedens, Paenibacillus
amylolyticus, have been isolated from the lichens belonging to genus Cladonia
(Cladonia coccifera, Cladonia rangiferina, Cladonia digitate) [20]. P. pabuli and
P. amylolyticus as endolichenic microbes were isolated from Hypogymnia physodes,
while Paenibacillus mendelii and Paenibacillus phyllosphaerae were found in thalli
of Pseudevernia furfuracea [5]. Recently the microbial community associated with
the crustose lichen Rhizocarpon geographicum L. (DC.) living on oceanic seashore
have been also investigated. A large source of diversity revealed by using multiple
isolation methods, among which Paenibacillus etheri, was the most abundant
bacterial species found at the species level [10]. Another species Paenibacillus
odorifer isolated from R. geographicum has been characterrized as a producer of
polysaccharide that exhibited remarkable antioxidant and cytotoxic activities [8].
A clear statement cannot be made about the ecological role of lichen-inhabiting
bacteria. It is, nevertheless, interesting that many strains are capable of growing
readily on N-free media. In the case of Paenibacillus, this agrees with data about
strain-specific N-fixing capacities in this genus. Eight strains are known in this genus
as nitrogen fixers [21]. Our data would be in accordance with a nitrogen-fixing role
of lichen-associated bacterial strains, but further experiments are needed to assess
whether fixed nitrogen is available in significant amounts to the symbionts.

Conclusion. In this paper, endolichenic non photosynthetic diazotrophic
bactriobiome of corticolous lichen Physcia biziana have been studied using culture-
dependent methods. Two diazotrophic endospore-forming bacterial strains have
been isolated and based on 16S rRNA gene sequence analysis identified as
Paenibacillus polymyxa. This finding suggests the possible role of Paenibacillus
polymyxa, as a core diazotrophic endolichenic bactriobiome representative, in
fixation of atmospheric nitrogen.

This work was supported by the Science Committee of the MESCS RA, in the
frames of the research project No. 20AA-1F018.

Received 13.03.2024
Reviewed 03.04.2024
Accepted 14.04.2024



GHARIBYAN M. G., SARGSYAN R. R., PANOSYAN H. H. 33

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

REFERENCES

Grimm M., Grube M., et al. The Lichens’ Microbiota, Still a Mystery? Front. Microbiol. 12
(2021). Article number 623839.

https://doi.org/10.3389/fmich.2021.623839

Sargsyan R.R., Tsurykau A., Panosyan H.H. Lichen Microbiome: Diversity Biological Role and
Biotechnological Application. In book: Microbes in Microbial Communities: Ecological and
Applied Perspectives. Springer, Singapore (2021), 195-213.
https://doi.org/10.1007/978-981-16-5617-0_9

Iskina R.Y. On Nitrogen Fixing Bacteria in Lichens. Isv. Biol. Inst. Permsk 11 (1938), 133-139.
Panosyan A.K., Nikogosyan V.G. The Presence of Azotobacter in Lichens. Akad Nauk Arm. SSR,
Biol. Zhurn. Armen. 19 (1996), 3-11.

Cardinale M., Puglia A.M., Grube M. Molecular Analysis of Lichen-Associated Bacterial
Communities. FEMS Microbiol. Ecol. 57 (2006), 484-495.
https://doi.org/10.1111/j.1574-6941.2006.00133.x

Grube M., Cernava T., et al. Exploring Functional Contexts of Symbiotic Sustain within Lichen-
Associated Bacteria by Comparative Omics. ISME J. 9 (2015), 412-424.
https://doi.org/10.1038/ismej. 2014.138

Wedin M., Maier S., et al. Microbiome Change by Symbiotic Invasion in Lichens. Environ.
Microbiol. 18 (2016), 1428-1439.

https://doi.org/10.1111/1462-2920.13032

Le Nguyen T.B. Discovery of Active Secondary Metabolites from Paenibacillus odorifer, a
Lichenassociated Bacterium. Pharmacol. (2018).

Sierra M.A., Danko D.C., et al. The Microbiomes of Seven Lichen Genera Reveal Host Specificity, a
Reduced Core Community and Potential as Source of Antimicrobials. Front. Microbiol. 11 (2020), 398.
https://doi.org/10.3389/fmich.2020.00398

Miral A., Jargeat P., et al. Microbial Community Associated with the Crustose Lichen
Rhizocarpon geographicum L. (DC.) Living on Oceanic Seashore: A Large Source of Diversity
Revealed by Using Multiple Isolation Methods. Environ. Microbiol. Rep. 14 (2022), 856-872.
https://doi.org/10.1111/1758-2229.13105

Bates S.T., Cropsey G.W.G., et al. Bacterial Communities Associated with the Lichen Symbiosis.
Appl. Environ. Microbiol. 77 (2011), 1309-1314.

https://doi.org/10.1128/AEM.02257-10

Gasparyan A., Sipman H.J.M. The Epiphytic Lichenized Fungi in Armenia: Diversity and
Conservation. Phytotaxa 281 (2016), 1-68.

https://doi.org/10.11646/phytotaxa.281.1.1

Li W.C., Zhou J., et al. Endophytic Fungi Associated with Lichens in Baihua Mountain of Beijing,
China. Fungal Divers 25 (2007), 69-80.

Smibert R., Krieg N. General Characteristics. In: Manual of Methods for General Bacteriology
(3 ed.). Washington, American Society for Microbiology (1981), 7-243.

Thompson J.D., Higgins D.G., Gibson T.J. CLUSTAL W: Improving the Sensitivity of
Progressive Multiple Sequence Alignment through Sequence Weighting, Position-Specific Gap
Penalties and Weight Matrix Choice. Nucleic Acids Res 22 (1994), 4673-4680.
https://doi.org/10.1093/nar/22.22.4673

Kumar S., Stecher G., et al. MEGA X: Molecular Evolutionary Genetics Analysis Across
Computing Platforms. Mol. Biol. Evol. 35 (2018), 1547-1549.
https://doi.org/10.1093/molbev/msy096

Shaheen M., Li J., et al. Paenibacillus polymyxa PKB1 Produces Variants of Polymyxin B-type
Antibiotics. Chem. Biol. 18 (2011), 1640-1648.

https://doi.org/10.1016/j.chembiol.2011.09.017

Amoah K., Huang Q., et al. Paenibacillus polymyxa Improves the Growth, Immune and
Antioxidant Activity, Intestinal Health, and Disease Resistance in Litopenaeus vannamei
Challenged with Vibrio parahaemolyticus. Aquaculture 518 (2020). Article number 734563.
https://doi.org/10.1016/j.aquaculture.2019.734563

Suzuki M.T., Parrot D., et al. Lichens as Natural Sources of Biotechnologically Relevant Bacteria.
Appl. Microbiol. Biotechnol. 100 (2016), 583-595.

https://doi.org/10.1007/s00253-015-7114-z


https://doi.org/10.3389/fmicb.2021.623839
https://doi.org/10.1007/978-981-16-5617-0_9
https://doi.org/10.1111/j.1574-6941.2006.00133.x
https://doi.org/10.1038/ismej.%202014.138
https://doi.org/10.1111/1462-2920.13032
https://doi.org/10.3389/fmicb.2020.00398
https://doi.org/10.1111/1758-2229.13105
https://doi.org/10.1128/AEM.02257-10
https://doi.org/10.11646/phytotaxa.281.1.1
https://doi.org/10.1093/nar/22.22.4673
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1016/j.chembiol.2011.09.017
https://doi.org/10.1016/j.aquaculture.2019.734563
https://doi.org/10.1007/s00253-015-7114-z

34 PAENIBACILLUS POLYMIXA, AS A CORE DIAZOTROPHIC ENDOLICHENIC NON...

20. Cardinale M., Grube M., et al. Bacterial Taxa Associated with the Lung Lichen Lobaria
pulmonaria are Differentially Shaped by Geography and Habitat. FEMS Microbiol. Lett. 329
(2012), 111-115.
https://doi.org/10.1111/j.1574-6968.2012.02508.x

21. Coelho R.M.R., von der Weid 1., et al. Characterization of Nitrogen-fixing Paenibacillus Species
by Polymerase Chain Reaction-restriction Fragment Length Polymorphism Analysis of Part of
Genes Encoding 16S rRNA and 23S rRNA and by Multilocus Enzyme Electrophoresis.
FEMS Microbiol. Lett. 222 (2003), 243-250.
https://doi.org/10.1016/S0378-1097(03)00300-8

U. Q. 1UrpR3Uy, N 2.UUreU3UYL, <. <. oUuNualdv

PAENIBACILLUS POLYMIXA 2hU2NSMN1d EUVHNGULNUUSLL
N »NSNULLEEShY LUUSERUL, N1MNEGU PHYSCIA BIZIANA
ENbLPGUSHL LUNLULNAUR AULUSELRUARNUD LELPUWUSUSNFShQ

Lwnpuwpnuuyhll pundp 2tnphhy hp dtbwhwnnil] juinnigguidph ntinliu
spigwhuyumyuwd . dwbpbughtt. hwdwljbgngmibbtiph Jhuwwdhowguyp
<tunmwgnunipjul byuumwyh £ gty Physcia biziana tuyhihpuyht pupwpnuh
Einnpuyniughtl ny $nunupbiiptinhl] nhugnnpnd pujmtiphwiitiph dtniuugnida
n1 inybwutugnidp: Utniuwgyty W 16S n}uld ghittinh hwenpnujubin pyub
Ytpnionipyud hhdwb Yypuw tnybwjubwgyty th npytu Paenibacillus polymyxa
(>93.54% tdwbnipnih) ptdnopquiinhtimtipnnpnd tonnuwynp wnwewging
puubphwdtph tpyne pnuditp: Unwgywd pnwditph Gjupugpnipynibp
eny] £ mwhu Ghpunpt] myjuy pwlmbphwbtph ntipp pupupnuh wgnuuyght
ubiipupnipyutt  gnpopbpugnid:  Wu  nuntdbwuhpnieiniipn plingdnid L
pwpwpnutiph  Eignpuljmtiphnphnih npuytiu puqidwpununphs  phwljub
Yhbuwptipmh ntumdbwuhpnipyub uplnpnipinibp:

M. T.TAPUBSH, P. P. CAPI'CSH, O. A. [TAHOCSH

PAENIBACILLUS POLYMIXA KAK BAXHBIN JUA30TPO®HBIN
SHAOPUTHBIN HE®OTOCUHTE3UPYIOUUI TTPEJICTABUTEJDL
BAKTEPMOBMOMA TAJUJIOMA DITUJIUTHOIO JTUIIAMHUKA
PHYSCIA BIZIANA

YHUKabHAsE OpraHu3alys TalioMa JIMIIAHHNKa TIPEJICTABISIeT COO0H 10 CHX
NOp HEM3YYEHHYIO cpely sl MHUKpOOHBIX cooOmiectB. Llenpio uccienoBaHus
ObUIO BBLAENEHUE W HMIEHTU(UKALMS JOMUHHMPYIOMIMX SHIOJUXEHHBIX HedoTo-
CHHTE3UPYIOIINX OaKTepHil W3 TajloMa SIUIMTHOTO Juimainuka Physcia biziana.
JIBa mtaMma XeMOOPraHOreTepOTPOGHBIX IHOCTIOPOOOPA3YIONINX OaKTepHid ObLIH
BBIJICJICHBI ¥ MICHTU(QHUINPOBAHBI HA OCHOBE aHAJIN3a MOCIIEI0BATEILHOCTH TEHOB
16S pPHK xak Paenibacillus polymyxa (cxomctBo > 93.54%). Xapaktepucruka
KYJIBbTUBUPYEMBIX IITAMMOB ITO3BOJIACT HNPECAIIOJIOKUTE YIaCTUE aCCOLMUMPOBAHHBIX
Oaxtepuil B KpyroBopote a3zora. J[aHHOe Hccie0BaHUE MOAYEPKUBAET BaXKHOCTD
M3y4YeHHsl 3HA00aKTeprnoOMOMa JIMIIAHHUKOB, TOCKOJBKY OH SIBJISIETCS Ba)KHBIM
aCIEeKTOM UX MHOTOKOMIIOHEHTHOM MPUPOJIHON COCTaBIISAIONIEH.
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