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ABSTRACT. The decrease of the available phosphorus reserves has a detrimental effect on agriculture
and other industrial sectors. Various microorganisms are used in biotechnology for bioremoval of the
inorganic phosphate from wastewaters, with the following application as biofertilizers for agricultural
crops production. Both associations and monocultures of microalgae, cyanobacteria, and heterotrophic
bacteria are able to accumulate high concentrations of phosphorus in their cells and are useful
microorganisms for biotechnological phosphorus uptake. Communities of microorganisms formed in
water bodies near tailing sites of the apatite mines were investigated. We studied the communities
formed in the Lake Bolshaya Imandra (Murmansk Oblast, Karelia, Russia), in the tailing pond, as
well as in a temporary pond (“puddle”); in total, five samples were studied. The morphological
characteristics and the taxonomic composition of the samples were studied by light microscopy and
DNA metabarcoding. Among bacteria, representatives of the phyla Proteobacteria, Firmicutes, and
Actinobacteria were identified as dominants; bacteria of the phylum Bacteroidetes were less present.
The results revealed a high degree of similarity of communities in terms of taxonomic structure at the
genus level, which indicates the formation of common unique conditions in this region. The smallest
variety was noted in the temporary “puddle” pond, which indicates less stability of the community
formed in it.
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1. Introduction Bolshaya Imandra, (2) water from the backwater of Lake

Bolshaya Imandra, (3) water from the tailings pond,
) | - ¢ (4) soil from the pond, (5) water from the temporary
is one of the most serious ecological problems a‘ffecqng puddle. Morphological analysis of microorganisms was
Fhe contemporary wor‘d. The ‘most acute situation performed using a light microscope Leica DM 2500
is with phosphorus, going out in high amounts from (Leica, Germany) equipped with a digital camera Leica
the natural cycle as a component of wastewaters. DFC 7000T of the same manufacturer. Environmental
Screening of the microorganisms and their associations DNA was isolated using a MagJET Plant Genomic
capable of effective phosphorus biosorbtion from the DNA Kit (Thermo Fisher Scientific, USA); bacteria
wastewater is a topical issue. We studied the natural were identified by metabarcoding based on the V4
communities 9f _ microorganisms forming in water hypervariable fragment of the gene of 16S rRNA;
bodies in the .V1c1n1ty‘of the city of A.p.atlty (Murmansk 16S rRNA libraries preparation, sequencing, and
Obla‘st, Kareha}, RUSSI?)’ near the tailing ponds of thg metagenomic data analysis were conducted according
apa'Flte-r.lephehne eprlchment ‘factory (ANOF-2). Th}s to Kublanovskaya et al. (2020). For the description
habitat is characterized by a high content of inorganic of eukaryotic components a previously described

The exhaustion of the nutrients in the environment

phosphates and is promising as a source of the strains approach was used (Chekanov et al., 2019). Fragments

apd microorganism associations applicable for the of the samples were seeded into BG-11 (Stanier et al.,

bioremoval of phosphates from wastewaters. 1971) media with increased content of phosphates (160
mg(P)/L).

2. Materials and methods
3. Results and discussion
Samples were collected in the vicinity of Apatity
(67°34°03”N, 33°23’36”E). Total of five samples were Based on the microscopy data, a large number
collected: (1) water from the coastline of the Lake of eukaryotic microalgae (green and diatoms), as
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well as unicellular and trichomic cyanobacteria,
were noted in the samples. Heterotrophic bacteria of
various morphotypes were also present in samples
in significant amounts. All the samples contained
biofilms of various structural organization (according
to Nikolaev and Plakunov, 2007), formed by cells and
trichomes of eukaryotic microalgae and cyanobacteria,
connected by an extracellular polymeric matrix. Active
growth of the storage cultures was noted in the liquid
mineral medium BG-11 with high phosphorus content.
The highest taxonomic richness at the level of genera
was detected in the samples of Lake Imandra and its
backwash (54 and 53 genera, respectively) by DNA
metabarcoding, while the lowest one was noted in the
‘puddle’ sample. Such a pattern indicates the temporary
nature of the reservoir and the low stability of the
communities formed in it (Stenuit and Agathos, 2015).

Based on the chloroplast DNA sequences analysis,
the diversity of eukaryotic microalgae was described,
among which green Chlorella-like microalgae were
most abundant. These microalgae were observed
by microscopic observations in the corresponding
community samples.

4. Conclusions

Biotechnologically promising environmental
communities of algae and bacteria formed in habitats
with a high phosphate content were studied. A limited
number of eukaryotic microalgae and more diverse
representatives of cyanobacteria have been identified.
Microscopic data on microorganism diversity were
in accordance with the DNA metabarcoding data
regarding similar diversity of eukaryotic phototrophic
microorganisms. The active growth of microorganisms
on the medium with a high content of phosphates
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indicates the prospect of obtaining the strains
from them that can survive in such conditions and
accumulate phosphates. Characterization of the
taxonomic composition of the samples is the first step
for the isolation of the strains of eukaryotic microalgae,
cyanobacteria and heterotrophic bacteria, as well as
their associations for further biotechnological research.
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