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Abstract—Changes in microbial community composition during formation of an acid mine drainage were
studied on a model of two water reservoirs located in the Ozernoye open-cast mine for polymetallic ores in
Eastern Siberia. The first reservoir, Bu-18, was filled with groundwater, had a neutral pH and low levels of
sulfate and dissolved metal ions. The second reservoir, Bu-16, was an acid mine drainage (pH 2.85) filled with
the water from Bu-18, which passed through rocks containing sulfide minerals. The Bu-16 water contained
1405 mg/L of sulfate, 164 mg/L of manganese, 78 mg/L of magnesium, and 26 mg/L of iron. Molecular anal-
ysis of the microbial communities of two reservoirs, carried out using high-throughput sequencing of the 16S
rRNA gene fragments, showed that formation of the acid mine drainage was accompanied by a decrease in
microbial diversity and by selection of several dominant taxonomic and functional groups. Chemolithoauto-
trophic iron- and sulfur-oxidizing bacteria of the genera Leptospirillum, Acidithiobacillus, Gallionella, Sul-
furiferula, and Sulfobacillus constituted most of the prokaryotic community in Bu-16. Heterotrophic bacteria
of the genera Ferrimicrobium and Metallibacterium, capable of reducing Fe(III) under anaerobic conditions,
were present as minor components. Over 20% of the community were members of the Candidate Phyla Radi-
ation group and of the candidate phylum Dependentiae (TM6), known for their parasitic or symbiotic life-
style. These groups of bacteria were rarely found in acid mine drainage and only in minor quantities. Potential
hosts of the Dependentiae, f lagellates of the genus Spumella, were found among eukaryotes in Bu-16.
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Drainage waters with a high levels of acidity, often
referred to as acid mine drainage, are formed due to
oxidation of pyrite (FeS2) and other sulfide minerals in
the presence of oxygen and water. The rate of pyrite
oxidation increases by orders of magnitude due to the
activity of aerobic microorganisms oxidizing reduced
iron compounds (Rohwerder et al., 2003; Johnson and
Hallberg, 2003). Protons and sulfate are formed
during pyrite oxidation by Fe3+ ions (reaction FeS2 +

14Fe3+ + 8H2O > 15Fe2+ +  + 16H+), resulting
in rising acidity. In turn, low ambient pH contributes
to the dissolution of the metal-containing minerals
and metal transition into the solution. These processes
result in formation of strongly acidic water (pH 0.5‒4)
with a high content of sulfates and metal ions (iron,
zinc, copper, manganese, cadmium, etc.) reaching
grams per liter. Acidic waters are typical of the sites of
disposal of metal recovery wastes, abandoned mines,
tailings dams of concentrating factories, open pits, etc.

High acidity and the presence of toxic metal ions in
acidic drainage waters create extreme conditions for
the development of microorganisms, limiting the
diversity of microbial communities (Baker and Ban-
field, 2003; Tyson et al., 2004; Méndez-García et al.,
2015). However, in these ecosystems there are both
inorganic electron donors (mainly Fe2+ and reduced
sulfur compounds) and oxygen, which creates condi-
tions for the growth of chemolithoautotrophic micro-
organisms. In anoxic zones, such as sediments of
treatment ponds, Fe3+ as well as sulfate and nitrate
may act as electron acceptors, while allochthonous
organic compounds available from external sources as
well as organic matter produced by chemolithoauto-
trophs may act as electron donors.

Microbial communities of acid mine drainage have
been actively studied using both classical microbiolog-
ical and molecular methods based on analysis of the
16S ribosomal RNA genes (Baker and Banfield, 2003;
Méndez-García et al., 2015), as well as by the methods
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of metagenomics, metatranscriptomics, and metapro-
teomics (Tyson et al., 2004; Ram et al., 2005; Chen
et al., 2015). Among chemolithoautotrophs, which
usually predominate in microbial communities of acid
mine drainage, members of the genera Acidithiobacil-
lus (phylum Proteobacteria) and Leptospirillum (phy-
lum Nitrospirae) are most often found, while in envi-
ronments with moderately low pH values (2 to 5),
betaproteobacteria of the family Gallionellaceae pre-
dominate (Méndez-García et al., 2015). The hetero-
trophic component of microbial communities is usu-
ally more diverse and may include alpha-, beta-, and
gammaproteobacteria as well as members of the phyla
Firmicutes, Actinobacteria, Acidobacteria, and TM7
(Méndez-García et al., 2015). Bacteria involved in
iron and sulfur cycles (representatives of the genera
Acidiphilum, Ferrimicrobium, Sulfobacillus, etc.) and
those belonging to the groups typical of nonextreme
ecosystems (Xanthomonodales, Sphingomonodales,
Burkholderiales, etc.) are found among heterotrophs.

Most studied acid mine drainages are “open” eco-
systems in which allochthonous microorganisms may
arrive, for example, with surface waters from sur-
rounding terrains. At the same time, in the acid drain-
age, selection of the microbial community occurs in
accordance with the physicochemical conditions.

The goal of the present work was to perform a com-
parative study of the compositions of microbial com-
munities of two water reservoirs located in an open pit
prepared for extraction of polymetallic ores and to
identify the groups of microorganisms specific for acid
mine drainage. The first reservoir, Bu-18, was filled
with rainfall and groundwater and had a near-neutral
pH. The second reservoir, Bu-16, was filled with the
water f lowing from Bu-18 through the rocks, and was
characterized by low pH values due to oxidation of the
underlying polysulfide ores.

MATERIALS AND METHODS

Sampling and characterization of chemical composi-
tion of the water. Water samples from the reservoirs
Bu-16 and Bu-18 were collected on August 11, 2016
into sterile plastic bottles. The pH, redox potential
(Eh), and temperature were measured immediately
after sampling using a HANNA HI 8314F pH meter.
Water samples for determination of ion content
(30 mL) and element composition (15 mL) were fil-
tered on site using 0.45-μm membrane filters. Chem-
ical composition of the water was analyzed by the Pla-
zma Chemical Analytical Center (Tomsk, Russia)
using inductively coupled plasma-mass spectrometry
(ICP-MS) and ion chromatography.

Isolation of metagenomic DNA, PCR amplification,
and sequencing of 16S rRNA gene fragments. The sam-
ples of water (5 L) were filtered through a 0.22 μm
membrane filter to collect microbial biomass. Total
DNA of the filtered biomass was extracted using MO
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BIO Power Soil Kit (MO BIO Laboratoties, Carlsbad,
United States) according to the manufacturer’s rec-
ommendation.

For PCR amplification of the 16S rRNA gene frag-
ments containing variable V3–V6 regions, universal
primers U341F (5'-CCT ACG GGR SGC AGC AG-
3') and PRK806R (5'-GGA CTA CYV GGG TAT
CTA AT-3') were used. The 16S rRNA gene fragments
obtained by PCR were sequenced on a GS FLX
genome analyzer (Roche, Switzerland) according to
the Titanium protocol using the GS FLX Titanium
Sequencing Kit XL+. The library was created, ampli-
fied, and sequenced on GS FLX according to the rel-
evant Roche protocols.

The sequences of the 16S rRNA gene fragments
were deposited in the Sequence Read Archive (SRA)
NCBI database under accession nos. SRX5073294
(Bu-16) and SRX5073295 (Bu-18) within the frame-
work of BioProject PRJNA507138.

Analysis of 16S rRNA gene fragments sequencing
results. For analysis, from the set of 16S rRNA gene
sequences determined by pyrosequencing the reads
containing the U341F primer sequence were selected
and were trimmed using the Mothur software package
(Schloss et al., 2009) to equal length of 250 bp to facil-
itate cluster analysis. Then, the low-quality sequences
were removed and all obtained sequences (for both
samples) were grouped into OTUs with nucleotide
sequence identity of at least 97% using the Usearch
software package (Edgar, 2010). At this stage, the
Uchime algorithm removed potential chimerical
sequences and singletons (sequences that occurred
only once; they mainly represent pyrosequencing
errors) (Behnke et al., 2011). Then, the sets of
sequences obtained for the Bu-16 and Bu-18 samples
were grouped with representative sequences of the
OTUs using Uchime algorithm if a sequence was
found to exhibit at least 97% homology. Thus, the
number of the 16S rRNA gene sequences in each of
the two samples assigned to each OTU was deter-
mined. The final data set contained 8830 sequences of
16S rRNA genes fragments for sample Bu-16 and
19104 sequences for sample Bu-18.

Taxonomic identification of OTUs was performed
using the SINA online alignment and classification
platform and the SILVA version 1.2.11 database with
default parameters (Pruesse et al., 2012). Taxonomic
identification of OTUs was also verified using the
BLASTN search against the database of the 16S rRNA
gene sequences in GenBank.

PCR amplification and sequencing of eukaryotic
18S rRNA gene fragments of the sample Bu-16. For
PCR amplification of the 18S rRNA gene fragments,
primers V4_1F (5'-CCA GCA SCY GCG GTA ATW
CC) and TAReukREV3 (5'-ACT TTC GTT CTT
GAT YRA) as well as metagenomic DNA sample from
Bu-16 as a template were used. PCR fragments were
sequenced using an Illumina MiSeq sequencer (Illu-
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Fig. 1. Changes in the composition of microbial communities during the formation of acid mine drainage. (a) Position of the res-
ervoirs Bu-18 and Bu-16. Direction of the water f low is indicated by gray arrows. (b) Diversity of microbial communities Bu-18
and Bu-16. The shares (% of the total number of the 16S rRNA gene sequences) of OTUs, found only in Bu-18 (Bu-18), in both
reservoirs (Bu-18 + Bu-16), or only in Bu-16 (Bu-16) in microbial communities Bu-18 (gray bars) and Bu-16 (black bars) are
shown. Subgroups of “common” OTUs (Bu-18 + Bu-16): e < 0.5, OTUs with the shares in Bu-16 decreased by more than 2 times
compared to Bu-18; 0.5 < e < 2, OTUs with the shares in Bu-18 and Bu-16 differing no more than 2 times; e > 2, OTUs with the
shares in Bu-16 increased by more than 2 times compared to Bu-18. The number of OTUs in each category is indicated by the
numerals above the bars.
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mina, United States) and 52516 300-bp paired-end
reads (2 × 300 bp) were obtained. Overlapping paired-
end reads were merged using the FLASH v. 1.2.11 soft-
ware (Magoc and Salzberg, 2011). The final data set
contained 47284 sequences of 18S rRNA genes.
Nucleotide sequences of the 18S rRNA gene frag-
ments of sample Bu-16 were deposited in the NCBI
SRA database under accession no. SRX5073293.
Sequences homologous to the 18S rRNA gene of Spu-
mella elongata (GenBank AJ236859) with nucleotide
sequence identity of at least 94% for at least 90% of
their length were searched using BLASTN and 2512
sequences were detected.

RESULTS AND DISCUSSION

Physicochemical characteristics of drainage water.
Ozernoye polymetallic deposit located in the Yer-
avninsky district of Republic of Buryatia (Russia) is
one of the ten largest zinc deposits in the world in
terms of reserves and ore quality. To date, overburden
operations have been carried out to develop the open
pit, but exploitation of the deposit has not yet begun.
Two small reservoirs located in an open pit were the
subjects of investigation (Fig. 1). The first reservoir,
Bu-18, has an area of about 2 m2 and depth of no more
than 20 cm and at the time of sampling was filled with
groundwater from a spring; surface runoff was absent.
The second reservoir, Bu-16, was located at a distance
of about 15 m from Bu-18 down the pit slope and had
an area of about 15 m2 and a depth of no more than
30 cm. The difference in altitude between two reser-
voirs was ~2 m. Probably, Bu-16 was fed by groundwa-
ter from Bu-18, which passed through a layer of under-
lying rocks containing sulfide minerals.

Such a water supply scheme was in agreement with
the physicochemical characteristics of the water. The
temperature in Bu-18 was 7.9°C, the water was slightly
acidic (pH 6.05) and had low content of sulfates and
dissolved metal ions (Table 1). Reservoir Bu-16,
which temperature was 13.2°C, was an acid mine
drainage. It had a low pH (2.85) and higher concentra-
tions of sulfates and metal ions, especially iron and
manganese (26 and 164 mg/L, respectively) than Bu-
18 (Table 1). Obviously, the differences in the chemi-
cal composition of the water of the two reservoirs were
caused by oxidation of sulfides during the f low of
water from Bu-18 to Bu-16, since the concentrations
of chloride and nitrate anions were approximately
equal in the both reservoirs. The increased content of
silicon and aluminum in Bu-16 also indicated partial
hydrolysis of aluminosilicate minerals caused by low
pH that is typical of mine drainage.
MICROBIOLOGY  Vol. 88  No. 3  2019
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Table 1. Physicochemical characteristics and elemental
composition of the investigated water samples from reser-
voirs Bu-16 and Bu-18

Parameter, unit

of measurement
Bu-16 Bu-18

T, °C 13.2°С 7.9°С

pH 2.85 6.05

Eh, mV +500 +365

Na (mg/L) 11.5 4.7

K (mg/L) 0.89 0.81

Ca (mg/L) 279 120

Si (mg/L) 14.3 6.85

Mg (mg/L) 77.8 31.8

Al (mg/L) 23.7 0.033

Fe (mg/L) 26.4 0.43

Mn (mg/L) 164 28.4

Cu (mg/L) 0.56 0.001

Zn (mg/L) 10.5 1.95

Sr (mg/L) 0.74 0.14

Cd (mg/L) 0.24 0.011

Pb (mg/L) 1.24 0.003

Ni (mg/L) 0.023 0.0044

As (mg/L) <0.002 <0.002

 (mg/L) 1405 452

Cl– (mg/L) 70 70

 (mg/L) 20 24

2
4SO

−

2
3NO

−

Table 2. Prokaryotic diversity in the microbial communi-
ties of reservoirs Bu-16 and Bu-18

Diversity indices Bu-16 Bu-18

OTU number 193 481

Chao1 199.8 481.0

Shannon_e 3.45 5.01

Simpson 0.0144 0.0567

Berger-Parker 0.131 0.0451
The composition of microbial community of acid
mine drainage Bu-16 was the result of selection of the
community from Bu-18 reservoir. Sequencing of the
16S rRNA gene fragments revealed 487 OTUs (97%
sequence identity), of which only 9 belonged to
archaea. Alpha diversity indices indicated a lower
diversity of the microbial community of acid drainage
Bu-16 in comparison with Bu-18, and the relatively
small number of predominant OTUs (Table 2).

The data on the presence of individual OTUs in the
two communities and their relative abundance con-
firmed the assumption that the Bu-16 community was
MICROBIOLOGY  Vol. 88  No. 3  2019
the result of succession of the Bu-18 community
accompanied by a decrease in microbial diversity and
selection of individual dominant groups. Among all
487 OTUs, 187 OTUs were detected in both commu-
nities, while 294 OTUs were unique for Bu-18, and
only 6 OTUs were unique for Bu-16 (Fig. 1). The
results of analysis of the shares that these OTUs com-
prised in two communities were even clearer. For
example, 6 OTUs specific for Bu-16 comprised 8.1%
of 16S rRNA sequences, while other 82.5% of the total
sequences in Bu-16 belonged to 46 “common” OTUs
which shares in Bu-16 was more than double that in
Bu-18 (Fig. 1). The “common” OTUs, with shares
varying within +/‒ 2 times, represented only about
4% of 16S rRNA sequences in each community.

Microorganisms potentially involved in iron and sul-
fur cycles in the acid mine drainage Bu-16. Microbial
community of Bu-18 reservoir included 481 OTUs
representing bacterial phyla Acidobacteria, Actinobac-
teria, Bacteroidetes, Ignavibacteriae, Chlamydiae,
Chloroflexi, Cyanobacteria, Deinococcus-Thermus,
Dependentiae (TM6), Elusimicrobia, Fibrobacteres,
Firmicutes, Gemmatimonadetes, Nitrospirae, Patesci-
bacteria, Planctomycetes, Proteobacteria (alpha-, beta-,
gamma-, and deltaproteobacteria), Spirochaetes, Ver-
rucomicrobia, and candidate phylum WPS-2 (Table 3).
Archaea comprised ~4.5% of the community and
belonged to the class Thermoplasmata of the phylum
Euryarchaeota.

In the acid mine drainage Bu-16, the relative abun-
dance of such bacterial groups characteristic of fresh-
water basins and soils as Acidobacteria, Bacteroidetes,
most species of alpha-, gamma-, and deltaproteobac-
teria, as well as archaea, which together predominated
in the community Bu-18, decreased. Relative abun-
dance of only 52 OTUs, which represented over 90%
of microorganisms in the Bu-16 community,
increased more than twofold compared to Bu-18.
Chemolithoautotrophic bacteria capable of oxidizing
iron and/or reduced sulfur compounds, members of
the genera Leptospirillum (13.25%), Acidithiobacillus
(13.06%), and Sulfobacillus (6.22%) as well as
betaproteobacteria of the families Gallionellaceae
(17.50%) and Sulfuricellaceae (4.22%) were the pre-
dominant microorganisms in Bu-16. Bacteria of the
genus Leptospirillum are obligate chemolithoautotro-

phs, which use only Fe2+ as an electron donor, and
oxygen as an acceptor. Although they usually predom-
inate in communities developing under extreme acid-
ity (pH below 2) and elevated temperature (25‒40°C),
for example, in the Richmond Mine in California
(Tyson et al., 2004), they were also found in cold acid
mine drainage in Buryatia (Kadnikov et al., 2016a).
Acidithiobacillus are more moderate acidophiles (opti-
mal pH 2‒3) while in relation to the optimal growth
temperature, they are mainly mesophiles or psychro-
philes. Under oxic conditions, these chemolithoauto-

trophic bacteria oxidize, apart from Fe2+, also reduced
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Table 3. Composition of the microbial communities of Bu-
16 and Bu-18 reservoirs according to the analysis of the 16S
rRNA gene sequences

The phyla (for proteobacteria, the classes), whose shares com-
prised more than 1% in at least one of the communities are
shown. Gray shading highlights their lower level taxa.

Taxonomic group

Share

in the community (%)

Bu-18 Bu-16

Archaea (Thermoplasmatales) 4.51 0.02

Acidobacteria 3.11 0.33

Actinobacteria 5.93 3.90

Ferrimicrobium 0.00 0.99

Bacteroidetes 18.32 1.65

Cyanobacteria 1.62 1.17

Dependentiae (TM6) 0.19 7.83

Elusimicrobia 1.80 0.29

Firmicutes 0.26 11.18

Sulfobacillus 0.17 6.22

Nitrospirae 1.30 13.26

Leptospirillum 1.30 13.26

Candidate Phyla Radiation 19.76 14.51

Parcubacteria (OD1) 15.52 11.94

Saccharibacteria (TM7) 4.20 2.57

Alphaproteobacteria 3.60 0.76

Betaproteobacteria 9.98 26.13

Gallionellaceae 3.48 17.50

Sulfuriferula 0.50 4.22

Gammaproteobacteria 10.93 15.97

Acidithiobacillus 1.67 13.06

Metallibacterium 0.00 0.96

Deltaproteobacteria 1.49 0.05

Verrucomicrobia 1.07 0.05

Other and unclassified 16.13 2.90
sulfur compounds (or only these compounds) and fix
CO2 via the Calvin cycle and atmospheric nitrogen

with nitrogenase (Liljeqvist et al., 2011). Many Acid-
ithiobacillus strains (for example, A. ferrivorans) were
isolated from acid mine drainage with pH values of 2
to 3.5 in areas with a cold climate (Kupka et al., 2007;
Hallberg et al., 2010).

Betaproteobacteria of the families Gallionelaceae
and Sulfuricellaceae were the most numerous group of
chemolithoautotrophs. Nine OTUs belonged to the
family Gallionelaceae, most of which represented the
genus Gallionella (6 OTUs, 15.64% of the commu-
nity). These autotrophic iron-oxidizing bacteria were
found in acid mine drainages with moderate values of
pH (2–5) and concentrations of dissolved metals.
Bacteria related to Gallionella were among the domi-

nant microbial groups in the acid mine drainages of
lead and zinc deposits of the Carnoules region in
France (Bruneel et al., 2006), pyrite mines Cae Coch
in Wales (Kimura et al., 2011) and Yunfu in China (He
et al., 2007), uranium mine Ronneburg in Germany
(Fabisch et al., 2013), etc. Bacteria of the genus Gallio-
nella were predominant in microbial community of

drainage water from the well ShG14-8 at Sherlovaya
Gora polymetallic mine (Chita oblast, Russia), which
had pH (2.65) close to that of water from Bu-16 (Kad-
nikov et al., 2016b). In addition to Gallionella, bacteria
of the genera Nitrosospira (0.72%) and Nitrotoga
(1.10%) were found; the cultured members of these
groups may oxidize ammonium and nitrite, respec-

tively (Schramm et al., 1998; Ishii et al., 2017). Sulfur-
oxidizing bacteria of the genus Sulfuriferula, using
oxygen or nitrate as an electron acceptor under anoxic
conditions (Watanabe et al., 2015), comprised about
4.22% of the Bu-16 community. The presence of bac-
teria with the energy metabolism associated with oxi-
dation or reduction of nitrogen compounds is consis-
tent with high content of nitrate in the water, the

source of which may be technogenic nitrogen com-
pounds originating from the explosive used in the
open-cast mining.

Firmicutes of the genus Sulfobacillus (6.22%), as
well as a closely related OTU assigned to the same
family XVII of Clostridiales (4.93%), were detected
among the bacteria allegedly involved in the iron
cycle. Representatives of the genus Sulfobacillus can

grow either by autotrophic oxidation of iron and sulfur
or heterotrophically (Anderson et al., 2012). About 1%
of the 16S rRNA gene sequences in Bu-16 sample
belonged to actinobacteria Ferrimicrobium acidiphi-
lum. These acidophilic heterotrophs may oxidize Fe2+

under oxic conditions and reduce Fe3+ using organic

compounds as electron donors under anoxic condi-
tions (Johnson et al., 2009). Gamma-proteobacteria
Metallibacterium scheffleri, the share of which in the
community was 0.96%, are also capable of reducing

Fe3+ under anoxic conditions (Ziegler et al., 2013).
In general, various groups of bacteria, cultivated

members of which are capable of oxidizing iron or

reduced sulfur compounds, comprised about half of

the total microbial community Bu-16, while in reser-

voir Bu-18, the share of these OTUs was about 4%.

Microbial community of acid mine drainage Bu-16
contained a large proportion of non-free-living micro-
MICROBIOLOGY  Vol. 88  No. 3  2019



SELECTION OF A MICROBIAL COMMUNITY IN THE COURSE OF FORMATION 297
organisms. Detection in the studied communities of
significant numbers of representatives of two uncul-
tured groups, superphylum Candidate Phyla Radia-
tion (Patescibacteria) and candidate phylum Depen-
dentiae (TM6), was an unexpected result of this work.
The Candidate Phyla Radiation is a monophyletic
group that includes several dozen lineages of the phy-
lum level (Brown et al., 2015). These bacteria have a
small cell size and genomes and lack many key biosyn-
thetic pathways, so they are supposed to grow only in
association with other microorganisms as parasites or
symbionts (Castelle et al., 2018). In reservoir Bu-18,
40 OTUs representing candidate phyla Parcubacteria
(OD1) and Saccharibacteria (TM7) were found, 21 of
which were also present in the Bu-16 reservoir. The
shares of 5 OTUs in Bu-16 more than doubled com-
pared to Bu-18, and in total, they represented ~13% of
microorganisms in Bu-16. Apparently, the increase in
the abundances of these OTUs reflects selection of
their hosts in the acid mine drainage Bu-16. Represen-
tatives of Saccharibacteria were previously detected in
various acid mine drainages (Méndez-García et al.,
2015), while detection of Parcubacteria was described
in a single paper dealing with analysis of such ecosys-
tems on Svalbard Island (García-Moyano et al., 2015).
In all the cases described, these groups were the minor
components of microbial communities.

The candidate phylum Dependentiae was repre-
sented by three OTUs, the total share of which was
0.19% in Bu-18 and increased to 7.83% in Bu-16.
Small genome size, reduced cell envelope, the absence
of many biosynthetic pathways, the presence of a
transport system for ATP import into the cell from the
outside, and the presence of proteins enabling interac-
tion with eukaryotic cells are common characteristics
of the bacteria of this phylum (Yeoh et al., 2016). All
these characteristics indicate that Dependentiae are
parasites of eukaryotic protozoans (Yeoh et al., 2016).
The Dependentiae detected in Bu-16 were closely
related (95–97% 16S rRNA sequence identity) to
Candidatus Dependentiae bacterium SeV1 (GenBank
CP025544), an intracellular parasite of the protozoan
Spumella elongata. Spumella (Stramenopiles; Chryso-
phyceae; Chromulinales; Chromulinaceae) are hetero-
trophic f lagellates, widespread in soils and freshwater
habitats (Boenigk et al., 2005). Sequence analysis of
the 18S rRNA gene fragments of eukaryotes from Bu-
16 showed that ~5% of them belonged to f lagellates of
the genus Spumella. It is possible that development of
microbial biofilms on the surface of minerals, charac-
teristic of acid mine drainage, creates favorable condi-
tions for the nutrition of Spumella. Despite the fact
that various protozoans were repeatedly found in acid
mine drainages, the presence of Spumella was not pre-
viously reported (Méndez-García et al., 2015).

Thus, our results demonstrated that formation of
acid mine drainages results in decreased diversity of
the microbial community, which becomes enriched
with the microorganisms participating in iron and sul-
MICROBIOLOGY  Vol. 88  No. 3  2019
fur cycles, primarily with aerobic chemolithoautotro-
phic iron- and sulfur-oxidizing bacteria of the genera
Acidithiobacillus, Gallionella, Sulfuriferula, and Lepto-
spirillum. The relative abundance of heterotrophic

bacteria capable of reducing Fe3+ under anoxic condi-
tions also increased. A specific feature of the studied
acid mine drainage Bu-16 was the high content of
non-free-living bacteria (memebrs of Candidate Phyla
Radiation and Dependentiae), which are symbionts or
parasites of other microorganisms. They are rarely
found in acid mine drainages and in the previously
described cases were minor components of microbial
communities. The presence of Dependentiae and their
probable hosts, protozoans of the genus Spumella, in
the community demonstrated the importance of
eukaryotic microorganisms as components of the acid
mine drainage ecosystem.
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