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ISOLATION AND IDENTIFICATION
OF COAL ACCLIMATED MICROORGANISMS
FROM THE ACTIVATED SLUDGE

Today, Kazakhstan is among the top ten countries in the world in terms of coal production, which
is estimated at 38 billion tons. The processing of low-quality coal is a hot topic that requires careful
scientific research, since it is one of the main energy carriers of organic origin and is now considered a
promising source of raw materials for value-added products, like biofuels or biofertilizers. To increase
the bioavailability of coal, various approaches are used, including pre-treatment of coal with exogenous
microorganisms. This article demonstrates a method for acclimatizing bacteria from activated sludge,
which can then be used for a community of microorganisms as a pre-treatment of coal to improve its
bioavailability. Microorganisms adapted to coal were isolated and identified based on the analysis of the
16S rRNA gene, which showed belonging to Enterobacter bugandensis 247, Lysinibacillus macroides
LMG 18474, Acinetobacter pittii DSM 21653, Achromobacter insolitus LMG 6003, Achromobacter
denitrificans NBRC 15125 strains. Microorganisms actively grew in synthetic cultural media E8, where
the only source of carbon was coal. This indicated that acclimatization was successful and in the future
this method can be used for acclimatization of exogenous microbial communities.

Key words: coal, bioavailability, bacteria, activated sludge, acclimatization, biodegradation, bio-
conversion.
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beAceHAl TyHOaAaH Kemipre 6eHiMAEATEH MUKPOOPraHU3MAEPA|
OKLLIAyAay YKaHe UAeHTUDUKaLUIAAY

byrinri TaHAa KasakcraH kemip eHaipy 6GonbiHWA KeAemi 38 MMAAMApA TOHHara GaraAnaHaTbiH,
SAEMHIH aAFallKbl OHABIFbIHA Kipeai. TOMEH canaAbl KEMIPAI KalTa 6HAEY-MYKUST FbIAbIMUA 3epTTeYAI
KayKeT eTeTiH ©3eKTi TaKblpbIM, OMTKEHI OA OpraHMKaAbIK TEKTEC HETi3ri SHEeprms TaCbIMaAAAYLLIbIAAPAbIH,
6ipi XoHe Kasipri yakplTTa 6MOOTbIH HEMECE OMO ThIHAMTKILL CUSKTbI KOCbIMLLIA KYHAbI ©HIMAEP YLLiH
NepcrnekTUBaAbl LIMKi3aT Ke3i BGOAbIN caHaraAbl. KOMIpAiH BGMOXETIMAIAINIH apTTbipy YILiH SPTYPAI
TOCIAAEDP KOAAQHBIAAAbI, COHbIH ilIHAE KOMIpAI 3K30reHAIK MMKPOOPraHM3MAEPMEH aAAbIH-aAa
eHAey. byAa Makarapa 6eaceHAil TyH6a GakTepusiAapbiH Kemipre GeniMaey SAiCi KOPCeTIAreH, coAaH
KeMiH OHbl MMKPOOPIraHM3MAEP KaybIMAACTbIFbI YLIIH KOMIPAIH BMOXKETIMAIAINIH apTTbIPY YLIiH aAAbIH
aAa eHAEY peTiHAe nanaasaHyra 6oaaabl. 16s pPHK reHiHiH Taaaaybl HeriziHAe Kemipre GeiMAeAreH
Enterobacter bugandensis 247, Lysinibacillus macroides LMG 18474, Acinetobacter pittii DSM 21653,
Achromobacter insolitus LMG 6003, Achromobacter denitrificans nbrc 15125 TypaAepiHe >aTaTbiH
MUKPOOPraHM3MAEp aHbiKTaAFaH. MukpoopraHmsmaep E8 CHMHTETMKAAbIK KOPEKTIK OpTacblHAQ,
GEACEHAI TYPAE OCTi, OHAQ KOMIPTEKTIH >KaAFbl3 KO3i KemMip 60AAbI, OYA COTTI aKKAMMATMU3AUMSHbIH
HaTMXKeCi BOAADI.

Tyiin ce3saep: kemip, OMOXETIMAIAIK, OakTepusianap, 6eAaceHAl TyHOa, akKAMMaTM3aums,
6uoaerpasaumsi, GOKOHBEPCHSI.
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Isolation and identification of coal acclimated microorganisms from the activated sludge
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BbiaeAeHune u MAEHTMCbMKaLI,Mﬂ AKKAUMATU3UPOBAHHDbIX
K YTAHO MUKPOOPraHM3MOB U3 aKTUBHOIO MAQ

Ha ceroaHsiwHmm aeHb KasaxcrtaH BXOAMT B MEPBYIO AECSTKY CTPaH mMupa Mo Ao6blue yrag,
KOTOpast OLEHMBAETCS B 38 MUAAMAPAOB TOHH. [lepepaboTka HU3KOKAUeCTBEHHOIO YrASl — aKTyaAbHast
Tema, TpebyloLas TIWATEABHOrO HayYHOrO MCCAEAOBAHMS, MOCKOABKY OH SIBASIETCS OAHUM M3 OCHOBHBbIX
SHEProHOCUTEAEN OPraHMUYECKOro MPOUCXOXKAEHMS M B HACTOSILLLEE BPEMS CUMTAETCS MepPCrneKTUBHbIM
MCTOYHMKOM CbIpbS AASI MPOAYKTOB C AOGABAEHHOM CTOMMOCTbIO, TaKMX Kak OGMOTOMAMBO WAM
61oyAOBPEHUS. AASI TMOBbILIEHNSI GUOAOCTYIHOCTU YIASl MPUMEHSIIOT Pa3AMUHbIE MOAXOAbI, B TOM
yncAe MPeABapUTEAbHYID 06PabOoTKy YrAsS 3K30reHHbIMM MMKpOOpraHvMamamu. B AaHHOM cTaTbhe
AEMOHCTPUPYETCS METOA aKKAMMATM3aLMKM 6AKTEPUI U3 AKTUBHOIO MAQ K YTAIO, KOTOPbIN 3aTEM MOXKHO
MCMOAB30BaTb AAS COOOLIECTBA MUKPOOPraHM3MOB B KayeCTBe MPeABAPUTEAbHON 06paboTKM yras
AAS TIOBbILIEHWSI €10 GUOAOCTYMHOCTU. BblAEAEHBI M MAEHTUMDULUMPOBAHBI AAAMTMPOBAHHBIE K YTAIO
MMKPOOPraHM3mMbl Ha OCHOBE aHaAm3a reHa 16S pPHK, KoTopbii nokasaa npUHAAAEXKHOCTb K LITaMMam
Enterobacter bugandensis 247, Lysinibacillus macroides LMG 18474, Acinetobacter pittii DSM 21653,
Achromobacter insolitus LMG 6003, Achromobacter denitrificans NBRC 15125. MukpoopraHu3mbl
AKTMBHO POCAM B CMHTETUYECKOW KYAbTYpHOI cpeae E8, rae eAMHCTBEHHbIM MCTOYHMKOM YrA€poAa

ObIA YIrOAb, YTO 4BAAAOCDH MNMOKa3aTeAeEM YCI'IeLIJHOl;I AKKAMMATU3alUnN.

KAtoueBble cAOBa: Yroab,
6roaerpasaums, 6MoKoHBepCHsl.

Introduction

Due to their low energetic power, low rank
coals (LRC) such as peat, leonardite, and lignites
are not commercially utilized. Coal bioconversion
technology has the ability to convert low-grade
and discarded coal into either clean, cost-effective
energy raw materials or into value-added goods [1].
Coal treatment methods include physical, chemical,
and bio-treatments [2]. It has been demonstrated
that the application of alkali and another chemical
treatments can disrupt and reestablish distinct coal
macromolecule connections and forces [3,4].

Microbial technology will outperform physical
and chemical coal processing technologies. Apart
from being easier and requiring fewer technical
instruments, microorganisms have no environmental
impact when compared to typical chemical catalyst
particles. Compared with physical methods, the
microbiological method has several advantages,
namely: the process can be carried out under
conditions of atmospheric temperature and pressure,
and does not require external energy, and microbial
degradation does not produce nitrogen oxides and
sulfur oxides making it more environmentally
friendly [5].

There are quite a few works devoted to the
study of the effectiveness of the use of indigenous
an exogenous microorganism for the biodegradation
of coal [6-8]. For example, fungal systems have
been identified that can modify the structure
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of coal by various mechanisms [9]. Moreover,
because of the alkaline chemicals emitted, bacteria
and actinomycetes can represent an effective and
inexpensive potential for coal degradation [10,11].
Also, some plant growth-promoting rhizobacteria
(PGPR) have been experimentally shown to have coal
solubilizing characteristics [12]. Bioaugmentation
with  coal-acclimated microorganisms  from
activated sludge could be a strong tool for
improving coal degradation processes, such as
coal solubilization. For instance, in the majority
of investigations on the bioconversion of coal to
methane, local microorganisms have been utilized
[13-15]. However, it has also been discovered that
some exogenous microbial communities were just
as more effective than the native populations at
converting coal to methane [16,17]. Activated sludge
is a mixture of biomass of various microorganisms
that is used for wastewater treatment. The bacterial
diversity of activated sludge consists of many
different functional bacterial groups like aerobic
heterotrophic bacteria, nitrate reducers, sulfate-
reducers, ammonia-oxidizers, nitrite-oxidizers and
etc. [18]. Acid-producing bacteria and methanogenic
bacteria are also parts of activated sludge community
and the important bacterial groups which are
participated in the bioconversion process [19].

Due to the metabolism of so many diverse
microorganisms, in particular bacterial taxa, organic
compounds, and contaminants such as household
waste, pharmaceuticals, pesticides can be degraded
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[20]. This feature of activated sludge can be used as
a technique to stimulate coal bioconversion.

In this paper, the method of the acclimatization
of microorganisms from activated sludge was
studied, and microorganisms adapted to the coal
were isolated and identified to demonstrate the
potential of using microorganisms for successful
bioaugmentation for coal degradation.

Materials and Methods

In this study, coal samples from the Oi-Qaragai
deposit were used. Coal sampling was carried
out manually according to certain rules from the
standard document “Hard coal and coke. Manual
sampling and ISO 13909-4:2016 Preview Hard
coal and coke. Mechanical sampling. Part 4. Coal.
Sample preparation for testing” (GOST 10742-
71). The coal was crushed to a powder state with
a particle size of less than 150 pm, in laboratory
conditions, using a grinder. The pulverized coal
samples were then dried and stored in a sealed bag
for further experiments.

The activated sludge (AS) sample was obtained
from a wastewater treatment system in KazNU
campus, Almaty, Kazakhstan.

For the acclimatization of AS microorganisms,
a modified Ashby’s medium [21] was used which
contain 60 g of activated sludge, 9 g of glucose, 15
g calcium carbonate, 3 g of yeast extract, 0,6 g of
sodium chloride, 0,6 g sodium dihydrogen phosphate,
0,6 g magnesium sulfate and 0,3 g potassium sulfate
were added to 3 L of distilled water.

For the isolation of bacteria from AS, which
can grow up in coal and convert coal was used
synthetic media E8. The composition of E8 media:
2,1 g potassium dehydrogen phosphate, 4,5 g
diammonium hydrogen phosphate, 2,4 g magnesium
sulfate, 1,5 g sodium chloride, 60 g coal and 3 L of
distilled water.

Adapting the AS microorganisms to the coal

For the adaptation of microorganisms was used
the method of Wang et al. where to the 10 g AS
were added 2,5 g of coal powder with a particle size
of less than 150 pm. For continuous acclimatization
over a period of 28 days, 0,5 g of coal powder with
a particle size of less than 150 m was added every
3 days, and 0,5 g, 0,25 g, and 0,1 g of glucose were
added sequentially every 7 days. This was followed
by continuous aeration at 35°C [22].

Isolation and identification and of acclimatized
bacteria from sludge

Due to the isolation of microorganisms
acclimatized to the coal, microorganisms were
checked after 28 days on E8 media. 16S rDNA
provides sufficient information and contains 10
conservative areas and 9 hypervariable regions
(V1-V9), according to a PCR identification test.
Five different strains isolated from activated sludge
adapted to coal were used in the work.

The universal primer for bacteria 16s (27/1492r)
was used for genomic DNA sequencing, the product
was amplified, after that all the results were compared
and analyzed. The bacterial genome was extracted
using the traditional phenol-chloroform method. The
primer set consists of two primers. Primer 27f has a
sequence of 5-AGAGTTTGATCCTGGCTCAG-3,
while primer 1492r has a sequence of
5-CTACGGCTACCTTGTTACGA-3. The target
fragment was seen under blue light after the
electrophoresis of the amplification results on 1.5%
agarose gel, and the gel was then removed and purified.

The ABI3730-XL sequencing tool was employed
to identify the microorganisms. To determine the
accurate information regarding the classification of
species, all sequencing sequences were checked with
the NCBI 16S database and a search was carried
out in the NCBI taxonomy database. Aoke Biogel
Recovery Kit was used for PCR product recovery.
Using the BLAST algorithm, the derived nucleotide
chains of bacteria were discovered.

Results and discussion

After 28 days of cultivation, the microflora was
observed under a microscope (Microoptix MX-50,
Austria) at 100x magnification. On fig.1 it can be
seen that the larger black particles (~10 pm) are
coal, and the smaller bacilli or coccoid particles (<10
pum) are microbes that randomly and actively rotate/
move around the coal particles. It is noticeable that
after inoculation and subsequent acclimatization, the
culture medium is rich in microorganisms, mainly
bacilli and cocci (Figure 1).

This indicates that the process of acclimatization
of microbial cultures to the environment in the
presence of coal was successful in obtaining adapted
microbial communities.

The microbiological analysis of the obtained
samples was carried out by inoculation on a synthetic
medium E8 (Figure 2). The growth of colonies adapted
to coal was determined on petri dishes with a synthetic
medium. The results showed that the samples contain
bacteria that use coal as their only source of energy.
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Figure 1 — Microscopy of microbial samples after 28 days (x 100)

. G|
el . 4

Figure 2 — Colonies of microorganisms isolated from activated sludge after its acclimatization to the coal

There are colonies of round shaped, white and For further research and identification, five
yellowish, creamy and shiny colonies with smooth  different strains of microorganisms were selected
edges of small size. The number of live bacteriain 1~ (Figure 3), the fastest growing strains, and well-
dose (0,01 ml) growing on E8 is 5,8 x 10°CFU/mg.  grown bacterial monocultures for 24-48 hours.

Figure 3 — Isolation of pure culture microorganisms by streak plate method

In the process of identifying microorganisms Microscopy and staining methods were used
to a species, morphological and cultural properties  on the basis of purpose of the study. As a result of
were first studied. The morphological properties  staining to determine the morphological structure
of bacterial cultures grown on solid nutrient media  of cells of isolated bacteria, it was found that
were studied under a microscope (Microoptix MX-  microorganisms are gram-negative cocci and gram-
50, Austria) at 100x magnification. positive cocci bacillus (Fig.4).
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M4

Figure 4 — Morphological characteristics of microorganisms

M1- diplococci, gram positive, 0,7 um; M2-cocci bacilli, gram negative, 0,7 pm; M3- cocci, gram positive, 0,5um;

The table below displays the outcomes of strain
identification of microorganisms using the ABI3730-
XL sequencer (Table 1). The most pertinent informa-

M4- cocci, gram positive, 0,5um; M5 — cocci -0,5um, gram positive (x 100)

Table 1 — Results of identification by the method of nucleotide sequence analysis

tion regarding species categorization was then ob-
tained by searching the NCBI taxonomy database and
comparing the outcomes with the NCBI 16S database.

The strain
name

The sequence nucleotide chains

Name of strain

%
identity

Ml

ACGCCTCAAGGGCACAACCTCCAAGTCGACATCGTTTACGGCGTGGAC-
TACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGCACCTGAGCGT-
CAGTCTTTGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCAGATCTCTA-
CGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCTAGCCT-
GCCAGTTTCGAATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCCGACTT-
GACAGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTG-
CACCCTCCGTATTACCGCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCT-
GCGGGTAACGTCAATCGACAAGGTTATTAACCTCATCGCCTTCCTCCCC-
GCTGAAAGTACTTTACAACCCGAAGGCCTTCTTCATACACGCGGCATGGCT-
GCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAG-
GAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGGTCATCCTCTCAGAC-
CAGCTAGGGATCGTCGCCTAGGTGAGCCGTTACCCCACCTACTAGCTA-
ATCCCATCTGGGCACATCTGATGGCAAGAGGCCCGAAGGTCCCCCTCTTTG-
GTCTTGCGACGTTATGCGGTATTAGCTACCGTTTCCAGTAGTTATCCCCCTC-
CATCAGGCAGTTTCCCAGACATTACTCACCCGTCCGCCACTCGTCACCCGAGA-
GCAAGCTCTCTGTGCTAC

Enterobacter
bugandensis
247

99.42
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Table continuation

The strain
name

The sequence nucleotide chains

Name of strain

%
identity

M2

AGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCG-
GTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTAAATGATGGCAACTAA-
GATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACAC-
GAGCTGACGACAACCATGCACCACCTGTCACCGTTGCCCCCGAAGGGGAAAC-
TATATCTCTACAGTGGTCAACGGGATGTCAAGACCTGGTAAGGTTCTTC-
GCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGT-
CAATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCT-
TAATGCGTTAGCTGCAGCACTAAGGGGCGGAAACCCCCTAACACTTAGCACT-
CATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCAC-
GCTTTCGCGCCTCAGCGTCAGTTACAGACCAGAAAGTCGCCTTCGC-
CACTGGTGTTCCTCCAAATCTCTACGCATTTCACCGCTACACTTGGAATTC-
CACTTTCCTCTTCTGCACTCAAGTCCCCCAGTTTCCAATGACCCTCCACG-
GTTGAGCCGTGGGCTTTCACATCAGACTTAAAGGACCGCCTGCGCGC-
GCTTTACGCCCAATAATTCCGGACAACGCTTGCCACCTACGTATTACCGCG-
GCTGCTGGCACGTAGTTAGCCGTGGCTTTCTAATAAGGTACCGTCAAGGTA-
CAGCCAGTTACTACTGTACTTGTTCTTCCCTTACAACAGAGTTTTACGATCC-
GAAAACCTTCTTCACTCACGCGGCGTTGCTCCATCAGGCTTTCGCCCATTGTG-
GAAGATTCCCTACTGCTGCCTCCCG

Lysinibacil-
lus macroides
LMG 18474

99.07

M3

TAGATGAGCCTAAGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGC-
GACGATCTGTAGCGGGTCTGAGAGGATGATCCGCCACACTGGGACTGAGA-
CACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGC-
GCAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCCTTATGGTTGTA-
AAGCACTTTAAGCGAGGAGGAGGCTACTTTAGTTAATACCTAGAGATAGTG-
GACGTTACTCGCAGAATAAGCACCGGCTAACTCTGTGCCAGCAGCCGCG-
GTAATACAGAGGGTGCAAGCGTTAATCGGATTTACTGGGCGTAAAGCGCGC-
GTAGGCGGCTAATTAAGTCAAATGTGAAATCCCCGAGCTTAACTTGGGAATT-
GCATTCGATACTGGTTAGCTAGAGTGTGGGAGAGGATGGTAGAATTCCAGGT-
GTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGATGGCGAAGGCAGC-
CATCTGGCCTAACACTGACGCTGAGGTGCGAAAGCATGGGGAGCAAA-
CAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGATGTCTACTAGCC-
GTTGGGGCCTTTGAGGCTTTAGTGGCGCAGCTAACGCGATAAGTAGACC-
GCCTGGGGAGTACGGTCGCAAGACTAAAACTCAAATGAATTGACGGGGGCCC-
GCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCT-
TACCTGGCCTTGACATAGTAAGAACTTTCCAGAGATGGATTGGTGCCTTC-
GGGAACTTACATACAGGTGCTGCATGGCTGTCGTCAGCTCG

Acinetobacter
pittii DSM
21653

99.63

M4

CTTTCGTGCATGAGCGTCAGTGTTATCCCAGGAGGCTGCCTTCGCCATC-
GGTGTTCCTCCGCATATCTACGCATTTCACTGCTACACGCGGAATTC-
CACCTCCCTCTGACACACTCTAGCTCGGTAGTTAAAAATGCAGTTCCAAAGT-
TAAGCTCTGGGATTTCACATCTTTCTTTCCGAACCGCCTGCGCACGCTT-
TACGCCCAGTAATTCCGATTAACGCTTGCACCCTACGTATTACCGCGGCT-
GCTGGCACGTAGTTAGCCGGTGCTTATTCTGCAGGTACCGTCAGTTTCGC-
GGGGTATTAACCCACGACGTTTCTTTCCTGCCAAAAGTGCTTTACAACCC-
GAAGGCCTTCATCGCACACGCGGGATGGCTGGATCAGGGTTTCCCCCATT-
GTCCAAAATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCT-
CAGTCCCAGTGTGGCTGGTCGTCCTCTCAAACCAGCTACGGATCGTCGCCTTG-
GTGAGCCGTTACCCCACCAACTAGCTAATCCGATATCGGCCGCTCCAATAGTG-
CAAGGTCTTGCGATCCCCTGCTTTCCCCCGTAGGGCGTATGCGGTATTAGCTAC-
GCTTTCGCGTAGTTATCCCCCGCTACTGGGCACGTTCCGATACATTACTCACCC-
GTTCGCCACTCGCCACCAGACCGAAGTCCGTGCTGCCGTTCGACTTGCATGT-
GTAAGGCATCCC

Achromobacter
insolitus LMG
6003

99.44

M5

ACTGACGGTACCTGCAGAATAAGCACCGGCTAACTACGTGCCAGCAGC-
CGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTA-
AAGCGTGCGCAGGCGGTTCGGAAAGAAAGATGTGAAATCCCAGAGCTTA-
ACTTTGGAACTGCATTTTTAACTACCGGGCTAGAGTGTGTCAGAGGGAG-
GTGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGAACAC-
CGATGGCGAAGGCAGCCTCCTGGGATAACACTGACGCTCATGCACGAAAGC-
GTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGAT-
GTCAACTAGCTGTTGGGGCCTTCGGGCCTTGGTAGCGCAGCTAACGCGT-
GAAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATT-
GACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGC-
GAAAAACCTTACCTACCCTTGACATGTCTGGAATCCTGAAGAGATTTAGGAGT-
GCTCGCAAGAGAACCGGAACACAGGTGCTGCATGGCTGTCGTCAGCTCGT-
GTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTT-
GCTACGA

Achromobacter
denitrificans
NBRC 15125

98.81
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After the 16S ribosomal RNA gene sequences
of the isolates were sequenced and compared to
the NCBI database, the isolates were identified as
follows: Enterobacter bugandensis 247 (99.42%
match), Lysinibacillus macroides LMG 18474
(99.07% match), Acinetobacter pittii DSM
21653 (99.63% match), Achromobacter insolitus
LMG 6003 (99.44% match), and Achromobacter
denitrificans NBRC 15125 (98.81% match).

Discussion

Microbial ~ community  optimization  or
bioaugmentation is necessary to increase the
production of value-added products, such as methane
or hydrogen, from the complete biodegradation of
coal. An effective method for the degradation of
lignite by foreign microorganisms using lignite as
a substrate and isolated by acclimation has been
reported, where, for example, bioaugmentation has
proven to be an effective strategy for stimulation of
gas production [23].

The bacteria contained in the activated
sludge were successfully adapted, because in the
adaptation method, coal as a source of carbon
was added gradually, and each time increasing
the concentration, the bacteria adapted to the new
environmental conditions. It can be assumed that
the isolated bacteria are able to solubilize coal
and, using the organic matter of coal, they provide
themselves with a source of carbon. Since activated
sludge accumulates various microorganisms whose
metabolism includes a wide range of chemical
reactions [24], activated sludge can be used to
effectively reduce the recalcitrance of coal.

Adapted and isolated activated sludge
microorganisms play important role in the
environment as degraders. Acinetobacter sp. strains
act as the best decomposers for bioremediation
of oil-contaminated sites [25]. It was also found
that when using Acinetobacter pitti. showed a
high degree of solubilization of brown coals
[26]. Achromobacter insolitus participates in the
bioremediation of polyaromatic hydrocarbons [27].
Achromobacter denitrificans is also mainly used for

the bioremediation soils contaminated with heavy
metals [28]. Other strains of Lysinibacillus sp and
Enterobacter sp. are of ecological importance for the
agroecosystem and participate in the cycle of metals
[29,30]. Moreover, the identification of isolated
microorganisms from activated sludge contributes
to a more in-depth study of the biodiversity of the
environmental microbial community. Strains of
microorganisms adapted to coal can be used in further
experiments to study the degree of biosolubilization
of coal using these strains.

Conclusion

In conclusion, a method of acclimatization
of microorganisms from activated sludge to coal
was tested. The current study helped to isolate
and identify new bacterial strains in the activated
sludge sample. Coal adapted 5 strains have been
isolated and identified, based on the analysis of
the 16S rRNA gene. These included the strains
of Enterobacter bugandensis 247, Lysinibacillus
macroides LMG 18474, Acinetobacter pittii DSM
21653, Achromobacter insolitus LMG 6003, and
Achromobacter denitrificans NBRC 15125. The
activated sludge microorganism acclimatization
method is an economical and environmentally
friendly method. It is suitable method for
bioaugmentation in a strategy for optimization the
bioconversion of coal in a value-added product.
The acclimatization method can be used for the
microbial community of activated sludge in field
conditions, to stimulate the formation of methane
or hydrogen gases in coal deposits. Pure cultures
of microorganisms can be used in laboratory
conditions as producers of humic acids as a result of
coal biosolubilization. In the future, a detailed study
of their biochemical properties is required.
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