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Abstract
Diversity of the microbial community in the Zharkent geothermal hot spring, located in the southeastern region of Kazakh-
stan, was assessed using both culture-dependent and -independent approaches. Shotgun metagenomic sequencing of DNA 
extracted from the spring water yielded 11,061,725 high-quality sequence reads, totaling >1,67 Gb of nucleotide sequences. 
Furthermore, water samples were enriched in nutrient broth at varying high temperatures, and colonies isolated by being 
streaked onto nutrient agar. Finally, DNA extraction and amplification, as well as sequencing and phylogenetic analysis, 
were conducted. Bacteria constituted more than 99.97% of the total prokaryotic abundance, with Archaea contributing only 
an extremely small component; Firmicutes, Proteobacteria, and Actinobacteria dominated the community. At genus level, 
Firmicutes reads affiliated with Desmospora, Parageobacillus, Paenibacillus, and Brevibacillus, accounting for more than 
60% of total prokaryotic abundance. Eight morphologically distinct, aerobic, endospore-forming thermophilic bacteria 
were recovered; isolates differed significantly in substrate utilization patterns, as well as their production of thermophilic, 
extracellular, hydrolytic enzymes for degradation of starch, lipids, cellulose, and protein. Five strains could degrade all four 
macromolecular types at temperatures ranging from 55 to 75 °C. Phylogenetic analyses based on 16S rRNA gene sequences 
placed all isolates into the genus Geobacillus with some of them possibly representing novel species. The results indicate 
that this hot spring represents a rich source of novel thermophilic bacteria and potentially useful thermostable enzymes.

Introduction

Geothermal environments, such as hot springs, solfatara 
fields, hydrothermal vents, and deep subsurface habitats, 
host a rich diversity of thermophiles that synthesize unique 
thermophilic and thermostable enzymes (extremozymes) 
with the potential for novel application in high-temperature 
biocatalytic processes [1–3]. Thermophilic enzymes are 
adapted to function at the growth temperature of their host. 
Therefore, the diapason of extremes at which life is detected 
determines the range of conditions under which enzyme 
activity might occur [4, 5]. Isolation and characterization 
of thermophiles has been performed for many geothermal 
places in various parts of the world, including the USA 
[6–10], Turkey [11], Italy [12], Bulgaria [13], Greece [14], 

India [15], and New Zealand [16]. Kazakhstan is home to 
many geothermal sites of which the microbial communities 
remain unexplored, likely representing potential sources of 
novel extremophilic microbes with biotechnological applica-
tion potential.

Metagenomics analysis permits identification of microbes 
and potentially useful novel enzymes in thermal springs, 
using culture-independent methods [17]. At present, high-
throughput metagenomic sequence analysis supplements 
traditional culture-based methods, allowing for comprehen-
sive understanding of complex microbial communities [18, 
19]. Nevertheless, to understand the physiology and poten-
tial applications of microorganisms in a specific ecological 
niche, it remains important to isolate pure cultures. Using a 
combination of culture-dependent and culture-independent 
molecular methods has largely increased our comprehen-
sion of the functional and structural diversity of microbial 
communities [20]. Here, we present results of both culture-
dependent and -independent analyses, in the first study of the 
microbial diversity of a hot spring in Kazakhstan.
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Materials and Methods

Study Site and Collection of Samples

The Zharkent geothermal hot spring is located at 
43°97′14.93″ N, 79°66′12.09″ E. Due to its remote loca-
tion, this hot spring is less influenced by human inter-
ference and believed to possess rich microbial wealth. 
The temperature of the hot spring during the sampling 
period was 90 °C. The pH level was approximately 7.5, 
indicating a slightly alkaline environment. Sampling was 
performed on January 19, 2019. Sample was collected in 
50-ml sterile tubes and maintained at 4 °C during trans-
portation to Almaty. Temperature and pH were determined 
in situ using a portable combination pH/EC/TDS meter 
(BEM802, Milwaukee, Wisconsin, US).

Water sample was filtered through 0.2-µm filter and 
stored at 7 °C in plastic tube, until chemical analyses could 
be performed at the ICP Laboratory of the University of 
Bergen (https://​www.​uib.​no/​en/​geo/​111639/​icp-​labor​
atory). Major and minor elements—Al, As, Ba, B, Ca, 
Co, Cr, Cu, Eu, Fe, Pb, La, Li, Mg, Mn, Ni, Na, Sr, S, 
Si, Ti, K, V, Y, and Zn—were assessed using an iCAP™ 
7600 ICP-OES Analyzer. Anions—Cl−, SO4

2−, NO3
−, 

and Br−—were determined by ion chromatography (IC, 
Metrohm). The major cations to be detected (>1200 ppm) 
were sodium (227.4 ppm), calcium (4.3 ppm), and potas-
sium (3.2 ppm) (Supplementary Table S1). Major ani-
ons to be detected were chloride (138.7 ppm) and sulfate 
(89.4 ppm). Nitrate, iron, cobalt, chromium, copper, euro-
pium, lanthanum, titanium, yttrium, and zinc could not be 
detected.

Isolation and Morphological Characterization

Water samples were enriched in nutrient broth (NB) con-
taining 2.0% bacteriological peptone, 2.0% D-glucose, 
1.0% yeast extract, and 0.6% NaCl (w/v) at 65, 70, and 
75 °C, for three days. The enriched cultures were streaked 
onto nutrient agar to obtain separate colonies. Selected 
colonies were purified by streaking onto the same medium 
at least four times, using the quadrant streak technique. 
The isolates were considered pure upon microscopic 
observation of a single morphological cell type per culture. 
Plastic bags were used to prevent evaporation during the 
incubation. Observations were recorded for color, shape, 
margin, elevation, light transmission, and pigmentation 
after 12, 24, and 48 h of incubation (Supplementary Fig. 
S1). Cell morphology of the isolates was determined by 
phase-contrast microscopy (Nikon Eclipse E400 biological 
microscope (1,001,360, Nikon, Minato City, Japan)) using 

freshly prepared wet mounts. Scanning electron micros-
copy (SEM) was performed using a Jeol JSM-7400F 
scanning electron microscope at the Molecular Imaging 
Center of the University of Bergen (https://​www.​uib.​no/​
en/​rg/​mic). For SEM, 1 ml of dense culture was fixed with 
80  µl of 25% glutaraldehyde (G6257, Sigma-Aldrich) 
for 1 h at 25 °C. After 3 washes with 0.1 M phosphate 
buffer (pH 7.2) (P5244, Sigma-Aldrich), post-fixation was 
performed using 1% osmium tetroxide (201,030, Sigma-
Aldrich) for 1 h. Dehydration was performed successively 
in 30%, 50%, 90%, and twice in 100% ethanol, followed 
by filtration of the cells onto a 0.2-µm black polycarbon-
ate filter (WHA70632502, Cyclopore). Pieces of the filter 
were critical point dried for at least 1 h, mounted onto an 
SEM specimen stub, and sputter coated with 10 nm gold/
palladium particles.

Metabolic and Biochemical Characterization

Most biochemical characteristics were tested after 1–2 days 
of incubation at 65–75 °C. Catalase activity was determined 
based on the formation of bubbles after the addition of a 
few drops of 3% H2O2 (v/v) to the prepared samples [21]. 
The activity of oxidase was detected based on the oxidation 
of tetramethyl-p-phenylenediamine (TMPD) [22]. Isolates 
were examined for the assimilation and fermentation of 49 
carbohydrates using API® 50 CH strips (SKU:50,300, bio-
Mérieux, Inc.) as recommended by the manufacturer. Fol-
lowing transfer of 100 µl aliquots of suspended bacteria to 
the strips, they were incubated at 50–55 °C for 48 h and then 
visually evaluated according to the manufacturer’s protocols. 
To determine the impact of temperature on growth, the iso-
lates were grown at temperatures in the range of 40–95 °C 
at regular 5 °C increments, for 24 h. In addition, the effect 
of pH on the growth of the isolated microorganisms was 
studied by growing the organisms for 24 h at 65–75 °C in 
NB adjusted for pH values ranging from 4–10 [5]. Growth 
was measured by determining the optical density at 620 nm 
using a PD-303 spectrophotometer (Apel, Kawaguchi City, 
Saitama Prefecture, Japan).

Degradation of starch, carboxymethyl cellulose (CMC), 
polysorbate (Tween 60, Tween 80), and casein was deter-
mined qualitatively using agar plates with different basal 
media. The degradation of casein was examined on plates 
containing (w/v) skimmed milk powder (20.00%), glucose 
(0.50%), and agarose (1.5%). Positive results were indi-
cated by clear halo zones developing around the colonies, as 
described [23]. CMC degradation was investigated on plates 
containing (w/v) CMC (1.00%), NaCl (0.01%), NaNO3 
(0.02%), K2HPO4 (0.01%), MgSO4 (0.003%), KCl (0.003%), 
peptone (0.01%), and agar (1.50%), as described [24]. Deg-
radation of starch was tested on plates containing (w/v) solu-
ble starch (2.00%), tryptone (1.00%), yeast extract (0.10%), 

https://www.uib.no/en/geo/111639/icp-laboratory
https://www.uib.no/en/geo/111639/icp-laboratory
https://www.uib.no/en/rg/mic
https://www.uib.no/en/rg/mic
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and agarose (1.50%). The presence of cellulase and amylase 
activity was confirmed by observing a clear zone around the 
colony, formed after staining with Lugol solution (1.00% 
KI and 0.50% I2 (w/v) in Milli-Q water) (L6146, Sigma-
Aldrich), as described [21, 25]. Lipolytic enzyme produc-
tion was tested by streaking strains onto Spirit blue agar 
[23] medium (S4306, Sigma-Aldrich) supplemented with 
1% (w/v) Tween 60 or Tween 80 (P1754, Sigma-Aldrich). 
Formation of visible precipitates of fatty acid calcium salts, 
indicated the presence of lipase activity, as described [23, 
26]. Additional enzymatic activities were assessed using the 
API® ZYM system (SKU:25,200, bioMérieux, Inc.) accord-
ing to the manufacturer’s instructions.

Extraction of DNA and PCR Amplification

Cultures grown in NB were centrifuged at 4 °C for 15 min 
at 7500 rpm, and DNA was isolated from the pelleted cells 
using a GenElute™ Bacterial Genomic DNA Extraction Kit 
(NA2100, Sigma-Aldrich, Darmstadt, Hesse, Germany), as 
per the manufacturer’s protocol. DNA quality and quantity 
were determined using a NanoDrop™ One/OneC Micro-
volume UV–Vis spectrophotometer (ND-ONE/ONEC-W4, 
Thermo Fisher Scientific, Waltham, MA, USA). Thereafter, 
samples were electrophoresed on 0.8% agarose gel to assess 
DNA quality, and bands were compared to the GeneRuler 
DNA Ladder Mix (SM0333, Thermo Fischer Scientific, 
Waltham, MA, USA). Universal primer pairs 27f (5′-GAG 
TTT GAT CCT GGC TCA -3′) and 1525r (5′-GAA AGG 
AGG AGA TCC AGC C-3′) [27, 28] were used to amplify 
the 16S rRNA genes. Composition of the polymerase 
chain reaction (PCR) mixtures was as follows: 10 ng tem-
plate DNA, 5 µl 10 × PCR buffer for Taq DNA polymerase 
(M0480S, New England BioLabs Inc., Ipswich, MA, USA), 
5 µl of a stock solution with 10 mM of each deoxynucleo-
side triphosphate (dNTP), 0.5 µl of each primer (100 mM 
stock solution), 0.125 µl Taq DNA polymerase (0.625 U) 
(M0273S, New England BioLabs Inc., Ipswich, MA, USA), 
and sterile water to a final volume of 25 µl. PCR ampli-
fication was conducted per the following process: initial 
denaturation of templates for 3 min at 96 °C, in 30 cycles 
consisting of the following steps: denaturation for 30 s at 
96 °C, annealing for 30 s at 55 °C, and extension for 2.5 min 
at 72 °C, followed by a final extension for 10 min at 72 °C. 
GenElute™ PCR Cleanup Kit (NA1020, Sigma-Aldrich, 
Darmstadt, Hesse, Germany) was used to purify PCR prod-
ucts, prior to Sanger sequencing.

For extraction of environmental DNA, the sample was 
filtered through a 1.2-µm pore size membrane (RAWP04700, 
Whatman) to eliminate any traces of sand and large parti-
cles. The filtrate was then passed through a 0.2-µm pore 
size membrane (WHA7402004, Whatman), which was 
cut into small pieces and used for DNA isolation using a 

GenElute™ Bacterial Genomic DNA Extraction Kit, as per 
the manufacturer’s instructions. DNA quality and quantity 
were determined using the NanoDrop™ spectrophotometer 
as above, along with a Life Technologies Qubit 2.0 fluo-
rometer (Q33238, Thermo Fischer Scientific, Waltham, MA, 
USA) and a Qubit dsDNA HS Assay Kit (Q32851, Thermo 
Fischer Scientific, Waltham, MA, USA) for quantification.

Sequence analysis of the metagenomic DNA was per-
formed by Eurofins Gen omics (Constance, Germany) using 
Illumina HiSeq paired-end technology, in NovaSeq 6000 
S2 PE150 XP sequencing mode (Illumina, San Diego, CA, 
USA). The sequence data were trimmed with the Microbial 
Metagenomics Module implemented in the CLC Genomic 
Workbench 20.0.01 software (QIAGEN Bioinformatics, 
Aarhus, Denmark), using the “Trim Reads” tool. Taxonomic 
profiling to calculate the relative abundance of taxa, was 
performed using the “Taxonomic Profiling” tool.

Accession Numbers

The 16S rRNA gene sequences reported in this study have 
been deposited in GenBank under accession numbers 
MW485510-MW485517. The metagenomic raw sequence 
data are deposited in GenBank under accession number 
SPP14001913.

Results

Metagenomic Analysis

Illumina shotgun sequencing yielded a total of 11,061,725 
reads after trimming, totaling 1,670,320,475 bp. Taxonomic 
profiling revealed that 99.97% of the prokaryotes belonged 
to the domain Bacteria, with only an extremely small frac-
tion from the domain Archaea. The phylum Firmicutes 
was a highly dominant group, with a relative abundance of 
89.00%. The next most abundant phylum was Proteobacteria 
representing 5.30% of total sequences obtained, and Act-
inobacteria constituting 3.90%. Minor components—each 
representing ≤1.00% of total sequences obtained—were also 
detected; these included Chloroflexi, Cyanobacteria, Bac-
teroidetes, Deinococcus–Thermus, and Aquificae. Among 
the Firmicutes, the Bacilli class constituted the vast taxo-
nomic majority, making up 84.00% of the total class level 
distinction, of which Thermoactinomycetaceae was a domi-
nant group with 40.00% relative abundance at family level 
(Fig. 1). Members of the Thermoactinomycetaceae family 
were represented by four main genera, namely, Desmospora 
(34.0%), Thermoactinomyces (4.00%), Laceyella (1.90%), 
and Shimazuella (0.30%); respective relative abundances 
at genus level are given in brackets (Fig. 1). This high 
abundance of Thermoactinomycetaceae, and in particular 
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the dominance of genus Desmospora, is interesting as this 
group contains mesophilic or moderately thermophilic bac-
teria [29]. Other major members of Bacilli included Para-
geobacillus, Paenibacillus, Brevibacillus, Bacillus, and 
Alicyclobacillus and Geobacillus. Proteobacteria was made 
up of Alphaproteobacteria (2.00%), Gammaproteobacteria 
(1.90%), Betaproteobacteria (0.72%), and Deltaproteobac-
teria (0.56%); respective relative abundances at class level 
are given in brackets (Fig. 1). Pseudomonas was the most 
prominent genus at 0.40% abundance at genus level, while 
a total of 134 taxa were predicted at species level.

Morphological and Biochemical Characteristics 
of Isolates

Eight different bacterial isolates were obtained after 
enrichment in NB and being streaked onto nutrient agar. 
Enrichments and isolation were performed at three differ-
ent temperatures, namely, 65 °C, 70 °C, and 75 °C. The 
isolates were named 3WAk1, 3WAk2, 3WAk3, 3SAk1, 
3SAk2, 3SAk3, 3SAk4, and 3SAk5. Colonies developed 
after 24 h of incubation. The colonies varied in terms of 
shape, color, texture, and margin, with diameters between 
0.9 and 8.0 mm (Table 1). All colonies were translucent, 
with consistencies varying from mucoid to smooth, and with 
irregular or circular shapes (Table 1). All the isolates were 

catalase positive, motile and spore forming, but negative for 
H2S production. They grew in a pH range of 5–10 and in a 
temperature range of 40–85 °C, with optima around pH 7.4 
and 65–75 °C (Table 1). Strains 3WAk3 and 3SAk4 were 
extremely thermophilic, with 75 °C as optimal temperature 
and a maximum tolerated temperature of 85 °C. All isolates 
except one—strain 3SAk2—were oxidase positive. None of 
the strains grew under anaerobic conditions.

The API® 50 CH and API® ZYM profiles for the eight 
strains indicated major phenotypic diversity, as none shared 
the same phenotypic profile (Supplementary Tables S2, 
S3). Furthermore, the fermentation of carbohydrates varied 
between isolates; for example, strains 3SAk1 and 3WAk1 
could utilize 16–20 substrates, as opposed to 3WAk3 for 
which it was only 7. Only strain 3WAk2 yielded a posi-
tive reaction with inositol. All strains were positive for 
esterase (C4), alkaline phosphatase, esterase lipase (C8), 
α-glucosidase, naphthol-AS-BI-phosphohydrolase, and 
acid phosphatase, but negative for β-glucuronidase and 
β-galactosidase, when tested using the API® ZYM kit. The 
other enzyme tests showed variable results (Supplementary 
Table S3).

Cells of all the isolates were Gram positive, rod shaped, 
and endospore forming, as evaluated by light microscopy. 
Six of the isolates were subjected to SEM, which revealed 
short and long cells, sometimes slightly curved and with 

Fig. 1   Relative abundance of microbial taxa in water metagenome of the Zharkent geothermal hot spring, arranged per Class, Family and Genus 
levels. Only taxa with abundance of ≥0.16%, ≥0.05% or ≥0.27% respectively, are shown in increasing order, from the top
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bulbously shaped ends (Fig. 2), consistent with the mor-
phologies typical of the Bacillaceae family.

Each isolate produced at least two of the four extracellular 
hydrolytic enzymes that were tested for—protease, cellulase, 
amylase, and lipase—while all produced lipase (Table 2). 
Five isolates (3WAk1, 3SAk1, 3SAk2, 3SAk4, and 3SAk5) 
produced a combination of all four relevant extracellular 
enzymes. The clear zones around the colonies, representing 
the amounts and activity levels of secreted enzymes, varied 

with incubation temperatures but generally appeared maxi-
mal at 65 °C (Table 2).

Phylogenetic Identification

Phylogenetic analysis of the strains entailed amplification 
and sequencing of their 16S rRNA genes. When analyzed 
through BLASTn searches, all fell into the Geobacillus 
genus with 16S rRNA gene sequence identities in the range 

Table 1   Morphology and growth characteristics of isolates

 + : positive; −: negative

Isolates 3WAk1 3WAk2 3WAk3 3SAk1 3SAk2 3SAk3 3SAk4 3SAk5

Temperature for growth (°C)
 Range 40–85 40–85 45–85 40–85 45–85 45–85 45–85 40–85
 Optimum 65 65 75 65 70 70 75 65

pH for growth
 Range 5–10 5–10 5–10 5–10 5–10 5–10 5–10 5–10
 Optimum 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4
 Oxidase  +   +   +   +   +  −  +   + 
 Light trans-

mission
Translucent Translucent Translucent Translucent Translucent Translucent Translucent Translucent

 Consistency Smooth Mucoid, 
Smooth

Mucoid, 
Smooth

Smooth Mucoid, 
Smooth

Smooth Mucoid Mucoid, 
Smooth

 Shape Irregular Circular Circular Irregular Circular Circular Irregular Circular
 Margin Undulate Entire Entire Entire Entire Undulate Entire Entire
 Elevation Raised Umbonate Flat Flat Flat Flat Raised Raised
 Color Creamy White-creamy Creamy White Creamy White-creamy White-creamy White

Fig. 2   Scanning electron micrographs of isolates. a: 3SAk1; b: 3SAk2; c: 3SAk3; d: 3SAk5; e: 3WAk2; f: 3WAk3. Bars: 1 µm
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99.4–99.8% (Supplementary Table  S4). Strain 3WAk1 
showed a particularly close correlation to Geobacillus litu-
anicus strain N-3T.

A phylogenetic tree including representative strains of 
Geobacillus species, was constructed (Fig. 3). The new 
strains fell into five clusters, one of which contained four 

highly similar strains (3SAk3, 3SAk4, and 3WAk2) clus-
tering tightly around Geobacillus stearothermophilus, with 
high bootstrap support. Strains 3SAk2 and 3WAk1 also affil-
iated with G. stearothermophilus, leading us to believe that 
these five strains most likely belong to this species. Strain 
3SAk1 grouped closely with Geobacillus lituanicus, while 

Table 2   Hydrolytic enzyme 
production at different 
temperatures, by isolates 
obtained from the Zharkent 
geothermal hot springs

*Enzyme activity is expressed by the diameter of the clear zone (in the case of protease, amylase, and cel-
lulase) and precipitation (in the case of lipase) around colonies (0  mm; −) (<6  mm; +) (6–12  mm; ++) 
(>12 mm; +++)

Isolates Enzyme activity*

Protease Cellulase Amylase Lipase

55 °C 65 °C 75 °C 55 °C 65 °C 75 °C 55 °C 65 °C 75 °C 55 °C 65 °C 75 °C

3WAk1  ++   ++   +   +   ++   +   +   +   +   ++   +++   + 
3WAk2 − − −  ++   +++   +   ++   +++   +   ++   +++   + 
3WAk3  +   +++   +  +   +   ++   ++  − − −  ++   +++  −
3SAk1  ++   +++   +   +   ++   +   +   +++   +   ++   ++   + 
3SAk2  ++   +++   +   +   ++   +   +   +++   +   ++   +++  −
3SAk3  ++   +  − − − − − − −  +   ++ +   + 
3SAk4  ++   ++   ++   +   +++   ++   +   +++   ++  −  +++  −
3SAk5  +   +++   +   +   ++   +   +   ++   +  −  +  −

Fig. 3   Phylogenetic maximum-likelihood tree based on 16S rRNA 
gene sequences of isolates (in bold) and representative type strains 
Geobacillus species. Accession numbers are shown in brackets. 

Bootstrap values (>70%) are shown as percentages at the nodes. Bar: 
0.010 changes per nucleotide position. Parageobacillus thermant-
arcticus R-35644T (NR_116986.1) was used as outgroup



2932	 A. Mashzhan et al.

1 3

strains 3SAk5 and 3WAk3 possibly represent novel Geoba-
cillus species.

Discussion

Metagenomics is now broadly applied in the discovery 
of novel and potentially significant biocatalysts in vari-
ous environments [30], including hot springs [17, 31, 32]. 
Geothermal areas are the selective habitats of thermophiles 
that are useful sources of unique extremozymes and bio-
molecules. Thermozymes are adapted to remain stable and 
active at high temperatures, allowing them to contribute 
significantly to biocatalytic manufacturing operations. This 
is due to their robustness, ability to enable higher substrate 
solubility at elevated temperatures, reduced risk for caus-
ing system contamination, as well as lower viscosity and 
increased miscibility [4, 5]. Nowadays, more than 500 prod-
ucts are made using enzyme technology and approximately 
150 manufacturing processes are based on catalysts derived 
from microbes [20]. Additionally, more than 3000 known 
enzymes are used in manufacturing processes; roughly 65% 
of these are hydrolases used in the starch detergent, paper, 
and pulp industries, and 25% are applied in food processing 
[32]. Studies have shown that the diversity of extremophilic 
microorganisms may be greater than previously estimated 
[33]. To our knowledge, this study is the first to reveal the 
diversity of the bacterial community inhabiting the Zharkent 
geothermal hot spring, located in the southeastern region 
of Kazakhstan, through a multidisciplinary study imple-
menting both classic culture-based and molecular meth-
ods. Most of the isolates obtained from samples, belonged 
to the bacterial genus, Geobacillus. Metagenomic analysis 
revealed many bacterial taxa and a strong dominance of Bac-
teria. An extremely small group of representatives of the 
Archaea domain, were found in the hot spring water sam-
ples (~0.03%). These results are surprising and inconsistent 
with those of other hot spring studies, as Archaea tend to 
dominate in extremely hot geothermal environments. For 
example, phylogenetic analysis of ten hot springs in Tibet 
revealed the presence of >50% Archaea in relevant samples 
[34]. Another study [35] analyzed the thermophilic micro-
bial community in the hydrothermal water reservoirs of the 
Tattapani geothermal area in the Surguja district, Chhattis-
garh, India. Here, water temperature ranges from 55 to 98 °C 
and study results revealed the presence of >4.8% Archaea.

Extremely high-temperature environments are com-
monly inhabited by chemolithoautotrophic thermophilic 
species, with the majority comprising Archaea and Aqui-
ficae. However, in the Zharkent hot spring, the most abun-
dant species were of the Paenibacillus, Geobacillus, and 
Bacillus genera (Fig. 1). The high abundance of Bacil-
lus species in this environment was anticipated due to the 

ability of most extremophilic Bacillales to form spores 
[36]. However, these microbes are not merely surviving 
but rather thriving, which means that the Zharkent spring 
is a unique source of these microbial communities.

In the present study, eight isolates were recovered 
using culture-dependent methods. For the identification 
and characterization of these isolates, both phenotypic 
and genotypic characteristics were determined. Based 
on growth and biochemical characteristics, such as toler-
ance to high temperatures and low-nutrient environments, 
spore-forming ability, and fermentative activity, all eight 
strains appeared to be members of the genus Geobacillus. 
One of the most interesting features was that majority of 
the strains could grow at higher temperatures than other, 
previously described Geobacillus species [36]. As Geo-
bacillus species show poor identity values based on the 
16S rRNA gene sequence [37], it is possible that some 
strains from this study—3WAk1, 3WAk2, 3WAk3, 3SAk1, 
3SAk2, 3SAk4, and 3SAk5—could represent new spe-
cies. However, this would need to be confirmed through 
comparative genome sequence analysis. Positive results 
regarding thermophilic protease, cellulase, amylase, and 
lipase activity indicate potential for application of these 
isolates in biotechnology. Of the thermophiles, Geobacil-
lus species have received considerable attention due to 
their production of industrially important extremozymes 
[36]. Strain 3SAk4 is particularly interesting in this respect 
as it produces all four types of hydrolytic enzymes that 
were tested for in this study.

While attempts are being made to develop an understand-
ing of the role of unculturable microorganisms in modern 
biotechnology, culturing of relevant microorganisms remains 
important. The combination of culture-dependent and -inde-
pendent approaches results in a powerful tool for under-
standing microbial communities in hot springs and assists 
in the identification of new biomolecules and extremozymes.

Conclusion

The present study provides important information regarding 
the microbial diversity thriving in the Zharkent geothermal 
spring. As genomic and metagenomic databases become 
more expansive, particularly with regard to extremophiles 
and unculturable microbes, the taxonomic classification of 
currently unresolved sequences will strengthen the compara-
tive analysis ability of the combined approach presented in 
this study, allowing for a more complete understanding of 
these unique environments.

Comparative genome sequencing analysis of the strains 
isolated during this study could provide further insight into 
the potential novelty of one or more of these strains.
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