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The presented work is devoted to the study of the bacterial biota of the hot springs “Ashagi Istisu”
(pH=8.0, t=64°C, mineralization is 6.7 g/) and “Yukhari Istisu” (pH=9.0, t=71°C, mineralization is 4.3
g/l) of the Kalbajar region, characterized by a wide range of environmental conditions (pH, tempera-
tures, chemical components, etc.). Samples of thermal waters were inoculated and colonies of thermo-
philic bacteria that grew on a solid medium of nutrient agar were isolated. Some colonies of thermophilic
bacteria were isolated in pure culture and 6 strains were received (KA1, KAz, KA3, KY1, KY2, KY3). The
cell morphology of these strains is represented by short and long gram-positive, spore - forming rods,
varying in size. Colonies differ in color, shape, margin, consistency, size, etc. The morphology of cells
and colonies of two strains (KA1, KY1) has been well studied, and the ratio of these strains to the pH and
temperature of the medium was determined. It was found that strains KA1, KY actively grow in the
temperature range 55-60°C, at pH=7.0-9.0. Based on morpho-cultural characteristics and some physio-
logical properties, the strains were identified. The KA; strain was assigned to the genus Bacillus, and

the KY strain was presumably assigned to the Bacillus stearothermophilus species.
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INTRODUCTION

Kalbajar region is one of the most beautiful re-
gions of Azerbaijan, distinguished by its climatic
conditions and natural wealth. Kalbajar is an integral
part of Azerbaijan, the highest mountainous region,
located at the height of the Jamyshdag mountain
(3724 m). In 1993 Kalbajar was occupied by Arme-
nian armed bandit formations (Kamal, 2012). But,
based on the trilateral agreement signed on Novem-
ber 10, 2020, the Kalbajar region again came under
the control of Azerbaijan. Azerbaijani President IlI-
ham Aliyev said, that the authorities will restore the
Kalbajar region, which has come under the control
of Baku according to the trilateral agreement on
Karabakh including the “Istisu” resort zone. The
Istisu spring is worthy of a separate mention the “liv-
ing water” of the spring unique in its properties has
cured and brought back to life millions of people
(T"acanos, 1978). The spring is located on the slopes
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of mountain ranges in the west of Kalbajar, at an al-
titude of 2225 meters above sea level. The water here
is hyperthermal, hydrocarbonate — sulphate — chlo-
ride - sodium, carbonated (Tpemnukos, 1983).
There are 12 water springs in total, which have a cu-
rative effect on internal and external human diseases.
In 1980 a mineral water collection plant and a large
resort were built here. In the village of Istisu in the
former USSR, sanatoriums of All-Union signifi-
cance worked which every year received 50.000
people. The water of the Istisu spring attracts the at-
tention of scientists from all over the world. It was
noted that in terms of its physical characteristics and
composition this water is close to water from the
Czech Republic (Karlovy Vary) and in some param-
eters the water has no analogues in the whole world
(AxmemoBa u ap., 2016). The springs of Istisu with
therapeutic and sickleological influence include Yu-
khari Istisu, Ashagi Istisu, Keshdag, Garasu,
Tutkhun, Mozchay, which glorified Kalbajar
(Tacanos, 1978). Istisu thermal springs also attract
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the attention of microbiologists due to their unique
microbiota. It is known that hot springs are natural
habitats for thermophilic microorganisms (Adiguzel
etal., 2009, 2011; Khiyami et al., 2012; Vermaet al.,
2014; Akhmedova, 2021). Investigations of thermo-
philic microorganisms of the Istisu springs were sys-
tematically and fruitfully carried out many years ago
(©hmadova, 2007).

Knowledge of the qualitative composition of
the microbiocenosis of hot springs is extremely im-
portant for the assessment and effective control of
their condition while the study of the biological char-
acteristics of the main representatives of microor-
ganisms contributes to the knowledge of the thermo-
philic group (©hmodova, 2007; Quliyeva, 2015).

Thermophilic microorganisms are one of the
most practically significant groups of microorgan-
isms since they have several properties such as ther-
mal stability, resistance to ionizing radiation, fast
cultivation time, wide distribution, etc. (JlorunoBa u
ap., 1966; Axmemnosa, 2007; Souza et al., 2001; Robb
etal., 2008; Khalil, 2011). Therefore, the use of ther-
mophilic microorganisms in various spheres of hu-
man activity is currently an urgent trend in microbi-
ology (Burgess et al., 2010; Kawasaki et al., 2012;
Aanniz et al., 2015; Baltaci et al., 2017).

Known strains of thermophilic bacteria are
highly resistant to radiation and are widely used in
practice due to this ability. An example is Deinococ-
cus radiodurans an extremophile that is one of the
most radiation-resistant in the world, capable of sur-
viving doses up to 10000 Gy. Due to this ability, it is
used for bioremediation of radioactive waste
(Mattimore et al., 1996; Lin et al., 1999; Brim et al.,
2000; Makarova et al., 2001; Levin-Zaidman et al.,
2003; Cox et al., 2005). Thermophilic anaerobic bac-
teria which have their powerful hydrolases are used
in the production of ethanol which significantly
speeds up the process since the stage of preliminary
hydrolysis of raw materials is excluded and a high
cultivation temperature increases the reaction rate
(3axapyk, 2018; Kublanov et al., 2009; Abdel-Banat
etal., 2010; Tobler et al., 2011; Obeidat et al., 2012;
Bakshaliyeva et al., 2019). Thermophiles are also
used to accelerate chemical reactions in wastewater
treatment at petrochemical enterprises in the dis-
posal of animal corpses in thermal pits to ensure the
biological safety of territories and the population of

the Arctic zone (Kcemogonros, 2010; ApbKOB,
2016; 3omotyxun, 2018; Tango et al., 2002). Some
scientific works talk about the synthesis of vitamin
B2 for the needs of animal husbandry using a mixed
culture that includes thermophilic microorganisms
(Evelyne et al., 1998; Martens et al., 2002). This
makes it possible to talk about thermophiles as a
component of drugs in pharmacology (MaxmyToBa,
2017). Known scientific works talk about the extrac-
tion of copper in industrial reactors using thermo-
philic bacteria. Therefore, we can judge the use of
thermophilic bacteria in the metal mining industry
(Rodrigues et al., 2015).

Thermophilic bacteria are also used in nanobi-
otechnology in the green synthesis of metal nanopar-
ticles. In practice, this method mainly produces sil-
ver nanoparticles, which are widely used in medicine
and have antibacterial properties (Feng et al., 2000;
Sharma et al., 2009; Sinha et al., 2009; Wei et al.,
2015; Deljou et al., 2016; Gunashova et al., 2021).

The aforementioned unique properties of ther-
mophilic microorganisms as well as many different
spheres of human activity in which thermopbhilic mi-
croorganisms can be applied show how important it
is for modern science to isolate and study thermo-
philic bacteria from their natural habitat-hot springs.

MATERIALS AND METHODS

For isolating the culture of thermophilic bacte-
ria the object of the study was the hot springs
“Ashagi Istisu” (pH=8.0, t=64°C) and “Yukhari
Istisu” (pH=9.0, t=71°C) of the Kalbajar region. The
material was collected from hot springs in April
2021, samples were obtained with the help of the
military personnel of the Kalbajar region. The col-
lected samples were stored at a temperature of +5°C,
after which they were inoculated on a nutrient me-
dium with meat-peptone agar. Sowing of natural ma-
terial was carried out on an agar medium of the fol-
lowing composition: meat extract - 1g/l, peptone - 5
o/l, NaCl - 5 g/l, agar - 15 g/l. The cultivation was
carried out at a temperature of 60°C for 4-5 days. To
obtain a pure culture of thermophilic bacteria the
Koch method was used as well as the mechanical
method of repeated subcultivation on the medium of
meat-peptone agar (Hetpycos, 2005). Study of the
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morphology of isolated strains of bacteria by meth-
ods microscopy was performed using a light micro-
scope (XSP-30 series microscope). The preparations
were prepared using standard methods (Eroposa,
1995; Ummna, 2014; JlaBpenuyk u ap., 2019).

The strains were also cultured on a meat-pep-
tone agar medium supplemented with 0.2 g/l of yeast
extract. Yeast extract was not required for growth,
but the addition stimulated growth significantly.

To determine the ratio of strains to temperature
cultivation was carried out in the temperature range
40-70°C using a set of thermostats set at different
temperatures. The diameter of the grown colonies
was used to judge the optimum temperature for the
growth of strains. To determine the ratio of the iso-
lated strains to pH the strains were inoculated on
meat-peptone agar media with different pH values of
the medium (6.0-10). The growth pH range was de-
termined at the optimum growth temperature. The
diameter of the grown colonies was used to judge the
optimal pH value for a given strain (Tennep u ap.,
2004).

Some strains were identified based on morpho-
cultural characteristics and some physiological prop-
erties (pH, t°C) (JIorurosa u ap., 1996).

RESULTS AND DISCUSSION

As a result of the study, 3 strains of thermo-
philic bacteria were obtained from a water sample
taken from “Ashagi Istisu” (KA1, KAz, KAs) and 3
strains from a water sample from “Yukhari Istisu”
(KY1, KY2, KY3). The cell morphology of the iso-
lated strains is represented by short and long gram-
positive, spore-forming rods, varying in size. Differ-
ences in cultural characteristics are noted. Colonies
are mainly cream and beige in color, small, large,
and medium-sized, round, irregular, and rhizoidal in
shape, also differing from each other in the con-
sistency, at the edges, in surface structure, etc. So
far, only 2 of the isolated strains (KA1, KY1) have
been well studied, so we will show the morpho-cul-
tural traits and physiological properties (pH, t°C) of
these two strains. The morphological and cultural
characteristics of the KA and K/ strains are shown
in Fig.1 and Fig. 2, respectively (Tablel).
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Fig. 1. A: Morphology of cells of the KA strain under a
microscope (magnification x1000); B: Morphology of
the KA strain colony (cultivation was carried out at
60°C, within 2 days)

Fig.2. A: Morphology of cells of strain K under a mi-
croscope (magnification x1000); B: single cell of strain
KY: (magnification x100); C: Colony morphology of
strain KY1
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Table 1. Morpho-cultural characteristics of KA; and KY strains.

Strains Cultural traits Morphology of cells
Shape Size, cm Color Margin | Elevation Shape Motility, size, micrometer (um)
KA1 Round 1 Cream Undulate Raised Rods Motile
(wavy) 0.5-0.6x0.9-1.5
KY1 Irregular 15 Beige Undulate | Convex | Rods (with ter- Motile
(wavy) minal spores) 0,3-1,2x 1,54

Were studied some physiological properties
(pH, t°C) of the KA and K strains. It was found
that strains KA; and KY actively grow in the tem-
perature range 55-60°C, at a pH value (7.0-9.0). The
strains were identified based on morpho-cultural
characteristics and some physiological properties.
The KA strain was assigned to the genus Bacillus,
and the KY; strain was presumably assigned to the
Bacillus stearothermophilus species.

CONCLUSION

Isolation and study of thermophilic bacteria
from their natural habitat, hot springs, is one of the
most urgent problems in modern science due to the
widespread use of these bacteria in various fields of
human activity, also in nanobiotechnology, in the
green synthesis of metal nanoparticles. This paper
investigates the isolation of thermophilic bacteria
from the hot springs of the Kalbajar region, “Ashagi
Istisu” and “Yukhari Istisu”. Only 6 strains of ther-
mophilic bacteria were isolated, 2 of which are well
studied and the morpho-cultural characteristics of
these strains have been described. The ratio of these
strains to the pH of the medium and temperature was
also determined, and the range of optimal values of
pH and temperature for the growth of these strains
was established. Based on the above studies the
strains were identified and assigned to the genus Ba-
cillus. Research in this direction continues.
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Azarbaycan Respublikasinin Kalbacor rayonunun “Asag istisu” va “Yuxari istisu”
su manbalarinin termofil bakteriyalar:

G.Y. Giinasova, F.R. 9hmadova, R.i. Xalilov
Baki Doviat Universiteti, Baki, Azarbaycan
Toqdim olunan elmi isds Kalbacar rayonunun  ekoloji soraiti ils (pH, temperatur, kimyavi komponentlori va s.)
saciyyalonan “Asagi Istisu” va “Yuxari Istisu” termal su monbalarinin bakteriyal biotasi 6yranilmisdir. Termal

su nimunoalori atli-peptonlu agar gidali mithitinds becarilmis, inkisaf edon koloniyalar tamiz kulturaya ¢ixari-
laraq 6 termofil bakteriya stami alinmigdir (KA, KAz, KA3, KY1, KY3, KY3). Bu stamlarin hiiceyralarinin
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morfoloji goriiniisii bir birindan 6lgiilari ilo farglonan qisa vo uzun ¢op sakilli olub, spor amalo gatirmok gabi-
liyyatino malik olublar. Koloniyalari formasina, 6l¢iisiing, qurulusuna va s. kultural slamotlarine gora bir- bi-
rindan forglonirlor. KAy, KY: sayli stamlar morfo-kultural slamatlorinoe goro daha genis yronilmoklo yanasi,
onlarin mihitin temperaturuna va pH-na miinasibati do aragdirilmigdir. Miiayyoan olunmusdur ki, stamlarin
optimal inkisaf temperaturu 55-60°C, pH=7.0-9.0 arasinda toraddiid edir. Aparilan tadgigatlar noticasinds KA,
KY stamlar1 identifikasiya edilmisdir. Belo ki, KA1 stam1 Bacillus cinsins aid edilmis, KY1 staminin iso Ba-
cillus stearothermophilus néviine aid oldugu ehtimal edilmisdir.

Acar sézlar: Termal su manbalari, termofil bakteriyalar, morfo-kultural alamatlor

TepmoduibHble 0aKkTepUM BOAHBIX HCTOYHUKOB «Amarsl Ucrucy» u «Myxapsl Uctucy» Kenndaa-
skapcKoro paiiona Azepoaiigxanckoi Pecnyoamnku

I' 51 I'onemona, ®.P. Axmenosa, P.1. Xanusios
Baxunckuii 2ocyoapcmeennwiii ynusepcumem, baxy, Azepbaiiosican

B paGote npencraBieHbl TaHHBIE TI0 UCCIIEAOBAHUIO OAKTEPHAIbHON OMOTHI TEPMAIbHBIX BOIHBIX HCTOYHH-
k0B «Amarsl Uctucy» (pH=8.0, t=64°C, ypoBen» Munepanmanuu-6.7 r/m) u «Myxapsr Uctucy» (pH=9.0,
t=71°C, yposens munepanusauuu-4.3 r/m) Kens6amxapckoro paifoHa, XapakTepusylOIMXcs MUPOKUM JUa-
Ma30HOM DKOJIOTHYECKHX ycnoBuil (pH, TemmepaTyp, XMMHYECKMX KOMIIOHEHTOB H JIp.). BbuT cenan noces
00pa3loB TepMaJIbHBIX BOJ M BBIACICHBI KOJIOHUM TEPMOQUILHBIX OaKTEepuil, BBIPOCIIUX HA TBEPIOU cpefe
W3 MSICO-TIEITOHHOTO arapa. HexoTtopeie KoioHnu TepMOQUIBHBIX OaKTepuil ObLTH BHIACTICHBI B YUCTYIO KYJIb-
Typy, B pe3ynbrate dero nomydmim 6 mrammoB (KA1, KAz, KAz, KY1, KY3, KY3). Mopdonorus kneTok 3tux
IITaMMOB TIPE/ICTaBJICHa KOPOTKUMH U JUTMHHBIMU TPAMIIOJIOKHUTEILHBIMH, CIIOPOOOPA3yIOMINMH ITaT0OYKaMH,
BapbUPYIOIIMMHU B CBOMX pazMepax. KoJoHHM OTIHYAIOTCS MeXIy co0oil o 1BeTy, popme, KpasiM, KOHCH-
CTEHIINH, pa3Mepam u T.1. Mopdoorus kinetok u konoHui aByx mrammoB (KA1, KY1) xopomo n3ydensl, a
TaKOKe ONPEEIeHO OTHOIICHHE ITUX ITaMMOB K pH 1 Temriepatype cpenbl. Y cTaHOBIEHO, 4TO mTaMMbl KA1,
KY1 akTiBHO pacTyT B mHTepBaie Temiepatyp 55-60°C, npu 3nauenusx pH =7.0-9.0. Ha ocnoBe mMopdo-
KYJITYPaJIbHBIX IPU3HAKOB U HEKOTOPHIX (PH3HOIIOTHUECKUX CBOMCTB, IITAMMBI ObLTH MIEHTH(UIIMPOBAHBI.
[Iramm KA; 6bu1 oTHECeH K poxy Bacillus, a mramm KY: mpennonoxutensHo oTHecnu k Buay Bacillus
stearothermophilus.

Knwouesvie cnosa:. TepmanvHvle ucmouHuxu, mepmoQuivHvle 6akmepuu, MOp@o-KynomypaibHvle NPUSHAKU
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