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Article Info Abstract

There are many and various microorganisms earth flora, ranging from macroscopic to
Received: 04/09/2018 microscopic forms. When soil ecosystem is contaminated by complex compounds and heavy
Accepted: 19/11/2018 metals, which are difficult to separate from each other, in petroleum and petroleum derived

products, for that reason it would be unable to utilization of soil due to decomposition of its
physical, chemical and biological characteristics. Biological decomposition of petroleum and

Keywords petroleum derived products by natural microorganism populations, is the primary mechanism
Petroleum contaminated soil for eliminating the petroleum and other hydrocarbon pollution of environment. The purpose of
Thermophilic bacteria this study is to research the best isolation method on the isolation of thermophilic bacteria from
Isolation the soils which are contaminated by petroleum and petroleum derived products. Recent studies

related to thermophilic bacteria have been intensified since these bacteria are more resistant to
extreme environmental conditions than other bacteria species. With this purpose, 4 different
isolation methods have been investigated in isolating the thermophilic bacteria from the
petroleum contaminated soil which is contaminated by petroleum and petroleum products. At
the end of the research, in order to identify bacteria colonies which are considered to be pure,
DNA isolation, Conventional PCR (polymerase chain reaction) Process, Gel Electrophoresis
processes are applied. Different incubation times, carbon resources and enrichment solutions
are tried out to obtain a superior method and it is revealed that with the increase in the incubation
period, more known/unknown species can be isolated without using additional carbon source
from the soil.

1. INTRODUCTION

Microorganisms are spread over a wide ecological area. One of these areas is soil which contains the
necessary water, oxygen, and basic nutrients for microorganism growth [1, 2].

Soil is a complicated and dynamical biological system. It is estimated that there are 10 billion bacteria and
thousands of bacteria species in one gram of soil [3,4]. Physicochemical structure of soil is mostly
determined by climatic changes, agronomic practices effect the distribution and diversity of bacteria
[3,5,6,7]. This distribution and diversity presents a large resource for biotechnological practices. Bacteria,
which are proliferate rapidly than plants and animals, in terms of biochemical effects, constitute a very
important group in providing the balance of living beings.

Generally, microorganisms are the most important recycling species of our world. Environments that
deteriorated with pollutants can be remediated by microorganism activities. They are able to decompose
wide range of waste and even toxic materials into harmless or beneficial components. Organisms around
the world are tended to be sensitive towards to the drastic changes around themselves. High temperature
and pressure, drought, hyper salinity and harsh pH conditions destroys the cellular integrity rapidly by
ruining the structure and functionality of biomolecules [8].
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Extreme environmental conditions can be considered as natural or simulated forces which make it difficult
for most living systems to survive and develop. Various microorganisms are observed in environments
which have extreme conditions in the research and it is revealed that, not only the microorganisms tolerate
these conditions, but it is also necessary for them to be alive. Over the past decade, scientists have made
significant alteration in their research for the limits of habitable environmental conditions [8,9].

Temperature is one of the most important variables around us. In order to classify organisms, we strictly
depend upon their relationship with temperature. For that reason, it is regarded as the most fundamental
condition for a microbial colony to thrive. Microorganisms are generally divided into 3 groups as
psychrophiles, mesophiles and thermophiles for their physical abilities [10,11]. Thermophilic organisms
are adapted to survive in high temperatures and divided into two categories which are; thermophiles (45-
65 °C) and hyperthermophiles (85 °C) [12,13].

Temperature immensely effects the biodegradation of hydrocarbons by altering their chemical composition
and physical structure of petroleum, the rate of metabolism by microorganisms and the structure of
microbial communities. The viscosity of oil is increases at low temperatures. Evaporation rates of short
chain alkanes are reduced and the water solubility of the hydrocarbons are increased accordingly.
Biodegradation rates are usually decreased with respect to temperature decline [14]. Thermopbhilic bacteria,
one of the extreme environment adapted life forms, living under very different conditions from regular
living conditions of ourselves, has been one of the focus centers of intense interest in recent years [13,15].
Cellular elements (cell membrane, ribosomes etc.) and components (enzymes, proteins, nucleic acids etc.)
of thermophilic organisms are resistant to high temperatures (65-85°C). They are also resistant to denaturant
and proteases such as extreme acidic and alkaline conditions [10,16].

Utilization of thermophiles as a biotechnological manner can be divided into two groups; a whole cell
catalyst or the macromolecules or metabolites of the cell. Also, thermophiles are known as a potential in
producing bioenergy, thermoenzymes and biosurfactants. The use of thermophiles in biotechnological
applications has superior to other methods in many ways, such as possessing high metabolic activity which
leads to the formation of advanced products, the inactivation of pathogenic/contaminants by means the
removal of mesophile organisms from medium, the production of heat-resistant macromolecules and
metabolites, the absence of cooling steps after heating steps in biotechnological processes, the increase of
the solubility of medium, ionization and diffusion of chemicals, decreasing medium density, increasing in
reaction rate with surface tension and viscosity, the expression of thermostable enzymes [17].

Petroleum and derivative products is the most important energy source of the world from the beginning of
industrial revolution. It is clear that unless a novel energy source is discovered equivalent to petroleum,
this importance seems to be continued until running out of sources [18]. To remove petroleum out of
contaminated soils expensive and difficult processes have to be carried out. Petroleum contamination
deteriorates the soil structure via scattering soil crumbs, thus spoils the air and water economy of the soil.
It is widely known that in disintegrating the components in contaminated areas, microorganisms use their
own metabolic enzymes [19]. In a study which the disintegration rate of hydrocarbons in soil by bacteria
and fungi are compared, it was observed that 82% of the n-hexadecane use was made by bacteria and only
13% by fungi in a place full of sand [20].

Owing to this study, four different isolation methods are investigated to isolate “soil thermophilic bacteria”,
which adapts themselves to extreme conditions by being exposed to petroleum products for many years
which have detrimental effects on living beings, can be used in environmental biotechnology practices,
from the soil contaminated by petroleum and petroleum products. The effects of employ different
enrichment solutions (Ringer solution, mineral salt medium, NPK fertilizer solution) and different
incubation times (1 hour, 1 day, 35 days, 180 days) are experimented on the isolation of thermophilic
bacteria. During the incubation period at 65 °C, n-hexane/hexadecane were used as sole carbon source in
three isolation methods and no additional carbon source was added to growth medium in one of the isolation
methods.
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2. MATERIALS AND METHODS

2.1. Materials

2.1.1. Soil Sample

Soil sample has been taken from the ground surface (0-15 cm in depth) which is contaminated with
petroleum and mineral oils (Adana, Turkey) where vehicle maintenance and repair have been made for
many years. Soil samples that are brought to Mersin University Environmental Engineering Laboratory
were sieved by means of a 2-mm sieve and preserved at 4 °C in the dark, after air-dried and ground.

2.1.2 Solutions

Ringer solution; NaCl 2,25 g/L; KCI 0.105 g/L; dehydrated CaCl, 0.06 g/L; NaHCO; 0.05 g/L is weighed
and completed to 1 L with distilled water and the solution sterilized for 15 min. in 121 °C autoclave.

Mineral Salt Medium; K;HPQO,4 (0.9 g/L); KH.PO. (0.5 g/L); NH4CI (0.5 g/L); CaCl,.2H,0 (0.1 g/L);
MgCl,.6H,0 (0.2 g/L); FeCl..4H,0 (0.1 g/L); ImL/L is completed to 1 L with distilled water by adding
trace element stock solution and the solution is sterilized for 15 min. in 121 °C autoclave.

Trace element solution; ZnCl, (0.5 g/L); MnCl».4H,O (0.3 g/L); HsBOs (3g); CaCl..6H,O (2 g/L);
CuCl,.2H,0 (0.1 g/L); NiS04.6H,0 (0.2 g/L); NazM00..2H,0 (0.3 g/L) is completed to 1 L with distilled
water and the solution is sterilized for 15 min. in 121 °C autoclave.

Nitrogenous solution content; (0.1 g) urea, (0.1 g) KH2POy, (0.1 g) NH4SO4 is completed to 100 mL with
distilled water and the solution is sterilized for 15 min. in 121 °C autoclave.

NPK fertilizer solution; Including 15% nitrogen (N), 15% phosphorus (P) and 15% potassium (K), 9%
sulfur (S) and 1% zinc (Zn) in its compound, 100 g NPK fertilizer is weighed and completed to 1 L with
distilled water and the solution is sterilized for 15 min. in 121 °C autoclave.

2.1.3. Used Growth Media

Nutrient Agar (NA); 20 g pulverized nutrient agar (Merck) is weighed and completed to 1 L and the solution
is sterilized for 15 min. in 121 °C autoclave (pH: 7.10). Sterilized media than poured to sterile petri dishes
in laminar flow cabinet).

N-hexane/hexadecane media (n,h/ h,d); K2HPO4 (0.9 g/L); KH2PO4 (0.5 g/L); NH4CI (0.5 g/L);
CaCl2.2H20 (0.1 g/L); MgCI2.6H20 (0.2 g/L); FeCI2.4H20 (0.1 g/L); 20g agar-agar, ImL/L trace element
stock solution is completed to 1 L with distilled water, sterilized 121 °C for 15 minutes without adding
carbon source. 2% (v/v) n-hexane (Merck) to the 500 mL media which was taken to sterile laminar flow
cabinet, 2% (v/v) hexadecane (Sigma) to the 500 mL media was added and transferred to the petri dish.

NPK agar media; 100g NPK fertilizer, agar-agar (Merck) is weighed and completed to 1 L with distilled
water. The prepared solution was sterilized 121 °C for 15 minutes in autoclave. Media that is taken to sterile

laminar flow cabinet and poured to the sterile petri dishes.

2.2. Method

Isolation methods used on soil which is given for the study and applied practices to the colonies which are
considered to be pure are explained in Figure 1.
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Figure 1. Process summary chart on isolation methods

Method 1

1 gram of soil was weighed and transferred to heat resistant 10 mL tubes. 9 mL Ringer solution
was added.

The solutions formed from the soil and the solution were mixed at 2500 rpm for about 1 minute
until a homogeneous solution was formed. The tubes were kept at room temperature for 1 hour
until clear water was formed.

200 pL surface fluid was added to nutrient agar (NA) medium with sterilized pipette in sterilized
environment.

Bacteria cultures in petri dishes was allowed to grow at 65 °C for 2 days.

Method 2

1 gram of soil was weighed and transferred to heat resistant 10 mL tubes. 9 mL mineral salt solution
was added. The solution was stirred at 2500 rpm for 1 minute. Experiment was designed to set up
as 4 parallel (T1-T2-T3-T4) and 10 tubes were used in each set. Nitrogenous solution was added
to the first five tubes (Figure 2).

The tubes were incubated at 65 °C for 24 hours.

200 pL surface fluid was added to nutrient agar (NA) medium with sterile micropipette in sterile
environment and were allowed to incubate at 65 °C for 2 days.

The colonies observed at the end of the incubation were passaged 4 times to the NA medium for
purification of the colonies.

At the end of passage fourth, different types of colonies were inoculated on n-h / h.d medium and
the growing colonies were passaged 4 times for purification.

‘Soil1(T1) ’W‘ [Soil 3 (T3) ’ \M‘

Each tube contains 1 gr (passed through a 2 mm elec.), 9 mlLmineral media (==,
Nitrous solutions (0.1%, Urea, KH2ZPO4, NHASO04) are available in tubes numbered from 1 to 5, ©

Figure 2. Method 2 Testing set
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Method 3

100 gr of soil sample, 400 mL NPK fertilizer solution used in agriculture (10%) were mixed in
rectangular PVC box and left at 65 °C incubator (Figure 3).

After it was placed in the incubator with no additional carbon source in the box, the liquid was
taken at the end of 2 days, 2 months and 6 months and the NPK agar plantation was made first. In
order to purify the colonies, it was passaged into hexadecane (H.d) and n-hexane (n-H) media after
passaged 4 times in NPK agar.

The fourth passaging was made in order to purify the colonies which show reproduction in H.d and
n-H media.

L

NPK sofution )

ez )

(NPK!:)
0 n hekzan -

Figure 3. Method 3 Test flow chart

Method 4

90 mL of mineral solution, 5 gr of soil and 5 ml of n-hexane/hexadecane was added as a carbon
source to the 250 mL erlenmeyer.

At the end of the processes erlenmeyer were left to incubate for 7 days at 150 rpm at 65 °C
temperature.

At the end of the 7 days, 5% (v/v) of fresh MM (90 mL) which contains carbon source was injected
after taken from 10 mL of incubated fluid in sterile laminar flow cabinet.

The refresher process was repeated 5 times, with a total incubation time of 35 days.

At the end of the refresher process, parallel to the carbon sources in the liquids, the same carbon
source was added to the medium (liquid to solid) and left to incubate for 2 days at 65 °C.

Processes Applied on Colonies

It encapsulates the applied processes after the purification of observed colonies in their media, as a result
of all isolation methods that are tried in the study

Gram staining process



414 Olcay GULCICEK et al. / GU J Sci, 32(2): 409-424 (2019)

All of the methods investigated in thermophilic bacteria isolation from the soil contaminated by petroleum,
classification was made with Gram staining process which Hucker modified, as a result of 18-24 hours of
incubation in Nutrient Agar media [21].

Bacteria identification study

Towards the end of methods colonies considered as pure was taken to liquid cultures and DNA isolation,
Conventional PCR (Polymerase Chain Reaction) Process, Gel Electrophoresis processes were made for
bacteria identification in a commercial laboratory (Triogen Biotechnology Lab., Ankara).

DNA isolation

Bacteria Genomic DNA Purification Kit (GMbiolab Co, Taiwan) is used in order to isolate DNA from the
bacteria in liquid culture. A portion of the bacteria in the liquid medium was removed and centrifuged at
14000g for 2 minutes, then incubated with lysozyme and the isolation was continued according to the chitin
procedure.

Conventional PCR process

PCR process is the proliferation of nucleic acids under appropriate conditions. In vitro (in test-tube) is a
method which is defined as the enzymatic synthesis of copies of a specific DNA fragment by directing it
by primers. The method is based on the enzymatic synthesis of these two primer-restricted genes using a
pair of synthetic oligonucleotide primers complementary to base sequences in this region, specific for the
two ends of the region to be proliferated. The polymerase chain reaction is a distinctive and reliable method
for proliferation of target nucleic acid chains of disease effects such as bacteria, viruses, fungi, parasites
and protozoa in the laboratory using primers (specific complementary oligonucleotides) with heat-resistant
enzymes. The genetic material which is studied, can be proliferated even in very few or irrelevant DNA
molecules, can be made into a homogeneous DNA material and therefore can be identified easily [22].

PCR process was proceed in Bio Rad T100 Thermal Cycler device. Primers are suitable sequences for
bacteria to proliferate their ribosomal RNA parts. It gives a product approximately 1400bp in length. The
ingredient of the reaction mixture used in the process is 10X Buffer (3 ul), 2.5 mM dNTP (2 ul), 10 uM
Forward Primer (0.6 ul), 10 uM Reverse Primer (0.6 ul), Template DNA (3 ul), GeneTag DNA Polymerase
(0.2 ul), dH20 (20.6 ul).

Gel Electrophoresis

Gel electrophoresis is a molecular examination method widely used in the determination of molecular
weight, quantity and subtypes of purified nucleic acids and proteins. Agarose-gel electrophoresis and
polyacrylamide gel electrophoresis are the most used gel electrophoresis methods. After PCR cycles
completed, products were made with SYBR Green nucleic acid dye (Invitrogen™) in 2% agarose gel.
Molecular phylogenetic analysis

DNA sequence results which belong to all the samples obtained as a result of bacteria identification process
were submitted in NCBI (The National Center for Biotechnology Information) GenBank ® and compared

with other gene sequences. BLAST® analysis of obtained DNA sequences results were edited with BioEdit
Sequence Alignment Editor accordingly [23].

3. RESULTS

3.1. Method 1 Isolation Results
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Colony formation was not observed at the end of the first and at the end of the second day as a result of
inoculation on NA media made according to Method 1. Leaving the soil/Ringer solution mixture at room
temperature for 1 hour was not enough for the thermopbhilic bacteria to pass through the liquid.

The soil / Ringer solution mixture prepared by the same method was left for 48 hours at 65 °C, and growth
was observed in the petri dishes 24 hours after inoculation on the NA medium.

3.2. Method 2 Isolation Results

Petri dishes that were prepared according to Method 2 were left to incubate for 48 hours at 65 °C. At the
end of the 48 hours, almost every petri dish proliferated with similar colony characteristics Selected
colonies were passaged 4 times to NA medium to purify the colonies. At the end of the fourth passaging,
selected colonies were passaged to medium which contain n-hexane and hexadecane as a carbon source.

Although in many biological processes, the C/N ratio is a critical factor, in previous studies have reported
that nitrogen does not seem to play significant role in biodegradation of petroleum crude components [24,
25]. No significant difference in colony formation and growth rate was observed in sowing tubes made
from nitrogen added solution in this study. In other words, in the second method was reported that 0,1 %
nitrogen supplementation did not play an important role in microorganism growth.

According to Method 2 two different colony types were observed and these are; round, flat-edged, raised,
moist and homogeneous colonies, wet, sticky, coarse and camber mucoid colonies (Figure 4).

3.3. Method 3 Isolation Results

According to method 3, the liquid taken from NPK solution / soil mixture that does not contain carbon
source, was similar to colony types observed in Method 2 as a result of planting to NPK agar at the end of
the second day.

Leahy and Colwell (1990), have reported petroleum hydrocarbons do not contain significant concentrations
of other nutrients substances necessary for vital activities [26]. These lack of nutrients can be adjusted by
adding urea, phosphate, N-P-K fertilizers, ammonium and phosphate salts in the growth media [27,28]. In
this study, the addition of NPK fertilizer has been shown to positively affect the growth of microorganisms.

At the end of second month, as result of the planting to NPK agar, they were determined as smooth-edged,
sticky, and small in size, and common, whitish, sticky colonies (Figure 5).
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Figure 5. The colony observed as a result of Method 3
At the end of the 2. month, more common types of colonies were found in the n-h / h.d medium (Figure 6).

Figure 6. Colonies observed in n-h/h.d medium at the end of the second month

At the end of the sixth month, developed colonies as a result of sowing on NPK agar and n-h / h.d agar
medium were determined as common, whitish and sticky colonies. (Figure 7).
T —— : Z o

Figure 7. Colonies observed in NPK agar and n-h /h.d agar medium at the end of the sixth month
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3.4. Method 4 Isolation Results

Plantation results that were made from the liquids taken at the end of the thirty fifth day which is the last
step of method 4 instauration experiments, did not show significant differences according to carbon sources.
Colonies formed as a result of hexadecane agar plantation taken from the liquid which has hexadecane as
a carbon source, were determined to be whitish, with irregular edges and small in size. Colonies formed as
a result of n-hexane agar plantation taken from the liquid which has n-hexane as a carbon source were
determined to have irregular edges and small in size.

3.5.Gram Staining and Labeling Results Applied to Colonies

Gram staining results

As a result of Gram staining applied on the observed colonies in every method, it is determined that the
colonies were in Gram (+), Bacillus form (Figure 8).

Figure 8. Gram staining results applied on observed colonies

Colony identification results

Colonies obtained as a result of all the methods were identified in a private laboratory after colonies
produced in liquid culture. DNA sequence results, were scanned in the most popular and most frequently
genetic sequence database NCBI (The National Center for Biotechnology Information) GenBank, Basic
Local Alignment Search Tool (BLAST). In the evaluation of the scan results, the results with the lowest
E-value, maximum similarity and the highest coverage were given priority.

Pre-exposure of a microbial community to hydrocarbons is important in clarifying how hydrocarbons can
be broken down quickly. This incident which provides an increase in the potential of the community to
oxidize hydrocarbons is known as adaptation. Being exposed to petroleum and petroleum products for long
years, the soil sample we have used in this study is important in the diversity of the species which were
isolated.

In the isolation studies which were conducted on the soils that have exposed to hydrocarbon pollution for
a long time, new species’ existence was determined the environments [24]. The effect of hydrocarbon
pollution on the genetic composition of microbial community is thought to be related to environmental or
local conditions.
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Method 1, since there were no colonies as a result of the plantation that were made at the end of the first
day, it is determined that the soil is not appropriate for thermophilic bacteria isolation. 1 hour of experiment
time was not enough for method 1 and this was put forth by repeating the experiment as 48 hours and
proliferate observation.

Method 2, (Soil + mineral salt solution, 24 hours of incubation) According to the results of identifying of
colonies which develop in n-hexane / hexadecane medium, Geobacillus stearothermophilus (NR_115284),
Geobacillus thermoleovorans (NR_036985) species were determined.

Method 3, (NPK solution + soil mixture) as a result of the passage to the NPK medium first and then to the
n-hexane / hexadecane-containing medium at the end of second day, second month and sixth months;

Second day; Geobacillus stearothermophilus (NR_115284)

Second month; Parageobacillus thermoglucosidasius (NR_043022), Geobacillus stearothermophilus,
Geobacillus lituanicus (NR_025657), Geobacillus thermoleovorans (NR_036985), Geobacillus
kaustophilus (NR_115285), Geobacillus subterraneus (NR_025109), 3 unknown different species.

Sixth month; 1 unknown species were determined.

Fourth Method, (soil + mineral salt solution, 35 days) at the end of the 35th day, the colonies which were
grown at the end of sowing were identified as Parageobacillus thermoglucosidasius (NR_043022),
Geobacillus kaustophilus (NR_115285) and Geobacillus jurassicus (NR_116988).

Petroleum and petroleum products can be used as a carbon source via the biodegradation of microorganisms
[29,30]. Various studies have been carried out on the effects of microbial surfactants on the biodegradation
of these substances [31-33].

Biosurfactants are surfactants produced by microorganisms which have structurally different groups
[25],[34-37]. Biosurfactants promote hydrocarbon pollutants breakup, bioavailability thus support
hydrocarbon biodegradation. Microbial surfactants were added to the microorganisms in water insoluble
substrates and experiments were conducted to investigate the mechanism of action of these substances. By
adding microbial surfactants to the environment of hydrophobic substrates and microorganisms, between
substrate and microorganisms has been investigated the mechanism of action. According to the results,
these substances have been shown to increase the surface area of hydrophobic substrates and to facilitate
the attachment of microorganisms to surfaces [38].

Biosurfectane production of the species determined in this study was investigated previously studies
[32],[39-48]. Bacillus sp. are the best known bacteria capable of utilizing hydrocarbons as carbon and
energy sources for producing biosurfactants [31,49].

In the previous studies were reported that nitrogen plays an important role in biosurfactants production [34-
36],[38],[45],[50-54].

The third method was isolated more microorganism species than other methods. The NPK solution used in
this method is thought to create a competitive environment between the species that are resistant to
petroleum pollution for the growth and survival of microorganisms. We were thought that the NPK solution
used in the third method increases the production of biosurfactant and that the microorganisms more used
the petroleum and petroleum products in the soil.
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4. DISCUSSION

Microorganisms are highly sensitive to growth environment and the growth of microorganisms are
determined not only by the composition of their surroundings but also by sudden changes in the living
environment [27],[32, 33].

Microorganisms play crucial role in maintaining ecosystem. Only adaptable microorganisms can live in
polluted areas. Microorganisms isolated from contaminated areas, it is expected to utilizing/degrading these
pollutants [48],[55-59]. Because of that Microorganisms can be used to mitigate adverse effects of
pollutants [60,61].

It is well known that increasing the incubation time results in increased microorganism quantity [62-66].
When 4 methods that are tried on the isolation of thermophilic bacteria from the soil contaminated by
petroleum is examined, it has been shown that contact time is important in the passing of bacteria from soil
to liquid environment.

Different species were determined in the results of second method (1 day of incubation) and fourth method
(35 days of incubation) where mineral salt solution was used commonly.

In the isolation of thermophilic bacteria adapted to the environment and can disintegrate petroleum and its
products, more productive results were obtained by means of species diversity in third and fourth methods
which have long incubation durations.

Especially in the study conducted with third method, as the result of plantation of soil-liquid solution held
for 6 months without using additional carbon source, 4 unknown species and more thermophilic bacteria
species were isolated than all the other methods. “Third Method” was selected as the most appropriate
method in the isolation of species that can adapt themselves to the environment without using any additional
carbon source, only using the petroleum as a carbon source which is already existing in the soil. Based on
the results of this study, the effect of the biosurfactant type and amount on the isolation of thermophilic
bacteria in the presence of NPK solution should be investigated.

In the areas contaminated with oil and petroleum products without using an additional carbon source,
bioremediation efficiency should be investigated with only NPK fertilization.

Planting the bacteria isolated from the environments that are contaminated by petroleum and petroleum
products to the environments contaminated by hydrocarbon, would provide great contributions.in reforming
the ecosystem’s equilibrium.

This study will shed light on the isolation of bacteria from the environment, which will be selected for use
in the biotechnological remediation of substances that are toxic in nature and difficult to break down.

There are many studies about biodiversity in our country and in the world. Every new detected organism
specie is a potential source of genes for products that can be used for humanitarian purposes. It is thought
that our work will contribute to the methodology and approach to determining the biodiversity our country
has.

Unknown species that we have discovered in our studies and DNA sequence that codes 16S rRNA these

species have will be recorded to the GenBank and therefore our country will contribute to the determination
of thermophilic bacteria diversity and biodiversity studies.
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