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ABSTRACT

In order to investigate and find out the bacterial community of hot spring waters in Eskisehir,
Turkey, 7 hot spring water samples were collected from 7 different hot springs. All samples were
inoculated using four different media (nutrient agar, water yeast extract agar, trypticase soy agar,
starch casein agar). After incubation at 50 °C for 14 days, all bacterial colonies were counted and puri-
fied. Gram reaction, catalase and oxidase properties of all isolates were determined and investigated
by BIOLOG, VITEK and automated ribotyping system (RiboPrinter). The resistance of these bacteria
was examined against ampiciline, gentamisine, trimethoprime-sulphamethoxazole and tetracycline. As
a result, heat resistant pathogenic microorganisms in addition to human normal flora were determined
in hot spring waters (43-50 °C) in investigated area. Ten different species belong to 6 genera were
identified as Alysiella filiformis, Bordetella bronchiseptica, B. pertussis, Molexalla caprae, M. caviae,
M. cuniculi, M. phenylpyruvica, Roseomonas fauriae, Delftia acidovorans and Pseudomonas
taetrolens.
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ESKISEHIR/TURKIYE’DEKI ILICA SULARININ MiKROBIYAL POPULASYONU
0z

Eskisehir/Tiirkiye’deki 1lica sularidaki bakteriyel toplulugun ortaya konulmasi ve incelenmesi
icin 7 1lica su 6rnegi 7 farkli ilicadan toplanmistir. Tiim drnekler dort farkli besi ortamina (nutrient
agar, su-maya ekstrakti agar, triptik soy agar, nisasta-kazein agar) inokiile edilmistir. 50 °C’de 14
giinliik inkiibasyondan sonra tiim bakteri kolonilerinin sayimi yapilip saflastirilmistir. Tiim izolatlarin
gram reaksiyonlari, katalaz ve oksidaz 6zellikleri belirlenmis ve BIOLOG, VITEK ve otomatik ribotip-
lendirme sisteminde (RiboPrinter) incelenmislerdir. Bu bakterilerin ampisilin, gentamisin, trimeto-
prim-siilfametoksazol ve tetrasiklin antibiyotiklerine karsi direnclili§i incelenmistir. Sonu¢ olarak
normal insan florasina ilaveten 1siya direngli patojenik mikroorganizmalar incelenen alandaki 1lica su-
larinda (43-50 °C) belirlenmistir. Alt1 genusa ait 10 farkl tiir Alysiella filiformis, Bordetella bron-
chiseptica, B. pertussis, Molexalla caprae, M. caviae, M. cuniculi, M. phenylpyruvica, Roseomonas
fauriae, Delftia acidovorans ve Pseudomonas taetrolens olarak tanimlanmaistir.
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1. INTRODUCTION

Turkey is one of the 7 countries in the
world in terms of thermal source richness with
almost 1300 thermal springs throughout Anato-
lia (Anonymous, 2009). Thermal springs of
Eskisehir are among the famous ones, most of
the thermal springs are near Hamamyolu Street
in the center of Eskisehir. The waters (38-45 °C)
contain bicarbonate, sodium, and calcium and
suitable for both drinking and bathing cures of
rheumatism, neuralgia, post-operational prob-
lems, digestive problems, kidney stones and
gynecologic complaints, and for the metabolism
(Anonymous, 2009). In addition, these spring
waters are also consumed as drinking water for
health.

Generally, hot springs differ in their phys-
icochemical characteristics, such as water tem-
perature (WT), pH, oxidation—reduction poten-
tial (ORP, Eh), electrical conductivity (EC), dis-
solved oxygen, and in their composition of main
anions and cations. Previously, interest in these
hydrothermal systems has been restricted to
chemical and geological investigations. Both
microbiologists and geologists have showed
great interest in diversity, structure, and function
of the resident microbial communities and most
research on the microbiology of the hot springs
has concentrated on cultivating and isolating
extreme strains (Belkova et al., 2007). Geother-
mal hot spring streams provide favorable condi-
tions for the development of microbial mat,
which may contain physiologically and phy-
logenetically different groups of prokaryotes,
such as chemotropic sulfur bacteria, cyanobacte-
ria, and anoxigenic phototrophic bacteria, de-
pending on the temperature, pH, sulfide (30-60
uM) concentration, and some other environ-
mental conditions (Hiraishi et al, 1999,
Wahlund et al., 1991).

Bacterial abundance and biomass in marine,
freshwater, and soil ecosystems have been quan-
tified parallel to the enumeration of active bacte-
rial cells. However, bacterial enumerations in
the hot-spring water are scarce and restricted to
total bacterial abundance (TBA). Furthermore,
most of the reported data concern low-density
bacterial populations. Nevertheless, the effect of
microorganisms on geochemical processes oc-
curring in hot springs is evident. Accordingly,
measuring the TBA, especially the fraction of
active bacteria in the microbial community of
the hot springs, is particularly important.

The purpose of this study is to determine
and characterization of bacterial populations in
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hot spring water from the Eskisehir, Turkey with
classical and molecular based methods. For this
aim, the majority of isolates are detected and
typed by biochemical tests on BIOLOGY and
VITEK systems. In addition to these systems,
Ribotyping was used to characterize the isolates.

2. MATERIALS AND METHODS

2.1 Samples, Cultures, Media and Growth
Conditions

A total of 7 different thermal water samples
were collected from thermal springs around the
Eskisehir/Turkey. After sampling, temperature
and pH values of all samples were measured
(Table 1). Samples were transported in dark
conditions for analysis within 6 h of sampling.
Membrane filtration method was used for the
bacterial isolation and 26 isolates were obtained.
Different media; nutrient agar (NA), water yeast
extract agar (WA), trypticase soy agar (TSA),
starch casein agar (CSA) were used to obtain the
bacterial population. After incubation at 50 °C
for 14 days, all bacterial colonies were counted
and transferred to NA medium for purifying
(Table 2). For identification and investigation,
sub-cultures were performed on NA for 24 h at
50 °C.

2.2 Biochemical Tests

Gram staining reaction, oxidase and cata-
lase tests of these isolates were determined with
basic microbiological methods (Wistreich,
1997). The tolerances against to different tem-
peratures of these bacterial isolates were inves-
tigated by inoculation on NA and incubation at
40 and 60 °C for 48 h (Table 2). In addition, ac-
cording to their gram staining reaction, morp-
hology, temperature tolerances, catalase and ox-
idase properties, some isolates were select and
the resistance of these bacteria was examined
against ampiciline, tetracycline, gentamisine,
trimethoprime-sulphamethoxazole (Table 3).

Two different identification systems,
BIOLOG (GP or GN) (OOA 002, 2001; OOA
003, 2001) and VITEK (BAC or GNI) (Labora-
tory Manager Vitek Manual, 2004), were used to
identification of selected isolates according to
manufacturing manual. In addition, carbon
source metabolic fingerprints of these isolates
were determined by these systems. Results of
these systems were exported for analysis in NTS
files and imported into NTSYSpc 2.1. Cluster-
ing analysis was performed by the unweighted
pair group method with arithmetic averages
(UPGMA) method based on the SM coefficient.
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Table 1. Sampling points, temperature, pH and total colony counts on different media and isolates
number of thermal water samples.
Sample Sampling Temperature H Media/Total Colony | Isolate
No point (°O) P Counts Number*
1 A 50 7.8 | NA: 470 ctfu/ml S6
WA: 3 cfu/ml S10
2 B 50 7.5 | NA: 340 cfu/ml S23
WA: 1 cfu/ml
3 C 43 7.9 | No Growing
4 D 48 7.3 | NA: 173 ctfu/ml S22, S4, S5
TSA: 1 cfu/ml
CSA: 21 cfu/ml S11
5 E 43 7.4 | NA: 3 cfu/ml S19, 520, S21
TSA: 2 cfu/ml S18
6 F 43 7.4 | NA: 36 cfu/ml S16, S15, S14
CSA: 90 cfu/ml S17
TSA: 24 cfu/ml S13
WA: 92 cfu/ml S12
7 G 45 7.5 | NA: 571 cfu/ml S7, S8, S9
CSA: 127 cfu/ml S24, 525, S26
TSA: 24 cfu/ml S1,S2, S3
*S=Strain

2.3 Ribotyping and Ribotype Analysis

As a molecular method based on the analy-
sis of the restriction fragment length polymor-
phisms (RFLPs) of rRNA genes (Cordevant et
al., 2003), Ribotyping were used for identifica-
tion and/or characterization by analyzing ribo-
somal DNA banding pattern of isolates. For this
aim, all isolates were characterized by use of the
RiboPrinter system (Qualicon, Wilmington,
Del., USA), as described previously (Ito et al.,
2003), with respect to the procedures and condi-
tions recommended by the manufacturer. EcoRI
and PVUII were used as the restriction enzymes.
At the end of the process, densitometry scan and
molecular weight of the restriction fragments
were obtained for each samples analyzed.

Restriction fragments of ribotypes were ex-
ported for analysis in NTS files and imported
into NTSY Spc 2.1. Clustering analysis was per-
formed by the unweighted pair group method
with arithmetic averages (UPGMA) method
based on the SM coefficient for band matching.
Bands for analysis with the SM coefficient were
allocated manually, according to densitometry
curves and the accompanying hard copy photo-
graph.

3. RESULTS AND DISCUSSION

Thermal water samples in this study have a
temperature value between 43-50 °C and pH
value between 7.3 and 7.9 (Table 1). While
these temperatures are suitable for growing of
mesophilic and thermophilic microorganisms,
pH values of investigated samples are support-
ing to microbial growing. Optimum pH value
for many microorganisms is between 6 and 8
already many natural environments have pH
value between 5 and 9 (Madigan and Martinko,
2006). We counted to colony forming unit
between 36 and 571 cfu/ml at different media
(Table 1). The highest mean numbers of micro-
organisms were obtained from sample G with
571 cfu/ml at NA and 127 cfu/ml at CSA. We
determined 470 cfu/ml at NA from sample A,
340 cfu/ml at NA from sample B, 173 cfu/ml at
NA from sample D, 92 cfu/ml at WA and 90
cfu/ml at CSA from sample F. Only sample E
had colony forming unit out of 30-300 but this
sample were took to isolation process because of
this microorganisms could be pathogenic micro-
organisms. By the sampling process, we
couldn’t found colony forming unit at sample C
(Table 2).
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Table 2. Properties of cell morphology, gram staining reaction, catalase and oxidase, temperature

tolerances of isolates.

Isolate | Morphology | Gram Catalase | Oxidase | Temperature Tol-
Num- Staining erances

ber* Reaction 40 °C 60 °C
S1 Bacil Gr(+) - + Positive Poor
S2 Coccobacil Gr(-) - + Positive Poor
S3 Bacil Gr(-) - + Positive | Negative
S4 Coccus Gr(-) - + Negative | Negative
S5 Coccus Gr(-) + + Positive | Negative
S6 Coccobacil | Gr(-) + + Negative | Negative
S7 Coccobacil Gr(-) + + Positive | Positive
S8 Coccobacil Gr(-) - + Positive | Negative
S9 Coccobacil Gr(-) - + Positive | Negative
S10 Coccobacil | Gr(-) + + Positive | Negative
S11 Bacil Gr(+) + + Positive | Positive
S12 Coccobacil Gr(-) + + Positive | Negative
S13 Coccobacil | Gr(-) + + Positive Poor
S14 Coccobacil Gr(-) - + Positive | Negative
S15 Coccobacil Gr(-) + + Positive | Negative
S16 Coccobacil | Gr(-) - + Positive | Positive
S17 Coccus Gr(-) + + Positive | Positive
S18 Coccobacil Gr(-) + + Positive | Negative
S19 Coccobacil | Gr(-) - + Negative | Negative
S20 Coccobacil | Gr(-) - + Negative | Negative
S21 Coccobacil | Gr(-) - + Negative | Negative
S22 Coccus Gr(-) + + Positive | Negative
S23 Coccobacil Gr(-) - + Negative | Negative
S24 Coccus Gr(-) + + Positive | Positive
S25 Coccus Gr(-) + + Positive | Positive
S26 Coccus Gr(-) + + Positive | Positive
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Table 3. Resistance of some isolates against to ampiciline, tetracycline, gentamisine, trimethoprime-

sulphamethoxazole.
Isolate Inhibition Zones of Tested Antibiotics (mm)
Number* Ampiciline | Tetracycline | Gentamisine | Trimethoprime-
sulphamethoxazole
S1 51.0 29.0 15.5 59.0
SS 0.0 30.0 30.0 52.0
S7 30.0 43.0 20.0 52.0
S8 51.0 25.0 16.0 55.5
S10 27.0 39.5 29.0 43.0
S11 0.0 35.5 30.5 51.0
S12 0.0 34.0 33.5 53.0
S13 0.0 35.0 32.0 53.5
S14 0.0 16.0 30.5 55.0
S15 0.0 16.5 30.5 54.0
S16 0.0 17.5 29.0 51.5
S17 0.0 27.5 30.5 51.0
S18 0.0 16.0 30.5 45.0
S22 0.0 37.5 34.5 54.5
S24 51.0 54.0 43.0 65.0

End of the isolation process, we obtained 26
isolates from samples from 6 samples. While
twenty four isolates (92%) were determined as
Gram negative, two isolates (8%) were deter-
mined as Gram positive cell properties. The six-
teen isolates (61.5%) have cocobacil cell shape,
seven isolates (26.9%) have coccus cell shape
and three isolates (11.6%) have bacil cell shape
(Table 2). While all of the isolates showed posi-
tive oxidase reaction, 13 isolates showed posi-
tive catalase reaction. In temperature tolerances
studies, twenty isolates grew very well at 40 °C
and six isolates grew very well at 60 °C (Table
2). While isolate S6 belong to sampling point A
did not grow at 40 °C and 60 °C, S10 grew at 40
°C. Isolate S23 belong to sampling point B did

not grow both at 40 and 60 °C; it only grew at
50 °C that is isolation temperature. As S23, S4
belong to sampling point D only grew at isola-
tion temperature. While S5 and S22 grew only at
40 °C, S11 grew both at 40 and 60 °C. Only iso-
late S18 belong to sampling point E grew at 40
°C, the other isolates did not grow both at 40
and 60 °C. While S16 and S17 isolates belong to
sampling point F grew both at 40 and 60 °C, the
other isolates grew only at 40 °C. While there
are isolates belong to sampling point G which
grew at 40 and 60 °C such as S7, S24, S25 and
S26, the other isolates of grew only 40 °C (Ta-
ble 2). According to these results, bacterial
community with different properties such as
thermo tolerant, thermopile and extreme ther-
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mopile obtained from hot spring environments
in sampling area. Baker et al. (2001) were found
different type bacteria from Indonesian hot
springs. These bacteria types includes new ex-
tremely thermopilic strains belong to Bacillus
species and extreme thermopilic species together
non-thermopilic pathogenic species such as
Flavobacterium spp.

Due to be found of probable pathogen bac-
teria in hot springs, we applied a resistance test
of our some hot spring isolates. According to
these cellular and biochemical properties, 15
isolates were selected for antibiotic resistance
test. For this test, we used to ampiciline,
tetracycline, gentamisine,  trimethoprime-
sulphamethoxazole antibiotics. Ten isolates (S5,
S11, S12, S13, S14, S15, S16, S17, S18 and
S22) showed resistance to ampiciline. The other
antibiotics showed antimicrobial activity against
all of the isolates at the different levels (Table
3). These ten isolates have coccus and coccoba-
cil cell forms and Gram negative properties ex-
cept S11. According to these results, current
some commercial antibiotics could be use
against probable pathogen bacteria in hot spring
for protect public health.

In addition to these morphological and bio-
chemical studies, we used to three different
methods for diagnose of isolates impending
VITEK, BIOLOG and Ribotyping. S1 and S11
isolates were identified by VITEK system as
Bacillus sphericus with 95% similarity. The
other isolates were identified with BIOLOG sys-
tem based on basic biochemical principles. In
addition to identification results, we obtained
information about using capabilities of different
carbon sources of these isolates with BIOLOG
system. According to these results, we investi-
gated to similarity relationship between all iso-
lates (Figure 1). The highest coefficient is be-
longing to S5 and S16 with 80%. Also S13 is
too near to this group with 65.6%. These three
isolates (S5, S16 and S13) have already identi-
fied as Alysiella filiformis in BIOLOG system.
Alysiella filiformis is a member of Neisseriaceae
family and similar to Simonsiella genus. Even
though these bacteria have been considered as a
normal flora, they are well understood as part of
oral microflora. Despite their low pathoge-
necitiy, these bacteria have been isolated from
erosive lesions of the human oral cavity and
from the gastric aspirate of a neonate (Boone et
al., 2001). S12 and S17 isolates have 73.6% co-
efficient value and S14 is similar to these iso-
lates with 63.4% similarity. While S14 and S17
were identified as Moraxella caviae, S12 was
identified as Moraxella cuniculi in this system.

Anadolu Universitesi Bilim ve Teknoloji Dergisi - C 2 (1)
Yasam Bilimleri ve Biyoteknoloji

Moraxella caviae is a member of Moraxellaceae
family and a species of subgenus Branhamella
(Enright et al., 1994). Although there are infor-
mation about reports pathological properties of
other species of Moraxella genus (Boone et al.,
2001), we couldn’t be obtained information
about pathogenity of Molexalla caviae. Likely
Moraxella  cuniculi is a member of
Moraxellaceae family and we couldn’t deter-
mine as a human pathogen to this species. Al-
though Alysiella and Molexalla genuses were
considered in the Neisseriaceae family, after
some DNA-DNA and DNA-rDNA hibridization
tecniques, Moraxella genus were removed from
Neisseriaceae family. So Alysiella filiformis,
Molexalla caviae and Moraxella cuniculi were
showed 57% coefficient according to result of
BIOLOG system. In addition to capabilities of
using to different carbon sources, these isolates
that are member of Neisseriaceae and
Moraxellaceae family showed 89% and 85.8%
coefficient in ribotypes results. Also these iso-
lates were cut by only ECORI (Figure 2).

S15 was identified as Roseomonas fauriae
that is one of the six members of Methylobacte-
riaceae family. Species of Roseomonas are op-
portunistic pathogens and have been isolated
from human infections including septicemia
(Helsel et al., 2006). Roseomonas fauriae has
been associated with bacteremia and wound in-
fections of humans (Boone et al., 2001). In addi-
tion, S15 showed so far relationship to previous
six isolates with 52.2% coefficient. Bordetella
bronchiseptica that was obtained result for iso-
late S18 is one of the seven species of the family
Alcaligenaceae of the Betaproteobacteria. B.
bronchiseptica is predominantly animal patho-
gens and causes respiratory tract infections in
various animals such as swine, dogs, cats, rab-
bits. It has been isolated from warm-blooded
animals, including humans (Boone et al., 2001).
This isolate showed 50.6% coefficient to mem-
bers of Neisseriaceae family belong to the
Betaproteobacteria class.

S8 was identified as Psychrobacter phe-
nylpyruvicus (formerly Moraxella
phenylpyruvica), a member of Moraxellaceae
family (BSOP ID 11, 2007). Psychrobacter spp.
has been isolated from different habitats such as
seawater, skin and gills of fish, in addition to
from human samples. Stepanovi¢ et al. (2007)
reported that Psychrobacter phenylpyruvicus
associated with surgical wound infection.

While S10 and S22 isolates showed 64%,
S7 showed 47.4% coefficient. Also these iso-
lates were identified as Moraxella caprae,
Bordetella pertussis and Delftia (formerly
Comamonas) acidovorans respectively.
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Figure 1. Dendogram based on UPGMA cluster analysis of BIOLOG results. All isolates were com-
pared according to their capabilities of using to 96 different carbon sources (S=Strain).
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Figure 2. Dendogram based on UPGMA cluster analysis of ribotypes of isolates used in this study

(*S=Strain).

Although Moraxella caprae is a member of ge-
nus Moraxella of Moraxellaceae family,
Bordetella pertussis is a species of the family
Alcaligenaceae and Delftia acidovorans is a
species of Comamonadaceae family. These spe-
cies showed so different capabilities on using to
different carbon sources and they showed 30.8%
coefficient to previous species. We couldn’t ob-
tain information about pathogenity of Molexalla
caprae from these species. Although Delftia
acidovorans has been isolated from clinical
specimens and the hospital environments, it has
been outshining with have potential for biologi-
cal control against fungal pathogens (El-Banna,
2007). Bordetella pertussis is type species of

Bordetella genus and this species causes pertus-
sis (whooping cough) in humans.

According to ribotyping results, S15 and
S22 that were determined as members of
Methylobacteriaceae family and Alcaligenaceae
family respectively showed 75% coefficient and
they were cut by both ECOR I and PVU II
Similarly, S8 were cut by both ECOR I and
PVU II and this isolate showed 62% coefficient
values to previous family members. However,
S7 were cut by only PVU II and showed 48%
coefficient to other isolates (Figure 2).

S24 was identified as Pseudomonas
taetrolens thatisamemberof Pseudomonadaceae.
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So this isolate showed 18% coefficient with pre-
vious isolates. This microorganism had been
used for oxidation of isomaltose by Sternberg
and Lockwood (1969). But it causes mustiness
to different food samples (Tompkin and
Shaparis, 1972).

In this stage of our study, we have reached
our goal that is determination to cultivable bac-
terial community of hot springs of Eskisehir
/TURKEY. We found that different hot spring
water using by public contain pathogen micro-
organisms for humans in addition to normal flo-
ra. Thus, our result showed that this hot springs
are not suitability for using and have risk factors
for public health. In addition to determination of
pathologic risk factors in hot spring, we ob-
tained some microorganisms that have industrial
and biotechnological potentials from thermal
extreme areas.

4. CONCLUSION

In this study we have described the hot
spring bacterial population for aim of the public
health and obtained microbial sources for further
industrial applications. In addition, profiling of
hot spring environments is useful not only for
characterization of microbial community struc-
tures but also for evaluation of the energy-
yielding modes of the microbes present in these
type environments. Further work is being done
on apply molecular identification techniques
such as 16S r RNA analysis for clearly determi-
nation bacterial composition and should provide
a better understanding of the microbial ecology
of these extreme habitats and allow comparison
to other thermal regions of the world, furthering
the knowledge of the microbial ecology of these
environments.
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