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Caves are extreme ecosystems that are too limited in nutrient with stable temperature, high humidity. Gilindire Cave, located 
in Mersin; Turkey, contains samples from Ice Age and is the only place known to represent evidence of the last climate changes in 
in the Eastern Mediterranean. Therefore, Gilindire Cave distinguishes itself from other caves in Turkey with its “representative” 
and “individual” features. In this study bacterial load of Gilindire Cave was investigated by using culture dependent and culture 
independent methods. Samples were cultured on R2A petri plates and distinct looking colonies were isolated. After isolation, 16S 
rRNA PCR analysis was performed. 58 isolates were obtained after cultivation experiments. However, further investigation was 
completed on 30 individual isolate due to elimination of isolates. Crystal formation was investigated with B-4 media and it was seen 
that 3 of the isolates was unable grow on this media while the rest 27 were able to grow successfully. Twenty of the isolates were 
chosen and send to analysis. Most abundant phyla included Actinobacteria (39%) followed by Proteobacteria (%33), Firmicutes 
(17%) and Bacteriodetes (5,5%) as well as uncultured organism (5,5%) was found, usable results could not be obtained from two of 
the isolates.

Introduction
Caves are defined as a type of natural, rocky cavity under the 

ground that receives too little to no light and also accessible to hu-
mans. They are formed by rocks such as gypsum, granite, quartz-
ite, and talus but most commonly by calcareous rocks such as, 
limestone [1]. Caves are extreme ecosystems that are limited in 
nutrient with stable temperature, high humidity and the only pho-
tosynthetic activity relies on light beam comes from the Entrance 
Zone. Caves are generally isolated places which are not only limit 
but also protect the microflora that able to live in that environ-
ment [2,3]. Caves are under the spotlight due to several reasons. 
Extreme and dark conditions of caves represent ideal ecosystems 
to study for many different branches such as biological, geological, 
environmental and chemical studies. Also, the unique and not fully 
explored cave ecosystem provides an excellent opportunity for 
the discovery of novel microorganisms and biological byproducts 
such as ethanol production, biotechnologically important and new 
enzymes, antibiotics and even cancer treatments [4,5]. Further-
more, cave research helps finding answers to unanswered ques-
tions about the role of microorganisms in cave formation as well 
as the relation between mineral surfaces and microbial mats, and 
the effect of human activities, such as tourism, on microbial cave 
ecology. Microorganisms play a key role in many different aspects 
in caves, it also influence on mineralogy such as mineral precipi-

tation [6-8]. Even though it is not proven yet, many cave deposits 
are considered to have microbiological origins. For the last twenty 
years, the progression of the cultivation independent approaches 
has provided a myriad of information about bacterial commu-
nity composition, the abundance of different taxa and their pos-
sible function in different habitats. However, there are still so little 
known regarding the process leading to the observed diversity in 
different ecosystems and how environmental factors contribute to 
shaping microbial communities [9,10].

Compared with other countries in the world, Turkey is a cave 
paradise and there are about 40.000 caves in the country. Karstifi-
cation, which is an important geological-geomorphological charac-
teristic in terms of cave formations, is located in the Western and 
Central Taurus Mountains in Turkey (http://yigm.kulturturizm.
gov.tr/TR,10335/magara-turizmi.html). Despite the huge numbers 
of cave in Turkey, too limited studies have been carried out on mi-
crobiological studies in these caves.

Present study aimed to isolate, characterize and identify the 
bacterial load by using both culture dependent and culture inde-
pendent molecular techniques at Gilindire Cave. At the same time, 
the antimicrobial properties of the cave samples were determined. 
Spectacularly, Gilindire Cave is unique as being one and only repre-
sentative cave of the transition phase after the last glacial climate 
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Materials and Methods

Gilindire Cave which is also known as Aynalıgöl Cave 
(36°07'58.08''N 33°24'11.04''E) is found by a shepherd in 2000. 
Gilindire Cave is located 9km east of the district Aydıncık in Mer-
sin, Mediterranean cost of Turkey [11,12]. The cave is 555m long 
and has developed along NE-NW trending faults in limestone and 
dolomic limestone of Cambrian Age. Gilindire Cave, like a live labo-
ratory, contains samples from Ice Age and is the only place known 
to represent evidence of the last climate changes. 

All required permissions were taken from the related govern-
ment agencies prior to study in Gilindire Cave. Samples were taken 
from cave walls and speleothem of cave by using sterile swabs 
(Figure 1). Swabs were wetted sterile tap water (pH = 7.2 - 7.8) 
and immersed in 3 mL of sterile tap water in capped test tubes, 
placed on ice, and transported back to the laboratory for same-day 
processing.

Figure 1: Sampling locations at Gilindire Cave.

change of the Quaternary Period, in the East Mediterranean Region 
[11]. Even though there are a few studies conducted about geology, 
this is the first study where the geomicrobiology of Gilindire Cave 
is investigated.

Study site and sample collection

To enumerate heterotrophs and to allow visual assessment of 
morphological diversity, samples was vortexed for 5 min and then 
0.1 mL volumes of five serial dilutions was plated on R2A medium 
in the laboratory. Plates were incubated in 30°C for two months. 
For the selection of unique bacteria for identification, first, dur-
ing the 2-months period of incubation, morphologically distinct 
colonies were selected for isolation from each dilution series (10–1 

to 10–5) as they appeared. This was repeated 3 times after which 

Isolation and characterization 

a single colony was transferred to liquid R2A medium until pure 
colonies were obtained. Cell morphology and purity of the isolates 
were checked by phase-contrast microscopy. The isolates that have 
similar bacterial and colony morphology were also eliminated. 
Gram-staining was carried out according to the standard protocol 
[13].

Catalase test was used in order to determine the presence of 
the enzyme cytochrome oxidase in the isolated colonies. For the 
test, one loop full of 18 to 24 hour colony were taken and placed 
on a clean glass slide. One drop of 5% H2O2 solution was added to 
the sample. Visible bubble formation was considered as a positive 
result. Urease test was used to determine the colonies that can able 
to hydrolyze urea using the enzyme urease. For the test, bacteria 
were inoculated on to Christensen agar on 33°C degrees for 1 to 5 
days. Amylase test were performed to show the bacteria that have 
the ability to hydrolyze starch using amylase enzyme. Isolates were 
cultured on starch agar and cultured for 3 to 7 days. After incu-
bation iodine was added on to medium and color change was ob-
served. As the indicator of starch, iodine changes its yellow color to 
black in the presence of starch on the media [14].

B-4 media is traditional test medium and being used widely to 
investigate calcite precipitation and crystal production of the bac-
teria. Calcite precipitation may indicate that bacteria have a role in 
the cave formation. In order to see the crystal formation, isolates 
were cultured on the B-4 medium and the media was observed un-
der light microscope [15,16].

Crystal formation

DNA was extracted by using Fast DNA Spin Kit (MP Biomedi-
cals; Solon, OH, USA) according to the manufacturer’s instruction 
for molecular analysis of the isolates. Agarose gel electrophoresis 
was performed in order to confirm the extraction of DNA. After the 
conformation of DNA on gel, the amount of DNA extracted from the 
isolates was measured with Qubit 2.0 (Invitrogen) by using Qubit 
dsDNA BR Assay Kit (Invitrogen; Waltham, Massachusetts, USA). 
Universal bacterial primers 27F (forward 5’- AGA GTT TGA TCC 
TGG CTC AG -3’), and 1492R (reverse 5’- GGT TAC CTT GTT ACG 
ACT T -3’) [17] were used as primers for the PCR. PCR performed 
with the reagents from New England Biolabs (NEB; Ipswich, Mas-
sachusetts, USA). Extracted genes were amplified using 95ºC for 
2 min for initial denaturation, then 35 cycles of 95ºC 30 sec, 52ºC 
40 sec, 72ºC 1,30 min, with an extension period of 72ºC for 5 min. 
PCR products was examined by gel electrophoresis. PCR products 
purified and concentrated with the DNA Clean and Concentrator™- 
100 (Zymo; Irvine, California, USA), according to the manufactur-
er’s instructions. Each sample concentration was measured with 
Qubit dsDNA BR Assay Kit (Invitrogen; Waltham, Massachusetts, 
USA) and fixed at 50ng DNA per microliter by dilution. Cleaned and 

Molecular analysis of the isolates
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Phenotypic properties of the isolates were determined by gram 
staining and observing motility from the samples taken liquid me-
dia. Morphologic characteristics of the isolates are shown in the 
table 1. According to the gram staining, 15 of the isolates were 
found to be gram negative while 13 of them were gram positive. 
2 of the isolates could not be stained with gram staining. Only 7 
isolates showed motility. Catalase, amylase and urease tests were 
done for each sample. Biochemical tests of isolates indicated that, 
except for 4, all of the isolates were catalase positive. Among all of 
the isolates, 13 of the isolates showed negative results for urease 
test. Amylase test also gave 17 negative results. All of the results 
regarding characterization tests were shown in table 1.

Gilindire Cave is microbiologically unexplored and unique place 
since its formation shows three different geological period of earth. 
Cave studies are increasing around the world with the hope to find 
novel microorganisms that are not discovered yet. These studies 
aim not only to isolate and characterize the bacteria, which might 
biotechnologically important, but also to present microbial diver-
sity of the environment [1,18]. In order to achieve this aim, isolates 
were obtained by culture dependent methods and identified with 
culture independent method. The relatives of the following phyla 
were represented Actinobacteria (39%) followed by Proteobacte-
ria (%33), Firmicutes (17%) and Bacteriodetes (5,5%) as well as 
uncultured organism (5,5%). Previous studies showed that Pro-
teobacteria, Actinobacteria, Firmicutes and Bacteriodetes are the 
dominant phyla in cave environments [19-22]. Ikner., et al. [19] 
found Firmicutes (66%), Actinobacteria (19%) and Proteobacteria 
(15%) from the rock samples in Kartchner Caves on R2A media. 
Ortiz., et al. [21] identified Proteobacteria (52%) and Actinobacte-
ria (13%) in Kartchner Caves in another site of the cave [22] found 
Actinobacteria (46 - 50%), Proteobacteria (22 - 25%) and Acido-
bacteria phyla (6 - 7%) in Oylat Cave. On the contrary, the study 
conducted by Barton., et al. (2007) showed dominant Actinobacte-
ria phylum with 80% of the total community of bacteria. Although 
percentages of the phyla are changing, our results are compatible 
with the findings of other researchers and also supports Porca., et 
al. (2012) who suggested there is a core group of microorganisms 
in caves even though each cave is unique in terms of bacterial diver-

58 isolates were obtained after cultivation however further in-
vestigation was completed on 30 individual isolate due to elimina-
tion of isolates. Some of the isolated colonies showed in the figure 
2. 

Results 

concentrated products were sent for sequence analysis in order 
to identify isolates. Sequencing of the almost complete 16S rRNA 
gene was performed by the company (https://www.gatc-biotech.
com/). Reverse and forward gene sequences were compiled manu-
ally checked for misreading with alignment of Bioedit (www.mbio.
nscu.edu/bioedit/bioedit.html). Closely related 16S rRNA gene se-
quences were identified by using the BLASTN algorithm (http://
ncbi.nlm.nih.gov/blast).

Bacterial isolation and characterization

Figure 2: Isolated colonies on R2A media. Left to right 
 sample 4, 2, 11, 27, 19 and 25 respectively.

Crystal formation was investigated with B-4 [15] media and it 
was seen that 3 of the isolates were unable grow on this media 
while the rest 27 were able to grow successfully. Crystal formation 
observed on 21 isolates while 6 isolates were not capable to pro-
duce crystals on the same conditions (Table 1). 

Crystal formation

Amplified DNA extracts were loaded on the gel and it was con-
firmed all PCR products gave bands on the 1500bp length since 
27F-1492R primers give products approximately at 1500bp.

Twenty of the isolates were chosen and send to analysis. Each 
sequence deposited in genbank with accession number MG859501-
MG859518. Among the isolates; 7 Actinobacteria (39%), 6 Proteo-
bacteria (%33), 3 Firmicutes (17%) and 1 Bacteriotedes (5,5%) as 
well as 1 uncultured organism (5,5%) was found, two of the isolates 
didn’t give usable results, for this reason number of the samples 
are accepted as eighteen. Four isolates of the Proteobacteria were 
grouped with the α-, while the remaining two were grouped with 
the β- and γ-Proteobacteria (Table 2).

Sanger sequence analysis

Discussion
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Sample 
Code Cell Morphology Gram 

Stain Motility Catalase Amylase Urease B-4 Cultivability Crystal  
Formation

1 Sarcinae + - + + - + +
2 Single cocci + + + - + + -
3 Rods in pairs + + - + + +
4 Diplococci - + + + - + +
5 Cocci in clusters - + + - - + +
6 Rods in pairs - + + - - + +
7 Filamentous + - + - + + +
8 Coccobacilli - - - - - - -
9 Diplobacilli + - + + - + +
10 Diplobacilli + - - + + +
11 Filamentous + - + + + + +
12 Single rods - + + - + + +
13 Single rods - + + - + + +
14 Single rods + - + - - + +
15 Branched Fila-

mentous
- - + - + + +

16 Single Rods + - + + + + -
17 Diplobacilli - + W+ - + + +
18 Filamentous rods + - + - + + +
19 Filamentous + - + + W+ - -
20 Short rods S - + - + + +
21 Filamentous + - - + + + +
22 Filamentous + - + + - + +
23 Filamentous - - + W+ + +
24 Filamentous + - W+ + W+ + +
25-2 Diplobacilli - + W+ - ++ + -
26 Ovoid diplococci - - - - - + -
27 Long diplobacilli - - + N - + -
28 Diplococci - - W+ N + + -
29-1 Rods in pairs - - - - - + +
29-2 Ovoid S - + + - - -

Table 1: The list of results for cell morphology, gram staining and motility, catalase, amylase and urease 
 tests as well as B-4 cultivability and crystal formation along with the sample codes

* Does not stained with gram staining, W+: Weak positive, N: No growth.

sity [20] also stated that hypogenic caves, such as limestone caves, 
are tend to show variability in terms of found dominant groups 
which also explains different dominant groups found in our study. 

Within the Actinobacteria, most phylotypes were classified un-
der the genus Micrococcus, Rhodococcus, Microbacterium, Strepto-
myces, Mycobacterium and Nocardia (Table 2). Two of the isolates 
are members of the same genus, Rhodococcus, however their mor-
phologies were seen different. It was reported by researcher that 
this phylum are well known to sporulate under the nutrient low 
environment such as cave. Extracellular enzyme production and 

secondary metabolite production are important features of this 
phylum [23]. Also, they are known to produce 75% of the antibi-
otic compounds which are the most important secondary metabo-
lite of microorganisms [24]. Also, researchers showed that large 
numbers of biogenic minerals were correlated by the phylum of 
Actinobacteria. Microorganisms play an important role in many 
different aspects in caves, it also influence on mineralogy such as 
mineral precipitation [6,7]. The mechanism of calcite and other for-
mations that are seen in caves tried to be explained by using physi-
cal, chemical and biological approaches. Today, it is well know that 
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Sample Code Phylum Class Order Family Genus
1 Actinobacteria Actinobacteria Micrococcales Micrococcaceae Micrococcus

2 Firmicutes Bacilli Bacillales Staphylococcaceae Staphylococcus

3 Proteobacteria α-Proteo bacteria Rhizobiales Bradyrhizobiaceae Bosea

4 Proteobacteria γ-proteo bacteria Pseudomonadales Pseudomonadaceae Azotobacter

5 Firmicutes Bacilli Bacillales Planococcaceae Viridibacillus

6 Proteobacteria α-proteo bacteria Rhizobiales Bradyrhizobiaceae

7 Actinobacteria Actinobacteria Corynebacteriales Nocardiaceae Rhodococcus

8 Proteobacteria β-proteo bacteria Burkholderiales Comamonadaceae Hydrogenophaga

9 Actinobacteria Actinobacteria Micrococcales Microbacteriaceae Microbacterium

15 Actinobacteria Actinobacteria Corynebacteriales Nocardiaceae Nocardia

16 Firmicutes Bacilli Bacillales Bacillaceae Bacillus

17 Proteobacteria α-proteo bacteria Rhizobiales Rhizobiaceae Sinorhizobium/Ensifer 
group; Ensifer.

18 Actinobacteria Actinobacteria Corynebacteriales Nocardiaceae Rhodococcus

19 Actinobacteria Actinobacteria Streptomycetales Streptomycetaceae Streptomyces

20 Actinobacteria Actinobacteria Corynebacteriales Mycobacteriaceae Mycobacterium

25 Proteobacteria α-proteo bacteria Rhizobiales Rhizobiaceae Sinorhizobium/Ensifer 
group; Ensifer.

26 Bacteroidetes Sphingo bacteria Sphingobacteriales Sphingobacteriaceae Pedobacter

Table 2: The list of taxonomic rankings of each isolates presented from phylum to genus level identification.

most of the calcite formations are formed by microorganisms [1,8]. 
Calcium carbonate precipitation abilities were investigated of 210 
bacteria that were isolated from soil and also could able to grow 
on B-4 medium by Bouquet., et al. They concluded that crystal for-
mation is a general phenomenon that taking place when the media 
used under suitable conditions. Therefore the bacteria that cannot 
produce crystals may also produce these formations under a more 
favorable condition. During the culturing, the amount of the bac-
teria plated on the media was seen significant in order to obtain 
colonies. Isolates that plated in minimum amounts were not able 
to grow while with the increased amount resulted with the growth 
of the same isolate. This phenomenon may be explained by osmotic 
pressure [18,25].

Proteobacteria was the second highest represented phylum in 
our study. In the present study, the identified genus under this phy-
lum was Bosea, Azotobacter, Bradyrhizobiaceae, Hydrogenophaga 
and Sinorhizobium group (Table 2). Proteobacteria are a major 
research topic since they show extreme metabolic diversity and 
constitute bacteria known for medical, industrial and agricultural 
significance [26,27]. Members of Bosea, Azotobacter, Bradyrhizobi-
aceae and Sinorhizobium distinguish by their ability to fix nitrogen 
[28]. Most of the Hydrogenophaga members are known for their 
ability to use H2 and CO2 as their energy and carbon source respec-
tively. Members of Burkholderia were diazotrophs and they able to 
degrade large number of xenobiotic compounds. Ikner., et al. [19] 

stated that Proteobacteria are more sensitive to pH, temperature, 
nutrient or water stress. Therefore Proteobacteria are uncommon 
to found in cave environments while Firmicutes are known to be 
highly resistant to stress factors mentioned above hence expected 
to able to live in such conditions. Nevertheless our findings, as most 
of the cave researches conducted, are not supporting that state-
ment since the Proteobacteria have been shown one of the domi-
nant phyla of cave microbiota. Also their results suggested that Pro-
teobacteria dominate where human contact is high. Gilindire Cave 
is open for tourism over a decade and high Proteobacteria rates 
may hint human contact but Gulecal-Pektas and Temel [22] showed 
high Actinobacteria (46 - 50%) at the entrance of the touristic cave, 
Oylat. Furthermore, we found Staphylococcus which also signed of 
human impact in this cave.

The third most common phylum in our study was Firmicutes. 
Staphylococcus, Viridibacillus and Bacillus genus are found in Fir-
micutes phylum. Firmicutes are best known for their fermentative 
growth and can degrade complex polymers such as cellulose, pec-
tin, xylan, chitin and lignin [29,30]. The ability to degrade complex 
compound give the bacteria the role of breaking down macromole-
cules entering the cave such as fungal matter, dead animal or plants 
thus, provide other energy and carbon sources for the microbial 
community of cave [31] Engel [31-42] pointed out Firmicutes and 
Actinobacteria are in an inverse correlation at the same community. 
The number Firmicutes are increasing when the number of Actino-
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Conclusion
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