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From differentgeothermal mineral springs of Armenia 135 thermophilic bacilli were isolated 

and identified based on 16S rRNA gene sequence analysis as representatives of the genera 

Anoxybacillus, Bacillus, Brevibacillus, Geobacillus, Paenibacillus, Ureibacillus, Sporosarcina and 

Thermoactinomyces. Representatives of Geobacillus and Anoxybacillus are the most distributed 

obligate thermophiles in the studied geothermal springs. As part of the microbiota, thermophilic 

bacilli presumably make significant contributions in the biogeochemical cycles of the geothermal 

springs. 

Introduction 

Characterization and description of the novel thermophilicmicrobes isolated from new 

natural sources is a topical and priority research and will open prospects for the discovery of new 

producers with potential use in food, chemical and pharmaceutical industries and environmental 

biotechnology [1-4].Thermophilic microbes are usually thriving in high-temperature environments, 

which are serving as natural source to isolate those microorganisms. Particularly, geothermal 

springs offer a new source of fascinating microorganisms well adapted to these extreme 

environments [1].  

Numerous geothermal springs of different geotectonic origin and with different 

physicochemical properties are foundon the territory of Armenia [5]. Recently microbiological 

investigations of some Armenian geothermal springs were carry out based on culture independent 

and molecular methods [6-8].  

Thermophilic microorganisms are not grouped into a separate taxonomic unit, but appear in 

various taxonomic groups and at various phylogenetic distances throughout the taxonomic system 

[1]. It was shown that representatives of the genus Bacillus and related genera to be the 

thermophilic aerobes most frequently isolated from terrestrial geothermal water environments [9]. 

In this study diversity of thermophilicbacilli from different geothermal mineral springs 

belonging to distinct geographical regions of Armenia was reported.  

Methods and materials 

Study sites and sampling.The location of geothermal mineral springs (Akhurik, Arzakan, 

Bjni, Hankavan, Jermuk, Karvachar,Tatev, Uyts, Jermaxbjur) was determined using JPS. The 

samples were collected from Armenian geothermal springs of different geotectonic origin and with 

different physicochemical properties. Temperature, pH and conductivity were determined in situ 

using a portable combined pH/EC/TDS Temperature tester (HANNA HI98129/HI98130). Water, 

mat and adjacent sediment samples were collected using sterile glass flasks and were maintained on 

ice until processed. 

Enrichment and isolation.To enrich aerobic endospore-forming thermophilic bacteria slurry 

water, mat andsediment samples (1g) were inoculated in Nutrient Broth(HiMedia) and incubated 

overnight at 55-60ºC with shaking at 150 rpm. Before inoculation all samples were treated at 80ºC 

for 10 min aiming to isolate only spore-forming microorganism [6]. Cultures showing different 
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colony morphology was further purified by streaking samples on the same medium supplemented 

with agar (2%, w/v). All colonies obtained on plates were picked and purified by streaking onto 

same medium at least three times. The subcultures were considered pure after microscopic 

observation of a single morphological type per culture. The subcultures’ purity, cell morphology, 

endospore location and motility, were determined by phase-contrast microscopy of freshly prepared 

wet mounts. All isolates were tested for their colony morphology, Gram reaction and catalase 

activity using commonly accepted methods [10]. The temperature range for growth was determined 

after incubation of isolates at 5 to 80ºC by 5ºC intervals.  

Nucleic acid extraction and polymerase chain reaction (PCR). DNA was extracted from 

pure isolates using GenEluteTM Bacterial Genomic DNA Kit (Sigma) according to the manufac-

turer’s recommendations and used as a template in the PCR assays. 16S rRNA genes were 

amplified using universal primer pairs 27f (5'-GAGTTTGATCCTGGCTCA-3') and 1525r (5'-

GAAAGGAGGAGATCCAGCC-3') (Escherichia coli numbering).PCR mixtures used for 

amplification of sequences contained 10 ng DNA, 5 µl 10xPCR buffer, 5 µl 10 mMdNTP (dATP, 

dGTP, dCTP and dTTP), 1 µl each primer (25 pmol/µl), 1,5 mM MgCl2, 0,2 µl Taq DNA 

polymerase, 2 µl0.1% bovine serum albumin, and sterile water up to the final volume of 50 µl. PCR 

amplification was completed using an DNAEngine thermocycler (BIO RAD). First, the templates 

were denaturized for 3 min at 96ºC, then 30 cycles of the following steps were completed: 

denaturation for 30 s at 96ºC for, annealing for 30 s at 55ºC, and extension at 2.5 min at 72ºC. The 

30 cycles were followed by a final 10 min extension at 72ºC. PCR products were viewed under UV 

light after standard ethidium bromide gel electrophoresis [11].  

Sequence analysis. PCR products were purified using GenEluteTM PCR Clean-up Kit 

(Sigma) according to the manufacturer’s recommendations, and were sequenced with 27f primer. 

Sequencing was performed on a ABI PRISM capillary sequencer according to the protocol of the 

ABI Prism Big Dye Terminator kit (Perkin Elmer). A nucleotide BLAST search was performed in 

order to obtain information on the phylogenetically closest relatives [12]. 

Results and discussion 

The temperature of water of Armenian geothermal springs in the outlet varied between 25 - 

56ºC. Despite the varying physicochemical properties of the thermal springs used for the sampling, 

they belong to the category of hot springs from low-temperature fields and are characterized by 

neutral to alkaline pH (varied from 6.5 to 7.8) and high concentration of dissolved minerals 

(conductivity varied 1586 - 6722.9µS/sm) and gases.  

Collected water, mat and adjacent sediment samples were analyzed to evaluate the total ther-

mophilic aerobic endospore-forming bacterial abundance. A total of 135 isolates with different 

colony morphologies were obtained from the samples from different geothermal regions. 

All selected isolates were rod-shaped, gram-positive, endospore-forming, catalase-positive 

bacteria. All thermophilic aerobic endospore-forming isolates were identified based on their 16S 

rRNA gene analysis. BLAST results for the isolates, based on 16S rRNA gene sequences for identifica-

tion of the closest relatives in the GenBank database indicate that they all belong to Clostridium-

Bacillus subphylum, group of Bacillus-like genera distributed in genera Anoxybacillus, Bacillus, 

Brevibacillus, Geobacillus, Paenibacillus, Sporosarcina, Ureibacillusand Thermoactinomyces 

(Table 1). 

Isolates which could grow on nutrient agar between 50-65°C were defined as thermophilic, 

whereas the ones growing between 30-50°C were taken as thermotolerant or mesophilic. Although 
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135 of 40 isolates exhibited thermophlic growth, 95 were found to bethermotolerant. Most of the 

obligate thermophilic isolates were isolated from springs’ samples with temperatures >42°C.  

Representatives of the genera Geobacillus and Anoxybacillus are the most distributed 

obligate thermophiles in the studied hot springs. All isolates from the hot springs that belonged to 

the genus Bacillus were thermotolerant microorganisms among which B. licheniformis appeared as 

the dominating species. Studied springs demonstrated significantly lower content of species 

belonged to genera Paenibacillus, Thermoactinomyces and Sporosarcina. 

 

Table 1. 

Diversity of aerobic endospore-forming bacilli inArmenian geothermal  

mineral springs 

Thermal 

mineral spring 

Spring 

location 
T, ºC Distributed genera (dominated species) 

Uyts 
39°31'00″N 

46°03'09″ E 
26 

Bacillus (B. licheniformis), 

Ureibacillus (U. terrenus, U. thermosphaericus), 

Anoxybacillus (Anoxybacillussp.), 

Geobacillus (G. toebii) 

Tatev 
39°22'54″N 

46°14'24″ E 
27 

Bacillus (B. licheniformis), 

Geobacillus (G. toebii), 

Anoxybacillus (Anoxybacillussp.), 

Thermoactinomyces (T. vulgaris) 

Jermaxbjur 
39°47'0.5″N 

45°54'27″ E 
31 

Bacillus (B. subterraneus), 

Anoxybacillus (Anoxybacillussp.) 

Akhurik 
40º44′34″N 

43º46′54″E 
32 

Bacillus (B. licheniformis, B. pumilus, B. murimartini), 

Geobacillus (G. pallidus), 

Brevibacillus (B. borstelensis), 

Thermoactinomyces (Thermoactinomyces sp.) 

Bjni 
40

o
45'94"N 

44
o
64'86"E 

37 

Bacillus (B. licheniformis, B. aestuarii), 

Ureibacillus (U. thermosphaericus), 

Anoxybacillus (Anoxybacillussp.), 

Geobacillus (G. toebii) 

Arzakan 
40º26′90″N 

44º36′50″E 
>42 

Bacillus (B. licheniformis, B. simplex), 

Anoxybacillus (A. rupiensis),  

Geobacillus (G. toebii, G. thermodenitrificans,  

G. stearothermophilus, G. caldoxylosilyticus), 

Paenibacillus (Paenibacillussp.), 

Sporosarcina (Sporosarcinasp.) 

Hankavan 
40

o
37′57″N 

44
o
29′04″E 

42-44 

Bacillus (B. licheniformis), 

Brevibacillus (B. thermoruber), 

Geobacillus (G. stearothermophilus), 

Anoxybacillus (Anoxybacillus sp.) 

Jermuk 
39º50′48″N 

45º40′06″E 
>53 

Bacillus (B. licheniformis, B. amyloliquefaciens), 

Anoxybacillus (A.gonensis, A. kestanbolensis), 

Geobacillus (G. stearothermophilus, G. caldoxylosilyticus) 

Karvachar 
40

o
02'57"N 

46
o
'00’99"E 

>56 
Anoxybacillus (A. flavithermus), 

Geobacillus (G. toebii) 

 

As part of the microbiota, thermophilic bacilli presumably make significant contributions in the bio-

geochemical cycles of the springs under extreme temperature conditions. The results obtained in this study show the 
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importance of further investigation of the phylogenetic diversity of microbes in geothermal springs to discover and iso-

late new thermophilic species. 

 

Key words: Geothermal springs, thermophiles, Bacillus and related genera, 16S rRNA gene 

sequence. 
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ТЕРМОФИЛЬНЫЕ БАЦИЛЛЫ ГЕОТЕРМАЛЬНЫХ ИСТОЧНИКОВ АРМЕНИИ 
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Из геотермальных минеральных источников Армении изолированы 135 термофильных бацилл и на 

основании анализа нуклеотидных последовательностях гена 16S рРНК идентифицированы как представители 

родовAnoxybacillus, Bacillus, Brevibacillus, Geobacillus, Paenibacillus, Sporosarcina, Ureibacillusи 

Thermoactinomyces. Представители родов Geobacillus и Anoxybacillus являлись доминирующими облигатными 

термофилами в изучанных геотермальных источниках. Как часть микробиоты, термофильные бациллы 

участвуют в биогеохимических циклах элементов геотермальных источников. 
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83 

 

Ð.Ð. ö²ÜàêÚ²Ü 

Î»Ýë³µ³Ý³Ï³Ý ·ÇïáõÃÛáõÝÝ»ñÇ Ã»ÏÝ³Íáõ, ¹áó»Ýï, ¶äÐåñáý»ëáñ, 

¶äÐ Ï»Ýë³µ³ÝáõÃÛ³Ý, ¿ÏáÉá·Ç³ÛÇ ¨ ³éáÕç ³åñ»É³Ï»ñåÇ ³ÙµÇáÝ, 

ºäÐ Ù³Ýñ¿³µ³ÝáõÃÛ³Ý, Ù³Ýñ¿Ý»ñÇ ¨ µáõÛë»ñÇ Ï»Ýë³ï»ËÝáÉá·Ç³ÛÇ ³ÙµÇáÝ  

 

Ð³Û³ëï³ÝÇ ï³ñµ»ñ »ñÏñ³ç»ñÙ³ÛÇÝ ³ÕµÛáõñÝ»ñÇó Ù»Ïáõë³óí»É »Ý 135 ç»ñÙ³ë»ñ µ³óÇÉÝ»ñ ¨ 

Áëï 16S éèÜÂ-Ç ·»Ý»ñÇ ÝáõÏÉ»áïÇ¹³ÛÇÝ Ñ³çáñ¹³Ï³ÝáõÃÛáõÝÝ»ñÇ í»ñÉáõÍáõÃÛ³Ý ÝáõÛÝ³Ï³Ýóí»É »Ý 

áñå»ë Anoxybacillus, Bacillus, Brevibacillus, Geobacillus, Paenibacillus, Ureibacillus, Sporosarcina ¨ 

Thermoactinomyces ó»Õ»ñÇ Ý»ñÏ³Û³óáõóÇãÝ»ñ: Geobacillus  ¨ Anoxybacillus ó»Õ»ñÇ Ý»ñÏ³Û³óáõóÇãÝ»ñÁ 

áõëáõÙÝ³ëÇñí³Í »ñÏñ³ç»ñÙ³ÛÇÝ ³ÕµÛáõñÝ»ñÇ ³Ù»Ý³ï³ñ³Íí³Í ûµÉÇ·³ï ç»ñÙ³ë»ñ Ù³Ýñ¿Ý»ñ »Ý: 

àñå»ë ÙÇÏñáµÇáï³ÛÇ µ³ÕÏ³óáõóÇã Ù³ë, ç»ñÙ³ë»ñ µ³óÇÉÝ»ñÁ Ï³ñ¨áñ ¹»ñ áõÝ»Ý »ñÏñ³ç»ñÙ³ÛÇÝ 

³ÕµÛáõñÝ»ñáõÙ ï³ññ»ñÇ Ï»Ýë³»ñÏñ³ùÇÙÇ³Ï³Ý ßñç³Ý³éáõÃÛáõÝáõÙ: 


