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Nine morphologically distinct lipase producing thermophilic aerobic endospore-forming 
bacteria were isolated from geothermal springs distributed on the territory of Armenia and 
Nagorno Karabakh. The phenotypic characteristics of the isolates were studied using standard 
methods. The list of methods include isolation, enrichment and screening for lipase activity, 
studies of morphological and physiological characteristics of the isolates, phylogenetic studies, 
software analysis and reconstruction of the phylogenetic tree. The optimal temperature values of 
studied isolates varied from 55°C-65°C. The phylogenetic diversity of isolates was studied based 
on 16S rRNA gene analysis. The comparison of generated 16S rRNA gene sequences of the 
isolates with the ones available in GenBank database indicates their relation to species of genera 
Anoxybacillus, Bacillus, Brevibacillus and Geobacillus. Four strains identified as Geobacillus sp., 
three strains as Anoxybacillus flavithermus, one strain as Bacillus licheniformis and one strain as 
Brevibacillus borstelensis. 

 
Thermophilic bacilli – phylogenetic diversity – lipases – geothermal springs 

 
ÆÝÁ Ó¢³μ³Ýáñ»Ý ï³ñμ»ñ ÉÇå³½ ³ñï³¹ñáÕ, ç»ñÙ³ë»ñ, ³»ñáμ, ëåáñ³é³ç³óÝáÕ μ³Ï-

ï»ñÇ³Ý»ñ ³Ýç³ïí»É »Ý Ð³Û³ëï³ÝÇ Ð³Ýñ³å»ïáõÃÛ³Ý ¢ È»éÝ³ÛÇÝ Ô³ñ³μ³ÕÇ Ð³Ýñ³å»ïáõÃÛ³Ý 
ï³ñ³ÍùÝ»ñáõÙ ·ïÝíáÕ »ñÏñ³ç»ñÙ³ÛÇÝ ³ÕμÛáõñÝ»ñÇó: Þï³ÙÝ»ñÇ ý»ÝáïÇå³Ï³Ý Ñ³ïÏ³ÝÇßÝ»ñÝ 
áõëáõÙÝ³ëÇñí»É »Ý ëï³Ý¹³ñï Ù»Ãá¹Ý»ñáí: àõëáõÙÝ³ëÇñí³Í ßï³ÙÝ»ñÇ Ñ³Ù³ñ μ³ñ»Ýå³ëï 
ç»ñÙ³ëïÇ×³Ý³ÛÇÝ å³ÛÙ³ÝÝ»ñÁ ï³ï³ÝíáõÙ »Ý 550C-650C  ë³ÑÙ³ÝáõÙ:  Ø»Ïáõë³óí³Í Ù³Ýñ¿Ý»ñÇ 
ýÇÉá·»Ý»ïÇÏ μ³½Ù³½³ÝáõÃÛáõÝÁ áõëáõÙÝ³ëÇñí»É ¿ 16S éèÜÂ ·»Ý»ñÇ Ñ³çáñ¹³Ï³ÝáõÃÛáõÝÝ»ñÇ 
ÑÇÙ³Ý íñ³: àõëáõÙÝ³ëÇñí³Í ßï³ÙÝ»ñÇ 16S éèÜÂ Ñ³çáñ¹³Ï³ÝáõÃÛáõÝÝ»ñÇ Ñ³Ù»Ù³ïáõÃÛáõÝÁ 
GenBank ï»Õ»Ï³ïí³Ï³Ý μ³½³ÛÇ ÝáõÏÉ»áïÇ¹³ÛÇÝ Ñ³çáñ¹³Ï³ÝáõÃÛáõÝÝ»ñÇ Ñ»ï óáõÛó ¿ ïí»É ³Û 
Ù³Ýñ¿Ý»ñÇ å³ïÏ³Ý»ÉáõÃÛáõÝÁ Anoxybacillus, Bacillus,  Brevibacillus ¢ Geobacillus ó»Õ»ñÇ ï»ë³ÏÝ»ñÇÝ: 
âáñë ßï³ÙÝ»ñ ÝáõÛÝ³Ï³Ý³óí»É »Ý áñå»ë Geobacillus sp. ï»ë³ÏÝ»ñ, »ñ»ù ßï³Ùª áñå»ë Anoxybacillus 
flavithermus, Ù»Ï ßï³Ùª áñå»ë Bacillus licheniformis ¢ Ù»Ï ßï³Ùª áñå»ë Brevibacillus borstelensis. 

 
æ»ñÙ³ë»ñ μ³óÇÉÝ»ñ – ýÇÉá·»Ý»ïÇÏ μ³½Ù³½³ÝáõÃÛáõÝ – »ñÏñ³ç»ñÙ³ÛÇÝ ³ÕμÛáõñÝ»ñ 
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Девять морфологически разных липазпродуцирующих, термофильных аэробных эндо-
спорообразующих бактерий выделены из геотермальных источников, распределенных на 
территории Армении и Нагорного Карабаха. Фенотипические признаки этих штаммов  изу-
чены с помощью стандартных методов. Оптимальные значения температуры для исследуе-
мых изолятов варьируют в пределах 55°C-65°C.Филогенетическое разнообразие изолятов 
изучали на основе анализа генов 16S рРНК. Сравнение генерированных последовательнос-
тей генов 16S рРНК изолятов с нуклеотидными последовательностями в базе данных 
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GenBank указывает на их принадлежность к видам родов Anoxybacillus, Bacillus, 
Brevibacillus и Geobacillus. Четыре штамма были идентифицированы как виды Geo-
bacillussp.,три штамма как Anoxybacillus flavithermus, один штамм как Bacillus licheniformis 
и один штамм как Brevibacillus borstelensis. 

 
Термофильныебациллы – филогенетическое разнообразие – липазы –                          

геотермальные источники 
 

Thermophilic microorganisms are gaining big industrial and biotechnological 
interest due to their enzymes (thermozymes) remaining active in harsh industrial 
processes [1]. The industrial demand for the thermozymes continues to stimulate the 
search for novel thermophilic microorganisms from various unexplored regions of the 
Earth, such as deep-sea hydrothermal vents, terrestrial geothermal springs and mud pots 
[10].   

One of the important groups of biotechnologically relevant enzymes is lipases, 
which have found large applications in food, diary, detergent, and pharmaceutical 
industries. Lipases derived from different microbes have been reported for their massive 
applications, but with the development, the trend has shifted from mesophilic to 
thermophilic lipases because of their unique attributes [14]. Only small numbers of 
lipase producing thermophilic microbes have been reported in the last decade. Thus, the 
screening for new thermostablie lipase producers has become a very important task [22]. 

Thermophilic microorganisms appear in a big list of taxonomic groups and are 
located on different phylogenetic distances throughout the taxonomic trees of 
microorganisms [4, 24].  Among the huge diversity of thermophilic bacteria mainly ba-
cilli have been reported as active thermostable lipase producers. Number of thermophilic 
bacilli species belonging to the genera Bacillus, Geobacillusand Anoxybacillushave been 
isolated from different geotherms and reported as thermostable lipase producers [3,          
11-13, 16, 19, 22, 23, 27]. 

It is shown recently that Armenian geothermal springs harbored thermophilic 
microbes from different taxonomic groups including thermophilic endospore-forming 
bacteria [8, 17, 18]. Despite this progress very little is known about the diversity of 
microorganisms with lipolytic activity thriving in Armenian geothermal springs. 

The present study focuses on the enrichment and characterization of lipase-
producing thermophilic bacilli from geothermal springs of Armenia (Akhurik and Tatev) 
and Nagorno-Karabakh (Karvachar). 

 
Materials and methods. Sampling. Water temperature, pH, and conductivity were measured 

in situ during the sampling using a portable combined pH/EC/TDS/Temperature tester (HANNA 
HI98129/HI98130). The geothermal spring in Akhurik is located in northwest Armenia at N 40° 
44' 34,04′′, E 43° 46' 53,95′′, 1490 m above sea level, with a temperature of ∼ 30°C,pH 6.5 and a 
conductivity 2490 μS/sm (fig. 1.1). ). The geothermal spring in Tatev is located in southeast 
Armenia within the Syunik region at N 39°23.765′′, E 46°15. 482′′ with a temperature of ∼ 27.5°C, 
pH 6.0 and a conductivity 2490 1920 μS/cm (fig. 1.2). The spring in Karvachar is located in north 
Nagorno-Karabakh at N 40°17.417′′, E 46°27.500′′ with a temperature of ∼ 70°C, pH 7.3 and a 
conductivity 4600 μS/cm (fig. 1.3). Water and sediment samples were aseptically collected from a 
shallow part in the outlet of the spring using sterile glass flasks and were maintained on ice until 
processing. 

Isolation and enrichment. To isolate thermophile bacilli 1.0 g of sediment/water samples 
was suspended in 10 ml of sterile water and mixed for 1 min. Supernatants were transferred to a 
glass tube with a screw cup and pasteurized at 80°C for 10 min in a water bath. 1.0 ml aliquots 
were placed on enrichment medium and incubated with shaking (150 rpm) overnight at 55 and 
65°C. 
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Fig. 1. Location of study sites. Maps of Armenia and Nagorno Karabakh showing  
locations of studied geothermal springs. 1. Close up photograph of the source pool  

of Akhurik geothermal spring. 2. Source pool of  Tatev geothermal spring  
3. Source pool of Karvacharge other mal spring. 

 
Enrichment medium had following composition: 0.6% nutrient broth (NB) and 1 % Tween 

80 or Olive oil as a substrate. Then 0.5 ml aliquots of appropriate dilution were placed on 
enrichment medium containing 1.5 % agar and incubated overnight at 55 and 65°C. All colonies 
obtained on plates were picked and purified by streaking on the same medium at least three times. 
The purified microbial isolates were screened for lipolytic activity on agar plates with lipoidal 
emulsion containing 6 % olive oil, 0.05 % Tween 80, 0.02 % Rhodamine-B (Alken-Murray). 
Lipase producing isolates were screened on spread plates after incubation for 48 h at 55 and 65°C. 
Isolates’ colonies exhibiting orange fluorescence zones under UV light at 312 nm were considered 
as active lipase producers [21]. 

Phenotypic characteristics of the isolates. Microbial colonies were described by color, size, 
shape, surface and margins on NB agar. The cell morphology, sporulation and motility were 
determined by light microscope (Motic 10).  

The temperature range for growth was determined after incubation of isolates at temperature 
from 25 to 75°C with 10°C intervals. The pH dependence of growth was tested at pH range from 4 
to 11. The anaerobic growth, catalase and oxidase activity, reduction of nitrate to nitrite, 
VogesProskauer reaction, formation of dihydroxyacetone and indol were determined according to 
[7]. The utilization of citrate and different substrates as carbon sources (D-glucose, L-arabinose 
and D-mannitol) was determined using the Simmon’s and Hugh Leyfsona’s medium, 
correspondingly. The casein and starch hydrolyses were tested by streak glass plate technique. The 
ability to produce gelatinase was determined using the nutrient gelatin stab method [15]. 

16S rRNA gene (rDNA) analyses. Extraction of genomic DNA from pure cultures was 
carried out following to Bacterial genomic DNA isolation using CTAB protocol (Zhou et al., 
1996). Extracted DNA was used as templates for amplification of the 27–1492 regions of 16S 
rDNA sequences by PCR. The “universal” oligonucleotide primers 16SF                                                     
(5'-GAGTTTGATCCTGGCTCAG-3') and 16S R (5'-GAAAGGAGGTGATCCAGCC-3') were 
used for amplification of bacterial 16S rDNA. Amplification mixtures were used with a final 
volume of 50 µl and contained 100 ng DNA, 5µl 10xTaqbuffer, 0.8 mM dNTP mix, 0.5 µM of 
each primer, 0.5U DyNAzyme II DNA polymerase (Thermo Scientific). Amplification was 
performed under conditions of an initial denaturation at 95ºC for 5 min followed by 30 cycles of 
denaturation at 95ºC for 1 min, annealing at 54ºC for 40 s, extension at 72ºC for 1 min, with final 
extension at 72ºC for 10 min. The reactions were subsequently cooled to 4ºC. The PCR product 
was analysed on 1.0% agarose gels electrophoresis.PCR products were purified with GenEluteTM 
PCR Clean-up Kit (Sigma).  
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Sequencing and Phylogeny. Sequencing of bacterial 16S rDNA amplicons were performed 
on ABI PRISM capillary sequencer according to the protocol of the ABI Prism BigDye 
Terminator kit (Perkin Elmer) using above mentioned primers. Raw data of DNA sequences were 
analyzed with program Chromas and  BioEdit. The 16S  rDNA sequences were aligned and 
compared with other 16S rRNA gene sequences in GenBank by using the NCBI Basic Local Align- 
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ment Search Tools, nucleotide (BLASTn) program (http://www.ncbi.nlm.nih.gov/BLAST/). 
Alignment for phylogenetic analysis was made by using ClustalW (Thompson JD 1994). 
Phylogenetic tree was constructed using the neighbor joining method with MEGA 6.06 software. 
Bootstrapping analysis for 1000 replicates was performed to estimate the confidence of tree 
topologies (Felsenstein, 1985). 

 
Results and Discussion. Isolation and phenotypic characterization. Collected 

water/sediment samples were analyzed to evaluate the potential lipase producing aerobic 
thermophilic endospore-forming bacterial abundance. In total forty one 
chemoorganotrophic thermophilic aerobic endospore-forming lipase-producer bacilli 
were isolated from sediment/water samples of Akhurik, Tatev and Karvachar geothermal 
springs on the enrichment media containing Tween 80 or olive oil. Then isolated bacilli 
were screened for their lypolitic activity on the media with lipoidal emulsion containing 
Rhodamine-B as an indicator. As a result nine active lipase producing isolates, 
designated as Akhurik 106, Akhurik 107, Tatev 65-1, Tatev 65-2, Tatev 65-3, Tatev 65-
4, Karvachar QV-1, Karvachar QB-2 and Karvachar QS-1, were selected and further 
characterized (tab. 1). Isolates were designated according to their geothermal origin, the 
sample number taken from that origin and the number of the isolates obtained in that 
sample.   

 
Table 1. Number of bacilli isolates in the media containing Tween 80 or Olive oil 

 
The screening of active lipase producers on spread plates containing olive oil and 

Rhodamine-B is shown in fig. 2 
The orange fluorescence around the colonies of isolates under UV light indicates 

active lipase production. The orange fluorescence is a result of reaction of free fatty 
acids with Rhodamine-B. 

 
 

                         
 

Fig. 2. Detection of lipase production by isolates on plates containing olive oil and Rhodamine-B 
 

 
All of the isolates were routinely maintained at 4°C on NB agar slants. 
Selected lipase-producing isolates were characterized by their phenotypic 

properties. On solid NB medium isolates differ by colony form, color and surface, thus 
they form light yellow, white or creamy, circular, smooth or transparent colonies with                       
0.5-2 mm diameter (tab. 2).  
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Gothermal spring Number of isolates on
Tween 80 media 

Number of isolates on 
Olive oil media 

 Number of active lipa- 
se producer isolates 

Akhurik 10 – 2 
Tatev 11 8 4 
Karvachar 8 4 3 

http://www.ncbi.nlm.nih.gov/BLAST/
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he isolates were gram positive, endospore forming motile rods varying in length 
betw

Table 2. Colonies’ ch acteristics of isolates  

Isolates Colonies 

 
T

een 1.8 to 7.8μm and in width between 0.5 to 2.0 μm (tab. 3). All isolates were 
facultative anaerobic and have shown ability to grow in wide range of temperature and pH.  

  
 
ar
 

Akhurik 106 Irregular, white colored, opaque, flat, sm ce, lobate margin, homogenous  ooth surfa
Akhurik 107 Circular, milky colored, opaque, umbonate, homogenous  

Tatev 65-1 Circular, milky colored, opaque, flat, smooth surface, undulate margin, homogenous 
Tatev 65-2 Circular, white colored, opaque, flat, smooth surface, undulate margin, homogenous 
Tatev 65-3 Circular, white, slightly translucent, flat, smooth surface, undulate margin, homogenous 
Tatev 65-4 Circular, white, slightly translucent, flat, smooth surface, undulate margin, homogenous 

Karvachar QV-1 Circular, light yellow, opaque,  flat surface, entire margin, homogenous 
Karvachar QB-2 Circular, light yellow, opaque, umbonate surface, entire margin, homogenous 
Karvachar QS-1 Circular, white, opaque, flat, smooth surface, undulate margin, homogenous 

 
 

The optimal temperature values of studied isolates varied from 55°C-65°C               
(fig. 

 
3). Isolates Akhurik geothermal springs (Akhurik 106 and Akhurik 107) are also 

able to grow under 37°C which clearly shows the two strains to be thermostolerants. It is 
particularly interesting that the isolates from Tatev and Akhurik geothermal springs are 
optimally growing at temperature of 65°C, even though the native geothermal spring 
temperature in outlet is around 28-30°C. A temperature >42°C was measured by chemi-
cal geothermometers in the deeper of several slim holes drilled up to 1000 m  in the re-
gions of Akhurik and Tatev (Henneberger. et al., 2000). A comparison of the optimum 
growth temperature of the isolates to the water temperature of geothermal spring in the  
deep suggested that most of the detected microorganisms are likely able to grow at reser-
voir temperature and, therefore, should not be regarded as contaminants. 
 

 
                  NaCl Concentration (%)                     Temperature (˚C)                                    pH 

ifferent  

 
Bacterial isolates grow optimally at pH 7.0 except for Karvachar QV-1, Karvachar 

QB-2
easured on Akhurik 

107 a

as positive according to Voges-Proskauer test, while 
others were negative. The isolates of Akhurik 107, Tatev 65-1, Tatev 65-2 and Tatev   

 
Fig. 3.Temperature (B) and pH (C) ranges of isolates and their growth in d

concentration of NaCl (A). 

 and Karvachar QS-1 strains, which grow pH optimum is 9.0. 
The highest tolerance towards NaCl content in the media was m
lso it has the highest optimal concentration of sodium chloride (5%). Other isolates 

have tolerated 3-5% of sodium chloride concentrations and have shown optimal growth 
in 0-3% NaCl content in media. 

The strain Akhurik 107 w
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ISOLA

lates Tatev 65-1, Tatev 65-2 and Tatev 65-4) hydrolyzed starch and gelatin, the isolate 

of the studied isolates 

Phenotypic 
characteristics 

Ak
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65-3 formed dihydroxyacetone and reduced nitrate to nitrite. The isolates (except of iso-

Tatev 65-4 utilized citrate as a carbon source. A list of phenotypic characteristics of the 
isolates is displayed in the tab 3. 

Optimal growth ranges are shown with dashes.  
 
 

Table 3 . Some phenotypic characteristics 
 

hurik 
106 

Akhurik 107 Tatev  
65-1  

Tatev  
65-2 

Tatev  
65-3 

Tatev  
65-4 

Karvachar 
QV-1 

Kar
QB-80-2

vachar 
 

Karvachar 
QS-1 

Cell size(μm)  

4.0–5.0 

 

4.0-5.0 

 

4

 

4.6-7.82 

 

3

    
width 
length 

1.5–2.0 1.0-2.0 1.3-1.7 
.0-4.78 

1.2-1.5 1.0-1.5 
.0-3.9 

1.2 
4.25 

1.0 
3.1 

1.0 
1.8 

0.5-0.6 
5-6 

Endospore 
form  

on 
Ellipsoidal Ellipsoidal Ellipsoidal Ellipsoidal  

 
Ellipsoi-
Dal Sub-
term

Ellipsoidal 
T  

Ellipsoidal 
Ter l 

 Ellipsoidal 
Ter l locati

 

Central 

 

Central 

 

Terminal 

 

Terminal 

 
Ellipsoidal
Terminal

 

inal

 

erminal

 

mina

 

mina

Swell gia   sporan - - + + + + + + + 
V
Proskauer test 

oges- - + - - - - - - - 

Nitrate 
reductio
nitrite 

n    to 
- + + + + + + - + 

Hydrolys
of starch 

is       + + - - + - + + + 

Utilization         - - - - - + - - - 
of citrate 
Formation                  
of dihydro- 
xyacetone 

- + + + + - - - - 

 
 

rphological, biochemical and physiological characteristics of isolates were sho-
wed their similarity to the Bacillus and related genera. Further molecular identification 
of ba

using 16SF and 16SR primers. 
The 

n  the GenBank database. 

Isolate Identity % 

Mo

cterial isolates using 16S rDNA sequencing method was carried out in order to re-
cover the phylogenetic relationship between the isolates. 

Phylogenetic analyses of the isolates. For further identification of the strains, 
genomic DNA was purified and 16S rDNA was amplified 

near full-length 16S rDNA nucleotide sequences was aligned against the 16S rRNA 
sequences in GenBank by using the NCBI BLASTn program. BLAST results for the 
isolates based on 16S rDNA sequences for identification of the closest relatives in the 
GenBank database are reported in tab. 4.  

 
Table 4 . Closest phylogenetic affiliation of strains’ 16S rDNA based  

On BLAST compariso to
 

Sequence length (bp) Closest phylogenetic match 
and Accession 

Akhurik 106 1451 Brevibacillus borstelensis 
s

99 
train AK2 |KC503891| 

Akhurik 107 944 Bacillus rain  licheniformis st
HT-Z71-B2 |KJ526873| 

99 

Tatev 65-1 1475 Geobacillus sp. WCH70 
|CP001638| 

99 

Tatev65-2 1480 Geobacillus sp. 
WCH70|DQ642093| 

99 

Tatev65-3 1477 Geobacillus sp. WCH70 
|CP001638| 

99 

Tatev65-4 920 Uncultured compost bacterium 
clone: 2123C1|AB555721| 

99 

Karvachar QS-1 1453 Anoxybacillus flavithermus 
strain AK1 |KC503890| 

99 

Karvachar QV-1 839 Anoxybacillus flavithermus 
strain AK1 |KC503890| 

98 

Karvachar QB-2 1443 Anoxybacillus flavithermus 
strain AK1 |KC503890| 

99 
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The BLAST analysis of 16S rDNA se  close relationship of the 
isolate Akhurik 1  Akhurik 107 to 
Baci

d in 
fig.4. 

.H. PANOSYAN, A.H. TR

quences revealed
06 to Brevibacillus borst sis (99%), the isolateelen

llus licheniformis (100%), Tatev 65-1, Tatev  65-2 and Tatev 65-3 isolates to 
Geobacillus sp. (99%), and isolates Karvachar QS-1, Karvachar QV-1 and Karvachar 
QB-2to Anoxybacillus flavithermus (98-99%).The 16S rDNA sequence of Tatev 65-4 
was shown to be similar (99%, 920 bp) with uncultured representative of the Domain 
Bacteria (Un-cultured compost bacterium clone: 2123C1|AB555721|), even though 
showing less than 99% similarity with strain Geobacillus sp. C170 |FJ848022|. This 
suggests that isolate Tatev 65-4 may appear to be a novel bacterial species. Additional 
phylogenetic analyses are necessary to confirm taxonomic affiliation of the isolate.  

The phylogenetic tree based on sequences of isolatesand reference strains of 
belonging to genera Geobacillus, Anoxybacillus, Bacillis and Brevibacillus isdisplaye

 

 
Fig. 4. Phylogenetic tree obtained by distance matrix analysis showing the position of the isolates 

The tree was generated by the Neighbour-Joining method using MEGA 6.06 software.  

atev     
65-3 constitute a part of the 
nus G

ophilic bacilli, including 
Geob

pring, in phylogenetic tree they  

Scale bar represents 0.02 substitutions per site. 
 

The phylogenetic atev 65-2 and T tree confirms that isolates Tatev 65-1, T
cluster within one of the thermophilic groups of bacilli (ge-

eobacillus). Another thermophilic bacilli cluster (with affiliation of species from 
genus Anoxybacillus) contains isolates Karvachar QS-1, Karvachar QV-1 and Karvachar 
QB-2. A separate clusters contain isolate Akhurik 106 and Akhurik 107, which was affi-
liated with genera Brevibacillus and Bacillus, respectivally. 

Currently, thermophilic aerobic spore-forming bacteria are classified into one ge-
nus and seven genera, comprising majority of therm

acillus, Anoxybacillus, Bacillis and Brevibacillus [2]. which have been found in 
Armenian and Nagorno Karabakh geothermal springs. 

Perhaps BLAST analyses of the sequencing showed the similarity between 
Geobacillus strains isolated from Tatev geothermal s
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mittee of Science, Ministry of Education and science of Armenia, by 
Armen

1. Antranikian G. Industrial relevan les and their enzymes. Ed. F. Robb et 
al. Thermophiles-biology and temperatures: CRC Press, Boca Raton, 

icrobiology. 55, p. 1211–1215. DOI: 10.1099/ijs.0.63424-0, 2005. 
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 diffe rent positions (fig. 4). The distance location of the Geobacillus strain in the have

phylogenetic tree could be the evidence for a presence new lipase-producing strain i
Tatev eothermal spring. The phylogenetic tree illustrates facts that were not visible on 
the closest affiliation analysis (BLAST) results. Even though the BLAST has shown the 
QS-1, QV-1 and QB-2 to be 98-99% similar to Anoxybacillus flavithermusstrain AK1, 
the Neighbour-Joining method used has demonstrated the similarity of QS-1 and QV-1 
isolates to Uncultured bacterium clone 15-B-30 and the QB-2 is relatively further located 
on the tree and is much closer to Anoxybacillus flavithermusstrain AK1. The results 
indicate the QS-1 and QV-1 isolates to be the same, but yet unstudied strain.  

Number of thermophilic bacilli species belonging to the genera Bacillus, Geobacil-
lus and Anoxybacillushave been isolated from different geothermal springs and reported 
as ther

 g

mostable lipase producers [3, 11-13, 16, 20, 22, 23, 27]. Previous studies report 
that Bacillus thermoamylovorans CH6B lipolytic enzyme-producing thermophilic micro-
organism have been isolated from a hot spring in Galicia (North Western Spain) [5]. 
Olusesan et al. isolated Anoxybacillus kamchatkensis strain KW 12 from Malaysian hot 
spring and characterized as lipase producers [16]. It seems that the bacilli genera mentio-
ned are the dominating lipase-producing bacterial groups found in different hot springs. 
Therefore, the potential of Bacillus, Geobacillus, Anoxybacillus and Brevibacillus species, 
as candidates for commercial production of thermostable lipase remains to be explored.  

Results show the importance of further investigation of the microbial community 
structure inArmenian geothermal springs to discover and isolates new thermophilic 
lipase producing species. 

Several geothermal springs distributed on the territory of Armenia and Nagorno 
Karabakh have been investigated as potential sources of lipolytic enzyme-producing 
thermophilic bacteria. In the present study, nine thermophilic bacilli have been isolated 
from Akhurik, Tatev and Karvachar geothermal springs. Certain differentiation 
phenotypic characters and the ability of lipase production of these isolates were studied 
and active lipase producing isolates were determined in order to use in further studies. 
Phylogenetic diversity of isolates as studied based on the 16S rDNA sequence analysis. 
The isolates showed a close affiliation to the genera Anoxybacillus, Bacillus, 
Brevibacillus and Geobacillus, Four strains showed maximum similarity with 
Geobacillus sp., three strains with Anoxybacillus flavithermus one strain with Bacillus 
licheniformis and one strain with Brevibacillus borstelensis. 

The present study extends the previous sphere of information regarding the 
thermophilic bacterial diversity of geothermal springs in Armenia and Nagorno 
Karabakh. 
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