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ABSTRACT 
 
Two thermophilic cultures of bacilli isolated from the soil samples at the site of 
geochemical and thermal anomalies in Dilijan city (Armenia) were identified down to 
species. The morphological, physiological and biochemical properties, as well as 
determination of 16S rDNA sequences of thermophilic strains were described. Data on 
some enzymatic activities (protease, CGT-ase, amylase, lipase, β-galactosidase) of 
the isolated strains were also reported. 
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INTRODUCTION 
 
Isolation and study of thermophilic bacteria from the sites of thermal anomalies is of 

great interest due to their potential for biotechnology [1, 2].  
Microorganisms isolated from habitats, where high temperatures are combined with other 

factors such as alkaline or acidic pH, pollution by various organic and inorganic sources of 
carbon, nitrogen and other nutritional and/or toxic components are particularly promising. 
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One can expect that they will have unusual characteristics and might serve as a valuable 
resource for application in novel biotechnological processes [2]. 

The events recorded in 1999 in the town of Dilijan (Armenia) can be described by the 
following sequence: 

Landslip activation Damage of the sewerage system Formation of conditions 
favorable for growth of microorganisms Increase of soil temperature up to 70oC 

Development of thermophiles and other extremophiles at high pH level and in the presence 
of sewage. 

Various extremophilic bacilli were isolated from this place [3]. Their potential for 
biotechnology should be related to their enzymatic properties.  

Amylases are the principal components of mixtures used in the removal of starchy sizing 
agents from textiles and in the conversion of cereal grains to fermentable sugars. 

Lipases are used in detergents for the improvement of the cleaning action as well as in 
food industry for flavor improvement and splitting fats without damaging sensitive 
constituents. 

Cyclodextrins (cyclomaltooligosacharides, cyclic (1-4)-a-D-glucans, CDs) are produced 
from starch, amylose, amylopectin and other long-chain maltooligosaccharides by the action 
of cyclodextrin glucantransferase and represent a class of very important biotechnological 
products. They have been widely utilized in food, pharmaceutical, chemical, cosmetic and 
agricultural industries due to ability to form inclusion complexes with wide variety of 
chemicals and to alter the physical and chemical properties of these compounds [4]. 

β-galactosidase is of special interest for the treatment of milk to meet the needs of large 
percentage of the world population afflicted with lactose intolerance. Industrial applications 
necessitate the enzyme's immobilization, on which considerable investigation has been 
reported [5-11]. 

In this paper isolation of two thermophilic strains of bacilli from the site of thermal and 
geo-chemical anomalies (Dilijan, Armenia) and their genotypic and phenotypic 
characterization are described. Protease, CGT-ase, amylase, lipase, β-galactosidase activities 
of the isolated strains were studied, and their potential for biotechnology was estimated. 

 
 

MATERIALS AND METHODS 
 

Study Site 
 
Soil samples were taken from a depth of 1m at the site of thermal and geo-chemical 

anomaly recorded in Dilijan. The physical and chemical parameters of the soil were the 
following: pH - 8.4; Eh – 177 mV; conductivity of water extract – 423 mS/cm; mineralization 
of water extract - 423 mg/l. The temperature of soil at this site reached up to 70oC before 
sampling. These parameters were measured in field conditions by WTW-320 pH-meter and 
WTW-LF-95 conductometer.  
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Enrichment and Isolation 
 
Soil suspensions were exposed to the thermal treatment at 800 C for 10 min to kill 

vegetative cells and to induce spore germination. 1 ml of the treated suspension was 
inoculated into nutrient broth and incubated with shaking at 56oC temperature. In case of 
turbid growth, cultural broth was spread on a fresh 2% (w/v) agar medium before incubation. 
Colonies of different morphology were identified and repeatedly streaked for purity. 

Enrichment medium contained the following components (grams per liter in distilled 
water): NaCl - 5; CaCO3 - 5; peptone - 5; glucose - 10; corn extract – 5; pH – 7,2-7,4. Solid 
medium was prepared by the addition of 2% agar [12].  

 
 

MORPHOLOGICAL PROPERTIES AND STAINING 
 
Cellular morphology and appearance of motility were determined by phase contrast 

microscopy (PZO, Warszawa SK14). Gram stains were made by the common method [13]. 
The cells were stained for presence of endospores using Peshkov’s method [13]. Endospores 
were photographed by Canon PC1049 digital camera combined with the Olympus light 
microscope model CH2 (1500×). 

 
 

Physiological and Biochemical Properties  
 
The temperature range for growth was determined after incubation of isolates at 5 to 80oC 

by 5oC intervals. The pH dependence of growth was tested at pH range of 5 to 12. The range 
of NaCl concentrations for growth was determined by adding 0 to 15% NaCl to the 
incubation medium. 

Catalase activity was determined by bubble formation in a 3% hydrogen peroxide 
solution. 

Anaerobic growth of the isolates was tested by growth in solid anaerobic stab cultures 
covered by paraffin layer. 

Reduction of nitrate to nitrite, Voges-Proskauer reaction, degradation of tyrosine, 
phenylalanine, formation of indole, production of urease and egg-yolk lecithinase, and 
hydrolysis of hippurate were determined according to Gordon et al. [14].  

The utilization of citrate and propionate was determined using the Simmon’s medium 
[15] 

The consumption of substrate by the new isolates was tested using a basal medium 
consisting of (grams per liter in distilled water): (NH4)2HPO4 - 1; NaCl - 0.2; MgSO4 - 0.2; 
yeast extract - 0.2; agar - 15. The hydrolysis of polysaccharides (carboxymethylcellulose, 
pectin, inulin) and the utilization of different carbohydrates as carbon sources (D-raffinose, 
maltose, D-galactose, cellobiose, D-fructose, L-rhamnose, sorbose, lactose, dulcitol, D-
sorbitol, inositol) were tested. The substrates were added to a final concentration of 1% (w/v). 

The casein and starch hydrolysis were tested by streak plate technique [13]. 
The gelatin liquefaction was determined by inoculating the bacilli into gelatin nutrient 

medium (gelatin 12g; distilled water 100ml) and incubation at 56 0C for 24 hours [12].  
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The lipolytic activity was determined by the hydrolysis of Tweens 20 (polyoxyethylene 
sorbitanmonolaurate), 40 (polyoxyethylene sorbitanmonopalmitate), 60 (polyoxyethylene 
sorbitanmonostearate), 80 (polyoxyethylene sorbitanmonooleate), tributirin, tricaprilin, 
sunflower oil [13]. 

The basal medium with inverted Durham tubes was used to test acid and gas production 
from D-(+)-glucose, L-(+)-arabinose, D-(+)-xylose and D-(-)-mannitol . 

The resistance to lysozyme was studied by inoculating into a medium containing 10,000 
units/ml enzyme.  

 
 

Antibiotic Sensitivity 
 
Sensitivity of the strains to antibiotics was tested using the enrichment-solid medium and 

sensitive discs. The following antibiotics were used: gentamicin, erythromycin, streptomycin, 
tetracycline, teramycin, rifampicin, levomycetin and penicillin G.  

 
 

Enzymatic Activities 
 

CGT-Ase Activity 
The cyclodextrin glucanotransferase (CGTase) activity of the thermophilic cultures was 

revealed by plate express-method on solid nutrient medium containing stains [16].  
The microscopic iodine test was used to screen the strains for CGTase activity [17]  
Thin layer chromatography (TLC) of CGT-ase reaction products was done on Syluphol 

plates in n-butanol-acetic acid-water (4:3:3, v/v). The plates were treated by heating at 110-
120oC and spraying with aniline phthalate solution for detection of sugars. 

The quantitative determination of CGT-ase activity in culture broth was conducted by 
colorimetric method [18].  

 
β-galactosidase Activity 

The β-galactosidase activity was assayed by spectrophotometric measurement by Miller 
method [19]. One unit of the enzyme activity was defined as the amount releasing 1µmol of 
o-nitrophenol per min. 

 
Protease Activity 

The protease activity was examined by the modified method of Anson [20] with Na-
caseinate as a substrate. 

 
Amylase Activity 

Amylase activity was routinely measured at 560C in 0.22 ml of the reaction mixture 
containing 0.2 ml of 1,0% (wt/vol) solution of soluble starch (from potato; Sigma) in 50mM 
Tris-HCl buffer (pH 7,2) and 0.02 ml of supernatant obtained by centrifugation (12000g, 15 
min) of the cultural broth. The formed reducing sugar was measured by the Somogyi and 
Nelson method [21, 22]. One unit of enzymatic activity was defined as the amount of protein 
that produced 1 µmol of reducing sugar as glucose per min under the conditions of the assay.  
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Lipase Activity 
Lipase activity was measured at 560C by alcalimetric titration [23] of 5 ml of the reaction 

mixture containing 1ml water with 0.05 ml Tween 20, 40, 60, tributirin, tricaprilin or 
sunflower oil, 3ml of 1/15 M phosphate buffer (pH 7,2), 0.2 mg bromtimolblue stain, 1ml of 
culture broth. One unit of enzymatic activity was defined as the amount of ml of 0,05 N KOH 
spent to titrate fatty acids. 

Protein was determined according to Bradford [24] with albumin as the standard protein. 
 

DNA Extraction and Purification 
Genomic DNAs from bacterial strains were extracted and purified from 0.5 ml of each 

culture using the Genomic DNA Purification Kit (Fermentas). 
 

PCR Amplification 
Bacterial sequences were amplified in a Mastercycler thermal cycler (Eppendorf). 

Recombinant Taq DNA polymerase was used for PCR which was started with three primer 
sets: w001 + w002, w001 + w007, w001 + w012 (Table 1) [25]. Target DNA (0.2–0.4 µg), 
0.2 mM of each primer, Taq polymerase 5 u/µl, 2 mM dNTP mix, 5 µl of 10 × PCR buffer, 
25 mM MgCl2 (Fermentas) were combined and adjusted to final volume of 50 µl with sterile 
double-distilled water. After an initial denaturation (95 0C, 4 min), 30 thermal cycles followed 
with the final denaturation set to 95 oC; 1 min; annealing at 50 0C 1 min; and primer 
extension at 72 0C 2 min. Amplificates were visualized by gel electrophoresis on 0.7 % 
agarose gels in 10×TBE buffer (89 mM Tris-borate, 2 mM EDTA) (Serva); samples were 
viewed by staining with ethidium bromide (Sigma) and photographed under UV light. 

 
Table 1. Primers used in this study 

 
Primer Sequence 
w001 
w002 
w007 
w012 

5’-d(GTTTGATCMTGGCTC)-3’ 
5’-d(GNTACCTTGTTACGACTT)-3’ 
5’-d(CTCGTTGCGGGACTTAAC)-3’ 
5’-d(TACGCATTTCACCKCTACA)-3’ 

 
Cloning and Sequencing  

The cloning was performed by ligating the amplification products into the plasmid vector 
pUC57 DNA and using competent cells of E. coli XL1-Blue strain for transformation as 
described in the manufacturer’s instructions InsT/AcloneTM PCR Product Cloning Kit 
(Fermentas). Double-stranded plasmid DNA sequencing was performed using CycleReaderTM 

Auto DNA Sequencing Kit (Fermentas) and CyTM5 labelled M13/pUC Sequencing Primer (-
46), 22-mer and CyTM5 labelled M13/pUC Reverse Sequencing Primer (-46), 24-mer 
(Pharmacia Biotech). Sequences were obtained by cycle sequencing and the chain termination 
reaction using an automate laser fluorescence sequencer ALFexpressII (Amersham Pharmacia 
Biotech). Sequences were aligned using CLUSTAL W program [26]. BLAST program [27] 
was used to look for sequence similarity. 
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RESULTS AND DISCUSSION 
 
The isolated strains have the following properties: 
 
 

Morphological Properties 
 
Strain T-17 colonies after 24 h growth on nutrient agar were small, circular in form, flat, 

colorless, transparent, homogeneous, with smooth shiny surface and even edges, and were 
easily peeled from agar. The colonies were 1 to 3 mm in diameter, became opaque after 
sporulation and later formed white smooth scurf.  

On the same solid nutrient medium, strain T-18 cells formed small, circular, round 
colonies, with rough surface and undulate edges, which usually were attached strongly to 
agar. Mounds and lobes consisting largely of slime were often accumulated on the colonies. 
They were red pigmented on slants. Aged cultures were usually brown. The colonies were 2 
to 3 mm in diameter.  

T-17 and T-18 strains were straight rods. The cells were 0.8-1 µm wide and 3-3.8 µm 
long. They formed oval endospores. In case of T-17 strain the endospores were located 
terminally and were wider than the mother cells. Endospores of T-18 cells were sub-
terminally located and did not swell the sporangium. 

 
 

Physiological and Biochemical Properties and Antibiotic Sensitivity  
 
The strains were characterized by the growth potential depending on sources of 

carbohydrates, NaCl concentrations, pH ranges and temperatures.  
The optimal growth of T-17 cells occurred at 600C with the lower and upper growth 

limits at 350C and 750C, respectively. The growth temperature for the T-18 strain cells was at 
15 - 70 0C, with the optimum growth in the range of 35-560C.  

The pH range for growth of both strains was 6.5-9.0 with the optimum at pH 7.0-7.5.  
T-17 cells were able to grow in the presence of 0-2% salt, but the maximum growth was 

observed in its absence. T-18 cells grew in a medium containing 0 to 7% NaCl with an 
optimum at 2%. 

Both isolates were chemo-organoheterotrophs, Gram-positive, motile cells. Growth was 
aerobic, although the T-18 strain grew under anaerobic conditions, too. The catalase test was 
positive for both strains. The tests on determination of urease, phenylalanine deaminase, 
indole and hydrogen sulfide formation, tyrosine decomposition, assimilation of propionate, 
and formation of gas from both glucose and nitrate under anaerobic conditions were negative. 

The T-17 cells produced acid from D-glucose, D-xylose, L-arabinose, but not from D-
mannitol; did not produce acethylmethylcarbinol; did not reduce nitrate to nitrite; did not 
utilize citrate. The egg-yolk reaction was negative. The culture did not grow in the presence 
of 0.001% lisozyme or 0.02% sodium azide; it hydrolyzed Tweens 20, 40, and 80, inulin, 
carboxymethylcellulose, but not gelatin, Tween 60, pectin or hyppurate. Casein and starch 
were weakly hydrolyzed. Growth-supporting substrates were: D-raffinose, maltose, D-
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galactose, cellobiose, D-fructose, L-rhamnose, lactose, D-sorbitol, inositol. No or weak 
growth was observed on L-sorbose and dulcitol. 

The strain T-18 produced acethylmethylcarbinol: the pH values of the Voges-Proskauer 
broth at the end of reaction were 5.4 to 5.6. Acid, but not gas, was produced from D-glucose, 
D-xylose, L-arabinose and D-mannitol; nitrate was reduced to nitrite; citrate was utilized; the 
egg-yolk reaction was positive. The cells grew in media containing 0.001% lisozyme or 
0.02% sodium azide ; they hydrolyzed casein, gelatin, starch, Tween 20, 40, 60 and 80, 
ONPG, inulin, cellulose, but not pectin or hyppurate. All carbohydrates and alcohols tested as 
sources of carbon and energy were utilized. 

Differential phenotypic and chemi-taxonomic characteristics of the two new isolates are 
shown in Table 2. 

 
Table 2. Phenotypic characteristics of two isolates 

 
Characteristics  T-17 / T-18 
Cell size [µm] 
Width 
Length 

 
0.8 / 1 
3.8 / 3 

Cell form Rods / rods 
Motility + / + 
Spore formation + / + 
Endospore form Oval / oval 
Endospore location Terminal / subterminal 
Sporangium swell + / - 
Catalase + / + 
Anaerobic growth - / + 
Voges-Proskauer test - / + 
pH in V-P broth - / 5.2 – 5.4 
Acid from 
D-Glucose 
L-Arabinose 
D-Xylose 
D-Manitol 

 
+ / - 
+ / + 
+ / + 
- / + 

Gas from D-Glucose - / - 
Hydrolysis of 
Casein 
Gelatin 
Starch 
Tween 20; 40 and 80 
Hyppurate 
ONPG 
Inulin 
Pectin  
Carboxymethylcellulose 

 
± / + 
- / + 
+ / + 
+ / + 
- / - 
- / + 
+ / + 
- / - 
± / ±  

Utilization of  
Citrate 
Propionate 

 
- / + 
- / - 

Degradation of tyrosine - / - 
Deamination of phenylalanine - / - 
Egg-yolk lecithinase - / + 
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Table 2. Phenotypic characteristics of two isolates (Continued) 
 

Characteristics  T-17 / T-18 
Nitrate reduction to nitrate - / + 
Formation of 
Indole 
Dihydroxyacetone 

 
- / - 
- / - 

Urease - / - 
Growth with lysozyme present - / + 
Growth in NaCl (%) 
0; 2  
3-7  
> 7  

 
+ / + 
- / + 
- / - 

Growth at pH 
5.5  
6-8.5  
> 9  

 
- / - 
+ / + 
- / ±  

Growth at ToC  
10 
15-30 
35-70 
75-80 

 
- / - 
- / + 
+ / + 
± / - 

Symbols: + positive; - negative; ± weakly positive 
 
Both strains were resistant to penicillin G, teramycin, levomycitin, and rifampicin. 

Among the tested antibiotics, the strain T-18 displayed sensitivity to erythromycin, 
tetracycline and gentamycin, and the strain T-17 to erythromycin, streptomycin, and 
tetracycline (Table 3).  

 
Table 3. Antibiotic sensitivity of newly isolated strains 

 
Strains Antibiotic 
T-17 T-18 

Streptomycin s r* 
Penicillin G r r* 
Tetracycline s s 
Teramycin r* r* 
Erythromycin s s 
Levomycitin r r* 
Rifampicin r* r* 
Gentamycin r s 

Symbols: r - resistant; s - sensitive; r* - resistant, but the growth was depressed 
 
 

DNA Amplification and Restriction Analysis 
 
The morphological and physiological characteristics, as well as the phylogenetic position 

determined by the16S rDNA data analyses, suggest that T-18 strain should be designated as a 
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Bacillus licheniformis. The Bergey’s Manual of Systematic Bacteriology [28] describes 
Bacillus licheniformis as a species able to grow in 7% NaCL and at the maximum 
temperature of 55OC. Manachini et al. [29] reported that isolates belonging to Bacillus 
licheniformis, regardless of the sample origin, grew in 12% NaCl and were able to grow at up 
to 60 OC. These features allowed considering Bacillus licheniformis as a species including 
moderate halophilic and thermotolerant biotypes. Our results showed that cells of strain T-18 
were able to grow at 70 OC and to utilize a wide spectrum of carbon sources. Thus, we 
inclined to consider this strain either as thermotolerant or as thermophilic one. 

By the morphological and biochemical features, the strain T-17 belongs to the genus 
Bacillus and could be identified as a strain of Bacillus stearothermophilus. The sequence 
analysis of the 16S rDNA indicates that phylogenetically the newly isolated strain could be 
related rather to Pseudomonas than to Bacillus, though it differs from all known 
Pseudomonas species. 

 
 

Enzymatic Activities 
 
The capability to grow on media with various carbon sources (Table 4) was a key point 

for the selection of enzymatic activities to be studied. 
 

Table 4. Substrate consumed as single carbon source 
 

Strains Carbon Source 
T-17 T-18 

Starch ++ +++ 
Inuline + ++ 
Cellulose  ++ + 
Pektin - ± 
Casein +++ + 
Gelatin - + 
Margarin + + 
Butter - + 
Palm oil +++ +++ 
Olive oil ++ ++ 
Sunflower oil +++ +++ 

 
Table 4 indicated that one could expect activity of amylase, lipase, CGT-ase, protease 

and β-galactosidase. Therefore, activities of these enzymes were examined for the strains T-
18 and T-17 of the thermophylic bacilli. The results are presented in Table 5. 

It is obvious from the table that the studied strain of Bacillus licheniformis T-18 is a 
favorable source of thermophilic amylase, lipase, protease and galactosidase. 

The specificity in the production of CDs types by extremophilic bacilli was reported by 
several investigators [30]. Particularly, biosynthesis of a mixture of α-, β- and γ-cyclodextrins 
is characteristic for thermophilic strains of bacilli . The data presented in this paper show that 
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both T-17 and T-18 strains also produced a mixture of α-, β- and γ-cyclodextrins (CDs), but 
α-CD was dominating. 

Although the rate of CGT-ase activity of both strains is lower than the maximum values 
reported in previous works, the new isolates could be useful for biotechnological 
investigation due to their ability to form CDs not only from starch, but also from inulin, 
cellulose and pectin.  

Both isolated strains are conserved in the Collection of Extremophilic Bacilli of the 
Department of Microbiology and Microbial and Plant Biotechnology (Yerevan State 
University) and at the Georisk Scientific Research Company. 

 
Table 5. Data of some enzymatic activities of isolated strains 

 
Enzymatic activities T-17 T-18 
Amylase, µmol/min.mg protein 0,3 1,57 
Lipase, substrates (ml 0,05 N KOH / 1ml culture broth):   
Tween 20 0,10 0,60 
Tween 40 - 0,30 
Tween 60 - 0,35 
Tributirin - 1,30 
Tricaprilin - 1,10 
Sunflower oil 0,80 1,30 
CGTase (U/ml) 
Cyclodextrins 

231 
α / β / γ 

291 
α / β / γ 

Protease (caseinase) (U/mg protein) 15,5 32,75 
β-galactosidase (U/g dry cells) - 555 
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