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ABSTRACT 

 
A total of 36 Bacillus isolates were obtained from Sharqia governorate soil, Egypt. Among them, three 

lipolytic isolates were selected using tributyrin agar plate method and detected up to Bacillus spp. The selected 
strains were exploited in terms of characterization, lipase substrate preference and determination of lipase 
activity .These isolates were phenotypically, physiologically, and biochemically characterized.  All isolates were 
Gram-positive, aerobic, and motile, Oxidase -positive, rod shaped, endo spore-forming bacteria, and produced 
extracellular lipase enzyme. The isolates were grown in the presence of 0-10% (w/v) NaCl. Growth was optimal 
at pH 9 and at temperatures of 37oC, except one strain was thermophillic, It was grown on 65OC. 16S rDNA 
sequencing identified these Bacillus spp as Bacillus subtilis, Bacillus pumilus and Anoxybacillus flavithermus. 
Bacillus strains were characterized by numerical analysis of their SDS-PAEG protein profile and analysis of 
dendrogram using UN weighted pair group method with arithmetic averages algorithm (UPGMA). Both 
Bacillus subtilis and Bacillus pumilus had lipase activity more than that in Anoxybacillus flavithermus. Bacillus 
subtilis had lipase activity of 60.3 u/ ml, but Bacillus pumilus lipase activity equal 63.6 u/ml which was higher 
than that of Anoxybacillus flavithermus (3.33 u/ml). 
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Introduction 
 

Lipases are glycerol ester hydrolases that act on acyl glycerol’s to liberate fatty acids and glycerol. Lipases 
can be divided into two main groups: (i) Carboxyl esterase (EC 3.1.1.1) and (ii) “true” lipases (EC 3.1.1.3), 
which differ in several biochemical features. Lipases are important class of enzymes with numerous applications 
in the rapidly growing biotechnology and biomedical fields. Lipases catalyze hydrolysis and synthesis of 
triglycerides and other water insoluble esters (Schmid and Verge. 1998), (Kazlauskas and Bornscheuer.  1998) 
Lipases are ubiquitously produced by plants (Bhardwaj et al., 2001), (Belguith et al., 2009), animals (Carriere et 
al., 1994) and microorganisms (Olempska-Beer et al., 2006); Microbial lipases is the preferred potent source 
due to several industrial potentials (Hasan et al., 2006). Therefore, there is an increasing interest in bacterial 
lipases because they represent the most versatile and widely used enzymes in biotechnological applications and 
organic chemistry (Reetz and Jaeger 1998). Most of the used lipases in industries are microbial enzymes, of both 
fungal and bacterial origin; Their applications can be found in many industries like pharmaceutical, dairy, 
detergent, cosmetic, oleo chemical and others (Jaeger and Reetz, 1998). Among the lipase producing bacteria 
several species of Bacillus such as B. subtilis, B. pumilus and B. licheniformis posses lipase suitable for 
biotechnological application ( Rahman et al., 2005) Due to their interesting biological properties, bacteria of the 
genus Bacillus are attractive candidates for a number of industrial applications (Wattiau et al., 2001). The 
Bacillus lipase show very little homology to the other lipases. Even the characteristic G-X-S-X-G sequence 
around the lipase active site serine residue has changed into an A-X-S-X-G sequence, and also the molecular 
mass (approximately 19 kDa) is much smaller than that of the lipase with known structures where X may be any 
amino acid residue, A Is Asp, G is Gly. Bacillus lipases belonged to either subfamily I.4 or subfamily I.5. The 
first crystal structure of a member of homology family 1.4 of bacterial lipases was in 2001 (Van Pouderoyen et 
al., 2001). In this study the lipolytic Bacillus strains from tributyrin agar plate (Elwan et al.,1977) were 
investigated by PCR amplification of 16SrRNA and sequencing, because phenotypic and physiological 
identification not verify the right taxonomic position especially in Bacillus spp (Watabe et al., 2004). The 
Bacillus isolates were identified based on molecular genetics approaches i.e. PCR amplification and sequencing 
of 16S rDNA and total cell protein profile (finger print) separated by SDS –PAGE (Vauterin et al., 1990) and 
(Niemi et al., 1993).     
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Materials: 
 
Strains:  

 
Bacillus subtilis, Bacillus pumilus and Anoxybacillus flavithermus which were isolated from the 

rhizosphere of soil from governorate Sharqia, Egypt and identified by morphological, physiological and 
biochemical characterization according to Bergey’s Manual of Determinative Bacteriology (Buchanan & 
Gibbons, 1974).more over these isolates were identified by 16S rDNA partial gene amplification and 
sequencing.( Ola M. Gomaa and Osama A. Momtaz., 2006). 
 
Media: 

 
A-complete medium (CM) 
.Luria broth Medium (LB): (Davis et al., 1980): It is used for growth and maintenance of isolated bacillus 

strains 
B:-Tributyrin clearing zone (TCZ) (Elwan et al., 1977) it is used for qualitative detection of lipolytic 

bacterial strains. 
 

Methods:  
 
Isolation of lipolytic bacterial strains: 

 
Soil samples were collected at 10-15 cm depth (with help of sterile spatula in a sterile plastic bag) from 

agricultural lands of Sharqia. 1 gm of each soil sample was agitated in a 250ml of conical flask contained 100 
ml of sterile distilled water in for 30 min on a rotatory shaker at 500C according to the method described by 
(Vijay K Gupta et al., 2012) with some modification. This sample was serially diluted up to 10-9 using saline 
(0.9%). 50 µl of each dilution was spread on tributyrin agar plates by spread plate technique using disposable 
spreader. The plates were incubated at 350C to isolate mesophillic bacterial strains and at 65oc for 24-48 hours 
for isolation of thermophillic bacterial strains. The tributyrin agar plates contains 1% emulsified tributyrin (v/v), 
0.3% yeast extract (w/v) 0.5% tryptone (w/v), 2% agar pH7.0. After incubation, colonies showing clear zones 
around growth were picked, and maintained on tributyrin agar plates for subsequent analysis. 
 
Identification of selected bacterial isolates: 

 
Identification of the lipolytic bacterial isolates was performed based on their morphological, physiological, 

and biochemical characteristics, as described in Bergey’s Manual of Systematic Bacteriology (Buchanan & 
Gibbons, 1974) then confirmed  by PCR amplification of 16S rDNA (Ola M. Gomaa and Osama A. Momtaz., 
2006). As well as electrophoretic separation of total protein (SDS-PAGE) according to the method described by 
(Ismet Berber, 2004) 
 
DNA extraction: 

 
Genomic DNA was extracted from pure bacterial cultures, 24 hr grown in Lauria- Bertani (LB) media at 

35oC for mesophillic isolates and at 65oc for thermophillic isolates according to (Ostuki et al., 1997)  with some 
modification The crude lysate (freshly prepared) was subjected to16Sr RNA PCR partial amplification.  

 
PCR partial amplification and sequencing of 16S rDNA: 

 
According to method described by (Ola M. Gomaa and Osama A. Momtaz., 2006)with some modifications. 

Oligonucleotide specific primers were used to amplify 16S rDNA forward: (AGAGTTTGATCCTGGCTCAG) 
and reverse: ('AAGGAGGTGATCCAGCCGCA). 16S rDNA was amplified from the obtained DNA in a 
reaction mixture of PCR conditions were as follows: 5x go Taq flexi buffer, 10µl, Go Taq flexi DNA 
polymerase,0.25µl , MgCl2, 25 mM, 2µl,  PCR nucleotide Mix,10 mM,1µl DNA, 1.5µL double-distilled water 
mixed in a final volume of 50 µl. The program for PCR was as follows: 95oC for 5 min, 30 cycles of 95oC for 1 
min, 62oC for 1 min, and 72oC for 2 min, and extension at 72oC for 7 min, +4oC�.PCR amplification was 
performed using a PTC-100 thermo cycler (MJResearch Inc., Watertown, Mass.) The PCR products yielded 
were analyzed on a 1% (wt/vol) agarose gel (FMC Bioproducts, Rockland, Maine) after staining with ethidium  
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Phylogenetic analysis: 
 
The 16S rDNA sequences obtained were added to publically available bacterial 16SrRNA sequences were 

integrated to the data base with the automatic alignment tool. Phylogenetic tree was generated by performing 
distance matrix analysis using neighbor joining method .Data base search and comparison were done with the 
BLAST search (http://www.ncbi.nlm.nih.gov/BLAST/, NCBI, Bethesda, MD, USA) (Altschul et al., 1997; 
Benson et al., 1999).  

  
Lipase production and Cell Free Extract by Bacillus species: 

 
Inoculums was prepared in LB broth media supplied by tributyrin 1%(vol/vol) by inoculating lipase 

producing bacillus species separately and incubating at 35oc for 24h in orbital shaker incubator  under shaking 
conditions of 180 rpm (Rakesh Kumar et al., 2012). The overnight culture was centrifuged at 12000rpm for 
5mins and the supernatant containing enzyme was transferred to a new tube.  
 
Quantitative analysis of lipase activity by colorimetric assay: 

 
According to the method described by (Shaoxin et al., 2007) Supernatant was used as crude enzyme. 

Enzyme activity was measured using colorimetric method with PNP acetate (PNPC2).PNP butyrate (PNPC4), 
PNP caprylate (PNPC8) and PNP laurate (PNPC12) as lipase substrate ,100 µl of lipase solution  was added to 
880µl of reaction buffer(50mM Tris HCl pH9)and the reaction mixture was pre-warmed to 33oC and then mixed 
with 20µlof freshly prepared 25mM of PNP ester in isopropanol. The reaction mixture was incubated at 37oC 
for 10 min 250μl of the stop solution (sodium carbonate) was added and mixed. The tubes were then centrifuged 
at 12000rpm for 10 mins. Then subjected to colorimetric assay at 410 nm one enzyme unit was defined as the 
amount of enzyme liberating 1µmol-p-nitrophenol per unit under the above condition (Cho et al., 2000) 
 
Extraction of whole-cell proteins: 

 
For each culture, a loopful of overnight growth on LB agar plate was suspended in 20 ml LB broth, and 

incubated on rotated incubator for 48 h (at 32°C, 150 rpm). 20 ml of culture were centrifuged in green cap tubes 
at 10000 rpm for 10 min. The pellets were resuspended in 1 ml distilled water, transferred to 1.5 ml eppendorff 
tubes then centrifuged at 13000 rpm for 2 min. After discarding water pellets were washed twice with 1000 μl of 
TNT I buffer then centrifuged. After discarding the upper layer pellets were washed again twice with 1000 μl of 
TNT II buffer then centrifuged. Laemmli buffer (350-400 μl) was added to the pellets and mixed well. The 
suspensions were incubated in water bath at 100oC for 5 min. The suspensions were centrifuged at 13000 rpm 
for 2 min and the supernatants were transferred to new eppendorff tubes.  (Laemmli, 1970).  

  
Sds-Page: 

 
Solubilized proteins were subjected to SDS-PAGE in gel slabs of 1 mm thickness (3.5cm, 4% stacking and 

16.5cm, 12.5% resolving gels) as described by Laemmli (1970). Electrophoresis was performed with a 
discontinuous buffer system in a BRL gel apparatus model V16-2BRL Gaithersburg MD, USA. The gel was run 
at 30 mA until the bromophenol blue marker had reached to the bottom of the gel. Gels were then stained with 
Coomassie Brillant Blue R-250 and left overnight on a slow shaker after removing the staining solution; 100-ml 
destaining solution was added. Gel was agitated gently for 1 hour. Agitating was repeated three times with 
changing the destaining solution until the gel background become clear. Then gels were photographed. 
 
Data analysis: 

 
Gels were examined by naked eyes directly and the protein profiles were recorded as binary data, that is, 1 

or 0 on bases of the presence or absence of bands. If band was present in a genotype it was designated as 1, in 
case of the absence of certain band in a genotype, it was designated as 0. Using unweighted pair group method 
with arithmetic averages algorithm (UPGMA) of the protein patterns of whole-cell protein of Bacillus species 
the similarity and relationship between the protein traces of test strains were expressed in a dendrogram.   
 
Result and Discussion  
 
Isolation of bacterial strains from soil: 
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In biotechnological applications, the key is always the choice of the appropriate Microorganism, it is 
important to select the suitable microorganism to carry out a desired biotechnological process as enzyme 
producing microorganisms. The isolation of microorganisms from extreme conditions or contaminated sites 
offers microorganisms with unusual properties as thermophillic microorganisms and activities. Among many 
ubiquitous enzymes, lipases (triacylglycerols acylhydrolases, E.C. 3.1.1.3) are of considerable physiological 
significance with wide industrial applications. Among lipases of plant, animal and microbial origin, it is the 
microbial lipases that find immense applications. This is because microbes can be easily cultivated.  Our study 
aimed to genetic improvement of lipase   produced by isolation of some lipolytic bacterial strains from soil.  Soil 
is considered a good source for isolation of bacteria and fungi (Torsvik et al., 1990) estimated that in 1 g of soil 
there are 4000 different bacterial ‘‘genomic units’’ based on DNA–DNA reassociation. It has also been 
estimated that about 5000 bacterial species have been described (Pace, 1997, 1999). Approximately 1% of the 
soil bacterial population can be cultured by standard laboratory practices. From soil, a total of 36 bacillus 
isolates were isolated. The genus Bacillus is generally defined as gram positive, aerobic or facultative anaerobic, 
motile, peritrichous flagella and end spore-forming rod shaped microorganisms (Claus and Berkeley, 1986). 
Three bacillus isolates were selected based on appearance of clear zone on tributyrin agar plate, Out of which 
two  were selected on the basis of maximum clearing zone for further studies.  
 
Identification of lipase producing bacillus species: 

 
All selected   strains were found to be aerobic or facultative anaerobic, Gram positive, motile, rod-shaped  

and endo spore-forming bacteria, in overnight culture on LB medium at 37oC. The shapes of the colonies were 
also examined on the plates. After incubation for 16 h at 37oC on LB agar medium,  figure 1, colonies of isolate 
1 were white-colored, circular, and flat in appearance, however colonies of isolate 2 was white to yellowish 
colored circular but not flattened  , and that of isolate 3 were yellow to orange colored, circular and opaque. On 
the basis of morphological and biochemical characterization according to (Buchanan & Gibbons, 1970) these 
isolates were identified as Bacillus subtilis, Bacillus pumilus and Anoxybacillus flavithermus. As shown in table 
(1) both strain of Bacillus subtilis and Bacillus pumilus grew between 30oC to 45oC with the optimum growth at 
30oC-40oC, but Anoxybacillus flavithermus grew at 45oC-70oC with the optimum growth at 60oC-65oC, the 
initial pH range for cell growth was measured from pH 4 to pH 13. The isolates were able to grow at pH ranging 
from 5 to 12, with optimum growth occurring at the initial pH values of about 6-9.  As shown in Table 1, all 
isolates grew well at the various concentrations of NaCl, ranging from 1 to 10% (w/v). Strain Anoxybacillus 
flavithermus was able to grow in the presence of up to 11% (w/v) NaCl. The biochemical characteristics are 
indicated in Table (2), all bacterial isolates had negative result in Indole production but able to produce Catalase 
enzyme and hydrolyze casein, both Bacillus subtilis and Bacillus pumilus can utilize citrate and give positive 
result in Voges Proskaue test, but Anoxybacillus flavithermus cannot. Bacillus pumilus can only give positive 
result in methyl red test. Moreover Bacillus subtilis shared Anoxybacillus flavithermus in their abilities for 
production of Oxidase enzyme and hydrolyze starch. Bacillus subtilis was distinguished from other strains by its 
ability of nitrate reduction into nitrite. In the same time Anoxybacillus flavithermus can ferment glucose, but the 
other isolates cannot. The same morphological and biochemical characterization results in case of both Bacillus 
subtilis and Bacillus pumilus were reported by (Muhammad Awais et al., 2007). (Myeong-Hoon Joo et al., 
2007) also studied the morphological and biochemical characterization of isolated Bacillus subtilis and give the 
same result. (Rakesh Kumar et al., 2012) also studied morphological and biochemical characterization of 
isolated of Bacillus pumilus and his results were agreed with our results. Zuridah et al., 2011 identified 
Anoxybacillus spp by biochemical identification and partial sequencing of 16Sr DNA gene, his isolated 
thermophillic strain did not grow in high NaCl concentration, our results were similar with him except our 
thermophillic isolate was also tolerant in high concentration of NaCl.        

 
Table 1: Morphological and physiological characterization of the selected Bacillus isolates 

Test   Isolate 1  Isolate 2 Isolate 3 

Gram staining  +  +  +  

Shape  Coco bacilli  bacilli  Rod shaped  

Spore formation  +  +  +  

Motility  +  +  +  

Optimum growth 
temperature  oc  

30-42  30-40  40-70  

Optimum growth pH  6-9  6-9  6-10  
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Table 2: biochemical characterization of Bacterial isolates 

Test   Isolate1  Isolate 2 Isolate 3

Indole production  _  _ _ 

Citrate utilization  +  + _

Methyl red  _  + _ 

Voges- Proskauer  +  + _ 

Oxidase  +  _ + 

Catalase  +  + + 

Starch hydrolysis  +  _ + 

Nitrate reduction  +  _ _ 

Casein hydrolysis  +  + + 

Gas production from 
glucose  

_  _  +  

 

 
 
 
 

Fig. 1: showed the rod shaped of Bacillus isolates under light microscope (A) rod shaped Bacillus subtilis (B)  
            rod shaped Bacillus pumilus (C) rod shaped Anoxybacillus flavithermus   
 
PCR amplification of the 16S rDNA gene: 

 
PCR targeting the 16S rRNA has been used extensively to study prokaryote diversity and allows 

identification of prokaryotes as well as the prediction of Phylogenetic relationships (Pace, 1996, 1997, 1999). 
Nucleic acids extracted from the formed bacterial colonies were subjected to primer pair designation to amplify 
a region of the 16S rRNA gene and all produced an expected size (ca. 1520 bp), as shown in Figure (2). This 
result does not indicate that the tested bacteria belong to a specific genus or a particular species, because the 
primer pair used was a universal eubacterial primer designed to classify related bacteria according to sequencing 
results (Jennifer et al., 2004) 

A B C
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16S rDNA gene sequence similarity and Phylogenetic analysis: 

 
Molecular identification of the isolated strains was carried out based on 16S rDNA sequence analysis. The 

partial sequence of 16SrRNA   obtained from Bacillus strains   were aligned with all the presently available 16S 
rRNA sequences in the Gen Bank data base. 16SrRNA partiaL Sequence of isolated Bacillus strains were shown 
in figure 3, 5, 7   . As a result, a Phylogenetic tree was mapped using the neighbor joining method, and is shown 
in Fig 4, 6, 8. Phylogenetic analysis using the 16S rDNA sequences indicated that isolate1 (Bs) and isolate2 
(Bp) belonged to the genus Bacillus, but isolate3 (Bflav) belonged to genus Anoxybacillus .according to blast 
result shown in table (3) isolate1 (Bs) was identified as Bacillus subtilis, isolate2 (Bp) was identified as Bacillus 
pumilus and isolate3 (Bflav) was identified as Anoxybacillus flavithermus.  
 

 
 
Fig. 2: PCR product profiles of the isolated strains  : -  (M) DNA marker 

(100,200,300,400,500,600,700,800.900.1000,1200,1500,2000,3000bp (fermenta), (B flav) 
Anoxybacillus flavithermus, (Bs) Bacillus subtilis, and   (Bp) Bacillus pumilus 

 
Table 3: shows identify percentage between bacterial isolates and related species 

16SrRNA sequence   
similarity 

Bacterium Isolate Source of isolation 

99% Bacillus subtilis Isolate1(Bs) Soil 
98% Bacillus pumilus Isolate2(Bp) Soil 
99% Anoxybacillus flavithermus Isolate3(Bflav) Soil 

 
GGTTTCGGCTGTCACTTACAGATGGACCCGCGGCGCATTAGTAGTTGGTGAGGTAACGGCTCA

CCAAGGCGACGTTGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCC
AGACTCGTACGGGAGGCAGCAGTGGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGC
CGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCAAGAGT
AACTGCTTGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCTGCCGCGGT
AATACGTAGCTGGCAAGCGATGTCGGGATTATTGGGCGTAAGGGCTGCAGGCGGTTTCTTAAGTCT
GATGTGAAAGCCCCCGGCTCACCCGGGGAGGGTCATTGGAAACTGGGAAACTTGAGTGCAGTTGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTCCADCGA
AGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTCGGCTGCGAACAGGATTAGAT
ACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGCGTTTCCGCCCCTTAGTGCTG
CAGCTAACGCATTAAGCACTCCGCCTCGGGAGTTCGGTCGCAAGACTGAAACTCAAAGGAATTGA
CGGGGGC 
 
Fig. 3: 16S rDNA gene partial sequence of isolate 1(Bs) Bacillus subtilis 
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Fig. 4: Phylogenetic tree based on partial 16S rDNA sequences, showing the relationship between isolate 1(Bs) 

and other species belong to the genus Bacillus. The tree was constructed using the CLUSTAL-X and 
neighbour-joining method. 

 
CGTGCCTAATACATGCATCTCGAGCGGACGGAAGGGAGCTTGCTCCCCGATGTTAGCGGCGGA

CGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGAGCTAAT
ACCGGATAGTTCCTTGAACCGCATGGTTCAAGGATGAAAGACGGTTTCGGCTGTCACTTACAGATG
GACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACC
TGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAG
GGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCGACGCCGCGTGAGTGATGAAGGTTTTCGGA
TCGTAAAGCTCTGTTGACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTT
GTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAAGCCCCCGG
CTCAACCGGGGAGGGTCATTGGAAACTGGGAAACTTGAGTGCAGAAGAGGAGAGTGGAATTTCCA
CGTGTAGCGGTGGAATGCGTAGAGATGTGGAGGAACACAGTGGCGAAGCGACTCTCTGGTCTGTA
ACTGACGCTGAGAGCGAAGCGTGGGGAGCGACAGGATAAATCCTGGTAGTCCC 
 
Fig. 5: 16S rDNA gene partial sequence of isolate 2(Bp) Bacillus Pumilus 

 

 
Fig. 6: Phylogenetic tree based on partial 16S rDNA sequences, showing the relationship between isolate 2(Bp) 

and other species belong to the genus Bacillus. The tree was constructed using the CLUSTAL-X and 
neighbour-joining method. 

 
ATAACACGAAATGTCGCATGACGTTTCGTTGAAAGACGGCGCAAGCTGTCGCTACAGGATGGG

CCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTG
AGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGG
GAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGCGAAGAAGGCCTTCGGGT
CGTAAAGCTCTGTTGTTAGGGAAGAACAAGTAACGCAGTAACTGGCGTTACCGTGACGGTACCTA
ACGAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCC
GGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAAGCCCACGGCTCA
ACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGAAGAGGAGAGCGGAATTCCACGTGT
AGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGTCTGTAACT
GACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAA
CGATGAGTGCTAAGTGTTAGAGGGTATCCGCCCTTTAGTGCTGTAGCTAACGCATTAAGCACTCCG
CTGGGGAGTACGCTCGCAAGAGTGAAACTCA 
 
Fig. 7: 16S rDNA partial sequence of isolate 3 (Bflav) Anoxybacillus flavithermus 
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