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Abstract 

This study aimed to isolate and characterize thermophilic bacteria producing lipase from 

Ushnagundala hot springs of Telangana state (India). Fifteen isolates have been characterized by 

morphological, microscopic, biochemical, molecular and physiological characteristics. These 

strains have been further quantitatively screened for lipase production by submerging 

fermentation in a medium containing tributyrin. Strain UGT4 (0.407 U/ml at 55oC pH 8.5) was 

found to be high with respect to other isolates lipase activity. 16S rRNA gene sequence analysis 

was performed to the identification. The phylogenetic tree has confirmed that the strain belongs 

to Bacillus licheniformis the sequences 16S rRNA gene of this UGT4 strain have been sent to 

Gene Bank and designated as B. licheniformis ANRPSA3 with the accession number MT254856. 

The PCR amplification identified as lipase gene and it was sequenced and submitted to the same 

Gene Bank with accession number MW222392. The strain has been shown to be capable of 

producing thermostable enzyme lipase and encourages more industrial and environmental 

applications to be explored in future studies. 

Keywords: Thermophilic, Tributyrin, Bacillus licheniformis, Thermostable lipase, 

Introduction 

Geothermal habitats considered the origins of primary thermophilic microorganism 

environments [1].Geothermal characteristics are not common ecological characteristics since 

they occurred extensively in the different locations of the world due to the unique geological 

conditions. Owing to ecologically favorable futures over other geothermal ecosystems, 

geothermal hot springs are the primary habitats of thermopiles[2].Thermophilic microorganisms 

have gained a great deal of interest because they are reservoirs of thermostable enzymes. 

Because of thermostable enzymes like those of lipases, proteases, amylases, cellulases, 

chitinases, pectinases, xylanases, and DNA polymerases; a great deal of attention has been given 

to extremophilic enzymes, and these are special characteristics that can be recommended for 

exalted temperature biotechnology practice[3-5].They were also described as being increasingly 

constant against several solvents, detergents, acids and basic pH[6-7]. 

The lipases are Biotechnologically most important group of enzymes, due to their wide 

range of applications in pharmaceutical, food, dairy, detergent, biomedical, agrochemical and 

environmental sciences[8-9]. Whereas lipases are more common enzymes in plants, animals, and 
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microorganisms [10-11], despite these lipase sources microbial lipases have a huge approach in 

commercial applications[12]. By selecting potential strains, molecular level modifications and 

optimization there are better chances to improve lipase production[13]. The current market 

situation of hydrolytic catalysts situated lipases after proteases and amylases in the leading third 

position and their annual market is focused on reaching approximately $590.5 billion by the year 

2020[14]. However, the vast majority of the modern procedures make lipases work at generally 

high temperatures. These stable, thermophilic enzymes have great employment potential as 

biocatalysts including increased substrate solubility, diffusion rate, mass transfer effect due to 

reduced viscosity, and reduced contamination risk[15]. Hence, the thermostability of lipase is 

one of the ideal attributes to persevere through unforgiving preparing conditions utilized during 

modern applications, it could be used as a complement in household washing products, as an 

environmentally friendly replacement for traditional detergents, and for the cleaner processing of 

specific fatty acid alcohol esters avoiding additional energy or compound reaction utilization[16-

18]. Thermostable lipases are the requirements for business reasons in different biotechnological 

industries[19-21]. 

A few of hot springs are available in Ushnagundala of Telangana state, which was 

located in Godavari river basin, four hot springs are selected for this study with temperature 

ranging between 45-61oC. These are the first reporting Hot springs in Telangana state in this 

study area. While interest was not previously explored in the study of thermophiles from hot 

springs in Ushnagundala, no ongoing work has yet focused on further use of these thermophilic 

lipases. This research aims to establish a continuous line of research to screen, isolate, and 

characterize new thermophilic lipase microbes capable of having high industrial, 

biotechnological, and ecological potential. 

Materials and methods 

Collection and preparation of samples 

The Ushnagundla hot springs are located (17°38’30.2″N 80°56’10.5″E) at the Telangana 

State. Water and sludge samples from three locations (mainly from areas not affected by human 

activity) were collected from four different hot spring sites in sterile brown screw cap bottles. 

Temperature, pH as well as electrical conductivity have been recorded using the respective 

thermometer, pH meter, and conductometer (EC-2023-Esel Digital Conductivity Meter), and 

samples were taken to the laboratory immediately for further analysis. 

Enrichment and isolation of bacteria 

Serial dilutions have been prepared with distilled water, the dense particles were settled 

by sedimentation and screening was performed with the upper layer. 5 ml of each sample (UGT1 

to UGT15) was inoculated into 45 ml of sterile medium enrichment broth [5g / l (NH4)2SO4, 0.5 

g / l K2HPO4, 0.3 g / l MgSO4.7H20, 5% Yeast extract, 2% Olive oil; pH 7.2 (Ajit Kumar , et 

al.2012). The inoculated broth was incubated in a rotary shaker incubator for 48 hours at 50oC 

and 120 rpm (mLab's-RIS-24 Plus). The cultures with growth turbidity were used three times 

under the same conditions for further isolation by the enrichment process. 

Qualitative screening of thermophilic lipolytic Bacteria 
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An enriched culture after the successive fifth round, the medium was collected and plated 

by spread plate method on nutrient agar containing 1% tributyrin after serial dilution. Besides, 

the colonies were purified by repeated streaking under the same conditions. Bacterial isolates 

were screened for the production of lipase on a nutrient agar medium containing 1% tributyrin by 

direct inoculation at 50 ° C for 48 hr. The appearance of a transparent or opaque zone around the 

colony suggested a positive reaction for lipase activity. Relative enzyme activity (REA) has been 

calculated using the formula [22]. 

𝑅𝐸𝐴 =
Diameter of clearance zone

Diameter of the colony
     [Formula 1] 

For further studies, the isolates exhibiting maximum REA were selected. Tributyrin agar 

plate method used to screen thermophilic lipolytic bacteria[23]. Every pure culture was streaked 

on a plate of tributyrin agar and incubated for 48 hrs at 48 ° C. Lipase production was indicated 

by the presence of strong hydrolytic zones around the bacterial colonies in the culture plate. To 

estimate the lipase production, selected lipase producing strains of bacteria were subjected to 

lipase assays. 

Microbial and biochemical characterization 

In addition, microbial and biochemical experiments were used to identify isolated lipase 

positive colonies. According to the Bergey’s Manual of Systemic Bacteriology, these 

experiments were selected and performed in triplicate[24]. The tests include: Grams staining, 

colony morphology, motility, oxidase, catalase, nitrate reduction, H2S, urease, gelatinase, citrate, 

and indole test and, test MR, VP starch hydrolysis and carbohydrate utilization tests were 

conducted. Light microscopy studied the cell morphology and explored biochemical properties at 

room temperature of 37 ° C. 

Screening of thermophilic bacterial strains for the production of lipase by submerged 

fermentation 

The isolates producing Lipase hydrolytic zones on tributyrin agar were considered for 

further study of the production. Inoculum media was prepared (10g yeast extract, 10g Peptone, 

20 g glucose, 10 g (CH3COONa).H2O, 0.09 g (MgSO4), 0.03 g (MnSO4), 1.5 g (CuSO4), 0.5 g 

(KCl), 5 ml olive oil, 1000 ml distilled water), By adding a loop full of pure culture into a 50 mL 

sterile inoculums media and incubated for 48 h on a shaker at 50 ° C and 150 rpm, pH was 

maintained at 7.5. Using Neubauer Haemocytometer (Marien Feld Germany) Chamber the cells 

in the broth were counted after the incubation time. Two mL (1.0 = 10-6 cells / mL) of bacterial 

suspension were transferred from the seed culture to production medium of 100 mL (2 g peptone, 

1 g (NH4H2PO4), 2.5 g (NaCl), 0.24 g (MgSO4), 0.24 g (CaCl2H2O), olive oil 12 ml, and tween 

20, 2-3 drops for every 1000 ml of water.) contained in 250 ml of Erlenmeyer flask[25-26]. A 

duplicate set of each isolate was allowed to grow under the static conditions as well as agitation. 

Where the conditions of the production culture shall be maintained in the same way as the seed 

culture in case of static culture media agitations was avoided. After the incubation time, about 2 

mL of the culture broth was collected from both the sets and optical density was measured using 

a spectrophotometer at 540 nm wavelength (UV-VIS Shimadzu, Japan). After the measurement, 

the culture broth was centrifuged at 8,000 rpm for 30 min at 4°C and the supernatant was used as 
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a crude lipase to determine lipase activity. These tests were carried out both the sets in triplicate 

fashion. 

Optimization of the pH for production of lipase 

  The high lipase activity isolate UGT4 was selected for optimization of various culture 

conditions. The standard production medium was adjusted using 0.1 N HCl and 0.1N NaOH to 

different pH ranges from 4 to 10, respectively UGT4 were inoculated in the same way as the 

previous method to check the optimum pH and its effect on lipase production. 

Optimization of incubation temperature for the production of lipase 

The standard production medium has been inoculated with UGT4 and incubated in the 

incubator at temperatures ranging from 30 to 70° C to test their effect on the production of lipase 

under submerged fermentation. The stain UGT4 has been tested for optimum growth under 

agitation ranging from 60-210 rpm, to test their effect on the production of lipase under 

submerged fermentation. 

Assay of lipase activity  

Lipase assay were performed by a colorimetric method. The absorbance of p-nitrophenol 

released was measured at 410 nm (Lab India, UV/Visible Spectrophotometer, India).The enzyme 

activity was defined as µmole(s) of p-nitrophenol released per min by one ml of free enzyme 

under standard assay conditions. Specific activity was expressed as µmole(s) of the p-nitrophenol 

released per min per mg of protein. 

Molecular identification and phylogenetic analysis of the selected bacterial strains 

For molecular analysis, each of the thermophilic, lipolytic-selected bacterial strains with 

the highest lipase potential after submerged fermentation was utilized. 

Isolation of genomic DNA 

The pure lipolytic culture was grown on nutrient agar plate an overnight grown culture 

single colony was picked to DNA isolation, total genomic DNA were isolated by using Ultra 

Clean Microbial DNA isolation kit (MoBio Laboratories Carlsbad, CA) according to the 

manufacturer protocol, and detail quality evaluation was done on 1%(w/v) agarose gel. 

PCR amplification 16S rRNA gene and Sequencing 

The species-level identification of the isolated culture was done on the basis of 16S 

rRNA gene PCR and full-length sequence analysis, 16S rRNA gene sequencing PCR was 

amplified by using the universal bacterial primers 27F (5’- AGAGTTTGATCCTGGCTCAG-3’ ) 

and 1492R (5′-GGTTACCTTGTTACGACTT-3′) universal primers. The amplified PCR product 

was purified for removal of present contaminants by using QIAquick purification Kit after 

1%(w/v) agarose gel assessment. The 16S rDNA (1500bp) was sequenced. The Sanger method 

sequenced purified amplicons in the genetic analyser ABI 3500xL (Life Technologies, USA). 

CHROMASLITE (version 1.5) edited and then further sequencing files analyzed by the Basic 

Local Alignment Search Tool (BLAST). Full-length gene sequencing service for the strains was 

provided by NCL, Pune, India. 
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Phylogenetic analysis 

Sequenced files further analyzed by the Basic Local Alignment Search Tool (BLAST) at 

the National Centre for Biotechnology Information (NCBI). The BLAST algorithms used to infer 

functional and evolutionary relationships between sequences as well as help identify members of 

gene families. The evolutionary history was inferred using the Neighbor-Joining method. The 

evolutionary distances were computed using the Jukes-Cantor method [27-30].Evolutionary 

analyses were conducted in MEGA6. The selected nucleotides were sent to the database of 

nucleotides in the National Center for Biotechnology Information (NCBI). 

Results and discussion 

This study aimed to identify and characterize thermophilic lipase bacterial strains from 

different hot springs at Ushnagundala of Telangana state. The results obtained from the 

experiments are described in detail in the following sections.Results are shown in Fig.1 to 10 & 

Table 1to 3. 

       

                      Fig.1                                                                                                  Fig.2 

      

                        Fig.3                                                                                            Fig.4 
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                         Fig.5                                                                                             Fig.6 

         

                      Fig.7                                                                                        Fig.8 

                     

                    Fig.9                                                                                         Fig.10 

Fig.1: Lipolytic zones on 1 % Tributyrin agar medium. (a). Positive control, (b). UGT4, (c). UGT7, (d). UGT11, (e). 

UGT2, (f). UGT8 

Fig.2: Relative Enzyme Activity (REA) on screening Tributyrin agar medium 

Fig.3:Biomass and Lipase activity of isolates in secondary screening 

Fig.4: Effect of pH on Lipase Activity 

Fig.5:  Effect of Temperature on Lipase Activity  

Fig.6: Effect of Agitation speed on Lipase Activity  

Fig.7: Agarose gel electrophoresis. (a) DNA extracted from UGT4 (ANRPSA3), (b) PCR product of 16S rRNA gene of 

UGT4 (ANRPSA3), (c) Ladder specification  

Fig.8: 16S rRNA gene sequence obtained for the bacterial isolate (UGT4) using by the Sanger method 

Fig.9: Phylogenetic tree showing the relation of Bacillus licheniformis UGT4 (ANRPSA3) with other species 

Fig.10: Figure10. (a).1 kbp DNA ladder, (b).The PCR amplification Result of lipase gene by Blip primers, (c).Ladder 

specification 
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Table :1. Physico-chemical conditions of sample location (hot springs) 

 

Table: 2. Biochemical characterization of lipase producing isolates 

 

Table: 3. Sequence producing significant alignments in BLAST analysis 

Bacillus licheniformis strain 

NCTC10341 genome assembly 

Chromosome :1 

1122 8926 0 100% LR134392.1 

Bacillus licheniformis strain DSM 13 

16S ribosomal RNA gene, partial 

sequence 

1122 1122 0 100% KX785171.1 

Bacillus licheniformis strain DSM 13 

16S ribosomal RNA, partial sequence 

1122 1122 0 100% NR118996.1 

Bacillus licheniformis ATCC 14580 

complete genome 

1122 7815 0 100% CP000002.3 

Bacillus licheniformis strain BCRC 

11702 16S rRNA partial 

1122 1122 0 100% NR116023.1 
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Conclusion 

In the present study, the Bacillus licheniformis ANRSPA3 strain from the Ushnagundala 

of Telangana state was isolated and characterized. There are no prior reports on this strain and 

hot springs. Therefore it is a first reported strain as well as the first reported hot springs in this 

study. On the basis of the findings, Bacillus licheniformis ANRSPA3 can be used as a possible 

candidate in various industrial and biotechnological industries to reference as preservatives in the 

detergents and food industries, environmental bioremediation and molecular biology. However, 

further work on improving enzyme yield and other kinetic elements of enzyme activity are 

needed to understand the catalytic properties of this enzyme. The statistical approach based on 

the optimization of thermophilic lipase production and structural elucidation of lipase is currently 

underway. 
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