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INTRODUCTION 

 

Hot springs are unique hydrothermal features formed when underground water, 
heated due to geothermal energy. Generally hot springs discharge water which is 

heated by magma close to the earth’s surface in volcanic areas. Some, however, 

are not related to volcanic activity. In such cases, the heating of water results 
from convective circulation and thermal springs from Nepal are examples of this 

type of phenomenon. More than twenty-eight geothermal manifestations occurs 

in Nepal, stretching right across a southeast-northwest elongated region. Some of 
the geochemical studies on these thermal springs have been conducted in the 80’s 

(Bhattarai and Bashyal, 1983; 3. Bhattarai,1980; 4. Bashysal, 1984). 

Geothermometer temperatures, ionic balance and discharge enthalpy has been 
calculated from the chemical data using the Program called WATCH (Arnorsson 

et al., 1982; Bjamason, 1994). Very few microbial and Biotechnological 

researches have been conducted in the Hot springs locations of Nepal. Since 
thermal springs are rich with numerous thermophiles, exploration of these 

microrganisms is needed for revealing the potentials of different thermophiles to 

be used through Biotechnology. Very few researches was conducted by NAST 
but not much of information was available in literature regarding presence of any 

noble and industrially potential thermophiles in various hotsprings. Adhikari et 

al. (2016) reported 15 different bacillus species from Bhurung tatopani with high 

extracellular enzyme production capacity and potential for industrial upgrades. 

Apart from this, different exploration on hot springs located at different places of 
world has been conducted for isolating different important microorganisms. 

Many thermophilic bacterial strains were isolated from hot springs but the most 

common and significant finding in the field of thermophilic bacteria belongs to 
the genus Thermus (Brock and Freeze, 1969; Kristjansson and Alfredsson, 

1983; Kristjansson et al., 1986; Kanasawud et al., 1992) Bacillus (Marsh and 

Larsen, 1952) and Nazina et al., (2001) rearranged and grouped Gram positive, 
rod-shaped, endospore-forming thermophilic bacilli into the genus Geobacillus.  

Geobacillus are unique bacterial species that are rod-shaped, occurring either 

singly or in short chains and motile by means of peritrichous flagella (Nazina et 

al., 2001). Their cell wall structure is Gram-positive, but the Gram-stain reaction 

may vary between positive and negative. They can also be aerobic and sometimes 

facultative anaerobic. The growth temperature ranges from 37°C to 75°C with an 

optimum at 55°C to 65°C. They have ability to grow at wide pH range of 6.0 to 

8.5 with an optimum growth at pH 6.2 to 7.5. Industrial interests in Geobacillus 
species has arisen from their potential applications in biotechnological processes, 

for example as sources of various thermostable enzymes, such as proteases 

(Sookkheo et al., 2000), amylases (Rao and Satyanarayana, 2003), lipases 
(Lee et al., 2001), pullanases (Messaoud et al., 2002) and xylanase  (Sharma et 

al., 2007). Geobacillus species are widely distributed and readily isolated from 

different habitats (Nazina et al., 2001), with a rapid increasing industrial interest 
towards their thermostable gene products (Schallmey et al., 2004). Therefore, 

molecular characterization and study of its diversity with phylogenetic relations 

is not only regarded as a taxonomical concern, but is also a necessity for 
exploiting its biotechnological potential as a whole. 

Nepal has a unique location which is diverse in extreme environments including 

the Highest mountain in the world, the lowest place on earth, in addition to 
several hot springs. Therefore, the aim of the current study was to isolate, identify 

and characterize thermophilic Geobacillus bacteria from 2 naturally occuring 

thermal springs in Bhurung, Nepal using phenotypic (morphological, 
physiological and biochemical) and genotypic methods (16S rRNA gene 

sequencing). Moreover, the extracellular thermostable enzymes of the obtained 
isolates were also identified. 

 

MATERIAL AND METHODS 

 

Study site 

 
Bhurung Tatopani is located on Dhaulagiri Zone, Myagdi District, Singa V.D.C. 

Ward No 4. It is one of the hottest amongst 20 hot springs in Nepal and was a 

virgin area for microbial exploration. Heavy smell of sulphur gas and stale egg 
was present around the sources and upon close observation, the reservoir 

exhibited a green color. The study site was located at Latitude: 28°29'25.3" and 

Longitude: 83°37'54.06" with estimated terrain elevation 2262 meters above sea 
level. Though there are 3 different sources of hot springs, we chose two springs 

study site due to their high temperature and remote location. 

Background and Aim: Nepal’s geothermal areas are considered as uncharted place for microbiological and biotechnological 

researchers since not many researches has been conducted on these areas. The main aim of this study was to isolate thermophilic 

bacteria from hostspring of Nepal. Methods: From one of the hottest natural thermal spring of Nepal, Bhurung Tatopani, 20 different 

bacteria were isolated and Characterized by both culture dependent and independent approaches. Results: Morphological and 

biochemical tests along with polyphasic analysis of these thermal isolates confirmed that two of these species belongs to Geobacillus sp. 

The isolates THG1 and THG2 were found to be gram variable and rod shaped with smooth colony. They were found to be osmotolerant 

up to 2% NaCl and thermotolerant with optimum temperature of 72°C. They showed significant production of various industrially 

important enzymes like amylase, lipase, protease and cellulase. 16S rRNA amplification was also performed and sequenced which 

revealed that the isolate THG1 has 99% similarity with Geobacillus kaustophilus and THG2 has 99% similarity with Geobacillus 

thermoleovorans. THG1 and THG2 16S rRNA sequences are deposited in genebank with accession id KP764939 and KP764940. For 

the further confirmation and deeper analysis, fatty acid analysis (FAME) was also performed and their fatty acid composition profile 

was also created. Conclusion: From the Bhurung hotspring two unique Geobacillus species were isolated. 
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Sample collection 
 

Insitu measurement of temperature and pH was performed within the sampling 

site. The water samples were collected in sterile glass vials and labeled 

individually. The sediments with the soil and microbial community were also 

collected in glass vials and kept into thermos without fluctuating temperature. All 

the vials were brought into SANN laboratory for further analysis. 

  

Enrichment and isolation 

 
Castenholz D basal salts medium supplemented with tryptone and yeast (TYE) 

was used as culture media with slight modifications. Water samples was 
inoculated into liquid medium and incubated at 72°C for 2–3 days in a shaker 

incubator. Turbid cultures were spread on the same medium solidified with 

phytagel (1–1.5%) and incubated at the same temperature until yellow or non 
pigmented colonies appear and can be isolated. After 2-3 days, yellow and 

colorless colonies easily observed were picked for further purification and 

analysis. 

 

Identification and characterization of the isolate 

 
The isolated strain’s cell morphology and motility was examined by optical 

microscopy (BX40; Olympus) and growth characteristics were also studied on 

soild media. Based on Gram’s staining the isolates were found to be Gram-

variable and microscopic observation revealed rod shaped which are arranged in 

chain. Different biochemical tests like motility determination, endospore 

formation, catalase, IMViC, and oxidase tests were also performed. 

Morphological observation and biochemical tests indicated that the isolated 
bacteria belonged to be Geobacillus sp. Similarly different physiological 

characterization was also performed for testing degree of osmotolerant, pH 

tolerant and thermotolerant. Determination of optimum growth by turbidity 

measurements was also performed. 

 

Extracellular enzyme production 
 

Bacterial isolates were screened for their ability to produce different thermostable 

extracellular enzymes like amylases, lipases and cellulases. The culture extracts 
grown in different single carbon source media at 70°C as well as freshly grown 

cultured of isolates was used for enzyme screening. Tween 80 NA medium was 
used to study lipase activity. Amylase activity was determined using starch agar 

plates and positive results was confirmed by incubating the plates and exposing 

to iodine solution. Similarly, Cellulase activity was studied on carboxy methyl 
cellulose (CMC 1%) agar.  

 

Molecular identification 

 

Genomic DNA extraction was peformed using CTAB manual method as well as 

using promega DNA isolation kit and purified using protocol from Sambrook and 
Russell  (Sambrook and Russell, 2001). In order to access its purity, UV 

spectrophotometry was performed at  A260/A280 ratio. The extracted DNA was 

then used as template for amplifying the gene encoding for the 16S rDNA 

(Edwards et al., 1989) using bacterial universal primer.  

 

 

Table 1 Universal primer for 16S rRNA amplification 

Primer Sequence (5’-3’) Primer length GC% Sequence amplified 

518F CCAGCAGCCGCGGTAATACG 20 65 1500bp 
800R TACCAGGGTATCTAATCC 18 44.44 1500bp 

 

The reaction volume of 25μl containing 2ul of 20ng/ul template DNA, 1unit of 

Tag DNA polymerase , 75 mM of MgCl2 , 200 μM of DNTPs, 2.5 μl of 10X 
PCR buffer and 5 pmol of each Primer. The Amplification protocol was 

programmed with 95°C for 5 min followed by 30 cycles of 95°C for 1 min, 55°C 
for 1 min, 72°C for 1 min and a final extension of  7 min. Gel electrophoresis was 

performed using 2% agarose gel and the amplified amplicon was observed under 

the gel documentation system. The PCR products were purified using the 
Promega PCR purification Kit protocol according and sequenced in Macrogen 

Inc. Korea.  

 

Phylogenetic analysis 

 

The sequenced 16S rRNA sequences obtained from Macrogen were first 
manually edited using Sequencher Software 5.3 in order to remove ambiguity in 

the sequences. Since bidirectional sequencing was carried out, single contigs was 

built using the same software and exported as text format. The edited sequences 
were then compared with the nucleotide database using Basic Local Alignment 

Search Tool (BLAST) in the National Centre for Biotechnology Information 

(NCBI). The closest relatives (high similarity) with the query sequences were 
retrieved and aligned using MUSCLE.  Aligned sequences were analysed and 

phylogenetic tree was constructed using Mega 6.0 (Tamura et al., 2013).  

Neighbor-Joining method and maximum likelihood method (Saitou and Nei, 

1987; Tamura et al., 2013) was used to show the evolutionary relationships of 

these taxa, The optimal tree with the sum of branch length = 0.81476834 was 

drawn and the percentage of replicate trees in 
which the associated taxa clustered together in the bootstrap test (1000 replicates) 

shown next to the branches. Bootstrap analysis using Mega 6, was performed to 

attach confidence estimates for the tree topologies (Felsenstein, 1985). The tree 
was drawn to scale, with branch lengths in the same units as those of the 

evolutionary distances used to infer the phylogenetic tree. Maximum Composite 

Likelihood method was used to compute the evolutionary distances. 

 

Fame analysis 

 
Bacterial isolates were also identified by using Sherlock Microbial Identification 

System (MIS), MIDI in Royal Life Science Pvt Ltd, India. This is a unique 

system that identifies microorganisms based on their fatty acid methyl ester 
(FAME) patterns. FAME profiles are then compared to a standard database and 

most likely hits are then presented to the user. The database includes aerobic 

bacteria, anaerobic bacteria and yeasts. These FAME’s were analyzed using Gas 
Chromatography with the help of MIDI Sherlock software for FAME. Aerobic 

library (RTBSA 6.0) was referred for the analysis. 

 
 

 

 
 

RESULTS 

 

Physical characteristics of sampling sites 

 
During sampling time there was a heavy smell of sulphur gas around the sources 

and the reservoir exhibited a green colour. The physical parameters at the source 

of thermal spring during the sampling of the thermal springs are mentioned in 
(Table 2). These values are the raw figures of the conditions at the sampling sites 

of the thermal waters at Bhurung tatopani during the sampling time. 

 

Table 2 Physical parameters at the hot springs of Bhurung tatopani during the 

sampling time 

Sampling /Conditions 

parameters 
Source 1 Source 2 

Atmospheric temperature (ºC) 18 18 

Hot spring water temperature 

(ºC) 
58 70 

Stream waterway temperature 

(ºC) 
55 65 

Surface elevation 2262 meters 2262 meters 
pH 7.5 8.2 

Conductivity 1 1 

Position 
28°29'25.3"N/  
83°37'54.06"E 

28°29'25.3"N/ 
83°37'54.06"E 

 

Morphological characterization of isolates 

 

Table 3 Morphological characterization of isolates 

Strains Colony colour Cell shape Gram reaction 

THG-1 Yellow rod variable 

THG-2 Yellow rod variable 

 

Physiological characterization 

  

Growth at various concentration of sodium chloride 

 

Table 4 Growth of thermophilic isolates from the hot springs of Bhurung at 

varied NaCl concentration. 

Strains 
0% 

Nacl 

1% 

Nacl 
2% 

Nacl 
3% 

Nacl 
4% 

Nacl 
5% 

Nacl 

THG1 +++ +++ ++ - - - 

THG2 +++ +++ + - - - 
 Legend: +++ High growth , ++ Moderate growth, - Negative growth 
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Figure 1 Determination of optimum salt concentration of THG1 

 

 
Figure 2 Determination of optimum salt concentration of THG2 

 

Growth of isolates at different temperature 

 

Table 5  Growth of thermophilic isolates from the hot springs of Bhurung at 

varied temperature. 

     

Temp 

Strains 

35ºC 45ºC 55ºC 65ºC 70ºC 75ºC 80ºC 

THG1 - + + + +++ + - 

THG2 - + + + +++ + - 

Legend:  +++ High growth , + Moderate growth, - Negative growth 

 

 
Figure 3  Determination of optimum temperature for THG1 

 
Figure 4  Determination of optimum temperature for THG2 

 

EFFECT OF ph ON THE ISOLATES 

 

Table 6 Growth of thermophilic isolates from the hot springs of Bhurung 

Tatopani at varied pH. 

              pH 

Strains 

5 6 7 8 9 

THG1 - - ++ +++ - 

THG2 - - ++ +++ - 

Legend:  +++ High growth , + Moderate growth, - Negative growth 

 

 
Figure 5 Determination of optimum pH for THG1 

 

 
Figure 6 Determination of optimum pH for THG2 
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Determination of optimum growth of two strains by turbidity measurements 

 
Figure 7  Growth curve of THG1 

 
Figure 8  Growth curve of THG2 

 

Biochemical characterization 

 

Table 7 Biochemical characteristics of strains THG1 and THG2  

Characteristics THG1 THG2 

Pigmentation Yellow Yellow 

Colonies Compact Compact 

Optimum Temp°C 70 70 

Growth at/on: 
  

Growth in 1% Nacl + + 

Growth in 3% Nacl - - 

Presence of: 
  

Oxidase + + 

Catalase -/+ + 

ß-Galactosidase + + 

Urease - - 

IMVIC 
  

Indole - - 

MR/VP - - 

Citrate + + 

Hydrolysis of : 
  

Starch + + 

Gelatin + + 

Casein + + 

Tween 20 + + 

Utilization of: 
  

D-Glucose + + 

D-Fructose + + 

D-Galactose + + 

D-Xylose + + 

D-Mannose nd nd 

Cellulose + + 

Lactose + + 

Sucrose - - 

Raffinose - - 

Citrate + + 

Arginine + + 

Proline + + 

Ornithine + + 

L-Serine + + 

Glycerol + + 

Sensitive to: 
  

Amoxicillin(10µg) + + 

Ampicillin(10µg) + + 

Neomycin(30µg) + + 

Oxacillin(10µg) - - 

Penicillin(10IU) + + 

Streptomycin(10µg) + + 

Vancomycin(30µg) + + 

DNA G+C content 
(mol%) 

59.77 59.022 

Legend: + Positive result; - Negative result or No growth; nd-not determined. 

 

Enzyme production 

 

Table 8  Detection of extracellular enzymes for the 2 isolates at 70°C. 

Isolate  
Amalyse activity at 

70°C 

Cellulase activity at 

70°C 

Lipase activity at 

70°C 

THG1 Very good Very good Good 

THG2 Excellent Very good Excellent 

 

Molecular characterization 

 

 
Figure 9  A photograph of amplified 16S rRNA (1.5 kb) of gram negative 
bacteria using forward primers and reverse from thermophiles isolated from the 

hot springs of Bhurung tatopani 

 

Table 9  Blast search results of the sequenced isolates from the hot springs of 

Bhurung tatopani and their close relatives. 

Isolate Blast results (Close 

relatives) 

Percentage 

Similarity 

Genbank Acession 

number 

THG1 Geobacillus 

kaustophilus 

99% KP764939 

THG2 Geobacillus 
thermoleovorans 

99% KP764940 

 

 
Figure 10 Maximum likelihood distance tree using 16S rRNA sequences of 
Geobacillus strains isolated from the hot springs of Bhurung tatopani and closest 

relatives. Bootstrap values as percentages of 1000 replicates are given at branch 

points; only values >50% are shown. 
 

Fame identification 

 
FAME analysis strains THG1 and THG2 was performed In Royal Life Science, 

India. They had higher combined levels of C15:0 iso, C15:0 anteiso, C16:0 and 

C17:0 compared with their closest relatives. 
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Table 10 Fatty acid composition of strains THG1 and THG2. 

Fatty acid THG1 THG2 

12:0 2.07 1.29 

11:0 3OH ---- 0.27 

13:0 iso 0.94 0.80 

13:0 anteiso 0.89 0.18 

14:0 iso 3.72 1.0 

14:0 1.29 1.4 

15:1 iso G ---- 0.77 

15:1 anteiso A 0.52 1.3 

15:0 iso 25.73 22.6 

15:0 anteiso 12.75 9.43 

15:0 ---- 2.1 

16:1 w7c alcohol 1.49 1.09 

16:0 N alcohol 1.38 0.19 

16:0 iso 9.03 14.96 

16:1 w9c --- 21.2 

16:0 6.91 11.2 

17:1 iso w10c 3.24 1.83 

17:0 iso 15.70 18.5 

17:0 anteiso 6.77 4.6 

17:0 1.74 1.70 

18:0 iso 0.75 0.72 

18:1 w9c 4.25 1.14 

18:0 2.27 3.4 

17:0 iso 3OH 0.34 0.13 

18:0 10-methyl, TBSA 0.14 0.14 

18:0 2OH 0.25 0.16 

19:0 0.13 ---- 

20:0 0.18 ---- 

20:0 iso 0.22 ---- 

 

DISCUSSION 

 
The objectives of this research were to determine the physio-chemical 

characteristics of the hot springs in Bhurung tatopani, isolate a large number of 

useful thermophiles from the hot springs, characterize and identify them using 
morphological, physiological, biochemical and molecular methods and then to 

screen the isolates for useful enzyme production. 

Thermal springs of Bhurung tatopani have extreme physico-chemical conditions 
(Table 1) suitable for the thermophiles such as Bacillus, Geobacillus and 

Thermus species. A total of 20 isolates were isolated from the hot springs of 

Bhurung tatopani, 15 belonged to Bacillus genus (paper pertaining this research 
is already published and can be retrieved online), 2 belonged to Geobacillus and 

3 belonged to Thermus genus thermophiles. Castenholz TYE media was used  to 
increase the chances of isolation of thermophiles. The media was modified by 

addition of different concentration of sodium chloride and varying the carbon 

source with glucose, starch and cellulose Also phytagel was used as a gelling 
agent instead of agar. Comparing to agar, phytagel was required in half amount 

and gave strong gel after solidifying. 

However, the isolates showed a low diversity within morphotypes recovered 
since most  isolates represented the same bacterium i.e. bacillus. This could be 

attributed to the fact that cultivation is known to capture a small segment of 

microbial diversity in a given sample. The low diversity of isolates obtained from 
water sampled at Bhurung hot springs could be due to the fact that very low 

diversity in hot environments is common. Most of them are distributed in many 

mesophilic environments, but others have been isolated only from one specific 
location. It remains possible that there are other strains of thermophiles present in 

Bhurung tatopani thermal water but since two extreme conditions were imposed 

at the same time; (high pH and elevated temperature), low diversity was 
achieved. The combination of two extreme conditions of physio-chemical growth 

parameters restricts the range at which microorganisms can proliferate more than 

in a single growth condition. 
Microbial enzyme occupies a valuable position in modern biotechnology. The 

majority of the industrial enzymes known to date have been derived from bacteria 

and fungi (Haki and Rakshit, 2003). Therefore isolation and study of these 
thermophilic microbes is an vital task for modern scientist. We recorded very 

significant Amylase and Cellulase activity including others in the isolated strains. 

The sequence comparison showed that the query sequence coverage was almost 
100% and identity was above 99% with the database sequence. What will be the 

next line of development, is unclear (Horikoshi, 1999), but it might be the wider 

application of enzymes. Alkaline and thermostable enzymes should provide 
additional uses in various fields of industry, such as chiral-molecule synthesis, 

biological wood pulping, and more production of sophisticated enzyme 
detergents. It is expected that in the near future, further aerobic and anaerobic 

thermophiles with intriguing properties will be isolated from extreme 

environments using traditional and novel microbial culture techniques and 

molecular analysis such as metagenomics. These studies will, extend our 

understanding of the boundaries for conditions under which life can thrive on 

earth (Kevbrin et al., 1998). Subsequently, this will lead to noble theories of how 
life could have evolved on early earth and whether it could presently or in the 

future exist in extraterrestrial habitats. 

 

CONCLUSION 

 
The thermal hot springs of Bhurung Tatopani have an average temperature of 65-

75ºC and an average pH of 7.5-9 which are extreme conditions suitable for the 

inhabitation of thermophiles such as Bacillus, Geobacillus and Thermus species. 
By the use of the Castenholz TYE media and with the help of phytagel as a 

gelling agent, varying the carbon source (cellulose, xylan, starch and glucose), 

two Geobacillus species were isolated. All The 16S rRNA partial sequences of 
the these two isolates have been deposited into genebank with genbank Id 

KP764939 and KP764940 respectively. Detailed biochemical and molecular 

characterization of the isolated Geobacillus strains was performed and Fatty acid 
profiling was also performed. 

The isolates were thermotolerant, and alkalitolerant because they grew at wide 

range of temperature (45ºC- 75ºC), pH (5.7-8.0) and NaCl concentration (0-2%) 

and therefore able to survive in extreme conditions. The thermophiles isolated 

from the hot springs of Bhurung tatopani were able to produce various 

thermostable extracellular enzymes like cellulose, lipase, amylase and protease. 
The sequence information obtained from PCR and sequencing was very good 

enough for the molecular analysis and identification. For enchancement of the 

optimum extracellular enzymatic activity further optimization of growth 
parameters can be performed. Further research is required to design studies that 

would compare the diversity among thermophiles in different seasons of the year 

such as the rainy and dry seasons. Different protocols and novel microbial culture 
techniques should be designed so as to allow the isolation of more diverse genera. 

Extensive research on the specific secondary metabolites released by 

thermophiles from the hot springs should be done.  
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