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Exploring microbial diversity 
in hot springs of Surajkund, 
India through 16S rRNA analysis 
and thermozyme characterization 
from endogenous isolates
S. Soy 1, U. Lakra 1, P. Prakash 1, P. Suravajhala 2,3, V. K. Nigam 1, S. R. Sharma  1* & N. Bayal 4

Hot springs are a valuable source of biologically significant chemicals due to their high microbial 
diversity. To investigate the possibilities for industrial uses of these bacteria, researchers collected 
water and sediment samples from variety of hot springs. Our investigation employed both culture-
dependent and culture-independent techniques, including 16S-based marker gene analysis of the 
microbiota from the hot springs of Surajkund, Jharkhand. In addition, we cultivated thermophilic 
isolates and screened for their ability to produce amylase, xylanase, and cellulase. After the optimized 
production of amylase the enzyme was partially purified and characterized using UPLC, DLS-ZP, 
and TGA. The retention time for the amylase was observed to be around 0.5 min. We confirmed the 
stability of the amylase at higher temperatures through observation of a steady thermo gravimetric 
profile at 400 °C. One of the thermophilic isolates obtained from the kund, demonstrated the potential 
to degrade lignocellulosic agricultural waste.

Abbreviations
EI	� Enzymatic index
CMC	� Carboxymethylcellulose sodium salt
UPLC	� Ultra pressure liquid chromatography
DLS	� Dynamic light scattering
ZP	� Zeta potential
TGA​	� Thermogravimetric analysis
C/N ratio	� Carbon to nitrogen ratio

Extremophiles are microbes that survive in diverse extreme conditions such as low and high temperatures, pH, 
salinity, and radiation. Among extremophiles, thermophiles are bacteria that survive at elevated temperatures. 
They are inhabitants of various niches such as hot springs, geothermal deposits and marine steam vents1,2. Par-
ticularly, hot springs are unique natural environments for thermophilic microorganisms. Due to their scientific 
and biological significance, these thermal habitats and thermophiles have sparked research interests in recent 
decades. In Jharkhand, there are various hot-water ecosystems, which were formed millions of years ago by water 
leaching processes at the sites of radioactive mines3. Surajkund is the hottest hot spring in the Hazaribagh area, 
with temperatures ranging from 85 to 90 °C. This kund is well-known for its religious, medicinal, and aesthetic 
significance. Hot springs are a rich source of precious micro and macro elements, various compounds, and 
diverse microbial communities. The microbial community of the thermal springs is associated with the phys-
icochemical parameters such as pH, temperature, micro and macro elements, oxido-reduction potential, and 
other chemical profiles4. Microbial diversity investigation can reveal the molecular ecological traits as well as 
the diversified gene pool of this natural ecosystem. However, there are no such studies on Surajkund hot springs. 
The microbiota of this thermal habitat is yet to be explored. In previous studies, the Surajkund sediment sample 
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has shown the presence of novel bacterium JHK30T identified as Tepidiphilus thermophilus and JS1T identified 
as Anoxybacillus5,6. Also, the isolation of thermophilic bacteria at 60 °C and 70 °C with amylolytic, xylanolytic, 
and cellulolytic activities were reported from the same site. They were identified as Geobacillus icigianus and 
Anoxybacillus gonensis7. So far, only newly discovered bacteria or microorganisms that can secrete thermozymes 
have been identified in this location.

Comprehensive investigations for microbial diversity from Surajkund hot springs shall not only provide 
valuable information on ecological niches, but also allow for the evaluation of metabolic and functional poten-
tial of microbiota in the habitat. Also, it might help in evaluation of the molecular basis of environmental sites 
with distinct features and their interaction. Additionally, it helps in better understanding of how thermophilic 
microorganisms that survive in severe natural environments have inherent traits such as high thermostability, 
resistance to organic solvents, and adaptations.

Therefore, in this study, we examined the 16S rRNA data for the samples collected from five different kunds 
from Jharkhand, India namely Surajkund, Ramkund, Sitakund, Laxmankund, Brahmakund and one sample 
from a location where water from all the kunds meets i.e.Mixed kund. Though these kunds are situated in close 
proximity, they showed different temperatures and pH. The goal of this study is to look into microbial diversity 
and decipher the metabolic function of bioresources in different kunds from where samples were collected for 
this study.This might provide insights on the diversity of microbes present in the kunds and their industrial 
potential (bioactive compounds, enzymes, pigments, etc.).

Experimental methods
Sample collection, characterization and analysis of environmental factors.  The sediment sam-
ples (water and mud) were collected from the six geographically distinct locations at the hot springs in the 
Surajkund dham of Jharkhand, India, viz. Surajkund hot spring, Ramkund hot spring, Laxmankund hot spring, 
Sitakund hot spring, Brahmakund hot spring and Mixed kund (where water from all the above mentioned kunds 
meet) during November 2019 (Table 1).

The sample names were as follows Surajkund, Ramkund, Laxmankund, Sitakund, Brahmakund, and Mixed-
kund corresponding to six different sampling locations of hot springs. The samples were collected in sterile 
thermo flasks bottles and transported to the laboratory in temperature control settings. Upon arrival at the 
laboratory, the samples were processed for bacterial DNA isolation and bacterial culture experiments. The pH 
and temperature of the kunds was recorded on the site of sampling and tabulated (Table 1).

Microbial diversity analysis.  DNA extraction.  DNA extraction was carried out as described by Gothwal 
et al.8 with few modifications in the protocol. Sediment sample of 0.5 g was processed in 1 mL TENS buffer for 
DNA extraction. The samples were vortexed to mix thoroughly. Glass beads of 900 mg (mixture consisting of 
0.1 mm, 0.5 mm and 1.0 mm diameter glass beads) were added to the sample vials. The samples were then sub-
jected to hot SDS lysis by incubating the vials in a water bath (70 °C) for 30 min with intermittent vortexing after 
every 5 min. The samples were then homogenized for 5 min at maximum speed. Post homogenization, the sam-
ples were subjected to freeze thaw cycles using liquid N2 thrice. The samples were then centrifuged at 10,000 rpm 
for 10 min at room temperature and the supernatant was collected. The pellet was washed with 750 μL TENS 
buffer, centrifuged and supernatant was collected. The supernatant was pooled and extracted with equal volume 
of PCI solution. The DNA precipitation was carried out by adding 0.1 volume of 5.0 M NaCl and 2 volumes of 
chilled ethanol. The pellet was washed with 70% ethanol and air dried. The dried pellet was dissolved in sterile 
Milli-Q water and stored at – 80 °C9. The extracted DNA was then outsourced to a sequencing facility at Centyle 
Biotech Pvt. Ltd, New Delhi for Illumina MiSeq sequencing and microbial diversity analysis.

V3–V4 hyper‑variable regions PCR amplification and sequencing.  The microbial community was characterized 
via 16S rRNA sequencing. After the total community DNA was extracted from the sediments of six hot springs, 
the genomic DNA submitted for analysis was checked on 1% (w/v) Agarose gel using EtBr staining protocol. 
Each well was loaded with 2.0 μL of DNA sample. DNA sample quantification was performed using Qubit HS 
DNA quantitation kit on Qubit fluorometer. The bacterial 16S rRNA V3–V4 hypervariable was amplified using 
the primers V13F (5ʹAGA​GTT​TGATGMTGG​CTC​AG3ʹ) and V13R (5ʹ TTA​CCG​CGGCMGCSGGCAC3ʹ). For 
polymerized chain reaction (PCR) amplification, 40 ng of extracted DNA and 10 pM of each of the primer was 
used with an initial denaturation at 95 °C for 15 s, annealing at 60 °C for 15 s, elongation at 72 °C for 2 min with 
a final extension at 72 °C for 10 min, and hold at 4 °C for 25 cycles. PCR amplification was confirmed by agarose 

Table 1.   Sampling study of hot springs of Surajkund.

Sl no. Name of Kunds Temperature (°C) pH Sample

1 Surajkund 90 7.5 Sediment

2 Laxmankund 60 8.0 Sediment

3 Brahmakund 50 8.0 Microbial mats + sediment

4 Ramkund 80 9.0 Sediment

5 Sitakund 35 7.0 sediment

6 Mixedkund 85 8.0 sediment
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gel electrophoresis and the amplified products were processed for further library preparation. A second round 
of amplification was performed to add our proprietary index sequences to the amplified products. The indexing 
PCR assigns barcodes to individual samples. After the second PCR, amplified products were quantified using a 
Qubit fluorometer and then pooled together in an equimolar concentration. The pooled products represented 
the 16S amplicons library, which was subjected to NGS. The concentration of the Metagenomics library was esti-
mated using an in-house qPCR. The amplicons from each sample were purified with Ampure beads to remove 
unused primers and an additional 8 cycles of PCR was performed using Illumina barcoded adapters to prepare 
the sequencing libraries. Libraries were purified using Ampure beads and quantitated using Qubit dsDNA High 
Sensitivity assay kit. Sequencing was performed using Illumina Miseq10 with 2X300 paired-end chemistry v3 
sequencing kit.

Downstream bioinformatics analysis.  Standardized quality processing was applied to the raw reads of the 
paired-end sequence data using FastQC v0.11.211 and MultiQC v1.912. Prinseq v0.20.4e13 was used to maintain 
high-quality pairs with a minimum phred33 quality score of 25. Assembly of high-quality pairs was accom-
plished using PEAR v0.9.1114 with a minimum overlap threshold of 10%. The quality checked and assembled 
sequence data was then subjected to closed reference classification using SILVA v138.115. Abundance data matri-
ces at all five major levels of taxonomic lineage i.e., Phylum, Class, Order, Family and Genus were compiled using 
the OTU files of SILVA classification output. Chimera removal was done using VSEARCH pipeline. Taxonomic 
assessment was done for phyla and genus levels using generated OTUs16,17 (Table S1).

Culture dependent studies.  Isolation of thermotolerant and thermophilic bacteria.  The soil, mud, and 
water samples of Surajkund and Mixedkund were processed for the enumeration and isolation of culturable 
moderate thermophiles (50–60 °C) and thermophiles (70 °C). The study was conducted by standard serial dilu-
tion and spread plate methodology as described by Kumar et al.18. Two different isolation media i.e., Nutrient 
Agar and Tryptone Soybean Agar/Soyabean Casein Digest Agar were employed for the isolation of thermophiles 
at three different high temperatures viz 50 °C, 60 °C, and 70 °C. To avoid desiccation and breaking of agar plates, 
the plates were covered in sterile autoclavable bags and incubated at respective high temperatures. After 24 h 
incubation, the agar plates were observed for different morphotypes and phenotypic characteristics.

The suitable colonies were picked on the basis of morphological difference and were continuously streaked 
on the same isolation media to obtain a pure culture. The obtained pure colonies were stored at 4 °C and were 
revived repeatedly to retain their reproducibility. The bacterial colonies were named as BITSNS, which refers to 
the initials of the institute’s name and the name of researchers carrying out the research.

Primary screening of amylase, xylanase and, cellulase producing thermophilic bacterial isolates.  Primary screen-
ing was carried out using plate assay method. Respective screening medium was prepared and autoclaved at 
121 °C and 15 psi for 15 min. The molten medium was poured in petri plates under aseptic conditions and pure 
bacterial colonies were streaked and incubated at their respective temperatures (50 °C, 60 °C, and 70 °C) for 
24–48 h. Plates were observed for zone of hydrolysis.

Xylanolytic activity.  Xylan Congo Red Agar Plate Assay19 was used for the identification of xylanase producing 
thermophilic isolates. The slight modification in the methodology was incorporation of congo red dye (0.01% 
w/v) in the medium. It eliminated the destain step with 1.0 M NaCl solution and thus prevented leaching out 
of isolates from agar surface. The purified isolates were inoculated on xylanase screening media plates and were 
incubated at their respective temperature for 24–48 h for the xylanase secretion. The formation of a clear zone 
of xylan hydrolysis indicated xylanase activity and the xylanolytic index was determined for the positive isolates 
as per the methodology20.

Amylolytic activity.  Starch agar plate assay21 was used for the screening of amylase secreting isolates. The starch 
agar plates were spot inoculated with the pure isolates and incubated for 24–72 h for amylase secretion. After suf-
ficient growth on plates, the plate was flooded with Gram’s Iodine and incubated for 10 min. The surplus Gram’s 
Iodine solution was then discarded and halo zone formation was observed which indicated starch hydrolysis and 
the enzymatic index (EI) for amylase activity for positive isolates were further calculated.

Cellulolytic activity.  The screening of cellulase producing bacteria was conducted as described by Kasana 
et al.22. The isolates were spot inoculated on carboxymethylcellulose sodium salt (CMC) agar plate medium and 
incubated for 24–48 h. After suitable growth, cellulase enzyme expression was detected by the addition of 1 mL 
of Gram’s Iodine solution to the CMC plate. The plate was incubated at room temperature for 30 min and excess 
iodine was discarded. The isolates forming clear halo zones on CMC agar plates were selected as cellulase posi-
tive strains and the cellulolytic index was determined.

Partial purification and molecular weight determination of amylase from Geobacillus icigianus 
(BITSNS038).  Thermophilic bacteria isolated at 70 °C, identified as Geobacillus icigianus showed maximum 
production of amylase under shake flask conditions. Partial purification of thermostable amylase from amylase 
producing strain BITSNS038 was carried out and was selected for further research. The precipitation of total 
protein was carried out using ammonium sulfate precipitation (80–95% saturation) method. Ammonium sulfate 
precipitation involved the slow addition of fine ground ammonium sulfate to the supernatant (crude amyl-
ase). The solution was continuously stirred slowly for 1–2 h at 4 °C. After the amount of required ammonium 
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sulfate addition was done, the solution was kept overnight at 4 °C. The solution thus obtained was centrifuged at 
10,000 rpm for 10 min, and the protein pellet obtained was dissolved in sodium phosphate buffer (pH 7.0). The 
resultant solution mixture was dialyzed against 10 kDa membrane23.

Ultrafiltration.  The crude and concentrated amylase sample was filtered using 0.2 μm micropore syringe filter. 
It was further subjected to concentration using a centrifugation-based method. The membrane was rinsed by 
passing an ample amount of deionized water prior to ultrafiltration. Partial purification of amylase was carried 
out using buffer exchange with a membrane of 10 kDa (Ultra-filtration). The calibration of flow rate of retentate 
and permeate was also optimized using deionized water. The concentration was performed using a centrifu-
gal concentrator of 10 kDa. The centrifugal concentrators were cleaned using 0.5 N NaOH and stored in 50% 
ethanol. At every step of the purification, enzyme assay and protein estimation was conducted using Nelson-
Somogyi method and Bradford method respectively.

Characterization of partially purified amylase.  Characterization of partially purified amylase was per-
formed using ultra pressure liquid chromatography (UPLC), dynamic light scattering (DLS), zeta potential (ZP), 
and thermogravimetric analysis (TGA), respectively.

UPLC analysis of partially purified amylase.  UPLC (Ultra Pressure Liquid Chromatography) analysis of par-
tially purified amylase along with the commercial amylase standard was done. The standards and sample were 
prepared by dissolving in deionized water with 0.1% TFA. The analysis was done at the 214 nm wavelength of 
the PDA detector24.

DLS‑ZP analysis of partially purified amylase.  DLS (dynamic light scattering) analysis was performed in order 
to study the dispersion of partially purified amylase in suspension. The suspension was prepared by separately 
mixing partially purified enzymes in deionized water (5 times dilution). The analysis was performed according 
to modified procedures from Jachimska et al.25.

ZP (zeta potential) analysis is used to determine the charge differences of the suspended particles in liquid. 
A value higher than − 15 mV signifies formation of colloidal particles i.e., accumulation of dissolved particles. 
In case of amylase, partially purified sample analysis was performed with respect to standard sample using ZP 
analyzer from Malvern Instruments, UK26,27.

TGA analysis of partially purified amylase.  TGA (thermogravimetric analysis) of amylase was performed in 
order to study the thermal and oxidative stability of partially purified protein with respect to the standard. The 
analysis was performed using the TGA setup with a nitrogen analyzer28. The maximum temperature used for the 
analysis was 900 °C. Temporal variations in the enthalpy during the phase shifts were studied.

Application of G. icigianus on different lignocellulosic agricultural wastes for the production of 
amylase.  The bacteria were grown in amylase production medium supplemented with different lignocellu-
losic biomass (rice husk, rice straw and wheat bran) as carbon sources without any addition of starch. The com-
position of the amylase production medium was as follows: yeast extract 3.0 g/L, Tryptone 3.0 g/L, MgSO4·7H2O 
0.2 g/L, K2HPO4 1.0 g/L, NaCl 1.0 g/L. The pH of the medium was maintained at 7 and incubated at optimal 
conditions (70 °C, 150 rpm, 24 h) for amylase production. Later, the concentrations (5–12 g/L) of these agricul-
tural substrates were also optimized for amylase production.

Results and discussion
Primary screening of amylolytic, xylanolytic and cellulolytic thermophilic bacteria.  The 
enzyme secreting ability of 41 isolates were checked via primary screening approach on agar plate consisting of 
specific substrate inducer i.e. starch for amylolytic activity, xylan for xylanolytic and CMC for cellulase secreting 
ability. Out of 41 isolates, 23 potential enzyme secreting isolates were obtained i.e., 4 isolates of 5 °C, 15 isolates of 
60 °C and 4 isolates of 70 °C having amylolytic, xylanolytic and cellulolytic enzymes secreting ability. The results 
of plate assay for 50 °C and 60 °C are shown in the figure (Figs. 1, 2).

The parameter for calculating the enzyme activity of isolates was the measurement of the enzymatic index 
(EI) by the given Eq. (1)20.

The enzymatic index was also calculated using formula:

The isolates with hydrolysis zone 1.0 cm are considered significant29. The greater the halo zone, the higher is 
the EI value. Thus, higher value of EI obtained in primary screening results reflects the amylolytic, xylanolytic 
and cellulolytic potential of thermophiles.

Microbial diversity of the hot springs of Suraj kund in Jharkhand, India.  The taxonomical analysis 
of hot springs of Surajkund exhibited a diverse bacterial community where the presence of phylum Proteo-
bacteria was observed in all the kunds (30.83 ± 4.17%). Phylum Firmicutes was dominant in Surajkund (64%), 
Laxmankund (58%) and Sitakund (50%) respectively whereas Phylum Actinobacteriota was most dominant 
in Mixedkund (69%) and Ramkund (61%) (Fig. 3). The study was found in accordance with another study on 

(1)EI =
diameter of hydrolysis zone

diameter of colony
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Figure 1.   Hydrolysis zone as indicative for amylase (a–h), xylanase (i–l) and cellulase (m–o) activity screening 
of 60 °C isolates.

Figure 2.   Amylolytic (a–c), xylanolytic (d) and cellulolytic (e–f) activity as hydrolysis zone on media plates for 
50 °C isolates.
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Surajkund by Debnath et al.30. In their study, it was observed that there is prevalence of the phyla Proteobacteria 
(> 23%) in samples from Surajkund and its surroundings apart from Chloroflexi and Deinococcus-Thermus. 
Temperature has always been the determining factor affecting the prevalence of Proteobacteria. Dominance 
of this phylum has been found in geographically distant geothermal springs like Deulajhari and Tattapani in 
India31. Proteobacteria are well known to be tolerant towards a higher concentration of sulfur and use reduced 
compounds of sulfur as an electron donor for carrying out their physiological processes32. In a study, presence 

Figure 3.   The representation of the 16S rRNA diversity of bacterial population of hot springs of Surajkund at 
Phylum level.
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of Protebacteria, Actinobacteria and Firmicutes in Yumthang hot spring of North Sikkim with an abundance 
of 54.3%, 32.2% and 6.3% respectively were reported, which indicated the presence of gram-negative bacteria 
in hot springs. The results also suggested that hot springs may harbour disease causing bacteria as most of the 
infectious bacteria are of gram-negative nature. The work also reported the abundance of thermophilic actino-
bacteria which holds industrial importance as a source of several enzymes such as pullulanase, amylase, DNA 
polymerase33. Proteobacteria and Firmicutes were reported in major proportion of the microbial population 
in Sri-Lankan Geothermal spring by Samarasinghe et al.34. They reported the presence of microbiota in sur-
face water and in-depth water samples, which is lacking in the present report. While the major population of 
microbes in surface and in-depth water samples were different, Klebsiella sp. and Pannonibacter sp. were com-
mon. Anoxygenic photosynthetic bacteria belonging to the Rhodobacteraceae family was reported from a ter-
restrial hot spring in Japan. The bacteria were found to be the producer of chymotrypsin, α and β-galactosidase, 
trypsin and other industrially relevant enzymes. As reported in other reports the isolate was found to be gram 
negative and of Alphaproteo-bacteria class35. Mashzhan et al. studied Zharkent geothermal hot spring, Kazakh-
stan (90 °C, pH 7.5) and reported Firmicutes (89%), Proteobacteria (5.3%), and Actinobacteria (3.9%) as domi-
nant Phylum36.

In our study, phylum Chloroflexi (21%) was only detected in Brahmakund. Brahmakund situated in the vicin-
ity of Surajkund (source) had a temperature of 50 °C and interestingly was more diverse w.r.t phyla as compared 
to other springs (Fig. 3). The presence of highly thermophilic phyla such as Thermatogota (5%), Deinococcota 
(3%), Spirochaetota (5%), Armatimondota (3%), Acetothermia (1%) as well as Desulfobacterota (1%), Nitro-
spirota (3%) and cyanobacteria marks an important aspect of the thermal habitat being inhabited by several 
microbes. At the genus level, mesophiles such as Mesotoga, hyperthermophilic and thermophilic genera such 
as Thermodesulfovibrio, Thermoanaerothrix, Thermicanus, Thermincola, Thermogutta, Roseiflexus were found 
to inhabit Brahmakund (Fig. 4). Also, the presence of the genus Thermus was astounding; as this genus is well 
known for its extensive usage in biotechnological applications (Table S1). Genus Thermus belongs to phylum 
Deinococcota and has been described as thermophilic Gram-negative aerobic bacteria having heterotrophic 
mode of nutrition. Members of this genus are commonly found in thermal springs with temperatures > 60 °C37.

However, the presence of Treponema and Anaerococcus as infectious genus is an alarming concern. Rest of the 
kunds shared a more or less similar profile at the phyla level. At the genus level, Ramkund was well dominated 
by Streptomyces (~ 20%) whereas Laxmankund and Surajkund were majorly dominated by Lactobacillus (~ 65%) 
(Table S1). Also, the presence of thermophilic genera such as Roseomonas, Methylobacterium, Meiothermus and, 
radiation resistant extremophilic genera Solirubrobacter and Rubrobacter exhibited the potential of the high 
temperature ecological niche supporting proliferation of extremophiles (Fig. 4).

Apart from these findings, population of the disease-causing bacteria was found in all the kunds, such as 
Treponema, Anaerococcus, Mycoplasma, Klebsiella, Prevotella, Finegoldia, Fusobacterium, and Sphingomonas 
(Fig. 4). Sphingomonas is known as extremely opportunistic bacteria and is well found in soil, water and hospi-
tal wastes38. Genera Prevotella is prevalent in oral, gut and vaginal microbiota39, while Finegoldia is known for 
serious skin infections40. Fusobacterium is known to cause acute otitis in children less than 2 years of age. When 
left untreated, it can lead to mastoiditis and extreme severe symptoms of bacteremia, osteomyelitis, Lemierre 
syndrome and septic shock41. The revelation in the present research is quite a matter of concern as the constant 
human interference and anthropogenic activities has led to the pollution of the soil and water with different kinds 
of wastes. The possible reason being usage of the kunds for recreational purposes and for treatment of several 
infectious skin diseases. The kunds with high temperature initially gives an impression that the environment 
might not be favorable for the proliferation of infectious microbes that usually thrive at and around 37 °C. How-
ever, the findings in the present report suggest that the change in the micro-environment due to the pollutants 
and the presence of the bacteria for an exceedingly longer duration has made them thermotolerant and further 
studies may lead to the identification of new species or strains that are thermotolerant or thermophilic in nature.

Characterization of partially purified amylase.  The amylase was partially purified having molecular 
weight between 45 and 63 kDa42. Partially purified amylase characterization was done using UPLC, DLS-ZP, 
and TGA.

UPLC analysis of partially purified amylase.  UPLC analysis for the presence of amylase enzymes in partially 
purified fraction (Fig. S1a,b) was performed. A calibration curve of 12.5–100 µg/mL was plotted and the con-
centration of amylase in the precipitated and subsequently filtered ultrafiltration fraction was found to be more 
than 1 mg/mL. The peak of amylase was observed to be at 0.55 min. The presence of amylase was confirmed 
in partially purified samples by the retention time in the standard samples and the partially purified amylase 
enzyme. The analysis was performed only to confirm the presence of amylase enzymes.

DLS‑ZP analysis of partially purified amylase.  DLS analysis of the partially purified amylase was performed in 
comparison with the standard drug. It is evident from the figure (Fig. 5a,b).

The Z average was found to be less than 200 nm in the standard sample which is far less than the average 
particle size of partially purified amylase of around 4000 nm. In comparison to the partially purified amylase, the 
standard indicated higher intensity of light scattering which can be attributed to the fact that purified enzyme has 
reduced number of aggregates leading to the observation that standard amylase has better solubility and uniform 
dispersion. However, less than 100 nm of particle size has also been reported for immobilized and free amylase 
by Ahmad et al.43. Even smaller size of amylase segregated particles was reported (4 nm in size) by Dehnavi 
et al.44. Although the agglomerated particles had size greater than 300 nm. The particle size of less than 100 nm 
was also reported by Lee et al.45. The reduced size could be achieved in case of completely purified alpha-amylase.
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The increase in size suggests the formation of aggregates which may be due to the partially pure nature of the 
enzyme. In case of a partially purified sample, zeta potential of − 12.1 mV was observed, however in comparison 
with the standard it was on the lower side i.e. − 21 mV. There was non-uniformity in the counts as observed in 
the peaks of standard amylase (Fig. S2a) and partially purified sample (Fig. S2b) indicating the nature of the 
enzyme to be partially purified. Weber et al.46 determined their DLS and ZP. The particle size was determined 
to be around 300–400 nm when the HSA (human serum albumin) was stabilized using glutaraldehyde. The zeta 
potential measurements of the same were found to be between − 17 and − 25 mV47. The purity of the sample was 
indicated by reduced particle size as compared to the standard.

Thermogravimetric analysis.  TGA analysis of concentrated and partially purified amylase was performed in 
comparison with the commercial amylase as standard. A temperature range of 15–565 °C was kept for the stand-
ard amylase. A gradual loss was observed in the initial phase of 15–125 °C with a loss of just 3.65%. However, a 
rapid weight loss was observed in the next two cycles of 125–350 °C and 350–565 °C, leading to a weight loss of 
99.72% (Fig. S3a).

In case of a concentrated sample, a temperature range of 30–700 °C, indicates a better stability of the concen-
trated enzyme at higher temperature. However, it followed the same pattern as in case of standard amylase, in 
terms of weight loss. A weight loss of 97% was observed indicating reduction in moisture content of the sample 
and confirming the concentration (Fig. S3b). The partially purified sample followed the similar pattern of weight 
loss when compared with the concentrated sample. However, a higher weight loss of 99.3% indicated the pres-
ence of moisture in comparison to the contaminating proteins that could have been present in the concentrated 
amylase (Fig. S3c). Sochava et al.47 reported DSC-TGA analysis of BSA (bovine serum albumin), where the 

Figure 4.   Microbial community of the hot springs of Surajkund at genus level.
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maximum loss of protein occurred at a much reduced temperature of < 100 °C compared to the present work. 
However, in the case of Dunaliella tertiolecta the temperature range was broader i.e., 170–900 °C which indi-
cated better stability of proteins extracted from microalgae48. Ricci et al.49 reported the DSCand TGA analysis 
of proteins purified from different legumes. The data was reported in comparison of different purity grades. It 
indicated that partially purified (medium purity) enzymes are more stable at higher temperatures as compared 
to the completely purified enzymes. This is indicative of the need of micro-environments for better stability; 
however this was not true for the protein isolated from all the sources. Total protein isolated from beans had 
nearly no effect on the temperature stability while better stability in medium purified samples was found in 
case of protein isolated from lentils. In case of peas the stability was found to be more in 68% purified sample 
compared to 77% purified sample.

Application of G. icigianus on different lignocellulosic agricultural wastes for the production of amylase.  The use 
of low-cost agriculture wastes as substrates for the production of industrial enzymes is an economical and sig-
nificant way to reduce the cost of the overall process. G. icigianus (strain BITSNS038) was able to utilize a variety 
of inexpensive substrates such as wheat bran, rice husk, and rice straw for production of amylase (Fig. S4).

Interestingly, all lignocellulosic substrates supported amylase production by G. icigianus. The amylase activity 
was maximum for rice husk (77.5 U/mL at 10 g/L) followed by wheat bran (55.27 U/mL at 10 g/L). Minimum 
activity was observed for rice straw with 1.52 U/mL (result not shown). The low activity compared to starch is due 
to presence of cellulose, hemicellulose, lignin and silica etc. in the lignocellulosic substrates. Geobacillus sp. has 
versatile catabolic activity, rapid growth rates, and is known for the degradation of hemicelluloses and starch50. 
These intriguing characteristics make it a potential candidate in second-generation (lignocellulosic) biorefineries 
for biofuel production. Agricultural wastes have a significant amount of lignocellulosic carbohydrate fraction 
that can be hydrolyzed and fermented for the bio-fuel production51. The maximum amylase production from 
rice husk and wheat bran is attributed to their rich profile which consists of high carbon, nitrogen, cellulose and 

Figure 5.   DLS analysis of (a) standard commercial amylase (b) partially purified amylase.
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hemicelluloses. Rice straw on the other hand has some challenges such as high inorganic composition and C/N 
ratio that affects its biodegrability52.

Conclusion
Surajkund and other neighbouring hot springs in Jharkhand which we have explored for thermophilic microbiota 
may be used as a source of thermostable enzymes of industrial importance. Our previous studies have proved 
that Anoxybacillus gonensis and Geobacillus icigianus, isolated from the hot spring of Surajkund have the ability 
to secrete thermostable enzymes7,42. The diversity of microbiome in these hotsprings of Jharkhand through 16S 
rRNA analysis revealed that Proteobacteria was observed in all the kunds, phylum Chloroflexi (21%) was only 
detected in Brahmakund. Partially purified amylase from G. icigianus from Surajkund has been characterized 
in terms of its purity, thermostability as well as its ability to biodegrade lignocellulosoic agricultural wastes. The 
presence of Thermus genus, and radiation resistant bacteria Rubrobacter also reveals the potential of the hot 
springs as reservoir of industrially important microbes.

Data availability
The data supporting the findings of this study are available in NCBI-GenBank with BioProject ID PRJNA940280.

Received: 15 February 2023; Accepted: 28 August 2023

References
	 1.	 Rothschild, L. J. & Mancinelli, R. L. Life in extreme environments. Nature 409, 1092–1101 (2001).
	 2.	 Pathak, A. P. & Rathod, M. G. Cultivable bacterial diversity of terrestrial thermal spring of Unkeshwar, India. J. Biochem. Technol. 

5, 814–818 (2014).
	 3.	 Bhandari, S. & Nailwal, T. K. Chapter 11—Exploration of microbial communities of Indian hot springs and their potential biotech-

nological applications. In Recent Advancements in Microbial Diversity (eds De Mandal, S. & Bhatt, P.) 251–288 (Academic Press, 
2020). https://​doi.​org/​10.​1016/​B978-0-​12-​821265-​3.​00011-6.

	 4.	 Siering, P. L., Clarke, J. M. & Wilson, M. S. Geochemical and biological diversity of acidic, hot springs in Lassen Volcanic National 
Park. Geomicrobiol. J. 23, 129–141 (2006).

	 5.	 Poddar, A., Lepcha, R. T. & Das, S. K. Taxonomic study of the genus Tepidiphilus: Transfer of Petrobacter succinatimandens to the 
genus Tepidiphilus as Tepidiphilus succinatimandens comb. nov., emended description of the genus Tepidiphilus and description 
of Tepidiphilus thermophilus sp. nov., isolated from a terrestrial hot spring. Int. J. Syst. Evol. Microbiol. 64, 228–235 (2014).

	 6.	 Deep, K., Poddar, A. & Das, S. K. Anoxybacillus suryakundensis sp. Nov., a Moderately Thermophilic, Alkalitolerant Bacterium 
Isolated from Hot Spring at Jharkhand, India. PLoS One 8, 85493 (2013).

	 7.	 Soy, S., Nigam, V. K. & Sharma, S. R. Cellulolytic, amylolytic and xylanolytic potential of thermophilic isolates of Surajkund hot 
spring. J. Biosci. 44, 124 (2019).

	 8.	 Gothwal, R. K., Nigam, V. K., Mohan, M. K., Sasmal, D. & Ghosh, P. Extraction of bulk DNA from Thar Desert soils for optimiza-
tion of PCR-DGGE based microbial community analysis. Electron. J. Biotechnol. 10, 400–408 (2007).

	 9.	 Paduano, S. et al. Microbial biodiversity of thermal water and mud in an Italian spa by metagenomics: A pilot study. Water Supply 
18, 1456–1465 (2017).

	10.	 Quail, M. A. et al. A tale of three next generation sequencing platforms: Comparison of Ion Torrent, Pacific Biosciences and 
Illumina MiSeq sequencers. BMC Genom. 13, 341 (2012).

	11.	 Leggett, R. M., Ramirez-Gonzalez, R. H., Clavijo, B. J., Waite, D. & Davey, R. P. Sequencing quality assessment tools to enable 
data-driven informatics for high throughput genomics. Front. Genet. 4, 288 (2013).

	12.	 Ewels, P., Magnusson, M., Lundin, S. & Käller, M. MultiQC: Summarize analysis results for multiple tools and samples in a single 
report. Bioinformatics 32, 3047–3048 (2016).

	13.	 Schmieder, R. & Edwards, R. Quality control and preprocessing of metagenomic datasets. Bioinformatics 27, 863–864 (2011).
	14.	 Zhang, J., Kobert, K., Flouri, T. & Stamatakis, A. PEAR: A fast and accurate Illumina Paired-End reAdmergeR. Bioinformatics 30, 

614–620 (2014).
	15.	 Quast, C. et al. The SILVA ribosomal RNA gene database project: Improved data processing and web-based tools. Nucleic Acids 

Res. 41, D590–D596 (2013).
	16.	 Saxena, V., Padhi, S. K. & Jhunjhunwala, U. Treatment of domestic sewage and leachate using a moving bed hybrid bioreactor. 

Environ. Technol. Innov. 24, 101998 (2021).
	17.	 Vora, D., Shekh, S., Joshi, M., Patel, A. & Joshi, C. G. Taxonomic and functional metagenomics profiling of Tuwa and Unnai hot 

springs microbial communities. Ecol. Genet. Genom. 26, 100160 (2023).
	18.	 Kumar, M., Yadav, A. N., Tiwari, R., Prasanna, R. & Saxena, A. K. Deciphering the diversity of culturable thermotolerant bacteria 

from Manikaran hot springs. Ann. Microbiol. 64, 741–751 (2014).
	19.	 Nagar, S., Mittal, A. & Gupta, V. K. A Cost effective method for screening and isolation of xylan degrading bacteria using agro 

waste material. Asian J. Biol. Sci. 5, 384–394 (2012).
	20.	 Florencio, C., Couri, S. & Farinas, C. S. Correlation between agar plate screening and solid-state fermentation for the prediction 

of cellulase production by Trichoderma strains. Enzyme Res. 2012, e793708 (2012).
	21.	 Vaikundamoorthy, R., Rajendran, R., Selvaraju, A., Moorthy, K. & Perumal, S. Development of thermostable amylase enzyme from 

Bacillus cereus for potential antibiofilm activity. Bioorg. Chem. 77, 494–506 (2018).
	22.	 Kasana, R. C., Salwan, R., Dhar, H., Dutt, S. & Gulati, A. A rapid and easy method for the detection of microbial cellulases on agar 

plates using gram’s iodine. Curr. Microbiol. 57, 503–507 (2008).
	23.	 Anand, J., Ramamoorthy, K., Muthukumar, G. & Nagaraj, S. Production and partial purification of α-amylase producing Strepto‑

myces sp. SNAJSM6 isolated from seaweed Sargassum myriocystum J. Agardh. IJMS 48, 1245–1251 (2019).
	24.	 Das, K., Doley, R. & Mukherjee, A. K. Purification and biochemical characterization of a thermostable, alkaliphilic, extracellular 

alpha-amylase from Bacillus subtilis DM-03, a strain isolated from the traditional fermented food of India. Biotechnol. Appl. Bio‑
chem. 40, 291–298 (2004).

	25.	 Jachimska, B., Wasilewska, M. & Adamczyk, Z. Characterization of globular protein solutions by dynamic light scattering, elec-
trophoretic mobility, and viscosity measurements. Langmuir 24, 6866–6872 (2008).

	26.	 Teodor, E., Litescu, S.-C., Lazar, V. & Somoghi, R. Hydrogel-magnetic nanoparticles with immobilized l-asparaginase for biomedi-
cal applications. J. Mater. Sci. Mater. Med. 20, 1307–1314 (2009).

	27.	 Ashrafi, H. et al. Nanostructure L-asparaginase-fatty acid bioconjugate: Synthesis, preformulation study and biological assessment. 
Int. J. Biol. Macromol. 62, 180–187 (2013).

https://doi.org/10.1016/B978-0-12-821265-3.00011-6


11

Vol.:(0123456789)

Scientific Reports |        (2023) 13:14221  | https://doi.org/10.1038/s41598-023-41515-5

www.nature.com/scientificreports/

	28.	 Zhang, H., Takenaka, M. & Isobe, S. DSC and electrophoretic studies on soymilk protein denaturation. J. Therm. Anal. Calorim. 
75, 719–726 (2004).

	29.	 Gaur, R. & Tiwari, S. Isolation, production, purification and characterization of an organic-solvent-thermostable alkalophilic 
cellulase from Bacillus vallismortis RG-07. BMC Biotechnol. 15, 19 (2015).

	30.	 Debnath, T., Deb, S. & Das, S. K. Influence of geochemistry in the tropical hot springs on microbial community structure and 
function. Curr. Microbiol. 80, 4 (2022).

	31.	 Saxena, R. et al. Metagenomic analysis of hot springs in Central India reveals hydrocarbon degrading thermophiles and pathways 
essential for survival in extreme environments. Front. Microbiol. 7, 25 (2017).

	32.	 Najar, I. N., Sherpa, M. T., Das, S., Das, S. & Thakur, N. Microbial ecology of two hot springs of Sikkim: Predominate population 
and geochemistry. Sci. Total Environ. 637, 730–745 (2018).

	33.	 Panda, A. K. et al. Bacterial diversity analysis of Yumthang hot spring, North Sikkim, India by Illumina sequencing. Big Data Anal. 
2, 1–7 (2017).

	34.	 Samarasinghe, S. N., Wanigatunge, R. P. & Magana-Arachchi, D. N. Bacterial diversity in a Sri Lankan geothermal spring assessed 
by culture-dependent and culture-independent approaches. Curr. Microbiol. 78, 3439–3452 (2021).

	35.	 Muramatsu, S. et al. Neotabrizicola shimadae gen. nov., sp. nov., an aerobic anoxygenic phototrophic bacterium harbouring pho-
tosynthetic genes in the family Rhodobacteraceae, isolated from a terrestrial hot spring. Antonie Van Leeuwenhoek 115, 731–740 
(2022).

	36.	 Mashzhan, A., Javier-López, R., Kistaubayeva, A., Savitskaya, I. & Birkeland, N. K. Metagenomics and culture-based diversity 
analysis of the bacterial community in the Zharkent geothermal Spring in Kazakhstan. Curr. Microbiol. 78, 2926–2934 (2021).

	37.	 DeCastro, M.-E., Doane, M. P., Dinsdale, E. A., Rodríguez-Belmonte, E. & González-Siso, M.-I. Exploring the taxonomical and 
functional profile of As Burgas hot spring focusing on thermostable β-galactosidases. Sci. Rep. 11, 101 (2021).

	38.	 Ryan, M. P. & Adley, C. C. Sphingomonas paucimobilis: A persistent Gram-negative nosocomial infectious organism. J. Hosp. Infect. 
75, 153–157 (2010).

	39.	 Iljazovic, A. et al. Perturbation of the gut microbiome by Prevotella spp. enhances host susceptibility to mucosal inflammation. 
Mucosal Immunol. 14, 113–124 (2021).

	40.	 Neumann, A., Björck, L. & Frick, I.-M. Finegoldia magna, an anaerobic gram-positive bacterium of the normal human microbiota, 
induces inflammation by activating neutrophils. Front. Microbiol. 11, 65 (2020).

	41.	 Thurnheer, T., Karygianni, L., Flury, M. & Belibasakis, G. N. Fusobacterium species and subspecies differentially affect the com-
position and architecture of supra- and subgingival biofilms models. Front. Microbiol. 10, 25 (2019).

	42.	 Soy, S., Nigam, V. K. & Sharma, S. R. Enhanced production and biochemical characterization of a thermostable amylase from 
thermophilic bacterium Geobacillus icigianus BITSNS038. J. Taibah Univ. Sci. 15, 730–745 (2021).

	43.	 Ahmad, R., Khatoon, N. & Sardar, M. Biosynthesis, characterization and application of TiO2 nanoparticles in biocatalysis and 
protein folding. J. Proteins Proteom. 4, 115–121 (2013).

	44.	 Mohsen Dehnavi, S., Pazuki, G. & Vossoughi, M. PEGylated silica-enzyme nanoconjugates: A new frontier in large scale separation 
of α-amylase. Sci. Rep. 5, 18221 (2015).

	45.	 Lee, J. et al. Bacillus licheniformis α-amylase: Structural feature in a biomimetic solution and structural changes in extrinsic condi-
tions. Int. J. Biol. Macromol. 127, 286–296 (2019).

	46.	 Weber, C., Kreuter, J. & Langer, K. Desolvation process and surface characteristics of HSA-nanoparticles. Int. J. Pharm. 196, 197–200 
(2000).

	47.	 Sochava, I. V., Belopolskaya, T. V. & Smirnova, O. I. DSC study of reversible and irreversible thermal denaturation of concertrated 
globular protein solutions. Biophys. Chem. 22, 323–336 (1985).

	48.	 Shuping, Z., Yulong, W., Mingde, Y., Chun, L. & Junmao, T. Pyrolysis characteristics and kinetics of the marine microalgae 
Dunaliella tertiolecta using thermogravimetric analyzer. Bioresour. Technol. 101, 359–365 (2010).

	49.	 Ricci, L. et al. On the thermal behavior of protein isolated from different legumes investigated by DSC and TGA. J. Sci. Food Agric. 
98, 5368–5377 (2018).

	50.	 Hussein, E. I. et al. Exploring the microbial diversity in Jordanian hot springs by comparative metagenomic analysis. Microbiol. 
Open 6, e00521 (2017).

	51.	 Turner, P., Mamo, G. & Karlsson, E. N. Potential and utilization of thermophiles and thermostable enzymes in biorefining. Microb. 
Cell Fact. 6, 9 (2007).

	52.	 Bakker, R. R. C., Elbersen, H. W., Poppens, R. P. & Lesschen, J. P. Rice straw and wheat straw-potential feedstocks for the biobased 
economy. NL Agency (2013). https://​libra​ry.​wur.​nl/​WebQu​ery/​wurpu​bs/​448025 (2013).

Acknowledgements
Snehi Soy is supported by the DBT-JRF fellowship sponsored by the Department of Biotechnology, Government 
of India. The Fellow No. is (DBT/2017/IBIT-R/771). Usha Lakra is financially supported by NFST (National Fel-
lowship for Schedule Tribe for Higher Education) funded by the ministry of tribal affairs. The authors are also 
sincerely thankful for the technical assistance of Central Instrumentation Facility, Birla Institute of Technology, 
Mesra and Centyle Biotech Pvt. Ltd. for the microbial diversity analysis. Also, the authors would like to sincerely 
thank Er. Chandan Kumar for his assistance in sampling from hot springs.

Author contributions
S.S.: conceptualized the study, designed the sampling protocols and timelines, development of sampling strategy 
and management of records, collected and processed samples, wrote manuscript; U.L.: assisted development of 
sampling strategy and management of records, wrote manuscript—introduction; P.P.: conceptualized the study, 
wrote manuscript, review and editing; P.S.: analysis, supervised and proofread the manuscript; V.K.N.: supervised 
and proofread the manuscript S.R.S.: supervised and proofread the manuscript. N.B.: amplicon sequencing data 
analysis, wrote manuscript, review and editing. All authors read and approved the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​023-​41515-5.

Correspondence and requests for materials should be addressed to S.R.S.

https://library.wur.nl/WebQuery/wurpubs/448025
https://doi.org/10.1038/s41598-023-41515-5
https://doi.org/10.1038/s41598-023-41515-5


12

Vol:.(1234567890)

Scientific Reports |        (2023) 13:14221  | https://doi.org/10.1038/s41598-023-41515-5

www.nature.com/scientificreports/

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Exploring microbial diversity in hot springs of Surajkund, India through 16S rRNA analysis and thermozyme characterization from endogenous isolates
	Experimental methods
	Sample collection, characterization and analysis of environmental factors. 
	Microbial diversity analysis. 
	DNA extraction. 
	V3–V4 hyper-variable regions PCR amplification and sequencing. 
	Downstream bioinformatics analysis. 

	Culture dependent studies. 
	Isolation of thermotolerant and thermophilic bacteria. 
	Primary screening of amylase, xylanase and, cellulase producing thermophilic bacterial isolates. 
	Xylanolytic activity. 
	Amylolytic activity. 
	Cellulolytic activity. 


	Partial purification and molecular weight determination of amylase from Geobacillus icigianus (BITSNS038). 
	Ultrafiltration. 

	Characterization of partially purified amylase. 
	UPLC analysis of partially purified amylase. 
	DLS-ZP analysis of partially purified amylase. 
	TGA analysis of partially purified amylase. 

	Application of G. icigianus on different lignocellulosic agricultural wastes for the production of amylase. 

	Results and discussion
	Primary screening of amylolytic, xylanolytic and cellulolytic thermophilic bacteria. 
	Microbial diversity of the hot springs of Suraj kund in Jharkhand, India. 
	Characterization of partially purified amylase. 
	UPLC analysis of partially purified amylase. 
	DLS-ZP analysis of partially purified amylase. 
	Thermogravimetric analysis. 
	Application of G. icigianus on different lignocellulosic agricultural wastes for the production of amylase. 


	Conclusion
	References
	Acknowledgements


