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This study is aimed at isolating and identifying a thermophilic cellulolytic bacterium from hot spring water and characterizing
thermostable cellulase produced by the isolate. Enrichment and culture of water sample was used for isolation of bacterial
strains and an isolate with highest cellulase activity was chosen for the production, partial purification, and biochemical
characterization of the enzyme. Different staining techniques, enzymatic tests, and 16s ribosomal DNA (16s rDNA) gene
sequencing were used for the identification of the isolate. The cellulase producing isolate was Gram positive, motile, and
sporulated rod-shaped bacterium growing optimally between 55°C and 65°C. Based on partial 16s rDNA sequence analysis, the
isolate was identified as Geobacillus sp. and was designated as Geobacillus sp. KP43. The cellulase enzyme production condition
was optimized, and the product was partially purified and biochemically characterized. Optimum cellulase production was
observed in 1% carboxymethyl cellulose (CMC) at 55°C. The molecular weight of the enzyme was found to be approximately
66 kDa on 12% SDS-PAGE analysis. Biochemical characterization of partially purified enzyme revealed the temperature
optimum of 70°C and activity over a wide pH range. Further, cellulase activity was markedly stimulated by metal ion Fe2+.

Apart from cellulases, the isolate also depicted good xylanase, cellobiase, and amylase activities. Thermophilic growth with a
variety of extracellular enzyme activities at elevated temperature as well as in a wide pH range showed that the isolated
bacteria, Geobacillus sp. KP43, can withstand the harsh environmental condition, which makes this organism suitable for
enzyme production for various biotechnological and industrial applications.

1. Introduction

Microbial life does not seem to be limited to specific environ-
ments as microbial communities can be found in most diverse
conditions including extreme temperature, pressure, pH, and
salinity, which are referred as extremophiles [1, 2]. Survival of
microorganisms in extreme environments requires the produc-
tion of enzymes that function under those conditions. Realizing

this fact, industries have been fueling research on novel
enzymes from extremophiles including thermophiles to use
them as catalysts [3]. Thermophiles are group of microorgan-
isms that grow at a temperature between 55°C and 85°C [4].
Thermostable enzymes, such as α-amylase, cellulase, α-glucosi-
dase, α-galactosidase, β-glucosidase, β-galactosidase, protease,
pullulanase, and xylanase, can be obtained from thermophilic
organisms [5]. Thermostable enzymes are much advantageous
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to industrial processes because of accelerating reaction rate,
improving substrate solubility, ameliorating solvent miscibility,
and lessening the risk of contamination of a system at a high
temperature [6]. So, thermophilic organisms have received
the attentionmostly due to the stability of their enzymes at ele-
vated temperatures, which is often required in biotechnologi-
cal processes.

With increased industrialization combined with the
fact that cellulose is the most abundant renewable raw
material and energy source, cellulases have found a wide
range of application in numerous industries such as agri-
culture, pulp and paper, textile, food and beverage, animal
feed, and detergent and also in bioconversion of cellulosic
material into solvents such as ethanol [7]. Extensive use of
fossil fuels and resulting CO2 accumulation is a major
cause of global warming [8]. This situation forced many
countries in the world to explore new possibilities for bio-
gas, bioethanol, biodiesel, and fuel cell production from
renewable resources [9]. Ethanol blended fuel in automo-
biles significantly reduces petroleum use and greenhouse
gas emission [10].

Hydrolysis of cellulose present in lignocellulosic bio-
mass to produce reducing sugars and their subsequent fer-
mentation are essential steps for production of ethanol.
This conversion of cellulose to sugars occurs more rapidly
at elevated temperatures as cellulose swells at these tem-
peratures facilitating rapid degradation [11]. This high-
lights that thermostability is a major requirement for
efficient hydrolysis of cellulose by cellulases. Known cellu-
lases from nature cannot function at temperatures higher
than about 50°C [11] at which bioconversion is slow with
higher risk of contamination. Since thermostable enzymes
last longer at higher temperatures, this translates to more
cellulose being broken down thereby reducing the cost of
production. Consequently, there is an increasing demand
for stable, highly active, and specific cellulases at a mini-
mal cost [12].

This study targets hot springs for bioprospecting ther-
mophilic bacteria as they make a potential source of extre-
mophiles [13]. Although more than 28 hot springs are
reported in Nepal [14], their microbial diversity and hence
the biotechnological potential of those microbes await explo-
ration in detail [15]. Research on microbes with bioconver-
sion potential is of more importance in countries like
Nepal, where agriculture-based industries generate tons of
lignocellulosic waste, but these resources are not being uti-
lized efficiently. Utilization of such resources for production
of renewable energy (bioethanol) has dual advantages for
Nepal: (i) reduced import of fossil fuels and (ii) economical
management of agricultural wastes. Moreover, every little
step taken to produce bioethanol economically might slowly
discourage the massive dependence on fossil fuels making
the world healthier place for living by stepping toward
renewable energy production era. Realizing this fact, the
present study is aimed at characterizing extracellular ther-
mophilic cellulase produced by Geobacillus sp. KP43. To
our knowledge, this is the first report describing the produc-
tion of thermoalkalophilic cellulase by Geobacillus sp. KP43
isolated from Kharpani hot spring.

2. Materials and Methods

2.1. Sample Collection. Water sample was collected in a ster-
ile plastic bottle from “Kharpani hot spring” (altitude
1238m, latitude 28°21′39:9″ N and longitude 83°57′37:5″
E) located on the bank of the Seti river, 21 km north from
Pokhara, Nepal. The temperature and pH of the spring were
noted to be 69.5°C and 6.19, respectively. The sterile collec-
tion bottle was filled with pooled water sample from three
different locations of the spring close to the center, capped
tightly, and transported to the laboratory of Nepal Academy
of Science and Technology (NAST), Kathmandu, Nepal.

2.2. Isolation of Bacterial Strains. A total of 44 bacterial
strains were isolated by enrichment of the water sample on
Nutrient Broth (NB) at 60°C followed by subculture to
Nutrient Agar (NA) plates. Each distinct and isolated colony
was transferred to fresh agar plates repeatedly to ensure
purity of the isolate. Each isolate was preserved as a glycerol
stock at -80°C for future use.

2.3. Screening of Isolates for Extracellular Enzyme
Production. Cellulase enzyme was screened by growing the
isolates for 24 hours at 60°C in a basal cellulose agar medium
containing 2% agar, different salts, and 0.5% carboxymethyl
cellulose (CMC) as only carbon source [16]. The cellulolytic
ability of each isolate was screened by flooding the plates
with Lugol’s iodine [17] and also by sequential flooding of
1% Congo red and 1M NaCl [18]. The ability of the isolate
to hydrolyze substrates other than cellulose (xylan, starch,
casein, tributyrin, and lignin) was also tested by agar diffu-
sion method [19]. Among cellulase-positive isolates, an iso-
late with the highest cellulase activity (one with the largest
halo-zone around the colony on flooding with both
reagents) was selected for further processing.

2.4. Identification of the Isolate. Both phenotypic and molec-
ular techniques were used for identification of the isolate.
Phenotypic (morphological, cultural, and biochemical) tests
were performed using standard techniques [20]. For the
molecular identification, DNA was extracted through the
lysis method [21]. The 16s rDNA was amplified using (fD1)
5′ AGAGTTTGATCCTGGCTCAG 3′ forward primer and
(rP2) 5′ ACGGCTACCTTGTTACGACTT 3′ reverse primer,
respectively [22].

The PCR product from 16s rDNA-based PCR was
cleaned using a QIA quick PCR purification kit (Qiagen
Inc., San Diego, CA, USA) and sequenced in an ABI 3500
XL automatic DNA sequencer following amplification in
one direction with 16S primers using the BigDye Terminator
Cycle Sequencing kit (Applied Biosystems, Inc., Palo Alto,
CA, USA). The sequence similarity search was carried out
using the BLAST program of the National Center of Bio-
technology Information (NCBI). Closely related sequences
were aligned in Mega X, and phylogenetic tree was con-
structed by a neighbor joining method with 100 bootstrap
replications [23]. The 16s rDNA sequence can be retrieved
from NCBI with GenBank accession number KY744361.1.
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2.5. Production of Crude Enzyme. Production of cellulase was
carried out in a basal medium containing CMC as a sole car-
bon source. The composition of medium was 10g/L CMC,
2 g/L tryptone, 4 g/L KH2PO4, 4 g/L Na2HPO4, 0.2 g/L
MgSO4.7H2O, 0.001 g/L CaCl2·2H2O, 0.004 g/L FeSO4·7H2O,
and pH7.0 [24]. Inoculated production medium was cultured
at 60°C and 100 rpm for 24 hours, the culture broth was sub-
sequently centrifuged at 5000 rpm at 4°C for 10min, and the
supernatant obtained was used as crude enzyme.

2.6. Cellulase Assay. Cellulase activity was determined based
on concentration of reducing sugar produced during enzy-
matic reaction using 3′5 ′dinitro-salicylic acid (DNS) method
[25]. Crude enzyme extract, 500μL, was mixed with 500μL
substrate (1% CMC prepared in 50mM sodium acetate buffer
pH5.0) [26] and incubated in a water bath at 60°C for 30min
followed by addition of 1mL DNS reagent, boiled for 5min
and cooled. The absorbance was taken at 540nm in UV spec-
trophotometer (6715 UV/Vis Spectrophotometer JENWAY).
The supernatant from uninoculated media was used as the
control. A standard curve was simultaneously drawn for esti-
mating reducing sugars with glucose standards. The enzyme
activity was expressed as enzyme units per mL (U/mL). One
enzyme unit (U) was defined as the amount of enzyme that
produced 1μmol of reducing sugar measured as glucose per
mL per minute under assay conditions and the specific
enzyme activity was measured as follows: specific enzyme
activity = enzyme ðU/mLÞ/protein concentration ðmg/mLÞ
[27]. The protein content of the enzyme samples was deter-
mined using Bradford assay following micro assay protocol
using bovine serum albumin (BSA) as standard protein [28].

2.7. Optimization of Cellulase Production. Effect of various
parameters like temperature, pH, media components, and
other growth conditions was assessed for the optimum pro-
duction of cellulase. During each optimization step, the pre-
vious optimum parameter obtained was used on the
subsequent optimization of next parameter and optical den-
sity (OD) of the culture was measured at 600 nm to assess
the growth of the organism. All the experiments were per-
formed in triplicate.

2.7.1. Temperature and Incubation Time. Four sets of flasks,
each set having four pairs of flasks containing 50mL cellu-
lase production medium (an inoculated test flask and a con-
trol in each pair), were prepared, and each set was incubated
at a temperature interval of 5°C from 50 to 65°C in shaking
incubators at a speed of 100 rpm. From each set, a pair of
flasks (one inoculated and one control) was taken out for
measuring enzyme activity by DNS assay at 16, 20, 24, and
40 hours of incubation [29].

2.7.2. pH. For the optimization of pH, different sets of media
each containing test flasks and a control flask having a range
of pH from 5.5 to 8.0 with 0.5 pH unit interval were pre-
pared. The pH of each media was maintained with drop-
wise addition of 1N HCl and 1N NaOH as required. Inocu-
lum (0.1%) was added to each set of test flasks under sterile
condition, and the flasks along with controls were incubated
in a shaking incubator (Major Science, Taiwan) at 100 rpm

for the optimum incubation time. DNS assay was performed
to determine the optimum pH for maximum cellulase pro-
duction [29, 30].

2.7.3. N-Source and C-Source. Various organic nitrogen
sources: yeast extract (YE), malt extract (ME), peptone, tryp-
tone, and urea at the concentration of 0.2%, were used in the
enzyme production media with previous parameters opti-
mized. Further, the effect of various concentration of YE
(0.02%-0.5%) on optimum production of enzyme was also
determined [29]. Similarly, three different carbon sources:
CMC, avicel, and cellobiose, in 1% concentration were
incorporated in production media to determine the opti-
mum production of enzyme. Again, to determine the opti-
mum CMC concentration for maximum enzyme
production, a range of CMC concentrations (0.5% to 2%
with 0.5% interval) was used, and enzyme activity was mea-
sured using DNS assay [30].

2.8. Partial Purification of Crude Enzyme. All optimized
parameters were applied in enzyme fermentation culture,
and the crude enzyme was harvested from the culture broth
as mentioned above. Crude enzyme thus obtained was sub-
jected to salt precipitation (80% saturation of ammonium
sulphate) and centrifuged at 16,000 g for 12min. Resulting
precipitate was dissolved in minimum amount of 50mM
Tris pH7.0. The enzyme was then dialyzed (6-8 kDa size
exclusion, SpectraPor, India) against the same buffer for 30
hours with 5 buffer changes during that interval [31]. Next,
dialyzed enzyme was further purified on Sephadex G-75 col-
umn using 50mM NaCl as the solvent front [32]. Thirty
fractions of 1mL were collected at a flow rate of 0.4mL/
min. Eluted fractions were monitored for protein concentra-
tion at 280nm and were assayed for enzyme activity. Frac-
tions with high protein concentration and enzyme activity
were pooled together and salt precipitated at 80% saturation.
The precipitate was collected by centrifugation at 10,000 g
and 4°C for 12min, and it was redissolved in minimum
amount of 50mM Tris pH7.0 and dialyzed against the same
buffer as earlier. The concentrated enzyme thus obtained
was stored at -20°C for further analysis. The specific activity
of enzyme at each purification step was calculated using
DNS and Bradford assays.

2.9. SDS-PAGE and Molecular Weight Determination. The
molecular weight (MW) of the cellulase and the degree of
purification were determined using Sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE).
Enzyme samples (20μL each) were denatured by heating
with loading dye (1×final concentration) for 5min at
95°C. The samples were cooled, loaded into 12% SDS PAGE
gel along with broad range (6.5-116 kDa) protein marker
(BIONEER, USA), and subsequently stained with Coomassie
blue for visualization [33].

2.10. Characterization of Cellulase. The partially purified
enzyme was used for biochemical characterization. Effect
of different physicochemical parameters on enzyme activity
was determined. To determine the effect of temperature/
thermostability of the enzyme, 500μL aliquots of enzyme
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were incubated for an hour at 50, 60, 70, and 80°C. After
incubation, 500μL substrate (1% CMC prepared in sodium
acetate buffer of pH5.0) was added to each tube, and the
residual enzyme activity was measured using DNS assay. A
reaction mixture without enzyme was used as a control.
The effect of incubation time was determined by incubating
the enzyme substrate mixture for 30, 60, 90, and 120min
followed by DNS assay. Similarly, the effect of pH on
enzyme activity was determined by mixing 500μL of the
enzyme with 500μL substrate prepared on buffers of various
pH (1% CMC prepared in 50mM CH3COOH-CH3COONa
(pH4.0-5.0), 50mM Na2HPO4-NaH2PO4 (pH6.0–pH8.0)
and 50mM Glycine-NaOH (pH9.0-11.0)) [34] followed by
DNS assay. Finally, the effect of substrate concentration on
enzyme activity was determined by mixing 500μL of the
enzyme with 500μL of the substrate (CMC) of various con-
centrations (0.3%, 0.5%, 0.8%, 1%, 1.3%, 1.6%, and 2%) pre-
pared on 50mMNa2HPO4-NaH2PO4 buffer pH6.0 followed
by DNS assay.

Determining the effect of various metal ions involved the
addition of various salt solutions (100mM) prepared in
50mM sodium phosphate buffer pH6.0 to a final concentra-
tion of 10mM to the reaction mixture followed by measure-
ment of the amount of glucose produced in each case.
Reaction mixture without any additive served as control.
Different salts (additives) used were NaCl, FeSO4, MgSO4,
CaCl2, ZnSO4, CoCl2, EDTA, Pb3O4, and CuSO4 [31].
Finally, the activity of enzyme on various substrates was
measured by DNS assay of mixtures of enzyme with various
substrates (CMC, avicel, cellobiose, xylan, and starch) pre-
pared in optimum concentration (0.8%) and pH6 [31].

2.11. Statistical Analysis. Statistical analysis was performed
in Excel for mac Version 16.50. Error bars represent the
standard error of the mean (SEM) calculated using the mean
of the triplicate measurements and their standard deviation
(SD). T-statistic was calculated, where applicable, using a
two tailed t-test for unpaired sample assuming equal vari-
ance, and p value is represented as nonsignificant or “ns”
for p > 0:05 and by the number of asterisks for significant
results at significance level of p < 0:05 as indicated in the fig-
ure legend.

3. Results

3.1. Screening of Isolates for Extracellular Enzyme
Production. Hot springs are one of the major sources for
thermostable enzyme producing microorganisms. In Nepal,
there are many hot springs which have fairly been explored
for their microbial diversity and extracellular enzymes pro-
duced by those microorganisms. In this study, forty-four
bacterial clones isolated from Kharpani hot spring water
were first screened for cellulase activity. Out of forty-four
isolates, KP43 was found to be a potent cellulose degrader
with highest zone of hydrolysis by cell free culture filtrate.
Thus, the isolate was selected for subsequent screening of
other extracellular enzyme activities. Apart from cellulase,
the isolate KP43 also showed xylanase, pectinase, caseinase,
amylase, and lipase activities on agar plates incorporated

with respective substrates, i.e., xylan, pectin, casein, starch,
and tributyrin.

3.2. Identification of the Isolate KP43. The isolate was charac-
terized by morphological observation, biochemical tests, and
genetic analysis. The colony morphology characteristics
were examined on 48h culture on nutrient agar. The isolate
was Gram positive (Figure 1(a)), motile, catalase, and
oxidase-positive and endospore-producing bacillus. It was
able to grow well within temperature range of 35-75°C with
optimum growth observed at 60°C (Figure 1(b)). No growth
was observed below 35°C and above 75°C. The phenotypic
properties of the isolate KP43 are shown in Table 1.

Approximately 1.5 kb 16s rDNA was amplified from
genomic DNA of isolate KP43 (Figure 1(c)) and sequenced.
Similarity search of partial 16s rDNA gene sequence by
BLAST showed maximum identity (99.93%) with strains of
Geobacillus kaustophilus and Geobacillus thermoleovorans
followed by those of Geobacillus thermoparaffinivorans and
the genus Bacillus. A phylogenetic analysis was conducted
in MEGA X. A phylogenetic tree constructed using 16s
rDNA sequence demonstrated that the strain KP43 formed
a cluster with Geobacillus kaustophilus NBRC 10224
(Figure 1(d)). The analysis involved six 16s rDNA nucleotide
sequences of the different Bacillus species, obtained from
NCBI GenBank (accession numbers shown in parenthesis).
There were a total of 1305 positions in the final dataset.
Based on these results and its phenotypic characteristics,
the isolate was designated as Geobacillus sp. KP43. The par-
tial 16s rDNA sequence of the isolate has been deposited in
GenBank with accession number KY744361.1.

3.3. Enzyme Assays

3.3.1. Optimization of Fermentation Condition for Cellulase
Production. Different parameters affect the production of
cellulase enzyme by microorganisms. The optimal fermen-
tation condition for cellulase production was estimated by
growing the bacterial isolate in the culture medium by
varying the different parameters. The cellulase production
was highly enhanced when CMC and yeast extract were
used as carbon (Figure 2(a)) and nitrogen (Figure 2(b))
source, respectively.

The optimum cellulase activity was observed when the
isolate was cultured in the medium having pH6.5
(Figure 2(c)) supplemented with 0.04% yeast extract as N-
source (Figure 2(d)) and 1% CMC as C-source
(Figure 2(e)) at 55°C for 18 hours (Figure 2(f)). The enzyme
production was slightly increased with the increase of
CMC concentration from 0.5% to 1% and declined sharply
thereafter (Figure 2(e)). Similar trend was observed for
optimization of yeast extract concentration although the
decrease in activity was not as sharp after 0.04% of YE
as observed for CMC (Figure 2(d)).

3.3.2. Partial Purification of Crude Enzyme. For the purifica-
tion of cell free supernatant of Geobacillus sp. KP43 isolate,
the crude enzyme was precipitated at 80% ammonium sul-
phate saturation which was then dialyzed with 50mM phos-
phate buffer followed by Sephadex column chromatography.
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Figure 1: Characterization of the isolate Geobacillus sp. KP43. (a) Gram staining of the organism (Gram-positive long rods). (b) Growth
curve of the organism over a temperature range of 35 to 80°C shows optimum growth at 60°C. (c) 16s rDNA amplification showing an
amplicon of ~1.5 kb (lane 1; L: DNA ladder). (d) Phylogenetic relation of Geobacillus sp. KP43 with different bacilli from the NCBI
Genebank database based on 16s rDNA gene sequence. The gene bank accession numbers of respective strains are given in parentheses.
The tree diagram was generated by the neighbor joining method using Mega X.

Table 1: Morphological and physiological properties of isolate KP43.

Tests Results

Gram staining Gram-positive thin rods

Shape Thin rod

Catalase test Catalase positive

Oxidase test Oxidase positive

Motility test Motile

Growth range (temperature) Growth seen between 35 and 75°C

Optimum temperature 60°C

Capsule staining Noncapsulated

Spore staining Spore bearer with terminal endospore in nonswollen sporangia
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Figure 2: Effect of various parameters on growth and cellulase enzyme production by isolate Geobacillus sp. KP43. Effects of Carbon source
(a), nitrogen source (b), pH (c), yeast extract (YE) concentration (d), CMC concentration (e), and incubation time and temperature (f) are
shown. Error bars represent the mean ± SEM of respective triplicate measurements [SEM: standard error of the mean].
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The protein concentration of crude enzyme, dialyzed prod-
uct, and column purified enzyme was determined using
Bradford assay.

Specific activity of enzyme was determined to be 0.186U/
mg, 0.19U/mg, and 0.467U/mg, respectively (Table 2). The
molecular weight of the enzyme was found to be approxi-
mately 66kDa as observed on 12% SDS-PAGE (Figure 3).

3.3.3. Biochemical Characterization of Enzyme. Partially
purified enzyme was used for its biochemical characteriza-
tion, in which the optimum conditions of temperature, pH,
duration of incubation with substrate, type and concentra-
tion of substrate, and the effect of various metal ions on
enzyme activity were determined. The results obtained are
presented in Figure 4.

The optimum incubation time for enzyme-substrate mix
at 60°C was found to be 1 hour (Figure 4(a)), and the pH for
the utmost activity of the partially purified enzyme was
found to be 7 (Figure 4(c)). Cellulase from Geobacillus sp.
KP43 exhibited its stability more than 50% within the pH
range of 5 to 11 (Figure 4(c)), and maximal residual activity
was observed at 70°C (Figure 4(b)) demonstrating its broad
pH tolerance and excellent thermostability. The maximum
residual activity at 70°C also indicates that the partially puri-
fied enzyme has optimum activity at this temperature.
Beyond this temperature range, the activity/stability of the
enzyme decreased sharply dipping close to 20% of maximal
activity at 80°C. Regarding the substrate specificity, CMC
was found to be the best substrate among other substrates
like avicel, cellobiose, starch, and xylan for the partially puri-
fied enzyme, which showed its utmost activity at 0.8% CMC
concentration (Figures 4(d) and 4(e)). Similarly, 10mM con-
centration of different salts showed varied effects on partially

purified cellulase activity (Figure 4(f)). The metal ion Fe2+

highly stimulated the cellulase activity by nearly fourfold
while Na+ and Co2+ had no effect on the enzyme activity.
Among the different salts tested, cellulase activity was almost
completely inhibited by EDTA and Cu2+ ions and moder-
ately, yet significantly (t-test), by rest of the ions such as
Zn2+, Ca2+, Mg2+, and Pb3+ (Figure 4(f)).

4. Discussion

The cellulolytic microorganisms such as Trichoderma,
Aspergillus, Pellicularia, Penicillium, Acremonium, and
Humicola obtained from diverse environment were heat-
sensitive [35]. Therefore, the hot spring water sample was
chosen with the hope of isolating thermophiles that produce
the thermostable cellulase. Among the cellulase positive iso-
lates, one with the highest cellulase activity (ratio of zone
diameter to colony diameter of 4.2) was selected for further
processing. An isolate with colony or crude enzyme halo
produced on a substrate that exceeds the colony diameter
or well diameter by a factor of two or more are regarded as
a polysaccharide-degrading enzyme producer [36].

Phenotypic tests give the preliminary idea of bacterial
identity, but the information from 16s rDNA genotyping
enables almost complete identification. The 16s rDNA
has hypervariable regions where the sequences are
diverged over evolutionary time [37]. However, conserved
intervening regions enable primer binding and amplifica-
tion of those hypervariable regions. The NCBI BLAST of
partial 16s rDNA sequence produced the highest number
of hits matching to Geobacillus kaustophilus, Geobacillus
thermoleovorans, and other Geobacillus species. However,
Ng et al. reported that the annotations of complete
genome sequence of Geobacillus kaustophilus did not pre-
dict any cellulase homologous suggesting the isolate is
more likely to be Geobacillus thermoleovorans [38]. Cellu-
lolytic activity of Geobacillus thermoleovorans (strain T4)
was reported earlier [39]. Furthermore, this species of Geo-
bacillus was reported to be a sporing bacterium with ter-
minal or subterminal endospores, catalase, and oxidase
positive and having optimum growth temperature of
60°C and pH6.0 to 7.0 [39, 40], in complete agreement
with the results of this study. However, the taxonomy of
Geobacillus is complicated [41], and further identification
to confirm the species of the strain KP43 requires other
elucidations such as fatty acid compositions, DNA-DNA
hybridization kinetics, and morphology and physiology
evaluations [38]. Hence, the isolate was simply designated
as Geobacillus sp. KP43.

Additionally, other extracellular enzyme activities of the
isolate agree with previous studies, which reported amylase,

Table 2: Activity of cellulase enzyme at different purification steps.

Enzyme Activity (U/mL) Protein content (mg/mL) Specific activity (U/mg) Purification fold

Crude 0.010 0.051 0.186 1

Salt precipitated and dialyzed 0.024 0.128 0.190 1.021

Column purified 0.026 0.055 0.467 2.488

1 M 3 4 5

116

97.4

66

45
29

20.1

14.4
6.5

2

Figure 3: SDS-PAGE of cellulase enzyme extracted from
Geobacillus sp. strain KP43 (1 = cell pellet, 2 = crude enzyme,
3 = precipitated enzyme, 4 = dialyzed product, 5 = column purified
enzyme, and M=protein marker).
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Figure 4: Effect of incubation time (a), temperature (b), pH (c), substrates (d), CMC concentration (e), and different salts at 10 nM (f) on
cellulase activity. Error bars represent mean ± SEM from respective triplicate measurements. Effect of different salts (f) is tested against
control (no salt condition) using a two-tailed t-test, and the p value is represented as “asterisk(s)” or “ns” above the respective bars
[nsp > 0:05 (nonsignificant), ∗p < 0:05, ∗∗p < 0:01, ∗∗∗p < 0:001,and∗∗∗∗p < 0:0001; SEM: standard error of the mean].
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caseinase, and lipase activity on Geobacillus thermoleovorans
[42, 43]. Although some studies have reported the absence of
complete cellulase system in bacteria of Bacillus genus with
their activity primarily focused on CMC and none on avicel
[27, 44], isolate in this study seems to have moderate activi-
ties against CMC, avicel, and cellobiose. Nonetheless, exo-
glucanase activity (on avicel) in certain bacilli has been
reported earlier [45]. Since the bacterium grows well in ther-
mophilic range, the extracellular enzymes produced by it are
thermotolerant with potentials to be used in harsh industrial
settings. This suggests the isolate to be a good source of vari-
ety of enzymes of industrial importance.

Optimization of cellulase production indicated that a
medium containing 1% CMC, 0.04% yeast extract and
pH6.5 was optimal for cellulase production at 55°C for 18
hours. Although optimizing a parameter at once, as used
in this study, has long been used in the field, modern statis-
tical/mathematical techniques that allow the simultaneous
determination of the effect of multiple independent parame-
ters on enzymatic saccharification are being increasingly
used for optimization of bioprocesses recently. In this
regard, response surface methodology (RSM) has widely
been used for optimization of fermentation medium for
maximum saccharification using microbes derived from var-
ious sources [46–51]. However, artificial neural network
(ANN) using Box-Behnken design was reported to be some-
what superior to RSM for optimization of wheat straw sac-
charification by Trichoderma viride [52].

Following enzyme production, its purification steps such
as salt precipitation, dialysis, and Sephadex G-75 column
chromatography were carried out to make the characteriza-
tion of enzyme more reliable. The specific activity of the
enzyme increased in each purification step as expected,
which might be reflecting the loss of an unwanted fraction
of crude enzyme at each step. Indeed, the purification pro-
cess ensured the higher purity of the enzyme in subsequent
steps as indicated by its improved specific activity. This
trend is in agreement with similar studies on Bacillus subtilis
[31] and Bacillus licheniformis [27]. The 12% SDS-PAGE
analysis revealed a prominent band of size approximately
66 kDa, which falls within a range of molecular mass of cel-
lulase 31 to 94 kDa reported previously [53]. However, the
size of endoglucanase “CelA” in Geobacillus sp. 70PC53
was reported as 43 kDa [38], and that of Cellulomonas sp.
and Bacillus megaterium was reported to be approximately
53.55 kDa [54, 55].

While determining the activity and stability of enzyme at
different temperature, the residual activity of enzyme after
incubation for an hour at different temperatures was found
highest at 70°C, which is in complete agreement with the
previously reported optimal temperatures for cellulase from
Geobacillus strain [56] and Geobacillus thermoleovorans T4
[39]. Moreover, cellulase from Geobacillus thermoleovorans
T4 was stable for an hour at 70°C with more than 90% of
activity retained [39] and endoglucanse from Geobacillus
sp. 70PC53 was stable for 6 hours at 65°C [38]. Similarly,
the optimum incubation time with substrate was found to
be 1 hour, which indicates that an hour is the optimum time
for formation of maximum enzyme-substrate complexes

under the reaction conditions, which might vary under dif-
ferent settings.

The optimum pH for the enzyme activity was found to
be 7.0, though the enzyme activity was comparable in pH
range of 5.0 to 9.0. This was also reflected in the plate
assay using Dingle’s cup technique [57] with largest halo-
zone at pH6.5 in comparison to the halozone at pH6.0 or
7.0 (data not shown). However, the optimum pH for
endoglucanse [38] and cellulase [56] from Geobacillus sp.
was reported to be 5.0. Indeed, the enzyme seems to be
affected less by pH as it remained active over a pH range
of 5.0 to 11.0 and maintained the similar level of activity
between pH5.0 to 9.0. Ng and colleagues also reported
that endoglucanse from Geobacillus sp. 70PC53 was stable
for up to 16 hours at pH range of 5.0 to 9.0, with loss of
only 20% enzyme activity [38].

Metal ion Fe2+ seems to stimulate the enzyme activity
remarkably at 10mM final concentration with 345%
increase over the control. Different metal ions added with
purified enzyme may act as cofactors or as inhibitors. This
seems to be dependent on the concentration of metal ions
used as suggested by reports [38, 58]. The inhibitory effect
of Cu2+ and Zn2+ at this concentration was also reported
elsewhere [38]. Similarly, activity of cellulase from Geobacil-
lus sp. PW11 and PW13 was reported to be increased by 2.5
and 2.4 folds, respectively, in the presence of 10mM Fe2+ as
reported here. However, other divalent cations—Ca2+, Mg2+,

Zn2+, and Hg2+—were reported to have no effect unlike in
this study [59].

The activity of enzyme tested with different substrates
showed the highest activity against CMC, followed by starch,
xylan, and cellobiose with the least activity against avicel.
This tells us that the organism is potent in terms of enzyme
production and agrees with preliminary extracellular
enzyme screening results. The presence of all three enzyme
specificities, i.e., endoglucanse, exoglucanase, and cellobiase,
suggests the presence of complete cellulase enzyme system in
Geobacillus sp. KP43 unlike in other members of genus
Bacillus as reported earlier [27, 44]. Regarding substrates,
many studies frequently use raw (ligno-)cellulosic substrates
as C-source instead of synthetic substrates, which can be
preferable in the sense that these raw substrates are more
representative of the inherent complexity of natural lignocel-
lulosic materials. For instance, five species of Bacillus and
Pseudomonas stutzeri showed maximum cellulase produc-
tion using eucalyptus leaves as C-source among others such
as corncob, sugarcane bagasse, rice husk, wheat straw, and
seed pod of Bombax ceiba [60]. Similarly, the order of
enzyme production using Bacillus subtilis strain with various
substrates was sugarcane bagasse>wheat straw>rice husk,
wheat bran>soybean meal>corncobs [61].

The enzymatic capabilities of Geobacillus sp. KP43
reported in this study are in agreement with the previous
studies reporting high biotechnological potential of the
Geobacillus sp. producing thermostable enzymes such as
cellulases [39], xylanases [62, 63], proteases [64], and
amylases and lipases [65, 66]. Follow-up studies can be
focused on improving the cellulolytic potential and scal-
ing up the production of the cellulase by genetic and/or
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metabolic engineering strategies. For instance, a recombi-
nant glycoside hydrolase enzyme expressed in Escherichia
coli BL21, derived originally from hyperthermophile Ther-
motoga maritima MSB8, retained its thermostability at
80°C for 72 hours [67]. Furthermore, metabolic engineer-
ing of cellulolytic microbes to enhance the bioethanol
production can be another strategy to improve the utility
of potent microbial strains with industrial applications
[68–70]. This approach was also adopted more recently
in Corynebacterium glutamicum for hydrocarbon biofuel
production from lignocellulosic biomass [71].

5. Conclusion

A thermophilic bacterium Geobacillus sp. KP43 was iso-
lated, and cellulase enzyme it produced was partially puri-
fied and characterized. This is the first report on
characterization of thermostable cellulase from Geobacillus
sp. isolated from Kharpani hot spring, Nepal. The thermo-
philic bacterium, also producing extracellular enzymes like
xylanase, amylase, lipase, and protease besides thermoalka-
liphilic cellulases, is suitable for diverse applications from
waste management to biofuel production. Future studies
can be focused on scaling up of enzyme production by
heterologous expression of cellulase gene in Escherichia
coli, further purification of the enzyme, and the pilot scale
bioethanol production.
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