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a b s t r a c t 

Degradation of cellulosic carbon, the most important natural carbon reservoirs on this planet by cellulase is very 
essential for valuable soluble sugars. This cellulase has potential biotechnological applications in many industrial 
sectors. Thus the demand of cellulase is increasing more frequently than ever. Agro industrial byproducts and 
suitable microbes are of an important source for the production of cellulase. Bacillus pseudomycoides and sugarcane 
bagasse were used for the production of cellulase and different process parameters influencing the production of 
cellulase were optimized here. The bacterium showed maximum cellulase production in the presence of sugarcane 
bagasse, peptone and magnesium sulfate at pH 7, 40 °C in 72 h of incubation . Primary structures of the cellulase 
is consists of 400 amino acid residues having molecular weight 44,790 Dalton and the theoretical PI is 9.11. 
Physiochemical properties of cellulase indicated that the protein has instability index 25.77. Seven hydrogen 
bonds were observed at multiple sites of the cellulase enzyme; His269, Asp237, Asn235, Tyr271, Ser272, Gln309, 
Asn233. This protein structure may play first hand in further development of exploring cellulase and cellulose 
interaction dynamics in Bacillus sp. Thus this bacterium may be useful in various industrial applications owing 
to its cellulase producing capability. 
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. Introduction 

Cellulose is an organic compound which consists of thousands of
arbon, hydrogen and oxygen atoms. The primary cell wall of green
lants contains cellulose as an important structural molecule, which
s also secreted by many forms of algae, oomycetes and some species
f bacteria to form biofilms. Cellulose is a biodegradable compound,
hich is tasteless and odorless as well as cellulose is not soluble in wa-

er and maximum organic solvents ( Bishop and Murphy, 2011 ). Simple
ugars such as beta-glucose, or shorter polysaccharides and oligosac-
harides can be produced through the breakdown of the polymer cel-
ulose by the enzyme cellulase ( Knowles et al., 1987 ). Cellulose is an
mportant element in the diet as fiber but human body lacks cellulose-
igesting enzyme. Abundant quantities of cellulose containing raw ma-
erials and waste products found in nature may be used efficiently by
he cellulose breakdown process, that is why these have many eco-
omic importance ( Bhat, 2000 ). In the agricultural industries sugar-
ane bagasse is a waste product but it contains 45–55% cellulose. For
hat reason, it can be used as a substrate to produce cellulase, mi-
robial protein and glucose. The use of cellulose as a microbial sub-
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trate has been increased in the past few years. Microbial degradation
f bagasse depends on some bacteria and fungi ( Aiello et al., 1996 ).
enerally, 280 kg of bagasse are generated from the 1 ton of sugarcane,
nd 5.4 × 108 dry tons of sugarcane is processed annually throughout
he world ( Cardona et al., 2010 ). 150,000 tons of sugar, 100,000 tons
f molasses and 800,000 tons of bagasse are produced in Bangladesh
very year ( Mahamud and Gomes, 2011 ). Different types of economical
roducts for example, pressed building board, acoustical tile, biodegrad-
ble plastics, furfural, nylons, solvents, medicines etc. can be produced
rom the sugarcane bagasse. In agricultural industries bagasse is a waste
roduct containing high amount of sugar that can be used as potential al-
ernative to corn and as a source of the biofuel ethanol ( Rainey, 2009 ).
ellulolytic microorganisms possess the ability of degrading carbohy-
rates but they cannot utilize lipids and proteins as source of energy for
heir metabolism and growth. Among the microorganisms, bacteria, cy-
ophaga, cellulomonas are the most important microorganisms that are
sed for producing cellulase ( Mawadza et al., 2000 ). Thus, the present
tudy was designed to optimize fermentation condition for maximum
roduction of cellulase from sugarcane bagasse by Bacillus pseudomy-
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. Materials and methods 

.1. Isolation, screening and identification of cellulase producing bacteria 

Sugarcane bagasse was collected from Rajshahi Sugar Mills Ltd. Sug-
rcane bagasse was cut into small pieces and suspended in 50.0 mL
terile distilled water, agitated for 30 min and 0.1 mL suspension was
pread over CMC agar plates (pH 7.0) containing, 2.0%, CMC: 0.5%,
mmonium sulfate and 2%, agar. The inoculated plates were incubated
t 37 °C, till sufficient growth appeared. After sufficient growth incu-
ated plates were overlaid with iodine solution (1%) for 15 min and
hen washed with 1 N NaOH solution for de staining. Selection was
one as per colonies with clear and transparent zone as cellulase pro-
ucing strain. Bacterial colonies with clear zones were selected, streaked
gain on CMC agar plates for purification and maintained as pure cul-
ure over CMC agar slants (pH 7.0, 4 °C). The isolates having clearance
one were selected for further studies. The selected bacterial isolates
ere identified by morphological and biochemical characterization as
er the Bergey’s Manual of Systematic Bacteriology. 

.2. Optimization for maximum cellulase production 

Various process parameters that influence cellulase production were
ptimized individually and independently of the others. For optimiza-
ion, the CMC medium was inoculated and incubated at different tem-
erature viz., 25–45 °C under the standard assay conditions. To study
he effect of incubation period samples were withdrawn at every 24 h
nterval up to 144 h. The effect of pH on enzyme production was deter-
ined by varying the pH (ranging from 4.0–9.0) of the broth in different
asks. The enzyme activity at different pH values was measured using
he appropriate buffers (citrate buffer) under standard assay conditions.
he growth medium was supplemented with different carbon sources
iz., CMC, sugar, glucose, fructose, dextrose (at the level of 1%, w/v).
ifferent nitrogen sources viz, yeast extract, peptone, urea, ammonium

ulfate and sodium nitrate (1%, w/v) were also used for enzyme produc-
ion. Thereafter, optimization of different metal ions (5 mM) viz, MnCl 2 ,
Cl, CuSO 4 , FeSO 4 , MgSO 4 , CaCl 2 , NiCl 2 , NaCl and HgCl 2 were used for
nhanced enzyme production. 

.3. Determination of protein concentration 

Protein concentrations were measured using the Bradford method
ith bovine serum albumin as a standard. 

.4. Enzyme assay 

Cellulase activity was measured by using the following method.
riefly, a reaction mixture composed of 0.2 mL of crude enzyme solution
lus 1.8 mL of 0.5% carboxymethyl cellulose (CMC) in 50 mM sodium
hosphate buffer (pH 7) was incubated at 40 °C in a water bath for
0 min. The reaction was terminated by adding 3 mL of DNS reagent.
he reaction was terminated by boiling the mixture for 5 min. OD of
amples was taken at 540 nm. Enzyme activity was measured as u/mg. 

.5. Homology modeling 

The crystal structure of cellulase enzyme was not available for Bacil-

us pseudomycoides and amino acid sequence of cellulase protein of this
acterial strain still unreviewed and computationally annoted. So, we
ook sequence of endogulcanase from Bacillus sp. BP-23 (Uniprot ID:
08342) for further protein modeling and docking study as they have
vidence and reviewed data at protein level. Furthermore, alignment be-
ween unreviewed sequence cellulase from Bacillus pseudomycoides and
eviewed sequence were conducted to observe the conservancy among
hem. Here, fasta format of endoglucanase was extracted from Uniprot
atabase ( Bateman et al., 2017 ) and used as entry system of SWISS-
ODEL server ( Schwede et al., 2003 ). The best and most structurally

orrect protein model was selected on the basis of GMQE (Global Model
uality Estimation) and QMEAN (Quality Model Energy Analysis).The

equence similarity between model protein and template was done by
iscovery Studio ( BIOVIA, 2016 ). 

.6. Model validation and energy minimization 

The model quality was checked by Ramchandran Plot, ERRAT
 Verdonk et al., 2001 ), Verify 3D ( Eisenberg et al., 1997 ). After that,
he protein model was subjected to molecular dynamics simulation in
ASARA. AMBER14 force field was employed for energy minimization.
or initial minimization conducted by simulated annealing method us-
ng steepest gradient approach (5000 cycles). The hydrogen bonding
ystem was optimized and a cubic cell of 20 Å was formed by main-
aining periodic conditions. TIP3P or transferable intermolecular po-
ential 3 points was applied with Na/Cl ions and the cell density was
.012 gm/cm 

3 . The Particle Mesh Ewald method was employed with
 distance of 8 Å. The total physiological condition of the system was
et as (298 K, pH 7.4, 0.9% NaCl). Then molecular dynamics simulation
as conducted for 10 ns to analyze RMSD and RMSF of the protein. 

.7. Primary structure prediction 

Physiochemical characteristics of the protein is calculated by Ex-
asy’s Protparam tools ( Negahdaripour et al., 2017 ). Several parame-
ers such as molecular weight, Isoelectric point, total number of posi-
ive and negative residues, extinction coefficient, aliphatic index, grand
verage hydrophobicity (GRAVY), instability index were evaluated by
his server. 

.8. Secondary structure analysis 

Self-optimized prediction method with alignment (SOPMA) was used
o determine secondary structure of the protein. Secondary structural
roperties like as alpha helix, pi helix, beta Bridge, extended strand,
end region, Beta turns, Random coil, Ambiguous states and other
tates were calculated by SOPMA. It is a valuable alternative to neu-
al network-based method, which accuracy is based on different prin-
iples available for the experimentalist and used for joint prediction,
llowing cross-validation. These tools also proved the agreement be-
ween predicted and observed length of helical structure of several pro-
ein and can recognize folding of protein in the best way ( Geourjon and
eléage, 1995 ). 

.9. Ligand preparation 

The ligand structure of cellulase was downloaded from Pubchem
atabase in sdf format and minimized by employing mmff94 force field
ith steepest descent algorithm ( Kim et al., 2015 ). 

.10. Docking 

Molecular docking plays a crucial role for the identification of best
hemical compound against receptor molecules on the basis of dock-
ng energy. We used Auto Dock Vina (Pyrx) tools to evaluate the in-
ibitory potential of the selected compound against the hypothetical
rotein structure. Energy minimization of this system was carried out
y using Universal Force Field and conjugant gradient algorithm. To-
al number of steps and number of steps for update for our system was
et as default. Finally, we converted our protein and ligand into PDBQT
ormat since it is the only acceptable format in Auto Dock Vina. A grid
ox of about (X:26.5680 x Y:14.6187 x Z: 8.2399)Å and box size was
esigned as 52.5160 × 54.054 × 52.9585 for X,Y,Z axis respectively
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nd nine binding modes were generated for the most favorable bind-
ng ( Morris et al., 2008 ). Details analysis of non-bonded interaction of
nake venom protein and ligand complex were evaluated by Acclerys
iscovery Studio ( BIOVIA, 2016 ) and Pymol software ( DeLano, 2002 ). 

.11. Statistical analysis 

All experiments were carried out in triplicates and the results are
resented as the mean of three independent observations. Graphs were
repared using Graph Pad Prism Software version 8.0 (Graph Pad Soft-
are, San Diego, CA, USA) 

. Results 

.1. Isolation, screening and identification of cellulose producing bacterial 

trains 

Thirty bacterial isolates were produced on CMC agar plates. Among
hese isolates, only two (Isolate A and Isolate B) were selected by further
taining in iodine solution (Fig. S1). The efficient cellulase producing
train (Isolate A) was rod-shaped, Gram-positive, aerobic, motile, with
ositive TSI, methyl red, catalase, urea hydrolysis, BSA and EMB test.
n the other hand, isolate B was gram positive, non-motile, with pos-

tive methyl red, catalase, urea hydrolysis, starch hydrolysis test. Both
he isolates grew over a wide range of pH (4.0–8.0) and temperature
25–50 °C). On account of morphological, biochemical and molecular
haracteristics, the efficient strains were identified as Bacillus pseudomy-

oides and Bacillus massilioanrexius (Table S1). Only Bacillus pseudomy-

oides was used for the production of cellulase from sugarcane bagasse
n this study. 

.2. Effect of incubation periods on cellulase production 

Incubation periods plays an important role on enzyme production
y bacterial strain thus various periods ranging from 24–144 h ( Fig. 1 A)
ere used to optimize the incubation periods for higher enzyme produc-

ion. The strain reported a wide range of incubation periods (48–96 h)
or cellulase production, but maximum (4.25 mg/ml) enzyme was pro-
uced within 72 h of incubation . 

.3. Optimization of pH on enzyme production 

The media comprising various pH ranging from 4.0 to 8.0 ( Fig. 1 B)
as used to study the effect of pH on crude cellulase production.

n all the pH, Bacillus pseudomycoides produced cellulase enzyme, but
aximum enzyme concentration (4.7 mg/ml) was achieved at pH 7.0

 Fig. 1 B). 

.4. Effect of temperature on enzyme production 

Enzyme concentration and activity were recorded at different tem-
eratures ranging from 25 to 50 °C. It was revealed that Bacillus pseu-

omycoides showed maximum cellulase activity (2.24 u/mg) with an
nzyme concentration (4.01 mg/ml) at 40 °C ( Fig. 1 C). Here bacterial
trains showed better enzyme production from 35–50 °C, but 40 °C was
ound to be the most effective temperature for enzyme production by
acillus pseudomycoides . 

.5. Effect of carbon sources 

Various carbon sources such as sugar, glucose, fructose, dextrose
altose, and bagasse were used in growth media. Different carbon

ources had both stimulating and inhibitory effects on cellulase pro-
uction. Bacillus pseudomycoides reported maximum cellulose produc-
ion with sugarcane bagasse ( Fig. 1 D). It was confirmed from the result
hat sugarcane bagasse could be an effective for production of cellulase
y Bacillus pseudomycoides. 
.6. Effect of nitrogen sources on enzyme production 

For determining the effect of nitrogen sources on cellulase produc-
ion different nitrogen sources such as yeast extract, peptone, urea, am-
onium sulfate and sodium nitrate were used in the growth medium.
mong the various nitrogen sources tested, yeast extract was found to be

he best nitrogen source for cellulase production and the highest concen-
ration (4.22 mg/ml) was estimated in the medium contained peptone
 Fig. 1 E). 

.7. Role of carbon and nitrogen sources 

After selecting best carbon (sugarcane bagasse) and nitrogen (yeast
xtract) sources, we used both of them to observe their combined effect
n optimum cellulase production ( Fig. 1 F). When 1% and 1.5% sugar-
ane bagasse and yeast extract were mixed respectively the strain pro-
uced maximum cellulase (5.6 mg/ml) with higher (3.5 U/ml) cellulase
ctivity. 

.8. Effect of metal ions on enzyme production 

The effect of different metal ions on cellulase production by Bacil-

us pseudomycoides was also investigated in this study ( Fig. 1 G). Bacillus

seudomycoides produced maximum cellulose (4.91 mg/ml) in the pres-
nce of magnesium sulfate with an activity of 2.84 u/mg. 

.9. Homology modeling 

SWISS-MODEL webserver employed to get three dimensional (3D)
tructure of the targeted protein ( Fig. 2 ). The model protein was run in
olecular dynamics simulation for refinement process. The hypothetical
rotein structure runs in the different server (Verify 3D, ERRAT), to
heck the quality and accuracy (Figs. S2 and S3). 

.10. Primary and secondary structure prediction 

Several parameters related to primary structure of the protein eval-
ated from Protparam server ( Table 1 ). Protein function and stability
s largely depend on these criteria. Primary structures of the protein
btained from Protparam showed that the protein is consisting of 400
mino acid residues, molecular weight 44,790 and the theoretical PI is
.11. The secondary structure information derived from SOPMA server
f the endoglucanage enzyme depicted in Table 2 . 

.11. Molecular docking 

The investigation of binding affinity of cellulose and endoglucanage
omplex is accomplished by molecular docking studies through Auto
ock Vina. Table 3 displayed the molecular interactions and binding
ffinities of the complexes. The docked structure was computed by cal-
ulating RMSD (Root Mean Square Deviation) between coordinates and
luster formation based on RMSD profile. The binding energy consists
f total internal energy, total intermolecular energy, and torsional free
nergy minus energy of the unbound system. Among the top nine gen-
rated conformers, the -8.7 kcal/mol found as a lower docking energy
alue of the system. 

. Discussion 

Cellulose is the most abundant natural biomass on earth and most
ominating agricultural residue. In the present study cellulase produc-
ion by Bacillus pseudomycoides from sugarcane bagasse was optimized.
his bacterium showed a broad range of incubation periods for the cellu-

ase production and maximum cellulase was produced in 72 h of incuba-
ion. Selvankumar et al. (2011 ) reported that Bacillus amyloliquefaciens

roduced maximum cellulase within 72 h of incubation. Tiwari et al.
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Fig. 1. Optimization of various process parameters for maximum cellulase production and higher cellulase activity by Bacillus pseudomycoides. Error bars presented 
mean ± standard deviation of triplicates of three independent experiments. A. Influence of Incubation periods; B. Impact of pH; C. Effect of temperature; D. Impact of 
carbon sources; E. Effect of nitrogen sources; F. Combined effect of carbon and nitrogen sources; G. Effect of metal ions. . 

Table 1 

Different physio-chemical properties of endoglucanse enzyme. 

Parameter Value 

Molecular Weight 44,790 

Extinction co-efficient Abs 0.1%( = 1 g/l) assuming all pairs of Cys-residues form cysteine 101,760 

Theoretical PI 9.11 

Total number of negatively charged residue(Asp + Glu) 37 

Total number of positively charged residue(Arg + Lys) 33 

Instability index 25.77 

Grand average of hydropathicity (GRAVY) -0.404 

Aliphatic index 67.58 

Table 2 

Secondary structure prediction 
from SOPMA webserver. 

Parameter Values 

Alpha helix 43.50% 

3 10 helix 0.00% 

Pi helix 0.00% 

Beta bridge 0.00% 

Extended strand 14.00% 

Beta turn 4.5% 

Bend region 0.00% 

Random coil 38.00% 

Ambiguous states 0.00% 

Other states 0.00% 
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2017 ) also reported that Streptococcus and Bacillus sp. produced maxi-
um cellulase from sugarcane bagasse within 72 h of incubation. This
as due to its late stationary phase. Production of enzymes is usually
nitiated during the log phase of the growth and reaches maximum lev-
ls during the initial stationary phase ( Sudharhsan et al., 2007 ). 

The temperature can change the physical properties of the cell mem-
rane and thus influence extracellular enzyme secretion. When fermen-
ation was carried out at 45 °C minimum cellulase production was ob-
erved while maximum yield was obtained at 40 °C by Bacillus psudomy-

oides . These results were closed to the report of Ray et al. (2007 ). 
Acharya and Chaudhary (2012 ) reported that Bacillus licheniformis

VS1 and Bacillus sp. MVS3 produce maximum cellulase at pH 6.5 and
.0, respectively. In this study, the bacterium was allowed to grow in
edia of different pH ranging from 4.0 to 8.0, but maximum enzyme
roduction and concentration was achieved at pH 7.0 ( Fig. 1 B). This
esult was correlated with the findings of other workers for different
acillus strains ( Sudharhsan et al., 2007 ). 

Agro-industrial residues such as rice bran, rice straw, sugarcane
agasse, wheat straw and wheat bran could be used as carbon sources for
ellulase production. B. subtilis CBTK 106, B. subtilis BC 62 and B. pumil-

us produced maximum cellulase when wheat bran, banana fruit stalk
nd soybean were supplemented to the production media. When CMC
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Table 3 

Binding energy derived from Auto dock Vina and non-covalent interaction between cellulose and endogulaconose enzyme to under- 
stand the binding mode. 

Compound name Binding energy Kcal/mol 
Hydrogen bond Ligand 
atom-amino acid distance in A Hydrophobic bond Interaction-amino acid distance in A 

Cellulose -8.7 H-His269:O(1.98), 

H-Asp237:OD1(2.22) 

HD21-Asn235:O(2.32), 

HN-Tyr271:O(1.89), 

HG-Ser272:O(2.45), 

H22-Gln309:O(3.00), 

H18-Asn233:O(3.04) 

Fig. 2. Homology model structure of endoglucanse enzyme from Bacillus sp. 
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as used as a carbon source Bacillus sp. produced maximum cellulase
 Das et al., 2010 ). Here, we used sugarcane bagasse as a carbon source
nd Bacillus psudomycoides produced maximum cellulase after 72 h of
ncubation. 

Among different nitrogen sources, yeast extract enhanced the cel-
ulase production. B. licheniformis produced maximum cellulase in the
resence of ammonium sulfate substituted medium than the other or-
anic and inorganic nitrogen sources. Some other researchers have also
een found that ammonium sulfate gave maximum cellulase produc-
ion by B. pumilus, Ruminococcus albus , Bacillus sp. B21, Streptomyces

p., BRC2 ( Wood et al., 1982 ). 
Production of extracellular cellulase has been shown to be sensitive

y different carbohydrate and nitrogen sources. Thus we used different
arbon, nitrogen and their combinations to observe the cellulase activ-
ty produced by B. pseudomycoides . The maximum cellulase activity of
acillus sp. Y3 was 7.82 IU/ mL when CMC was used as a carbon source

n the basal media ( Lugani et al., 2015 ). Sethi et al. (2013) reported that
acillus sp produced maximum cellulase activity when used fructose and
mmonium sulfate as a carbon and nitrogen source respectively. When
MC was used as a sole carbon source, Enhydrobacter sp. ACCA2 ex-
ibited its maximum (2.61 U/mL) cellulase activity ( Premalatha et al.,
015 ). Here, Bacillus pseudomycoides produced maximum cellulase ac-
ivity 2.89 u/mg and 2.92 u/mg when sugarcane bagasse and yeast ex-
ract were used as carbon and nitrogen sources respectively. But in case
f sugarcane bagasse (1%) and yeast extract (1.5%) combination, the
creened strain exhibited its highest activity (3.5 u/mg). Yang et al.
2014 ) reported that the maximum CMCase activity (2.91 U/mL) of
acillus subtilis BY-2 was observed when a mixture of 1% corn pow-
er and 1% CMC was used as the sole carbon source. Nitrogen is one of
he major cell proteins and stimulation of cellulase activity by ammo-
ium sulfate salt might be due to their direct entry in protein synthesis
 Mandels, 1975 ). The substrate not only serves as a carbon and nitro-
en source but also produces the necessary inducing compounds for the
rganism ( Haltrich et al., 1996 ). 

Some microbes produce higher enzyme in presence of some metal
ons. Here magnesium sulfate stimulated the bacterium for producing
aximum cellulase from sugarcane bagasse. Lee et al. (2008 ) reported

hat K + and Mn + activated cellulase production by Bacillus thuringien-

is . Tiwari et al. (2017 ) used magnesium sulfate for maximum cellulose
roduction by Streptococcus and Bacillus sp. by using sugarcane bagasse
s a carbon source. Metal ions such as Ca, Mg, Fe, Co and Zn were nec-
ssary for cellulase synthesis by Trichoderma viride QM6a ( Mandels and
eese, 1999 ). The major action of these metal ions is to work as cofactor
f the enzyme. 

Physiochemical properties obtained from Protparam indicated the
arget protein has instability index 25.77 which suggest the protein will
e stable in vitro condition. As instability index higher than 40.00 de-
otes that the protein will be unstable, whereas our protein score 25.77
n instability index ( Guruprasad et al., 1990 ). Higher aliphatic index
s expected for increasing thermo stability where our protein showed
7.58 aliphatic profile. The sequence had 14 negatively charged residues
nd 15 positively charged residues. Grand average of hydropathicity
GRAVY) score was -0.404 which indicates the soluble and hydrophilic
ature of the protein ( Table 1 ). Secondary structure generated tools
OPMA showed the protein is occupied with alpha helix 43.50%, ex-
ended strand 14.00% and random coil 38.00%. The stability and higher
onservation ability of the protein confirmed by higher coil region area
 Table 2 ). 

Therefore, homology modeling has been using for finding protein
unction, mutation assessment, role in cell signaling, druggable targets
nd understanding of the binding mode. Nowadays, it is time consum-
ng to get experimental structure and in few cases hard to get the struc-
ure due to numerous factors like; solubility, large size, low expression
 Berman et al., 2000 ). The sequence alignment in Bacillus pseudomy-

oides confirms high similarity with Bacillus sp. denotes (Fig. S4) the
unctional similarity ( Carpentier and Chomilier, 2019 ; Higdon et al.,
010 ). The crystal structure 2JEQ with 1.94 Å resolution was selected
or template where a sequence identity of 84.30% and sequence sim-
larity of 0.58. The sequence alignment between template and model
tructure showed that template sequence covers 42–400 sequences of
acillus sp. Therefore, the three dimensional structure of the protein
as subjected to quality checking by different program. The GMQE scor-

ng program is ranked between 0 to 1where higher score denote more
eliability ( Biasini et al., 2014 ). However, in low sequence homology,
acking of secondary structure and folding may be incorrect. Even in
igh homology sequence error may be present in variable which may
revent the structure for further usages. Therefore, short dynamic sim-
lation can be useful to refine homology models ( Fan, 2004 ).molecular
ynamics simulation study, the hypothetical model was run for 5 ns.
uring the whole simulation time, the RMSD profile of the protein
as way below to 2 Å and did not fluctuate too much. Therefore, in
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Fig. 3. Molecular dynamics simulation of the hypothetical protein (A) RMSD 

value of C-Alpha atoms, (B) RMSF profile of the protein. 

Fig. 4. Interaction between cellulose and cellulase enzyme where several hy- 
drogen bond were found at several amino acid positions. 
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hole simulation time the protein showed stable behavior. On the other
and, root mean square fluctuation of the amino acid residues in protein
as stable and only little fluctuation were seen ( Fig. 3 ). In our study

he model protein structure exhibited 0.88 in GMQE which indicated
odel protein accuracy. On the other hand, degree of nativeness and per

esidue quality checked by QMEAN ( Benkert et al., 2009 ) score where
4 or below indicate low quality model. Our protein had -0.60 QMEAN-
 score, which depicts structural preciseness. The Ramachandran plot
Fig. S3) of the protein showed that 95.2% (352) of amino acid are
n the allowed region indicating higher stability of the model protein
 Gopalakrishnan et al., 2007 ). Furthermore, ERRAT ( Fernando et al.,
016 ) and Verify3D ( Eisenberg et al., 1997 ) (Fig. S2) were employed to
nalyze the accuracy where the structure should score > 80% in ERRAT
nd our protein structure scored 97.157%. On the other hand, 99.44%
esidues have average 3D-1D score which is the indicator of better struc-
ure. 

Non covalent interaction between protein target or enzyme and lig-
nd plays a key role in blocking the active cavity which ultimately liable
or causing certain diseases or molecular targets. Non-bonded interac-
ion like halogen, hydrogen, anion-pi interaction, T-shape interaction,
- 𝜋 stacking has been seen in protein-ligand systems ( De Hoog et al.,
004 ). It is interesting to observe that, the complex did not show any hy-
rophobic bond rather than multiple hydrogen bonds. Moreover, seven
ydrogen bond were observed at multiple site of the enzyme; His269,
sp237, Asn235, Tyr271, Ser272, Gln309, Asn233 ( Fig. 4 ). The activity
f this enzyme can be improved by the presence of Mg and Ca with an
ptimum conditions ( Blanco et al., 1998 ). 
. Conclusion 

Based on the above study, it can be concluded that sugarcane bagasse
an be very good source for the maximum production of cellulase and it
an be used in industrial purpose. We are optimistic to set up a protocol
or the production of cellulase enzyme in industrial scale with promising
ost-effective procedure. 

eclaration of Competing Interest 

No potential conflict of interest was reported by the author(s). 

uthor contributions 

SKP and MAS formulated the present hypothesis. SKP and SM per-
ormed most of the experiments. GKP, TJ and KN helped during the
esearch work and also helped for drafting the manuscript. MSU and
Z revised the manuscript and provided advice. MAS prepared the draft
anuscript and supervised the whole work. 

cknowledgments 

We express our deepest gratitude and thanks to Almighty Allah and
ll those who have helped and supported us along the way. The authors
eceived no funding from an external source. 

upplementary materials 

Supplementary material associated with this article can be found, in
he online version, at doi:10.1016/j.crmicr.2020.100013 . 

eferences 

charya, S., Chaudhary, A., 2012. Optimization of fermentation conditions for cellulases
production by Bacillus licheniformis MVS1 and Bacillus sp. MVS3 isolated from Indian
hot spring. Braz. Arch. Biol. Technol. doi: 10.1590/S1516-89132012000400003 . 

iello, C., Ferrer, A., Ledesma, A., 1996. Effect of alkaline treatments at vari-
ous temperatures on cellulase and biomass production using submerged sugar-
cane bagasse fermentation with Trichoderma reesei QM 9414. Bioresour. Technol.
doi: 10.1016/0960-8524(96)00012-0 . 

ateman, A., Martin, M.J., O’Donovan, C., Magrane, M., Alpi, E., Antunes, R., Bely, B.,
Bingley, M., Bonilla, C., Britto, R., Bursteinas, B., Bye-AJee, H., Cowley, A., Da
Silva, A., De Giorgi, M., Dogan, T., Fazzini, F., Castro, L.G., Figueira, L., …,
Zhang, J., 2017. UniProt: the universal protein knowledgebase. Nucleic Acids Res.
doi: 10.1093/nar/gkw1099 . 

enkert, P., Künzli, M., Schwede, T., 2009. QMEAN server for protein model quality esti-
mation. Nucleic Acids Res. doi: 10.1093/nar/gkp322 . 

erman, H.M., Westbrook, J., Feng, Z., Gilliland, G., Bhat, T.N., Weissig, H.,
Shindyalov, I.N., 2000. The protein data bank (www.rcsb.org). Nucleic Acids Res.
doi: 10.1093/nar/28.1.235 . 

hat, M.K., 2000. Cellulases and related enzymes in biotechnology. Biotechnol. Adv.
doi: 10.1016/S0734-9750(00)00041-0 . 

iasini, M., Bienert, S., Waterhouse, A., Arnold, K., Studer, G., Schmidt, T., Kiefer, F.,
Cassarino, T.G., Bertoni, M., Bordoli, L., Schwede, T., 2014. SWISS-MODEL: Mod-
elling protein tertiary and quaternary structure using evolutionary information. Nu-
cleic Acids Res. doi: 10.1093/nar/gku340 . 

IOVIA, D.S. , 2016. Discovery Studio Modeling Environment, Release 2017. Dassault Sys-
tèmes, San Diego . 

ishop, K.C., Murphy, A.D., 2011. Estimating the willingness to pay to avoid violent crime:
a dynamic approach. Am. Econ. Rev. doi: 10.1257/aer.101.3.625 . 

lanco, A., Díaz, P., Martínez, J., Vidal, T., Torres, A.L., Pastor, F.I.J., 1998. Cloning of a
new endoglucanase gene from Bacillus Sp. BP-23 and characterisation of the enzyme.
Performance in paper manufacture from cereal straw. Appl. Microbiol. Biotechnol.
doi: 10.1007/s002530051255 . 

ardona, C.A., Quintero, J.A., Paz, I.C., 2010. Production of bioethanol
from sugarcane bagasse: status and perspectives. Bioresour. Technol.
doi: 10.1016/j.biortech.2009.10.097 . 

arpentier, M., Chomilier, J., 2019. Protein multiple alignments: sequence-based versus
structure-based programs. Bioinformatics 35 (20), 3970–3980. doi: 10.1093/bioinfor-
matics/btz236 . 

as, A., Bhattacharya, S., Murali, L., 2010. Production of cellulase from a thermophilic
Bacillus sp. isolated from cow dung. Am.-Eurassian J. Agric. & Environ. Sci.
doi: 10.1017/CBO9781107415324.004 . 

e Hoog, P., Gamez, P., Mutikainen, I., Turpeinen, U., Reedijk, J., 2004. An aro-
matic anion receptor: anion- 𝜋 interactions do exist. Angew. Chem. – Int. Ed.
doi: 10.1002/anie.200460486 . 

https://doi.org/10.1016/j.crmicr.2020.100013
https://doi.org/10.1590/S1516-89132012000400003
https://doi.org/10.1016/0960-8524(96)00012-0
https://doi.org/10.1093/nar/gkw1099
https://doi.org/10.1093/nar/gkp322
https://doi.org/10.1093/nar/28.1.235
https://doi.org/10.1016/S0734-9750(00)00041-0
https://doi.org/10.1093/nar/gku340
http://refhub.elsevier.com/S2666-5174(20)30015-8/sbref0008
http://refhub.elsevier.com/S2666-5174(20)30015-8/sbref0008
https://doi.org/10.1257/aer.101.3.625
https://doi.org/10.1007/s002530051255
https://doi.org/10.1016/j.biortech.2009.10.097
https://doi.org/10.1093/bioinformatics/btz236
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.1002/anie.200460486


S.K. Pramanik, S. Mahmud, G.K. Paul et al. Current Research in Microbial Sciences 2 (2021) 100013 

D  

E  

F  

F  

G  

 

G  

 

 

H  

H  

 

 

G  

K  

 

K  

L  

 

L  

 

M  

M  

M  

M  

 

M  

N  

 

 

P  

 

R  

R  

 

S  

S  

 

S  

S  

 

T  

 

V  

 

W  

 

Y  

 

eLano, W.L. (2002). Pymol: An Open-Source Molecular Graphics Tool. CCP4 Newsletter
on Protein Crystallography. 

isenberg, D., Lüthy, R., Bowie, J.U., 1997. VERIFY3D: assessment of protein models with
three-dimensional profiles. Meth. Enzymol. doi: 10.1016/S0076-6879(97)77022-8 . 

an, H., 2004. Refinement of homology-based protein structures by molecular dynamics
simulation techniques. Protein Sci. doi: 10.1110/ps.03381404 . 

ernando, B.G., Yersin, C.T., José, C.B., Paola, Z.S., 2016. Predicted 3D model of the rabies
virus glycoprotein trimer. Biomed Res Int. doi: 10.1155/2016/1674580 . 

eourjon, C., Deléage, G., 1995. Sopma: significant improvements in protein secondary
structure prediction by consensus prediction from multiple alignments. Bioinformatics
doi: 10.1093/bioinformatics/11.6.681 . 

uruprasad, K., Reddy, B.V.B., Pandit, M.W., 1990. Correlation between stability of a
protein and its dipeptide composition: a novel approach for predicting in vivo stabil-
ity of a protein from its primary sequence. Protein Eng. Des. Sel. doi: 10.1093/pro-
tein/4.2.155 . 

altrich, D., Nidetzky, B., Kulbe, K.D., Steiner, W., Ž upan či č, S., 1996. Production of fun-
gal xylanases. Bioresour. Technol. doi: 10.1016/S0960-8524(96)00094-6 . 

igdon, R., Louie, B., Kolker, E., 2010. Modeling sequence and function similarity between
proteins for protein functional annotation. In: Proceedings of the 19th ACM Interna-
tional Symposium on High Performance Distributed Computing, HPDC„ pp. 499–502.
doi: 10.1145/1851476.1851548 . 

opalakrishnan, K., Sowmiya, G., Sheik, S.S., Sekar, K., 2007. Ramachandran plot on the
web (2.0). Protein Pept. Lett. doi: 10.2174/092986607781483912 . 

im, S., Thiessen, P.A., Bolton, E.E., Bryant, S.H., 2015. PUG-SOAP and PUG-REST: web
services for programmatic access to chemical information in PubChem. Nucleic Acids
Res. doi: 10.1093/nar/gkv396 . 

nowles, J., Lehtovaara, P., Teeri, T., 1987. Cellulase families and their genes. Trends
Biotechnol. doi: 10.1016/0167-7799(87)90102-8 . 

ee, Y.J., Kim, B.K., Lee, B.H., Jo, K.I., Lee, N.K., Chung, C.H., Lee, Y.C., Lee, J.W., 2008.
Purification and characterization of cellulase produced by Bacillus amyoliquefaciens
DL-3 utilizing rice hull. Bioresour. Technol. doi: 10.1016/j.biortech.2006.12.013 . 

ugani, Y., Singla, R., Singh Sooch, B., 2015. Optimization of cellulase pro-
duction from newly isolated Bacillus Sp. Y3. J. Bioprocess. Biotechnol.
doi: 10.4172/2155-9821.1000264 . 

ahamud, M.R., Gomes, D.J., 2011. Enzymatic saccharification of sugar cane bagasse by
the crude enzyme from indigenous fungi. J. Sci. Res. doi: 10.3329/jsr.v4i1.7745 . 

andels, M. , 1975. Microbial sources of cellulase. In: Proceedings of Biotechnology Bio-
engineering Symposium . 

andels, Mary, Reese, E.T., 1999. Fungal cellulases and the microbial decomposition of
cellulosic fabric. J. Ind. Microbiol. Biotechnol. doi: 10.1038/sj.jim.2900635 . 
awadza, C., Hatti-Kaul, R., Zvauya, R., Mattiasson, B., 2000. Purification and
characterization of cellulases produced by two Bacillus strains. J. Biotechnol.
doi: 10.1016/S0168-1656(00)00305-9 . 

orris, G.M., Huey, R., Olson, A.J., 2008. UNIT using AutoDock for ligand-receptor dock-
ing. Curr. Protoc. Bioinform. doi: 10.1002/0471250953.bi0814s24 . 

egahdaripour, M., Nezafat, N., Hajighahramani, N., Soheil Rahmatabadi, S., Hos-
sein Morowvat, M., Ghasemi, Y., 2017. In silico study of different signal pep-
tides for secretory production of interleukin-11 in Escherichia coli. Curr. Proteom.
doi: 10.2174/1570164614666170106110848 . 

remalatha, N., Gopal, N.O., Jose, P.A., Anandham, R., Kwon, S.W., 2015. Optimization
of cellulase production by enhydrobacter sp. ACCA2 and its application in biomass
saccharification. Front. Microbiol. doi: 10.3389/fmicb.2015.01046 . 

ainey, T.J. , 2009. A Study into the Permeability And Compressibility Properties of Aus-
tralian Bagasse Pulp. Queensland University of Technology . 

ay, A.K., Bairagi, A., Sarkar Ghosh, K., Sen, S.K., 2007. Optimization of fermentation
conditions for cellulase production by Bacillus subtilis CY5 and Bacillus circulans TP3
isolated from fish gut. Acta Ichthyol. Piscat. doi: 10.3750/AIP2007.37.1.07 . 

chwede, T., Kopp, J., Guex, N., Peitsch, M.C., 2003. SWISS-MODEL: an automated protein
homology-modeling server. Nucleic Acids Res. doi: 10.1093/nar/gkg520 . 

elvankumar, T. , Govarthanan, M. , Govindaraju, M. , 2011. Endoglucanase production by
Bacillus amyloliquefaciens using coffee pulp as substrate in solid state fermentation.
Int. J. Pharma. Bio. Sci. 2 (3), 355–362 . 

ethi, S., Datta, A., Gupta, B.L., Gupta, S., 2013. Optimization of cellulase production from
bacteria isolated from soil. ISRN Biotechnol. doi: 10.5402/2013/985685 . 

udharhsan, S., Senthilkumar, S., Ranjith, K., 2007. Physical and nutritional factors af-
fecting the production of amylase from species of Bacillus isolated from spoiled food
waste. Afr. J. Biotechnol. doi: 10.5897/AJB2007.000-2025 . 

iwari, S., Pathak, P., Gaur, R., 2017. Sugarcane baggase agro-waste material used for
renewable cellulase production from streptococcus and Bacillus sp. Res. J. Microbiol.
doi: 10.3923/jm.2017.255.265 . 

erdonk, M.L., Cole, J.C., Watson, P., Gillet, V., Willett, P., 2001. SuperStar: im-
proved knowledge-based interaction fields for protein binding sites. J. Mol. Biol.
doi: 10.1006/jmbi.2001.4452 . 

ood, T.M., Wilson, C.A., Stewart, C.S., 1982. Preparation of the cellulase from the cel-
lulolytic anaerobic rumen bacterium Ruminococcus albus and its release from the
bacterial cell wall. Biochem. J. doi: 10.1042/bj2050129 . 

ang, W., Meng, F., Peng, J., Han, P., Fang, F., Ma, L., & Cao, B. (2014). Isolation and iden-
tification of a cellulolytic bacterium from the Tibetan pig’s intestine and investigation
of its cellulase production. Electron. J. Biotechnol. doi: 10.1016/j.ejbt.2014.08.002 . 

https://doi.org/10.1016/S0076-6879(97)77022-8
https://doi.org/10.1110/ps.03381404
https://doi.org/10.1155/2016/1674580
https://doi.org/10.1093/bioinformatics/11.6.681
https://doi.org/10.1093/protein/4.2.155
https://doi.org/10.1016/S0960-8524(96)00094-6
https://doi.org/10.1145/1851476.1851548
https://doi.org/10.2174/092986607781483912
https://doi.org/10.1093/nar/gkv396
https://doi.org/10.1016/0167-7799(87)90102-8
https://doi.org/10.1016/j.biortech.2006.12.013
https://doi.org/10.4172/2155-9821.1000264
https://doi.org/10.3329/jsr.v4i1.7745
http://refhub.elsevier.com/S2666-5174(20)30015-8/sbref0029
http://refhub.elsevier.com/S2666-5174(20)30015-8/sbref0029
https://doi.org/10.1038/sj.jim.2900635
https://doi.org/10.1016/S0168-1656(00)00305-9
https://doi.org/10.1002/0471250953.bi0814s24
https://doi.org/10.2174/1570164614666170106110848
https://doi.org/10.3389/fmicb.2015.01046
http://refhub.elsevier.com/S2666-5174(20)30015-8/sbref0035
http://refhub.elsevier.com/S2666-5174(20)30015-8/sbref0035
https://doi.org/10.3750/AIP2007.37.1.07
https://doi.org/10.1093/nar/gkg520
http://refhub.elsevier.com/S2666-5174(20)30015-8/sbref0038
http://refhub.elsevier.com/S2666-5174(20)30015-8/sbref0038
http://refhub.elsevier.com/S2666-5174(20)30015-8/sbref0038
http://refhub.elsevier.com/S2666-5174(20)30015-8/sbref0038
https://doi.org/10.5402/2013/985685
https://doi.org/10.5897/AJB2007.000-2025
https://doi.org/10.3923/jm.2017.255.265
https://doi.org/10.1006/jmbi.2001.4452
https://doi.org/10.1042/bj2050129
https://doi.org/10.1016/j.ejbt.2014.08.002

	Fermentation optimization of cellulase production from sugarcane bagasse by Bacillus pseudomycoides and molecular modeling study of cellulase
	1 Introduction
	2 Materials and methods
	2.1 Isolation, screening and identification of cellulase producing bacteria
	2.2 Optimization for maximum cellulase production
	2.3 Determination of protein concentration
	2.4 Enzyme assay
	2.5 Homology modeling
	2.6 Model validation and energy minimization
	2.7 Primary structure prediction
	2.8 Secondary structure analysis
	2.9 Ligand preparation
	2.10 Docking
	2.11 Statistical analysis

	3 Results
	3.1 Isolation, screening and identification of cellulose producing bacterial strains
	3.2 Effect of incubation periods on cellulase production
	3.3 Optimization of pH on enzyme production
	3.4 Effect of temperature on enzyme production
	3.5 Effect of carbon sources
	3.6 Effect of nitrogen sources on enzyme production
	3.7 Role of carbon and nitrogen sources
	3.8 Effect of metal ions on enzyme production
	3.9 Homology modeling
	3.10 Primary and secondary structure prediction
	3.11 Molecular docking

	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	Author contributions
	Acknowledgments
	Supplementary materials
	References


