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Abstract

An endeavour is underway to isolate native cellulose-degrading bacteria from different sources in order to have them used
in composting of organic waste. On the basis of cellulase production and growth in different environmental circumstances,
five isolates were selected. The 16S rRNA genetic sequence of five isolates was submitted to the National Center for Bio-
technology Information (NCBI), which assigned accession numbers ON150745, ON178665, ON725042, ON479186 and
ON142173 for CBD4, CBG3, CBG2, CBC9 and CBG4 in accordance. The growth of CBD4, CBG2, CBG3 and CBG4
reached the stationary phase at 24 h and lasted up to 78 h, but in case of CBC9 stationary phase of growth lies between 32
and 50 h of incubation which was less than other bacterial strains. The strains’ optimum CMCase production conditions
were 5% inoculum, a pH of 7.5, the temperature of 35° C for CBD4 and CBC9; 4% inoculum, a pH of 6.5 and temperature of
35° C for CBG2, CBG3; and 3% inoculum with same pH and temperature for CBG4. The CMCase production at respective
optimum conditions was highest in the case of CBG2 strain. The CMCase reaction for all the strains was highest at 50 °C and
decreased in higher or lower temperatures. The reaction of cellulase produced by strain CBG2 at optimum pH and tempera-
ture was highest. In this study, the cellulolytic potential of the CBCO strain (B. xiamenensis) was examined for the first time.
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1 Introduction

Lignocellulose is composed of three main components:
hemicellulose, cellulose and lignin [1]. A plentiful ligno-
cellulosic biomass on earth including agricultural waste
such as crop residue, vegetable waste, saw dust and dry
leaves [2]. The plant’s dry weight consists of 5-30% lignin,
20-35% hemicellulose and 35-50% cellulose. Cellulose has
a water-insoluble highly crystalline structure which makes
it difficult to be hydrolyzed into glucose [3]. At present, this
plant cellulose is used mainly for animal feed and manure,
in the paper industry and to some extent for fuel production.
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However, this causes considerable environmental pollution
at the time of its least utilization. The degradation of lig-
nocellulose materials like agro-waste [4, 5] and hazardous
biowastes like swine manure [6] can be utilised by compost-
ing and vermicomposting.

Cellulase belongs to glycosyl hydrolase enzyme family
and helps in degradation of cellulose into glucose. Endo-
glucanase (EC 3.2.1.4), exoglucanase or cellobiohydrolase
(EC 3.2.1.91) and -glucosidase are the three enzymes that
make up the complex known as cellulase (EC 3.2.1.21).
Endoglucanases increase the free ends by breaking internal
glycosidic linkages in the amorphous portions of cellulose
chains, which is further degraded by cellobiohydrolase and
B-glucosidase [2, 7].

The successful bioconversion of lignocellulosic biomass
requires cellulolytic enzymes source with enormous potential
in hydrolysis. The polymer-degrading microorganisms also
able to degrade plastics [8]. Fungi, bacteria and actinomycetes
are the microorganisms that have been isolated thus far for
the investigation of their capacity to break down cellulosic
substrates into glucose monomers [9]. Due to their resilience
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to harsh environments, bacteria have recently received sub-
stantial research attention for the enzymatic depolymerization
of lignocellulose. In contrast to fungi, bacteria grow quickly,
express several enzyme complexes, are stable at high tempera-
tures and pH levels, have less feedback inhibition, can occupy
a wide range of environmental niches and can resist a variety
of environmental stresses [2, 10]. It is possible to extract and
describe cellulase-producing bacteria from a range of sources,
including soil, decomposed plant matter, hot springs, organic
waste, ruminant faeces and composts [11]. The gut symbionts
of termites and beetles, as well as the gut bacterial associa-
tion in Lepidoptera, have recently received substantial study
[12—-15]. Cellulolytic bacteria also used for extraction of lactic
acid from cellulose-rich organic wastes [15]. However, the
process of searching for a new bacterial strain with higher
cellulase activity is continuous with a view to finding an effi-
cient cellulase-producing bacteria with extreme environmen-
tal resistance [16]. The thermophilic lignocellulolytic bacte-
ria inoculation enhances the composting rate with increasing
enzyme activity [17], whereas the types of cellulose, activity
of cellulolytic enzymes and cultivation conditions are the
primary determinants of bioconversion of cellulosic materi-
als to value-added products [5]. The metagenomics study is
another key to know the microbial diversity [18]. This study
aimed to isolate indigenous bacterial strains efficient in cel-
lulose degradation from different natural environment includ-
ing composting site, dump yards and gut bacteria of Moringa
hairy caterpillar and their optimal cultivation condition for
carboxymethyl cellulase (CMCase).

In this study, different cellulolytic bacteria were isolated from
compost pits, dump yard sites, forest soil, residue incorporated
field and gut of actively feeding Moringa hairy caterpillar on
the basis of hydrolytic capacity and their cellulase activity and
the best of the five isolates were optimized for their enzyme
production for their further utilization. Isolation and screening of
cellulose-degrading microbes are of immense importance due to
their various applications. The goal of the current research is to
identify prospective cellulolytic bacterial strains that can more
effectively break down various types of organic waste by creat-
ing a higher amount of cellulase. The several research groups
have shown interest in isolation of cellulose-degrading bacteria
such as Bacillus subtilis [3]; Klebsiella sp. [12]; Bacillus pumilis
[19] and Bacillus velezensis [20].

2 Material and methods

2.1 Collection of samples

Waste and soil samples were collected randomly from 15-cm
depth from the surface of dumping yard of Bhubaneswar,

compost pit, residue incorporated field of Department of Soil
Science and Agricultural Chemistry, College of Agriculture,
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Odisha University of Agriculture and Technology (OUAT),
Bhubaneswar, India, and human activity area of Chandaka for-
est of Bhubaneswar. The weight of each representative sample
was reduced to 100 g after following quartering process. The
actively feeding Moringa hairy caterpillars collected from
Moringa oleifera of Department of Soil Science and Agricul-
tural Chemistry, College of Agriculture, Odisha University of
Agriculture and Technology (OUAT), Bhubaneswar, India.

2.2 Isolation and screening of cellulose-degrading
bacteria

Immediately after collection of waste samples were serially
diluted for the purpose of isolating bacteria that degrade cel-
lulose by spreading 0.1 ml of each dilution on Leuria Bertani
(LB) liquid medium (NaCl (10.0 g 171, tryptone (10.0 g 171
and yeast powder (5.0 g 1)) supplemented with 1% carboxy-
methyl cellulose (CMC) [3] for 24 h in a shaker. The plates
were incubated for 15-20 min, then flooded with 1% Congo
red, followed by 15-20 min of destaining with 1 M NaCl
[3], and the strain with the largest clearing zone was selected
for further screening. The caterpillar was starved for 24 h to
lessen the possibility of contamination from sporadic bacte-
ria, surface sterilised with ethanol and immobilised on ice for
10 min before dissection. Utilising sterilised tools, the cater-
pillars were sacrificed in laminar airflow under sterile condi-
tions to expose the insides. Following dissection, the stomach
was suspended in 1 ml of sterile saline solution (0.9%) and
ground using a micro pestle [12]. For the purpose of isolating
cellulose-degrading bacteria, the macerated stomach of the
caterpillar was inoculated in a basal salt media (NaNO; 0.25 g,
KH,PO, 0.2 g, MgSO, 0.02 g, NaCl 0.02 g and CaCl,.6H,O
0.01 g in 100 ml). These cultures were cultivated for 7 days
at 37 °C and 100 rpm in a shaker incubator [21]. After every
2 days, 1 ml of inoculum was taken for serial dilution up to
1075,

Repeated streaking in LB agar plates with 1% CMC is used
to purify strains. By measuring the positive isolates’ hydrolytic
capacity (HC) or the ratio of the clearing zone’s diameter to
that of the entire colony, it was also possible to qualitatively
quantify their capacity to degrade cellulose.

Halozone Dimeter (mm)
Total Colony Dimeter (mm)

Hydrolytic Capacity =

2.3 Secondary screening through estimation
of cellulase enzyme activity

2.3.1 Crude enzyme production

The chosen cellulose-degrading bacteria (CDB) iso-
lates were grown in LB broth with 1% CMC at 37 °C and
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150 rpm. After 48 h of incubation, the broth culture was
centrifuged at 10,000 rpm for 15 min at 4 °C. For subsequent
enzyme experiments, supernatant was collected and kept as
a crude enzyme preparation at 4 °C.

2.3.2 Enzyme assay

The selected strain’s cellulase activity was estimated using
the DNS (3,5-dinitrosalicylic acid) technique [22]. The sub-
strate solution (citric acid buffer with 1% CMC-Na) was
dissolved in 0.5 ml of crude enzyme solution before being
incubated at 50 °C for 30 min. Following that, 3 ml of DNS
reagent was added and heated for 10 min in a water bath
at 100 °C. The volume was then cooled to room tempera-
ture and well agitated before being adjusted to 25 ml with
deionised water. The absorbance value of mixed liquid was
determined at 540 nm wavelength by using Systronics UV
Visible Spectrophotometer. The standard curve was plotted
from different concentrations of glucose. The cellulase activ-
ity was calculated by using following formula [20].

_ Glucose production (mg) x 1000
- Enzyme dose (ml) X Time (min)

Cellulase Activity (Uml_1 )

2.4 Biochemical characterization

Bergey’s Manual of Determinative Bacteriology was used to
identify bacterial isolates. Gram staining, citrate utilisation,
nitrate reduction, oxidase, indole, methyl red (MR), Vogas
Proskauer and catalase synthesis were the biochemical tests
used for the identification. The other biochemical character-
istics were obtained by using microbial identification system
(VITEK-2).

2.5 Molecular characterization

The Quick-DNATM Fungal/Bacterial Miniprep Kit Cata-
log No. D6005 from Zymo Research was used to isolate
the bacterial DNA. Each DNA sample’s concentration was
determined using Nanodrop (Biotech Instruments, USA),
and the DNA was then kept at 800 °C for further use. The
16S rDNA gene fragment was amplified using the universal
primers (forward primer 5-AGAGTTTGATCCTGGCTC
AG-3' and reverse primer 5" CTTGTGCGGGCCCCCGTC
AATTC-3") [13, 14]. Electrophoresis was used to isolate the
amplified DNA. On the gel documentation system, the gel
was photographed. The ABI 3730XL instrument was used
to carry out the sequencing. After collecting the 16 S rRNA
sequence, each isolate was put through Basic Local Align-
ment Search Tool (BLAST); then, Molecular Evolutionary
Genetics Analysis-X (MEGA-X) software was used to create
the phylogenetic tree [23-25].

2.6 Antibiotic sensitivity test

Pure isolates were put in a petri dish with nutrient agar (NA).
The paper disc diffusion experiment was used to conduct a
susceptibility test. The antibiotics of Himedia was taken for
experimentation. An array of eleven antibiotics, including
erythromycin (E), amphotericin (Ap50), bacitracin (B10),
ciprofloxacin (CIP50), fluconazole (FU10), penicillin-G
(P10), neomycin (N30), amikacin (Ak30), streptomy-
cin (S10), vancomycin (VA30) and tetracycline (T), were
utilised. Each of the NA plates was prepared with 25 ml
of media. One loop of culture was used to inoculate each
petri dish, covering the entire plate. Bio discs were placed
on the agar medium’s hardened surface. At 28 +1 °C, the
plates were incubated for 24 h. In mm, the zone creation
was recorded.

2.7 Growth curve

One millilitre of a broth culture of a chosen bacterial strain
was added to 100 ml of LB-CMC liquid medium before
being cultured at 37 °C for 132 h. At various time intervals,
the population growth was determined using the serial dilu-
tion method (5 h, 10 h, 16 h, 24 h, 32 h, 40 h, 59 h, 64 h,
78 h, 85h, 96 h, 108 h, 124 h and 132 h). The average value
obtained from three replicated samples was used to create
the growth curves for the strains.

2.8 Optimization of cellulase production

The LB-CMC liquid medium (100 ml) with pH ranging from
4.5 to 9.5 were taken in 250-ml conical flasks and inoculated
with broth culture of different strains to identify the optimum
pH for CMCase production. The 0.1N HCl or 0.1N NaOH was
used to adjust the pH of the medium. The flasks were incu-
bated on shaker incubator at 220 rpm for 36 h. A fermentation
experiment was conducted to determine the strains’ effec-
tive temperature for cellulose production. The strains were
incubated for 36 h in LB-CMC liquid medium between the
temperatures of 20 and 70 °C, with intervals of 10 °C, to esti-
mate the optimal temperature for the isolated strain to produce
cellulase. To explore the effect of various carbon compounds
on CMCase production, lactose, CMC, glucose, sucrose
and starch were selected for the experiment. Before culture
inoculation, a broth containing 1% of each carbon source
was prepared. The flasks were then incubated on a shaker for
36 h. To determine the best source of nitrogen for the isolated
strain’s cellulase production, the fermentation medium was
supplemented at a 1% level with both organic and inorganic
substances (peptone, urea, ammonium nitrate, sodium nitrate
and yeast extract). To establish the ideal inoculum size, broth
media were inoculated with varying inoculum concentrations
(1%, 2%, 3%, 4%, 5%, 6% and 7%) in 100 ml LB-CMC liquid
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medium (starting pH="7.0) and incubated on a rotary shaker
for 36 h at the optimum temperature (35+ 1 °C). The CMCase
activities of were assessed by DNS method to determine the
ideal pH, best source of C, N and ideal inoculum size for
CMCase production. Each experiment employed three rep-
licated samples, and the average values were plotted for each
experiment.

2.9 Effect of temperature and pH on enzyme
reaction and stability

Using the proper buffers, the ideal pH for the CMCase reac-
tion was determined to be between 4.5 and 9.5. The 50 mM of
sodium acetate (pH 3.0-6.0), sodium phosphate (pH 7.0-8.0)
and Tris-base were employed as buffers (9.0-10.0). The appro-
priate buffer, including 1% CMC-Na, served as the enzyme
reaction’s substrate. By incubating the reaction mixture of
0.5 ml of crude enzyme with the same quantity of substrate
at 50 °C for 30 min, the CMCase reaction was identified, and
the released glucose was quantified using the DNS method.
The following procedures were used to determine the ideal
temperature for the CMCase reaction: the released glucose
was determined using the DNS method after 0.5 ml of crude
enzyme and 0.5 ml of substrate were incubated for 30 min at
various temperatures (25 °C, 40 °C, 50 °C, 60 °C and 70 °C).
Three replicated samples were used in each experiment, and
the average values were plotted for each experiment.

2.10 Statistical analysis

Each assay was carried out in replications. Results were pre-
sented as the mean of three replicates. The standard error
was calculated by taking three replicated data and Duncan’s
multiple range (DMRT) was used to compare significant
means at a probability of 0.01. The statistical analysis was
performed by using “R” software [26].

3 Results and discussion
3.1 Isolation and screening of cellulolytic bacteria

A total 42 cellulose-degrading bacterial isolates were
obtained from various sources and grown on LB agar plates
with 1% carboxymethyl cellulose sodium salt (CMC-Na)
(Supplementary 1). The colonies were identified by their
zone of clearance formed due to hydrolysis of cellulose con-
tained in the LB agar plate. Eleven isolates were isolated
from the compost pits, 5 isolates from the dump yard, 5
isolates from the waste pits, 6 isolates from Chandaka for-
est soil, 8 isolates from the residue incorporated field and 8
from the gut of actively feeding Moringa hairy caterpillar. In
the isolated colonies, the zone of clearance ranged from 10
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to 24 mm. The hydrolytic capacity was used as a criterion for
the primary screening in the present study. Hydrolytic capac-
ity of the isolated colonies ranged from 2.20 to 4.25. In the
present study, cellulolytic bacteria were isolated from differ-
ent sources using LB agar media containing 1% CMC which
is congruent with the study of Yang et al. [3] and Islam and
Roy [27]. Isolates were selected here based on how well
they could hydrolyze. The hydrolytic capacity of isolated
strains was examined using sodium chloride as a destain-
ing agent and Congo red as a staining agent. Transparent
circles were formed around the colony of strains with higher
cellulose hydrolytic capacities, due to the breakdown of cel-
lulose into cellulose disaccharide, glucose and organic acid,
which alters the pH of the media, a translucent circle forms
around the colony [20], due to its powerful interaction with
polysaccharides, Congo red was used to identify cellulolytic
bacteria and may be useful for identifying other cellulolytic
microorganisms. In addition to the hydrolytic capacity, the
cellulase activity (CMCase) was examined and the isolates
showing higher enzyme activity viz., CBC 09, CBC 10,
CBC 11, CBD 01, CBD 02, CBD 03, CBD 04, CBR 02,
CBR 05, CBR 06, CBG 01, CBG 02, CBG 03 and CBG
04 were selected for further study. In the current study, 5
isolates showing higher enzyme activity (>25 Uml™!) were
selected for their optimization of the cultivation condition
(Table 1). By quantifying the quantity of reducing sugars
generated during hydrolysis using the DNS (3,5-dinitrosali-
cylic acid) technique, the CMCase or Endo—1,4-glucanase
activity was determined. By oxidising the aldehyde groups

Table 1 Cellulase activity of selected isolates

S1 No Isolates Cellulase activity
(Uml™

1 CBC9 31.39+3.7°
2 CBC10 09.08+1.3"
3 CBCl1 13.23+1.5¢8
4 CBDI 12.97 +1.4%
5 CBD2 1453 +13%
6 CBD3 1401 +1.2%
7 CBD4 37.61+£4.2°
8 CBR2 17.38 +2.5°
9 CBR5 06.74 + 1.7"
10 CBR6 21.90+1.9%
11 CBGl 18.16+1.5°
12 CBG2 46.17 +3.8°
13 CBG3 29.31+2.9
14 CBG4 25.68 +2.2¢

“One unit (U) of enzyme activity was defined as the amount of
enzyme required for substrate to produce 1 pg of glucose per min-
ute. The numerical value after “+” indicates the standard error

(n=3) and similar superscripted alphabets indicates non-significance
(P=0.01) as per Duncan multiple range test (DMRT)
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on the glucose molecule, 3,5-DNS was reduced in this pro-
cess to 3-amino-5-nitro salicylic acid, which was visible by
the colour changing from yellow to orange in an alkaline
environment [20]. These isolates were further identified and
characterised (morphologically and biochemically) before
optimization of their cultivation condition.

3.2 Morphological characteristics

The colony morphology of all the isolates in LB agar media
is listed in supplementary 2. All the cellulolytic bacteria
are circular in shape except strain CBR8 which is irregular.
Thirteen isolates were white in pigmentation, whereas the
rest among 42 isolates were pale yellowish pigmentation.
The margin of 9 cellulolytic bacteria was undulated while
the rest were of entire margin. There was a large variation
in elevation of the isolated bacteria, where 28 isolates were
raised, 10 were convex, 3 isolates were umbonate and 1
among the 42 bacteria was flat.

3.3 Secondary screening of bacterial colony

The cellulase activity of the selected isolates was taken
as the standard for the secondary screening. The isolates
were cultured in LB broth media containing 1% CMC and
the cellulase activity was measured after 48 h using DNS
as coupling agent. Among the 14 isolates grown in LB
broth medium, strain CBC9, CBD4, CBG2, CBG3 and
CBG#4 showed high CMCase activity and were selected
for further study (Table 1). The strain CBG2 isolated from
gut bacteria showed maximum activity (46.17 Uml™!) fol-
lowed by strain CBD4 isolated from dump yard having
enzyme activity of 37.61 Uml~! after 48 h of incuba-
tion. The enzyme activity of strain CBC9 selected from
compost pit was 31.39 Uml~! and the rest two strains
CBG3, CBG4 from gut bacteria showed lower enzyme
activity. The size of the isolates (Fig. 1) ranged from 1.26
to 1.41 pm (CBC9), from 1.08 to 1.38 pm (CBD4), from
1.16 to 3.36 pm (CBG2), from 1.17 to 1.31 pm (CBG3)
and from 1.16 to 1.49 pm (CBG4). The morphological
character showed that one (CBC9) among the five iso-
lates was umbonate, circular and undulate margin with
pale yellowish appearance, whereas others were convex
circles and regular in margin with a whitish appearance.
Similarly, Ferbiyanto et al. [28] reported that colony of
cellulolytic bacteria isolated from gut of worker Mac-
rotermes gilvus were rounded, smooth and convex.

3.4 Biochemical characteristics
The biochemical characteristics of the 5 selected isolates

are depicted in Supplementary 3. The selected bacterial
strains were found to be Gram-positive rods (Fig. 1). All 5

isolates showed negative reactions to biochemical assay of
Indole and Phenylalanine Deaminase, whereas they showed
positive reactions to catalase, gelatin liquefaction and citrate
utilization. Strain CBC9 was non-motile and showed posi-
tive reaction to methyl red and negative reaction to nitrate
utilization, while others being motile in nature showed nega-
tive reaction to methyl red and positive to nitrate utiliza-
tion. Sugar fermentation and hydrogen sulphide production
analyses showed that all the 5 strains could ferment glucose
but could not produce hydrogen sulphide when cultured on
Triple Sugar Iron Agar.

3.5 Molecular characteristics

The PCR amplification product resulted from agarose gel
electrophoresis of all the 5 selected strains is shown in
Fig. 2. All of the DNA fragments amplified by PCR were
single bands, each measuring around 1500 bp. The 16S
rDNA of the selected bacteria were submitted in the Gen-
eBank for their accession number, and all were found to
have similarities with Bacillus sp. The strains CBD4 and
CBG3 were found to be Bacillus subtilis CBG2 was Bacil-
lus sp., CBC9 was found to be Bacillus xiamenensis and
CBG4 was found to be Bacillus velezensis with accession
no ON150745, ON178665, ON725042, ON479186 and
ON142173 respectively. MEGA 11.0 cluster analysis was
used to create the phylogenetic tree [29], and the strains were
classified as shown in Fig. 3. The results of morphological
and biochemical identification and 16S rRNA gene analy-
sis showed that the homology between CBC9 and Bacil-
lus xiamenensis was 99.54%, CBD4 and Bacillus subtilis
was 99.55%, CBG?2 and Bacillus sp. was 95.20%, CBG3
and Bacillus subtilis was 99.60% and CBG4 and Bacillus
velezensis was 99.85%. The evolutionary relationships of
isolated strains were determined by using the phylogenetic
tree. The present study showed that the Bacillus subtilis
strains produce highly active cellulase, which was also sug-
gested from previous work like Bacillus subtilis isolated
from Tibetan pig’s intestine [3]; gut of rice weevil (Sitophi-
lus oryzae) [13]; Bacillus velezensis from faeces of piglets
[30]; from Min pigs’ manure [20]. Bacillus xiamenensis
from the intestinal tract contents of a flathead mullet, Mugil
cephalus [31].

3.6 Antibiotic sensitivity of bacterial strains

Antibiotic sensitivity of 5 bacterial strains using 11 dif-
ferent antibiotic discs was depicted in Table 2 and Fig. 4.
All the selected strains showed resistance to fluconazole
(FU'%), amphotericin B (AP>°) and penicillin-G (P'?),
while they showed susceptibility to ciprofloxacin (CIP),
neomycin (N3%) and tetracycline (TE*). All the bacterial
strains showed susceptibility to erythromycin (E) except
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Fig. 1 Images of Gram stain, SEM and size in sequence from left to right
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Fig.2 Electrophoresis of PCR

CBC9

CBD4

products of selected strains L

CBC9 which showed moderate resistance. CBC9 and CBG4
showed susceptibility to streptomycin (S'?), whereas CBD4,
CBG2 and CBG3 showed moderate resistance reaction.
CBG4 showed susceptibility to bacitracin (B'?), whereas
other showed resistance in reaction. Three of the 5 strains
Bacillus xiamenensis, Bacillus sp and Bacillus velezensis
showed susceptibility to vancomycin (VA®®) while Bacillus
subtilis showed resistance in reaction. The Bacillus subtilis
and Bacillus sp. showed susceptibility to amikacin (Ak>?),
whereas others showed resistance in reaction.

3.7 Growth pattern of cellulolytic bacterial strains

The growth curve of all the bacterial isolates at 37 °C in LB
broth medium at pH 7.0 was shown in Fig. 5. The exponen-
tial growth starts from 5 h and lasts up to 24 h for CBC9,
but for other bacterial strains, it lasts up to 16 h, where they
attain a stationary phase. The population count of CBD4,
CBG2, CBG3 and CBG4 reached the stationary phase at
24 h and lasted up to 78 h, but in the case of CBC9 station-
ary phase of growth lies between 32 and 50 h of incubation
which was less than other bacterial strains. The decline in
population count starts after 40 h of incubation and lasts
for 96 h. The population curve of all the strains attain pla-
teau after 85 h except in case of CBC9 where it occurs after
96 h. The population at a respective time is too high for
CBC9 followed by CBG2>CBD4 > CBG3 > CBG4. The
growth characteristics of most of the previous work were
based on the ODy, value of the incubated broth culture. The
OD value showed the absorbance of the medium at 600 nm
wavelength, which was related to the bacterial growth in
the medium irrespective of their viability. In this study, the
bacterial count showed that the logarithmic phase of the
strains started after 5 h of incubation which was faster than

DNA Mass MAGSPIN-21 Bas(%Pairs

(ng/ 5pl) p)

CBG2 CBG3 CBG4

1.5k

2% Agarose Gel

previously reported Bacillus spp. [3, 32]. The growth phase
of the strains continued up to 40 h of incubation and the
population count of all the Bacillus strains was maximum
at 40" h. This was congruent with the previous study of
Yang et al. [3], and Li et al. [20] reported that the maximum
growth of B. subtilis (BY-2) and B. velezensis (M2) were
up to 20 to 39 h and 20 h of incubation respectively. B.
xiamenensis CBC9 which was studied first time for the cel-
lulolytic activity having logarithmic phase over 5 h to 24 h
and growth period up to 50 h of incubation; thereafter, the
population count declined due to lack of nutrition.

3.8 Optimization of cellulase production condition

The strains were incubated under various conditions, includ-
ing pH, temperature, carbon supply, N supplement and inoc-
ulum size. The CMCase activity of the cellulase generated
by the bacteria was measured using the DNS calorimetric
method. According to growth characteristics of the strains
(Fig. 1), the population count was maximum around 40 h of
incubation for all the strains. Since this was the most active
phase of the strains being in the logarithmic phase, we con-
ducted cellulase production cultivation experiment for 36 h
in order to examine the optimum cultivation condition for
all the strain and to figure out the best three for application
in composting.

3.9 Study of some abiotic factors affecting cellulase
activity

The entire fibre degrading enzyme influenced by growth

parameters like carbon and nitrogen sources, inoculum
concentration, temperature and pH of the medium, aeration
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NR 113265.1 Bacillus subtilis JCM 1465
‘[{ NR 112629.1 Bacillus subtilis NBRC 13719
NR 112637.1 Bacillus pumilus NBRC 12092
—— ON479186 1 Bacillus xiamenensis CBC 9
— NR 024693 1 Bacillus mojavensis IFO15718
NR 042339 1 Bacillus aerophilus 28K
_| NR 042336 1 Bacillus stratosphencus 41KF2a
NR 024696 1 Bacillus valismortis DSM 11031
NR 042337 1 Bacillus altitudinis 41KF2b
NR 104919 1 Bacillus tequilensis 10b
NR 116017 1 Bacillus subtits BCRC 10255
NR 104873 1 Bacillus inaquosorum BGSC 3A28
ON142173 1 Bacillus velezensis CGB4
NR 118441 1 Bacillus stratosphencus 41KF2a
NR 027552 1 Bacillus subtiis DSM 10
NR 115063 1 Bacillus halotolerans DSM 8802
AF ON150745 1 Bacillus subtiis CBD4

ON178665 1 Bacillus subtiis stran CBG3
NR 118972 1 Bacillus subtiis NCDO 1769
s —— ON 725042 1 Bacillus Sp CBG2
— NR 118439 1 Bacillus aenus 24K
NR 102783 2 Bacillus subtilis subsp subtilis
4‘ NR 112116 2 Bacillus subtilis IAM 12118
NR 075005 2 Bacillus velezensis FZB42
NR 151897 1 Bacillus nakamurai NRRL B-41091
NR 148244 1 Bacillus xamenensis MCCC 1A00008

NR 148787 1 Bacillus austraimans MCCC 1A05787
NR 148786 1 Bacillus zhangzhouensis MCCC 1A08372

H

1.00

Fig.3 Phylogenetic tree for the selected strain and related bacterial
strains

and on the presence of various metal ions as activators and
inhibitors [33].

3.10 pH

The cellulase production of different isolates as influ-
enced by pH of the medium which was implied by
CMCase activity was depicted in Fig. 6. The optimum
cellulase production of the strains isolated from gut bac-
teria of hairy caterpillar (CBG2, CBG3 and CBG4) were
at pH 6.5, whereas other two strains (CBC9 and CBD4)
showed optimum CMCase production at pH 7.5. CMCase
activity was determined to be at its peak in strain CBG2
(38.39 Uml~!) which was followed by CBD4 (32.47
Uml~!) and CBC9 (24.51 Uml~!). The CMCase produc-
tion by CBG3 was 22.56 Uml~! and CBG4 was 23.19
Uml~!. Through the experiment, it can be said that dif-
ferent strains isolated from various sources are capable
of producing enzyme in a wide pH range (4.5 to 9.5),
while the incubation condition for maximum activity was
at the pH of 6.5 and 7.5 for different strains. The result of
the current study was congruent with previous work on
Bacillus pumilus MGBOS [14]. This result contradicts the
study of Yang et al. [3] which showed that the optimum
production condition for Bacillus subtilis (BY-2) isolated
from intestine of Tibetan pig was at pH 5.5. While study
of Dar et al. [12] indicated that a Klebsiella sp. MD21
isolated from gut of Helicoverpa armigera showed high-
est enzyme production at pH 9.0. The optimum CMCase
activity was observed at different pH for different iso-
lated strains because the pH of the fermentation medium
is reported to impact the growth of any microbial strain
[34]. In the current study, strains were isolated from vari-
ous sources which differentiate their habitat; this might
be responsible for their differential enzyme production
under different pH range. The Bacillus sonorensis (HSC7T)

Table 2 Antibiotic sensitivity

of isolates SL. No Antibiotics Reaction
CBC9 CBD4 CBG2 CBG3 CBG4
1 Ciprofloxacin (CIP?) S S S S S
2 Fluconazole (FU'%) R R R R R
3 Neomycin (N*%) S S S S S
4 Vancomycin (VA S R S R S
5 Amphotericin B (AP%) R R R R R
6 Streptomycin (S'%) S M M M S
7 Bacitracin (B'%) R R R R S
8 Amikacin (Ak>®) R S S S R
9 Tetracycline (TE?) S S S S S
10 Penicillin-G (P'%) R R R R R
11 Erythromycin (E) M S S S S

S susceptible, R resistance, M moderately resistance
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CBG-4
*1: CIP%, 2: FUY, 3: N, 4: VAY, 5: AP¥, 6:S', 7:B!°, 8:Ak™, 9:T, 10:P and 11:E

Fig.4 Antibiotics sensitivity of isolates. *1: CIP, 2: FU', 3: N 4: VA%, 5: AP® 6: S0, 7: B'0, 8: Ak, 9: T, 10: Pand 11: E
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Fig.5 Growth curve of isolates.
The bar over each column indi-
cating standard error (n=23)
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Fig.6 Effects of different pH
on production of cellulase.
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isolated from water samples of Gorooh hot spring [35]
and Bacillus velezensis [M2] from Min pigs’ manure
[20] produced highest CMCase at pH 6.0 and 4.5 respec-
tively. The present results, however, concur with previous
research that most bacterial enzymes produce CMCase at
their highest levels between pH 6 and 8 [36].

3.11 Temperature

The enzyme activity of cellulolytic bacterial strain pro-
duced at different temperature was shown in Fig. 7. The
optimum temperature for enzyme production was 35 °C for
all the selected strain. The strain CBG?2 isolated from gut

Fig. 7 Effects of different
temperature on production of
cellulase. The bars in the lines
indicating standard error (n=3) 40

W
wn <o
1 y

W W
0N oS W
1 1 1

— = NN
wn <
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The bars in the lines indicating standard error (n=3)

@ Springer



Biomass Conversion and Biorefinery

bacteria of hairy caterpillar showed higher enzyme produc-
tion (30.32 Uml™") among all the selected strain followed
by strain CBD4 (38.51 Uml™!) isolated from dump yard
and strain CBC9 (41.66 Uml™") isolated from composting
unit. The enzyme productions of the rest of the two strains
(CBG3 and CBG4) were at lower levels in all the respec-
tive temperatures. The extracellular enzyme secretion was
found to be influenced by temperature, possibly due to the
change in physical properties of the cell membrane [16]. The
results of the current study showed that all strains produced
CMCase best at a temperature of 35 °C and that production
declined as temperature increased or dropped. The current
findings substantiated by the previous studies, i.e., optimum
temperature for CMCase production of Bacillus pumilus
(MGBO05) isolated from midgut of muga silkworm [14] and
strain Bacillus velezensis (M2) from mini-pigs’ manure were
found to be 35 °C [20]. The Paenibacillus sp. had maximum
cellulose activity at 40 °C [27]; however, there was no activ-
ity at higher temperatures (i.e., 50 and 60 °C) for Klebsiella
sp. MD21 isolated from gut of Helicoverpa armigera [12].
The decrease in enzyme production at lower or higher tem-
peratures may be caused due to the fact that the growth of
the organisms is inhibited at these temperatures, resulting
in a reduction in the synthesis of the enzymes [37], whereas
maximum CMCase production at the ideal temperature is
due to higher metabolic activity resulting in increasing pro-
tein content and extracellular enzyme production in culture.
The reduction in enzyme production was also due to the
denaturation of enzyme transport system carrying proteins
and the membranes hardening at low temperature which
damage the microorganism and results in reduced enzyme
activity [38]. It was discovered that other Bacillus enzymes
isolated from various settings shared these pH and tempera-
ture properties.

3.12 Carbone sources

The cellulase activity of strains influenced by C supple-
ments (Lactose, dextrose, sucrose, starch and CMC) shown
in Fig. 8 concludes that the enzyme activity was highest on
supplementation of CMC as a carbon source followed by
lactose and dextrose. CBG2 strain’s CMCase activity was
greater than rest of the strain in all the carbon supplementa-
tion except dextrose where CBD4 showed higher enzyme
activity. Cellulases are inducible enzymes and their activa-
tion and repression mechanisms depend upon different types
of substrate as well as their availability in the vicinity [14].
CMC was the ideal carbon source for all five strains in this
study to produce the most cellulase, whereas Hussain et al.
[36] reported that best carbon source for optimum cellulose
production was sucrose. However, Sreena and Sebastian [39]
reported that CMC plays a significant role in cellulase pro-
duction by Bacillus sp. Yang et al. [3] further observed the

maximum CMCase activity when mixture of 1% corn pow-
der and 1% CMC was used as the sole carbon source. The
best carbon sources differed across research, which might be
explained by the examined strain’s predilection for a particu-
lar substrate, the carbon sources used in these investigations
or the isolation environment.

3.13 Nitrogen sources

The CMCase activity of the strains in the presence of dif-
ferent organic and inorganic N supplements was depicted
in Fig. 9 which showed that the strains expressed higher
enzyme activity when there was organic supplement. The
enzyme activity was the highest in all the strains where
yeast extract was used as N supplement except CBG4
which showed highest activity on urea supplementation.
The enzyme activity of bacterial strains decreased in pres-
ence of inorganic supplement and the lowest activity was
found in case of NH,NO; supplementation. In order to build
amino acids, nucleic acids and proteins and to assist bac-
teria produce enzymes, nitrogen is a necessary ingredient.
This source of this required nitrogen for the bacteria varied
according to their habitat or isolation environment. In this
study, four among the five bacteria strains performed well
in presence of organic nitrogen, i.e., yeast and peptone. Our
study is substantiated by Ire et al. [38] who stated that yeast
extract was the preferred nitrogen source for cellulase pro-
duction and their activity. Current study showed that the
strains can utilize organic nitrogen efficiently, whereas in
presence of inorganic nitrogen the activity reduced by mani-
fold. The lower level of enzyme activity in the inorganic
nitrogen supplementation might be due to the metabolism
of inorganic nitrogen contributing to the acidification of the
growth medium. Similar results were found by Yang et al.
[3], where enzyme activity was found almost zero in pres-
ence of inorganic nitrogen in the medium. In contrast to pre-
vious study, one strain showed maximum enzyme activity in
presence of urea. These findings demonstrate how different
Bacillus strains’ enzymatic characteristics and productivities
are closely related to their initial environments and medium
conditions [20].

3.14 Inoculum size

The enzyme activities of cellulolytic bacterial strains depend
on their inoculum concentration. The CMCase activity of
strains as influenced by inoculum concentration was shown
in Fig. 10. Strain CBG4 showed highest enzyme activity
at 3% inoculum concentration, whereas CBG2 and CBG3
perform to their highest potential at 4% inoculum concentra-
tion. The strains CBC9 and CBD4 produce highest CMCase
enzyme where they are inoculated with 5% inoculum. The
potential activity of strains decreased on further increasing
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Fig.8 Effects of different
carbon sources on production
of cellulase. The bar over each
column indicating standard
error (n=23)

Fig.9 Effects of different N
supplements on production of
cellulase. The bar over each
column indicating standard
error (n=23)

the inoculum concentration. Strain CBG3 and CBG4 showed
less CMCase production than other three strains at their
maximum potential. The findings revealed that, depending

Fig. 10 Effects of different
inoculum size on production of
cellulase. The bars in the lines
indicating standard error (n=3)
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on the strain, the ideal inoculum size for enzyme synthesis
ranged from 3 to 5%. This result was similar to the diverse
reporting about the inoculum concentration for the optimum
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Fig. 11 CMCase activity under
different pH (4.5 t0 9.5). The
bars in the lines indicating
standard error (n=3)
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cellulase production by different authors. Inoculum size for
optimum enzyme activity was 2% for Paenibacillus terrae
ME27-1 isolated from soil [40] and Bacillus velezensis M2
isolated from mini-pigs’ manure [20]. In another study, Yang
et al. [3] reported 4% inoculum concentration for optimum
CMCase activity. Thereafter, the enzyme activity decreased
with further increasing in inoculum concentration. This may
be because of the inadequate nutrients and dissolved oxygen
caused by the excessive bacterial density, which ultimately
inhibits bacterial development and lowers the enzyme pro-
duction capability [13].

3.15 Properties of CMCase produced by selected
strains

The crude enzyme generated by the strain was incubated
under various pH and temperature ranges, and activity was
evaluated using the DNS calorimetric method to establish
the ideal pH and temperature for the CMCase reaction. The
CMCase activities of bacterial isolates under different pH
(4.5 to 9.5) showed in Fig. 11 states that the activity was
highest at pH 6.5 for all the isolates. The enzyme activ-
ity of CBG2 strain was the highest (53.92 Uml~') among

Fig. 12 CMCase activity under
different temperature range (25
to 70 °C). The bars in the lines
indicating standard error (n=3)

CMCase activity (U ml!")
— [ ] W - n N
s & & = & 3

=]
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all the isolates and was stable (80% of the maximal level)
in between pH 5.5 and 7.5 while strain CBC9 and CBD4
showed less stability (>70%) in the similar pH range with
maximum activity being 37.60 and 53.83 Uml~! respec-
tively. Strain CBG3 showed stability (>70%) at pH 5.5 to
7.5, whereas CBG4 showed stability (>70%) at pH 5.5 to
6.5.

The CMCase activity under different temperature
ranges (25 to 70 °C) was depicted in Fig. 12 showed that
enzyme activity of all the strains was highest at 50 °C
temperature and decreased in higher or lower temperature
ranges. The enzyme activity at 50 °C was highest in case
of CBG2 followed by CBD4, CBC9, CBG3 and CBG4 but
at extreme temperature (70 °C) the highest enzyme activ-
ity was found in CBD4 followed by CBG2 and CBC9.
All the strains except CBD4 maintained stability (> 80%)
in temperatures between 40 and 50 °C, whereas CBD4
maintained stability (> 70%) in the range of 40 to 60 °C.
Strain CBG2 and CBG3 showed stability (>70%) at 25
to 50 °C temperature while CBG4 showed more than 70%
stability at broader 25-60 °C temperature ranges. The
strains’ CMCase production optimal pH and temperature
were discovered to be 6.5 and 50 °C, respectively. There
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is diversified reporting on the CMCase properties of dif-
ferent cellulolytic strains, i.e., pH 5.5 and 50 °C were the
ideal values for CMCase activity for Paenibacillus terrae
ME27-1 [40]; 7.0 and 50 °C for Bacillus cereus JD0404
[41] and 6.0 and 50 °C for Bacillus pumilus MGBOS [14].
In a recent study, Prasad et al. [13] observed that as tem-
perature rises above 50 °C and pH 4.5, the — 1,4-endoglu-
canase activity decreases because the three-dimensional
shape of the enzyme’s active site is maintained by an
ideal pH and temperature of the medium, which is nec-
essary for the adsorption of substrate to the active site,
and because a change in the ideal environment causes
changes in the enzyme’s ionic bonding, which causes the
enzyme to lose its functional shape [16]. With respect to
other Bacillus enzymes isolated from various settings, the
strains in the current investigation maintain their CMCase
stability (70-80%) over a wide pH and temperature range.
Similar results were found in some of the previous studies
like the temperature and pH stability for CMCase activity
of Bacillus cereus JD0404 isolated from the muddy sedi-
ments of mangrove swamps was found to be 50 to 60 °C
and pH 5.0-8.0 [41]. In another study by Li et al. [20] iso-
lated a strain M2 similar to Bacillus velezensis from mini-
pigs’ manure and concluded that the strain shows physical
stability for CMCase reaction at 4.5 to 7.0 pH and 55 to
70 °C temperature. In the current research, the properties
of CMCase produced by Bacillus xiamenensis was exam-
ined for the first time which showed stability (> 80%) in
the pH range of 6.5 to 7.5 and 40-50 °C temperature with
maximum enzyme reaction at 6.5 and 50 °C.

4 Conclusion

From the aforementioned experiment, it can be inferred
that, out of the five cellulolytic bacteria, strain CBG2
(Bacillus sp.) produced the most cellulolytic enzyme. The
growth and cellulolytic enzyme production of CBG2 was
greater than that of other isolates in terms of inoculum
size, pH, carbon and nitrogen source concentration, and
temperature. This study shown that when the enzymatic
conditions are ideal, cellulose strongly absorbs cellulases
using the CBG?2 strain. The initial concentration of cel-
lulose influences the amount of adsorption. According to
our knowledge, the current work is the first to character-
ise the strain CBC 9’s cellulolytic capabilities (Bacillus
xiamenensis).
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