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ABSTRACT

Objective: The green plant waste consists of a high amount of lignocellulosic materials offering an intense environment for the growth of
cellulolytic bacteria, which have ability to degrade plant biomass as a carbon source. This cellulase produced can be used to break down plant waste
into valuable products such as monomeric sugars, biofuels, compost etc. Therefore, the aim of present study was to isolate and identify potent
cellulose-degrading bacteria from decomposing plant matter and assessment of their cellulolytic activity.

Methods: The cellulolytic bacteria were isolated by serial dilution technique on CMC agar media and six isolates were selected based on their
cellulose hydrolysing ability. Based on the biochemical tests such as Oxidase test, Voges-Proskauer test, Methyl red test, Catalase test and sequence
analysis of 16s rRNA genes.

Results: The isolates were identified as Paenibacillus alvei, Paenibacillus lentimorbus, Bacillus subtilis, Bacillus nakamurai with percentage identity of
93.77%, 92.80%, 97.71% and 91.94%, respectively, as obtained from NCBI BLAST. Among these Paenibacillus alvei showed the highest cellulase activity.

Conclusion: The findings of this study could pave the way for the use of cellulose as an inexpensive energy source for bacteria that are capable of
producing valuable products.
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INTRODUCTION

Cellulose is a complex carbohydrate composed of a linear chain of
B-1,4 linked d-glucose units and is the most abundant organic
polymer on the earth. It is the basic structural component of plant
cell walls, wood, and numerous forms of algae [1]. Cellulose is a
cheap biopolymer and almost inexhaustible raw material available
today worldwide. The unique properties of cellulose are a result of

renewable bioresource synthesized by a photosynthetic process.
The green plant waste consists of a high amount of lignin,
hemicellulose, and cellulose. So, the degradation of green plant
waste is difficult and requires more time. The cellulose and other
various compounds present in the organic waste can be broken
down by microbial enzymes to produce economically valuable
products such as monomeric sugars, microbial biomass proteins,
compost, biofuels, antibiotics, and so on [3]. Hence, the use of

its unique structure. Cellulose is a crystalline solid that is
hydrophilic and biodegradable [2]. Cellulose is a massive

microbial enzymes to degrade plant biomass has many
physiological, industrial, and environmental applications [4].
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Fig. 1: Microbial degradation of cellulose [2]
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The biological degradation of cellulose by several cellulolytic
enzymes, collectively known as cellulase enzymes has attracted the
interest of biotechnologists for many years. These enzymes are
produced chiefly by several microorganisms such as bacteria, fungi,
and protozoans during their growth on cellulosic materials [5]. The
degradation of cellulose is the result of a synergic process between
three major enzymes endoglucanases (EC 3.2.1.4), exoglucanases
(EC 3.2.1.91), and B glucosidase (EC 3.2.1.21) [6]. The combined
action of endoglucanase, exoglucanase, and B-glucosidase determine
the efficiency of the cellulolysis process. Endoglucanases released by
bacteria cleave the f-1,4-glycosidic linkages of cellulose, releasing
oligosaccharides of variable lengths. Subsequently, Exoglucanases act
on the endoglucanases-generated chain ends to liberate glucose or
cellobiose molecules. Cellobiose is finally hydrolysed to two glucose
molecules by B-glucosidases [7]. Bacteria are now being explored for
cellulase production due to their higher growth rate, stability at
different temperatures and pH, lower feedback inhibition, production
of multienzyme complexes and ability to grow in a wide range of
environmental conditions [8]. Cellulase has potential applications in
the detergent industry, food processing industry, agriculture, pulp and
paper industry and biofuel production [9]. Isolating potential strains is
the first step in developing an industrial process for the production of
an enzyme. Isolation and identification of microbes for cellulases are
critical, given the high demand for new enzymes and the advancement
of their biotechnological applications.

The main objective of this study was the isolation and identification
of cellulose-degrading bacteria from decomposing plant waste and
the assessment of their cellulolytic activity.

MATERIALS AND METHODS
Sample collection

The decomposing plant waste was collected from Gruhalakshmi
Layout BBMP park in Bangalore and was brought to the Bioedge
solutions laboratory for the isolation of cellulose-degrading bacteria.

Isolation of cellulose-degrading bacteria

Cellulolytic bacterial strains were isolated from decomposing plant
waste by serial dilution and direct plating method [10]. The collected
sample was serially diluted and dilutions were made up to 10-5.
About 1 ml of inoculum from serially diluted samples were spread
on CMC (carboxymethyl cellulose) agar plate thoroughly and
incubated at 37 °C for 24 h. Later 6 isolates that showed growth on
the CMC plate were selected for further study [11].

Screening of CDB strains

The 6 isolated cellulose-degrading bacterial strains were screened
for determination of cellulase activity. The Six CDB isolates were
transferred to CMC agar plates. After incubation for 24 h, CMC agar
plates were flooded with safranin solution and allowed to stand for
20 min at room temperature. Later, 1M NaCl was used for
counterstaining the plates. The plates were flooded with 1M NaCl for
20 min. After discarding the NaCl, clear zones appeared around the
bacterial colonies indicating cellulose hydrolysis [12].

Determination of cellulase activity

Enzyme cellulose activity of 6 CDB isolates was measured by the
phenol-sulphuric method through the determination of the reducing
sugars liberated from carboxymethyl cellulose [13].

The culture broth was centrifuged at 5000rpm for 5 min and the
clear supernatant was collected as crude enzyme for enzyme assay.
Then, 0.2 ml of the crude enzyme was added to 1.8 ml of 0.5% CMC
in 50 mmol sodium phosphate buffer and incubated at 50 °C for 30
min. After incubation, 5% phenol was added to the reaction mixture.
The reaction mixture was then kept at room temperature for 20 min.
Sugars liberated were determined by measuring the absorbance at
490 nm. The cellulase activity was determined by a using glucose
calibration curve.

Morphological and biochemical characterization of CDB strains

The isolates were examined for morphological features by Gram'’s
staining technique. The biochemical properties of the isolates were

Int ] Pharm Pharm Sci, Vol 15, Issue 4, 22-27

determined by oxidase test, Voges-Proskauer test, Methyl red test
and Catalase test [14].

DNA isolation and PCR amplification

The bacterial genomic DNA was extracted by the CTAB extraction
method. The selected 6 CDB isolates were grown overnight on a CMC
agar plate. A loopful of culture was resuspended in 1 ml of CTAB
extraction buffer and was mixed thoroughly by pipetting in and out.
The samples were incubated at 60 °C for 30 min. Following the
incubation, centrifugation was done for 5 min at 14,000 rpm. Then,
an equal volume of chloroform/isoamyl (24:1) alcohol was added.
The samples were vortexed for 5 seconds and then centrifuged at
14000rpm for 5 min to separate the phases. The upper aqueous
phase was transferred to a new tube and the DNA was precipitated
by adding isopropanol. The mixture was transferred to the silica-
based DNA-based column and spun at 12,000rpm for 1 minute. Then
the samples were washed repeatedly using a wash buffer. The DNA
was eluted by adding elution buffer and the RNA was removed by
adding RNA ase. The DNA obtained was quantified by the gel
electrophoresis method. The extracted DNA was amplified by a
polymerase chain reaction. The PCR reaction mixture was as follows:
1pl of template DNA, 1 pl of 10 uM universal 16s rRNA forward
primer 27F (5 AGA GTT TGA TCC TGG CTC AG 3') and 1 ul reverse
primer 1429R (5’ TAC GGT TAC CTT GTT ACG ACTT 3') (Raw way et
al, 2018 and Xue 2020). 0.5 pl of Taq polymerase, 10uM of 1 ul
dNTP’s, 2.5 pl of buffer, and 1.8 pl of nuclease-free water. The
thermal cycle profile was as follows: 5 min initial denaturation at 95
°C, 35 cycles of 30 seconds final denaturation, annealing at 55 °C for
30 seconds, elongation at 72 °C for 1 minute, followed by final
elongation for 5 min. The PCR products were analysed in agarose gel
electrophoresis stained with ethidium bromide.

DNA sequencing and data analysis

The PCR amplified 16S rDNA region using 16S rDNA primers of 6
CDB isolates were sequenced using an automated DNA sequencer.
The 16S rDNA gene sequences obtained were compared with
previously submitted 16S rDNA sequences available in Genbank at
the National Centre for Biotechnology using the nucleotide BLAST
(blastn) program and aligned with similar sequences using an online
tool CLUSTAL Omega [15, 16].

RESULTS

Six bacterial strains were isolated from the decomposing plant
matter and were screened for cellulase production using a CMC
medium. All 6 bacterial isolates showed clear zones around their
colonies on cellulose medium, indicating that these microbes
have the ability to degrade cellulose by producing cellulase
enzyme (fig. 2).

The quantitative measurement of the cellulase production was
carried out by measuring the amount of reducing sugar liberated
from CMC media by 6 bacterial isolates using the phenol sulphuric
acid method. The glucose concentration was liberated by six CDB
isolates was 0.6286, 0.8089, 0.3647, 0.191, 0.705, 0.563 mg/ml, and
the enzyme activity was 1.16, 1.49, 0.674, 0.353, 1.04 mmol/(min.
ml) respectively. In this study, CDB-2 liberated the highest glucose
concentration 1.496 mg/ml in the medium and showed the highest
enzyme activity 0.8089 mmol/(min. ml).

The morphological characteristics of the isolates were determined
by the Gram’s staining test. All the six CDB isolates retained the
purple colour and appeared as rod-shaped bacteria when observed
under a microscope, which shows they are gram-positive organisms.
The morphological and biochemical features of the isolates are
presented in table 1.

For further identification, genomic DNA was isolated and the 16S
rRNA gene was amplified and sequenced. The DNA size of the
amplified 16S rRNA gene was estimated by electrophoresis using a
100bp DNA Ladder as a DNA marker. The electrophoresis result (fig.
5) showed that all isolates contain a 1200bp size of 16S rRNA gene.
The 16S rRNA gene sequence of each isolated bacteria was
compared with the present 16S rRNA gene sequences in the
Genebank via Nucleotide BLAST to identify the most similar
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sequence alignment. The phylogenetic tree of the isolated strains of the 6 CDB strains revealed that they are closely related to Bacillus
and closely related strains was constructed using the CLUSTAL species, Paenibacillus alvei, Paenibacilluslentimorbus, Bacillus subtilis,
Omega tool (fig. 6). The results of 16S rRNA gene sequence analysis Bacillus nakamurai (table 2).

Fig. 3: Gram’s staining results

CDB-1 CDB-3 CDR-4 con-¢ [l CONTROL

Fig. 4: Genomic DNA bands of the isolated CDB strains

24



H.]J.N.etal

Fig. 5: PCR amplified 16S rRNA gene bands of the isolated CDB strains
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Fig. 6: Phylogenetic analysis of cellulose-degrading bacteria with closely related strains based on 16s rRNA gene sequence

Table 1: Results of morphological and biochemical tests of isolated cellulose-degrading bacterial colonies

Isolate no. Gram'’s staining Catalase test Oxidase test Voges-Proskauer test Methyl red test
CONTROL - - - - +
CDB-1 + + + + +
CDB-2 + + - + +
CDB-3 + + - + +
CDB-4 + + + + -
CDB-5 + + - + +
CDB-6 + + - + +
Table 2: BLAST N results of 16s rRNA gene of isolates
Isolates Closest strain in NCBI database Query cover (%)  E-value Ident (%) Accession number
CDB-1 Bacillus sp. 96 3e-176 94.62 MK249928.1
CDB-2 Paenibacillus alvei 79 8e-158 93.77 MN543811.1
CDB-3 Paenibacillus lentimorbus 93 0.0 92.80 AY860842.1
CDB-4 Bacillus subtilis 86 0.0 97.71 KY063700.1
CDB-5 Bacillus sp. 76 0.0 97.12 LCA24415.1
CDB-6 Bacillus nakamurai 84 0.0 91.94 MN737999.1
DISCUSSION isolates are gram-positive bacteria and they were closely related to

In the present study, 6 cellulose-degrading bacteria were isolated
from decomposing plant waste. The results of morphological,
biochemical characterization together with the results of 16S rRNA
gene sequence analysis of the 6 CDB strains revealed that the

Bacillus species, Paenibacillus alvei, Paenibacilluslentimorbus, Bacillus
subtilis and Bacillus nakamurai. In our study, the genus Bacillus was
found to be the main cellulose-degrading bacteria in the
decomposing plant waste. Similarly, Bacillusspecies have been
reported to be the dominant cellulose-degrading bacteria in samples
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collected from biogas slurry, industrial samples and the gut of
insects [17, 18].

The cellulase activity of the CDB isolates was higher than 0.071+0.01
IU/ml of cellulase activity for Bacillus species isolated from organic
manure [19]. Many studies have reported that the cellulase activity
of the cellulose-degrading bacteria can be enhanced by optimizing
the growth conditions and the carbon and nitrogen sources [20, 21].
In our study, Paenibacillus alvei showed the highest cellulase
activity. Similarly, the Paenibacillus species isolated from sawdust
and coffee residue compost also showed good cellulase activity [22].
The Bacillus species possess cellulose-hydrolytic activity. They have
the ability to produce p-glucosidases, hemicellulases, and
endoglucanases [23]. The genus Bacillus has a highly conserved 16S
rRNA gene sequence that can be used to identify the bacteria.
Paenibacillus species are efficient cellulase producers. They have the
ability to digest cellulose and hemicellulose by producing enzyme
complexes [24]. Bacillus subtilis have the ability to produce a
good quantity of exocellulase and endo cellulase enzymes and can
grow in different environments [25]. However, there is not enough
information available on cellulose degradation by the Bacillus
nakamurai strain.

CONCLUSION

Six cellulose-degrading bacteria were isolated from decomposing
plant matter using CMC medium and their cellulase activity was
evaluated. The morphological, biochemical and molecular
characterization of the isolated CDB strains revealed that they are
closely related to Bacillus species, Paenibacillus alvei, Paenibacillus
lentimorbus, Bacillus subtilis, Bacillus nakamurai. The CDB-2 strain
showed the highest cellulase activity among the 6 isolated strains.
Thus, this study reveals that all six cellulose-degrading bacteria
isolated from the decomposing plant matter can efficiently produce
cellulase enzyme, which could be used for various industrial
applications. Further study on the optimization of various factors,
such as medium additives and growth conditions for large-scale
production of cellulase to use in industrial applications, is needed.
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