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Abstract

precisely characterize the bacterial strains.

Morganellacea family.

Purpose: Cellulase, due to its massive applicability, has been used in various industrial processes such as biofuels
(bioethanol, triphasic biomethanation), agricultural and plant waste management, chiral separation, and ligand binding
studies. The finding of a novel cellulase-producing bacterium will benefit the industries, which rely on yeast to produce
cellulase in fermentation technology, because bacteria can easily be manipulated and fermented cost-effectively.

Methods: Cellulase enzyme-secreting bacteria were isolated from different regions of the world’s largest mangrove
forests, Sundarbans in Bangladesh. Biochemical, morphological, and 16S rRNA identification protocol was followed to

Result: We have determined that the strain T2-D2 (Bacillus sp), E1-PT (Pseudomonas sp.), and D1-PT (Pseudomonas sp.)
showed maximum endoglycolytic and strain C1-BT (Bacillus sp.), E1-BT (Bacillus sp.), and T-4 (E) showed relatively higher
exoglycolytic activity during the test. So, it can be easily cultured at a normal temperature (97.7-99.5 °F). On the one hand, T2-
D2 (Bacillus sp) and E1-PT (Pseudomonas sp.) have shown the highest growth rate at pH 7 as it was neither acidic nor basic.

Conclusion: It was concluded that the strain T2-D2 (Bacillus sp)) and E1-PT (Pseudomonas sp.) would be our target
cellulolytic strains wherein the experimental isolates belonged to the Enterobacteriaceae, Psuedomonacea, Bacillacea, and

Keywords: Cellulolytic bacteria, Endoglucanase, Exoglucanase, Mangrove forest, Bangladesh

Introduction

Mangrove forests are enriched with groups of trees and
shrubs and have substantial ecological importance at the
tropical side and economic significance on universal scales.
One of the largest mangrove forests in the world is Sundar-
bans located in the south-west between the river Baleswar
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in the East and the Harinbanga in the West, adjoining to
the Bay of Bengal (Biswas et al. 2007). Having a rich bio-
logical diversity among the plants, animals, and microbes,
Sundarbans is surrounded by terrestrial and marine ecosys-
tems. To maintain the ecological balance and the biological
diversity among the living material such as plant derived
parts like litter, wood, leaf, stems, and so on have to be
decomposed by some metabolic process. These metabolic
processes of decomposition are often controlled by diverse
groups of naturally growing microbes in the mangrove for-
est. The habitat and ecological diversity of these microbes
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may depend on their features, characteristics, and synergis-
tic metabolic function.

Plant materials are composed of cellulose, which is the
main component of plant cell walls. In general, cellulose is
an organic compound having long-chained sugar (beta-D-
glucose) linked to their organic structure; therefore, they
are often called a polysaccharide. These sugar chain com-
plex structures give the plant cell wall a remarkable heavy
strength. Therefore, microbes have difficulties in breaking
down these sugar bonds among the plant cell walls. Never-
theless, several microbes degrade cellulose material and
sustain ecological balance among the forest. Among the
cellulose-degrading microbes, few microbes have synergistic
features to produce byproducts during the degradation of
cellulolytic material. This characteristic means they may
have capacity to convert cellulose or sugar or glucose com-
pounds into gases, ethanol, acid, and several types of toxic
compounds. Therefore, based on their synergistic features
and economic importance, few natural microbes were
chosen industrially for human welfare. In contrast, few mi-
crobes were modified using available modern technology,
which was also for beneficial purposes.

Due to the rich biological diversity, decomposition of liv-
ing material is required to sustain continuous ecological di-
versity. Diverse groups of microbes having bifunctional or
particular types of decomposing ability favor living material
to decompose soon. However, some materials like litter,
woods, leaves, and stems take more time to decompose as
it is difficult for some microbes to decompose. These mate-
rials are composed of cellulose, categorized at different
types based on their structure (Thatoi et al. 2013). Accord-
ing to their types, microbes produce enzymes that penetrate
the cellulolytic parts and degrade the weak to heavy struc-
tured portion. This portion comprises of heterogeneous
polysaccharide chains, such as hemicelluloses, pectins that
are embedded in lignin (Tomme et al. 1995). Aerobic,
anaerobic bacteria, and fungi display cellulase enzymatic ac-
tivity, and their biochemical analysis has been done com-
prehensively during the past few decades. Till now, three
major types of enzymatic activity have been observed: (a)
endoglucanases or 1, 4-beta-D-glucan-4-glucanohydrolases,
(b) exoglucanases, including 1, 4-beta-D-glucan glucanohy-
drolases (also known as cellodextrinases: synonyms or
derivatives of cellulose) and 1, 4-beta-D-glucan cellobiohyr-
olases, and (c) beta-glucosidases or glucohyrolases (Barka-
low et al. 1989). Bacteria, fungi, protozoa, and algae play a
significant role in degrading cellulose, and among them,
91% cellulose was degraded by bacteria and fungi (Holguin
and Bashan 1996). Among them, fungi have been used
traditionally in many fermentation industries as it is easy to
find compared to the other cellulose-degrading crude mate-
rials. But, due to the complexity in culturing and scarcity of
promising strains, fungi-based alcohol production may not
be economically beneficial. whereas for bacteria having
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similar alcohol converting ability from the same cellulose
products, it could be an alternative crude material for the
cellulase enzyme-dependent industries as it is easily access-
ible to culture, with less toxicity compared to the fungi.
However, the promising strain with a bifunctional activity
(exo- and endoglucanase) is still missing; therefore, findings
of novel strain promising for fermentation industries is in
search. In that case, mangrove forests could be the ideal
place to find out the novel bacterial strain, having required
bifunctional features.

A Bacillus strain was isolated from Thailand’s mangrove
swamps forest with relatively higher endoglucanase activ-
ity than the previously reported bacterial strains; however,
its bifunctional cellulase producing ability was lower. An-
other Bacillus strain was isolated from Brazil’'s mangrove
forest with bifunctional (exo- and endoglucanase) ability
for enzyme production. However, this bacterial strain was
only able to display particular bifunctional feature in the
presence of saline, which might suggest that their investi-
gated Bacillus strain might have unique feature compared
to other findings. However, industrially used bacterial
strains are only focused on endoglucanase or CMCase ac-
tivity because industrially used raw cellulose materials are
less amorphous and have less robust complex binding
modules (CBMs). Kinetics of industrially used bacterial bi-
functional activity has been investigated, and it displayed
highly CMCase activity similar to the previously described
bacterial strains. However, those bacterial strains were an-
aerobic and being used in industries because of less tox-
icity and having suitable maintaining ability (Manfredi
et al. 2018; Singh et al. 2019). Several studies have recently
been focusing on bacterial exoglucanase (avicellase) and
endoglucanase (CMCase) activity because not only fer-
mentation industries but also cellulase-dependent indus-
tries are moving to use strong molecular weight cellulose.
Finding bifunctional bacterial strain is therefore essential
and required for heavy cellulose-using industries.

The exoglucanases act both in the reducing and non-
reducing ends of cellulose polysaccharide chains, thus
generating either glucose (glucanohydrolases) or cellobi-
ose (cellobiohydrolase)-leading derivatives or products.
The exoglucanases often act as microcrystalline cellu-
lose; thus, the enzyme shows the microcrystalline struc-
ture (Teeri 1997). Studies suggested that cellulolytic
bacteria often generate soluble extracellular cellulases
termed as cellulosomes, a multi-enzyme extracellular
complex which acts as a degrader of lignocellulosic bio-
mass (Bayer et al. 1998; Lynd et al. 2002; Artzi et al
2014). The part of the insoluble portion of cellulose that
is often referred to as cellulosomes (microcrystalline)
has limited ATP available for cellulose synthesis. Anaer-
obic bacteria can penetrate this portion of cellulose.

On the other hand, aerobic bacteria easily penetrate
the “free” cellulose with or without cellulose-binding
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modules (CBMs). They may therefore pull over the effi-
cient hydrolysis of cellulose under non-complexed condi-
tions. The enzymes liberated from aerobic bacteria do not
form stable high molecular weight complexes, and there-
fore they form a non-complexed system (Henrissat et al.
1998; Eriksson et al. 2012). Multiple enzymes or CBMs
are highly organized with dockerin/cohesion domains and
scaffold proteins at the complex cellulose systems.

The main aim of this study was to characterize aerobic
or facultative anaerobic bacteria from the Sundarban
mangrove forest as it is having large microbial-like bac-
terial diversity. Besides, we tried to observe their bifunc-
tional (endo- and exoglucanase) features and found that
the mangrove forest Sundarban, which is enriched with
large microbial biodiversity, has been ignored as well as
yet not studied very well. During this study, we collected
several bacterial stains from the Sundarban and found
some bacterial strains that can display efficient bifunc-
tional characteristics, and they were nor acidic or basic.

Method and Materials
Collection, isolation, and primary screening of cellulolytic
bacteria
Initially, soil samples were collected from mangrove
forests of Bagerhat district, Bangladesh. Soil samples were
collected from the Sundarban (between 21° 48" 43.8” N
and 89° 33" 49.1” N latitude and 21.812174E and
89.563636E longitude), Bangladesh. It is observed that the
experimental samples contain an average organic carbon
density of 1.19 kg/m? and the pH was 5.9. Carbon density
was measured by using the standard method described by
Jackson (1956). The texture of the soil was silts loam.
Mangrove forest was chosen because of its inherent bio-
diversity and also to explore its industrial importance. The
samples were collected in a sterile polybag and kept it at
4.°C until use. Water was sprayed over the soil samples for
maximum bacterial growth. Bacterial colonies were then
transferred into the test tube containing nutrient broth
(HIMEDIA: peptone 10 g/l"", beef extract 10 g/I"!, sodium
chloride 5 g/I™, pH 7.3 + 1) as an enrichment media for
bacterial growth. Whatman No.1 filter paper (material—
circles cellulose filter; diameter—110 mm; thickness—
180 pum; pore size—11 pum; weight—87 g/m?) was used as a
growth enhancer (crushed and then immersed along with
soil sample inside the media), and then the broth along
with bacteria was kept for 72 h in a shaking incubator at
37 °C for 180 rpm. Ten-fold serial dilution on the nutrient
broth was done using autoclaved peptone water after incu-
bation after incubation. The serially diluted broth then
transferred to the carboxymethylcellulose (CMC) agar
plates using a micro-pipet and spread it over the CMC
agar plates using a glass rod and then incubated for 48 h.
The carboxymethylcellulose (CMC) agar medium used for
the isolation of cellulolytic bacteria contained 1 g/l yeast

Page 3 of 11

extract, 3 g/l agar, 26 g/l carboxymethyl cellulose, 1 g/l am-
monium dihydrogen phosphate, 0.2 g/l potassium chloride,
and 1 g/l magnesium sulfate heptahydrate. After the incu-
bation period, bacterial cultures transferred to the new
fresh culture media to identify cellulolytic bacteria. Then
we flooded the mother culture with Congo red solution at
room temperature for 10 min and then washed with NaCl.
The clear halo zone region indicated that CMC agar was
hydrolyzed, and bacterial colonies were visualized.

Isolation and estimation of enzymatic activity

Cellulase enzyme was extracted from the bacterial cul-
ture by the centrifuge machine. LB broth containing bac-
terial cultures was incubated for 24 h at 37 °C and then
centrifuged at 14,000 rpm for 4 min at 4 °C. The super-
natant was collected using 0.1 ml micro-pipet and stored
at a -20°C freezer. Thereafter, endoglucananse (CMC/
cellulose) and exoglucanase (microcrystalline/avicellase)
activities have been analyzed using the previously col-
lected bacterium’s supernatants followed by a modified
method of Liang et al. (2014).

One (01) ml of supernatant enzyme was transferred to
the 4-in. test tube and added 1 ml of CMC/microcrystal-
line solubilized phosphate buffer solution with pH4.8
(1%). Cellulose or microcrystalline cellulose (1 g) was
added to the mixture and then incubated at 37 °C for 30
min with 120 rpm. After that, 1 ml of DNS (dintrosalicyc-
lic acid) was added to the incubated test tube, and the
mixture solution was then boiled for 5min at 100 °C in
the water bath. Free sugars were determined by measuring
absorbance at 540 nm (Spectrometer model: T60 UV-
visible spectrometer; UV-1800 UV spectrometer). One
unit of enzyme activity defined as micromole substrate
consumed or product formed per minute. Cellulase pro-
duction was estimated using a glucose calibration curve
(Lamed et al. 1987; Shaikh et al. 2013; Khan et al. 2017).

Salinity test

Five percent (5 %) NaCl added to the carboxymethylcel-
lulose (CMC) agar plates. The bacterial colonies dis-
played a silver zone after adding NaCl to the agar media.
This test was conducted separately to observe how con-
dition isolated bacterial samples displayed the highest
growth (CMCase media with and without salt; NaCl), as
they were isolated from mangrove forests where the salt
concentration in soil is much higher than in general.

Identification of the cellulase-producing bacteria

At first, isolates were identified through morphological
and biochemical characteristics. The biochemical tests
performed were as follows: triple sugar iron agar test,
IMVIC test (indole test, methyl red test, Voges-Proskauer
test, and citrate utilization test), catalase test, oxidase test,
and Congo red test. The protocols prepared during this
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experiment based on published standard method (McFad-
den 1980; Holt and Krieg 1984; MacFaddin 1985; Tittler
and Sandholzer 1996; Boon et al. 2007; Sigma-Aldrich Co.
n.d.). For morphological identification, Gram’s staining
test was done according to the manual of veterinary la-
boratory techniques in Kenya in 1981 (Anonymous 1981).

Species segregation

It was finally concluded that isolated 17 samples were
cellulose-degrading bacteria. They can grow on selective
media carboxymethylcellulose (CMC) agar, and they dis-
played a halo zone region during the Congo red test.

To segregate the species, we used different selective
media like King’s A media that contained the following:
16 g/l peptic digest of animal tissue, 10 g/l casein enzymic
hydrolysate, 10 g/l potassium sulfate, 1.4g/l magnesium
chloride, and 11 g/l agar, pH 7.1 + 0.2 at 25 °C used for the
segregation of Pseudomonas sp. For Bacillus sp., specific
selective media was used, and they contained the following:
2 g/l peptone, 2 g/l yeast extract, 5 g/l dextrose, 15 g/l agar,
pH 6.9 + 0.2. Before that, isolated soil samples were trans-
ferred to the test tube (10 inches) with one or two drops of
water. Then the tube was incubated at 80 °C water bath for
a minimum of 10 min, and then transferred to selective
media and incubated for 48 h. Enterobacteriaceae sp. can
be obtained by using Macconky agar. On Macconky agar,
Klebsiella sp. displayed big colonies with a sticky pink
color, Salmonella sp. showed mild growth with a whitish-
pink color, E. coli displayed an accurate pink color, and
Proteus sp. showed a gray color with mild growth. The ap-
pearances of color and characteristics of bacterial species
were observed within 18—-24 h because appearances would
be quickly changed if investigation was delayed.

Biochemical test

Catalase test

A loop or sterile stick was utilized to transfer few bacterial
colonies to the surface of a sterilized, dry glass slide, and
then a drop of 3% hydrogen peroxide (H,O,) was placed
onto the medium. The production of oxygen was observed
by the formation of bubbles.

Oxidase test

OX" typically means the bacterium contains cytochrome
¢ oxidase and can use oxygen for energy production by
converting O, to H,O, or H,O with an electron transfer
chain. OX™ typically means the bacterium having an in-
capability to oxidize cytochrome c and, therefore, either
cannot use oxygen for energy production within the
electron transfer chain or employs a different cyto-
chrome for transferring an electron to oxygen. An oxi-
dase disc containing the reagent was used, then the
colony was picked and rubbed on the disc. After waiting
for a few seconds, the color was observed.
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Indole test

A filter paper was saturated with the 1 % p-
dimethylaminocinnamaldehyde reagent, and then a loop
was used to remove a bacterial colony from the agar sur-
face to the filter paper. After 2 min, the color was devel-
oped on the filter paper.

Citrate agar test

Isolates were inoculated in the Simmon citrate agar by
using the loop or cotton plug, and the media containing
tube was kept into the 37 °C shaker incubator (140 rpm)
overnight.

Motility test

A needle was used to pick a colony from the (20 h) cul-
ture growing on specific (pancreatic digest of gelatin
10.0 g/l, sodium chloride 5.0 g/l, beef extract 3.0 g/l, agar
4.0 g/l, pH 7.3 £ .03 at 25°C) agar medium and then
stabbed down to the center of the tube. After that, incu-
bation was done at 35-37°C, and routine observation
was carried for 5 days (Swenson et al. 2011).

Triple sugar iron test

An isolated colony was transferred to the TSI agar
medium (pancreatic digest of casein 15 g/l, lactose 10.0 g/
1, sucrose 10.0 g/l, sodium chloride 5.0 g/l, peptic digest of
animal tissue 5.0 g/l, yeast extract 3.0 g/l, beef extract 3.0
g/l, dextrose 1.0 g/l, ferric ammonium citrate 0.5 g/l, so-
dium thiosulfate 0.3 g/, phenol red 0.024 g/, agar 12.0 g/1,
pH 7.3 £ .03 at 25 °C) to the bottom of the tube, and then
streaking was done on the agar slant. After that, incuba-
tion was conducted on the same tubes at 36°C in an
ambient air condition for 20 h (Swenson et al. 2011).

MR-VP test

Common media was prepared for the MR-VP reaction
containing peptone 7 g/l, glucose 5 g/l, phosphate buffer 5
g/l, pH 6.9 £ 0.2, and two types of indicators used during
separating the species. Actually, particular indicators used
in MR-VP test categorized the reaction: MR (methyl red)
reaction and VP (Voges-Proskauer test) reaction.

For MR-reaction, methyl red added on the media con-
taining isolated samples after 24—36h incubation. For
VP reaction, Barrit’s B reagent was added after 18-24.h
incubation period. The details of the species separation
and identification have been described on Tille (2016).

Identification by 16S rRNA gene

The molecular identification of strains was conducted by
16S rRNA amplification, sequencing, and analysis, using
the universal primers, 27 F and 1492 R, and we extracted
by a boiling method (Millar et al. 2000), with slight mod-
ifications. PCR reactions were conducted using a total
volume of 20 pl, containing 10 ul of Promega Taq i2x
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Green Master Mix, 0.5l each of forward and reverse
primers, 6 pl of DNase-free water, and 2 pl of DNA tem-
plate. The amplification protocol was composed by ini-
tial denaturation at 94°C for 5min which preceded 1
min denaturation at 94°C for 35cycles, annealing at
55°C for 30s, 45-s extension at 72 °C, and a final exten-
sion at 72 °C for 5 min.

After amplification, 10 ul of PCR products was analyzed
for electrophoresis in a 1.2% agarose gel in 0.5x Tris-
Borate-EDTA (TBE) buffer (BioRad) stained with eth-
idium bromide (2 pug/ml). Also, a 1-kb Ladder (PRO-
MEGA, USA) was used as a marker, and the visualization
of agarose gels was conducted by transillumination under
UV light using Image Master (Pharmacia Biotech, UK).
The PCR product with 1.5 kb as the expected size was ex-
cised and purified using MEGAquick-spin ™ PCR &
Agarose Gel DNA Extraction System (NtRON Biotechnol-
ogy, Korea) and sequenced.

Sequence data generation

Afterward, we purified PCR amplicons using the Wizard®
SV Gel and PCR Clean-Up System (Promega, USA) and
sequenced using Z-BigDye® Terminator v3.1 cycle sequen-
cing kit (Applied Biosystems®, USA). We generated raw
data in the ABI Genetic Analyzer (Applied Biosystems®,
USA) before the data assembly implementing with Seq-
Man version 7.0 (DNASTAR, Inc., Madison, WI, USA).
The sequence data were further compared with the NCBI
GenBank database using BLAST to identify the LAB
strains, followed by the submission of sequence. We im-
plied the maximum likelihood method for inferring the
evolutionary history of the bacteria using 16S rRNA data
conducted in MEGA?7 based on the Tamura-Nei model.

Results

Isolation of cellulolytic bacteria from mangrove forest

In this work, we have collected and investigated the cul-
tivable CMC-degrading bacterial community from the
selected parts of the Sundarban. After screening man-
grove soil, 17 CMC-degrading isolates were obtained
from these samples, which were able to grow on the
CMC agar plates and used carboxymethyl cellulose as
their sole carbon sources as well as all of them were able
to hydrolyze CMC agar plates and displayed halo zone
region on the all CMC agar plates. The same results
were reported for Acinetobacter anitratus and Branha-
mella sp. fully grown in a basic salt medium with glu-
cose and CMC as sole carbon supply on an individual
basis. Ekperigin (2007) quantitatively identified the
cellulase-degrading enzyme of A. anitratus and Branha-
mella sp. Gupta et al. (2012) isolated eight bacterial iso-
lates, and it was found to be positive on screening media
(cellulose Congo red agar), producing a clear zone.

Page 5 of 11

Characterization of bacterial isolates by biochemical and
morphological analysis

Morphological test

The Gram staining test determined the morphological fea-
tures of the isolates. Fourteen (14) isolates were gram-
negative except three isolates, which were rod-shaped.
Barman et al. (2011) isolated native populations of bacteria
from different habitats like soil, drain, and garbage for bio-
conversion of cellulose, and the diversity was character-
ized, where out of five, four isolates were Gram-positive
and one was Gram-negative (Barman et al. 2011).

Biochemical test

Catalase test All the isolated samples showed to be
catalase-positive during the test, which means all can se-
crete gas or oxygen.

2H,0; = 2H,0 4+ O,

C1-BT and E1-BT isolates displayed the highest cata-
lase activity during this test.

Oxidase test An oxidase disc containing the reagent was
used, then the colony was picked and rubbed on the disc.
After waiting for 10s, the color changed was observed.
Seven isolates were catalase-positive out of 17 isolates.

Indole test From the 17 isolated samples, only three were
indole-positive, and others displayed negative results. This
test is used to identify whether the selected isolates can
convert tryptophan to indole. It is one of the tests of the
IMVIC series, which is done for evidence of an enteric
bacterium. This test was done to observe whether the
isolated organisms belong to the coliform group.

Citrate agar test Among the 17 isolates, only four iso-
lates showed to be negative during the test. Isolates were
inoculated in the Simmon citrate agar, where bromothy-
mol blue was used as a pH indicator. pH defines whether
they are alkaline or not. The color of the media was chan-
ged green to blue for K, S1, S2, and P isolates after the in-
oculation period. Though E. coli is Enterobacteriaceae,
they cannot show these characteristics because they lack
the Citrase enzyme, which prohibits them from breaking
down citrate.

Motility test Among the 17 isolates, only one showed a
negative result. A motility test is done to identify whether
the selected isolates possess flagella by observing their
ability to swim on the semi-solid medium or not.

Triple sugar iron agar test Nine (09) out of 17 isolates
displayed positivity during the TSI test and showed red
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color on both the slant and butt of the test tube, which
means they can produce alkaline or acid. These acids are
converted to alcohol later, whereas others remained
negative.

MR-VP test Only one isolate showed to be MR-positive
during the test, and seven isolates were VP-positive.
When E1, E2, P, and S1 isolates were mixed with glucose
during the MR test, it was fermented into acid. In this
process, it gave 4 mol of acidic products (lactic acid and
acetic acid), 1 mol of neutral fermentation product (etha-
nol, 1 mol CO,, 1 mol H,) in per mol of glucose fermen-
tation. The consequence was decreased pH (< 4.4) in
medium for the positive samples and relatively higher
pH (> 5.1) for the negative samples.

Five isolates showed to be VP-positive during the test.
Basically, in the laboratory, this test was done to detect
acetone, which was called (R)-acetone. Samples E1-PT,
A2-PT, C1-PT, D1-PT, and D2-PT remained negative or
null both for the MR-VP test, which means they do not
produce acetone or ferment acid. The biochemical test
results of isolated samples were shown in Table 1.

Through the microscopic observation, it was observed
that all isolates were Gram-negative except S1, S2, and
B1-BT. A total of 6 bacterial strains had been identified
based on cultural and microscopic characteristics and
based on biochemical analysis. Isolated strains were finally
identified by comparing with “Bergey’s Manual of Deter-
minative Bacteriology” by Buchanan and Gibbons (Plate

Table 1 Results of the biochemical test of isolated samples
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1) (Buchanan and Gibbons 1974). They are Pseudomonas
sp. (E1-PT, A2-PT, and S1-PT), Bacillus sp. (B1-BT),
Escherichia sp. (C1-BT, A1-BT, and E1-BT), Klebsiella sp.
(D1-ST), Salmonella sp. (K and D2-BT), and Proteus sp.
(E1, E2, S1, and S2).

Estimation of exoglucanase and endoglucanase activity
Out of 12 isolates, all of the samples had the exogluca-
nase activity, and they showed low, mild, and higher
states during the test. We have found out three novel
isolates that showed the highest exoglucanase activity
during the test, and they are D1-PT, E1-PT, and T2-D2
(Fig. 1). These top 3 samples were our novel isolates,
which had the highest exoglucanase activity. Similar to
the exoglucanase test, the endoglucanase (avicellase)
activity was done and tested. We had investigated the 17
samples for endoglucanase activity and brought out
three novel samples. The C1-BT, E1-BT, and B1-BT
were our novel samples as they showed the highest
endoglucanase activity during the test (Fig. 2).

Effect of pH test

After analyzing the data of the test results, we found
from the 17 isolates that pH 7 was novel for optimum
growth. It was neither acidic nor basic. At pH 7, all of
the isolates showed a maximum growth rate compared
to that at pH 9. Though few samples like D2-PT and
C1-BT displayed maximum growth at pH 9 (Fig. 3), their
growth was similar for pH 7 (Fig. 4).

Samples Catalase Oxidase Motility

Citrate TSI

Indole MR VP Congo red

E1-PT
A2-PT
C1-PT
D1-PT
D2-PT
B1-BT
D2-BT
C1-BT
12-D2
A1-BT
E1-BT
D1-BT
K

E1

S1

S2

P

E2 + -
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PT Pseudomonas, BT Bacillus, K Klebsiella, P Pneumonia, E1, E2 E. coli, S1, S2 Salmonella, P Proteus
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Fig. 1 Avicellase (exoglucanase) activity of isolated samples. C1-BT and E1-BT showed comparably higher exoglucanase (avicellase) activity during

Molecular identification

From the 16S rRNA sequence data of E1-PT strain and
T2-D2, the Bacillus sp. strain T2-D2 does not match
with any particular Bacillus spp. of the dataset, and
Pseudomonas aeruginosa strain E1-PT matched well
with particular species. The majority of the homologous
sequence WAS acquired from the NCBI databank ac-
cording to their higher percentage similarity and E-value
(< 0) after submitting the FASTA format of the query
sequence to BLASTn. The sequence belonged to Bacil-
lus spp. and Pseudomonas aeruginosa (Fig. 5).

Discussion

Seventeen cellulolytic bacterial isolates were isolated in
soil excavated from the mangrove forest of Bangladesh.
Attempted isolation of cellulolytic microorganisms from
multiple locations of Sundarbans resulted in the isolation
of powerful manufacturers of cellulase such as Tricho-
derma, Aspergillus, Pellicularia, Penicillium, Acremonium,
and Humicola, and these microorganisms have, however,
been discovered to be susceptible to heat (Fujimoto et al.
2011). Nevertheless, the isolates in our current study are
mesophilic cultured at 30°C. So, it could be a potential
strain for different industries, such as biofuel, laundry,
detergent, pulp, and paper industries.

Some previous studies identified 22 aerobic bacterial
strains that could hydrolyze cellulose which belonged to
10 different genera: Burkholderia (36.36%), Bacillus
(13.65%), Citrobacter (13.65%), Arthrobacter (9.10%), En-
terobacter (4.54%), Chryseobacterium (4.54%), Pandoraea

(4.54%), Paenibacillus (4.54%), Dyella (4.54%), and
Pseudomonas (4.54%) (Liang et al. 2014), and Escherichia
coli isolated from the bovine rumen and showed that this
strain produces extracellular cellulases with significant
exoglucanase activity at pH 6.8 (Pang et al. 2017). Pseudo-
monas genus as host for the surface display of cellulases
provided proof-of-concept for a fast and straightforward
cellulose breakdown process at elevated temperature
(Tozakidis et al. 2016).

The identification of present isolates was carried out
using various biochemical tests and 16S rRNA sequen-
cing. In this study, most of the bacterial species belong
to the Enterobacteriaceae, Morganellaceae, Bacillaceae,
and Pseudomonadaceae families. These bacterial spe-
cies were either gram-positive or gram-negative, but
their cellulase secreting capability was different accord-
ing to their cellulose-decaying characteristics. Some of
the strain fermented ethanol or liberated harmful gases,
and some strain fermented lactose in the aerobic
condition.

This study opens up new perspectives for applying
Pseudomonas spp. in the production of biofuels and
other biotechnological products. P. aeruginosa, P. fluor-
escens, P. mallei, P. putida, and P. syringae are mainly
abundant in the soil. Moreover, we observed that salt
concentration in mangrove soil is higher than regular
soil. Therefore, it can also be deduced that these isolates
are salt-tolerant than other bacterial species.

At the submerged fermentation process, our isolates
(Bacillus spp. and Pseudomonas aeruginosa) produced a
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Fig. 2 Cellulase (endoglucanase) activity of isolated samples. The D1-PT, T2-D2, and E1-PT showed comparably higher endoglucanase (cellulose)
activity during the test

certain level of cellulases under mesophilic conditions.
The typical high growth rate in Bacillus spp. and
Pseudomonas aeruginosa and their ability to secrete
extracellular proteins is a feature of the bacteria to be
implemented in several industrial applications. Further
development of these isolates can be carried out
through genetic engineering and execution of meta-

different demands for improved industrial efficiency.
An additional study on the microorganisms’ physi-
ology, pretreatment of cellulosic biomass for an in-
creased microbial attack, processes of economic
cellulase production, development of several required
metabolites, and the use of knowledge in protein en-
gineering can then be carried out to improve the spe-

bolic engineering. The classification enables us to cific activity of the relevant enzymes, system
monitor the fermentation in compliance with the sensitivity, and stability.
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L Fig. 3. Optimum growth rate of isolated samples at pH 9. It showed relatively slow growth than at pH 7 at the same temperature of 37.5°C
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Conclusions

It can be concluded that four genera of bacteria hydrolyzing
cellulose were isolated from the natural resources Sundar-
bans in Bangladesh. The strain E1-Pt, Pseudomonas spp.,
and T2-D2 strain of Bacillus spp. have shown supreme free
cellulose-degrading efficiency (exoglucanases) among

seventeen isolates. These genera hold pathways for the deg-
radation of cellulose and related polymers because these
bacteria can successfully form a colony at CMC agar media.
By contrast, Bacillus spp. C1-Bt strain and T2-D2 strain
showed the highest microcrystalline cellulose (Endogluca-
nases, cellulosomes) degrading efficiency by far.

MH484239 Bacillus sp. strain L-FH15
MG333732 Bacillus toyonensis strain PUFSTI17
— Bacillus sp. strain T2-D2

MF487790 Bacillus thuringiensis strain

100 | MNO32401 Bacillus paranthracis

MK574993 Bacillus cereus strain PF65X
MN203617 Bacillus thuringiensis strain BDzF
MH762113 Bacillus anthracis strain Mn1 2
MN421471 Bacillus paramycoides strain SR3-2
MN419218 Bacillus subtilis strain Saad27

0.020

.

U26262.1 Pseudomonas stutzeri

Pseudomonas aeruginosa strain E1-PT

100
90 X06684.1 Pseudomonas aeruginosa

Fig. 5 Phylogenetic tree was reconstructed based on Tamura-Nei model using Maximum likelihood method. The tree shows that Bacillus sp.
strain T2-D2 and Pseudomonas aeruginosa strain E1-PT, which are prominent cellulose producers, are present in the samples

JQ660287.1 Pseudomonas hibiscicola
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Moreover, it can be easily cultured at an average
temperature (37 °C). On the one hand, T2-D2 (Bacillus
spp.) and E1-PT (Pseudomonas spp.) have shown the
highest growth rate at pH 7 as it was neither acidic nor
basic. The isolated strains were mesophilic because it
was cultivated at 37°C compared to a previous study
wherein the isolates were heat sensitive. However, we
need to investigate further about these bacterial strains
to trace out whether recombinant DNA technology
could enhance their cellulolytic properties more for in-
dustrial purposes indeed.
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