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Abstract

The present study was carried out to isolate, enhancement, identification, optimization of cellulose-degrading
bacteria present in sewage soil waste, and screening for potential antibacterial activity. Three bacterial isolates were
cultured at a large rate by Minimal Salt Medium (MSM) and showed the highest cellulase activity determined by
congo red and iodine assay on Carboxy Methyl Cellulose (CMC) agar plate. Then various culture parameters such
as pH, temperature, incubation period, substrate concentration, carbon, and nitrogen sources were optimized for the
maximum cellulase secretion. Based on the morphological, cultural, and biochemical tests, the isolated strains were
identified as Bacillus licheniformis, Bacillus sp. and Pseudomonas chlororaphis respectively. Bacillus licheniformis
compared to other strains produced the highest cellulase enzyme (1 p/ml) determined by the DNS method at neutral
pH and 40°C temperature on 24 hours incubation period. This bacterial strain was screened for the antibacterial
activity determination against several bacterial pathogens and generated an inhibition zone ranging from 12-21 mm.
The ethyl acetate extract of the selected strain showed the potential antibacterial activity against Escherichia coli
and moderate activity against Shigella boydii and Bacillus cereus. The Minimum Inhibitory Concentration (MIC) of
the tested extract was observed to be in the range of 44-62 pg/ml. Based on optimization, cellulose degradation, and
antibacterial activity, Bacillus licheniformis was the potential species among the strains. The strain from sewage soil
waste can be helpful for biodegradation and industrial application.

Keywords: Licheniformis; Cellulase; Polysaccharide; Pseudomonas;
Shigella

Abbreviations: CMC: Carboxymethyl Cellulose; DMSO: Dimethyl
Sulfoxide; LB: Luria-Bertani; DNS: 3,5-Dinitro Salicylic Acid

modification and pharmaceutical applications [12]. There have several
cellulase producing fungi such as Rhizopus, Aspergillus, and
Trichoderma species, and have some bacteria such as clostridium,
bacillus, Cellulomonas, bacteroids, etc species that have been
identified. However, due to the slow growth rate and a longer
fermentation period of fungi compared to the bacteria [13], the cost for

Introduction

Cellulose is a polysaccharide composed of a linear chain of several
hundred to many thousands of f (1—4) linked D glucose units [1,2].
Glucose acts as the monomeric constituent of cellulose which is a
product of photosynthesis [3]; thus, cellulose is also considered as a
vast pool of chemically fixed carbon dioxide. It is the most abundant
biological polymer present on Earth [4]. The use of cellulose for
biofuel production involves the hydrolysis of cellulosic biomass, that
is, saccharification, to form simple sugar monomers for the
fermentation into bioethanol [5-7]. Cellulase is any of several
important enzymes produced chiefly by fungi, bacteria, and
protozoans that catalyze cellulolysis, the decomposition of cellulose,
and some related polysaccharides. This enzyme breaks down the
cellulose into simple sugars such as beta-glucose or shorter
polysaccharides and oligosaccharides. The endoglucanase is an
important enzyme that hydrolyzes -1, 4 bonds in cellulose molecule;
exoglucanase is another enzyme that cleaves the ends to release
cellobiose and f-glucosidase convert it to glucose [8]. Cellulase
enzymes have drowned much more attention because of their diverse
type of application in several kinds of industres such as textile, food,
feed, paper industries, etc [9-11]. It is also used in fermentation, fiber

its production is yet to be high. Thus, to meet the global demand for
cellulase, the isolation, screening, and characterization of cellulytic
bacteria are still a highly active research area. The studies that have
been done in past on isolation and characterization of cellulytic
bacteria revealed that only a few numbers of bacteria are able to
degrade cellulose into simple sugar in vitro [14,15]. Nature provides
vast sources for cellulytic bacteria, among them, soil from the drain
and sawmill area are cellulosic and the remaining bacteria are capable
of degrading the cellulose molecule for their normal growth and
development. This is why we focused our research work on screening,
enhancement, isolation, and identification of cellulytic bacteria from
different areas of sewage soil at Rajshahi City, Bangladesh. This
microorganism produced some compound that has a strong
antimicrobial activity.

Globalization interferes with infectious disease control at the
national level while microbes move freely around the world,
unhindered by borders, human responses to disease, and are a
condition by jurisdictional boundaries [16]. According to WHO,
significant progress has been made in controlling major infectious
diseases. Around 43% of total death occurred in developing countries
due to infectious disease in recent years [17]. Now days, a large
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variety of antibiotics are used to combat pathogenic microorganisms
like viruses, bacteria, fungi, protozoan, and worms, which are
responsible for numerous infectious diseases. This antibiotic is a
chemical agent that is chiefly produced by microorganisms, and the
antibacterial activity of these microorganisms can be determined by
the discs diffusion method. The method was developed by Bondi and
standardized by Bauer in 1966 for the susceptibility test. In this
present study, the antimicrobial activity of the ethyl-acetate extract
was studied by using the disc diffusion techniques to investigate the
changes occurring in the bacteria, their possible relation to antibiotic
susceptibility, resistance to antimicrobial agents and production of the
bioactive compound by strain [18,19].

Materials and Methods

Isolation and screening of cellulytic bacteria

The soil wastes were collected from different sewage areas of
Rajshahi city, Bangladesh. 1g collected sample was planned to serial
dilution up to 10-6. The diluted sample was taken into Luria-Bertani
(LB) medium. 0.2 ml of diluted each sample solution was transferred
into carboxymethyl cellulose agar medium plate (composed of
KH,PO4 0.5 g, MgS0O4 0.25 g, cellulose 2.0 g, agar 15 g, gelatin 2 g,
and distilled water 1 L, and at pH 6.8-7.2). The plates were then
incubated at 37°C for 24 hours and stored at 4°C [20]. Then varieties
of the bacterial colony were picked up from the plates. The cellulytic
activity of the isolates was confirmed by several types of methods
such as congo red, iodine solution, and filter paper degradation
method [21,22]. The cellulytic bacteria showed a transparent clear
zone into CMC agar plates inundated with congo red and iodine
solution. The bacterial isolates were inoculated in a Minimal Salt
Medium (MSM) for the enhancement of cellulytic bacteria.

Enhancement of cellulytic bacteria by Minimal Salt
Medium (MSM)

100 ml of CMC (1.5 gm), 50 ml of trace element solution-6
(ZnS04.7H,0 0.1 gm, MnCl,.4H,0 0.03 gm, CuCl,.2H,0 0.01 gm,
NiCl,.6H,0 0.02gm, Na,Mo0O4.2H,0 0.03 gm and distilled water
1000 ml), 50 ml of trace element solution-4 (EDTA 0.5 gm,
FeS0O4.7H,0 0.2 gm, trace element solution-6 100 ml and distilled
water 900 ml), 50 ml of minimal salt media (Na,HPO4.2H,O 3.5 gm,
KH,PO4 1.0 gm, (NH4),SO4 0.5 gm, MgCl,.6H,0 0.1 gm, Ca(NO3),.
4H,0 0.05 gm, trace element solution-4 1 ml and distilled water 1000
ml) and 250 ml of distilled water were separately autoclaved and
mixed by shaking vigorously to make a uniform suspension. Then the
media (20 ml) was transferred into the different test tubes and
inoculated with culture media (50 pl) and incubated at 37°C for 3 days
and optical density measured at 600 nm.

Identification of cellulytic bacteria: The isolated three cellulytic
strains were characterized by morphological and biochemical tests.

Morphological characterization: Gram staining and microscopic
observation were performed to characterize the isolated strains [23].
This technique was used to detect the gram-positive and gram-
negative bacteria.

Biochemical characterization: The biochemical tests such as
Fermentation test, Catalase test, Citrate utilization test, Methyl-red
test, HoS production, and Voges-Proskauer test were carried out by

following the standard method to characterize the bacterial isolates
[24].

Optimization of the cultural parameters for maximum
cellulase production

To optimize the cellulase production from the bacterial isolates,
different cultural conditions such as pH scale (range 5.0-11.0),
temperature (range 20°C-45°C), incubation period (range 12-96
hours), and substrate concentration (range 0.5%-2.0%) were applied in
the CMC broth media. Besides this, different carbon sources (wheat
bran xylan, rice bran xylan, cellubiose, xylose, CMC, starch, chitin,
and lactose) and nitrogen sources (yeast extract, peptone, tryptone,
urea, ammonium phosphate, and sodium nitrite) were used and tested
the highest cellulase activity after maximum enzyme production.

Enzyme activity test: The bacterial isolates which showed the
maximum clear zone in the CMC agar plate was cultured in LB
medium and incubated at 37°C overnight. Then the culture was
centrifuged at 4°C and 12000 rpm for 20 minutes and the supernatant
was used as a crude enzyme source for enzymatic assay.

DNS (3,5-dinitrosalicylic acid) test was used for enzyme activity
test through the production of reducing sugars. CMC (1%) solution
with IN citrate buffer was used as a substrate. The mixture of the
crude enzyme (150 pl) and citrate buffer (1 ml) into CMC substrate
solution (1 ml) was incubated at 40°C for 40 minutes. Then the DNS
solution was added to end the reaction [25].The treated sample was
boiled for 10 minutes, cooled in water for color stabilization and the
optical density was measured at 540 nm. Finally, the standard
calibration curve of glucose was plotted to determine the cellulase
activity by releasing the amount of glucose from the degradation of
carboxymethyl cellulose [12].

Determination of antibacterial activity of ethyl acetate
extract

The strains (Bacillus licheniformis) showed the maximum enzyme
activity after optimization of the cultural parameters that were tested
for antibacterial activity. The selected pure strains were inoculated at
CMC broth media at 40°C and 4 mg of ethyl acetate extract of the
bacterial isolates was dissolved in 2 ml ethyl acetate [26]. After this,
three types of discs such as sample discs (5 mm in diameter), standard
kanamycin disc (5 pg/disc) and solvent control disc (5 mm in
diameter) were prepared for antibacterial screening. The sample
solution of the desired concentration (100 pg/disc and 70 pg/disc) was
applied on the sample disc in an aseptic condition. As an antibacterial
activity, the inhibition zone diameter (mm) was measured against
gram-positive bacteria (Staphylococcus aureus, Bacillus cereus) and
gram-negative bacteria (Shigella dysenteriae, Escherichia coli,
Shigella boydii) respectively.

Determination of Minimum Inhibitory Concentration
MIC)

The MIC values of the ethyl acetate extract of Bacillus
licheniformis were determined against some known pathogenic
bacteria (Staphylococcus aureus, Bacillus cereus, Shigella dysenteriae,
Escherichia coli, Shigella boydii) by following the “Serial tube
dilution technique”. The prepared inoculum during antibacterial
activity was used to determine the MIC values. The stock solution was
prepared by dissolving 1.024 mg of the compound in 2 ml DMSO
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solution. Thus the solution with a concentration of 512 pg/ml was
obtained. Then the serial tube dilution method was performed step
wisely to determine the minimum inhibitory concentration [27].

Results

Isolation and identification of cellulose producing bacteria

The pure bacterial strains were marked as C1, C2, C3 collected
from sewage soil. In the microscopic observation, both C1 and C2
isolates were gram-positive and rod-shaped, but C3 strains were gram-
positive and chain-shaped (Table 1 and Figure 1). The biochemical
characterizations of the three isolates are represented respectively in
Table 1.Based on the morphological and biochemical test, the isolated
strains were identified as Bacillus licheniformis (C1), Bacillus sp (C2),
and Pseudomonas chlororaphis (C3) respectively.

Characteristics Cc1 c2 C3

Gram stain + + +

Morphology Rod shaped Rod shaped Chain shaped
Glucose + + +
fermentation

Galactose + + +
fermentation

Sucrose + + +

fermentation

Catalase test + + +

'
+
'

Citrate utilization

Methyl-red test - - -

H,S
test

production

'
+
'

Voges-proskauer
test

Table 1: Biochemical test for characterization of isolated strain.

enhancement. Again, the C2 isolate had the largest cellulytic index
(5.00) at second enhancement and lowest cellulytic index (1.57)
before enhancement and on contrast, the C3 isolate made the largest
cellulytic index (3.66) at second and third enhancement and lowest
cellulytic index (1.8) before enhancement. It was observed that the
cellulytic activity of the three strains gradually increased in the
enhancement process (Figure 2).

Isolated Diameter of| Diameter of| Cellulytic

bacteria colony (mm) | zone (mm) index
Before C1 3 11 2.67
enhancement

Cc2 35 9 1.57

C3 25 7 1.8
First C1 2.75 13 3.72
enhancement

Cc2 2 12 5

C3 2 9 3.5
Second C1 3 18 5
enhancement

Cc2 3 16 4.3

C3 3 14 3.66
Third C1 4 36 8
enhancement

Cc2 7 28 3

C3 3 14 3.66

Figure 1:

Microscopic  views
licheniformis (Cl-rod shaped), Bacillus sp (C2-rod shaped) and
Pseudomonas chlororaphis (C3-chain shaped).

of gram positive Bacillus

Enhancement of cellulytic bacteria

After the three times enhancement of isolated strains by MSM, the
three isolates produced a larger zone of inhibition as compared to that
produced before the enhancement of the isolates. The diameters of
zone and cellulytic index produced by C1, C2, and C3 at the different
steps of the enhancement are shown in Table 2. lodine test showed that
Bacillus licheniformis (C1) isolate formed the largest cellulytic index
(8.00) at third enhancement and lowest cellulytic index (2.67) before

Table 2: Cellulytic index of isolated cellulytic bacte.

Second enhancement

Third enhancement

Figure 2: Gradual enhancement for enzyme activity on iodine test.

Optimization of culture conditions and enzyme activity test

The optimum cultural condition and highest enzyme activity for the
bacterial isolates are showed in Figures 3a-3f. It was observed that the
C1 strain (Bacillus licheniformis) produced the highest cellulase (1
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pumoleml-1min'!) than C2 (Bacillus sp) and C3 (Pseudomonas
chlororaphis) within 24 hours incubation period at temperature 40°C
and pH 7.0. The bacterial strains C2 and C3 yielded 0.8
pmoleml-1min’! and 0.6 pmoleml-1 min-1 enzymes respectively in
pH 6.0 and pH 7.0 on 36 hours incubation period at 40°C temperature.
These bacterial strains showed high enzyme activity at 1%
carboxymethyl cellulose (Carbon source) and peptone (Nitrogen
source).
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Figure 3: Optimum culture condition and cellulase production: (a)
Effect of pH, (b) Effect of temperature, (c) Effect of incubation period,
(d) Effect of substrate concentration and (e) Effect of carbon sources,
and (f) Effect of nitrogen sources from Bacillus licheniformis (C1) on
cellulase production.

Determination of antibacterial activity of ethyl acetate
extract

Details of the antibacterial activity of ethyl acetate extract (Bacillus
licheniformis) are presented in Table 3 and Figure 4. The inhibition
zone diameter were 12, 18, 13, 21, 20 mm (100 pg/discs), and 10, 15,
12, 19, 19 mm (70 pg/discs) against gram-positive and gram-negative
bacteria, respectively. The maximum activities were observed against
Escherichia coli for the tested extract.

Escherichio coli

Figure 4: Antibacterial activity of ethyl-acetate extract of Bacillus
licheniformis (C1) against several bacterial pathogens: where, A=100
pg/disc, B=70 pg/disc, S=Standard kanamycin (5 pg/disc) and
C=Solvent control.

Determination of minimum inhibitory concentration

The results of MIC in details are presented in Table 4. The MIC
values of ethyl acetate extract of Bacillus licheniformis (C1) strain
were varied between 44-62 png/ml. The lowest MIC (44 pg/ml) was
observed against Escherichia coli, and Shigella boydii, whereas MIC
value for Staphylococcus aureus, Bacillus cereus and Shigella

Table 3: Results of antibacterial activity of ethyl-acetate extract of
Bacillus licheniformis (C1).

Test bacteria Diameter of zone of inhibition (mm) | Standard dysenteriae were 62, 55, and 62 pg/ml, respectively.
of the ethyl-acetate extract kanamycin discs
(5 ng/disc) Bacteria Ethyl-acetate extract (ug/ml)
Staphylococcus aureus 62
100 pg/disc 70 pgl/disc
Bacillus cereus 55
Staphylococcus 12 10 10
aureus Shigella dysenteriae 62
Bacillus cereus 18 15 10 Escherichia coli 44
Shigella 13 12 9 Shigella boydii 44
dysenteriae
Escherichia coli | 21 19 22 Table 4: MIC values of ethyl acetate extract against the tested
pathogenic bacteria.
Shigella boydii 20 19 20

Discussion

In the present research, the bacterial isolates were characterized by
morphological and biochemical assays and were optimized in different
cultural conditions, and then the antibacterial activity of the highest
enzyme secreting strain (Bacillus licheniformis) was performed. The
bacterial strains were isolated from sewage waste and were screened
for cellulase activity by congo red, iodine solution, and filter paper
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degradation method [21,22]. The bacterial isolates were identified as
Bacillus licheniformis (C1), Bacillus sp (C2), and Pseudomonas
chlororaphis (C3) respectively based on the morphological, cultural
and biochemical assays [23-28]. It was observed that Bacillus
licheniformis (C1) formed the highest cellulytic index (8.00) at third
enhancement and lowest cellulytic index (2.67) before enhancement
(Table 2 and Figure 1).

For the maximum enzyme production, the bacterial strains were
cultured in different conditions such as pH, temperature, incubation
period, substrate concentration, different carbon, and nitrogen sources.
Bacillus licheniformis was optimized at pH 7.0 and 40°C temperature
on 24 hours incubation period, and then produced 1 p/ml enzyme at
the optimized condition (Figure 3). After the optimization, the enzyme
activity was determined by performing the DNS test. CMC (Carbon
source), and peptone (Nitrogen source) were considered as the best
media source for the optimized cellulase secretion. In the previous
study, it was observed that the maximum production of endoglucanase
from the microorganisms such as Cellulomonas, Bacillus and
Micrococcus spp. isolated from coir retting eftfluents of the estuarine
environment was obtained at 40°C temperature and neutral pH [28]. In
the recent study, Bacillus sp produced the highest enzyme (1.65 p/ml)
at pH 3.5 and 35°C on 24 hours incubation period [29].

Considering the highest enzyme activity, Bacillus licheniformis was
selected for antibacterial activity. The ethyl acetate extract of the
selected strain was tested against five pathogenic bacteria
Staphylococcus  aureus, Bacillus cereus, Shigella dysenteriae,
Escherichia coli, and Shigella boydii, respectively. The maximum
activities were observed against Escherichia coli for the tested extract
(Table 3 and Figure 4). It was observed that the MIC value range of
ethyl acetate extract of Bacillus licheniformis strain was from 44-62
(ug/ml) are presented in Table 4 and Figure 4 that is more significant
than the range reported by the previous study [30]. These indicate that
the ethyl acetate extract of Bacillus licheniformis strain has the
antibacterial activity.

Conclusion

The present study reveals that the isolated bacterial strains from
sewage waste (soil) are optimized at different cultural parameters. The
isolated strain Bacillus licheniformis showed stronger antibacterial
activity against several pathogenic bacteria for maximum enzyme
production. This study suggests that Bacillus licheniformis can be
useful in the bioremediation of solid organic waste and the
pharmaceutical industry.

Limitation

There is one limitation of the present study. The molecular
characterization of the cellulose degrading bacteria was not performed
due to the limitation of lab facilities.
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