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ABSTRACT

Cellulases are enzymes synthesized by diverse groups of microorganisms. These enzymes have demonstrated
biotechnological potentials in various sectors, including food, animal feed, brewing and wine, and pulp and paper
industries. In this study, 100 strains of Bacillus spp. were incubated in MT1 agar medium, and cellulolytic activity was
qualitatively determined by measuring the diameters of the hydrolytic clear zones. The three most active strains
(A1.2, A1.8, and B6.4) showing clear zone diameters above 24 mm were selected. Cellulase activity in a liquid
medium was further quantitatively determined by the dinitrosalicylic acid (DNS) method. Cellulolytic bacteria were
identified by 16S rRNA gene sequencing, and neighbor-joining phylogenetic analysis was conducted to determine the
evolutionary relationships between the selected strains and reported strains from the GenBank database. The strains
were identified as Bacillus cereus (Al.2 and A1.8), and Bacillus pumilus (B6.4). Cellulase produced by B. pumillus
B6.4, a GRAS bacterium showing the highest cellulase production in a liquid medium, was partially purified and
characterized. The enzyme was most active at 55°C and pH 6.5. Half-lives (conducted at pH 5.0) of the enzyme at
55, 65, 75, and 85°C were 180, 180, 30 and 20 min, respectively. Similarly, half-lives (conducted at 37°C) of the
enzyme at pH 5.5, 6.5, 7.5, and 8.5 were 130, 135, 80 and 70 min, respectively. The broad range of working
temperatures and the stability under mild acidic conditions suggest that the cellulase of B. pumilus B6.4 could be a
good candidate for application in the lignocellulosic bioethanol industry.

Keywords: Bacillus pumilus B6.4, cellulase, enzyme characterization.
Sang loc vi khuan Bacillus sp. sinh cellulase va xac dinh dic tinh ctua enzyme
TOM TAT

Cellulase 1& enzyme dwoc sinh ra t& nhiéu loai vi sinh vat khac nhau. Tiém nang sinh hoc cta nhitng enzyme
nay thé hién b&i sy &ng dung da dang cla né trong cac nganh céng nghiép khac nhau nhw thue phdm, thirc &n chén
nudi, bia va rwou vang, bot gidy va gidy. Tong nghién ctru nay, 100 chiing Bacillus sp. dwoc G trong méi trwérng MT1
dé& xac dinh kha nang thiy phan cellulose théng qua do dwéng kinh vong phan gidi. Ba chiing (A1.2, A1.8 va B6.4)
c6 dwdng kinh vong phan giai I6n nhat 24 mm dworc lwa chon cho nghién clru tiép theo. Hoat do cellulase dwoc xac
dinh gian tiép théng qua dinh lwong dwéng khir bang phwong phép acid dinitro-salicylic (DNS). Tén loai vi khuén
sinh cellulase cao dwoc xac dinh bing cach giai trinh tw gen 16S rRNA va s dung cay tién hda dé hién thi méi quan
hé gitra cac ching dwoc chon véi cac ching khac trong co s& di liéu. Cac ching nay dwoc xac dinh la Bacillus
cereus (A1.2 va A1.8) va Bacillus pumilus (B6.4). Cellulase tao ra tir Bacillus pumilus B6.4, mét vi khudn duwoc xép
vao nhém an toan (GRAS), cho két qua la cao nhét khi nudi cy trong mai trwérng 1dng sé bwéc dau dwoc tinh sach
va xac dinh déc diém. Enzyme cellulase hoat dong tét nhat & 55°C v&i pH 6,5. Thdi gian ban ra (tién hanh & pH 5,0)
clia enzyme & nhiét do 55, 65, 75 va 85°C twong (rng 1a 180, 180, 30 va 20 phut. Twong tw, thdi gian ban ra (tién
hanh & 37°C) ctia enzyme & pH 5,5; 6,5; 7,5 va 8,5 1an lwot la 1a 130, 135, 80 va 70 phat. Pham vi réng cla nhiét do
tac dong va sw 6n dinh trong diéu kién acid nhe cho thay cellulase cla Bacillus pumilus B6.4 c6 thé 1a (ng clr vién
t6t str dung trong nganh céng nghiép nhién liéu sinh hoc

T khoa: Bacillus pumilus B6.4, cellulase, dac tinh enzyme
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Screening and characterization of cellulases produced by Bacillus spp.

1. INTRODUCTION

to 8% of the
worldwide industrial enzyme load and demand

Cellulases contribute

is expected to increase drastically in the near
(Costa 2008). Cellulase
significant due to its key roles in biotechnology
and industrial applications (Bhat, 2000). It has
been

future et al, is

utilized for bioremediation
(Zahangir et al, 2005),
(Chandara et al, 2005),

industry, supplementation in the animal feed

widely
food processing
paper and pulp

industry (Chandara et al, 2005), textile
industry (Ali and Saad, 2008), alcoholic
beverage, malting, and brewing (Sreeja et al.,
2013), formulation of washing powders,

extraction of fruit and vegetable juices, and
starch processing (Camassola and Dillon, 2007).

Although both fungi and bacteria have been
exploited for their abilities to produce a wide
variety of cellulases and hemicellulases, the
isolation and characterization of novel cellulases
from bacteria have become increasingly
intensive. There are several reasons for these
movements: 1) bacteria often have a higher
growth rate than fungi allowing for higher
recombinant production of enzymes, ii) bacterial

cellulases are often more complex and are in

multi-enzyme complexes providing increased
function and synergy, and iii) bacteria inhabit a
wide variety of environmental and industrial
like

alkaliphilic or acidophilic, and halophilic strains,

niches thermophilic or psychrophilic,
which produce cellulolytic strains that are
extremely resistant to environmental stresses

(Sangrila and Tushar, 2013).

The aim of this study was to find novel
cellulases of application potential for the
cellulosic bioethanol industry from Bacillus sp.

strains isolated in Vietnam.

2. MATERIALS AND METHODS
2.1. Materials

Bacteria strains: One hundred strains of
Bacillus spp. were supplied by the Faculty of Food
Science and Technology, Vietnam National
University of Agriculture. These strains were
collected from two different sources, namely from
chili sauce (Muong Khuong, Lao Cai, Vietnam),

and from cow rumen (Bavi, Hanoi, Vietnam).

2.2. Methods

The experimental flow diagram for the
screening and characterization of cellulases

produced by Bacillus spp. is indicated in Figure 1.
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Fig. 1. Screening and characterization of cellulases produced by Bacillus spp.
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- Screening of cellulase producing bacteria

in NB
medium (per liter: 10 g peptones, 5 g NaCl, 5 g
meat extract, pH 7), and then 100 pl of culture

Microorganisms were activated

broth was sporred on an agar plate containing
MT2 medium (per liter: 20 g CMC; 0.25 g yeast
extract; 3.5 g KH,PO,; 5 g MgSO,, 0.625 g
KNO,; 20 g agar; pH 7) (Thi and Quyen, 2014)
for primary detection of cellulase. The formation
of a clear zone of hydrolysis indicated cellulose
degradation. The difference (in mm) of the clear
zone and

colony diameters qualitatively

reflecting enzyme activity was recorded.
Enzyme activity was also determined by using
the 3,5-dinitrosalicylic acid (DNS) method
(Miller et al., 1959). The strains showing the
highest cellulase activity were selected for

further study.
- Cellulase enzyme assay

Briefly, the cellulase activity (U/ml) was
measured by estimation of reducing sugars
liberated from CMC. A 1% CMC solution was
prepared in 50 mM sodium acetate buffer (pH
5.0). The enzyme assay was performed by
incubating 0.1 ml enzyme with 0.9 ml of 1% CMC
solution at 37°C for 30 min. After incubation, the
reaction was stopped by the addition of 1.2 ml of
DNS reagent, and boiled at 100°C in a water
bath for Liberated
determined by measuring the absorbance at 540

10 min. sugars were
nm. Cellulase production was estimated by using
a glucose calibration curve. One unit (U) of
enzyme activity was expressed as the quantity of
enzyme required to release 1 pumol of reducing
sugar per minute under testing conditions (37°C,

pH 5.0) (Singh et al., 2013).
- Identification of selected strains

The strains showing the highest cellulase
activities were identified based on morpho-
physiological characteristics (Gram staining,
colony and cell morphology, mobility) (Apun et
al., 2000) and 16S rRNA gene sequencing.

- Analysis of 16S rRNA gene sequence

Genomic DNA was extracted and purified
using CTAB (Current Protocol in Molecular
2009), and DNA

Biology, purity was

Samley Mam, Nguyen Thi Thanh Thuy

spectrophotometrically  assessed by  the
A260/A280 ratio. The fragment of the 16S rRNA
gene was amplified using the universal primers
8F (5 -AGAGTTTGATCCTGGCTCAG-3) and
1492R (5'-GGTTACCTTGTTACGACTT-3’). The
PCR conditions were as follows: 94°C for 5 min;
30 cycles of 94°C for 45 sec, 55°C for 45 sec,
72°C for 90 sec; 72°C for 5 min. A positive
control (E. coli genomic DNA) and a negative
control (without DNA template) were also used
in the PCR reactions. DNA products (about 1.5
kb) were gel purified using a QIAquick Gel
Extraction Kit (Qiagen) as recommended by the
manufacturer and sent out for sequencing (First
BASE Laboratories, Selangor, Malaysia). DNA
sequences were then compared to published
sequences in GenBank using the BLAST engine
hosted at NCBI (Bethesda, USA).

- Characterization of cellulase

For the crude enzyme preparation, a fresh
colony of a selected strain was inoculated in 2.5
ml of NB medium at 37°C on a rotary shaker at
150 rpm for 24 h. After that, 2 ml of culture
broth was added into 250 ml of MT1 medium
(per liter: 10 g CMC; 1g D-glucose; 2 g yeast
extract; 0.5 g KH,PO,; 0.2 g MgSO0,.7H,0; 0.04 g
CaCl,; 0.02 g FeSO,.7TH,0; 0.75 g KNO,; pH 7)
(Lisdiyanti et al., 2012) in a 500 ml conical flask
and incubated at 37°C, 150 rpm for 24 h. The
broth was then centrifuged at 6000 rpm for 15
min at 4°C and the supernatant was used as
crude enzyme for further studies.

Partial purification of cellulase: Cellulase
was precipitated by adding 4 volumes of 96%
ethanol. The slurry was centrifuged at 6000
rpm, 4°C for 30 min, and the supernatant was
discarded. The pellet was washed three times
with 50 mM phosphate buffer, pH 7.0, and then
re-dissolved in 20 ml of sodium acetate buffer,
pH 5.0. The partially purified enzyme was used
for further characterization.

Optimum temperature and pH: For
determination of the optimum temperature,
reaction mixtures containing the enzyme
preparation and 1% CMC in 50 mM sodium
acetate buffer, pH 5.0 were incubated at different

temperatures, ranging from 40°C to 80°C for 30
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min. Relative cellulolytic activity was determined
by measuring the amounts of reducing sugar
released. Similarly, optimum pH was determined
by incubating the reaction mixtures at different
pHs, ranging from 5.0 to 8.0 at 37°C using 50 mM
sodium acetate buffers.

Temperature and pH stability: Thermal
stability was investigated by pre-incubating the
partially purified enzyme at  various
temperatures, ranging from 45°C to 85°C. At
different time points, samples were taken and
residual cellulase activity was determined by a
reducing sugar assay using the DNS method. The
relative activity at different time points was
calculated as a percentage of the maximum
activity observed for each given temperature.
Similarly, pH stability was studied by pre-
incubating the enzyme at 37°C in 50 mM sodium
acetate buffer with the pH ranging from 5.5 to 8.5.
The residual cellulase activity was determined at
different time points as described above.

3. RESULTS AND DISCUSSION

3.1. Screening of cellulase producing bacteria

All 100 Bacillus spp. strains were cultured
on CMC agar plates for screening of cellulase
activity. The diameters of clear zones produced
by the tested strains varied from 3 to 24 mm.
The results are summarized in Table 1. Among
the tested stains, we eliminated 32 strains since
they were morphologically identical and
produced clear zones with diameters less than
10 mm. There were 9 isolates that showed large

clear zones (21-25 mm).

Although it indicates hydrolytic activity,
the plate-screening method is not quantitative
and there is a poor correlation between enzyme
activity and the size of the clear zone (Maki et
al., 2009). Thus, the three strains (Al1.2, A1.8,
B6.4) that showed largest clear zones (> 24 mm)
were selected for further screening on the basis
of CMCase production in a liquid medium.

The strains were cultivated in MT1 medium
containing 1% CMC at 37°C for 36 h for
cellulase production. CMCase activities of the
strains are presented in Table 2.
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Table 2. Cellulase activity
of 3 selected strains

Strain Cellulase activity (IU/ml)
Al.2 1.14 £ 0.01
Al8 1.01+£0.01
B6.4 3.01£0.02

The most active cellulase producer was
B6.4, which showed CMCase activity of 3.01
U/ml. It was previously reported that the
Bacillus
velesensis was 0.02 U/ml (Ancharida et al,
2014), and B. 0.23 U/ml
(Khianngam et al., 2014). Thus, in comparison
with published data, the cellulase activity of
B6.4 was significantly higher.

maximum cellullase activity of

safensis was

3.2. Identification of selected strains

All 3 isolates (A1.2, Al.8, and B6.4) were
Gram positive, endospore forming, and mobile.
The 16S rRNA gene sequences obtained for the
three selected strains were compared with the
GenBank nucleotide database using the BLAST
tool. Strains Al1.8 and Al.2 were most closely
related to Bacillus cereus and shared 99% and
97% homology, respectively, to the latter. Strain
B6.4 was most closely related to Bacillus
pumillus YQQ24 (97%
phylogenetic tree generated using the 16S rRNA

of homology). The

gene sequences for B. pumilus B6.4 is presented
in Figure 2. According to the FDA (2015),
B. pumilus is regarded as GRAS. B. pumilus
B6.4 was therefore chosen for further studies.

3.3. Characterization of cellulase produced
by B. pumilus B6.4

- Optimum temperature: Temperature
greatly affects enzyme activity. The effect of
temperature on B. pumilus B6.4 cellulase was
studied in the range from 40°C to 80°C with 5°C
intervals. The results revealed that cellulase
activity of B. pumilus B6.4 increased when the
temperature increased from 40°C to 50°C, and
reached a maximum at 55°C (5.157 U/ml), then
activity gradually decreased as the temperature

increased to 80°C (Figure 3).
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Table 1. Clear zones produced by 100 tested Bacillus spp. strains on CMC agar

Diameter of clear zone .
Number of strains

Source of isolation

(mm) Chili sauce (A) Cow rumen (B)
0-5 5 2 3
6-10 27 7 20
11-15 34 11 23
16-20 25 6 19
21-25 9 2 (A1.2; A1.8) 7 (B2.6, B2.7, B4.6, B4.9, B5.5, B6.4, B8.1)

Bacillus pumilus strain FeRB-FL 1404
Bacillus sp. hb58

Bacillus pumilus strain S68

Bacillus sp. hb24

_ Firmicutes|7leaves

Bacillus sp. TSSAS2-12

Bacillus pumilus strain YQQ24

Bacillus pumilus strain B6.4

Fig. 2. Phylogenetic tree based on the 16S rDNA sequences of B. pumilus B6.4
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40 45 50 55 60 65 70 75 80

Temperature

Fig. 3. The effect of temperature on B. pumilus B6.4 cellulase activity

The optimum temperature (55°C) of B.
pumilus B6.4 cellulase was slightly different
from that previously reported for B. pumilus. B.
pumilus S124A cellulase functioned optimally
at 50°C (Natesan and Nelson, 2014), and 60°C
was the optimum temperature for B. pumilus
EB3 cellulase (Ariffin et al, 2006). Other
Bacillus cellulases also share a similar range of

optimum temperatures, for example, cellulases
of B. mycoides S122C and Bacillus subtilis YJ1
have optimum  temperatures of 50°C
(Balansubramanian et al., 2012), and 60°C (Li
et al., 2010), respectively.

- pH optimum: B. pumilus B6.4 cellulase
showed the highest activity at pH 6.5, but it
also demonstrated rather high activity in light
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acidic (pH 5.5 - 6.0) and mild alkaline (pH 7.5)
conditions (Fig. 4). For instance, at pH 5.5 and
pH 7.5, the enzyme retained 79% and 80% of its
maximum activity, respectively. However, a
steep reduction in cellulase activity was noticed
in alkaline conditions. At pH 8, the relative
activity was only 36%.

Optimum pH values of 4.5 to 8.0 have been
reported for different microbial cellulases
(Immanuel et al., 2007; Dutta et al., 2008). Each
enzyme has its own optimum pH and if the pH
increases or decreases beyond the optimum, the
lonization groups at the active site may change
by slowing or preventing the formation of an
enzyme substrate complex (Eijsink et al., 2005).
The pH range suitable for cellulase from
B. circulans was found to be 4.5 to 7.0 (Kim,
1995). For other Bacillus strains, pH optima
were 5.0 to 6.5 (Mawadza et al., 2000) and 6.0 to
6.5 in B. subtilis YJ1 (Li et al., 2010).

100
90

[=]

Relativie activity (%)

- Thermal stability

Thermal stability of cellulase from B.
pumilus B6.4 was determined by measuring the
relative  cellulolytic  activity at  various
temperatures, ranging from 45°C to 85°C, and
at different time points, from 30 to 240 min at
pH 5.0 (Fig. 5). More than 58% of cellulase
activity was maintained at temperatures
after 150 min

incubation at pH 5.0 and it remained more than

ranging from 55 to 65°C

40% after 240 min. Interestingly, the enzyme
was less stable at 45°C. At 45°C, about 38% of
the activity was maintained after 150 min and
then dramatically decreased to 25% after 240
min. Cellulase degradation at 45°C could be
explained by the presence of associated
proteases, although this might require further
verification. At 75°C and 85°C, less than 15% of
the activity was observed after 150 min, and 1%

after 240 min.
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Fig. 4. The effect of pH on B. pumilus B6.4 cellulase activity
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Fig. 5. Thermal stability of B. pumilus B6.4 cellulase
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Fig. 6. pH stability of B. pumilus B6.4 cellulase

Natesan and Nelson (2014) reported that B.
pumilus S124A cellulase was stable at 60°C to
70°C. Cellulase from B. amyoliquefaciens DL-3
was stable at temperatures ranging from 50°C
to 70°C (Lee et al., 2008), and purified cellulase
produced by B. subtilis was stable at 40°C to
60°C (Rekha and Lakshmi, 2012). Cellulases
produced by Bacillus sp., Pseudomonas sp., and
Serratia sp. isolates were found to be stable up
to 55°C (Prabesh et al., 2016).

- pH stability

The stability of the enzyme when incubated
at different pHs between 5.5 and 85 was
determined (Fig. 6). The results showed that
more than 56% of cellulase activity was
maintained at a pH range of 5.5 to 6.5 after 120
min of incubation, and more than 21% after 240
min. About 30% of activity remained at pH 7.5
to 8.5 after 120 min and then dramatically
decreased to 7% after 240 min.

Thus, cellulase obtained from B. pumilus
B6.4 was rather stable at a pH of 5.5 to 6.5.
Some previous studies have also reported that
cellulases produced by several Bacillus sp. were
stable over a wide pH range (Mawadza et al,
2000; Lee et al, 2008). B. subtilis BY-4
cellulase was found to be stable at a pH ranging
from 4.5 to 6.0, and most stable at pH 5.0 (Lima
et al, 2015). B. DL-3
cellulase was stable over a broad pH range,
from 4.0 to 9.0 (Lee et al., 2008), B. halodurans
IND18 cellulase showed stability at a pH from
6.0 to pH 9.0, and was most stable at pH 9.0
(Gao et al.,2008).

amyloliquefaciens

4. CONCLUSIONS

One hundred strains of Bacillus spp. were
qualitatively screened for cellulase activity
using an agar plate assay and the three most
active strains (Al.2, Al1.8, and B6.4) were
selected. Strains Al.2 and Al.8 were identified as
Bacillus cereus, and B6.4 as Bacillus pumillus
based on 16S rRNA gene sequencing. Cellulase

B6.4, a GRAS
highest cellulase
production in a liquid medium, was partially

produced by B. pumillus

bacterium showing the
purified. The cellulase was most active at 55°C
and pH 6.5. The enzyme maintained more than
58% activity after treatment at 55°C or 65°C for
150 min. It also maintained more than 56%
activity at pH 5.5 or 6.5 for 120 min. These
properties suggest that B. pumilus B6.4 could
be a good candidate for application in the
cellulosic biofuel industry.
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