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Abstract. Cellulase, an enzyme that hydrolyzes the glycosidic bonds in cellulose to form simple sugar
molecules, is widely used in various industrial processes. The finding of new microbial strains producing
extracellular cellulase as well as their cellulase biosynthesis conditions has been continuingly reported up
to date. In this study, the influence of several factors such as cellulose substrate source, nitrogen source,
initial pH, temperature, incubation time for cellulase biosynthesis of Bacillus sp. D11 has been identified.
Bacillus sp. D11 showed strong cellulase biosynthesis with 450.49+12.03 UI/mL in the medium containing
2.0% rice straw (w/v), 1.0% earthworm powder (w/v), 1.0% NaCl (w/v), 0.5% yeast extract (w/v), initial
pH 6.0 at 37°C, 150 rpm after 96 hours of incubation. By 16S-rRNA sequencing method, Bacillus sp. D11
was identified to be closely related to Bacillus amyloliquefaciens MT013383. Overall, the obtained results
will contribute to the development of cellulase production processes and applications in different fields.
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1. INTRODUCTION

Cellulase is the third largest group of enzymes widely used in industry. With the ability to cleave p-1,4
glycosidic bonds in cellulose to form "single sugar" monosaccharides such as f-glucose or into shorter
oligosaccharides without the production of toxic by-products [1]. Cellulase is applied in many different
fields such as fabric softening in textile technology, production of detergents, environmental treatment,
food technology, removing ink in papermaking technology, herbal technology, ... [2-5]. In addition, many
studies have also shown the potential application of cellulase in the production of biofuel and bio-alcohol
from agricultural waste [6-8]. The popular use of cellulase shows its efficacy and sustainable value in the
degradation of cellulose, however, the main disadvantage in commercial use of cellulase is its high cost.
Cellulase is a complex enzyme family that is often obtained from diverse groups of microorganisms.
Bacteria are one of the most popular production sources due to their ability to proliferate quickly and adapt
well to environmental conditions. The search for new sources of microorganisms for cellulase production
is still ongoing [8, 9]. Studies on suitable conditions to improve cellulase biosynthesis and reduce
production costs are also being conducted around the world [6, 10, 11]. The production of cellulases using
Bacillus has also been extensively studied due to the outstanding properties of this genus, including robust
growth, low nutrient requirements, high extracellular enzyme production, and heat tolerance. These
properties make Bacillus strains suitable for application in various industries [9, 12-14]. Therefore, in this
study, the Bacillus sp. D11 was evaluated for its ability to biosynthesize cellulase and suitable culture
conditions for enzyme biosynthesis were also investigated.

2. MATERIALS AND METHODS

2.1 Bacterial strain

Bacillus sp. D11 strain was previously isolated from soil in Ho Chi Minh city using dilution-spread plate
method on Luria-Bertani agar (10.0 g/L tryptone, 5.0 g/L yeast extract, 10.0 g/L NaCl, 15.0 g/L agar, pH
7.0) at 37°C and the strain was subsequently stored at -70°C in the collection of the Microbiotechnology
laboratory, Institute of Food and Biotechnology, Industrial University of Ho Chi Minh city. The strain was
reactivated overnight in Luria-Bertani broth with shaking at 150 rpm at 37°C before being used for further
studies.
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2.2 Examination of cellulase production

Cellulase production of Bacillus sp. D11 was examined by spot inoculation on LB agar supplemented with
0.5% CMC at 37°C for 72 hours. After 72 hours, 2.0 mL of 3.0% Lugol solution was spread evenly over
the surface of the plate and the halo zone was recorded. The larger diameter of the halo zone indicated the
stronger enzyme activity [15].

2.3 ldentification of Bacillus sp. D11

The strain Bacillus sp. D11 were identified at the molecular level by sequencing the gene fragment encoding
16S-rRNA using the primer pairs 27F 5-AGAGTTTGATCMTGGCTCAG-3' and 1540R 5'-
AAGGAGGTGATCCAACCGCA-3'. The sequence was then used to build a phylogenetic tree based on
Neighbor-Joining algorithm with a bootstrap of 1000X using Mega 5.0 software.

2.4 Determination of bacterial growth curve

Overnight culture of Bacillus sp. D11 was inoculated in 50 mL of LB broth supplemented with 0.5% CMC
(w/v) with shaking at 150 rpm for 16 hours at 37°C. Subsequently, the culture was diluted (1.0% v/v) to
obtain 100 ml culture and the bacterial growth was monitored by mesuaring ODsoonm €very 2 hours for 24
hours. The growth curve was analyzed and plotted by GraphPad Prism 8 (GraphPad Software, USA) [16].

2.5 Cellulase activity assay

Cellulase activity was determined according to the Bernfeld method [17]. The bacterial culture was firstly
centrifuged at 13.000 rpm, 4°C to remove the cells. Obtained supernatant was then used to mix with 1.0%
CMC solution and the reaction was set at 50°C for 30 minutes. DNS reagent was prepared by dissolving
5.0 g of dinitrosalicylic acid in 250 mL of distilled water at 80°C. As this solution cooled down to room
temperature, 100 mL of NaOH, 2 N and 150 g of potassium sodium tartarate-4-hydrate were added, and the
volume was brought up water to 500 mL with distilled. DNS reagent was then added to stop the reaction
and determine the released amount of reduced sugar. The enzyme unit (Ul) of cellulase was defined as the
amount of enzyme required to catalyze the degradation of cellulose to yield one micromole of reducing
sugars in one minute at 50°C.

2.6 Investigation of Bacillus sp. D11 cellulase biosynthesis conditions

Effect of supplementation of different cellulose substrates including ground rice straw, ground rice husk,
ground sawdust, ground coir, CMC (carboxyl methylcellulose) on cellulase biosynthesis of Bacillus sp.
D11 was investigated using the basic LB broth at 1.0% (w/v) concentration of dry weight, 1.0% starter
culture, pH 7.0, shacking 150 rpm at 37°C. After every 24 hours, the cell-free crude enzyme was collected
and used for cellulase activity determination. The type of substrate which yields the highest enzyme activity
was selected for further tests. The effect of substrate concentration with various concentrations of 0%, 0.5%,
1.0%, 2.0%, 3.0% (w/v) under the same culture conditions. The substrate concentration which yields
highest cellulase activity was selected for further tests.

The effect of different inorganic and organic nitrogen sources such as NH4NOs, (NH.)2SO4, NH.4CI,
(NH2)2CO (urea), peptone, earthworm powder (EP) on cellulase production was investigated at 1.0% (w/v)
concentration under the same culture conditions. The substrate concentration which yields highest cellulase
activity was selected for further tests.

Effect of initial pH and temperature on cellulase biosynthesis was also studied in culture with suitable
cellulose substrate and nitrogen sources adjusted for various initial pH values of 3.0-9.0, and at different
temperature of 28°C, 33°C, 37°C, 40°C, 45°C. The culturing process and cellulase activity determination
was performed as in previous experiments.

2.7 Data analysis

The results of the experiments are an average of 3 replicates. Raw data were calculated, and graphs were
drawn using Microsoft Excel 2010. The results were statistically analyzed by Statgraphics XV software
using ANOVA test with o= 0.05
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3. RESULTS AND DISCUSSION

3.1 Macroscopic, microscopic characteristics and cellulase production of Bacillus sp. D11

Macroscopic characteristics of the Bacillus sp. D11 on LB medium was observed after 48 hours of
incubation at 37°C with 0.3-0.5 cm round, light yellow dry colonies, wrinkled and convex surface, irregular
thick margins, and forming round holes in the center (Fig. 1A-a). Microscopic characteristics were observed
under optical microscope at 1000X after Gram staining and spore staining. The Gram staining result showed
that the strain is Gram-positive due to its color retention with crystal violet and exists as single cells or in
pairs (Fig. 1 A-b). The strain was capable of forming endospores with pink vegetative cells and green spores
after staining (Fig. 1A-c).

A

Figure 1. Morphology of Bacillus sp. D11. (A), (a) colony morphology (b) Gram staining (c) spore staining. (B)
cellulase biosynthesis on LB-CMC.

In addition, decomposition of CMC on agar plate by Bacillus sp. D11 was also observed with a 3.2+0.02
cm halo zone (Fig. 1B), which was similar to that of Bacillus spp. in the study of Huynh Thi Cam Tien and
Ho Viet The (2019) with halo zone diameter of 1.2-3.2 cm [18] and Bacillus sp. in the study by Mai Thi et
al. in 2017 (2.38 cm) [19]. This shows that Bacillus sp. D11 has high potential for the production of
extracellular cellulase.

3.2 Identification of Bacillus sp. D11 and dermination of the growth curve

A part of the gene encoding for 16S-rRNA of Bacillus sp. D11 with a length of 1314 nucleotides was
sequenced and compared with the data bank on NCBI using the BLASTNn tool. The results showed that this
strain has the highest similarity (90%) with Bacillus amyloliquefaciens species. Additionally, the genetic
relationship of Bacillus sp. D11, Bacillus amyloliquefaciens and other Bacillus species were also
represented by phylogenetic tree in which Bacillus sp. D11 was closely related to Bacillus
amyloliquefaciens MT013383 (Fig. 2).

The growth curve of Bacillus sp. D11 was also successfully constructed with an R? value of 0.9895. In LB
medium, the strain was in the lag phase during the first 2 hours with ODgoonm equal to 0.172 and eventually
entered the log phase with ODeggonm reached 1.068 after 8 hours of incubation. From 12 hours to 24 hours of
incubation the bacteria remained in the stationary phase. Therefore, the culture in 12 hours with the most
viable and healthy population was chosen as the seed inoculum for subsequent experiments (Fig. 3).
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Figure 2: Phylogenetic tree of Bacillus sp. D11
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Figure 3: Growth curve of Bacillus sp. D11 in LB medium

3.4 Effect of cellulose substrates on cellulase biosynthesis of Bacillus sp. D11

The results showed that Bacillus sp. D11 was able to produce cellulase in the presence of all 5 types of
cellulose substrates, and the enzyme activity gradually increased during 96 hours of incubation. However,
when increasing the incubation time to 120 hours, cellulase activity in all experiments was sharply reduced
(Fig. 4). The cause of enzyme activity decrease could be that the bacteria have entered the final stage of the
stationary phase as well as the substrates in the medium were depleted at this point. Comparing among the
different substrates, cellulase activity obtained from the medium containing rice straw was highest at all
time points (Fig. 4A). At 96 hours of incubation, enzyme activity was highest in all experiments with
183.89+£0.92 Ul/mL, 163.05+15.68UI/mL, 159.09+8.14 Ul/mL, 157.64+2.34 Ul/mL, and 138.71+9.8
Ul/mL respectively with the substrates being rice straw, rice husk, CMC, coir, and sawdust (Fig. 4B).
Statistical analysis showed a significant difference in cellulase activity in the case of rice straw compared
with other substrate (p<0.05). Rice straw was also confirmed to be suitable substrate for several other
Bacillus strains such as B. licheniformis MVS1 and Bacillus sp. MVS3 [20], B. subtilis [13], B. circulans
AB [21], and Bacillus sp. 313SI [22]. Rice straw was also used as the main substrate for cellulase production
by Bacillus subtilis subsp. subtilis JJBS300 [23]. In addition, rice husk is a suitable substrate after rice straw
for cellulase production of Bacillus sp. D11 and Bacillus amyoliquefaciens DL-3 [24]. Rice straw and rice
husk are agricultural by-products, therefore their use in enzyme production would be an economy and eco-
friendly approach.
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Figure 4. Effect of cellulose substrates on cellulase production of Bacillus sp. D11. Time-course of cellulase activity
from Bacillus sp. D11 in the medium containing various subtrates (A) and enzyme activity at 96 hours of culture
(B). Different lower-case letters denote significant difference (p<0.05).

Figure 5 showed that the concentration of rice straw also strongly affected the cellulase biosynthesis of
Bacillus sp. D11. Cellulase activity of all cultures containing different amounts of rice straw strongly
increased at 48 hours and reached the highest level at 96 hours of incubation with 2.0% (262.56+10.76
Ul/mL) and 3.0% (250.19+14.97 Ul/mL) of rice straw concentrations (Fig. 5A). These activities were
increased by about 1.4-1.5 folds compared to the two concentrations of 1.0% (185.87+£2.32 Ul/mL) and
0.5% (173.9+1.74 Ul/mL) of rice straw, and by about 3.6 folds compared to the control group with no rice
straw (72.93+8.02 Ul/mL) (Fig. 5B).
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Figure 5. Effect of rice straw concentrations on cellulase production of Bacillus sp. D11 (A) and enzyme activity at
96 hours of culture (B). Different lower-case letters denote significant difference (p<0.05).

When the concentration of rice straw was increased to 3.0%, the cellulase activity did not increased,
possibly because the higher concentration of rice straw would affect the aeration of the culture by shaking,
thus affecting the bacterial growth and cellulase biosynthesis. Rice straw was also used as a suitable
substrate source for cellulase production of the two strains of B. licheniformis MVS1 and Bacillus sp. MVS3
isolated from hot springs according to the study of Somen Acharya et al. (2012) [20]. Nevertheless, the the
strain Bacillus sp. Y3 required 2.0% CMC as the suitable substrate for cellulase production in the study of
Lugani et al. in 2015 [25]. Statistical analysis showed that cellulase activity in medium supplemented with

2.0% of rice straw was the highest and therefore, was selected to be used in the fermentation medium for
further investigations.

3.6 Effect of nitrogen sources on cellulase biosynthesis of Bacillus sp. D11

From the results presented in Fig. 6, it could be deduced that different nitrogen sources had different effects
on cellulase production of Bacillus sp. D11. Cellulase production was significantly higher in the medium
supplemented with organic nitrogen sources with a drastic increase at 48 hours of incubation than in the
medium supplemented with inorganic nitrogen sources such as NHsNOs, (NH4)2SO4, and NH4CI. In
addition, almost no cellulase production was observed in medium supplemented with (NH4)2SO4 or NH4CI
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at any time points, suggesting that the inorganic nitrogen sources were not suitable for cellulase biosynthesis
of Bacillus sp. D11 (Fig. 6A). In the medium supplemented with organic nitrogen sources, cellulase
production increased as incubation time increased. At 96 hours of incubation, especially, the medium
containing earthworm powder displayed the highest activity of 286.13+6.46 Ul/mL, significantly higher
than in the case of peptone (233.10+£5.59 Ul/mL) and is more than 2-folds in comparison with urea
(134.74+2.05Ul/mL) (Fig. 6B).

A B

350 + 350 -

w
o
=]

~—8&— Pepton

N
o
o

—e - EP
= Urea
«omes NHNO;
-a= NH,CI
—e- (NH,),SO,

= - N
o u o
=) o =)

Cellulase activity (UI/ml)
w
o

Cellulase activity (UI/ml)

o

Peptone EP Urea NH,NO; NH,Cl (NH,),SO,
Time (hours) Nitrogen sources

Figure 6: Effect of nitrogen sources on cellulase production of Bacillus sp. D11. Time-course of cellulase activity of
Bacillus sp. D11 in medium supplemented with various nitrogen sources (A) and enzyme activity at 96 hours of
culture (B). EP: earthworm powder. Different lower-case letters denote significant difference (p<0.05).

Several studies have shown different suitable nitrogen source requirements for cellulase production by vary
Bacillus strains such as peptone for Bacillus sp. Y3 and B. pseudomycoides [25, 26], soybean powder for
B. amyloliquefaciens S1 [27], meat extract for B. licheniformis MVS1 and (NH.).SO. for Bacillus sp.
MVS3 [20]. In this study, earthworm powder was a suitable nitrogen source for Bacillus sp. D11 to
synthesize cellulase, possibly because earthworm powder, which is a hydrolyzed earthworm product,
contain a variety of oligopeptides, amino acids, and a small amount of minerals which could promote the
bacterial growth and cellulase production [28].

3.8 Effect of initial pH, temperature, and incubation time on cellulase biosynthesis of Bacillus sp. D11

Bacillus sp. D11 showed different cellulase production capacities under different initial pH values, which
is shown in Fig. 7. In media with initial pH values of 3.0 to 4.0, very little cellulase activity was detected
(0.96 to 31.70 UI/mL). However, cellulase activity increased with increasing pH, reaching a maximum after
96 hours of culture, followed by a strong decrease after 120 hours of culture. The initial pH of 6.0 was the
most suitable for cellulase production by Bacillus sp. D11, with the highest activity observed at all time
points. The cellulase activity at pH 6.0 after 96 hours of culture was 450.49+12.03 UI/mL, which was 1.7-
folds higher than the activity at neutral pH (7.0, 266.28+15.59 Ul/mL). At pH 5.0, the cellulase activity
after 96 hours of culture was 383.73+18.31 Ul/mL, which was also 1.44-fold higher than the activity at
neutral pH. In alkaline media with pH values of 8.0 to 9.0, the cellulase activity was only about one-half of
the maximum, 153.84 to 174.16 Ul/mL (Fig. 7A). These results indicate that the optimal initial pH for
strain D11 to synthesize cellulase was acidic pH (6.0). In other studies, the optimal pH threshold was usually
weak acidic or neutral pH (6.5-7.0) for cellulase biosynthetic Bacillus strains such as B. alcalophilus S39
and B. amyloliquefaciens C2 [29], B. pseudomycoides [26], B. licheniformis BCLLNF-01 [30], B. subtilis
KO [31]. Some Bacillus strains were reported to have the best cellulase biosynthesis ability in the highly
acidic initial pH, such as pH 3.5 for Bacillus sp. [32], pH 4.0 for B. subtilis subsp. subtilis JJBS300 [23],
pH 5.0 for B. amyloliquefaciens D19 [33].

46



Author: Tan-Viet Pham et al.

500
= as0 = =pH3 z =2t
E 400 —t—pH4 % b i e
=) - « oMo 37°C
e 350 k= pH5 > a0°C
= 300 & * pHE =
2 T 2 —e—45°C
T 250 il pH7 S
2 E
2 200 oo® o pH8 z
S 150 —
= —8— pH9 =
= 100 I}
O s >
0
0 24 48 72 96 120 0 24 48 72 9% 120
Time (hours) Time (hours)

Figure 7. Cellulase activity of crude enzyme from media with different initial pH values (A) and at different growth
temperature (B).

The cellulase production of Bacillus sp. D11 was also investigated under different temperature conditions
(28-45°C). Cellulase activity was significantly affected by temperature conditions after 48-120 hours of
culture. A difference of 3-4°C resulted in a significant decrease in cellulase activity. The highest cellulase
activity was observed after 96 hours of incubation at all temperature conditions, followed by a considerable
drop after 120 hours of culture which is consistent with the cellulase biosynthesis of B. licheniformis
BCLLNF-01 [30]. The most suitable temperature for cellulase production by strain D11 was 37°C, with an
activity of 450.49+12.03 Ul/mL. The activity obtained from culture at 40°C was 347.32+1.41 Ul/mL,
followed by 33°C (238.94 Ul/mL), 45°C (153.84 Ul/mL), and 28°C (62.98+9.83 UI/mL). These results
indicate that the optimal temperature and time for strain D11 to synthesize cellulase was 37°C after 96 hours
of incubation (Fig. 7B). Likewise, this growth temperature was also proved to be suitable for Bacillus sp.
Y3 [25], B. amyloliquefaciens D19 [33], and B. brevis VS-1 [34], to produce extracellular cellulase.

4. CONCLUSION

In this study, macro and micro morphological properties of Bacillus sp. D11 were recorded, and the strain
was found to be closely related to B. amyloliquefaciens MT013383. The suitable culture conditions for
cellulase biosynthesis of Bacillus sp. D11 has been identified with medium containing 2.0% rice straw,
1.0% EP, 0.5% yeast extract, 1.0% NaCl (w/v), initial pH 6.0, 150 rpm shaking at 37°C for 96 hours, thereby
resulted in a 2.5-fold increase in cellulase activity (450.49+12.03 Ul/mL). Variantion of cellulase activity
of the culture from tested conditions also suggested that this enzyme may favour weak acidophilic and
mesophilic conditions and rice straw as cellulose substrate. Further charaterization of the purified enzyme
is in progress and the obtained results provide valuable insights into the development of extracellular
cellulase production from the Bacillus genus and its applications in related fields.
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NGHIEN CUU GIA TANG SINH TONG HQP CELLULASE
TU Bacillus sp. D11

PHAM TAN VIETY, NGUYEN LE HIEN HOA? TRAN NGUYEN DIEM LINH', NGUYEN
THI DIEU HANH?Y, NGUYEN NGOQC AN?
YWién Cong nghé Sinh hoc va Thuc pham, Trieong Pai hoc Cong nghiép Thanh phé Hé Chi Minh.
27 ruong Pai hoc Su pham, Pai hoc Pa chng.
“Téc gia lién hé: phamtanviet@iuh.edu.vn

Tém tit. Cellulase 13 enzyme thiy phan céc lién két glycosyl trong cellulose dé tao thanh cac phan tir
duong don va dugc ung dung rong rai trong cac quy trinh cong nghiép khac nhau. Viéc tim ra cac chung vi
sinh kha nang sinh tong hop cellulase ngoai bao va diéu kién thich hop dé sinh tong hop enzyme nay van
ludn dugc tién hanh cho dén nay. Trong nghlen cliru nay, anh hudng cua cac yéu t6 nhu co chit cam ung,
ngudn nitrogen, pH ban dau, nhiét d9, thoi gian nudi G cho qué trinh sinh tong hop cellulase cua Bacillus
sp. D11 da dugc xac dinh. Ching vi khuan Bacillus sp. D11 d3 thé hién kha ning sinh téng hop cellulase
manh voi hoat tinh 450,49+£12,03 Ul/mL trong moi trudong cd chira 2,0% rom (w/v), 1,0% bt trun (w/v),
1,0% NaCl (w/v), 0,5% cao ndm men (w/v), pH 6,0 & diéu kién 37°C, lic 150 vong/phut sau 96 gir nudi u.
Bing phuong phép giai trinh ty 16S-rRNA, ching vi khuan Bacillus sp. D11 dugc xac dinh ¢6 quan hé gan
v6i loai Bacillus amyloliquefaciens MT013383. Céac két qua dat dwoc gop phan cho viéc phat trién ngudn
gidng san xuat cellulase va 1a co s& dé nghién ctru g dung cellulase trong céac linh vue khac nhau.

Tir khoa. Bacillus, cellulase, enzyme ngoai bao, diéu kién nudi cay.
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