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Abstract A novel cellobiohydrolase (CBH)-generating
fungi have been isolated and categorized as Schizophyllum
commune KMJ820 based on morphology and rDNA gene
sequence. Cellulose powder was used as carbon source, the
total enzyme activity was 11.51 U/ml is noted; which is
among the highest amounts of CBH-generating microbes
studied. CBH have been purified to homogenize, with
pursual of serial chromatography using S.
supernatants and two different CBHs were found; CBH 1
and 2. The filtered CBHs showed greater activity (Vax.
= 51.4 and 20.8 U/mg) in contrast to CBHs from earlier
studies. The MW (molecular weights) of S. commune CBH
1 and 2 were verified to be approximately 50 kDa and
150 kDa, respectively, by size exclusion chromatography.
Even though CBHs have been evaluated from other

commune
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sources, but S. commune CBH is prominent in comparison
to other CBHs by its high enzyme activity.

Keywords Schizophyllum commune - Cellobiohydrolase -
Catalytic efficiency - Enzyme purification - Enzyme
production

Introduction

Cellulose are known to be one of the highly abundant
polymer around the world and they are extremely hard to
degrade [1]. There are number of enzymes assisting in
cellulose degradation, these are referred as cellulases. The
cellulase enzyme are widely used in numerous industrial
applications such as food treating, paper and pulp and also,
they were integrated with other processes for conversion of
reducing sugars to alcohols [2]. Cellulolytic enzyme is also
known to be one of the primary components in microbial
film formations noted in aquatic systems, fouling of pipe
and in dental plaques. In spite of remarkable usage in
cellulase based products; but because of their poor struc-
tural stability, these are often led to discarding as waste
[3, 4]. The conversion of cellulose into reducing sugars
such as glucose, and cellobiose are one of the major lim-
itation in cellulose biofuel generating processes [5, 6]. In
general, the industrial cellulose conversion practices con-
sist of thermal, mechanical and acidic treatment. But
however, the use of enzyme for conversion of cellulose has
gained attention due to their eco-friendly nature, high net
energy, low thermal necessity, and low processing condi-
tions. But however, the generation of enzyme can be cost
effective and time-consuming [7, 8]. Therefore, a better
understanding of cellulase performance can guide towards
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the decrement in enzyme production cost and thereby
boosting the industrial application.

The conversion of cellulose to reducing sugars and
related components, can occur naturally. Filamentous fungi
are one of the major source of cellulases and hemicellu-
lases. Cellobiohydrolases (CBHs) are important compo-
nents in the multienzyme cellulase complexes [9] and they
disrupt the crystalline nature of cellulose and release cel-
lobiose by pursing exo-type attack [1, 10-16]. On the basis
of resemblance in amino acid sequence, the CBHs are
divided into three major glycoside hydrolase groups (GH6,
GH?7, and GH48). Among these groups, the GH7 is known
to be completely generated by fungal strains and it contains
cellobiohydrolases and endoglucanases [17]. In general
fungi produces two different types of CBHs (CBHI and
CBHII), which are differentiated on the basis of their
sequence similarity and active sites. The CBHs can solely
accomplish the entire solubilization of cellulose crystals,
without requirement of additional enzymes [9, 18, 19].

Therefore, in this study an effective CBH-generating
fungi has been isolated and categorized as S. commune
KMJ820 (KACC 93084P). Also, we have tested the influ-
ence of substrate to boost CBH generation by S. commune.
In further we have characterized the CBH on the basis of its
physiological and kinetic factors.

Materials and Methods
Isolation of CBH Generating Fungi

For isolation of CBH generating microbes, the soil samples
are gathered from Sorak Mountain (Republic of Korea) as
pointed in our earlier studies. The collected samples are
cleansed/washed in sterile liquids (0.9% saline). In further
the aliquots were dispersed on agar plate containing potato
dextrose and was grown for 3 days. Preliminary examina-
tion for CBH yielding fungi were conducted out in agar
petri dishes consisting of 10 mM of 4-methylumbelliferyl-
B-p-glucuronide (MUG) as described previously [20]. On
basis of fluorescence noted under UV, a total of 20 strains
were transferred into a growth medium (3 ml) encom-
passing peptone (8 g/l), yeast extract (2 g/l) and cellulose
(20 g/1) and grown at 28 °C with mixing at 200 rpm for
5 days. Later, the CBH performance of the fungi was
examined on basis of enzyme activity as described previ-
ously [21, 22]. After preliminary investigations, the fungi
with the best CBH performance was carefully chosen.

Growth of S. commune

For growing, the fungi S. commune KMJ820 was inocu-
lated into 100 ml of potato dextrose solution in a conical

flask. Preliminary culture of 5 ml was injected into 200 ml
of carbon containing solution during fermenter studies.
Influence of carbon on CBH generation were examined
following 6 days of development in flasks having a med-
ium comprised of 20 g/l of carbon source. For fermenter
microbial growth, the S. commune were inoculated into
100 ml of potato dextrose browth. Pre cultures of 50 ml
were injected into 3-1 solution in a 7-1 fermenter. This
culture mixture included peptone 8 g/l, yeast extract 2 g/l,
and cellulose powder 20 g/l. Additional operating condi-
tions were similar as described in fermenter culture.

Enzyme Assay

CBH activities were analyzed using pNPC (p-nitrophenyl-
D-cellobiopyranoside; substrate). Enzyme reaction mixture
(1 ml) consisted 100 pl of enzyme and 0.1 mM substrate
(pNPC) in 100 mM of sodium acetate buffer buffer (pH
5.0) with an incubation time of 15 min at 50 °C with later
addition of 2 M Na,COj to the reaction blend. The quantity
of p-nitrophenol generated was evaluated in UV spec-
trophotometer at a wavelength of A;s. 1 U of pNPC-hy-
drolyzing activity is described as amount of enzyme
corresponding to release 1 pmol of p-nitrophenol for every
minute. The CBH is also analyzed with cellobiose or cello-
oligosaccharides as substrate by quantifying the quantity of
glucose produced using GOD-POD method [23]. The
protein amount was calculated by Bradford assay [24], by
using BSA (bovine serum albumin) as a standard. The
purification of CBH was followed as described previously
[23].

Analyzing the Molecular Mass of CBH

To determine the molecular weight of CBH, sodium
dodecylsulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) was operated as specified previously [25]. Protein
bands were observed with the help of Coomassie brilliant
blue R-250 dye. The molecular weight of purified enzyme
was verified by size exclusion chromatography utilizing a
BioLogic FPLC system (Bio-Rad) equipped with Super-
0seTM column. The CBH was eluted with 200 M buffer
(pH 5.0) at a flow rate of 1 ml/min.

Establishing pH and Temperature Optima

The optimum pH of CBH activity was considered by
incubating the purified enzyme at 50 °C for 15 min in
various buffers: sodium acetate buffer (100 mM, pH 3-6),
phosphate buffer (100 mM, pH 6-8). To point the optimal
temperature, the enzyme was incubated in sodium acetate
buffer (100 mM, pH 5) for 15 min at various temperatures
starting from 40 to 70 °C.

@ Springer



162

Indian J Microbiol (Apr—June 2020) 60(2):160-166

Determination of Kinetic Parameters

The values for Michaelis constant (K,) and maximum
velocity (Vinax) Were established for CBHs by incubating in
100 mM buffer (pH 5.0) at 50 °C using pNPC at various
concentrations ranging from 0.2 to 12 mM. K, and V.«
values are noted using nonlinear regression. The specificity
of purified enzyme for various substrates was calculated
under standard assay conditions.

Impact of Metals and Reagents on CBH

The impacts of different metals and chemicals at 0.1 mM
on CBH performance was characterized by pre-incubating
the CBH with certain reagents in 20 mM buffer at opti-
mized pH and temperature conditions for 30 min. CBH
activity was further calculated at 50 °C for 15 min in the
existence of metals or other chemicals. The performance of
CBH assayed in deficiency of metals and chemicals was
established as 100%.

Results and Discussion

Detection of the Unique Microbe for CBH
Generation

Amongst 340 strains examined for CBH generation, twenty
strains were chosen on the basis of fluorescence noticed
with agar plates covering 10 mM of MUG. Among twenty
selected strains, an effective CBH-generating microbes was
isolated for further study. The identification of isolated
fungus was carried out in the ITS rDNA region and output
sequence were presented to GenBank. The strain revealed
the greatest identity (47%) with S. commune. Phylogenetic
interactions were recommended by employing taxonomic
tree analysis on the basis of comparison between the
unknown sequence of microbes with preestablished
sequence of microbe (Fig. S1).

Optimization of Carbon Sources for CBH
Generation

Numerous carbon resources (cellulose powder, car-
boxymethyl cellulose, Avicel, rice straw, sugarcane
bagasse, tangerine peel) were analyzed for CBH generation
by S. commune KMJ820. As exhibited in Fig. 1a, cellulose
powder was observed to be optimal carbon resource for
three cellulase production. In order to analyze, the impact
of preliminary influence of carbon source on S. commune
KM1J820 development and CBH generation in culture; a
numerous dilutions of cellulose powder were examined.
The strain generated an elevated level of CBH (11.5 U/ml)
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Fig. 1 Optimization of carbon source on total enzyme activity of
cellobiohydrolases in Schizophyllum commune KMIJI820 culture.
Cellulose powder (filled circle), carboxymethyl cellulose (open
circle), Avicel (filled square), rice straw (open square), sugarcane
bagasse (filled triangle), tangerine peel (open triangle) (a). Influence
of cellulose concentration on total enzyme activity of cellobiohydro-
lases in S. commune KMJ820 culture (b)

when 2% of cellulose powder was employed as the carbon
source (Fig. 1b). The elevated enzymatic activity noted in
crude extract may be ascribed to industrial use of cellulase
to produce bioethanol.

Purification of CBH from S. commune Culture

CBHs were purified as defined in the previous sections, and
results are exhibited in Table 1. As stated above, there
were two CBHs. It was revealed when the crude extract
enzyme was exposed to SDS-PAGE and they were divided
by first DEAE chromatography step (DEAE chromatogra-
phy-1). Fractionation with ammonium sulfate precipitation
boosted the enzyme specific activity of about 1.1-fold, with
nearly 40% enhancement in CBH activity. The CBH
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Table 1 Purification of cellobiohydrolases (CBH) from Schizophyllum commune KMJ820

Step Total protein (mg) Specific activity (U/mg) Total activity (U/ml) Yield (%) Purification fold
CBH1 CBH2 CBHI1 CBH 2 CBH 1 CBH 2 CBH1 CBH2 CBH1 CBH2
Crude extract 463.4 463.4 11.51 11.51 5335 5335 100 100 - -
Ammonium sulfate precipitation 162.9 162.9 12.84 12.84 2092 2092 39.22  39.22 1.12 1.12
DEAE chromatography-1 3330 3.00 19.57 18.12 651.8 54.32 1222 1.02 1.70 1.57
Hydroxyapatite 2.66 - 21.37 56.82 - 1.07 - 1.86 -
DEAE chromatography-2 022 - 37.63 8.34 - 0.16 - 3.27 -
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Fig. 2 Analysing the molecular weight of cellobiohydrolase 1 (a), 0 1 T T T T T

and cellobiohydrolase 2 (b), isolated from Schizophyllum commune
KMJ820. Lane M marker, lane 1 crude extract, lane 2 ammonium
sulfate precipitative fraction, lane 3 DEAE ion exchange portion, lane
4 hydroxyapatite portion, lane 5 DEAE ion exchange portion.
Analysing the indigenous molecular weight of S. commune
KMIJ820, cellobiohydrolases by gel filtration chromatography (c)

effective fractions are injected to a DEAE Sepharose col-
umn, and CBH was separated using 100 mM NacCl. At this
stage, CBH 2 from S. commune was split. To purify CBH 1,
a subsequent hydroxyapatite step was executed, and it
yielded two peaks comprising protein; one was large and
the other was minor. The large peak showed CBH activity.
FPLC elution of second trial of DEAE ion exchange
chromatography (DEAE chromatography-2) column

0 2 4 6 8 10 12
PNPC concentration [mM]

Fig. 3 Influence of substrate concentration on cellobiohydrolase 1
(a), and cellobiohydrolase 2 (b), from Schizophyllum commune
KMJ820. The inset figure point towards Lineweaver-Burk plot of
cellobiohydrolase

delivered an effective CBH protein peak. These separation
techniques for CBH 1 and 2 helped in achieving a specific
activities of 37.6 U/mg and 18.1 U/mg, respectively. As
noted in Fig. 2, the purified enzyme seemed as a one band
on SDS-PAGE.
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Table 2 Properties of cellobiohydrolases (CBH) isolated from several sources

MW Quaternary Opt. Opt. temp  Specific activity Km?* Vmax® (U/ References
(kDa) structure pH °C) (U/mg) (mM) mg)
Dichomitus squalens Ex 1 39 Monomer 5 60 13.64 NR NR [26]
D. squalens Ex 2 36 Monomer 5 60 12.06 NR NR [26]
Irpex lacteus Ex 1 53 NR 5 50 332 NR NR [27]
L lacteus Ex 2 56 NR 5 50 34.0 NR NR [27]
Talaromyces emersonii CBH IA 66 Monomer 3.6 78 7.7 2.1 9.2 [28]
T. emersonii CBH IB 56 Monomer 4.1 66 2.4 0.8 3.8 [28]
T. emersonii CBH I 56 Monomer 3.8 68 NR NR NR [28]
Trametes versicolor 55 Monomer 5 40 0.8 0.58 1 [29]
Penicillium occitanis CBH 1 60 NR 4-5 60 1.09 1 NR [30]
P. occitanis CBH 11 55 NR 4-5 65 0.03 5 NR [30]
Schizophyllum commune 50 Monomer 5 55 37.6 2.0 514 (This
KMIJ820 CBH 1 study)
S. commune KMJ820 CBH 2 150 Trimer 5 50 18.1 1.4 20.8 (This
study)

NR not reported
*Kinetic constraints of CBHs were exhibited using pNPC

Characterization of CBH Refined from S. commune
Culture

Size exclusion chromatography of enzyme exhibited a
proportioned peak suggesting native Mr of two CBHs. So,
it was shown that CBH 1 is monomer, whereas CBH 2 is
trimer (Fig. 2). The optimal pH for both CBHs was 5
(Fig. S2). The ideal temperature for hydrolysis with CBH 1
and 2 were 55 °C and 50 °C, respectively (Fig. S3). Early
velocities with enzyme were created in standard assay
mixture at optimum pH. The enzyme kinetics examined
have demonstrated hyperbolic saturation curved, and con-
sequent double-reciprocal plots are linearly increased. The
pNPC concentration was differed from O to 12 mM for
both CBH 1 and 2. Figure 3 indicates the kinetics of CBH
by rising pNPC concentrations. Lineweaver—-Burk plot
(Fig. 3, inset) were achieved by transformation of pNPC
over standard assay conditions. CBH1 has exhibited a K,
and V,,,x of 2.0 mM and 51.4 U/mg protein, respectively.
Whereas, CBH 2, had exhibited a K,;, of 1.4 mM and V.«
of 20.8 U/mg protein accordingly. The impacts of different
metals and reagents at 100 pm on CBH activity are
determined with preincubation of CBH using particular
chemicals in buffer at optimized pH for 30 min. As shown
in Table S1, for both CBHs, ZnCl, and CuCl, (each at
0.1 mM) had hindered CBH activity.

Table 2 points a difference in the characteristics of
different CBHs from various sources. S. commune CBH 1
had an enzymatic activity and V., of 37.6 U/mg and
51.4 U/mg for pNPC. These enzymatic characteristics from
CBH can be essential for establishing the elevated reducing
sugar generation in saccharification noted in S. commune

@ Springer

(data not shown). The extracellular CBH 1 and 2 purified
from S. commune were monomer and trimer, respectively,
with molecular weight of about 50 and 150 kDa. The CBH
activities were hindered when 0.1 mM of Zn and Cu ion
were added. It indicates the presence of alkaline and acidic
based amino groups may represent essential catalytic
domains in the active sites of these enzymes [11]. These
activities of CBH in can be stabilized/enhanced by
immobilization of enzyme on nano particles [31-37] and
thereby can assist in integrative biotransformation of waste
to achieving high calorific value-added products [38—40].

Conclusion

In conclusion, an effective CBH-generating strain was
isolated and categorized as S. commune KMIJ820. The
effective purification and categorization of CBHs gener-
ated by S. commune characterized a CBH displaying the
highest specific activity. Further studies on the CBH from
S. commune are needed to evaluate its capacity in sac-
charification and bioethanol generation. Our findings can
assist in large scale production of glucose or ethanol by
biological methods.
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