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Abstract

Cellulose which is extremely produced by plants, can be used for biofuel production but this function needs
chemical or enzymatic digestion. Cellulose hydrolysis of plant wastes for ethanol production requires a mixture of
three enzyme groups, including endoglucanases, exoglucanases, and beta-glucosidases. The cellobiohydrolase
enzyme (Cel6B) from Thermobifidia fusca has been used for cellulase activity extensively. This research aimed to
express recombinant Cel6B enzyme in Pichia pastoris. For this purpose, cel6B gene in control of AOX1 promoter
(methanol inducible) was introduced into Pichia pastoris. Amplification of cel6B gene was performed by PCR
technique and then introduced into the Phil-S1 yeast vector. The recombinant construct contained the cel6B gene
sequence and PHO1 signal sequence as secretion signal was transferred into Pichia pastoris GS115 strain. The
transformed yeast cells expressed the recombinant Cel6B to yield 2.104 U (umol/min)/ml of culture medium. Purified
recombinant enzyme showed the best activity at 60 °C and pH 4.5 and this was agreed with optimum conditions for
recombinant Cel6B enzymes which were produced in other systems. The purity of the enzyme was examined by
SDS-PAGE technique, and a single band with a molecular weight about 59.6 kDa was observed. As cel6B gene
sequence was not optimized for expression in the Pichia pastoris yeast, this could be one of the reasons for low level
activity of recombinant Cel6B enzyme. This thermostable enzyme can be used for cellulolytic digestion of
biomaterials in biofuel production research and other uses.
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Introduction

Cellulose produces by plant photosynthesis
and can be used as a renewable biological material.
Cellulose biodegradation by cellulase enzymes or
cellulolytic microorganisms produces CO; and CH.
in nature. Main cellulase enzymes include
endoglucanases (EC 3.2.1.4) that make free ends on
cellulose chains; cellobiohydrolases or CBHs (EC
3.2.1.91) that degrade cellulose chains from free
ends and produce cellobiose units and B-glucosidase
(EC 3.2.1.21) that hydrolyze cellobiose to glucose
(Zhang et al. 2009). All of these enzymes are
necessary for the hydrolysis of crystalline cellulose
(Sun and Cheng, 2002; Kazzaz and Fatehi, 2020;
Xiao et al. 2019).

Thermobifida fusca is an anaerobic bacterium and
it hydrolyzes the cellulose using synergistic cellulase
activities to supply its sole carbon source. Cel6B
enzyme (a cellulase enzyme) is necessary for the
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function of this synergistic hydrolysis, therefore its
mobility usually is weak on the substrates. Cel6B is
an exocellulase and cuts B-glycosidic bonds from the
end of cellulose chains (Vuong and Wilson, 2009;
Wu et al. 2013; Gomez del Pulgar and Saadeddin,
2014). More amounts of this valuable enzyme could
be obtained by expressing cel6B gene in non-original
hosts such as yeast cells. Pichia pastoris was a
desirable host for producing of CBH enzyme from
Trichoderma reesei. This host can secrete the
recombinant enzyme into the culture medium due to
secretion signal peptide that attached to the protein,
can do protein folding and post translational
modification for normal function of recombinant
proteins (Fang and Xia, 2015; Fang et al. 2019).

Zhang et al. (2018) expressed GHF9 (an
endoglucanase enzyme) from Reticulitermes
speratus microorganism in P. pastoris and
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recombinant enzyme showed suitable stability at
pHs between 4.0 and 11.0 and temperatures lower
than 40C in RSEGm mutant (Zhang et al. 2018;
Zhang et al. 2020). Cellobiohydrolase 1l from
Trichoderma reesei was expressed in P. pastoris and
exhibited the highest activity at pH 5.0 and 50C
temperature (Fang and Xia, 2015). Various enzymes
for cellulose and hemicellulose degrading such as
xyloglucanases, exoglucanases, and xylanases have
been produced in P. pastoris (Tenkanen et al. 2012;
Sun et al. 2016). P. pastoris can produce high levels
of heterologous proteins. It is possible to obtain up
to 12 g/L of recombinant proteins in high biomass P.
pasroris fermentations (Lindenmuth and McDonald,
2011; Srivastava et al. 2018).

In this study, an exocellulase gene, cel6B, from
filamentous soil bacterium Thermobifida fusca, was
expressed in P. pastoris. In the following, optimum
conditions (pH and temperature) were determined
for recombinant enzyme.

Materials and Methods

Vector construction and transformation

We used the CDS of cel6B gene presented in
plasmid pSz143 gifted by Dr. Wilson from
California  University.  Gene  amplification
performed by PCR technique, and primers designed
by PrimerBlast software. The following primer pairs
were used, Cel6B F (5-
TCCATACGAATTCGCCGGCTGCTCG-3;  the
underlined sequence was EcoRlI site) and Cel6B R
(5-TCACTCCGGGATCCAGAGGCGGGTA-3;
the underlined sequence was BamHI site). PCR was
performed for 35 cycles by Pfu DNA polymerase
(Fermentase Company): Cycles programmed as
95°C for 1 min (denaturation step), 60°C for 40 s
(annealing step), and 72°C for 2 min (extension
step), and 72 °C for 5 min to final extension. PCR
products were digested using EcoRI and BamH]I, and
DNA fragment purified by NaOAc (1 M) and
ethanol method. Yeast plasmid pHIL-S1 was also
digested using of EcoRl and BamHI, and then
purified (Table 1). Cloning of cel6B gene in pHIL-
S1 plasmid was done by T4 ligase enzyme (Table 2),
and the recombinant plasmid was transferred into
Escherichia coli DH5a. Successful transformation
was confirmed by DNA sequencing (Macro Gene
Company). Figure 1 showed the recombinant
plasmid pHIL-S1 containing cel6B gene.

The cel6B gene was ligated to the pHIL-S1 vector
along with its PHOL1 sequence, a signal sequence.
The recombinant vector was amplified in the E. coli
DH5a strain. The expression construct, PhilS1-
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Cel6B was extracted from E. coli and linearized by
Stul restriction enzyme according to manufacture
protocol (Fermentase). The linearized plasmid was
transformed into P. pastoris GS115 strain by
electroporation technique (Agilent Technologies).
The linearized recombinant DNA (2 pg) was used
for electroporation using an electroporator Gene
PulserXcell™ (BIORAD). The mixture (DNA and
yeast cells) was transferred into a pre-chilled
electroporation cuvette (2 ml) and incubated on the
ice for 5 min. The voltage and time constant were,
2kV and 5 milli-seconds, respectively. After
electroporation, 1 mL of ice-cold sorbitol (1M) was
added to the cuvette.

Screening of transformed P. pastoris colonies

P. pastoris culture media included BMGY, BMMY,
MD, MM and, YPD (Invitrogen protocol, Invitrogen
| Thermo Fisher Scientific — US). According to the
Invitrogen instructions, if the recombinant construct
is linearized with Stul enzyme and transferred to P.
pastoris yeast cells GS115 strain. Although most
transformants must be Mut * phenotype in the
presence of AOX1, recombination is likely to occur
at the AOX1 site and disrupt the wild AOX1 gene
and resulting in His* Mut® transformants. Therefore,
the test was performed on minimum dextrose (MD)
and minimum methanol (MM) media. Mut*
phenotype colonies could grow on both culture
media, and the Mut® phenotype colonies, would only
grow on MD medium and not on MM medium.
After the transformation process, cells were
transferred onto MD and MM media. A sterile
toothpick was used for picking one colony from MD
medium, and streaking or patching on MM and MD
media on the same pattern of primary plate. Mut*
transformants grew well on both MD and MM
plates, but Mut® transformants grew well only on
MD plates, and show little or no growth on the MM
plates (http://tools.thermofisher.com).

Confirmation of P. pastoris transformants

The genomic DNA of P. pastoris was extracted
using Volossiouk et al. (1995) method. The insertion
of gene cassette into the yeast genome was
confirmed by PCR technique using AOX1 primers,
forward primer (5-
GACTGGTTCCAATTGACAAGC-3) and, reverse
primer (5- GGCAAATGGCATTCTGACATCCT-
3/). PCR was programmed as 94C for 5 min, 30
cycles of 94C for 1 min, 60°C for 1 min, 72C for 2
min, and final extension at 72 C for 5 min.
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Recombinant soluble protein detection

One recombinant colony was transferred into a
100 mL BMGY medium
(http://tools.thermofisher.com) and incubated at
30 overnight. Then, the whole culture medium
was centrifuged at 3000xg for 5 min, then
supernatant removed and pellet transferred into 100
mL BMMY medium (http://tools.thermofisher.com)
until ODggo = 1. Methanol (0.5% (v/v) was added to
the medium every 24 h, the culturing was carried out
at 250 rpm and 30 C for 96 h. The content of soluble
protein was determined using Bradford reagent
(Sigma Aldrich). Protein standard curve was
determined using serial concentrations of bovine
serum albumin. Then the standard curve was used
for quantifying soluble protein content produced by
different transformed yeast colonies. Absorbancies
of all samples were read at 595 nm.

Cellobiohydrolase assay

Phosphoric acid-treated cotton (2.5 mg/ml) as PC
was utilized as the substrate of enzyme reactions. PC
was prepared according to Vuong and Wilson
method (Vuong and Wilson, 2009). The reaction
mixtures were prepared at one ml volumes (three
replications) in 50 mM sodium acetate buffer (pH
5.5) and maintained at 50°C for 16 h. Reducing sugar

Table 1. Reaction compounds of pHIL-S1 plasmid digestion.

concentrations were measured using phenol-sulfuric
acid reagent (PAS) and a standard curve of glucose.
Enzyme activities of different recombinant colonies
were determined and expressed as a percentage of
activity. One unit of enzyme activity is defined as the
content of an enzyme that releases one pmol of
reducing sugars per milliliter for one minute.

SDS-PAGE

Recombinant enzyme was detected by SDS-
PAGE technique (Laemmli, 1970). SDS-PAGE was
performed on the precast 12% polyacrylamide gel
(Bio-Rad). Polyacrylamide gel was rinsed twice by
water after electrophoresis, and stained by
Coomassie blue.

Recombinant enzyme properties

The pH range of 3.5-7.5 was tested for determining
the optimum pH of CBH activity. pH adjustment was
done by 50 mM sodium acetate buffer (NaOAc
buffer pH 5.5) solution (pH 3.5-6) and 50 mM
potassium phosphate buffer (pH 6-7.5). The
optimum temperature of CBH activity was
determined by enzyme assays at the temperature
range of 40 C to 60 C with 10 ° C intervals using 50
mM NaOAc buffer solution, pH 5.5.

Component Volume (pl) Concentration in final reaction
pHIL-S1 vector 6 9 ug

Tango 10X buffer 6 of 10X 2%

EcoRI enzyme 1 1 (Ulul)

BamHI enzyme 1 1 (U/uly

Distilled water 16 Up to 30 pl

Table2. Ligation reaction of cel6B gene subcloning into the pHIL-S1 vector

Component Volume
(1)
digested and purified gene fragment 8
(1673 bp. 15.2 ng / pl)
Digested and purified pHIL-S1 vector (20 ng / pl) 2
T4 ligase enzyme buffer (10X) 2
T4 DNA Ligase enzyme (5U / pul) 1
Distilled water 7
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Figure 1. Recombinant pHIL-S1 plasmid containing cel6B gene, (pHIL-S1: P. pastoris vector for expression of a

secreted recombinant protein).

Results and Discussion

Construction of the Cel6B expression vector

The cel6B gene was cloned into the vector pHIL-
S1 to obtain a good expression. At first, we cut
plasmid pHIL-S1 using EcoRIl and BamHI enzymes
for transferring CDS of Cle6B gene to this vector.
Enzymatic digestion of the vector was confirmed by
gel electrophoresis method, and the size of digested
and uncut pHIL-S1 vectors was compared on
agarose gel (Figure 2). The cel6B gene (a 1.6 Kb
fragment) was observed on the agarose gel, that
indicated the expression vector was correctly
constructed. For testing the successful ligation, the
expression cassette was digested with Stul restriction
enzyme, and linearized and uncut recombinant
vectors were compared on the agarose gel (Figure 3).

10000 by

1000bp —F

Figure 2. Confirmation of recombinant pHIL-S1
construction. Lane 1: 1 kb DNA size marker
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(Fermentas), Lane 2: pHIL-S1 vector was cut using
EcoRI and BamHI restriction enzymes, Lane 3: uncut
pHIL-S1.

10000 bp

1000 bp

Figure 3. Linearization of recombinant pHIL-S1
vector. Lane 1: 1 kb DNA size marker. Lane 2:
linearized recombinant pHIL-S1 containing cel6B
gene. Vector was linearized by Stul restriction
enzyme, Lane 3: Uncut recombinant pHIL-S1
plasmid.

Electroporation and the primary screening

The linearized recombinant DNA, pHIL-S1-
Cel6B, was transferred into P. pastoris GS115 host
using electroporation technique. Then yeast cells
were transferred onto the MD plate, and transformed
colonies were grown. These colonies were able to
produce and secret the Cel6B recombinant protein.
These transformants had different capacities for
enzyme production because of varied gene
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integration modes and gene copy numbers
(http://tools.thermofisher.com). It has been shown
that increasing the copy numbers up to more than 10
copies, could increase protein expression (Sun et al.
2016). Figure 4 shows Pichia pastoris colonies after
transformation step on two different MD and MM
media. These cultures were prepared to identify
rapid-growth yeast colonies and strains.

>

: ST ——
Figure 4. Colonies of P. pastoris after
transformation step on two different media, MD
(right) and MM (left).

Confirmation of transformants

The transformants that had grown on the MM and
MD plates were Mut* GS115 strains. These colonies
were used for PCR confirmation (Figure 5). Figure
5, lanes 1 and 2, showed the PCR products amplified
from the genomic DNAs of yeast transformants
using specific primers of cel6B gene and lanes 4 and
5 showed the PCR products amplified from the
genomic DNAs of yeast transformants using AOX1
primers. Figure 5 confirmed the integration and
stability of cel6B gene into the yeast genomic DNA,
sometimes genetic traits might be lost from one
generation to the next (Sun et al. 2016).

10000 bp —

2000 bp

Figure 5. PCR products of P. pastoris transformants
carried the expression construct containing cel6B gene.
Lane 1 and 2: PCR products using specific primers of
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cel6B gene, Lane 3: 1kb DNA size marker. Lane 4 and
5 PCR products using AOX1 primers, Lane 6: negative
control.

Soluble protein content of transgenic yeast cells

After transferring the construct into the yeast
cells and confirming it by PCR technique, selected
recombinant colonies containing AOX1 must
produce recombinant enzyme by inducing the
colonies in the induction medium. Since this yeast
plasmid has a secretory signal, the protein must be
secreted into the yeast culture medium. For this
purpose, transgenic colonies were induced in
BMMY induction medium for 4 days. Sampling was
performed every 24 hours and the best day and strain
were determined in terms of protein production,
using Bradford method. A BSA standard curve with
R? = 0.98 and line equation y = 0.1513x + 0.5484
was obtained by Excel software (Figure 6). Then the
amount of produced protein was calculated and the
results showed that colony 4E, showed the highest
protein production among the transgenic colonies,
24 hours after induction. Figure 7 shows the
Bradford assay results of two colonies.

y =0.1513x + 0.5484

2_
1.2 R*=0.9808

0 1 2 3 4
Figure 6. Bovine serum albomin standard curve

Figure 7. Bradford assay of yeast colonies. (1) BSA, (2)
non-recombinant P. pastoris GS115 colony, (3) non-
induced recombinant colony 7A, (4) non-induced
recombinant colony 4E, (5) induced recombinant colony
7A, and (6) induced recombinant colony 4E.
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Statistical analysis was performed using JMP 8
software for 4E and 7A strains and their controls
which were non-transgenic colonies: 4eni, 7ani, and
gs115 non-transgenic  colonies. The mean
comparison was performed at 1% significance level.
As shown in Figure 8, 4E colony had the highest
protein production after 24 hours of induction and
was significantly different from other colonies.

Screening recombinant yeast colonies with high
activity

Multi-copy yeast colonies were screened to
determine the expression level of Cel6B enzyme
(Figure 8). Three colonies were cultured on a
BMMY medium and induced by 0.5% methanol
(v/v) for 96 h to detect the Cel6B activity. Colony-
4E (Figure 8) showed a slightly higher CBH activity
(0.11 U/mL). Therefore, Colony-4E was selected for
the next phase of the experiment. SDS-PAGE
analysis of the Colony-4E culture medium (a 72 h-
culture) confirms the expression of Cel6B protein
(Figure 9). A protein band with 59.6 kDa molecular
weight can verify the Cel6B expression.

Enzymatic properties of recombinant Cel6B

The effects of different pHs and temperatures
were studied on the activity of recombinant Cel6B
on microcrystalline cellulose (Sigma Aldrich)
(Figures 10 and 11). pH 4.5 and 60C temperature
were determined as the optimum pH and temperature
for Cel6B enzymatic activity, respectively. There
were no significant differences in enzyme activity
levels at 40 and 50°C, and higher activity was
observed at 60 C.

Optimal temperature of fermentation process can
play a role in mRNA synthesis regulation of cells.
Temperature can affect extracellular enzyme
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secretion by changing the physical properties of the
cell membrane (Abd Rahman et al., 2004).

The level of enzyme secretion can directly affect the
amount and activity of the enzyme (Murao et al.
1988). Lu et al. (2003) reported that the optimum
temperature for enzyme production varies from one
microorganism to another. Rai et al. (2012) reported
that the optimal activity of cellulase enzyme in
Candida yeast is about 50 °C. Taha et al. (2015) has
stated that the cellulase enzyme activity of
Trichoderm viride is at the highest levels at 50 °C.
It has been reported that 45°C and pH 4.5 led to the
highest activity of cellulase enzyme (Alami et al.,
2017). The effects of pH on the enzyme activity
levels is due to changing of ionic charge of the
enzyme active site and thus changing the
conformation of the active site.

Taha et al. (2015) observed the high activity of
cellulase enzyme from Trichoderma viride at pH 6.
Harshvardha et al. (2013) stated that the highest
activity of cellulases could be observed at pH
between 3 and 9.

Various hosts can be used for expression of
recombinant proteins. P. pastoris is a better host than
bacteria, fungi or plants. This species has advantages
such as a strong AOX1 promoter and the ability of
protein secretion. In this study the codon
optimization was not done for cel6B gene, so the
expression was low. Therefore, in following this
change should be done. Moreover, Cel6B of T. fusca
was expressed in E. coli but its product was limited
to the outer membrane and unable to be excreted
(Zhang et al. 2018). As a result, P. pastoris, could be
a good alternative for producing enzymes such as
CBH due to simple separation and purification.
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Figure 8. Protein production (pg/mL) by P. pastoris strains 4E, 4eni, 7A, 7ani, and GS115 (gs) during 96 hours of
induction, columns with the same letters showed no significant differences (o= 5%).

Figure 9. SDS-PAGE analysis of the culture medium of recombinant P. pastoris. Lane 1: protein size marker, Lane 2
and 3: culture medium of control P. pastoris colonies, Lane 4 to 7: Cel6B protein band. All samples were collected at
72 hours during fermentation.

http://jcmr.um.ac.ir



Journal of Cell and Molecular Research (2022) 14 (1), 1-10

Cellobiohydrolase Enzyme of Thermobifidia fusca in Pichia pastoris
(Imangholiloo et al.)

120.00%
100.00%
80.00%
60.00%
40.00%
20.00%

Enzyme activity percent

0.00%

Different pH

Figure 10. Determination of optimum pH for Cel6B enzyme activity expressed in P. pastoris yeast cells. The
activity of recombinant Cel6B enzyme was assayed at 50 C and various pHs (3.5-7.5). Cel6B enzyme showed

the highest activity at pH 4.5.
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Figure 11. Determination of optimum temperature for Cel6B enzyme activity expressed in P. pastoris yeast
cells. The activity of recombinant Cel6B enzyme was assayed at pH 4.5 and various temperatures (40-60 C).
Cel6B enzyme showed the highest activity at 60 C.

Conclusion

Here we report the production of T. fusca
cellobiohydrolase in P. pastoris yeast cells. The
strain GS115 (high methanol-utilizing) showed the
highest yield of Cel6B as 2.104 U(umol/min)/ml
culture medium. The optimum temperature and pH
were 60 C and 4.5, respectively, which coincide with
similar research. The enzyme purity was studied
using SDS-PAGE technique, and a single band was
observed with a molecular weight of 59.6 kDa.
AOX1 promoter is inducible by methanol, therefore
we could have a rapid and easy cloning selection and
controlled expression. This thermostable enzyme
can be used in future research after codon
optimization and other optimal conditions.
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