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Abstract. Muammar A, Oktaviana I, Chohansandhika J, Handayani NSN. 2021. Insertion of cellulase gene in yeast expression vector
(pYY1 and pWYH257 Plasmid) as a candidate for cellulosic ethanol-producing strain. Biodiversitas 22: 2715-2721. Production of
ethanol from cellulose-based materials often faces obstacles because it requires extensive pretreatment and large amounts of cellulase
enzymes. Another method that is more efficient is by inserting cellulase genes from cellulolytic microorganisms such as Aspergillus
niger which possess cellulase enzymes encoded by cbhA gene. This gene is inserted into the host which will then be used to produce
candidate strains able to produce cellulosic ethanol. This study aimed to insert cbhA gene into vector with a strong promoter to form the
candidate. Total RNA was isolated from Aspergillus niger and converted into cONA. The cbhA gene is amplified from cDNA, then used
as insert and inserted into yeast expression vector pYY1 and pWYH257. Vector and inserts were cut using restriction enzymes. Ligation
products were transformed into competent cells of Escherichia coli DH10B, the transformation results were confirmed by Colony PCR.
Recombinant plasmids were transformed into Saccharomyces cerevisiae INVScl. The results obtained from the study are that cbhA
gene amplification has been successfully carried out by producing DNA bands with the size of 1514 bp as expected for the target gene.
The gene was successfully inserted into pY'Y1 and pWYH257 vector and the recombinant pYY1 plasmid was successfully transformed

into Saccharomyces cerevisiae INVScl.
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INTRODUCTION

Fossil fuels are the main resource to fulfill the
increasing of energy demand (Akorede et al. 2010). In
Indonesia, 75% of the total energy consumption comes
from fossil fuels and the consumption rate of this non-
renewable energy increases by 7% every year (Hasan et al.
2012). The gap between the demand and the availability of
resources is becoming larger because the availability of
fossil fuel in nature is decreasing and new fields are not yet
well developed yet. On the other hand, the use of fossil
fuels is also the main cause of global warming, so it is
necessary to  find alternative  renewable and
environmentally friendly energy sources, one of which is
bioethanol (Kholiq 2015). The main raw material for
bioethanol production is biomass-derived from starch,
which will be hydrolyzed by amylase enzyme to produce
glucose. Besides starch, there is another alternative raw
material, i.e., biomass from the cellulosic group. The
cellulosic materials are considered more promising for
bioethanol production, because these materials are
abundant, cheap, renewable, and environmentally friendly
when used as raw materials for producing alternative
energy (Yamada et al. 2011).

Cellulose is the most abundant biopolymer composed of
repeated D-glucose residues connected by B-1,4-glycosidic

bonds (Li et al. 2014), so it needs to be hydrolyzed first to
produce glucose as a material for fermentation with
bioethanol as the end product. The process of ethanol
production using cellulosic biomass can be carried out by
utilizing cellulolytic microbes because these microbes have
cellulase enzymes. These cellulolytic microbes found in
several ecosystems such as in the forests, ruminant
digestive animal tract, until in bio-slurry in husbandry area
(Yang et al. 2014, Muammar et al. 2021). There are three
types of cellulase enzymes needed to hydrolyze cellulose
into glucose monomers, they are endoglucanase
(endocellulase), exoglucanase (cellobiohydrolase) and -
glucosidase (cellobiose). One example of cellulase
enzymes is the enzyme encoded by the cbhA
(cellobiohydrolase A) gene owned by Aspergillus niger.
This cellobiohydrolase enzyme will break down cellulose
(van  Munster et al. 2014). Microbes such as
Saccharomyces cerevisiae is often used in the production
of bioethanol from biomass that contains sugar, because
this microbe has the ability to degrade sucrose into simple
sugars like glucose, and can act as a fermenter in the
bioethanol production process (Busic et al. 2018).

On industrial scale, the cost of hydrolysis process using
cellulosic biomass with addition of enzymes is expensive
because hydrolysis of cellulose materials requires extensive
pretreatment and large amount of cellulase enzymes for
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efficient hydrolysis process (Viikari et al. 2012). Therefore,
another method is needed, so the enzymes that used in the
hydrolysis process can be produced by the microorganisms
themselves. Molecular cloning can be used to create
microbial strains able to hydrolyze cellulose. These
microbe strains can be generated by inserting cellulase
gene from cellulolytic microorganisms into the host cell,
which then able to produce bioethanol by fermentation.
This will provide benefits to the bioethanol industry. This
study aimed to insert the cbhA cellulase gene from
Aspergillus niger into the yeast expression vector (pYY1
plasmid with ADH1 promoter and pWYH257 plasmid with
TEF1 promoter) as candidate for cellulosic ethanol-
producing strain. pYY1l and pWYH257 plasmids were
derived from the expression vector pQB169. The
expression vector pQB169 is derivative of the plasmid
YEplac181 which has LEU2 as selectable marker and has
ADH promoter as strong constitutive promoter, with 1LS1
as transcription terminator (Wakasugi et al. 1988). A strong
promoter like ADH1 and TEFL1, indicates that this promoter
has a high level of transcription which causes a high level
of enzyme expression as well (Xiong et al. 2018). This
research is expected to create recombinant microbial strain
as part of the solution for the fuels problem in the future.

MATERIALS AND METHODS

Study area

This research was conducted at the Laboratory of
Microbiology and Joint Research Facility (FALITMA) in
Faculty of Biology Universitas Gadjah Mada, Yogyakarta,
Indonesia; Laboratory of Microbiology at Biotechnology
Study Center (PAU) and Integrated Research and Testing
Laboratory (LPPT) in Universitas Gadjah Mada.

RNA preparation

The RNA sample used in this research is obtained from
previous research by Muammar et al. (2020). The RNA
used was isolated from Aspergillus niger, from Microbiology
Laboratory, Faculty of Biology, Universitas Gadjah Mada
culture collection. The RNA was then stored at -80°C.

Synthesis of cDNA and cellulase gene amplification

iScript cDNA Synthesis Kit by Bio-Rad was used to
convert RNA templates into cDNA and My Tag HS Red
Mastermix Kit by Bioline was used to amplify cellulase
genes from cDNA. The condition for cDNA synthesis is
presented in Table 1.

The cDNA was then used as a DNA template to
amplify the cellulase gene. The amplification process used
a specific primer for the cbhA gene that has been added
with the Pstl restriction enzyme sequence at the forward
primer end and Spel on the reverse primer end. Primer of
cbhA was designed manually using Benchling. This software
also used to check the cutting site on plasmids which will
be a consideration for selecting restriction enzymes (Muammar
et al. 2020). The program for cbhA gene amplification can
be seen in Table 2. The results of cellulase gene
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amplification were electrophoresed and then visualized
using UV transilluminator to see the amplified genes.
Table 1. Condition for synthesis of cDNA

Number of Temperature

Segment cycles (°C) Duration
Priming 1 25 5 min
Reverse Transcription 1 46 20 min
RT Inactivation 1 95 1 min
Optional Step 1 4 1 h-stop

Note: The program for synthesis of cDNA consist of four
segments (priming, reverse transcription, rt inactivation, and
optional step)

Table 2. PCR condition for cbhA gene amplification

Number of Temperature .
Segment cycles (°C) Duration
Pre-denaturation 1 95 1 min
Denaturation 95 15 sec
Annealing 35X 56 15 sec
Extension 72 1 min 40 sec
Post Extension 1 72 5 min

Note: The PCR condition for cbhA gene amplification consists of
five segments (pre-denaturation, denaturation, annealing, extension,
and post extension)

Insertion of the cbhA gene into the yeast expression
vector (pYY1 and pWYH257) and transformation to
Escherichia coli DH10B

The amplified cbhA gene (insert) and the vectors
(pYY1 and pWYH257 obtained from WCC Laboratory,
National Central University, Taiwan) were digested by
using Pstl-HF and Spel-HF restriction enzymes. The
digested products were incubated at 37°C for 12 hours, then
0.5 pL of Calf Intestinal Phosphatase (CIP) was added to
the pYY1 and pWYH257 plasmid, and then the incubation
was extended for one hour. Furthermore, the insert and the
vector were ligated by using T4 DNA Ligase enzyme, then
the mixture was incubated at 16 °C for 12 hours. The
ligation product was transformed into Escherichia coli
DH10B cells by electroporation method at an electrical
voltage of 1.8 KV, a capacitance of 25 puF, and a resistance
of 100 Q for 2-3 seconds. The transformed E. coli was
mixed with 1 mL of SOC medium and agitated for 1 hour
at 37°C 200 rpm. The pellets were collected using a
centrifuge at room temperature and at a speed of 10000
rpm for 1 minute. The pellets were inoculated with spread
plate method on Luria Bertani (LB) agar medium with
Ampicillin (100 mg L1), and then incubated at 37 °C for 24
hours.

Colony PCR

The transformed colonies were confirmed by the
Colony PCR method. Colonies grown on Luria Bertani
agar medium with Ampicillin (100 mg L*) were taken a bit
using a sterile pipette tip and mixed with My Tag HS Red
Mastermix reaction component by Bioline. The specific
primers and programs used in Colony PCR are the same as
the primers and programs used to amplify the previous
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cbhA gene. Colony PCR products were electrophoresed and
then visualized using UV-Transilluminator. Colonies with
positive results were subcultured on Luria Bertani liquid
medium and Terrific Broth (TB) medium with Ampicillin
(100 mg L1, the cultures were then purified.

Transformation into Saccharomyces cerevisiae INVScl

The purified transformed Escherichia coli with positive
results were then transformed into Saccharomyces
cerevisiae INVScl by chemical method using heat shock at
45°C for 5 minutes. The transformed results were incubated
in ice for 3 minutes. After incubation, the pellets of the
transformed result were taken from the supernatant and
then the pellets were resuspended with 80 pL 1X TE. The
results of the transformation were inoculated on Synthetic
Drop-Out without Leucine agar medium using the spread
plate method and incubated at 30°C for 3 days.

Data analysis

All  amplified  genes/fragments  visualized by
electrophoresis and quantified by spectrophotometer.
Bacteria and yeast transformant spread in LB Ampicillin
medium and Synthetic Drop-Out without Leucine agar
medium respectively. All sequence data is analyzed by
comparing the data obtained to the related literature and
National Center for Biotechnology Information (NCBI)
database.

RESULTS AND DISCUSSION

Amplification of cbhA gene via PCR

In this present study, total RNA from Aspergillus niger
previously grown in CMC medium and produced a positive
result in cellulase assays, this method also called Congo
Red/lodine assays (Gohel et al. 2014), needed to be
extracted as a template for cbhA amplification. Total RNA
extraction was performed to avoid three introns which are
to be eliminated by spliceosome during RNA splicing (Jo
and Choi 2015). We performed cell lysis using liquid
nitrogen followed by grinding with mortar (Motkova and

CbhA -
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Vytrasova 2011). We used liquid nitrogen to prevent RNA
destruction because it only freezes fungi cell walls. In
addition, low temperature of liquid nitrogen hinders RNase
enzyme activity so RNA degradation can be prevented
(Fabre et al. 2014). After fungal cell lysis, we performed a
total RNA isolation using YeaStar RNA Kit from Zymo
Research. Total RNA was stored in -80°C freezer for
further use.

To amplify the cellulase gene present in eukaryotic
microorganisms such as Aspergillus niger, total RNA
isolation is carried out first. Total RNA was chosen as the
initial sample for the RT-PCR process rather than mRNA,
because less purification steps were needed so that there
would be more sample quantities that could be used as a
template. mMRNA is more sensitive to the purification stage.
After being isolated, the RNA must be converted into
cDNA, and this cDNA will be used as a template for
amplification of the cellulase gene.

Two-step RT-PCR was used to amplify cbhA gene.
Complementary DNA of total RNA was synthesized
through reverse transcription, and subsequently, the cDNA
was used as a template for cbhA amplification through
PCR. Amplicon visualization (Figure 1) on agarose gel
electrophoresis resulted in about 1500 bp DNA bands.

In Figure 1, DNA bands were produced from the cbhA
gene, the DNA band on the left side was used to insert the
cbhA gene into yeast expression vector pYY1l and the
DNA band on the right side was used to insert the cbhA
gene into yeast expression vector pWYH257. The size of
the DNA band is different from the marker size, because
we combined 3 wells into 1 large well to magnify its
visualization.

According to the NCBI database, Aspergillus niger
cbhA (KT886077.1) gene size is 1514 bp. The results
showed that DNA amplified in the present study is suitable
to target gene cbhA because it has approximately similar
size to the target gene. Therefore, this DNA band was then
purified and used as an insert for molecular cloning.
Purification was done to avoid DNA fragments other than
cbhA.

cbhA

+1500 bp
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Figure 1. Amplicon of cbhA on 0.8% agarose gel (M = Marker 100 bp plus “Vivantis™)

Insertion of cbhA gene into yeast expression vectors and
transformation to Escherichia coli DH10B

Vector and insert were digested by Pstl-HF and Spel-
HF restriction enzymes. Restriction enzyme site candidates
were picked appropriately (Taheri et al. 2012), where the
chosen restriction sites were confirmed not to be located in
the insert sequence so restriction enzymes would not cut in the
middle of the sequence. It was also confirmed that the restriction
enzyme site used was in the Multiple Cloning Site (MCS)
of the vector, and the Pstl-HF and Spel-HF restriction enzyme
sites were not in any other part of the vector sequence.

ADH1 promoter in pY'Y1 plasmid is a promoter derived
from Saccharomyces cerevisiae for alcohol dehydrogenase
gene which has active fermentative isozymes, needed in the
process of reducing acetaldehyde to ethanol (Raj et al.
2014). Translation elongation factor EF-1 alpha (TEF1) is a
gene encoding EF-la which functions to promote the
binding of aminoacyl-tRNA to GTP-dependent ribosomes
and participate in proof-reading of codon-anticodon pairs
(Song et al. 1989). ADH1 and TEF1 promoters as strong
promoters having a high transcription level which causes
their enzyme expression level to be high (Xiong et al.
2018). The vectors pYY1l and pWYH2577 have AmpR
which indicates that the vector has resistance to antibiotic,
in this case, Ampicillin, so that the plasmid which has this
AmpR marker can grow on a medium containing Ampicillin.
The size of plasmid pYY1 with ADH1 promoter is 5926
bp. At the Multiple Cloning Site (MCS) in plasmid pYY1,
there are unique restriction enzyme recognition sites,
including the Pstl, Eagl, Spel, Ndel, and Xhol enzymes.
The size of plasmid pWYH257 with TEF1 promoter is
6256 bp, and its construction is almost similar to pYY1
with change in ADH1 promoter to TEF1 promoter. These
plasmid constructions can be seen in Figure 2.

In this research, Pstl and Spel restriction enzymes were
used which can produce "sticky ends" or "overhang" cuts,
so that the vector and insert can be combined during the
ligation process. Furthermore, Calf Intestinal Phosphatase
was added to prevent both ends of the vector from self-
ligation. Digestion results were purified and visualized with
UV Transilluminator.

Origin of Replication

ADHI1
Promoter
AmpR

pYY1
(5926 bp)

MCS

© LEU2
0y Selectable marker

In the ligation stage, the process was carried out by
adding the T4 DNA ligase enzyme. This enzyme catalyzes
the formation of covalent phosphodiester bonds, which
permanently hold the nucleotides together. The ligation
product was transformed into Escherichia coli DH10B
cells using electroporation method so that cell membrane
pores can be slightly opened and the recombinant plasmids
were able to enter the cell. Escherichia coli DH10B was
used as a competent cell because it has high efficiency for
transformation, and the ability to stably retrieve and store
large plasmids. These bacteria also have incomplete
defense system for exogenous DNA (Wang et al. 2020).

Positive transformants were indicated by colonies that
could grow on LB agar medium with Ampicillin (100 mg
LY. Ampicillin is an antibiotic used to selectively
eliminate bacteria that have not been transformed with
plasmids without Ampicillin resistant gene. From the
results (Figure 3.A and 3.C), many transformants grew on
the positive control of pYY1 and pWYH257. This indicates
that the transformation carried out has fairly high efficiency
because the plasmid transformed into a competent cell was
an intact plasmid. On the other hand, results of the ligation
product pYY1-cbhA transformation showed that 35
colonies grew on LB agar medium with Ampicillin (Figure
3.B), and ligation product pWYH257-cbhA transformation
exhibited 9 colonies growth (Figure 3.D). The number of
transformant cells containing ligation products was less
than those containing intact plasmid, because only a few
number of recombinant plasmids that are ligated to become
recombinant plasmids, or the recombinant plasmid
transformation process is unstable so that it becomes
incomplete and non-functional. Transformant cells that
grow to form colonies at this stage only indicate if the
transformant cell has a part of the ligation product, namely
plasmid pYY1 and pWYH257, so the success of inserting
the cbhA gene needs to be further examined by knowing
the presence of the insert. One assay that we used in this
research to distinguish between ligated and non-ligated
recombinant plasmid is using colony PCR which the steps
was mentioned in the methods.

= Mulipl pWYH257
== Cloning Site (6.256 bp)

Paed




MUAMMAR et al. — Insertion of cellulase gene in yeast expression vector

Figure 2. Yeast expression vector: A. pYY1, and B. p?WYH257
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Figure 3. Transformants growth on LB agar with Ampicillin: A. Positive control pYY1, B. Ligation product pYY1-cbhA, C. Positive

control pWYH257, D. Ligation product pWYH257-cbhA.

Colony PCR

Colony PCR is a method for determining the presence
or absence of DNA inserts in the constructed plasmid in the
colony (Jamal et al. 2017). This method involves a PCR
process that uses a specific primer to amplify the cbhA
gene that has been added with the Pstl restriction enzyme
sequence at the forward primer end and Spel on the reverse
primer end, and was inserted into the pYY1 and pWYH257
vector. Furthermore, the presence of PCR amplicons and
the size of the PCR amplicons were seen through
visualization of the electrophoresis results along with DNA
size markers on agarose gel. Transformants grown on LB
Agar with Ampicillin (100 mg L?') were sampled
aseptically to be used as a template for the amplification of
the cbhA gene. DH10B capsule and cell membrane were
lysed during the pre-denaturation process, and the DNA
was isolated for PCR amplification (Figure 4).

It can be seen from Figure 4 that the positive control
(cbhA gene) shows the presence of DNA bands size of +
1500 bp. The negative control (pYY1l and pWYH257
vector) showed no DNA bands because this plasmid did
not contain DNA insert (cbhA gene) and it is valid to be
used. The transformants of pYY1-cbhA LP 2, LP 3, LP 4,
LP5 LP6 LP7, LP8, LPY and LP 10 (in lane 4 — 12
sequentially) showed positive results which were marked
by the presence of DNA bands size of £ 1500 bp, LP 1 in
lane 3 showed negative result which was marked by the
lack of presence DNA bands size of £ 1500 bp. The
transformants of pWYH257-cbhA 1, 3, 5, 7, and 9 also
showed positive results by appearance of + 1514 bp DNA
bands, the same size as cbhA gene in the NCBI database.
The appearance of DNA bands other than + 1,514 bp size is
probably due to random attachment of primers that are not

specific to the cbhA gene, or it is also possible to happen by
high similarity sequence between primer and sequence in
this sample, but it is not cbhA gene site. The transformant
without the DNA band size of £ 1.514 bp indicates that the
plasmid in the transformant contained no cbhA gene insert.

Transformation to Saccharomyces cerevisiae INVScl

The recombinant plasmids obtained in the previous
stage were then transformed into Saccharomyces cerevisiae
INVScl cells which had been prepared previously with
LiAc/TE solution. The results of the transformation were
then inoculated on Synthetic Drop-Out without Leucine
agar medium. This medium is commonly used for plasmid
selection in yeast based on the mutant auxotrophs strain,
where these strains will not be able to grow without a
specific component in the medium (such as amino acid,
purine, or pyrimidine). The Synthetic Drop-Out without
Leucine agar medium contains all kinds of amino acids
except the leucine amino acid, so the one that can grow on
this medium is the transformed plasmid that has a gene
with LEU selectable marker.

In Figure 5, the positive control shows the growth of 57
colonies, the results of LP2 transformation show the
growth of 68 colonies, the results of LP3 transformation
show the growth of 24 colonies, while the results of LP7
transformation show the growth of 54 colonies. Positive
control, LP2, LP3, LP7 were successfully transformed into
Saccharomyces cerevisiae INVScl and they can grow on
Synthetic Drop-Out without Leucine agar medium because
they contain plasmid with LEU2 selectable marker, so the
ligated product can express and produce leucine amino acid
by itself.
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Figure 4. Visualization of Colony PCR amplification (A: M = Marker 100 bp plus “Vivantis”, lane 1 = cbhA as positive control, lane 2
= pYY1 transformant as negative control, lane 3-12 = transformants of pYY1-cbhA LP1-LP10; and B: M = Marker, K = pWYH257
transformant as negative control, lane 1-9 = transformant of pWYH257-cbhA 1-9)

Figure 5. The results of transformation to Saccharomyces cerevisiae INVScl on Synthetic Drop-Out without Leucine agar medium. A.
Competent cells of Saccharomyces cerevisiae INVScl as negative control, B. Plasmid pWYH257 as positive control, C. Transformants

of LP2, D. Transformants of LP3, E. Transformants of LP7

The study results showed that the cellulase gene (cbhA
gene) can be inserted into vector with strong promoter
(pYY1 and pWYH257), and the recombinant containing
the cbhA gene can be transformed into competent cells of
Escherichia coli DH10B and the recombinant plasmid with

pYY1l wvector was successfully transformed into
Saccharomyces cerevisiae INVScl. Construct with strong
promotor will have large effects on the production of the
target protein (Tegel et al. 2011), and will produce more
abundant cellulase protein. More cellulase protein



MUAMMAR et al. — Insertion of cellulase gene in yeast expression vector

expressed in S. cerevisiae, this strain will be more powerful
to hydrolase cellulose. These results play an important role
in the development of research on the formation of
cellulosic ethanol-producing strain, so the strains will be
able to produce enzymes by themselves in cellulose
hydrolysis process in the bioethanol industry. In
conclusion, cbhA gene from Aspergillus niger measuring
1,514 bp was successfully amplified and inserted in the
yeast expression vector pYY1l with ADH1 promoter and
pPWYH257 with TEF1 promoter as candidate for yeast
cellulosic ethanol-producing strain.
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