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ABSTRACT

The recombinant protein of heterologous proteins in Escherichia coli strains K12 has various and different
systems tested and demands a detailed insight into the multiple factors affecting the encoded protein.
One of the crucial factors is the acceptable quality of the DNA copies inserted inside the bacteria. Firstly,
the amplification procedure needed to be performed well; thus, designing the primer and selecting the
optimum annealing temperature are the focus indicators in this study. This study obtained a reference
gene from the NCBI data bank with Reference Sequence: NM_174187.2. Two types of primers (SPP1F-
SPP1R and OPN1F - OPN1R) with different targeted bands were designed and selected after being
reconstructed using the software. Online software such as addgene.org is also used to identify the right
restriction site. The annealing temperature distinguished the PCR system used to amplify each primer.
The result of this study revealed the best annealing at 65°C successfully amplified 820 bp of the targeted
band. The phenomenon not following the theory of blue-white screening is the empty plasmid control,
where not a single colony grows on the media. Competent cells inserted with empty plasmids should still
be able to expand on LB-Amp agar media because the presence of these plasmids is capable of providing
resistance to antibiotics (in this case, ampicillin). This discrepancy is thought to have been caused by the
improper insertion of the empty plasmid so that the plasmid did not enter the competent cell.

Key words: Osteopontin, Primer, DNA clone, PCR amplification.

INTRODUCTION

Several proteins in seminal plasma modulate
essential reproductive functions such as sperm
motility and capacitation, cell protection,
acrosome reactions, fertilization, and embryonic
development. Protein in sperm is also crucial
for successful fertilization, egg activation, and
embryo development and can be a marker for the
status of semen quality in cattle.! According to
previous research by Samik et al. (2014), SPP1 in
the epididymis and sperm is essential in regulating
sperm calcium levels and the epididymal lumen.?
SPP1 and its receptors on spermatozoa and
seminal fluid indicate that this molecule plays a
role in the male reproductive system. Then other
studies related to the SPP1 gene polymorphism
analysed its impact on milk production and milk
composition.*®

Alvarez-Gallardo et al. (2013) have reported the
effect on fertility of adding recombinant FAA
(rFAA) and recombinant TIMP-2 (rTIMP-2) to
bovine semen before cryopreservation for use in
artificial insemination (AI) program.® The result
suggested that adding the (rFAA and rTIMP-2
improves the fertility rate, consequently increasing
the pregnancy rate in heifers.

Theoretically, the procedure required to produce
recombinant protein is relatively straightforward.
We take the gene we want, clone it in the expression
vector, transform it to the host of choice, and
induce it so the protein is ready for purification and
characterization. However, in the implementation,
many mistakes can occur. Starting from low
host growth and inclusion bodies' formation, the
protein obtained is inactive and sometimes not
getting protein.”

Many factors influence the yield of recombinant
protein obtained, and the quality of the DNA copies
that will be inserted into the bacteria is one of the
crucial factors. All procedures in DNA copying,
i.e., amplification, must be carried out correctly.®
Assuming all the reagents have been added in the
correct concentration, two essential PCR components
will affect gene amplification results, depending on the
researcher.” The first thing is the nucleic acid template,
which must be of adequate quality and not contain
Taq DNA polymerase inhibitors, which are enzymes
or significant components in the DNA amplification
process.® The second thing is the selection of
oligonucleotide primers. This process is often critical to
a PCR trial’s overall success because there would be no
PCR product without a functional primer set.

Selecting the optimal PCR oligonucleotide primer
set can be very tedious, and as such, it often requires
assistance with computer analysis. The main factor
influencing the function of oligonucleotides - namely,
their melting temperature and possible homology
among primers - is a well-defined, straightforward
task that is efficiently coded in computer software.!
Once the computer has provided a small number
of primary candidates sets, the selection task can
(and is still) be done manually. Considering the
importance of primer selection, this research focuses
on the preliminary design and selection of the
optimum annealing temperature to get a functional
recombinant protein.

MATERIAL AND METHODS

Sample preparation

The sample was taken from Frisian Holstein cattle
and Limousin cattle blood, SPP1 gene primer;
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Forward SPP1: 5 ACC CAG ATG CTG TAG CCA TAT GG 3’ and
Reverse SPP1: 5 GGC TAT GGA ATT CTT GGC TGA GTT TGG 3,
OPNI1 gene primer; Forward OPN 1: 5-ACC CAG ATG CTG TAG
CCA TAT GG-3’ and Reverse OPN1: 5-GGC TAT GGA ATT CTT
GGC TGA GTT TGG-3’, Xbal restriction enzyme, EcoRI restriction
enzyme, Quick-DNA™ Miniprep Plus Kit (Zymo Research), agarose,
TBE buffer, DNA ladder 1 Kb and 100bp, Nuclease Free Water, Thermo
Scientific Green PCR Master Mix.

Instruments

Centrifugation tool: Hermle Z216, microwave, incubator, PCR
rack, Micro pipette from accumax, Analytical balance, horizontal
electrophoresis used from Biorad, thermocycler used C1000 thermal
cycler from Biorad, and Gel documentation from Biorad.

DNA isolation and PCR program to obtain Osteopontin
gene from Cattle blood

DNA isolation was conducted based on the protocol of Quick-DNA™
Miniprep Plus Kit (Zymo Research.’? Then it was continued with
amplifying the DNA target gene with programs of pre-denaturation.
at 95°C for 7 min; 35 cycles of denaturation at 95°C for 30s, annealing
on 65°C, and elongation at 72°C for 30s. The gene was amplified at
820kb as a targeted band. The gene encoding Osteopontine was then
separated by Xbal and EcoRI restriction enzymes, then it was analyzed
with agarose gel electrophoresis.

DNA extraction in this study used the “Blood DNA Preparation Kit”
by Jena Science. DNA Hydration Solution 50-100uL was added and
vortexed at medium speed. Incubated at 65°C for 30 minutes for
Accelerate Rehydration. The extraction results were stored at 4°C.

Primer selection and construction of the pET-21a(+)
recombinant plasmid

The gene encoding AmpR (Ampicillin Resistance) was amplified with
the forward primer AmpR (5-CTACGGTCTGGCTGCTA-3') and
reverse primer AmpR (5-TGGAGCAAGAGGCGGTA-3') (Olesen et
al. 2004). PCR conditions included an initial denaturation step at 98°C
for 30s, 54°C for 30s, and 72°C for 1 minute, with a final stage of 72°C
for 5 minute using Phusion High-Fidelity DNA Polymerase. The PCR
product was cloned into the pET-21a(+) vector.

The  gene  encoding  SPPI (Secreted
1) was amplified  with forward primer SPP1F
(5-ACCCAGATGCTGTAGCCATATGG-3") and reverse primer
SPPIR  (5'GGCTATGGAATTCTTGGCTGAGTTTGG-3")  with
NCBI Reference Sequence (NM_174187.2). The gene coding for
OPN (Osteopontin) was amplified with the forward primer OPN
(5-AGCCCACCACCAAATACCTA-3") and reverse primer OPN
(5'-TCTGAAGGACTGGCTTAGATTTC-3) at 700bp, as well as
the forward OPN primer (5TCCCTCCCTCTACGTTTTCA-3") and
primer reverse (5'-CATCCCAAAAGGGCATAGAA-3') at 850 bp."

Phosphoprotein

The construction and subcloning of the pET-21a (+) recombinant
plasmid was carried out in several steps, namely ligase insertion of
the AmpR (Ampicillin Resistance) gene with pET-21a(+) expression
vector and transformation of the host cell E. coli BL21 (DE3) with
ligase results. The ligase reaction was carried out according to the
pET-21a (+) vector kit procedure. At this ligase stage, the enzyme T4
DNA ligase was used to ligate the DNA fragment inserted into the
pET-21a(+) vector. The ligase process can be carried out for 2 hours
at room temperature (22°C) or overnight at 4°C. After ligation of the
insertion of the AmpR gene with the pET-21a(+) expression vector, the
transformation process of E. coli BL21 host cells was carried out with
the ligase results.
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Transformation of plasmids to host cells

The optimized gene was synthesized and inserted into the expression
vector plasmid pET-21a(+) using the restriction enzymes Ndel and
BamH]1. The restriction fragments were further observed using 1%
agarose gel to evaluate the success of the target DNA insertion in
the pET-21a(+) plasmid. Competent E. coli BL21(DE3) cells with
200L were added 0.26g of pET-21a(+) plasmid and incubated at 4°C
(ColdBox) for 30 minute. Followed by incubation at 42°C for 90s, and
then 800L of LB medium was added. The cell suspension was incubated
at 37°C for 45 minutes, and 50L of transformant cells were spread in
LB agar containing ampicillin and incubated at 37°C for 12-16 hours.

A total of 5L of plasmid DNA was mixed into 100L of competent cell
suspension (E. coli BL21) and then homogenized. The mixture was left
on ice for 30 minutes, then incubated (heat-shocked) at 42°C for 90s
using a heat block, then placed back on the ice for 30 minutes, then
set at 37°C for 1 hour by adding 1mL of LB Broth media (without
antibiotics). In this study, the transformation process was carried out
three times and only succeeded in showing the success of attaching the
OPN gene to the third transformation.

Amplification

The DNA amplification program went through a pre-denaturation stage
at 94°C for 5 minutes, followed by 35 cycles consisting of a denaturation
step at 94°C for 1-minute, annealing temperature depending on
the type of primer (range 58-65 °C) for 30s-1-minute, DNA strand
synthesis at 72°C for 1 minute, and DNA strand lengthening at 72°C
for 10 minutes, and storage at 4°C.'!

PCR products were separated based on base size using ultrapure™
agarose (Invitrogen) 2% (w/v) gel which had been added with DNA
stain - PeqGreen 11/30 ml TBE buffer. The DNA in the gel was then run
at 100 volts for 35 minutes. The separated DNA results were visualized
under UV light using a gel doc (Biorad) and a marker length of base/
ladder with ImageLab software.

Characteristics of transformants

The pET-2la(+) plasmid was isolated using a high plasmid mini
kit (Geneaid). A total of 1.5mL of E. coli suspension containing the
plasmid pET-21a(+) was incubated overnight and centrifuged for 1
minute at a speed of 14,000xg at room temperature to form pellet cells.
The supernatant was discarded, and the pellet was resuspended using
200uL buffer PD1. The lysis step was carried out by adding 200L of PD2
buffer to the sample, resuspending, mixing by slow inversion ten times,
and incubating for 2 minutes at room temperature. The neutralization
step was carried out by adding 300L of PD3 buffer and inverting it ten
times, followed by centrifugation for 3 minutes at 14,000xg at room
temperature. The supernatant was transferred to a PDH column
and centrifuged for 1 minute at 14,000xg at room temperature.
The supernatant was discarded, and the PDH column was added to
500pL buffer W1 and centrifuged for 1 minute at 14,000xg at room
temperature. The supernatant was discarded, and the PDH column was
centrifuged for 3 minutes at 14,000xg at room temperature to remove
any remaining buffer W1. Then the PDH column was transferred
to a new 1.5mL Eppendorf tube and added with 50L of EB buffer,
incubated at room temperature for 2 minutes, and centrifuged for 1
minute at 14,000xg at room temperature. The pET-21a(+) plasmid
solution was electrophoresed for 30 minutes at 100 V. The purity and
concentration of plasmids were measured by Nanodrop 2,000/2,000c
Spectrophotometer.

The insertion of the gene encoding the plasmid pET-21a(+) can be
detected using the restriction enzymes Sacl and HindIII. A total of
0.78g of plasmid pET-21a(+) was added with 2L of Tango buffer, 0.2L
of acetylated BSA, 1L of Sacl, and 2L of HindIII. The solutions were
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mixed and incubated at 37°C for 4 hours. The restriction results were
carried out by an electrophoresis process for 30 minutes at 100 V.

Competent E. coli cell manufacture

Single colonies of E. coli BL21(DE3) from LB agar in Petri dishes that
had been incubated for 16-20 hours at 37°C were taken and grown in
30mL LB at 37°C with an agitation speed of 200rpm. After the culture
of E. coli BL21 (DE3) reached OD600 0.4-0.6 (about 2.5 hours), 15mL
was taken and centrifuged at 2,700xg for 10 minutes at 4°C. The
supernatant was discarded, and the pellet was suspended in ImL of cold
MgClI2-CaCl2 solution (80mM MgCI2-20 mM CaCl2) and centrifuged
at 2,700xg (4,100rpm) for 10 minutes at 4°C. The supernatant was
discarded, and the pellet was suspended in 600L of cold 0.1 M CaCl2
solution. Competent E. coli BL21(DE3) cells can be used immediately
or stored at -80°C."”

RESULTS AND DISCUSSION

DNA isolation result

The results of total DNA isolation were also tested for quality using
electrophoresis with a 1% agarose concentration. The results of the
1% agarose electrophoresis gel can be seen in Figure 1. The 1% gel
electrophoresis results show a band above the 10,000 bp marker,
indicating that the isolated total DNA has a size of over 10,000 bp. As
a standard of base length, a 1Kb DNA ladder was added to the M code
in the first well. The concentration of Agarose was used at 1% because
the total DNA size in Bos taurus cattle is known to be relatively large.
It requires a low gel density so DNA can move from the negative pole
to the positive pole during electrophoresis. According to Zimin et al.
(2009), the genome of the Bos taurus species reaches 2,857,605,192
base pairs, so the electrophoresis results will show DNA bands, as seen
in the electrophoresis results above.'¢

DNA concentration can be calculated accurately through
spectrophotometric absorption of ultraviolet light.'”” The method that
is often used to determine the purity of DNA is to use the ratio of
absorbance at 260 and 280 nm (A260nm/A280nm). The comparison
between absorption units of wavelength 260/280 indicates protein or
RNA contamination, where 1.8 - 2 is the superior value and below
1.8 indicates protein contamination. In contrast, the above 2 means
contamination by RNA. Likewise, the ratio of 260/230 indicates
the level of polysaccharide contamination, where more than 2 is the
superior value and below 1.8 indicates polysaccharide contamination.'®
From a total of 13 samples that have been extracted, we measured the
total DNA average concentration of approximately 30mg/uL.

Amplification

This amplification process is the key to the OPN gene encoding
as a candidate gene to be inserted into the plasmid in the test as a
recombinant protein. The plasmid selected in this study also plays a
role in gene transcription when the gene is inserted and is a transporter
into the cell. Gene cloning is also the first step that is always carried out
in molecular research that aims to study the characteristics of a gene."”
Gene cloning is generally done with plasmids. Plasmids have restriction
sites that can be used for gene cloning. The compatibility of the plasmid
influences the success of gene cloning with the recombinant gene and
the compatibility of the host cell with the recombinant plasmid.** This
study obtained the osteopontin gene amplified at 860-880 kb (target
band-annealing temperature at 65°C) using OPNI1 primer. Another
SPP1 primer, however, failed to produce DNA bands indicating
failure of DNA copying during amplification. Based on the results of
this study, primers will be used to make rDNA to create recombinant
osteopontin through transformation into E. coli bacteria.”

Two pairs of primers were used to detect the OPN gene in cattle
DNA by PCR method, and below is the PCR product from Forward
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OPN 1: 5-ACC CAG ATG CTG TAG CCA TAT GG-3' and Reverse
OPNI1: 5-GGC TAT GGA ATT CTT GGC TGA GTT TGG-3'. OPN
gene characterization by PCR method that has a gene length of 820 bp
(Figure 2 and Figure 3).

The SPP1 gene in cowsislocated on chromosome 6, which consists of the
Bovine SPP1 gene composed of 7 exons and stretches of approximately
7 kb of genomic DNA (access number GenBank NW 255516). The
sequences database newly assembled the entire cow genome (http://
pre.ensembl.org/Bostaurus/index.html based on Btau 3.1). The bovine
SPP1 gene (NC 007304.2) consists of 6,961 bp total length: 1,331 bp
processed length and 278 protein product length (Figure 2.3 'A").”

Figure 1: Results of electrophoresis visualization of DNA extract on 1%
agarose gel
Description: M = DNA Ladder 1Kb, 1-13 = sample number

FHI FHZ FH3 FHO FHS FHE

FHT FHE L1

Figure 2: PCR product of Osteopontin gene amplification using SPP1
primer (Agarose 2%)

Figure 3: PCR product of Osteopontin gene amplification using OPN
primer (Agarose 2%)

Pharmacognosy Journal, Vol 15, Issue 4, July-Aug, 2023
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Figure 4: The results of the first transformation: the OPN gene did not
successfully enter the E. coli BL21. Plasmid

Figure 5: The results of the third transformation: the OPN gene successfully
entered the E. coli BL21. Plasmid

Figure 6: Colonies in blue are bacterial colonies that failed to insert a
plasmid so that the lac portion of the bacterial plasmid is damaged and
causes a blue colour

Ligase stage

The most critical factor in the ligase process is the enzyme ligase. The
ligase enzyme functions to combine DNA fragments that have been
cut with restriction enzymes with DNA vector fragments. Ligase
enzymes can only join DNA fragments that have a complementary
sticky end and a blunt end. Ligases catalyze the formation of covalent
bonds between sugars and phosphates from adjacent nucleotides,
which requires a nucleotide to have a free 5' phosphate end and an

Pharmacognosy Journal, Vol 15, Issue 4, July-Aug, 2023

adjacent nucleotide to have a 3' end hydroxyl group. Ligase enzymes do
not differentiate DNA from different organisms. Therefore, even two
DNA fragments from other organisms can be joined by this enzyme.
These two fragments then form a single DNA molecule known as
recombinant DNA.*' This recombinant DNA cannot be seen in the
success rate except by multiplying it in the host cell. This process is
called transformation or gene cloning.

Plasmid to host cell transformation and transformation
efficiency

Transformation of DNA into plasmid

Transformation is one of the abilities of bacteria to take foreign DNA
into cells. Researchers use this ability to reproduce a gene. Genes
inserted into plasmids are inserted into bacteria by the transformation
method.” The transformation in the recombinant DNA in this plasmid
does not occur naturally but must be induced by certain substances.
Bacterial cells that have undergone physical treatment to gain the
ability to take up foreign DNA are competent.”® In addition, these
capable cells can also take up circular plasmid DNA. Normal cells can
only perform linear DNA transformation.

After 1 hour, 0.3mL of transformed cells were grown on LB Agar
medium containing the antibiotic kanamycin (35 g/mL) for selection
of positive transformants.'®

The phenomenon not under the theory of blue-white screening is
the empty plasmid control, where not a single colony grows on the
media. Competent cells inserted with empty plasmids should still be
able to expand on LB-Amp agar media because the presence of these
plasmids is capable of providing resistance to antibiotics (in this case,
ampicillin). This discrepancy is thought to have been caused by the
improper insertion of the empty plasmid so that the plasmid did not
enter the competent cell.”®

Several proteins in sperm plasma modulate essential reproductive
functions such as sperm motility and capacitation, cell protection,
acrosomal reactions, fertilization, and embryonic development. Protein
in sperm is also crucial for successful fertilization, egg activation, and
embryo development. Protein in sperm can be a marker of semen
quality status in cattle.!

According to previous research by Samik et al. (2014), the presence
of SPP1 in the epididymis and sperm is essential in regulating sperm
calcium levels and the lumen of the epididymis.? The presence of SPP1
and its receptors on spermatozoa and seminal fluid indicates that this
molecule plays a role in the male reproductive system. Then according
to another study related to the SPP1 gene polymorphism,* the effect
was analyzed on milk production and composition.*®

Alvarez-Gallardo et al. (2013) have reported the effect of adding
recombinant FAA (rFAA) and recombinant TIMP-2 (rTIMP-2) to bovine
semen before cryopreservation for use in artificial insemination (AI)
programs on fertility.® The results showed that adding (rFAA and rTIMP-2
can increase fertility, thereby increasing the pregnancy rate in heifers.

Theoretically, the procedures required to produce recombinant
proteins are relatively straightforward. We take the gene we want, clone
it in our expression vector, convert it to the host of choice, and coax it,
so the protein is ready for purification and characterization. However,
in its implementation, many errors can occur. Starting from low host
growth formation of inclusion bodies, the protein obtained is inactive,
sometimes even getting no protein.””

Many factors affect the yield of the recombinant protein obtained,
and the quality of the DNA copy to be inserted into the bacteria is
one of the most decisive factors. All procedures in DNA copying, i.e.,
amplification, must be carried out correctly.® Assuming that all the
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reagents have been added in the correct concentration, two essential
PCR components will affect the gene amplification results, depending
on the researcher. The first is the nucleic acid template, which must
be of adequate quality and not contain the DNA polymerase inhibitor
Taq, an enzyme or essential component in the DNA amplification
process.'*!® The second thing is the selection of oligonucleotide primers.
This process is often critical to the overall success of a PCR trial because
there can be no PCR product without a functional primer set. Although
selecting a primary site may be trivial, constructing the main stage to
apply can be more challenging.?®

The process of selecting the optimal oligonucleotide PCR primer set
can be very laborious and, therefore, often requires the assistance
of computer analysis. The main factors influencing the function of
oligonucleotides - namely their melting temperature and possible
homology between primers - are clear and direct tasks that are easy to
code in computer software. Once the computer has provided a small
number of primary candidate pools, the selection task can be (and
still is) done manually. Given the importance of primer selection, this
study focuses on primer design and selecting the optimal annealing
temperature to obtain functional recombinant proteins.

CONCLUSION

This research successfully obtained an osteopontin gene amplified at
880 kb (target band- annealing temperature at 65°C) using primer
OPNI1. However, another primer, SPP1, did not successfully produce
any DNA band indicating failure in DNA copying during amplification.
Based on the results of this study, the primer will be used to make
rDNA to create recombinant Osteopontin in the following process,
namely OPNI.

The phenomenon that is not following the theory of blue-white
screening is the empty plasmid control, where not a single colony grows
on the media. Competent cells inserted with empty plasmids should
still be able to expand on LB-Amp agar media because the presence of
these plasmids is capable of providing resistance to antibiotics (in this
case, ampicillin). This discrepancy is thought to have been caused by
the improper insertion of the empty plasmid so that the plasmid did
not enter the competent cell.
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