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Abstract

Antimicrobial activity of certain species of Lactobacillus bacteria were known to produce a certain type
of bacteriocin called Plantaricin (PIn). In this study, the PInF (p/nF) gene (666 bp) encoding plantaricin
was synthetically constructed based on a sequence of predefined and valuable amino acid compositions
and subcloned into pET-28 (+) expression vector. Thereafter transformation of recombinant vector into
BL21 (DE3) competent E. coli was achieved and to verify the result of cloning, the PCR colony technique
was conducted. The expression of the inserted gene was analyzed by the SDS-polyacrylamide gel
electrophoresis method, which detected a band of approximately 30 KD molecular weight for interested
protein as a natural bioactive bacteriocin.
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INTRODUCTION

A bacteriocinis a group that is synthesized
in the ribosome and has potent antimicrobial
activity against some foodborne pathogens.
The bacteriocin peptides that are produced by
L. plantarum are recognized as plantaricin and
are commonly reported as a class Il bacteriocin,
a very wide-ranging class with a variety of
bactericidal and or bacteriostatic mechanisms.*
The bacteriocin produced by L. plantarum for
example plantaricin (A, E, F, J, and K) all these types
belong to class (1) bacteriocin.? Alternatively, the
plantaricin EF is a two-peptide formed by the lactic
acid bacteria L. plantarum C11, and the two-fold
peptides that form this bacteriocin are termed
as Plantaricin E (PInE) and Plantaricin F (PInF).
Plantaricin F (PInF) produced by L. plantarum is
mostly utilized in the food industry to prevent
microbial contamination.® Plantaricin produced
by L. plantarum was classified into diverse types
according to the presence or absence of several PIn
genes. Moreover, the gene locus that encodes for
plantaricin is genetically clustering in either simple
or complex operon.* In 1925, the first bacteriocin
(colicin) was produced,® and since that time several
study attempts occurred to create and describe
diverse types of bacteriocins. The furthermost
important requirement to these studies is the
large-scale manufacture of bioactive bacteriocin.
Although the purification of these native peptides
can be done from their regular strains, the process
itself is extremely laborious and time-consuming.®
The development of biotechnology makes the
production of native or recombinant bacteriocins
more efficient by using synthetic genes and a good
expression system.”

Gene synthesisisamethod for synthesizing
a concerned gene in vitro without an original DNA
template. Furthermore, commercial synthesis of
the desired gene is considering a more rapid step,

it is time saving and is developed to be a cost
effective alternate for classic cloning techniques
and other molecular biology processes.® Thus, our
study has undertaken the cloning of synthetically
constructed PIn F genes and expressed them in E.
coli BL21(DE3), to produce a natural antimicrobial
agent (plantaricin F).

MATERIALS AND METHODS

Bacterial strain and plasmid

pUC57 (Thermo Fisher Scientific) was
utilized as a cloning vector and E. coli DH5a
(Invitrogen) competent cells were utilized for
transformation. pET28a (+) was purchased
(Novagen) and applied as an expression vector.
E.coli BL21(DE3) was purchased (Novagen) and
applied for recombinant protein transformation
and expression.

Recombinant Vector Construction

The nucleotide sequences with
approximately 666 bp of desired protein were
synthesized (ShineGene, China) according to the
amino acids sequences (Figure 1) of plantaricin F
gene which was previously described.®

The synthetic gene fragment was
already cloned into the plasmid vector pUC57
with EcoRl at 5’ end and Xhol at 3’ end. Cloning
(pUC57) and expression vector (pET28a (+) was
transformed first into E. coli DH5a cells using heat
shock method.?* The transformed bacterial cells
were then picked for plasmid extraction step by
using the high pure plasmid isolation kit (Roche
gel extraction kit Germany), according to the
manufacturer’s protocols. The extracted plasmid
vectors were electrophoresed in 1% agarose gel.'?

After verifying the process of plasmid
extraction, both vectors (pUC57 and pET28a(+))
were digested with EcoRIl and Xhol. Once the
pUC57 vector was digested, the digestion reaction

MGSSHHHHHHSSGLVPRGSHMASMTGGQQMGRGSEFMSDKIHLTDDSFDTDVLKADGAILVD
FWAEWCGPCKMIAPILDEIADEYQGKLTVAKLNIDQNPGTAPKYGIRGIPTLLLFKNGEVAATKV

GALSKGQLKEFLDANLAGSGSGHMHHHHHHSSGLVPRGSGMKETAAAKFERQHMDSPDLGTD
DDDKAMADIGSMKKFLVLRDRELNSISGGVFHAYSARGVRNNYKSAVGPADWIISAVRGFIHG*

Figure 1. The mature peptide of (pIn F) gene is in red color, while the black color is the amino acid sequences of
the (His tag, Thrombin site, T7 tag, Trx tag, S tag, and Enterokinase site)
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was electrophoresed on 1% agarose gel and the
desired fragment was extracted from the gel
using Thermo Fisher Scientific for subcloning
in the expression vector pET28a(+), which was
also digested with EcoRIl at 5’ and Xhol at 3.
The inserted fragment was ligated into digested
pET28a(+) vector by utilizing the T4 DNA ligase
enzyme. A ligation reaction was conducted in 20 pl
reactions, wherein 3 pl of insert clone was mixed
with 12 pl of the digested plasmid. Then 1 pl T4
DNA ligase was incorporated and the final volume
of 20 pl was adjusted by adding distilled water. The
reaction was incubated at room temperature for

3412C in pET28 (EcoRI+Xhol)
5995 beses

INSERT

2h and then refrigerated for 18h.

Recombinant Vector Transformation

The ligated plasmid was then transformed
into competent E. coli DH5a to produce high
amounts of plasmid vector. Post-transformation,
the positive colonies were screened and verified by
colony PCR utilizing T7 universal primers. T7 Primer
Forward: 5 TAATACGACTCACTATAGGG 3’, T7
Primer Reverse: 5’GCTAGTTATTGCTCAGCGG3'. PCR
program was included: initial denaturation (94°C,
4 min), denaturation (94°C, 30 s) for 30 cycles,

FMG”ENT Replace
Xhol(158) — EcoRI(192)

Xhol EcoRI

Flip and insert
EcoRI(1) — Xhol(661)

EcoRl Xhol
3412C-666bp
666 bases

Figure 2. Diagrammatic representative the construction of recombinant plasmid vector pET-28a-c(+)-PInF. The
restriction enzymes Xhol and EcoRI was used to digest both the target gene and the plasmid vector
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annealing step (55°C, 30 s), extension step at
72°C for 1 min, and final extension (72°C, 12 min),
the reaction was held at 15°C for 5 min. The PCR
results were verified using 1% gel electrophoresis.
The positively transformed colonies were selected
for verifying the presence of the recombinant
pET28a(+) and desired gene fragment, through
digestion of extracted plasmids with EcoRIl and
Xhol. The recombinant pET28a(+) was transformed
into competent cells E.coli BL21(DE3) bacterial
cells for advancing into the protein expression
process.

Expression of Recombinant Plantaricin

The expression of recombinant plantaricin
was conducted according to the modified procedure
of.13 Both pET28a(+) expression vector-subcloned
synthetic pInF genes were singly expressed in E. coli
BL21 (DE3). For selection of recombinant clones,

‘W

i
h

kanamycin 50 pug/ml was incorporated to the
medium. E. coli BL21 (DE3) was transformed with
pET28a (+) single to produce E. coli BL21 (DE3);
pET28a no insert was used as a negative control.
Culture of transformed E. coli BL21 (DE3) with
(pET28a-pInF) overnight was inoculated into 100
ml LB broth that contained kanamycin 50 pg/ml
and was incubated at 37°C until the OD 600 value
of 0.4 was attained. Expression was conducted and
induced by incorporating 1 mm of Iso pro-pylB-D-
thiogalactopyranoside (IPTG) to the culture and
incubated for 5h at 22°Cand 37°Cin broth medium
at 150 pm. The culture were centrifuged at 8,000
g at 4°C for 10 min for harvested cells and then
cell pellets resuspended in the lysis buffer (pH 8)
comprising (20 mM imidazole, 20 mM Tris-HCl, and
500 mM NacCl) after that disrupted by sonication
(0.5 cycles of output30, pulse on 30 s and pulse off
30 s) for 5 min. The lysate was centrifuged for 30

Base Pairs

Figure 3. Gel electrophoresis of the cloning process. Lane 1: molecular marker ladder (Yekta Tajhiz Azma, Iran). Lane
2:insert fragment digested with EcoRI and Xhol (~666 bp). Lane 3: the desired portion of pET2a(+) after digestion

with EcoRl and Xhol (~5300 bp)
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min at 18000 g and 4°C. The pellet and supernatant
were then resuspended in the same lysis buffer.
SDS polyacrylamide gel electrophoresis 12% (SDS
PAGE) was used for separating the fractions of
pellet and supernatant.

RESULTS

In our study, the synthetic plantaricin
F gene was inserted into the multi-cloning site
of the pET-28a-c(+) plasmid vector (Figure 2). In
this figure, all steps for constructing recombinant
plasmid vectors map and complete design strategy
were accomplished by utilizing SnapGene software
(5.2.4). Alternatively, Figure 3 reveals the agarose
gel electrophoresis of approximately 666 bp
band conforming to the fragment of synthetic
plantaricin F gene which was digested successfully
with Xhol and EcoRI restriction enzymes and
cloned into pET-28a(+) vector. The recombinant
plasmid vector pET-28a(+)-PInF as depicted in
Figure 4 was transformed into competent E. coli
BL21(DE3). Kanamycin (50 mg mL!) was used for
the initial selection of transformants bacterial
cells to produce transformants cells harboring
recombinant plasmid vector (Figure 5) and named

(80) Bpu11021

(5753) Adel
(5625) AanI

(5052) Pvul - SfaAl

(4926) SmaT
(4524) Cfrol

(4709) Bsp68I - Rrul —

(4398) EcoS7I

(4266) Cail

(3850) Pscl

(3734) Lgul
(3654) Tatr~ _~

(3621) Bst11071
(3620) Xmil
(3595) Psyl

PspSII (2856)

as pET-28a-c(+)-pInF-E.coliBL21 (DE3). Figure
6 depicts the results of positive PCR colony; in
this figure the target band approximately 1000
was successfully amplified by using T7 universal
primer. Additionally, Figure 7 depicts the results
of recombinant pET28a(+) digestion to verify
the cloning process of the desired gene. In this
figure, the recombinant vector was successively
linearized post EcoRI digestion. The results of
SDS polyacrylamide gel electrophoresis were
demonstrated in Figure 8. In this figure, the array
of proteins present in the pellets and supernatant
fraction were detected in the 12% (SDS PAGE),
Lane 3 represented the total cell protein with
approximately 27-30 KDa, a stained band that
corresponding to the expected size.

DISCUSSION

The first major challenge in our study is
the attempt to separately isolate the PIn F gene
from PIn E gene and subsequently, the PInF gene
is expressed (pre-mature peptide) separately from
PInE gene. To achieve this goal, the gene encoding
PInF (pInF) has been synthetically constructed
depending on the plantaricin amino acids

PspXI - Xhol (158)

Bsp119l (393)

Cpol (714)

£CURI (818)
BamHI (s24)
Nhel (s57)
BspOI (s61)
- Ndel (864)
—— Ncol (922)

g/11 (1027)

Pael (1224)

BStAPI (1432)

- Mlul (1749)
Bd1* (1763)

Eco91I (1930)
NmeAIII (1555)
Bsp1201 (1956)
Apal (1960)

. Paul - Ptel (2160)
Eco321 (2199)
KspAT (2255)

BoxI (2594)

BglT (2813)
FspAI - NsbI (2831)

Figure 4. The recombinant plasmid vector pET-28a-c(+)-PInF: The constructed design of pET-28a-c(+) carrying the
synthetic fragment of PInF introduced into the MCS and controlled by strong bacteriophage T7 expression region
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sequences and cloned into the pUC57 vectors. The
synthesis of the desired gene according to their
amino acid sequences is considered modern and
efficient than the conventional cloning procedure
and has several advantages. The major advantage
is that the gene synthesis allows for codon to

Figure 5. Transformed E. coli BL21 (DE3) competent
cells on Kanamycin (50mg mL-1) LB selectable medium

~1000 bp
1500 bp

-

100 bp

be optimized and subsequently to increase the
efficiency of protein expression.®

Since we had decided to use pET28a(+)
as an expression vector, the synthetic DNA
fragment was designed with the restriction site
for EcoRl and Xhol (at 5’ and 3/, respectively). The
synthetic gene fragment was already cloned into
the plasmid vector pUC57 with EcoRl and Xhol (at
5’ and 3’, respectively). The introduction of these
two artificial restriction sites in the synthetic DNA
fragment was a significant step to facilitate ligation
with the target vector. Moreover, both enzymes
have demonstrated good results and are 100%
functional in the “H buffer”. Before proceeding
to the rest of the sub-cloning steps, each cloning
(pUC57) and expression vector (pET28a (+)) were
transformed primarily into E. coli DH5a cells using
the heat shock method, and this step is crucial to
increase the concentration of vectors used in our
study.™

The second step was to select a proper
expression vector. In our study pET-28a-c(+) was
used as a suitable vector. By using this system, the
desired gene fragment was expressed easily and

(bp)

1500
1000

700

S00
400
300
200

100

Figure 6. Gel electrophoresis of the colony PCR process to verify the presence of the recombinant pET28a(+) after
bacterial transformation. Lane 1: molecular marker ladder (Yekta Tajhiz Azma, Iran). Lane 2 to 6: positive colonies.

Lane numbers start from the left
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made it easier to be isolated and purified and the The use of pET plasmid vectors as
vectors pET-28a-(+) hold an N-terminal His -Tag®/  expression vectors have another advantage
thrombin/T7-Tag® configuration plus an elective  since the most effective system of this vector
C-terminal His-Tag sequence, this also facilities was designed for cloning and regulating the
protein purification step from transformed high expression of recombinant proteins in
bacteria. transformed E. coli.*> As pET plasmids vector have

Figure 7. Digestion of the recombinant pET28a(+) to verify the cloning process of our desired gene. Lane 1:
linearization of the digested vector after digestion with EcoRI. Lane 2: digestion of the recombinant vector with EcoRI
and Xhol which also shows our desired gene fragment out of the vector. Lane 3: empty. Lane 4: the recombinant
vector after plasmid extraction which shows three bands for linear, supercoiled, and circular plasmids lane 5:Marker
ladder ( Yekta Tajhiz Azma, Iran )

kDa

~180
Uniduced M Controle uUniduced ~135

Tris-Glycine
15~20%

Figure 8. Protein gel electrophoresis using 12% SDS-PAGE analysis of recombinant protein in Escherichia coli BL21
(DE3) Lane 1: uninduced Protein lane 2,4 protein marker. Lane 3 Total Cell Protein ~30 KDa of expecting protein
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a strong promoter derived from bacteriophage T7
transcription, this promoter makes the production
of recombinant protein (Synthetic pInF gene) so
active, specific, and possessive to the amount of
production of target RNA which can be comparable
to the amount of ribosomal RNA in a cell.’®

Alternatively, the insertion of the target
gene under the control of a strong promoter as
T7 expression systems may also cause a problem.
The tricky thing in using such an inducible vector
as T7 systems is that the RNA polymerase enzyme
based on T7 promoter is highly active, and a minor
basal level may lead to significant expression of
recombinant peptides even in the absence of
a certain inducer.” Consequently, if the target
recombinant protein is effectively toxic to the
bacterial host cell, the establishment of such a
target vector in the expression host cell could
be difficult or even hopeless, or subsequently,
make the expression system unsettled leading
to the occurrence of mutations.® To overcome
this problem, the BL21(DE3)-pET-28a (+) system
was used in this study, as these vectors have a lac
operator gene that offers enough lac repressor
to suppress both the T7 and lac promoter in this
system and the chromosomal gene for T7 RNA
polymerase in cell genomes. In this manner,
the crucial level of target recombinant protein
at uninduced cells is significantly reduced, but
this rate of induction leads to the standard
excessive levels of expression.'® To proceed
with the cloning steps, the PCR colony was
succeeded and the expected bands were amplified
successfully which agree with,?® which approved
the significance of the PCR colony step as a high
throughput screening step for verifying and
selecting genetically transformed cells and this
creates a promising, easier, reliable, and rapid
routine colony PCR (cPCR) technique.

The last step in the cloning project
was to investigate the in vitro expression of
the recombinant DNA in BL21(DE3) -pET-
28a (+). To induce expression, Isopropyl-B-D-
thiogalactopyranoside (IPTG) was incorporated
as a final concentration of 1 mM into the broth
medium and incubated in the shaker incubator for
5 hat 22°C and 37°C at 150 rpm, and the results
were verified on SDS-polyacrylamide gel.

Approximately 27-30 KD of suspected
recombinant protein bands were detected on 12%

polyacrylamide gel, the size of band was quite
similar to the value resulting from the calculated
amino acids sequence. The high molecular weight
of the current protein can be attributed to the
additional part which is added to the original
sequences. As it is a synthetic protein it has
normally extra sequences like (thioredoxin -TrxA)
which are added to the fusion partner which
increase the acidity and molecular weight of
particular protein. Successful (thioredoxin-TrxA)
fusion partners were normally translated, and it
also has determinants which allow for suitable
purifications, which can be easily and completely
cleaved from the desired peptides products,
ideally, reducing the occurrence of inclusion body.
Additionally, thioredoxin may also act to avoid the
accumulation and precipitation of fused proteins,
which enabled the desired protein to adopt their
exact tertiary structural folds.%?

CONCLUSION

By genetic engineering, the synthetic
plantaricin F gene was successfully constructed
and subcloned into a proper expression system
forimproved production of recombinant bioactive
proteins against pathogenic bacteria.
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