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Abstract

Proteins are essential for the proper functioning of cells. The techniques of cloning and protein
production have facilitated the advancement of various fields and the creation of specific proteins for
industrial and therapeutic uses. The bacterium Aeribacillus pallidus, which is able to survive in extreme
conditions, is being studied with a view to identifying its robust enzymes. The objective of this study
was to clone the protease gene from the A. pallidus P18 strain into the SUMO vector and produce
recombinant protein in Escherichia coli BL21 for protein production. The protease enzyme gene from
the A. pallidus P18 strain was isolated and amplified by using PCR. The PCR product was transferred
into the SUMO expression vector and amplified in One Shot® Mach1™-T1R bacteria, followed by colony
PCR. Plasmid isolation was performed after positive colony selection. Gene integration was confirmed
by cross-PCR using the gene forward, and vector reverse primers. For expression, the plasmid was
transferred to E. coli BL21 cells. Two cultures were induced with different IPTG concentrations (0.5
mM and 1 mM) to optimize protein production. Bacterial cells were lysed, and SDS-PAGE analysis was
conducted. Purification involved cell lysate preparation and purification using a Probond™ column. SDS-
PAGE and Coomassie Brilliant Blue G-250 staining confirmed successful purification. The results of this
study indicate that the optimal product for protein production is that derived from a culture induced
with 1 mM IPTG. Upon completion of the sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) procedure, the weight mass of the produced protein was determined to be 37 kDa, as
indicated by the result of the gel stained with Coomassie brilliant blue G-250. This research successfully
cloned the protease enzyme gene from the A. pallidus P18 strain using the pET-SUMO vector, performed
purification and achieved the targeted result of protein production.
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INTRODUCTION

The production of recombinant proteins
is one of the most important techniques used
in molecular, medical, and industrial research.?
Recombinant DNA technology, which involves
the incorporation of a modified vector into the
host genome, alters the phenotype of the host.2
Therefore, the process requires the delivery of
a foreign DNA fragment containing the desired
gene into the host genome. Recombinant DNA
technology is now widely used in almost every
field of biological sciences.?

Enzymes play crucial roles in governing
all biological processes in living organisms.* In
the past centuries, the number of industrial
processes carried out by enzymes and the number
of enzymes produced have increased.® Currently,
there is a renewed research effort worldwide to
identify more sustainable and environmentally
friendly biocatalytic processes. In this regard,
remarkable studies are being conducted on the
development of enzymes that can be produced
in large quantities from biological sources and
are resistant to high temperatures and various
chemical environments in industrial applications
using protein engineering and biotechnological
methods.®” The most important microorganisms
that produce alkaline protease enzymes are yeasts,
fungi, and bacteria.® Proteases are found in various
forms and are produced by microorganisms,
plants, and animals.® Among them, bacterial
proteases hold the most significant position due
to their industrial applications.’®!! Due to their
wide application in various industries such as
food, detergent, leather, cheese, paper, pulp, and
photographic films.2213

Due to their ability to withstand harsh
environments such as high temperatures,
pressures, pH levels, and salt concentrations,
thermophilic bacteria are crucial to industrial
processes.!* The optimum growth temperature for
the thermophilic bacterium Aeribacillus pallidus
is between 55°C and 60°C. Higher processing
temperatures can be used to increase reaction
rates, increase the solubility of non-gaseous
reactants and products, and reduce the possibility
of microbiological contamination by mesophilic
organisms. For these reasons, thermostable

proteases are useful in some applications.>'” In
this study, the protease gene from the thermophilic
bacterium A. pallidus P18 strain was cloned into
a SUMO vector and produced the recombinant
protein in the E. coli BL21 strain. Considering that
most chemical reactions in industrial processes
occur at high temperatures, it is anticipated that
protease enzymes isolated from thermophilic
bacteria could find easier application in such
processes. In this article, we explored the utilization
of the pET-SUMO system for recombinant protein
expression. The potential of thermophilic bacterial
protease enzymes in industrial processes will also
be discussed, emphasizing their suitability for
reactions conducted at elevated temperatures.

MATERIALS AND METHODS

Bacterial strains, plasmids, medium, and reagents

Vectors were transformed using E. coli
One Shot Mach1-T1R chemically competent cells,
and E. coliBL21 (DE3) One Shot was utilized as the
host strain for protein expression. T-A was cloned,
and its protein was expressed using the pET SUMO
vector from Invitrogen. Sigma, Fermantas, Merck,
Gene Direx, and Promega provided all other
compounds.

Isolation and molecular characterization of P18
from hot springs

Water samples taken from Pasinler (39°
58'37"N41°39'56" E) and llica (39°56' 17" N 41°
06’ 29" E) hot springs situated in Erzurum province
(Turkey) were brought to the laboratory under
aseptic circumstances. The samples were serially
diluted with sterile physiological water, and then
they were spread on Tryptic Soy Agar mediums.*®
The petri dishes were kept to incubation at
55°C for 24—-48 h. Bacterial colonies growing on
petri dishes were subcultured and purified. A
total of 18 bacteria were purified, and the strain
P18 displayed the highest protease activity.
Then strain P18 was characterized. For this
purpose, isolation of genomic DNA was performed
according to the Promega WizardR Genomic DNA
Purification Kit (A2360) protocol. Then, the 27F
(5'-AGAGTTTGATCCTGGCTCAG-3’) and 1492R
(5'-GGTTACCTTGTTACGACTT-3') primers were used
for 16S rRNA gene amplification.’® The amplified

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Saadati et al | J Pure Appl Microbiol. 2024;18(2):1326-1335. https://doi.org/10.22207/JPAM.18.2.56

polymerase chain reaction fragments were cloned
into E. coli JM101 strain with the pGEM-T Easy
Cloning Vector (Promega, Southampton, UK)
according to the manufacturer instructions.?**
The sequences were compared with the other
standard bacteria in EzTaxon, and the similarity
rate was detected. Then, the GenBank accession
number of the P18 was received. The phylogenetic
tree was constructed using the Neighbor-Joining
Technique with MEGA 4.2

Construction of expression plasmids

The coding sequence of the protease
gene from the Aeribacillus pallidus P18 strain
was cloned into the pET SUMO expression vector
(Invitrogen) in order to create recombinant protein
in prokaryote expression systems. Using the forward
primer 5'-ATGTTTCACCGTACCGGGGAG-3'and the
reverse primer 5'-TCATGGCCGGACGACATGAAA-3',
the target gene's coding sequence was amplified
by PCR. PCR was performed at 95°C for 2 min, 35
cycles with denaturing at 94°C for 1 min, annealing
at 58°Cfor 1 min, and extension at 72°Cfor 1.5 min,
and the last cycle was at 72°C for 5 min. The PCR
product was ligated into the vector pET SUMO.

Recombinant protein expression

Competent E. coli One Shot MachT1R
cells were cultivated overnight at 37°Cin 15 ml LB
plates containing 50 mg/mL kanamycin. The cells
had been treated with a ligation mixture. Colony
PCR screening was used to find the DNA insert
by examining the colonies. Using a Probond™
purification Kit, plasmids were extracted from
desired clones. Using the traditional heat shock
technique, plasmids were converted into E. coli
BL21 (DE3) and cultivated in LB plates. A single
colony was inoculated into 15 mL of LB medium
and cultured at 37°C and 200 rpm overnight to
prepare the preculture. 2500 mL of the preculture
were mixed to 100 mL of LB medium with 50 mg/
mL kanamycin and 1% glucose in order to produce
the 6xHis fusion protein. When the OD=600 value
was roughly 0.4-0.6, 0.5 mM and 1 mM IPTG were
added to the final concentration, and the medium
was then incubated at 200 rpm and 37°C.2

Protein purification

Cells were collected after induction by
centrifugation at 13000 rpm for one minute. Based
on the previous studies, aiming to break down the
cells as the pET-SUMO vector enables intracellular
protein production, the following steps were
performed. Firstly, 10 mL of lysis solution was
added to the pellets, which were stored at -20°C.
The samples were frozen for 5 seconds using liquid
nitrogen and then allowed to thaw in a water bath
set at 42°C after the sonication step. Afterward, the
samples were centrifuged at maximum speed for
1 minute at 4°C. Filtrate from the cell homogenate
was cleaned up using a ProBond Nickel-Chelating
resin column. For purification our concentrated
protein was incubated with Ni—chelating resin
(2 mL) equilibrated in 10 mL denaturing binding
buffer and allowed to bind to the Probond affinity
column for 30 min at room temperature. All
untagged proteins were allowed to pass through
the column using pH 7.8 Guanidinium Lysis buffer
(20 mM NaH,PO,, 6 M Guanidine Hydrochloride,
and 500 mM NaCl), using pH 6 wash buffer (20 mM
NaH,PO, and 500 mM NaCl). The bound proteins
were extracted from the column using pH 4 elution
buffer (500 mM NaCl and 20 mM NaH,PO,). The
final sample was used for SDS-PAGE analysis after
being kept in ice-cold storage.

Protein analysis by SDS-PAGE

After the enzyme was purified, to
determine the time-dependent expression level,
purity, and molecular mass of the recombinant
protein, a 3-8% batch SDS-PAGE was performed.
The protein was stained with Coomassie Brilliant
Blue G-250.

Effect of temperature on activity and stability of
the purified protease

Temperature effects on the activity of the
enzyme were measured at a range of temperatures,
from 30°C to 90°C. The activity of the enzyme was
assessed by letting the enzyme solution incubate
at various temperatures (50-90°C) for 15, 30,
45, and 60 minutes in order to determine the
temperature stability of the enzyme. The data
obtained after the incubation was represented
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as the residual activity percentage (%) after the
quantity of activity previous to the incubation at
varied temperatures had been accepted as 100.

RESULTS

Molecular characterization of P18

The first stage of the present study
focused on isolating thermophilic bacteria from
Pasinler and llica hot springs, and a total of 18
bacteria were isolated. In the second stage, the
protease production capabilities of these isolates

were investigated. Strain P18 showed maximum
protease activity. The P18 strain was identified
as Aeribacillus pallidus according to the 16S rRNA
gene sequence analysis. The phylogenetic tree was
constructed using the Neighbor-Joining method
(Figure 1).

Construction of recombinant pET-SUMO-P18
vector

First, the serine protease gene region
of the A. pallidus P18 strain was amplified, and it
was detected the gene region was approximately

|_{Aeribacillus pallidus (DSM 3670)

P18 (OR958730)
Aeribacillus composti (JCM 31580)

—— Anoxybacillus vitaminiphilus (JCM 16594)

Anoxybacillus calidus (DSM 25220)

0.01

Caldibacillus pasinlerensis (DSM 107529)

Figure 1. Phylogenetic relationships of P18 strain based on 16S rRNA gene sequence analyses. The tree was
constructed by a neighbor-joining method. Bootstrap values were based on 100 replicates. Caldibacillus pasinlerensis
was used as out-group. The scale bar represents 0.01 changes per nucleotide position
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Figure 2. Electrophoresis of PCR products for P18 on 1%
agarose gel electrophoresis

600 base pairs (Figure 2). A recombinant vector
was created in accordance with the instructions.
The protease gene from the P18 strain was ligated
and cloned into the pET-SUMO vector following
target protein gene sequence amplification and
purification. The results of the colony PCR, cross
PCR, and control PCR following transformation
(Figures 3A, 3B, and 3C) demonstrated that the
gene had been successfully introduced into the
pPETSUMO vector. As a result of sequence analysis,
it was determined that the cloned region was 99%
similar to Aeribacillus palidus (Figure 4).

Expression of protease

In order to produce the protein, E. coli
BL21 cells were transformed to express the coding
areas of the A. pallidus P18 strain. IPTG was used
to induce expression at final concentrations of 0.5
mM and 1 mM. Cells were extracted using a total of
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three cycles of fast freezing in liquid nitrogen and
thawing in a 42°C water bath after IPTG induction.
SDS-PAGE was used to evaluate the cell lysate.
The outcomes demonstrate that the expression
product's molecular weight is 37 kDa. According
to this finding, 37°C for 6 hours with 1 mM IPTG
was chosen as the ideal expression condition.

« & &« eQeaaae
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Figure 3B. Cross PCR analysis of purified recombinant
pET-SUMO vector (M: Marker, 1: 5. gene forward and
vector reverse primers)

Purification and identification of target protein
The cells were collected by centrifugation
and lysed with a lysis solution under denaturing
conditions. To break down the cells as the
pET-SUMO vector enables intracellular protein
production, 10 mL of lysis solution was added to

the pellets, which were stored at -20°C. Following
the sonication process, the samples were frozen in
liquid nitrogen for 5 seconds before being allowed
to defrost in a water bath set at 42°C. A sample
was taken before purification, and SDS-PAGE was
performed (Figure 5).

Then, the ProBond Nickel-Chelating resin
kit was used to purify. Results from SDS-PAGE
analysis show that the purified protein had a high
expression level in the 1 mM IPTG-induced final
expression (Figure 6), and the weight of the protein
produced was 37 kDa based on the outcome of the
gel stained with Coomassie brilliant blue G-250.

Effect of temperature on activity and stability of
the purified protease

Temperature plays an essential role
in enzyme production by directly affecting the
physiology and growth of microorganisms. As
shown in Figure 7a, maximum enzyme activity
was determined at 60°C. When the temperature
stability profile was examined, it was determined
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that the enzyme had not lost more than 70% of = DISCUSSION

its activity at 50-70°C temperatures. At 80 and

90°C, the enzyme lost more than 50% of its activity Proteases have been successfully

in 30 min (Figure 7b). produced from many microbial sources, and about
two-thirds of the commercial market consists of

Figure 3C. Amplified products of P18 strain after transformation into BL21 bacteria (M: Marker, 1-6 lines: colony
PCR products from BL21

& Download v GenBank Graphics

Aeribacillus pallidus PI8 DNA, complete genome
Sequence ID: AP022323.1 Length: 3833114 Number of Matches: 1

Range 1: 3365821 to 3366262 GenBank Graphics

Score Expect Identities Gaps Strand
784 bits(424) 0.0 436/442(99%) 0/442(0%) Plus/Minus

Query 89 CGACATGAAAATAGACACCTGGTTTATGCTTTAAATAGT. {ITTCTGCTCC A 148

[NUNNRRENNNN IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII LLLLLLLLtl
Sbjct 3366262 CGACATGAAAATAAACACCTGGTTTATGCTTTAAATAGTATGCAAAATCTTCTGCTCCCA 3366203

Query 149 TTGACGGCTGATAATTATAAAAACAGTCAGATGCATACGTCTCGCTAATAATGGCTCGCA 208
IIIIIIlIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 3366202 TTGACGGCTGATAATTATAAAAACAGTCAGATGCATACGTCTCGCTAATAATGGCTCGCA 3366143

Query 209 ATTGTTCGGTTTCATTTCTAGGATTGATAACTGGAGGATAGCCGTTTAAATAATCAATTT 268

AIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIII

Sbjct 3366142 TTGTTCGGTTTCATTTCTAGGATTGATAACTGGAGGATAGCCGTTTAAATAATCAATTT 3366083

Query 269 CGTAGCTTGCGTGCGAAGCTTGGCATAGCCCTTGAACAATCGCTCTGATTTCCTCCTCAA 328

IIIIIIIIIIIIIIIIIIIIIIIIIIII PLLLLLELL LR E et errintl
Sbjct 3366082 CGTAGCTTGCGTGCGAAGCTTGGCATAGTCCTTGAACAATCGCTCTGATTTCCTCCTCAA 3366023

Query 329 TTTGCTCCCTAACGTTTGGATTAAATGTTCTTACTGTCCCTTCTATTCTAGCGTTTTCTG 388

PLLERD EEERn e e e e e e ninnl
Sbjct 3366022 TTTGCTTCCTAACGTTTGGATTAAATGTTCTTACTGTCCCTTCTATTCTAGCGTTTTCTG 3365963

Query 389 CAATGACATTGAAAGCTGTTCCTGCTTGAAACACACCAACTGTCGCAACAGATGAATCTA 448
PLLERLLE LR e e ey e e bbbt pereil il

Sbjct 3365962 CAATGACATTGAAAGCTGTTCCAGCTTGAAACACACCAACTGTCACAACAGCTGAATCTA 3365903

Query 449 TCGGATTC ACGCGTCTGCTGACAATTTGCTGCAAGTAGTTCACAATTTGGCTGCCGATGA 508

PLLLLLLEL LR e e bbb e e il
Sbjct 3365902 TCGGATTCACGCGTCTGCTGACAATTTGCTGCAAGTAGTTCACAATTTGGCTGCCGATGA 3365843

Query 509 CAAGAGCATCTACTGTTTCATG 530

PLLEELLLLERLiientnnl
Sbjct 3365842 CAAGAGCATCTACTGTTTCATG 3365821

Figure 4. Sequence analysis results using forward and reverse primers to vector DNA
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Figure 5. SDS-PAGE analysis of P18 pilot expression
before purification (1: Marker, 2: Cell lysate induced with
0.5 mM IPTG, 3: Cell lysate induced with 1 mM IPTG, 4:
Control (IPTG uninduced)

microbial proteases. Thermostability is an essential
property for enzymes to achieve higher efficiency,
protection from microbial contaminations, and fast
conversion rates.?* Thermophilic microorganisms
are the best sources of thermostable enzymes.?
Therefore, hot spring water was used for the
isolation of thermostable protease-producing
microorganisms. It was determined that the isolate
P18 strain with the highest protease activity (P18)
belonged to the Aeribacillus pallidus species.

When the literature data are examined,
there are two studies on protease enzyme
production and purification from A. palidus,*%
while there is no study on protease cloning and
expression from A. palidus.

Recombinant DNA technology is a
technique widely used in molecular, medical, and
industrial research.! Forty years ago, Escherichia
coli was the first host used for recombinant gene
expression.”® Consequently, commonly reported
expression systems are prokaryotic or mammalian
cell expression systems.

Various methods and strategies are
employed to produce recombinant proteins in
our surroundings, aiming for time efficiency and
low cost. The use of bacterial hosts is focused on
obtaining large quantities of recombinant proteins
rapidly and efficiently, with cost-effectiveness in
mind.

Figure 6. SDS-PAGE analysis of P18 pilot expression
after purification (1: Marker, 2: Unpurified Cell Lysate
Culture.3: Purified protein induced by 0.5 mM IPTG, 4:
Purified protein induced by 1 mM IPTG)

Bacterial hosts possess invaluable
characteristics for the rapid, efficient, and
economical production of large quantities of
recombinant proteins. These characteristics
include rapid growth capability, the presence of
diverse mutant strains, a well-known genome, and
inexpensive requirements for optimal conditions.?
According to research, achieving the best-purified
proteins has become a targeted goal in various
sectors, such as the pharmaceutical and food
industries.3* To improve these parameters, the use
of expression partners in E. coli has emerged (also
known as affinity tags or fusion tags).3!

In this study, it was successfully cloned
and produced serine protease from the A. pallidus
P18 strain. In the literature, Through optimization
of induction conditions, the culture induced with
1 mM IPTG demonstrated the highest protein
yield. The estimated molecular mass of the
produced protein was approximately 37 kDa. In
the literature, many serine proteases with different
molecular mass have been produced. For example,
Kang et al. produced serine protease from the
coryneform bacterium TU-19 with three different
molecular weights (120 kDa, 80 kDa, and 45 kDa).
In another study, the molecular weight of serine
protease produced from Aeribacillus pallidus was
38 kDa.”
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Figure 7. Effect of temperature on activity (a) and stability (b) of the purified protease from A. pallidus P18

CONCLUSION

In this study, the gene responsible for
the synthesis of the serine protease enzyme in
Aeribacillus pallidus P18, isolated from a hot
water source, was cloned and the related protein
was purified. It was observed that the purified
enzyme retained most of its activity up to 80°C

and showed maximum activity at 60°C. These
properties suggest that it is a suitable candidate
for various applications where high temperature is
required. However, further research is needed on
the functional analysis and potential applications
of the thermophilic protease.
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