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Abstract: After the COVID-19 pandemic, vaccine production technologies have become the focus of attention of researchers. As a matter
of fact, recombinant protein-based antigen production, which is one of them, has taken its place in the first place. Proteins obtained by
recombinant DNA technology are used in many industrial areas, especially vaccine applications, due to their reliability. Therefore, it is very
important to produce targeted recombinant proteins in large quantities. This study, for the high amounts production of Omp25 protein,
which is used as a vaccine candidate against brucellosis, in laboratory conditions, is aimed to reveal the effects of conditions that are the
pre-culturing process, inoculation in LB or TB media, denatured or native purification, culturing with/without IPTG. All the results were
analyzed by SDS-PAGE, confirmed Western Blot, and the total protein amounts were measured Bradford method. According to the results,
Omp25 protein could not be obtained under native purification conditions in both cultures without induction, but it was observed under
denatured conditions. This result can be explained that the protein in the cell is either misfolded or incorporated into the membrane. The
amount of protein appears to be much higher in the presence of the inducer in both media inoculated with the starter pre-culture compared
to the overnight pre-culture; 8.79 mg and 39.4 mg from 1 L culture, respectively. Additionally, as expected, the addition of IPTG increased
the amount of protein, approximately one-and-a-half-fold for LB and about three-fold for TB. Finally, it was observed that TB medium
provided higher protein production than LB, which can be explained by the presence of glycerol and high yeast extract in the medium.
Although our study contains results that will attract the attention of vaccine industry, it should be kept in mind that all process should always

be optimized depending on the structure of the targeted protein and thus the production amount can be further increased.
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1 Introduction

The popularity of recombinant protein-based vaccine
production, which is among the biotechnology topics, has
increased even more after the COVID-19 pandemic (Hortsch
and Weuster-Botz 2011; Hu et al. 2022; Huleani et al. 2022).
The main purpose of the recombinant protein industry, which
acts in many different fields such as health (vaccine,
diagnosis, treatment), environment, food, and agriculture, is
to obtain protein in high quantity and efficiency without
reducing its quality. Due to the different structural properties
of recombinant proteins, it is necessary to establish specific
optimization conditions for each protein. For this, first of all,
the appropriate expression system must be determined.
Different heterologous hosts have been used to produce the
recombinant protein efficiently. However, current research
contains with the E. coli host, which is the best-known and
most widely used (Anné et al. 2012; Packiam et al. 2020).
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Recombinant protein production in E. coli began in 1977 with
somatostatin for the first time. Nowadays, protein production
studies have accelerated actively after the COVID-19
pandemic in 2019 (Jiang et al. 2020, Overton 2014, Yao et al.
2022). After host selection, the growth medium formulation
for high protein production should be determined, which
usually results in a preference for those containing yeast
extract and hydrolyzed protein (Danquah and Forde 2007). In
addition, a carbon-energy source (glucose, glycerol, or other
sugars) and a nitrogen source are needed for medium
formulations. Therefore, Luria Bertani (LB) and Terrific
Broth (TB) are chosen as the most suitable media for
recombinant protein production (Coskun et al. 2022,
Thongbhubate et al. 2021). Another important parameter is
the identification of the inducer. Although isopropyl B-d-1-
thiolgalactopyranoside (IPTG) is frequently used, it should be
noted that the inducer is chosen in conjunction with the
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designed vector. Apart from these, modification of the target
DNA and vector, determination of the host according to the
protein structure (E. coli BL21(DE3), BL21(DE3) pLysS,
Rosetta™ (DE3) and derivatives, SHuffle® T7 Express and
derivatives, CyDisCo, BL21-Al, Tuner (DE3) and
derivatives, Lemo21 (DE3), SixPack, Mutant56 (DE3)),
optimization of culture parameters such as temperature, time,
bacterial density are other factors that directly affect the
amount of recombinant protein (Hemamalini et al. 2020;
Papaneophytou and Kontopidis 2014; Rosano and Ceccarelli
2014). In addition to high production, high recovery of
recombinant proteins is also important in the efficiency of
production. Therefore, different parameters such as resin
type, solvent, pH, buffer system, protein structure and ionic
strength should be considered in the purification optimization
of recombinant proteins (Coskun et al. 2022).

The Omp25 protein, chosen as a representative model for
effective protein production in this investigation, constitutes
a hydrophobic and antigenic protein located in the outer
membrane of Brucella abortus. This protein holds significant
promise as a candidate molecule for vaccine research.
Brucellosis is an infectious zoonotic illness caused by the
Brucella abortus and B. melitensis, also termed Maltese fever,
Mediterranean fever, and fluctuating fever (Yumuk and
O’callaghan 2012). Brucellosis affects the gastrointestinal,
muscle/joint, neurological, cardiovascular, pulmonary,
genitourinary, and hematological systems, as well as the skin,
ophthalmic, and endocrinological systems (Celebi and
Hacimustafaoglu 2004).

Based on this information, in this study, the high and efficient
production of the rOmp25 protein was evaluated by various
factors, which include the preculture procedure, LB or TB
media usage, denatured or native purification, and IPTG
induction.

2 Materials and Method
2.1 Bacterial strains

B. abortus strain, endemic to the Erzurum Region of Turkey,
was grown for three days at 37 °C in blood agar medium
under microaerophilic (10% CO;) conditions (Baily et al.
1992). This strain exists in the culture collection of the
Microbiology Laboratory at the Department of Molecular
Biology and Genetics, Y1ldiz Technical University.

2.2 Amplification, Cloning and Transformation

Genomic DNA of bacteria was isolated using the GeneDireX
genomic DNA isolation kit (Catalog number: NA023-0100).
The forward primer (5'-
CACCCGCACTCTTAAGTCTCTCGTAAT-3) and the
reverse primer (5'-GAACTTGTAGCCGATGCC-3) were
used to amplify the Omp25 gene. Phusion High-Fidelity DNA
Polymerase (Thermo Scientific - F530L) was used to create
amplicons. PCR conditions consisted of an initial
denaturation at 98 °C for 30 seconds; followed by 30 cycles
at 98 °C, 10's; 61 °C, 30 s; 72 °C, 30 s, and a final extension
of 72 °C, 10 min. The Omp25 gene was cloned into the
PET102/D-TOPO®  expression  vector  containing
thioredoxin, which increases protein solubility. After cloning
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positive plasmids were transformed into E. coli BL21 by the
heat shock method (Froger and Hall 2007), the confirmation
was performed by colony PCR and sequence analysis (Clustal
Omega) (Atabey et al. 2021).

2.3 The optimization of protein expression with different
parameters

The flow chart in Figure 1 depicts various factors used to
enhance the quantity of recombinant Omp25 protein. These
factors include the incubation time of E. coli BL21 cells in the
LB medium for pre-culture, the choice of LB or TB as the
main culture medium, and with/without IPTG culture
conditions.

Both overnight and starter pre-cultures containing different
incubation times of E. coli BL21 were established using
distinct methods in the LB medium. The overnight culture
involved incubating a single colony in 5 mL of LB medium
within a shaking oven at 37 °C and 200 rpm for one night.
The second method, for the starter culture, required
cultivating it in 10 mL of LB medium at 37 °C and 200 rpm
until the absorbance reached ODgoo 0.5-0.6 A. Subsequently,
the culture was divided into Eppendorf tubes, subjected to
centrifugation at maximum speed for 5 minutes, the
supernatant was discarded, and the resulting pellet was stored
at -20 °C. (Research 1998).

LB and TB mediums with different contents were evaluated
separately as the main medium. Briefly, LB medium was
prepared with ampicillin (0.1 g/L), tryptone (10.0 g/L), yeast
extract (5.0 g/L), NaCl (5 g/L). Also, TB medium contained
ampicillin (0.1 g/L), tryptone (12.0 g/L), yeast extract (24.0
g/L), glycerol (5 g/L), K:HPO. (12.54 g/L), and KH2PO4
(2.31 g/L) (Miihlmann et al. 2017, Zhang et al. 2019). The
overnight pre-culture (1:100, v/v) or starter pre-culture
(2:100, v/v) was introduced into the prepared LB or TB
medium. These cultures were incubated in a shaking incubator
at 37 °C 200 rpm until 0.5-0.7 opsoo and 1-1.54 were reached
for LB and TB media, respectively. Afterthat, 0.5 mM IPTG
was added to the only determining cultures and the cultures
incubated in a shaking incubator at 22 °C and 200 rpm for 24
hours. At the end of time, they were centrifuged at 6000 rpm
for 15 minutes at 4 °C, and the pelets were stored at -80 °C.
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Fig. 1. Flow chart showing optimization of all experimental
conditions in this study. (Figure created with BioRender.com)



2.4 Protein purification

Protein purification was carried out by affinity
chromatography and rOmp25 binding to Ni-NTA resin by
using the His tag located at the N-terminus of the protein was
eluted by competing with imidazole. Briefly, the cells
removed from -80 °C were kept at room temperature until
thawed. After adding 4 ml of lysis buffer, the tubes were
sonicated at 65% power for 3 minutes (10 sec. pulse, 20 sec.
pause) (Zhang et al. 2018), and centrifuged at 14000 g for 20
minutes at 4 °C (Beckman Allegra X-30 -C650 rotor). For
purification at native condition, the supernatant was loaded
into spin columns containing HisPur™ Ni-NTA resin by
mixing an equal volume of equilibration buffer (0.68 g/L
imidazole, 17.55 g/L NaCl, 0.454 g/L NaH,POa,, 2.754 g/L
Na;HPO,, pH 7.4). After the loaded colon was incubated at
4 °C about one hour, it was centrifuged at 700 g for 2 minutes
at 4 °C and added the wash buffer (1.702 g/L imidazole, 17.55
g/L NaCl, 0.454 g/L NaH,PO;, 2.754 g/L Na;HPO4, pH 7.4).
After this process is repeated three times, the purification
stage was finalized by adding elution buffer (17.7 g/L
imidazole, 17.55 g/L NaCl, 0.454 g/L NaH;PO,, 2.754 g/L
Na;HPO4, pH 7.4) to the colon. To achieve denatured
conditions for protein purification from the pellet, 8 M urea
(480 g/L) was introduced into the solutions. Protein fractions
were collected in 1 mL of elution buffer. (Cloeckaert et al.
19964, Cloeckaert et al. 1996b).

2.5 Protein analysis

The purified proteins were analyzed by SDS-PAGE for their
molecular size, then confirmed by Western blotting and the
protein amount was determined using the Bradford test.
Briefly, the proteins in the elution buffer were boiled at 96 °C
for 5 min after mixing with 5X loading buffer containing 5%
(v/v) B-mercaptoethanol and glycerol. Denatured samples
were loaded in equal volumes (20 pl) on 12% SDS-PAGE
gels. After electrophoresis, the gels were stained with
Coomassie Blue (Naseri et al. 2022).

For western blotting, rOmp25 was transferred to a
nitrocellulose membrane for 30 minutes at 25 /1A using the
Trans-Blot® Semi-Dry system. The membrane was blocked
with a 5% milk solution in PBS-Tween-20. After blocking,
the membrane was incubated with the primary His-probe
antibody (H-3): sc-8036 (1:250) at 4 °C overnight. At the end
of the period, the membrane was washed three times with
PBS-Tween 20 and incubated for 2 hours in 5% milk powder
(1:5000) HRP-conjugated goat anti-mouse IgG (H+L)
secondary antibody (Invitrogen, MA, ABD). After washing
in PBS Tween-20, they were treated with 3,3-
diaminobenzidine (DAB)/H,0- for a few minutes to observe
the protein band (Tiwari et al. 2011, Woodward et al. 1985).

44

Bull Biotechnol (2023) 4(2):42-48

In the Bradford method, the eluant was added to the
microplate containing 250 pl of 1x dye reagent, and the plate
was incubated for at least 5 minutes in the dark at room
temperature. Then, the microplate was measured in triplicate
at 595 nm using a spectrophotometer. (Khramtsov et al.
2021).

3 Results and Discussion

3.1 Amplification, Cloning and Transformation

Omp25 (642 bp) was successfully cloned into the expression
vector pET102/D-TOPO. The Omp25 gene sequence was
aligned with other Omp25 sequences reported using BLAST
and Clustal Omega for homology searches. The Omp25 gene,
which was taken from B. abortus biovar 3 (Erzurum, Turkey),
was found to be identical to gene 1D: 3787431, (accession no.
AMO040264). It also showed higher sequence similarity to
other Brucella spp. (data not shown).

3.2 Determining optimum parameters for protein
expression

The optimization conditions in this study were overnight or
previously prepared starter culture as beginner culture,
culturing with 0.5 mM IPTG or non-IPTG, and LB or TB
medium usage, protein purification in native or denaturing
conditions. Firstly, The fusion rOmp25 (41 kDa) protein was
successfully produced by purification under denatured
conditions from expression cultures (LB-TB) separately
initiated with overnight and starter pre-cultures, with IPTG or
without IPTG.

In Figure 2, the parameters applied in LB and TB media are
shown comparatively by SDS-PAGE analysis. In Figure 2,
the characteristic band profile (Lines A.1-6, B.1-4) of the
rOmp25 protein obtained only in denatured conditions rather
than in native conditions without IPTG (A-B. Lines 7-10) is
clearly shown. The band density observed as a result of the
comparison of the parameters applied for the denatured
Omp25 protein is noteworthy (A. Lines 11-17, B. Lines 12—
19).

Optimization parameters for overexpression of the rOmp25
protein are shown in Figure 3, which were confirmed by
western blot after SDS-PAGE analysis. The band profile of
the denatured rOmp25 protein is more intensely observed in
starter pre-culture rather than overnight pre-culture, and in TB
compared to LB. As shown in Figures 2-3, the band
intensities of rOmp25 match the Bradford results. In addition,
it was shown that the starter pre-culture reached a high protein
amount (3.94 mg/mL) at TB medium with 0.5 mM IPTG
(Table 1). In Figure 4, the effect of different absorbance
values on the amount of protein is illustrated with SDS-PAGE
images.



In the literature, the amount of rOmp25 produced in LB
medium with overnight starter culture was found to be 50
pg/mL (Ahmed et al. 2015) and 220 pg/mL. (Yousefi et al.
2016) In our study, the fact that the protein amount increased
to 0.965 mg/ml for LB and 3.2 mg/ml for TB in a single
elution tube with the starter pre-culture application indicates
the success in optimization.

The rDME-E protein purified under denaturing conditions
was produced in amounts of 10.37 mg/L, 16.53 mg/L, 17.31
mg/L and 21.65 mg/L in LB, TB, SB and TY media,
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preculture (Tripathi et al. 2009). In our study, the fact that
higher protein (39.4 mg/L) was produced in TB medium with
starter pre-culture emphasises the importance of beginner
culture.

It is known that the use of IPTG as an inducing agent
increases protein yield. This confirms that saturation of the
Sec-translocon capacity is directly related to the production
efficiency of membrane proteins, as stated in the study by Zhe
Zhang et al., and that saturation cannot be reached in the
absence of the inducer. (Zhang et al. 2015).

respectively, after the addition of 0.5 mM IPTG and overnight
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Fig. 2. SDS-PAGE images illustrating the outcomes of the evaluated parameters for LB (A) and TB medium (B).

A) Line M: Marker; Lines 1-6: The rOmp25 proteins were extracted following the conditions given in Table 1 parameter 7; flow-through,
wash, and elution fractions, respectively; Lines 7-10: the elution fractions purified under native conditions after overexpression using overnight
pre-culture and without IPTG, elution fractions 1-4, respectively (not rOmp25); Lines 11-13: The rOmp25 proteins were isolated following
the procedure outlined in Table 1, parameter 2; elution fractions 1-3 respectively; Lines: 14-17: rOmp25 protein extracted from cells under
Table I, parameter 1; cell crude extract, elution fractions 1-3, respectively.

B) Line M: Marker; Lines 1-4: The rOmp25 proteins were extracted as described in Table 1 parameter 5; elution fractions 1-4, respectively;
Lines 5-10: Elution fractions purified under native conditions after overexpression using overnight pre-culture and without IPTG (not-rOmp25),
respectively, flow-through, wash, elution fractions; Lines 11-15: The condition of the fourth parameter product rOmp25, as described in Table
1 parameter 3, is cell crude extract, elution fractions 1-4, respectively; Lines 16-19: Elution fractions obtained in the 4th parameter conditions
in Table 1, elution fractions 1-4, respectively.

A B

M1 2 3 4 5 6 7 8

M12 3 4 5 6 7 8

Fig. 3. Western blot image with SDS-PAGE analysis containing all parameters. A-B) Line M: Marker; Line 1: Commercial protein; Line 2:
rOmp25 not obtainable under native conditions (overnight pre-culture-LB); Line 3: rOmp25 (Parameter 7th, Table 1); Line 4: rOmp25 not
obtainable under native conditions (overnight pre-culture-TB); Line5: rOmp25 (Parameter 5th, Table 1); Line 6: rOmp25 (Parameter 1st, Table
1); Line 7: rOmp25 (Parameter 2nd, Table 1); Line 8: rOmp25 Parameter 3rd, Table 1).
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Figure 4 shows the effect of bacterial absorbance value on
protein yield during addition of inducing agent in different
environments. Expression results in TB medium
supplemented with IPTG after starter pre-culture indicate the
highest amount of protein. When not induced, the amount of
protein appears to be reduced by about half. This situation is
similar for LB. In addition, both protein content and protein
yield increase in TB, which is rich in yeast extract and
phosphate salts, depending on the increase in cell density
(Tripathi et al. 2008).

Table 1 Comparative total protein of purified denaturing conditions
rOmp25 protein in culture

Parameters Overnight/Star IPTG ODesw Medium  Total
ter pre-culture  (mM)  (A) Protein
Amount
(mg/L)
1 Overnight 0.5 0.58 LB 3.05
2 Starter 0.5 0.6 LB 8.79
3 Overnight 0.5 11 B 21.8
4 Starter 0.5 11 B 39.4
5 Overnight - 1 B 9.8
6 Starter - 1 B 14.16
7 Overnight - 0.58 LB 2.2
8 Starter - 0.59 LB 5.9
LB -
‘TB il
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Fig. 4. Demonstration of the effect of bacterial growth and pre-
culture conditions on protein yield with SDS-PAGE images.

*Short peak; The effect of LB (0.5-0.6A) and TB (1-1.5A) values on
overnight pre-culture protein yield,

*Long peak; The effect of LB (0.5-0.6A) and TB (1-1.5A) values on
starter pre-culture protein yield.
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It is stated in the literature that a single dose of rOmp25 used
for vaccine purposes is administered to experimental animals
in the range of 0.25 - 40 pg (Goel and Bhatnagar 2012, Ma et
al. 2015, Goel et al. 2013, Yousefi et al. 2018) and Therefore,
the protein amounts obtained after the optimization in this
study provide an advantage to vaccine research in terms of
time, cost and workload. In addition, it is also important that
the amount of rOmp25 produced in our study meets the
desired protein amount (5 mg/ml) (Goel et al 2013) for
different strategies in nanotechnological methods, which is
the last point reached by vaccination technologies.

Conclusion

Consequently, rOmp25, known as the outer membrane
protein, was produced in high amount in the presence of
inducer in TB mother medium started with starter preculture,
and its recovery was much more efficient under denaturation
conditions. Moreover, in protein expression induced by
overnight preculture, TB medium produced much higher
rOmp25 than LB. Finally, another critical factor that
significantly increased the amount of protein was the presence
of IPTG (isopropyl B-d -1-thiolgalactopyranoside) in the
expression medium.
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