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Cloning and Protein Production of the
Antigenic FliC Gene of Salmonella enterica
serovar typhimurium ATCC 14028 Strain

Abstract

Proteins are large and complex biomolecules that perform a wide variety of
biological functions in living organisms. These biomolecules play a critical role
in many fields, including medicine, industry, food, the environment, and
scientific research. Producing these proteins in their natural environment is
both inefficient and extremely difficult. Using a molecular technique called
recombinant DNA technology, proteins can be easily produced in appropriate
quantities in an organism other than their natural source. The primary
objective of this study was to clone the FliC gene from Salmonella enterica
serovar typhimurium ATCC 14028 into the pET-SUMO vector for the first time
and produce recombinant protein. For this purpose, the FliC gene obtained
from S. typhimurium ATCC 14028 was inserted into the pET-SUMO vector, and
recombinant protein production was carried out in Escherichia coli (E. coli)
BL21(DE3) cells. The results showed that the culture induced with 1 mM IPTG
provided the highest protein yield. The produced protein, approximately 70
kDa in size, was confirmed and purified using SDS-PAGE and nickel (Ni+2)
affinity chromatography. In this study, the S. typhimurium FliC gene was
successfully transferred to the pET-SUMO vector using the A-T cloning method
for the first time, enabling the production of the targeted recombinant FliC
protein.

Keywords: Cloning, FliC, Purification, Recombinant protein
production, Salmonella typhimurium
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Salmonella enterica serovar typhimurium ATCC
14028 Susuna ait Antijenik FliC Geninin
Klonlanmasi ve Protein Uretimi
0z
Proteinler, canli organizmalarda ¢ok cesitli biyolojik islevleri yerine getiren
biiylik ve karmasik biyomolekiillerdir.

Bu biyomolekiiller tip, endiistri, gida, ¢evre ve bilimsel arastirma gibi bir¢ok
alanda kritik bir rol oynar. Bu proteinleri dogal ortamlarinda tiretmek hem
verimsiz hem de son derece zordur. Rekombinant DNA teknolojisi ad1 verilen
bir molekiiler teknik kullanilarak, proteinler dogal kaynaklar1 disindaki bir
organizmada uygun miktarlarda kolayca iretilebilir. Bu ¢alismanin temel
amaci, Salmonella enterica serovar typhimurium ATCC 14028'in FliC genini ilk
kez pET-SUMO vektoriine aktarildi ve rekombinant protein liretmektir. Bu
amagla, S. typhimurium ATCC 14028'den alinan FliC geni pET-SUMO vektoriine
klonland: ve rekombinant protein {iretimi Escherichia coli (E. coli) BL21(DE3)
hiicrelerinde gergeklestirildi. Sonuglar, 1 mM IPTG ile indiiklenen kiiltiiriin en
yiiksek protein verimini sagladigimi gosterdi. Uretilen protein yaklasik 70 kDa
olup, SDS PAGE ve nikel (Ni+2) afinite kromatografisi ile dogrulanmis ve
saflastirllmistir. Bu arastirmada, S. typhimurium FliC geninin A-T klonlama
yontemi ile ilk kez pET-SUMO vektoriine aktarilarak hedeflenen rekombinant
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FliC proteinin iiretimi basariyla gerceklestirilmistir.

Anahtar kelimeler: FliC, Klonlama, Rekombinant protein iiretimi, Saflastirma, Salmonella typhimurium
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1. Introduction

Protein is an essential molecule for all organisms [1]. In the past, isolation of proteins from their
natural sources was both inefficient and time-consuming. Today, with recombinant DNA technology,
proteins can be produced safely, appropriately and in sufficient quantities in organisms other than
their source [2]. These molecules, often referred to as recombinant proteins, serve as vital
biopharmaceuticals that address functional deficiencies or physiological damage within an organism.
This broad category encompasses a diverse range of therapeutic agents, including enzymes, growth
factors, hormones, blood factors, thrombolytics, anticoagulants, vaccines, monoclonal antibodies, and
various cytokines such as interferons and interleukins [3]. To produce recombinant proteins using
recombinant DNA technology, an expression system must be used. Most of these proteins are produced
using bacterial or eukaryotic expression systems. Escherichia coli (E.coli) is an intriguing bacterial
expression system used for recombinant protein production [4]. E. coli is preferred because of its well-
characterized genetics, versatile cloning tools, rapid growth in inexpensive media, and protein
production of high quality and yield [5].

Purification is necessary to define the function, interaction with other proteins and structure of
recombinant proteins [6]. Chromatographic methods are generally used to obtain proteins with high
purity. Among chromatographic methods, purification is usually performed using affinity
chromatography. In this method, the target protein is completely separated from other protein mixture
and non-protein components in the medium [7].

Salmonella is a gram negative, rod shaped pathogen belongs to the Enterobacteriaceae family
that lives in the intestines of humans and animals and can infect both humans and animals [8]. The
genus Salmonella consists of two species, Salmonella enterica (S.enterica) and Salmonella bongori (8.
bongori), distinguished by differences in 16S rRNA sequence analysis [9].

To date, more than 2,600 Salmonella serotypes have been identified [10]. Salmonella enterica
serovar typhimurium (S. typhimurium), which usually causes self-limiting intestinal infection
(gastroenteritis) in humans, is one of the dominant serotypes in many countries [11]. Salmonellosis is
the term used to describe infections caused by the bacterium S. typhimurium. Symptoms of this
infection include diarrhea, nausea, abdominal cramps, vomiting, and headache. These symptoms can
be more severe in infants, children, the elderly, and individuals with weakened immune systems [12].

Flagella, which aid in both the pathogenicity and movement of bacteria, are present in numerous
bacterial species, including Salmonella [13]. Flagella are a crucial virulence factor often associated with
the early stages of infections. Flagellin, the primary structural protein component of flagella, facilitates
bacterial movement [14]. S. typhimurium possesses two distinct flagellin proteins: FliC and FljB [15].
The FliC protein is a potent antigen that stimulates the innate immune response. Additionally, it is a
powerful adjuvant that increases the effectiveness of vaccines [16].

The objective of this study was to clone the antigenic FliC gene of Salmonella enterica serovar
typhimurium (S. typhimurium) ATCC 14028 into a SUMO vector and to produce recombinant FliC
protein in the widely used E. coli BL21 (DE3) strain. As this FliC protein has a dual function as both
antigen and adjuvant, it is believed that it could be used as a DNA vaccine candidate and thus protect
humans from Salmonella infection.
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2. Materials and Methods
2.1. Bacterial strains, plasmids, mediums and other reactives

E. coli One Shot Mach1™-T1R and E. coli BL21 (DE3) One Shot chemically competent strains from
ThermoFisher Scientific (Invitrogen) were used for vector transformation and protein expression,
respectively. The pET SUMO vector (Invitrogen) was used for TA cloning and protein expression. The
Champion™ pET-SUMO vector is a prokaryotic expression system developed for high throughput
production of recombinant proteins in E. coli. It contains a small ubiquitin-like modifier (SUMO; small
ubiquitin-like modifier) tag fused to the N-end of the target protein. This tag acts as a molecular
chaperone, increasing protein solubility, promoting correct folding and increasing overall expression
efficiency. The SUMO tag is specifically cleaved by the SUMO protease, allowing the native target
protein to be obtained without additional amino acid residues. These properties make it a widely
preferred vector for the production of functional recombinant proteins [17]. All the other ingredients
used in the study were sourced from Sigma-Aldrich Cheme, Fermentas, Merck, GeneDirex, Promega.

2.2. Construction of expression plasmids

For recombinant proteins production in a prokaryotic expression systems, coding sequences of
the antigenic FliC gene from Salmonella typhimurium ATCC 14028 strain (GenBank: CP102669.1 ,
2089078-2090565) were inserted firstly in the pET SUMO expression vector (Invitrogen). To provide
a high-quality template for fliC amplification, genomic DNA was extracted from the Salmonella
typhimurium ATCC 14028 strain using the “Wizard® Genomic DNA Purification Kit” (Promega,
Madison, WI, USA) according to the manufacturer's instructions. Briefly, the procedure involved cell
lysis, RNase treatment, protein precipitation, and DNA isopropanol precipitation. The integrity of the
isolated genomic DNA was verified by 1% (w/v) agarose gel electrophoresis. The purified DNA was
stored at -20°C for use as a template for fliC gene amplification. The FliC gene coding sequences was
replicated through PCR utilizing the forward primer 5-ATGGCACAAGTCATTAATACAAACA-3' and the
reverse primer 5-TTAACGCAGTAAAGAGAGGAC-3'. The PCR reaction was prepared in a total volume
of 50 pL and ddH20, 10xPCR Buffer, dNTP mix (10 mM), MgCl2 (25 mM), FliC F-R primers (10
pmol/uL), Taq DNA polymerase (5 U/uL), DNA (100 ng) were added to the reaction mixture and
denaturation was carried out first at 95 °C for 2 minutes, then at 94 °C for 1 minute, then annealing at
52 °C for 1 minute and extension at 72 °C for 1.30 minutes for 36 cycles. The resulting PCR product
was ligated to the pet SUMO vector.

2.3. Recombinant protein expression

The ligation mixture containing the vector carrying the FliC gene was grown overnight at 37 °C
on a 15 mL LB agar plate containing 50 g/mL kanamycin. The resulting E. coli One Shot Mach1TM-T1R
was added and kept on ice for 25-30 minutes. It was then subjected to heat shock for 30 seconds in a
water bath adjusted to 42°C. Following transformation, colonies carrying the desired recombinant
vector were identified by selecting positive colonies using colony-PCR and cross-PCR. The positive
colony was selected and sent for Sanger sequencing analysis. From the colony that tested positive
according to the Sanger sequencing result plasmid was isolated using the ProbondTM purification kit.
The isolated plasmid was transformed to E. coli BL21 (DE3) using a heat shock device for 30 seconds
at 42°C after being kept on ice for 30 minutes, and then inoculated onto LB agar plates. Positive
colonies were then transferred to 15 mL of LB broth and incubated overnight at 37 °C in a shaking
incubator at 200 rpm. At the end of the incubation period, the colonies were transferred to growing LB
agar plates. Colonies that yielded positive results were inoculated into 15 mL of LB medium and
incubated overnight at 37 °C at 200 rpm in a shaking incubator. Subsequently, 2500 mL of culture
broth was transferred to the production culture. The pre-culture was then mixed with 100 mL of LB
medium containing 50 pg/mL kanamycin and 1% glucose to produce the 6xHisFliC fusion protein.
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When the OD:600 reached approximately 0.4-0.6, one of the production cultures was used as a control
without induction with IPTG, while the others were induced with 0.5-1 mM IPTG in the final volume.
The fusion protein was produced by incubating the mixture at 200 rpm and 37 °C.

2.4. Recombinant protein purification

To analyze the production of the recombinant fusion protein, cells were harvested by
centrifugation at 13,000 rpm for 1 minute after induction. As previous studies have shown, proteins
expressed from the pET-SUMO vector are intracellular, so the collected cells were lysed. To lyse the
cells, 10 mL of lysis buffer was added to the pellets stored at -20°C. The cells were then rapidly frozen
with liquid nitrogen for five seconds. The resulting mixture was allowed to dissolve in a water bath set
to 42°C, and this process was repeated 2 or 3 times. The mixture was then centrifuged at 13,000 rpm
at +4°C to collect intracellular components. The fusion protein was purified using a ProBond Nickel-
Chelation resin column. To initiate purification, the concentrated fusion protein mixture was incubated
with 2 mL of Ni-nitrilotriacetic acid resin balanced in denaturing binding buffer and allowed to bind to
the probond affinity column at room temperature for 30 minutes. The column was washed with pH 7.8
Guanidinium Lysis buffer (20 mM NaH2P04, 6 M Guanidine Hydrochloride, and 500 mM NaCl) and pH
6 wash buffer (20 mM NaH2P04 and 500 mM NaCl) to allow unlabeled proteins to pass through. The
interconnected proteins were extracted from the column using elution buffer at pH 4 (500 mM NaCl
and 20 mM NaH2PO04). The final sample was added to the dialysis bag and dialyzed twice against the
dialysis buffer (20 mM NaH2PO04, pH:8.0) was stored at low temperature and used for SDS-PAGE
analysis.

2.5. Protein analysis by sds-page

SDS-PAGE was used to determine the purity and molecular mass of the protein. The expression
level of the recombinant protein over time and the optimum amount of IPTG were separated on a 10%
(w/v) SDS-PAGE gel. Protein lanes were visualized with Coomassie Brilliant Blue G-250.

3.Results
3.1. Development and verification of the recombinant pET-SUMO-FIiC vector

The recombinant vector was created according to the standard protocol. First, genomic DNA was
isolated from Salmonella typhimurium ATCC 14028 strain (Figure 1a). After isolation, the FliC gene was
amplified by PCR using gene-specific primers. PCR products were loaded onto agarose gel and
electrophoresed. The results were visualized in a UV imager (Figure 1b). According to the results
obtained, the lengths of the products were as expected. The gene obtained was then cloned directly in
the pET-SUMO vector.

a b

dUda_"- I 10000 bp

1500 bp 1488 bp

1000 bp
750 bp

500 bp

Figure 1. a) Gel image of isolated genomic DNA (1: Marker, Wells 2-7: isolated genomic DNAs) b)
Agarose gel electrophoresis image of products obtained after PCR (1: Marker, Wells 2-7: PCR products
of the FliC gene)
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3.2. Expression of recombinant FliC protein

To express the recombinant FliC protein, the ligation product was converted into competent E.
coli One Shot Mach1™-T1R cells, followed by isolation of the plasmid from the colony (using gene
specific primers) (Figure 2a) and cross-PCR (gene F primer, vector R primer) results (Figure 2b), and
the isolated plasmid was transformed into E.coli BL21(DE3) cells. Thus, E.coli BL21 (DE3) cells were
introduced to express the coding domains of Salmonella typhimurium strain ATCC 14028. After
transformation, colony-PCR (using gene spesific primers) (Figure 2c) and cross-PCR ( gene F primer,
vector R primer ) (Figure 2d) results were obtained as expected. Plasmid isolation was performed on
the colony thought to be positive after cross PCR, and Sanger sequencing results confirmed that the
gene was correctly cloned into the vector (Figure 2). Figure 2e shows the specific sequences and
thermodynamic properties of the gene-specific and vector-specific primers used in both PCR with gene
primers and cross-PCR analysis to verify the correct orientation and genetic integrity of the cloned
insert. Thus, the recombinant expression vector pET SUMO-FliC was obtained (Figure 3). The
molecular design of the pET-SUMO-fliC construct was comprehensively validated through a multi-step
sequence analysis. The junction sequence and the precise in-frame fusion at the SUMO cleavage site
were initially mapped (Figure 3a), while the global plasmid structure and expression cassette were
illustrated through circular and linear maps (Figure 3b-c). To ensure genetic fidelity, the 632 bp target
fragment (Figure 3d) was subjected to bidirectional Sanger sequencing performed in triplicate using
gene-specific forward and reverse primers (Figure 3e). The resulting consensus sequence
demonstrated 100% identity with the codon-optimized reference sequence in the BLAST alignment
(Figure 3f), confirming the absence of mutations or frame-shifts during the cloning process. IPTG was
utilized to induce expression at final concentrations of 0.5 mM and 1 mM. Cells were lysed after IPTG
induction using only three cycles of flash freezing in liquid nitrogen and thawing in a 42°C water bath.
10% (w/v) SDS-PAGE was used to evaluate the cell lysates induced by IPTG at different concentrations.

Primer Sequence (5-3) Tm (°C)  Length (bp)

FliC-Forward ATGGCACAAGTCATTAATACAAACA 56 25

FliC-Reverse TTAACGCAGTAAAGAGAGGAC 56 21

SUMO Forward AGATTCTTGTACGACGGTATTAG 60 23

(Sl - L 4s8 bp . T7 Reverse TAGTTATTGCTCAGCGGTGG 60 20

Figure 2. a) Gel electrophoresis image of colony PCR products after transformation into E. coli One
Shot Mach1™-T1R cells (1: Marker Wells 2-18: PCR products of colonies 1-18, respectively) b) Gel
electrophoresis image of Cross PCR products after conversion into E. coli One Shot Mach1™-T1R cells
(1: Marker 2: 6th colony, 3: 8th colony, 4: 9th colony, 5: 10th colony, 6: 12th colony) c) Colony PCR gel
electrophoresis image after transformation into E. coli BL21 (DE3) cells (1: Marker Wells 2. 9: PCR
products of selected colonies) d) Cross PCR gel electrophoresis image after transformation into E. coli
BL21 (DE3) cells (1: Marker PCR products of 1: 2nd, 2: 3rd selected colonies) e) The sequences, melting
temperatures and lengths of the gene-specific primers ( FliC-Forward, FliC-Reverse) and vector-
specific primers (SUMO Forward, T7 Reverse) utilized in the gene PCR and cross-PCR analysis to
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confirm the correct orientation

121 ATAGGCGCCA GEAACCGEAC CTGTGGCGEC GOTGATGOCG GOCACGATGE GTCCOGCGTA GAGGATCGAG ATCTCGATCC AACAAATCCCAGTCCGCTCTGGGCACCGCTATCGAGCGTCTGTCTT
CCGGTCTGCGTAACAACAGCGCGAAAGACGATGCGGCAGGTCAGG
ITT CCOCTCTAGA ANTANTTTIO TISMCTITA CGATTGCTAACCGTTTTACCGCGAACATCAAAGGTCTGACTCAGGC
TTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAA
GGCGCGCTGAACGAAATCAACAACAACCTGCAGCGTGTGCGTGAA
CTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGACCTCG
ACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCG)
TGTATCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCA
GGACAACACCCTGACCATCCAGGTTGGTGCCAACGACGGTGAAAC
TATCGATATCGATCCGAAGCAGATCAACTCTCAGACCCTGGGICTG
GATACGCTGAATGTGCAACAAAAATATAAGGTCAGCGATACGGCTG
CAACTGITACAGGATATGCCGATACTACGATTGCTTTAGACAATAGT
ACTTTTAAAGCCTCGGCTACTGGTCTTGGTGGTACTGACCAGAAAA
TIGATGGCGATTTAAAATTTGATGATACGACTGGAAA

77 prametr
201 COCGAAATTA ATACGACTCA CTATAGGGG:

ros
201 AGAAGGAGAT ATACAT ATG GGC
Mat Gly

Salmonelia enterica subsp. enterica serovar strain ATCC 14028 complete genome
Sequencel0: CPI02ES.1 Length: 4961176 Number of Matches: 2
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Figure 3. Molecular characterization and sequence validation of the recombinant pET-SUMO-fliC
construct. (a Sequence-Level Junction Analysis: Detailed mapping of the N-terminal fusion region. The
sequence confirms the precise in-frame alighment between the SUMO tag and the fliC gene, specifically
at the C-terminal Gly-Gly (GGT-GGT) cleavage site. Regulatory elements (T7 promoter, RBS) and
purification tags (6xHis) are explicitly annotated.b) Circular Plasmid Map: A global view of the pET-
SUMO-fliC vector (7131 bp), indicating the relative positions of the antibiotic resistance marker
(KanR), origin of replication (ori), and the expression cassette. Sequencing primer binding sites (SUMO
Forward and T7 Reverse) are marked to show the strategy used for insert verification c) Linear
Expression Diagram: A simplified representation of the recombinant cassette showing the sequential
arrangement of purification tags, fusion domains, and the target gene (fliC) d) Represented Fragment:
The specific DNA sequence of the fliC gene segment (632 bp) used for the alignment analysis, focusing
on the region critical for structural integrity and identity e) Sanger Sequencing Chromatogram: An
electropherogram showing high-resolution peaks along fusion boundaries, confirming the absence of
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mutations or frameshifts at critical junction points f) BLAST Sequence Alignment: Sequence analysis
performed using forward and reverse primers specific to the FliC gene separately revealed the FliC
gene-specific nucleotide sequence (Query: Queried nucleotide sequence, Subject: Codon-optimised
nucleotide sequence)

3.3. Purification and identification of the target protein

Cells were harvested via centrifugation and then lysed with a lysis solution in denaturing
conditions. Since the pET-SUMO vector allows intracellular protein production, 10 mL of lysis solution
was added to pellets kept at -20°C to lyse the cells. Sonication, one of the most popular techniques to
physically lyse bacterial cells, was performed. After this, the samples were frozen in liquid nitrogen for
5 seconds before being allowed to defrost in a water bath adjust to 42°C. Purification of recombinant
FliC proteins containing the Poly-His tag was then performed using the ProBondTM Purification
System. Purification was performed under native conditions using purification columns. FliC proteins
purified by native purification from the column were placed in a dialysis bag and dialyzed twice against
dialysis buffer (20 mM NaH2P04, pH:8.0) for 2 hours. The results obtained from 10% (w/v) SDS-PAGE
analysis showed that the molecular weight of the expressed protein was ~70 kDa (Figure 4a).
According to this evidence, induction at 37 °C for 6 h with 1 mM IPTG was selected as the optimal
condition for recombinant protein production. The purified and dialyzed protein showed to have a
high level of expression at the final concentration induced by 1 mM IPTG. The molecular weight of
generated protein was determined to be ~70 kDa according to the result of the gel colored with
Coomassie Brilliant Blue (Figure 4b).

a

Figure 4. a) SDS-PAGE analysis of recombinant FliC protein (1: Control (IPTG-), 2: Marker 3: Colony
B (0.5 mM IPTG), 4: Colony B (1 mM IPTG), 5: Colony C (0.5 mM IPTG), 6: Colony C (1 mM IPTG)) b)
SDS-PAGE image of recombinant FliC protein purified by Ni-NTA affinity column (1: culture medium
before IPTG-induced purification, 2: purified FliC protein induced by 1 mM IPTG, 3: Marker)

4. Discussion and Conclusion

Proteins are essential biomolecules used in medicine, in scientific investigations and many
industrial fields. However, these biomolecules are complex molecules in terms of structure and
function. Synthesizing these biomolecules in their native environment is a highly challenging and
costly process [18]. For this reason, proteins are generally produced more safely and cost-effectively
within host cell in biological processes. Alternatively, these proteins produced in the host cell are called
“recombinant proteins” [19]. The first decision to be made when producing these proteins is the choice
of the host cell. Bacteria, yeast, fungi and many microorganisms are used for the production of
recombinant proteins. Within these hosts, bacteria generally provide an excellent expression system
that allows for a fast and inexpensive production process [20]. The most commonly used bacteria for
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recombinant protein production is E. coli, an enteric bacterium with a long history of safe use, low cost,
and rapid growth kinetics in the laboratory and industry [21]. Many recombinant proteins have been
produced to date and E. coli, still dominates bacterial expression systems [22]. From this point of view,
the use of E. coli as a host for recombinant FliC production seems highly suitable.

Salmonella is one of the most significant pathogenic bacteria causing foodborne human illnesses
and has become a major public health concern. The Salmonella serovar causing for intestinal infection,
S. typhimurium, is responsible for self-limiting gastroenteritis and sometimes causes morbidity or even
mortality in newborn infants and immunocompromised individuals [23]. S. typhimurium has many
virulence factors that help it survive inside the cell. The flagellum is a key structures that helps the
bacterial motility. [24]. Flagellin (FliC) is the primary structural protein component of flagella that aids
in bacterial movement and feeding. During salmonellosis, flagellin acts as a natural antigen recognized
by the innate and acquired immune system. The FliC gene encodes the FliC protein, which is an
important component of the flagellin structure required for helical filament formation. In addition to
its antigenic properties, this gene also has serve as a vaccine adjuvant [25].

In this study, we cloned the previously isolated and identified antigenic FliC gene from S.
typhimurium ATCC 14028 strain into pET SUMO vector and realized recombinant protein production.

The pET SUMO expression system is a method for producing high-level recombinant proteins in
E. coli. This system employs a small ubiquitin-like modifier (SUMO) to enable the expression of native
proteins in E. coli. The SUMO tag utilizes its chaperoning properties to ensure proper folding and high-
level expression of the target protein. The SUMO protease recognizes the SUMO fusion partner and
facilitates precise proteolytic cleavage, leading to the production of native proteins [26]. The pET
SUMO system is widely used to produce many therapeutically important proteins. This expression
system provides a fast and efficient method for producing flagellin protein. It is therefore thought to
be a useful method for the expression of proteins that are otherwise difficult to express in bacterial
systems.

In summary, in this study, recombinant FliC protein was successfully produced in an E. coli
expression system. The highest protein yield was achieved when the culture was induced with 1 mM
IPTG. Following affinity column chromatography and analysis on a 10% (w/v) SDS-PAGE gel, the
recombinant FliC protein appeared as a major band at approximately 70 kDa. The recombinant fusion
protein exhibited an apparent molecular weight of approximately 70 kDa on SDS-PAGE. This is
consistent with the calculated theoretical mass of ~65.6 kDa, which includes the FliC protein ~52 kDa
[27] and His-SUMO ~13 kDa [28]. In addition, an additional band of ~25 kDa was observed. The
appearance of the second band of about 25 kDa is thought to be due to the following reasons ;

1. Isoform formation: In the literature review on this subject, it was seen that there were several
studies with similar results. In a study [29] in the purification of the CDK4 gene using the LC-MS
strategy, they obtained different protein bands with a molecular weight of 26 and 33 kDa as a result of
SDS PAGE analysis. They report that these proteins are CDK4 protein isoforms. In a similar study [30],
it was observed that a single p53 gene produced two different proteins, and the second one, which
encoded p53, served to suppress p53 expression even though it was expressed from the same gene
region. Based on these data, it is thought that the presence of ~25 kDa protein in addition to the target
FliC protein band (~70 kDa) produced may be the isoform of the FliC protein.

2. Degradation: The fragility of flagella produced in culture medium often leads to their release
into the medium, where they remain even after 0.2 pm filtration. Such structural proteins often exhibit
complexity; for example, Komoriya et. al. (1999) identified 12 regions for the 29 kDa flagellin, likely
due to post-translational modifications or extracellular protease activity [31]. Similarly, in another
study, Mani et. al. [32] found that the protein fraction induced by Xad1 contained a 29 kDa protein that
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separated into three distinct isoforms under 2D SDS-PAGE.

The SDS-PAGE analysis of the purified FliC protein revealed a secondary band at approximately
25 kDa, in addition to the expected ~70 kDa fusion protein. Although post-translational modifications
can introduce complexity in structural proteins, the IPTG-induced nature of this 25 kDa band strongly
suggests it is a proteolytic degradation product of the pET-SUMO-fliC construct rather than an isoform
protein. In prokaryotic overexpression systems, high-level production of recombinant proteins often
leads to susceptibility to endogenous proteases. Therefore, the ~25 kDa band observed in our study
most likely represents a C-terminal or N-terminal degradation product of the full-length SUMO-tagged
F1iC. While the exact cleavage site remains to be mapped, this fragment reflects the inherent fragility
of flagellar proteins during heterologous expression and purification.

Furthermore, the sequence variations identified through our BLAST analysis are considered to
be reflective of the natural genetic diversity inherent to the specific bacterial strain utilized in this
study. It is well-documented that while pathogens such as Salmonella may appear genomically
monomorphic, they actually harbor significant levels of Single Nucleotide Polymorphisms (SNPs)
across different strains. A comprehensive study by Roumagnac et al. [33] utilized extensive sequence
analysis of global isolates of Salmonella demonstrated that numerous independent mutational events
occur and persist within extant haplotypes. This finding confirms how different strains of the same
species diverge over time and exhibit regional genetic characteristics. Similarly, Holt et al. [34]
demonstrated through high-throughput sequencing technologies that thousands of SNPs exist among
different strains of the same species in Salmonella, and these variations can lead to functional diversity
in protein-coding sequences. In light of our findings, the variations observed in the BLAST results are
interpreted as strain-specific adaptations or neutral genetic drift rather than experimental artifacts.
Such variations represent the organism's natural genetic background and are consistent with the
structural integrity of the protein successfully expressed in our study.
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