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Cloning, expression and purification of antigenic fragments of the
Ureaplasma urealyticum UreD protein and its value in serology
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ABSTRACT

Background and Objectives: The detection of Ureaplasma urealyticum is usually done through culture. With the change of
the smallest effective factor in culture, we face the lack of growth of these bacteria, which is one of the important reasons to
find a suitable alternative for the diagnosis of this bacterium. UreD is a protected gene in this bacterium. The aim of this was
to evaluate the ability of antigenic regions of UreD protein to bind to patients' serum antibodies.

Materials and Methods: Antigenic regions of UreD protein were predicted using IEDB software with five different meth-
ods: Emini Surface Accessibility Prediction, Kolaskar and Tongaonkar Antigenicity, Chou and Fasman beta turn prediction,
Karplus and Schulz flexibility scale, Ellipro —Epitope prediction based upon structural protrusion. Antigenic regions of UreD
gene was clonned, expressed and purified. The antigenicity of this recombinant protein against the antibodies in the serum of
people infected with U. urealyticum infections was checked in western blotting.

Results: The results showed that the antigenic regions of the UreD protein was producted and its antigenicity was demon-
strated in western blotting. Moreover, all sera from patients infected with U. urealyticum reacted to the recombinant antigen.
Conclusion: Specimens from people infected with U. urealyticum infection was positive in Western blotting suggesting that
UreD protein has antigenic properties. Therefore, it can be used as a suitable candidate for the design of diagnostic kits and
U. urealyticum vaccine.
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INTRODUCTION

Mycoplasmas are the smallest single-celled organ-
isms that have been isolated from plants, animals,
and humans as commensals or pathogens. The most
important opportunistic pathogen in the female re-
productive system is Mycoplasma urealyticum (1).
This anaerobic bacterium is optional and causes dis-
eases such as complications before and after child-

birth, pneumonia in infants, pelvic inflammation,
respiratory syndrome, chorioamnionitis and epididy-
mitis, prostatitis and acquired arthritis (2). Given the
importance of diseases caused by these organisms
and the serious consequences that follow, it is nec-
essary to quickly identify and treat infected people.
Therefore, the detection of these organisms is very
important. Detection of these microorganisms is usu-
ally done through culture, but their isolation through
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culture causes problems, including the long isolation
time that does not allow rapid and easy detection of
genital infections. Also, these organisms need specif-
ic culture media due to their difficult growth, and we
can mention the high cost and instability of these me-
dia, the need for essential growth factors and the dif-
ficulty of preparing these supplements to add to the
culture medium. It takes about 2 to 5 days to cultivate
with U. urealyticum. The slightest change in culture
is associated with stunted growth of these bacteria,
which is one of the important reasons for finding a
suitable alternative for diagnosis (3). Therefore, it is
important to study and find new and repid methods.
Urease is one of the most important virulence fac-
tors in U. urealyticum which breaks down urea into
ammonia and carbon dioxide, both produce ATP and
cause very serious damage to sperm. Infertility be-
comes irreparable. This enzyme is encoded by the
ureD gene, an important gene family in Mycoplasma
and Ureaplasma bacteria called the MBA. UreD is a
conseved gene that makes it a suitable candidate for
detection of different strains of this organism (4).

The aim of this study was to produce UreD pro-
tein and evaluate its ability to bind to antibodies in
the serum of people with Ureaplasma urealiticum in
order to provide basic information for further studies
in this field.

MATERIALS AND METHODS

Materials and reagents. The included enzymes
were: Polymerase enzymes, restriction enzymes, Taq
polymerase, ligase, DNA polymerase, RNase, which
were purchased from Thermo scientific, Fermentase,
Cinacolone. The kit utilized for the product purifica-
tion PCR was purchased from Roche (Germany) and
the protein purification kit was purchased from Qia-
gen (USA).

Bacterial strains. Escherichia coli DH50 was used
as the recombinant protein cloning host, Escherichia
coli BL21 (DE3) pLYsS was employed as the recom-
binant protein expression host, and pET32a was ap-
plied as the recombinant expressive vector.

Antigenic regions. Antigenic regions of UreD pro-
tein were predicted using IEDB software with five
different methods: Emini Surface Accessibility Pre-
diction, Kolaskar and Tongaonkar Antigenicity, Chou

814 IRAN. J. MICROBIOL. \Volume 14 Number 6 (December 2022) 813-819

and Fasman beta turn prediction, Karplus and Schulz
flexibility scale, Ellipro —Epitope prediction based
upon structural protrusion. Also, we used protean
software to identify antigenic regions that show hy-
drophobic and antigenic regions and possibly surface
pattern of the protein.

Construction of gene. These sequences were con-
nected by flexible linkers (EAAAKEAAAK). Then,
restriction site of 5 BamHI and 3’ Xhol were consid-
ered at the beginning and end of the sequence and
codon-optimized for E. coli expression. The whole
construct was synthesized with Biomatik Company
(Cambridge,ON, Canada). The synthesized DNA was
inserted into the plasmid pBSK as the cloning vector.
The length of the synthesized piece was 800 bp. The
pBSK plasmid vector is resistant to ampicillin and
2917 bp in length.

Transformation of antigenic regions of UreD
gene in E. coli DH5a. First, competent cells were
implanted using calcium chloride method (5). Then,
transformation was done according to heat shock pro-
tocol (6). Then competent cells were cultured in NA+
ampicillin (200 mg/ml) and were incubated at 37°C
for 20 h.

Plasmid purification. One colony was cultured in
NB (5 ml) at 37°C for 20h. Then, it was centrifuged
1.5 ml (4000 rpm, 5 min) and was dissolved pellet
in 100ul SET buffer. Continue the steps were done
according to mini-preparation protocol (6).

Gene amplification. Primers were designed ac-
cording to result sequences. The forward primer
(5’GATATCGGATCCATCATCACC 3) starts from
the beginning of the gene and contain BamHI site.
Reverse primer (5’GTGGTGCTCGAGGATCATAT
3") contain recognition site for EcoRZ. PCR amplifi-
cation was done according to protocol described by
Abbasian et al. (6). The PCR product was analyzed
with electrophoresis in 1% agarose gel in 1xTBE buf-
fer. The PCR product was purified from agarose gel
using high pure PCR product purification kit (Roche
Diagnostic) according to the manufacturer guideline

().
Cloning of UreD gene in bacterial expression

vector. The PCR product and pET32a vector were
used for cloning according to the protocol described
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by Abbasian et al. (7). E. coli BL21 (DE3) pLYsS
competent cells were prepared based on calcium
chloride method and were used for transformation of
plasmid (5).

Expression of UreD in E. coli BL21 (DE3) pLYsS.
E. coli BL21 (DE3) pLYsS was transformed with pE-
T32a-1b-UreD plasmids according to the standard
method (6) and protein was expressed according to
the methods used by Abbasian (7). Protein was run in
SDS-polyacrylamide gel electrophoresis [SDS-PAGE
(12%)] and then gel was stained with komasiblue (7).

Purification of UreD. The expressed UreD was
purified by Ni-NTA agarose resin. The quality and
quantity of purified recombinant UreD protein was
analyzed by SDS-polyacrylamide gel electrophoresis
[SDS-PAGE (15%)] and Bradford methods, respec-
tively (8).

Collection of serum samples from patients with
U. urealyticum. To collect positive serum samples
for U. urealyticum, we tested the sera of 50 high-risk
individuals with ELISA kit according to the kit pro-
tocol.

Antigenicity of recombinant antigenic regions of
UreD gene. For assay of antigenicity of recombinant
antigenic regions of UreD gene, we used western blot
analyses. The western blot analyses was done accord-
ing to the protocol described by Abbasian. In western
blot assay, normal human sera and patients sera were
used as negative and positive control, respectively (9).

RESULTS

Determination of antigenic region. Results of
Emini Surface Accessibility Prediction was presented
that areas with the highest antigenic properties were
identified based on the availability of epitopes at the
protein level (Fig. 1). Results of Kolaskar and Ton-
gaonkar Antigenicity was used to predict and evalu-
ate epitopes based on antigenicity (Fig. 1). Results of
Chou and Fasman beta turn prediction was presented
that identifies betaterns that have antigenic properties.
Results of Karplus and Schulz flexibility scale was
presented that high flexibility epitopes were identi-
fied by it. Results of Ellipro—Epitope prediction based
upon structural protrusion was presented that Predicts
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existing space epitopes. Also, the results of the Prote-
an software are shown in Fig. 2.

Finally, tree antigenic regions that were agreed upon
by all the mentioned software were selected and
shown in Table 1.

Purification of the pBSK plasmid containing the syn-
thesized gene. After transformation of the recombinant
vector into E. coli DH5a, plasmid was extracted from
the obtained colonies and the result of purification of
this plasmid can be seen in the Fig. 3.

Gene amplification. The amplified fragment had the
expected size of 800 bp compared to 100 bp DNA lad-
der (Fig. 3).

Cloning of UreD gene in bacterial expression
vector. The recombinant plasmid (pET32a- UreD)
was sequenced. The result was confirmed by being
compared with databases and employing basic local
alignment search tool (BLAST) software. To confirm
the transformation of pET32a- UreD into E. coli BL21
(DE3) pLYsS, PCR reaction and enzymatic digestion
were performed (BamHI, HindlIl) (Figs. 4 and 5).

Expression and purification of UreD. Protein pro-
duction in various tested induction conditions was
analyzed with SDS-PAGE. The greatest yield was
achieved by applying 1.5x NB and 1 mM IPTG, 4 h
incubation of the obtained medium under 200 rpm,
shaken at 37°C, was the most convenient condition.
The produced 22 kDa protein after 2 h and 4 h of the
induction are indicated with corresponding arrows in
Fig. 6.

SDS-PAGE was used to analyze the quality of pu-
rified proteins. Because of 6His.tag sequence in the
amino acid end of the recombinant UreD was purify

— Threshold
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Fig. 1. Areas with the highest antigenicity of UreD protein
based on surface epitope availability.
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Fig. 2. Epitope 1: hydrophobic regions - epitope 2: superficial regions - epitope 3 :regions antigenicity.

Table 1. Table included: Selected tree antigenic regions, Linker sequence and the final nucleotide sequence synthesized with
the linker.

Amino acid Protein sequence Linker sequence The final nucleotide

number sequence synthesized with the linker
84-110 IITTQSSAKAYKAVDGKTSEQHTNITL ~ EAAAKEAAAK  Attattaccacccagagcagcgcgaaagcgtataaage
183-202 DNLKFQPRKNDESAFGIMDG Ggtggatggcaaaaccagcgaacagcataccaacatta
215-238 EVVEEDVIKIRDLVKEKYPDMDMI cCctggaagcggeggcgaaagaagcggeggegaaay

ataAcctgaaatttcagccgegcaaaaacgatgaaageg

cgtttGgceattatggatggegaageggeggegaaagaag

cggcggCgaaagaagtggtggaagaagatgtgattaaaa
ttcgegatctggtgaaagaaaaatatccggatatggatatgatt

1 2 1 l

1000 oP

Fig. 3. UreD gene amplification by PCR. Lane 1: Molecular Fig. 4. PCR production of UreD gene Lane 1: Molecular
weight marker (100 bp ladder); Lane 2: amplified: UreD. weight marker (100 bp ladder); Lane 2: PCR produc.
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Fig. 5. Result of enzymatic digestion electrophoresis: (1)
Marker (2) and (4) undijested pET32a (3) pET32a+ UreD
(5) dijested pET32a.

by Ni-NTA kit. Molecular weight of recombinant Ib-
AMP4 is 2 kDa, that's because added extra peptide se-
quences by vector pET-32a, about 20 kDa was added
to size of recombinant UreD and it's molecular weight
was observed 22 KDa on gel (Fig. 6). Construction
purified protein was 0.2 mg/ml.

The results of the western blot test can be seen in the
following figures. Based on the results, in all serum
samples of patients with U. urealyticum infections,
bands related to antigen-antibody reaction were ob-
served in PVVDF papers. At the same time, no band was
observed in the antibody reaction with the antigen in the
serum samples of healthy individuals (Figs. 7 and 8).

DISCUSSION

Ureaplasmosis is an opportunistic pathogen that is
usually easily treated with appropriate antibiotics
in non-pregnant patients. But the biggest side effect
is pregnancy consequences and neonatal complica-
tions, which are associated with the risk of taking
antibiotics (10). Ureaplasma is naturally resistant to
the beta-lactams family, because they lack walls and
peptidoglycans. Due to the lack of folic acid synthe-
sis, sulfonamides are ineffective against them (11).
Due to the dangerous side effects of infections
caused by this bacterium and increasing antibiotic
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Fig. 6. Expression of recombinant antigenic fragments of
UreD protein and its purification (1). Protein marker, (2) be-
fore induction (3, 4) after induction (5-8) purified protein.

vVVyYvVvy

35KD

" 25KD

Fig. 7. Western blot results (1,6,7,12): Protein marker,
(2-5, 8-11): positive sample with a band of people with U.
urealyticum infections.

Fig. 8. Western blot results: No band was observed on the
reaction of recombinant protein with the serum of healthy
individuals.

resistance, rapid and timely diagnosis is of great im-
portance and due to the difficulty and length of the
diagnostic process. The use of recombinant proteins
is very efficient due to the small size of the fragment
and the ability to easily clone and the ability to ana-
lyze different parts of a protein separately to produce
an ELISA diagnostic kit and vaccine. Since the sen-
sitivity and specificity of the ELISA kit is due to the
exposure of the epitopes of that protein to B cells,
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using part of the protein is less cross-referenced than
the whole protein in the kit design. Also, in the pro-
duction of protein vaccines, the smaller the protein
and the higher the antigenic properties, the better the
results. As a result, using small portions of protein
instead of total protein in diagnostic basins such as
Western blotting and ELISA provide an acceptable
answer.

One of the genes that can be a good candidate for
designing diagnostic kits is ureD gene. Neypolles et
al. found that the UreD gene belongs to the group of
urease genes in the bacterium U. urealyticum, is a
conserved gene and causes the production of urease
enzyme which is one of the most important virulence
factors in Ureaplasma. In another study, Mackenzie
et al. examined the importance of the enzyme U.
urealyticum using a study of monoclonal antibodies
(MADbs) against the enzyme urease (12).

In 1989, Mr. Blanchard and colleagues demonstrat-
ed a sequence of U. urealyticum using cloning, DNA
hybridization, and western blotting techniques which
has a homology with the fragment of Auraz Provi-
dence story, which was cloned in E. coli. Experiments
show that the urease gene produced from Ureaplas-
ma has a homology among other bacteria such as
Helicobacter pylori and providence the IC61 probe
and urease genes have been shown to be conserved
sequences among prokaryotes. Negative urease sam-
ples were confirmed by Western blotting for negative
reporting which were connected by a flexible linker
(13, 14). We surveyed these areas using the latest bio-
informatics software and we selected the best areas
in terms of epitope and antigenicity. After examina-
tion by western blotting technique for the ability to
detect ureD protein by B lymphocytes, with the least
dilution of protein and primary and secondary anti-
bodies in the shortest possible incubation time of 30
minutes, we were able to obtain the best results. The
positive and negative samples obtained from the Bio-
farm kit from the United States were well overlapped
with the western blotting technique.

CONCLUSION

In this study, no reaction was observed between
antibodies in the serum of healthy individuals with
high-risk behaviors with this protein this indicates
the specificity of the antigenic regions of the recom-
binant ureD protein can be used for diagnostic tests

818 IRAN. J. MICROBIOL. \Volume 14 Number 6 (December 2022) 813-819

such as ELISA. Also, given that the recombinant pro-
tein produced by the patient's antibodies is detected,
it is possible that the recombinant protein produced
could be used as a vaccine to prevent infections
caused by of U. urealyticum.
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