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A B S T R A C T

Urinary stones are the third most commonly reported urinary tract disease. Kidney stones are one of the most
common types of urinary stones that most of them (70–80%) are calcium oxalate. Oxalic acid is highly oxidized
organic compounds, which found in dietary and produced by the intestinal microflora. Oxalyl CoA decarbox-
ylase is a key enzyme and plays an important role in oxalate degradation. In this study, the Oxalyl CoA dec-
arboxylase gene which contains an –histidine tag was cloned in pET 28a (+) and expressed in Escherichia coli
BL21 (DE3). The purified Oxalyl CoA decarboxylase protein was injected into rabbit for immunization. The
antibody against Oxalyl CoA decarboxylase protein was used in ELISA assy. eventually, this ELISA system was
used for patients with calcium oxalate kidney stones. ELISA analysis of serum samples of patient white calcium
oxalate kidney stones showed that 88.8% of patient was lacking in antibody against Oxalyl CoA decarboxylase.
This study suggests that antibodies against oxalyl-co-decoxylase proteins are useful in the detection of urinary
tract stones and It can be used to measure oxalyl CoAdecoxylase enzymes in a simple method.

1. Introduction

Renal stone is a common clinical disorder that is prevalent in ad-
vanced countries 2–3 % and in developing countries 0.5–1 % is esti-
mated [1]. Kidney stone formation is influenced by changes in lifestyle,
geographical variation, race, ethnicity and Genetic and environmental
factors [2,3]. Urinary stones impose many economic and financial costs
on society and can lead to kidney failure and in advanced stages of
kidney degradation. About 75% of the kidney stones are calcium, which
includes calcium oxalate, calcium phosphate, is a mixture of oxalate
and phosphate [4,5]. Calcium stones are more common in men and the
third decade is the average age of the beginning of the symptoms.
Oxalobacter formigenes is an anaerobic, gram-negative and an oxalate
metabolite bacteria in the intestine [6–9]. It uses oxalate as the sole
energy source [10]. Lack of this bacterium can reduce the intake of
more calcium oxalate in the colon resulting in the formation of calcium
oxalate stones. Oxalobacter formigenes metabolizes oxalate by two en-
zymes; formyl-CoA transferase (FRC) and oxalyl-CoA decarboxylase
(OXC) [11–13]. At first, oxalate reacts with formyl-CoA under the en-
zyme FRC, creating an oxalyl CoA. In the second step, oxalyl CoA is

placed under the enzyme OXC, which results in carbon dioxide and
formyl CoA [14]. OXC is a protein with 568 amino acids and a mole-
cular weight of 60 kDa [15]. OXC belongs to the family of lyases, spe-
cifically the carboxy-lyases [16]. The cofactor of this enzyme is thia-
mine diphosphate (TPP) and binds one metal ion (usually magnesium)
[17]. The enzyme consists of four identical subunits each monomer
consists of three α / β domains [18]. The prevention of recurrence of
the stone greatly depends to type of stones. A person who once affected
stones and stones self-excreted or removed by treatment, will make
another stone; possibly another 50% in the next 10 years, if no other
treatments and changes in the diet are made [19]. The average rate of
new stone formation in patients who have already been stone is about
one stone every two or three years. For checking a person kidney stones
is due to the deficiency of the enzyme OXC it should be possible to
measure this enzyme. Our Studies have shown that there is no way to
measure the enzymes of OXC. In the present study we use ELISA system
for detection of OXC enzyme in patients. For achieving this proposes,
recombinant OXC was successfully expressed. This protein was purified
and injected to rabbit for Immunization. Rabbit IgG was purified and
used as antigen for ELISA. Finally ELISA performance was checked out
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and Clinical studies on patient samples considered.

2. Materials and methods

2.1. Cloning of OXC gene into pET28a (+) expression vector

DNA encoding OXC sequence (GeneBank accession number
M77128.1) was synthesized into pGH plasmid (Bioneer, Korea) and
confirmed by sequencing. The pGH plasmid and pET28a (+) were di-
gested with EcoRI and NdeI. After gel Extraction, ligation was carried
out with T4 DNA Ligase and the ligation reaction was transformed into
Escherichia coli Top10 competent cell. The recombinant plasmids were
confirmed by colony PCR, restriction enzyme analysis, and sequencing
procedures.

2.2. Expression of the recombinant OXC protein

E. coli BL21(DE3) which was transformed with pET28a-OXC, was
grown in 100ml of LB medium (with 100 μg/ml kanamycine) at 37 °C
with shaking at 250 RPM to a density of OD600=0.7. After that, the
Isopropyl-D-1-thiogalactopyranoside (IPTG) was added to a final con-
centration of 0.5mM. The cells were harvested after 2,4and 6 h and
treated with lysis buffer (1 (w/v) % SDS, 0.5 (w/v)% Bromophenol
Blue, 10 (v/v)% Glycerol, 0.25M Tris-HCl pH 6.8, 5 (v/v)% B- mer-
captoethanol) and 20 μl was loaded on to 10% sodium dodecyl sulfate-
poly acryl amide gel electrophoresis (SDS-PAGE).

2.3. SDS PAGE and Western immunoblot analysis

Electrophoresis was carried out in 1mm thick gels, followed by
coomassie Brilliant Blue (G250) staining. For the western blot analysis,
the gel was blotted on PVDF membrane by applying transfer buffer
(20mM Tris, 15mM Glycin, 20 (v/v) % Methanol, pH=8). The
membrane was blocked with 3 (w/v) % BSA. Mouse anti-His-tag anti-
body (Roche 0.5 μg/ml) and goat anti-mouse HRP were used as primary
and secondary antibody respectively.

2.4. Purification of recombinant His-tagged OXC

For purification of expressed His-tagged OXC affinity chromato-
graphy using Ni-NTA agarose resin was applied. The cell pellet obtained
by centrifugation of 50ml of the induced culture was resuspended in
8ml of denaturing buffer (2M Urea, 50mM NaH2PO4, 300mM NaCl,
pH 8.0) followed by shaken at 4 °C for 1 h and lysed by sonication on ice
(20 s pulses 30 s). The cellular debris was removed by centrifugation at
12,000 rpm for 30min; the supernatant was loaded on the equilibrated
resin. The column was washed with 10ml of wash buffer (40mM
imidazole, 50mM NaH2PO4, 300mM NaCl, pH 8.0), the bounded
proteins were eluted with 2ml of elution buffer (250mM imidazole,
50 mM NaH2PO4, 300mM NaCl, pH 8.0) and dialyzed in PBS (1X) for
5 h at room temperature. Fraction of eluted -proteins were analyzed by
SDS–PAGE and confirmed by dot blot.

2.5. Immunization of rabbit with recombinant OXC protein

For rabbit immunization, three four-month-old female rabbit were
purchased from Pasteur Institute (Tehran, Iran) and immunized by
subcutaneous injection of a 1:1 (v/v) combination of 125 (μg/ml) OXC
proteins and Freund’s complete adjuvant. After fourteen days the first
immunization was followed by boosting with the same amount of an-
tigen together with Freund’s incomplete adjuvant. After 14 days, test
bleeds were taken from their ears for ELISA. Following immunization
against OXC, Antibody specificity against OXC was done by gel difus-
sion method.

2.6. IgG ELISA assay for anti-OXC antibody

ELISA assay was done by different concentration of purified anti-
body and OXC protein as antigen. Microplate wells were coated with
purified antibody in the concentration of 1.25, 1, 0.75, 0. 5 and 0.
25 μg/ml in carbonate –bicarbonate buffer, pH 7.2 at 4 °C over night.
For each concentration of antibody, concentration of 0.75, 0.5, 0.25,
and 0.125 μg/ml of purified OXC protein separately was used.
Microtiter plate which was coated with antibody incubated overnight at
room temperature, and PBSB (PBS containing 3% (w/v) BSA) was used
for blocking for 2 h. After washing three times, antigene was added to
the well and incubated for 5 h at 37 °C. After that, conjugated anti-His
tag antibody was used as a secondary antibody. The immunoreaction
was started by addition of 100 μl of TMB (tetramethylbenzidine). After
20min, the peroxidase reaction was stopped by addition of 50 μl of 2 N
H2SO4. Absorbance was measured at 492 nm using a microtiter plate
reader.

2.7. ELISA Assay for Patients with calcium oxalate kidney stones

In order to investigate the diagnostic power of oxalyl-CoA-decox-
ylase anti-IgG antibodies, nine serum from infected patients and ten
serum from healthy subjects were obtained from laboratory of
Labafinejad Hospital stone clinic (Tehran,Iran). Subsequently all serum
was analyzed for present of IgG antibody against OXC.

3. Results

3.1. Cloning of recombinant OXC

Synthetic OXC gene from Oxalobacter formigenes was cloned in pGH
vector. The pET28a vector was successfully prepared for insertion of the
OXC genes. The ligation was successfully performed and DNA encoding
OXC sequence cloned into pET28a (+) expression vector. Cloning was
confirmed by colony PCR (Fig. 1), enzyme digestion (Fig. 2) and se-
quencing analysis (data not shown). Colony PCR was done with uni-
versal primers for pET28a and a PCR product of approximately 2100 bp
confirmed OXC cloning in pET28a vector. 1700 bp expected bound was
observed in enzyme digestion.

3.2. Expression of the recombinant OXC gene

The prepared vector encoding OXC was transformed into the host
cells for recombinant protein expression. The promoter of the re-
combinant plasmid was induced by IPTG at final concentrations of
0.5 mM in LB medium at 37 °C. IPTG addition induces the T7 promoter
resulting in transcription of OXC gene by T7 RNA polymerase. The SDS-
PAGE analysis showed that gene expression is induced for all three
periods of 2, 4 and 6 h after the induction (Fig. 3). The express protein
was reactive to mouse-anti-HIS tag antibody as evidenced by western
blot analysis (Fig. 4).

3.3. Purification of OXC protein-His6

Proteins with Histidine-tag have affinity for Ni2+ that can be im-
mobilized on chromatographic media by chelating ligands. The histi-
dine-tagged OXC protein was purified by using Ni-NTA affinity column
chromatography (Fig. 5). The eluted was used for dot blot assay. A
signal was observed in dot blot analysis which confirms protein pur-
ification (Fig. 6).

3.4. Gel diffusion precipitin test

After injection of OXC protein to rabbit, an agar gel diffusion
method was used for determination of precipitating antibodies to OXC
protein as antigen. Positive reaction was seen between antigen and
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antibody (Fig. 7).

3.5. ELISA assay for Anti-OXC antibody

ELISA was performed using different concentrations of purified
antibodies and different dilutions of purified OXC protein. Anyway, it
was done in duplication form. The results are presented in Fig. 8.

In order to evaluate the diagnostic power of OXC-antigens against
anti-IgG antibodies nine serums from affected people and also ten
serums from healthy people were obtained from laboratory of
Labafinejad Hospital. The presence or absence of anti-OXC in this serum
was examined. At first by using ten negative serums and related formula
cut off was calculated. As shown in Fig. 9, it was set at 2.9. Therefore,
high values of this level were considered as positive as and lower than is
negative. ELISA Numerical results of patient are shown in Fig. 10. This
result of ELISA show that eight patient is negative for presence of IgG
against OXC.

4. Discussion

Oxalic acid is a toxic compound that naturally present in animals,
plants and fungi. High concentration of oxalate is lethal and in lower
concentration it creates insoluble precipitates in combination with ions
such as calcium. Human is not capable of decomposing oxalate, and it
must be eliminated through the urethra or intestine. Oxalobacter for-
migenes has a key role in eliminating oxalate toxicity. Oxalate is con-
verted into formate and CO2 by two enzymes of OXC and FRC of
Oxalobacter formigenes. Evidence suggests that people who don’t colo-
nize these bacteria in their intestines absorb more oxalate and prone to
kidney stone formation [20,21]. So far, studies have been done to in-
vestigate the presence of Oxalobacter formigenes in people with kidney
stones [22–24] but a study that examines the presence or absence of
OXC enzymes does not exist. Investigating the presence of enzymes is

very important because there may be a bacterium, but the gene asso-
ciated with the enzyme is damaged and have no function. So this study
first looks for a method for detecting OXC enzymes. To do this, first the
OXC gene according to E. coli codon usage and GC content adjustment
was ordered. The OXC gene which cloned in pET28a is under the
control of bacteriophage T7 transcriptional signal. A high level of
polymerase activity and high translation efficiency are triggered by

Fig. 1. Confirmation of OXC encoding gene by colony PCR: lane 1; DNA Ladder
marker, lane 2 colony PCR from bacterial colony containing empty pET28a;
lane 3; colony PCR of bacterial colony containing recombinant pET28a by OXC
gene.

Fig. 2. Confirmation of cloning of OXC gene by restriction digestion: lane 1;
DNA Ladder marker, lane 2; restriction digestion of recombinant pET28a with
EcoRI and NdeI.

Fig. 3. A time-course analysis of OXC expression. Lane 1; protein Molecular
weight marker ; lane 2 before induction; lane 3 two hour after induction; lane 4
four hour after induction; lane 5; six hour after induction.
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translational start signals for the T7 phage gene. The expression of the
protein is also induced by the chemical analogue of lactose, IPTG,
which is intolerably metabolized by the host. After induction, high
polymerase activity is competing with transcription by the host RNA
polymerase. This issue, together with high-performance translation,
creates a level of expression in which the target protein may have a
major component of the cellular proteins after only a few hours. Herein
OXC protein showed high level of expression So that the amount of
expression in LB medium and at 37 °C and 0.5 mM concentration of
IPTG was 32% of total protein. Another feature of this system is the use
of histidine tag. This mark, which consists of six amino acids of histi-
dine, is used to purify the protein by using its affinity to nickel ion.
Purification of 6x recombinant OXC protein was carried out using a
nickel column. Pure recombinant proteins were injected into rabbits to
obtain polyclonal antibodies. Obtained antibodies were used in sand-
wich ELISA and ELISA was setup. Clinical studies on patient samples are
being considered to examine the potential effectiveness of this ELISA in

the diagnosis of calcium oxalate kidney stone. The positive and nega-
tive ELISA results indicate the presence and absence of OXC enzymes,
respectively. The study showed that out of nine patients with calcium
oxalate kidney stones, eight patients that are 88.8% had a negative
response and lacked enzymes. Important factors in successful diagnosis
are the simplicity, availability, results in the shortest possible time, the
need for minimum facilities, and the high precision and specificity of
the method. Serologic methods have been of great interest because of
the use of serum and the ease of access to it, as well as the use of its

Fig. 4. Western blot analysis of the recombinant OXC expression. Lane 1;
protein Molecular weight; Lane 2; expression after 6 h; lane 3; expression after
4 h; Lane 4; negative control.

Fig. 5. Purification of OXC protein. Lane 1: protein Molecular weight; lane 2;
elution of the Ni-NTA column.

Fig. 6. Dot blot analysis of the purified OXC protein. Lane 1; eluted OXC. Lane
2; negative control.

Fig. 7. Gel diffusion. Antigen(OXC) – antibody interaction.

Fig. 8. ELISA at different concentration of antibody and antigen.

F. Abarghooi -Kahaki, et al. Immunology Letters 205 (2019) 78–83

81



factors, such as antibodies that are very sensitive. The results of this
study indicate that OXC protein have a good potential to detect calcium
oxalate kidney stone. Previous studies have presented methods for
measuring oxalate in biological samples. In these methods, oxalate is
first separated and the quantitative measurements are carried out using
colorimetric, fluorometric and chromatographic methods. These
methods are often difficult, expensive, requiring a high amount of
sample and skilled technician [25]. In the Boehring Mannhein method,
oxalate breaks down into formate and carbon dioxide. The formate is
then converted into carbonate, which NADH converts to NADH during
this reaction. The amount of NADH is measured by absorbance mea-
surement at 334 nm–340 nm or 360 nm. The problem with this method
is cost, inaccuracy, reliability and insensitivity [25]. In another way,
the amount of oxalate is investigated by two enzymes of OXC and FRC
that convert oxalate to formate and carbon dioxide. Format produced
by various methods, including colorimetrically, is measured. Since the
production of formate directly correlates with the amount of sample
oxalate, the amount of oxalate present in the sample can easily be
measured [25]. This method requires the expression and purification of
both recombinant enzymes and ultimately the amount of oxalate is
measured but does not address the question of why oxalate levels are
high in these patients. In our study, we initially developed a method for

measuring the enzyme OXC, and eventually the amount of this enzyme
was studied in patients with oxalate kidney stones. This study showed
that the lack of this enzyme can play a key role in the formation of
oxalate stones.

5. Conclusion

This study shows that sandwich ELISA can be an appropriate
method for measuring OXC enzyme activity. OXC protein can be a
promising marker for the diagnosis of kidney stone disease. The result
showed that amount of this enzyme is lower in patients with oxalate
kidney stones than in healthy people.
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Fig. 9. Calculating cut off. cut off was set as 2.9.

Fig. 10. ELISA Numerical results of patient with Oxalate kidney stones.
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