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INTRODUCTION

Mycoplasma arthritidis (M. arthritidis), as an 
animal pathogen is unique among Mycoplasma species 
harboring the lysogenized bacteriophage MAV1, 
whose contribution to virulence, and production 
of the potent Mycoplasma arthritidis mitogen 
(MAM), that confers increased toxicity, lethality 
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ABSTRACT

Background and Objectives: Mycoplasma arthritidis mitogen (MAM) superantigen has been shown to induce chronic 
arthritis, which resembles human rheumatoid arthritis (RA) in a rodent model. However, its role as a causative agent in 
human RA is not well understood yet. The aim of this study was to investigate the presence of MAM superantigen gene in 
the synovial fluid (SF) of RA patients.
Materials and Methods: The MAM superantigen gene a reference was synthesized based on GenBank Data base (Gene 
ID: 6418105). Specific primer pairs were designed and PCR amplification was performed for MAM superantigen gene 
detection. A total of 133 SF samples of RA patients were assayed. The PCR products were subjected to sequencing and were 
descriptively analyzed. 
Results: The results of the PCR product sequencing showed the method has objective applicability and accuracy. The 
sensitivity of the PCR reaction for the reference DNA template was 1ng/ml. The PCR results assay of the 133 SF samples 
raveled that, 9.7% and 22.5% of them were positive for the MAM superantigen gene and Mycoplasma pneumoniae (M. 
pneumoniae), respectively. 
Conclusion: In this study, two Mycoplasma genomes were detected with increased frequency in RA SF patients’ samples. 
This finding appears to be a promising instrument in the etiological diagnostic of RA patients and could also lead to improved 
treatment selection. Further research on the other Mycoplasma species present in the SF of RA patients is essential. 
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and arthritogenicity in experimental animals (1,2). 
However, several reports mention that this bacterium 
was isolated from the synovial membranes, synovial 
fluid (SF), middle ear, eye, abscessed bone, abscessed 
ovary, oropharynx of wild and captive rats and also 
from joint fluid of non-human primates, including 
rhesus and wild boars (3-5). Reports on the isolation 
or molecular detection of this bacterium from human 
infections are unavailable. Based on the evidence, it 
has been postulated that superantigens might play a 
role in the autoimmune diseases and it was shown 
that the MAM superantigen can both trigger and 
exacerbate mouse autoimmune arthritis (6). Current 
interest in MAM superantigen relates to its ability to 
modulate the immune system in vivo that may lead 
to the development of autoimmune diseases, such as 
rheumatoid arthritis (RA), respiratory, reproductive 
and inflammatory joint diseases in rodents (7-9). 
MAM has the potential for triggering autoimmune 
disease in mice (10). Other studies indicate that 
MAM causes acute polyarthritis in rats and chronic 
proliferative arthritis in mice (11). In addition, 
macrophage activation by M. arthritidis could play 
a significant role in the inflammatory response and 
induces toxicity, arthritis, and dermal necrosis in 
mice (12). 

The evidences indicating that M. arthritidis may 
cause experimentally induced acute and chronic 
arthritis in animals has led several investigators 
to look for a similar potential in humans. Direct 
involvement of toll-like receptor (TLR2 and TLR4) 
in MAM binding and presentation to T cells was 
investigated and revealed that coexpression of TLR2 
or TLR4 with the human leukocyte antigen-D related 
(HLA-DR) significantly increases MAM binding. 
The subsequent T cell activation may play an 
important role in the outcome of diseases induced by 
M. arthritidis (13,14). A recent study demonstrated 
the reactivity of antibodies to MAM in the sera of 
RA patients (15). Furthermore, the results of another 
study proved that MAM has the capacity to induce 
proinflammatory cytokine transcription in monocytes 
via major histocompatibility complex (MHC) class 
II molecules. This phenomenon has been shown 
to activate one pathway of autoimmune diseases 
arthritis in rodents, which closely resembles human 
RA (16). However, cultivation and isolation of M. 
arthritidis from clinical samples is more costly and 
time consuming. In addition, the role of M. arthritidis 
in human arthritis remains unsolved. 

The aim of this study was to design PCR-based 
molecular methods for the detection of gene-encoded 
MAM superantigen in SF samples of patients with RA.

MATERIALS AND METHODS

Standardization protocol. In this study, the 
complete sequences of MAM superantigen gene 
(Gene ID: 6418105) belongs to M. arthritidis strain 
158L3-1 with GenBank reference NC_011025.1 
was synthesized with as positive control in vector 
pGEM-B1 (Bioneer Corp, Daejeon, South Korea). 
The vector pGEM-B1 containing MAM superantigen 
gene (717bp) was transferred into E. coli DH5α by the 
electroporation method (17). Ampicillin (100 μg/ml) 
resistant transformants were selected and subjected to 
purification. This recombinant gene was used as M. 
arthritidis PCR positive control standard. In addition, 
a Mycoplasma pneumoniae (M. pneumoniae) strain 
supplied by the Mycoplasma Reference Laboratory 
of the Razi Vaccine and Serum Research Institute, 
Karaj, Iran, as a Mycoplasma test control.   

DNA Extraction. Two methods of DNA extraction 
were performed. The first method was DNA 
extraction from recombinant bacterial cells while the 
other method was the DNA extraction from samples 
of SF of RA patients.

DNA Extraction from Bacteria.  One ml of 
an overnight culture of E. coli DH5α containing 
a high-copy of pGEM-B1, which endorsed the 
MAM superantigen gene, was centrifuged (5000×g, 
for 5 min at 4 °C). Then, the bacterial pellet was 
suspended in 500 μl of free DNA distilled water and 
the cell lysis was carried out by boiling for 10 min. 
An amount of 500 ul of phenol was added and the 
mixture was gently vortexed for 1 min. Afterwards, 
the tube was centrifuged (10000 × g, for 5 min at 4 °C). 
Carefully, the upper phase was decanted into a fresh 
tube. This step was repeated twice. Double volume 
of the harvested supernatant, 96% cold ethanol and 
one-tenth volume of 3M sodium acetate were added 
to the impression. The tube was inverted several 
times until the content was well mixed. Then, the 
tube was centrifuged (14000 × g, for 5 min at 4 °C). 
The supernatant was discarded and the pellet was 
carefully rinsed with 1 ml of 70% ethanol. The tube 
was centrifuged for 2 min at room temperature and 
the ethanol was removed by aspiration. The pellet of 
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nucleic acid was dried in the air for 10 min. Then, the 
DNA pellet was dissolved in 50 mM of TE buffer (pH 
8.0) and the purity of DNA extracted was evaluated 
with the Nanodrop spectrophotometer.  

DNA extraction from synovial fluid. A total of 
133 SF samples were subjected to DNA extraction 
separately by the above mentioned method and also 
with the CinnaPure DNA Kit for the isolation of DNA 
(CinnaGen Co., Teheran, Iran). 

Primer Design. A single primer pair was designed 
to amplify the MAM superantigen using online 
GeneScript software (GeneScript, Piscataway, 
The USA) based on the reference sequence 
(MAM superantigen with Gene ID: 6418105 of M. 
arthritidis strain 158L3-1 with GenBank reference 
NC_011025.1) and were analyzed using Primer3 
software (Whitehead Institute for Biomedical 
Research, Cambridge, Massachusetts, The USA). 
In addition, multiple alignments were carried out 
using DNASIS MAX trial version (Hitachi Solutions 
America Ltd., San Bruno, California, The USA). 
This primer pair enabled amplification of a 203bp 
fragment. 

In addition, for the detection of M. pneumoniae, 
based on Gene ID sequences reference: 15152184, a 
single primer pair was designed. Furthermore, to detect 
Mycoplasma genus, the primers pair was selected from 
a previous study (18). The sequences of this primer 
were F 5’-ACTCCTACGGGAGGCAGCAGT-3’ and 
R 5’-TGCACCATCTGTCACTCTGTTAACCTC-3’. 
All primer pairs were synthesized by Bioneer Corp., 

Daejeon, The Republic of South Korea.    

Polymerase chain reaction. The PCR method 
used for the detection of MAM superantigen gene 
was based on the specific primer pairs that amplified 
a 203bp fragment. The amplification reaction was 
carried in 25 μl reaction mixture containing 1 μl DNA 
template, 0.3 U of Taq DNA polymerase, 2.5 μl of 
10X PCR buffer, 0.16 mM of each dNTPs and 2 mM 
MgCl2, 0.1 pmol of the primer pair (CinnaGen Co., 
Teheran, Iran) and double-distilled water, to a final 
volume of 25 μl. The cycling program consisted of 
an initial denaturation at 95°C for 5 min followed by 
35 cycles of denaturation at 95°C for 30 sec, primer 
annealing temperature each gradients (54-64°C) for 
40 sec and extension at 72°C for 40 sec, followed by 
a final extension at 72°C for 5 min using Bio-Rad 
C1000 thermal cycler (Bio-Rad Laboratories Inc., 
Hercules, California, The USA). 

The amplified PCR products were electrophoresed 
in a 1.5% agarose gel and then stained with ethidium 
bromide. The gels were photographed under 
ultraviolet light using Gel Documentation (Bio-Rad 
Laboratories Inc., Hercules, California, USA).  

RESULTS

The results of primers pair design for the 
PCR detection of the MAM superantigen 
gene and M. pneumoniae P1 gene were F1 
5’- GAGGCAAATAACGTCGAACA-3’, R1 
5’-ATTGCAACTTCACCATCACG-3’, F2 5’- 
AAAGGAAGCTGACTCCGACA-3’ and R2 
5’-TGGCCTTGCGCTACTAAGTT-3’, respectively. 
Agarose gel electrophoresis of DNA extracted by this 
method showed a favorable and sharp band. 

The results of optimization PCR set up with 
specific primers for the detection of Mycoplasma 
genus and M. pneumoniae are shown in Fig. 1. The 
selected gradient temperature revealed that the best 
annealing temperature was 58 and 56°C, respectively. 
The result of the PCR sensitivity determination for M. 
pneumoniae was 4.92 ng/ml. 

The results of NCBI Blasting of PCR product 
sequencing for Mycoplasma genus and also M. 
pneumoniae confirmed the ATCC: 29342 M. 
pneumoniae strain. 

The result of optimization PCR set up with specific 
primers for the detection of MAM superantigen 
gene is presented in Fig. 2. In this case, applied 

Fig. 1. 
A: The results of PCR product electrophoresis for 
Mycoplasma genus 
B: M. pneumoniae detection.
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gradient temperature revealed that the best annealing 
temperature was 56°C. The result of the sensitivity 
determination for detection of MAM superantigen 
gene by the PCR method was 1 ng/ml. 

The DNA sequencing of the 203bp amplicon 
fragment of MAM superantigen gene, as PCR 
product, was carried out, and the results of multiple 
alignment of the reference gene (MAM superantigen 
with Gene ID: 6418105 of M. arthritidis strain 158L3-
1, with GenBank reference NC_011025.S.) with the 
outcome sequenced PCR product (a 203bp fragment 
amplicons) obtained in this study are shown in Fig. 3.

In order to prevent contamination, each of the 
samples was separately analyzed. The results indicate 
that the PCR method was optimized for MAM 
superantigen gene detection. All the 133 SF samples 
of RA patients were studied. However, the results of 
detection of M. pneumoniae and MAM superantigen 
genes in the SF samples suggested that a substantial 
number of samples evidenced these genes (Fig. 4). 
Therefore, the genes of M. pneumoniae and MAM 
superantigen were present in 30 (22.5%) and 13 
(9.7%) cases, respectively.  

DISCUSSION

Based on the results of recent studies, the existence 
of different Mycoplasma species other than MAM 
superantigen has been demonstrated in mononuclear 
leukocytes (ML) from the blood and SF of patients 
with RA (19). It has been postulated that Mycoplasma 
or their superantigens might play a critical role 
in human RA (20). In this regard, the MAM 
superantigen, as a potent stimulator of the immune 
system, has been widely considered (15). Therefore, 
the detection of MAM superantigen in the blood and 

SF of patients with RA can help to design accurate 
diagnostic methods and effective treatments for this 
disease. However, isolation and characterization of 
Mycoplasma from blood and SF of RA patients are 
associated with several technical issues. In order 
to overcome some of these difficulties, this study 
was designed to detect the MAM superantigen in 
SF of RA patients. Because of the lack of bacterial 
standard strain and necessity of a gold standard, we 
synthesized the MAM superantigen gene according 
to the GenBank database. Therefore, the MAM 
superantigen sequence (713bp fragment) was 
obtained as a reference sequence from GenBank. 
Then, bioinformatics analysis and gene synthesis were 
carried out and the PCR protocol was performed. All 
133 SF samples of RA patients were assayed. The PCR 
product was subjected to sequence determination and, 
by the match of the results with the reference gene, 
100% homology was demonstrated. In comparison, 
the results of Petrov AV reported 15.9% detection 

Fig. 2. 
A: Temperature gradient of PCR detection Mycoplasma 
arthritidis mitogen (MAM) superantigen gene.
B: optimization of condition detection for M. pneumoniae 
(713) and MAM superantigen gene (203). 

Fig. 3. The purified PCR product (203bp fragment) was sequenced and the alignment with reference Mycoplasma arthritidis 
mitogen (MAM) gene is shown. The first row sequence is related to the PCR product obtained from this research while the 
second row is the reference MAM gene.   
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of M. arthritidis in SF (19), while the results of the 
PCR method used in this study were 9.7% positive 
for the MAM superantigen gene. These differences 
may reflect the absence of MAM superantigen gene 
in reported M. arthritidis bacteria or cross reactivity 
in Petrov’s research. However, despite these results, 
its pathogenic role in rodents has been discussed. The 
research of Sawitzke et al. indicated the elevation 
of antibodies to MAM in RA patients’ sera. They 
suggest that MAM or a MAM-like molecule might 
be associated with RA disease (21). Another study 
suggested that the binding of MAM to HLA-DR 
leads to a conformational change in MAM structure, 
which allows its interaction with TLR2 and TLR4 
and makes feasible the recognition by T cells (13). 

In addition, there is a report that showed the 
MAM overproduction and knockout mutants of 
M. arthritidis were mitogenic in mice, compared 
to the wild-type strain (1). Therefore, the existence 
of this bacterium or their MAM superantigen gene 
in body fluids may better explain the pathogenic 
role in human inflammatory diseases. However, the 
main finding of this research indicated the presence 
of MAM superantigen gene in SF of RA patients by 
this PCR method. Also, its sequencing and alignment 

with the reference gene, as a confirmatory method, 
indicate the accuracy of the procedure. In order to 
confirm the validity of this study and to prevent the 
false positive results of MAM superantigen gene 
in SF, Mycoplasma genus primers pairs were used. 
Furthermore, in this study, the M. pneumoniae ATCC 
29342 strain was used as a test control. In addition, all 
SF samples were assayed for M. pneumoniae specific 
primers pair’s detection.   

In conclusion, this study revealed the design 
of a PCR method for the detection of the MAM 
superantigen, and also determined the sensitivity and 
accuracy of the test. The main finding of this study 
was that 9.7% of patients’ SF samples with RA were 
found to contain the MAM superantigen, while 22.5% 
had M. pneumoniae as a superantigen. In addition, the 
results indicated that further investigations on other 
Mycoplasma species are essential. In fact, the results 
showed that in total 32.25% of SF samples of RA 
patients were positive for superantigens. Therefore, 
further studies on larger cohorts are necessary in order 
to accurately diagnose RA in suspected cases and for 
the application of this method in medical diagnostic 
laboratories. 

ACKNOwLEDGMENTS

The authors would like to thank Dr Jamal Akhavan 
and Dr Nematollah Jonaidi for their financial support, 
Professor Seyed Ali Pourbakhsh for the kind donation 
of the M. pneumoniae strain used for this study. 

 This project was partially supported by the 
Baqiyatallah University of Medical Sciences, 
Teheran, Iran. 

REFERENCES

1. Luo W, Yu H, Cao Z, Schoeb TR, Marron M, Dybvig 
K: Association of Mycoplasma arthritidis mitogen 
with lethal toxicity but not with arthritis in mice. Infect 
Immun2008;76:4989-4998.

2. Clapper B, Tu AH, Elgavish A, Dybvig K: The vir 
gene of bacteriophage MAV1 confers resistance to 
phage infection on Mycoplasma arthritidis. J Bacteriol 
2004;186:5715-5720.

3.  Binder A, Aumuller R, Likitdecharote B, Kirchhoff H: 
Isolation of Mycoplasma arthritidis from the joint fluid 
of boars. Zentralbl Veterinarmed B 1990;37:611-614.

4. Binder A, Gartner K, Hedrich HJ, Hermanns W, 
Kirchhoff H, Wonigeit K: Strain differences in 
sensitivity of rats to Mycoplasma arthritidis ISR 
1 infection are under multiple gene control. Infect 
Immun1990;58:1584-1590.

Fig. 4. 
A. the result of PCR product electrophoresis of several 
samples of SF from patients with rheumatoid arthritis (RA) 
that shown the presence of MAM superantigen gene (203 
bp). Lanes6, 14 and 18 showed the existence of the genes. 
Lane 20 is the positive control, whereas lane 21 is the 
negative control.
B. the same samples SF of patients with RA were evaluated 
for the presence of M. pneumoniae gene (450bp) are 
shown. Lanes 6, 15, 19, 20, 21, 24, 25, 28 and 29 showed 
the existence of the M. pneumoniae genes. Lane 30 is the 
positive control.

DETECTION OF MYCOPLASMA ARTHRITIDIS SUPER ANTIGEN GENE

IRAN. J. MICROBIOL. Vol. 6, No 6 (December 2014) 415-420         419           



http://ijm.tums.ac.ir

5. Cole BC, Golightly-Rowland L, Ward JR: Arthritis 
of mice induced by Mycoplasma arthritidis. Humoral 
antibody and lymphocyte responses of CBA mice. Ann 
Rheum Dis 1976;35:14-22. 

6. Cole BC, Griffiths MM: Triggering and exacerbation 
of autoimmune arthritis by the Mycoplasma arthritidis 
superantigen MAM. Arthritis Rheum 1993;36:994-1002.

7. Johnson S, Pitcher D: Distribution of ecto 
5’-nucleotidase on Mycoplasma species associated 
with arthritis. FEMS Microbiol Lett 2000;192:59-65.

8. Langlois MA, Etongue-Mayer P, Ouellette M, Mourad 
W: Binding of Mycoplasma arthritidis-derived mitogen 
to human MHC class II molecules via its N terminus 
is modulated by invariant chain expression and its C 
terminus is required for T cell activation. Eur J Immunol 
2000;30:1748-1756.

9. Mu HH, Sawitzke AD, Cole BC: Modulation of 
cytokine profiles by the Mycoplasma superantigen 
Mycoplasma arthritidis mitogen parallels susceptibility 
to arthritis induced by M. arthritidis. Infect Immun 
2000;68:1142-1149.

10. Cole BC, Ahmed E, Araneo BA, Shelby J, Kamerath 
C, Wei S, et al. Immunomodulation in vivo by the 
Mycoplasma arthritidis superantigen, MAM. Clin 
Infect Dis 1993;17 Suppl 1:S163-9. 

11. Tu AH, Clapper B, Schoeb TR, Elgavish A, Zhang J, 
Liu L, et al. Association of a major protein antigen 
of Mycoplasma arthritidis with virulence. Infect 
Immun2005;73:245-249. 

12. Cole BC, Mu HH, Pennock ND, Hasebe A, Chan FV, 
Washburn LR, et al. Isolation and partial purification of 
macrophage- and dendritic cell-activating components 
from Mycoplasma arthritidis: association with 
organism virulence and involvement with Toll-like 
receptor 2. Infect Immun2005;73:6039-6047.

13. Shio MT, Hassan GS, Shah WA, Nadiri A, El FY, Li 
H, Mourad W: Coexpression of TLR2 or TLR4 with 

HLA-DR Potentiates the Superantigenic Activities of 
Mycoplasma arthritidis-Derived Mitogen. J Immunol 
2014;192:2543-2550.

14. Mu HH, Hasebe A, Van Schelt A, Cole BC: Novel 
interactions of a microbial superantigen with TLR2 and 
TLR4 differentially regulate IL-17 and Th17-associated 
cytokines. Cell Microbiol 2011;13:374-387.

15. da Rocha Sobrinho HM, Jarach R, da Silva NA, Shio 
MT, Jancar S, Timenetsky J, Oliveira MA, Dorta 
ML, Ribeiro-Dias F: Mycoplasmal lipid-associated 
membrane proteins and Mycoplasma arthritidis 
mitogen recognition by serum antibodies from patients 
with rheumatoid arthritis. Rheumatol Int 2011;31:951-
957.

16. al-Daccak R, Mehindate K, Hebert J, Rink L, Mecheri 
S, Mourad W: Mycoplasma arthritidis-derived 
superantigen induces proinflammatory monokine gene 
expression in the THP-1 human monocytic cell line. 
Infect Immun1994;62:2409-2416. 

17. Sambrook J, Russell DW. Molecular Cloning: A 
Laboratory Manual. 3rd Ed. New York. Cold Spring 
Harbor Laboratory Press; 2001; P. 1.116. 

18. Edwards MC, Gibbs RA. Multiplex PCR: advantages, 
development, and applications. Genome Research 
1994;3(4):S65-S75.

19. Petrov AV. Frequency of different infectious agents 
persistence in mononuclear leukocytes of blood and 
synovial fluid in patients with rheumatoid arthritis. Lik 
Sprava 2005; 28-32.

20. Rink L, Nicklas W, Luhm J, Kruse R, Kirchner H: 
Induction of a proinflammatory cytokine network by 
Mycoplasma arthritidis-derived superantigen (MAS). J 
Interferon Cytokine Res 1996;16:861-868. 

21. Sawitzke A, Joyner D, Knudtson K, Mu HH, Cole B: 
Anti-MAM antibodies in rheumatic disease: evidence 
for a MAM-like superantigen in rheumatoid arthritis? J 
Rheumatol 2000;27:358-364. 

ATAEE ET AL .                                                                                                         

420           IRAN. J. MICROBIOL. Vol. 6, No 6 (December 2014) 415-420


