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ABSTRACT
Mycoplasma bovis is a major component of the calf pneumonia complex but diagnosis of M. bovis is still a challenge due to its cross-reactions with other mycoplasmas or frequently occurring intra-species antigenic variations which make results of serological tests doubtful.  In India, disease conditions due to M. bovis has been well documented and has a wide host range including cattle, buffalo, sheep and goats. Thus in this study one Indian isolates of M. bovis NC 317, isolated from pneumonic buffalo, was studied to find out major proteins and for this purpose two types of antigens were prepared, whole cell antigens (WCA) and sonicated supernatant antigen (SSA). These antigens were run under non reducing and non denaturating conditions on SDS Page to separate proteins.  These separated proteins were transferred on nitro cellulose membranes and blotted with poly clonal antibodies raised against M. bovis NC 317 in rabbits. SDS-PAGE profiles of whole cell antigens (WCA) and sonicated supernatant antigen (SSA) of M. bovis (NC317) revealed 7 major polypeptides viz. 63.10, 60.25, 47.86, 44.66, 33.88, 31.62 and 28.84 kDa. On immunoblotting, with polyclonal hyper immune serum raised against M. bovis NC317, out of 7 major polypeptides only 5 viz. 63.10, 44.66, 33.88, 31.62 and 28.84 kDa were immunogenic. On the basis of size and intensity in SDS-PAGE polypeptide, of molecular weight 44.66 kDa, appeared to be the most prospective antigen for the development of diagnostic and immuno prophylactic tools for the control and diagnosis of diseases caused by M. bovis.
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Introduction:
Mycoplasma bovis infection is an important and emerging cause of respiratory diseases in many species of animals (Kumar et al., 2012).  M. bovis is supposed to be a major pathogen in calf pneumonia complex and the isolation rates of it has been reported in the range of 23 to 35 % (Nicholas et al., 2000) while the survey was conducted in 48 countries throughout world including India. Although in India it was first reported in calf pneumonia in 1982 (Srivastava, 1982) but recently it has been observed in the respiratory infection of sheep with significant mortality (Kumar et al., 2012). Other than respiratory complex M. bovis is a major organism responsible for arthritis particularly of veal calves along with multiple clinical manifestations including mastitis (Brown et al, 1990), meningitis in adult bovines (Caswell and Archambault, 2007); reproductive disorders as metritis in females and  impaired spermatozoan motility in bulls (Kumar, et al., 2011). The cases of pneumoarthritis in calves during the early age are mainly because of M. bovis infections (Caswell and Archambault, 2007; Kumar, et al., 2011).  M. bovis organisms are very sensitive to antibiotics and can easily be treated with antibiotics like tylosin, tiamutin and enrofloxacin (Kumar et al., 2012) even than infections cause severe economic losses due to retarded growth of calves, reproductive failure, loss of production due to mastitis, metritis and pneumonia (Kumar et al., 2011) due to failure to diagnosis. Hence, early and definitive diagnosis is of upmost importance but cross-reactions with other mycoplasmas or frequently occurring intra-species antigenic variations can make the results of serological tests doubtful (Ayling et al., 1997). PCR based molecular test have been applied with great success for species specific diagnosis (Kumar et al., 2001; Kumar et al., 2011) however cost of establishing molecular labs, need of expertise always place constraints in molecular detection. On the other hand serological tests can be performed easily, rapidly and without much expertise but due to cross reactivity of antigens is always a critical point. Therefore the present study was designed to identify a specific and selective polypeptide which can be further applied for the diagnosis of M.bovis infection. 
Materials and Methods:
Mycoplasma strain:  M. bovis NC 317 isolated from pneumonic buffalo (Srivastava, 1982) was obtained from National Referral Laboratory on Mycoplasma, Division of Bacteriology and Mycology, IVRI.
Culture Media: M. bovis strain was revived and propagated in liquid B medium prepared according to the method of Srivastava (1982) and for the colony characteristics it was grown on solid B medium, prepared by the addition of 1.2% bacto agar (Difco) in liquid B medium.
Antigenic preparations: For the separation of antigens through SDS-PAGE, two types of antigens were prepared; whole cell antigens (WCA) and sonicated supernatant antigens (SSA). Both the antigens WCA and SSA were prepared as per the method recommended by Bhanuprakash and Srivastava (1996). For the preparation of SSA from WCA, the whole cell antigens were diluted in PBS (pH 7.2) and sonicated with MSE-Soniprep150 at 10 microns by applying 10 jerks, each of 90 seconds with the interval of 30 seconds, on ice. Thus prepared sonicated antigens were further centrifuged at 13,000 rpm for 30 minutes at 40C (Biofuge, Fresco). The supernatant was separated carefully and was used as SSA.  The standard method of Lowery et al (1951) was applied to estimate the protein concentrations in both the antigenic preparations.
Raising of hyper immune sera: To assess the immunogenicity of WCA and SSA polypeptides through immunoblotting, the polyclonal hyper immune serum was raised against M. bovis (NC317) in white New Zealand rabbits (obtained from LAR, IVRI, Izatnagar) as per the standard protocol (Jones, 1989). The slide agglutination test was used to test the presence of agglutinating antibodies in hyper immune serum and finally titer was estimated by Indirect Haemagglutination (IHA) (Srivastava, et al. 1992). Thus obtained hyper immune serum was filtered through 0.20 μm filter (Sartorius) and stored at -200C for further use during the study. 
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE): The separation of polypeptides present in WCA and SSA of M. bovis (NC317) was performed under denaturating and reducing conditions (Solsana et al., 1996). Electrophoresis was carried out using 12.5% separating and 4% stacking gel at 50volts for 1 h and at 100 -110 volt afterwards till the end of run. The molecular weights were determined on the basis of distance migrated by the polypeptides in the gels in comparison to the distance migrated by polypeptide markers of known molecular weights (Bio rad) after staining and destaining of gels.
Immunoblotting: The polypeptides of WCA and SSA of M. bovis (NC317), separated on SDS-PAGE slabs were electrophoretically transferred on to nitrocellulose membrane papers (NCP) (Sartorius) and then blotted with hyperimmune serum (Towbin et al. 1979) to find out immunogenic polypeptides.
Results: 
The sonicated supernatant and whole cell antigens of M. bovis NC 317 were separated under reducing and denaturating conditions by SDS-PAGE (Figure 1). SDS-PAGE revealed 21 and 22 polypeptides in WCA and SSA, respectively in the range of 20.89 to 181.97 kDa. The protein profiles of both WCA and SSA were almost similar and identical with the difference of only one polypeptide of 79.43 kDa which was present in the SSA. The intensity of bands differed which may be due to concentration of proteins loaded. As per the intensity of proteins the five major proteins were of 63.10, 60.25, 58.88, 33.88 and 28.84 kDa molecular weight. The polypeptides bands were electrophoretically transferred on to nitrocellulose membrane and blotted with polyclonal hyper immune serum raised against M. bovis (Figure 2). All the major proteins appeared immunogenic; however the polypeptide of 63.10 kDa was present in WCA only. Other 4 major proteins along with polypeptides of 107.15 and 31.62 kDa showed reactivity with hyper immune serum.  Out of 21 and 22 polypeptides, observed in SDS-PAGE, 8 and 6 were immunogenic in WCA and SSA, respectively. Two polypeptides of molecular weight of 109.95 and 63.10 kDa were present only in WCA. The polypeptide of molecular weight 44.66 kDa appeared to be major immunogenic polypeptide in both the type of antigens with ideal weight for the development of diagnostic tool. 
Discussion:
Various methods are applied for the diagnosis of M. bovis antigens and antibodies including molecular and serological tests (Kumar et al., 2011). Among them various serological tests are applied for M. bovis (Kumar et al.,2002; Kumar et al., 2011), however the presence of cross reacting antigens may lead to misdiagnosis particularly with M. agalactiae  (Kumar and Singh, 2011a) as these are such a similar organisms that initially M. bovis was designated as M.agalactiae var bovis (Kumar et al., 2011). Therefore to differentiate these two closely related organisms through serological tests and to avoid cross reactivity various methods, it is essential to identify selective and specific polypeptides and with this objective various methods viz., preparation of different kind of antigens, separation of polypeptides with column chromatograpgy,  polyacrylamide gel electrophoresis (PAGE) and SDS-PAGE have been implemented with mycoplasma organisms ( Boothby et al, 1983; Kumar and Singh, 2011a,b; Kumar et al, 2010). These methods indicated the difference of certain polypeptides which are specific to mycoplasma species then for the development of diagnostic aids their immunogenicity was to be established and for that objective immunoblotting was implemented with polypeptides separated by SDS-PAGE by transferring them on nitrocellulose membranes. The polypeptide profiles of Indian isolate resembled to those of M. bovis isolates from other parts of the world revealing majority of proteins in the similar range with almost identical size major polypeptides (Gummelt et al, 1996 and Caswell and Archambault, 2007).Whenever, common serological tests produce ambiguous results; immunoblotting provides not only more sensitive and more specific confirmatory test but also provides the information of immunogenic proteins responsible for protective immunity (Kittelberger et al, 2006). In this study the immunogenic profiles of Indian isolate were also in resemblance to the findings of other workers (Alberti et al, 2006; and Caswell and Archambault, 2007) who also reported almost similar immunogenic protein profile with the major immunogenic proteins in the range of 25 to 80 kDa. Out of four major immunogenic polypeptides, two of molecular weights 60.25 and 28.84kDa have also been reported major immunogenic proteins in M. agalactiae species (Solsana et al, 1996). Whereas the protein of 44.66 kDa recorded as major immunogenic protein in both the profile of Indian isolate is almost similar to the protein of molecular weight 45kDa, that has been reported in almost all the M. bovis isolates reported from different parts of the world (Robino et al, 2005). Thus the polypeptide of molecular weight 44.66 kDa ie equivalent to 45 kDa polypeptide can be used for the development of M. bovis specific and selective diagnostics. However, the large number of isolates should be screened out to draw a more conclusive and determinative conclusion.  
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Figure 1:M.bovis SDS-PAGE profile
Lane E: Whole cell antigen
Lane F: Sonicated supernatant antigen
Lane M: Molecular Weight Marker		
Figure 2: Immunoblot of M.bovis
Lane E: Whole cell antigen
Lane F: Sonicated supernatant antigen
Lane M: Molecular Weight Marker
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