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Use of polymerase chain reactions for the detection of M. gallisepticum, M. imitans, M. iowae, M. meleagridis

then investigated using these PCRs and in no case was an amplicon obtained for M. gallisepticum/M. imitans, M. iowae or M. synoviae. Species-specific primers for M. meleagridis amplified a product from eight birds of prey but restriction enzyme analysis as well as sequencing of PCR products demonstrated these results to be false positives. Alignment studies of the sequenced products with the 16S rRNA gene sequence of various Mycoplasma species in GenBank demonstrated an identity of 91% to M. meleagridis but of 98% to M. buteonis or M. gallopavonis. Isolation and attempted identification of these mycoplasmas suggested that it may be a previously unrecognised species. These are M. gallisepticum, M. iowae, M. meleagridis and M. synoviae. Traditionally mycoplasmas were thought to have a restricted host range but the more recent literature has cast doubt this and even a mammalian Mycoplasma (Mycoplasma capricolum-like) was isolated from a chicken (Benčina et al., 2006).

M. gallisepticum has been isolated from a variety of different avian species including galliformes (Benčina et al., 2003), anseriformes [START_REF] Ibrahim | Bacterial agents associated with sinusitis in waterfowls and turkeys in Assiut and El-Minia Governorates[END_REF], psittaciformes (Bozeman et al., 1984), columbiformes [START_REF] Benčina | Mycoplasma species isolated from six avian species[END_REF], passeriformes [START_REF] Hartup | Risk factors associated with mycoplasmal conjunctivitis in house finches[END_REF][START_REF] Hartup | Risk factors associated with mycoplasmal conjunctivitis in house finches[END_REF][START_REF] Mikaelian | Mycoplasmosis in evening and pine grosbeaks with conjunctivitis in Quebec[END_REF] and birds of prey (Poveda et al., 1990 a,b;[START_REF] Morishita | A survey of diseases of raptorial birds[END_REF]. M. iowae, usually found in turkeys, has been isolated from a range of free-flying birds [START_REF] Amin | Avian Mycoplasmas: studies on isolation, infection and control[END_REF], geese [START_REF] Lin | Isolation of avian mycoplasmas from geese in Taiwan[END_REF], a yellow napped amazon (Amazona ochrocephala auropalliata) (Bozeman et al., 1984) and even an apple seed (Grau et al., 1991).

In addition to its usual host the turkey, there have been repeated isolations of M. meleagridis from birds of prey (Lierz et al., 2000a[START_REF] Lierz | Mycoplasma species isolated from falcons in the Middle East[END_REF] and there have also been unconfirmed reports of isolations from quail and peacocks [START_REF] Simecka | Mycoplasma diseases of animals[END_REF]. Apart from chicken and turkey, M. synoviae was isolated from other galliformes [START_REF] Benčina | Mycoplasma species isolated from six avian species[END_REF][START_REF] Poveda | An epizootiological study of avian mycoplasmas in southern Spain[END_REF] as well as from anseriformes (Benčina et al., 1988a,b;Tiong, 1990), pigeons [START_REF] Benčina | Mycoplasma species isolated from six avian species[END_REF], a house sparrow (Passer domesticus) [START_REF] Poveda | An epizootiological study of avian mycoplasmas in southern Spain[END_REF].

The wide host range of the poultry pathogenic Mycoplasma species may present a risk for transmission of these pathogens to poultry. One host group of interest in this context is birds of prey, because some of these mycoplasmas have already been found in them. These birds live in close proximity to humans and can be found regularly near poultry farms because they feed on rodents (common buzzards (Buteo buteo), kestrels (Falco tinnunculus)) or on the poultry (Northern goshawks (Accipiter gentilis), peregrines (Falco peregrinus)). In captivity, birds of prey are regularly fed with poultry by-products, especially day old cockerels, which may represent a source of infection.

In general mycoplasmas are common in birds of prey [START_REF] Morishita | A survey of diseases of raptorial birds[END_REF], Lierz et al, 2000b[START_REF] Lierz | Mycoplasma species isolated from falcons in the Middle East[END_REF], 2008a,b) but the Mycoplasma species that are pathogenic for poultry are only occasionally reported. Therefore the presence of M. gallisepticum, M. iowae, M. meleagridis and M. synoviae in captive and free-ranging raptors from Germany was investigated using polymerase chain reactions (PCRs). Such PCRs are already described within the literature but The PCR described by [START_REF] Marois | Detection of Mycoplasma synoviae in poultry environment samples by culture and polymerase chain reaction[END_REF] was evaluated for the detection of M. synoviae and that described by Boyle et al. (1995) for M. meleagridis. The PCRs to detect M. gallisepticum and M. iowae were designed as part of this study. M. gallisepticum and M. imitans share a 99% identity in their 16S rRNA gene and the PCR was designed to allow their differentiation using restriction enzyme analysis of the PCR product as suggested earlier [START_REF] Kempf | DNA amplification methods for diagnosis and epidemiological investigations of avian mycoplasmosis[END_REF]. This was considered important, as the presence of M. imitans cannot be excluded in birds of prey.

Material and Methods

PCR primer design. Species-specific primers for the detection of M. gallisepticum/M. imitans and M. iowae were designed based on comparison and alignment of GenBank sequences (16S rRNA gene) of the 24 avian Mycoplasma species using the Clustal W software program (European Molecular Biology Laboratory, Heidelberg, Germany) [START_REF] Higgins | Using CLUSTAL for multiple sequence alignments[END_REF]. Speciesspecific primers for the detection of M. synoviae and M. meleagridis were taken from the literature [START_REF] Marois | Detection of Mycoplasma synoviae in poultry environment samples by culture and polymerase chain reaction[END_REF]Boyle et al., 1995). The specificity of each PCR was confirmed using avian Mycoplasma strains, certain other Mycoplasma species and also walled bacteria occurring commonly in bird tracheas (Table 1). The optimal annealing temperature of each PCR was determined using a gradient-PCR (iCycler iQ TM , Biorad, Hilden, Germany). The sensitivity of each PCR was evaluated using 10 fold serial dilutions of specific Mycoplasma-DNA as well as establishing the number of colony-forming units (CFU) of the corresponding Mycoplasma strain [START_REF] Albers | Simple method for quantitation of viable mycoplasmas[END_REF].

Field sample DNA. The DNA extracts from tracheal swabs from 53 healthy captive and freeranging birds of prey (Table 2) of two previous studies (Lierz et al., 2008 a,b) were investigated.

The samples selected had been positive for mycoplasmal DNA using a Mycoplasma genusspecific PCR. DNA was originally extracted from the swabs using the QIAmp®DNA Mini Kit (Qiagen, Hilden, Germany) using the manufacturer´s instructions, and as modified by [START_REF] Lüschow | Differentiation of avian poxvirus strains on the basis of nucleotide sequences of 4b gene fragment[END_REF]. Briefly, 200 µl of sample (swab diluted in PBS buffer) was mixed with 20 µl proteinase K and 200 µl lysis buffer (AL). After incubation for 1 h at 56 °C and 10 min at 70 °C, 200µl ethanol was added. The mixture was put on a spin column and centrifuged at 6000 g for 1 After a second wash step with 500 µl with buffer (AW2) and centrifugation at 20,000 g for 3 min, the DNA was eluted from the column by the addition of 100 µl elution buffer (AE) before further incubation for 1 min, and a final centrifugation at 6000 g for 1 min.

DNA extraction from Mycoplasma cultures for specificity and sensitivity investigations was carried out using the QIAmp®DNA Mini Kit (Qiagen, Hilden, Germany). The concentration of DNA was measured photometrically (wavelength: 260 nm).

PCRs. These were carried out using Taq PCR Master Mix (Qiagen, Hilden, Germany) according to the manufacturer's instructions, but with only half of the recommended amount of reaction sample. Briefly, a 50 µl reaction sample contained 25 µl Taq PCR Master Mix, plus 12.5 pmol of primers (M. gallisepticum/ M. imitans, M. iowae) or 25 pmol of primers (M. synoviae, M. meleagridis), and 50 ng DNA and nuclease-free water up to 50 µl. Amplification was conducted after initial denaturation for 4 min at 94 °C followed by 35 cycles consisting of denaturation (30 sec, 94°C), different annealing temperatures according to the primers used (Table 3), synthesis (30 sec, 72°C) and a final polymerization for 10 min at 72°C. The amplified PCR product (10 µl) was then separated by agarose gel electrophoresis (0.8% for M. gallisepticum/M. imitans; M. meleagridis and 2% for M. synoviae and M. iowae), stained with ethidium bromide and viewed by ultraviolet transillumination.

Specificity of PCR results from field samples. To ensure that amplicons from field samples were specific, they were digested by different restriction enzymes (Table 4) and the results compared to the restriction enzyme pattern of amplicons obtained from the corresponding positive control strain which had been established earlier. As the M. gallisepticum PCR is also expected to amplify a product with M. imitans, amplicons of this PCR restriction enzymes were selected to provide differentiation (Table 4).

In addition selected amplicons of field samples were sequenced. The PCR product was gel purified with the Invisorb Spin DNA Extraction Kit (Invitek, Berlin, Germany) and sequenced using the same forward and reverse primers (Agowa GmbH, Berlin, Germany). The sequence of the product was compared to the 16S rRNA gene sequences of Mycoplasma spp. in GenBank using the software program Blast (NCBI, USA) [START_REF] Altschul | Basic local alignment search tool[END_REF].

Isolation and identification. Mycoplasma isolates from the tracheal swabs of the birds whose amplicon was sequenced were used for single colony subcultures. These isolates were obtained (Lierz et al., 2008a, b). The fifth single colony subculture was produced using liquid and agar media produced according to Bradbury (1998) without adding thallium acetate and tested by the above PCRs. If positive, an immunobinding assay (IBA) was conducted according to Kotani & McGarrity (1985), using antiserum against the following avian Mycoplasma reference strains: M. buteonis, M. corogypsi, M. falconis, M. gallisepticum, M. gypis, M. iowae, M. lipofaciens, M. meleagridis, M. synoviae.

One isolate was subjected to a sequence analysis of its 16S rRNA gene. DNA extraction of the pure culture as well as PCR of the 16S rRNA gene was performed according to Tanner et al. (2000) and Blackwood et al. (2003), using the 27F (forward) and 1492R (reverse) primers.

After purification with the Invisorb Spin DNA Extraction Kit (Invitek, Berlin, Germany) the PCR products were sequenced by using the same forward and reverse primers (Agowa GmbH, Berlin, Germany). The sequences were compared to the 16S rRNA gene sequences of Mycoplasma spp. provided by GenBank as well as to the sequences obtained directly from the amplicons in the above-used PCRs, using the software programs Blast (NCBI, USA) [START_REF] Altschul | Basic local alignment search tool[END_REF] and Clustal W [START_REF] Higgins | Using CLUSTAL for multiple sequence alignments[END_REF].

Results

Establishment of PCRs. The primers for the species-specific PCRs, their binding locations within the 16S rRNA gene, the optimal annealing temperatures, the amplicon sizes and the PCR sensitivities are shown in Table 3. The Mycoplasma species-specific PCRs amplified fragments of the expected size from the DNA of the corresponding Mycoplasma strain only, and not from other mycoplasmas, acholeplasmas or the walled bacteria tested. The M. gallisepticum PCR amplified a product of same size from M. imitans as expected but it was possible to differentiate between the two species using the MseI and AseI restriction enzymes (Figure 1). Isolation and identification. Mycoplasma isolates obtained from the same three birds where the amplicon was sequenced, gave a positive result in the M. meleagridis PCR, but could not be identified in the IBA. As all above sequenced amplicons showed a similar sequence, the 16S rRNA gene of only one of these isolates (M 26 from the peregrine) was sequenced, yielding a product of 1335bp (GenBank Acc.No: EU660528). The sequence included the sequences obtained from the M. meleagridis PCR amplicons and showed a 98% match with the 16S rRNA gene sequence of M. buteonis (GenBank Acc.No: AF412971) or M. gallopavonis (GenBank Acc.No: AF412980).

Discussion

The poultry pathogens M. gallisepticum, M. iowae, M. meleagridis and M. synoviae have been isolated from a variety of different hosts (Bradbury, 2006) including M. gallisepticum and M. meleagridis from birds of prey (Poveda et al., 1990 a, b;[START_REF] Morishita | A survey of diseases of raptorial birds[END_REF]Lierz et al., 2000[START_REF] Lierz | Mycoplasma species isolated from falcons in the Middle East[END_REF]. Mycoplasmas are common in birds of prey and certain species (M. buteonis, M. gypis, M. falconis) are regularly detected in addition to a number of unidentified species [START_REF] Lierz | Occurrence of mycoplasmas in free-ranging birds of prey in Germany[END_REF]. As free-ranging birds of prey are often sited close to poultry farms and captive raptors are regularly fed with poultry by-products, the occurrence of the poultry pathogen Mycoplasma species within healthy raptors could implicate them as a potential source of infection. Therefore, this avian group was investigated using specific PCRs for the poultry pathogenic Mycoplasma spp. All PCRs used were first evaluated for their specificity using most of the known avian Mycoplasma species, plus some other mycoplasmas and walled bacteria commonly isolated from tracheal swabs of birds. The PCRs amplified only a specific product although, as expected, the PCR for M. gallisepticum amplified an additional product with the M. imitans reference strain.

Differentiation was achieved by restriction enzyme analysis of the PCR product.

The sensitivities of the PCRs ranged between 0.1 and 10 CFU and appear to be adequate.

However, it should be considered that the sensitivity was tested using DNA from pure cultures and might be lower when used on field samples.

Investigation of field samples that had previously tested positive using a generic Mycoplasma PCR (Lierz et al., 2008a,b), yielded no PCR products for M. gallisepticum/M. imitans, M. iowae or M. synoviae. Inhibition of the PCRs seems an unlikely explanation in view of the earlier positive results with the same samples. For M. iowae tracheal swab material may not have provided the best sample since this organism is often detected in gastrointestinal samples. The M. meleagridis PCR amplified a product from eight field samples, but restriction enzyme analysis as well as sequencing three of those products demonstrated the results to be false positives.

This study has indicated that the pathogenic poultry Mycoplasma species are uncommon in birds of prey, compared to other Mycoplasma species such as M. buteonis, M. gypis and M. falconis. The demonstration of mycoplasmas in diseased raptors had regularly resulted in a diagnosis of 'mycoplasmosis' which is questionable considering the high prevalence of these organisms in healthy birds of prey [START_REF] Lierz | Occurrence of mycoplasmas in free-ranging birds of prey in Germany[END_REF]. However, as the pathogenic poultry mycoplasmas do not seem to occur regularly in healthy raptors, then their demonstration in diseases bird of prey might be of clinical value.

Although the PCRs were extensively evaluated using almost all known recognised avian Mycoplasma species and appeared to be specific, the M. meleagridis PCR gave false positive results. This underlines that positive results from PCRs must be carefully interpreted, especially if the tests are used in avian populations such as birds of prey, where there is regular detection of unidentified Mycoplasma species (Lierz et al., 2000a[START_REF] Lierz | Mycoplasma species isolated from falcons in the Middle East[END_REF](Lierz et al., , 2008a,b),b). The putative Mycoplasma species which caused the false positive results seems to be closely related to M. buteonis as it has a 98% identity with the 16S rRNA gene of M. buteonis reference strain. However, as the isolate did not give a positive result with M. buteonis antiserum in immunobinding assays, it may represent a new species. Interestingly, it seems to be common within the bird of prey population in Germany as it was detected in eight out of 53 (15%) of the birds investigated. These birds were not connected epidemiologically as they originated from captivity and the wild. Further studies are necessary to describe these isolates in more detail. Futhermore the ability of this organism to transmit to poultry should be investigated since it could potentially cause diagnostic problems if the above described PCR were to be used in turkey breeders. Any positive results obtained using this PCR, including those from poultry, should be confirmed using restriction enzyme analysis or sequencing. , 8, 1-16;www.et-al.com. Tiong, S.K. (1990). Mycoplasmas and acholeplasmas isolated from ducks and their possible association with pasteurellas. Veterinary Record, 127, 64-66. 
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  Mycoplasma species are recognised pathogens of domestic poultry, causing economic loss.

  The aim of the present investigation was to evaluate the PCRs extensively before using them in an avian population of unknown Mycoplasma status.

  spin column was washed with 500 µl wash buffer (AW1) and centrifuged as before.

  Investigation of field samples. No sample gave a positive result using the species-specific PCRs for M. gallisepticum/M. imitans, M. iowae or M. synoviae. The PCR to detect M. meleagridis amplified a product from eight samples (three peregrines; one kestrel, one Barbary falcon (Falco pelegrinoides), one saker (Falco cherrug), one gyr-saker hybrid and one Marsh harrier (Circus aeruginosus)).

  Restriction enzyme and sequence analysis. None of the eight amplicons obtained by the M. meleagridis PCR was digested using the restriction enzyme (HindIII) whereas the amplicon of the M. meleagridis reference strain cleaved into the expected size (Figure2). Sequence analysis of three amplicons (334 bp) obtained from the M. meleagridis-specific PCR (one Barbary falcon, GD 9, GenBank Acc. No: EU339238); one kestrel, M 14, GenBank Acc.No: EU339239; one peregrine, M 26, GenBank Acc.No: EU339240) revealed a 100% identity between the three products. Alignment analysis with the 16s rRNA gene sequence of M. meleagridis (GenBank Acc. No: L24106) demonstrated only a 91% identity, but a 98.5% match with the 16S rRNA gene sequence of M. buteonis (GenBank Acc.No: AF412971) or M. gallopavonis (GenBank Acc.No: AF412980) (98.1%).
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  to 16S rRNA gene provided by GenBank for the corresponding reference strains. Accession Nos: M. gallisepticum (L08897), 3 M. imitans (L24103), M. iowae (M24293), M. meleagridis (L24106), M. synoviae (X52083). 4 b According to Boyle et al. (1995); c According to Marois et al.

Fig. 1 :

 1 Fig. 1: Electrophoresis of the restriction enzyme analysis of M. gallisepticum and M. imitans amplicons. Lane 1,5: 100bp-ladder, line 2: M. gallisepticum-product undigested, lane 3,7: M. gallisepticum product after digestion with MseI (lane 3) and AseI (lane 7), line 4,6: M. imitans product after digestion with MseI (lane 4) and AseI (lane 6).

Fig. 2 :

 2 Fig. 2: Electrophoresis of the restriction enzyme analysis (using HindIII) of amplicons obtained from the M. meleagridis -PCR. Lane M: 100bp-ladder, lane 1: M. meleagridis type strain 17529 (ATTC 25294), lane 2-9: amplicons from field samples 61x23mm (600 x 600 DPI)

Table 2 .

 2 Species, age and source of birds of prey sampled for PCR studies in Germany

	Age	Source

Table 3 .

 3 Details of species-specific PCRs amplifying products within the mycoplasmal 16S rRNA gene 1 2

						Size of	
	Mycoplasma species	Primer sequence (5´-3´)	Polarity	Position a	Annealing	amplicon	Sensitivity
						(bp)	
	M. gallisepticum/M. imitans	MGF CCA AGG CGA TGA CGT GTA GTT MGR CTG CAG CAC CGA AGT ATT CGC TC	Forward Reverse	884-904 / 239-259 1451-1475 / 806-830	30 sec 60°C	591	100 fg 0.1 CFU
	M. iowae	MIF AGT CGA ACG GGG TGC TTG CAC MIR TGC CTC TCA GCA CAG CTA TGC	Forward Reverse	62-82 277-299	30 sec 60°C	237	100 fg 0.1 CFU
	M. meleagridis	MMF b CGA GCG AAG TTT TTC GGA AC MMR b GGT ACC GTC AGG ATA AAT GC	Forward Reverse	36-55 438-458	30 sec 56°C	422	10 pg 10 CFU
		MSF c					
	M. synoviae	GAG AAG CAA AAT AGT GAT ATC A	Forward	1192-1213	30 sec		

  Figure 1. Restriction enzyme analysis of M. gallisepticum and M. imitans amplicons. Lanes 1, & 5: 100 bp ladder, lane 2: M. gallisepticum product undigested, lanes 3 & 7: M. gallisepticum product after digestion with MseI (lane 3) and AseI (lane 7), lanes 4 & 6: M. imitans product after digestion with MseI (lane 4) and AseI (lane 6).Figure 2. Restriction enzyme analysis (using HindIII) of amplicons obtained from the M. meleagridis PCR. Lane M: 100 bp ladder, lane 1: M. meleagridis type strain 17529 (ATTC 25294), lanes 2-9: amplicons from field samples.

		Mycoplasma species,	Amplicon	Enzyme	Fragment size	GenBank accession no.
			size (bp)		(bp)	
		M. gallisepticum	591	MseI	14, 19, 33, 131,	L08897
					188, 206	
		M. imitans	591	MseI	14, 33, 206, 338	L24103
		M. gallisepticum	591	AseI	206, 385	L08897
		M. imitans	591	AseI	591	L24103
		M. iowae	237	MseI	104, 133	M24293
		M. meleagridis	422	HindIII	145, 277	L24106
	F o r	M. synoviae	211	HinfI	86, 125	X52083
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T (ATCC 25524) a M. sturni UCMF T (ATCC 51945) a M. anseris 1219 T (ATCC 49234) a M. synoviae WVU 1853 T (10117 (ATCC 19989) d M. gallinarum 1504 a M. hyorhinis GDL