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ISApl1, a novel insertion element of Actinobacillus pleuropneumoniae, prevents ApxIVbased serological detection of serotype 7 strain AP76

pleuropneumoniae in vivo and an ELISA based on the toxin is used to detect infection and to differentiate between infected and vaccinated animals. In this study, we have identified a 1070 bp insertion element of the IS30 family, designated ISApl1, in the A. pleuropneumoniae serotype 7 strain AP76. ISApl1 contains a 924 bp ORF encoding a transposase, which is flanked by 27 bp inverted repeats showing six mismatches. We investigated the occurrence of ISApl1 in other A. pleuropneumoniae strains, and its possible interference with virulence associated factors. Four insertion sites were identified in AP76: within the apxIVA toxin ORF, within a putative autotransporter adhesin ORF, upstream of a capsular polysaccharide biosynthesis gene cluster, and downstream of a beta-lactamase gene. ISApl1 is also present in some serotype 7 field isolates, but not in reference or field strains of other serotypes. In A. pleuropneumoniae AP76, the transposase gene is transcribed in vitro. The insertion in the apxIVA toxin gene remains stable after animal passage. Since this insertion should disrupt toxin expression, we tested 7 pigs infected with AP76 at day 21 post infection. All were negative in the ApxIV ELISA but four out of 7 were positive in an ApxII toxin ELISA. These results show that insertion elements can affect the detection of A. pleuropneumoniae infected animals. [START_REF] Fenwick | Porcine pleuropneumonia[END_REF]. A main issue in control of the organism is the occurrence of persistently infected animals and the consequent difficulty of establishing A. pleuropneumoniae free herds [START_REF] Haesebrouck | Actinobacillus pleuropneumoniae infections in pigs: the role of virulence factors in pathogenesis and protection[END_REF]). An ELISA based on the ApxIV toxin, which is expressed by A. pleuropneumoniae in vivo, is widely used to detect A. pleuropneumoniae infections and to differentiate between infected and vaccinated animals [START_REF] Dreyfus | Use of recombinant ApxIV in serodiagnosis of Actinobacillus pleuropneumoniae infections, development and prevalidation of the ApxIV ELISA[END_REF].

KEYWORDS

Insertion sequences are small mobile genetic elements occurring in most organisms. They are grouped into families based on their transposase and terminal inverted repeats (IR). Members of the IS30 family contain little more than the open reading frame (ORF) encoding a transposase and IRs of 20-30 bp. The family's main characteristics include an affinity for certain target sites (so-called hotspots) and the formation of circular intermediates during transposition. Insertion of an IS30 family insertion sequence results in the duplication at the target insertion site of 2 or 3 base pairs [START_REF] Mahillon | Insertion sequences[END_REF]. Since insertion elements can disrupt ORFs, they can influence virulence, metabolic properties or even viability of an organism. For example, IS1301 of Neisseria meningitidis is involved in capsule phase variation [START_REF] Hammerschmidt | Modulation of cell surface sialic acid expression in Neisseria meningitidis via a transposable genetic element[END_REF] and in Streptococcus pneumoniae IS1515 can abolish pneumolysin expression [START_REF] Garnier | Insertion sequence 1515 in the ply gene of a type 1 clinical isolate of[END_REF].

In A. pleuropneumoniae, only a single putative mobile genetic element (M74588) has been identified. It was demonstrated to be the underlying cause of the spontaneous occurrence of colonies lacking expression of the ApxII toxin. However, the element has not been further characterized [START_REF] Anderson | Isolation and molecular characterization of spontaneously occurring cytolysin-negative mutants of Actinobacillus pleuropneumoniae serotype 7[END_REF]. IS30 family insertion sequences have not been characterized in A. pleuropneumoniae to date. Here, we report the occurrence of an IS30 family insertion sequence (ISApl1) in several serotype 7 strains of A. pleuropneumoniae. The strains, plasmids, and primers used in this work are listed in Table 1. Primer binding positions for ISApl1 are illustrated in Fig. 1.

Media and growth conditions.

Escherichia coli strains were cultured in Luria-Bertani (LB) medium supplemented with the appropriate antibiotics (ampicillin, 100 µg/ml; kanamycin, 50 µg/ml); A. pleuropneumoniae strains were cultured in PPLO medium or PPLO agar plates (Difco GmbH, Augsburg, Germany) supplemented with NAD (10 µg/ml, E. Merck AG, Darmstadt, Germany), Lglutamine (100 µg/ml, Serva, Heidelberg, Germany), L-cysteine hydrochloride (260 µg/ml, Sigma), L-cystine dihydrochloride (10 µg/ml, Sigma), glucose (1 mg/ml), and Tween ® 80 (0.1%).

Manipulation of nucleic acids and proteins.

Nucleic acid-modifying enzymes were purchased from New England Biolabs (Bad Schwalbach, Germany) and used according to the manufacturer's instructions. Taq polymerase was purchased from GIBCO-BRL Life Technologies (Karlsruhe, Germany Chromosomal and plasmid DNA for PCR and Southern blotting were prepared by standard protocols [START_REF] Sambrook | Molecular cloning: a laboratory manual[END_REF]. Transformations, gel electrophoresis, PCR, and Southern blotting were done by standard procedures [START_REF] Sambrook | Molecular cloning: a laboratory manual[END_REF]. 'Colony PCR' was performed by touching a colony with a pipette tip, resuspending the colony material in 100 µl sterile ddH 2 O and using 5 µl of this suspension as the template for PCR. Pulsed-field gel electrophoresis (PFGE) of A.

pleuropneumoniae DNA was performed as described previously [START_REF] Oswald | First chromosomal restriction map of Actinobacillus pleuropneumoniae and localization of putative virulenceassociated genes[END_REF].

Identification of ISApl1 insertion sites.

In order to identify ISApl1 insertion sites, Genomic DNA was digested with BglII (which does not cut ISApl1) and ligated into BamHI-cut pUC19. Primers oTSP3 or oTSP4 were then 

RT-PCR

Aerobic A. pleuropneumoniae cultures were grown in a shaking incubator to OD 600 = 0.4.

For RT-PCR, RNA was prepared and DNAse treated (Turbo DNAse, Applied Biosystems, Darmstadt, Germany). Reverse transcription was carried out using 5 µg of RNA with 5 pmol of ISApl1-specific reverse primers oTSP6 and oGAPDH-RT2 (internal positive control for GAPDH gene) in the same reaction. Control reactions were set up without reverse transcriptase. The cDNA template was diluted 1:100 with ddH 2 O for use in subsequent PCR. 30 cycles of PCR were performed using primer pairs oTSP5/oTSP6 or oGAPDH-RT1/ oGAPDH-RT2 in separate vials (but from the same master mix) and 5 µl of diluted cDNA as template (PCR conditions: 94°C 3 min, 30 x [94°C 30 sec, 52°C 1 min, 72°C 30 sec], 72 °C 10 min). RT-PCR experiments were performed in triplicate.

Electroporation of A. pleuropneumoniae

100 ml of A. pleuropneumoniae ATCC 27088 was grown in supplemented PPLO medium to OD 600 =0.4 and centrifuged for 10 min, 8000 rpm at 4 °C. Cells were washed sequentially with 50 and 25 ml 15% glycerin and then resuspended in 1 ml 15% glycerin and kept at 4 °C. For electroporation, 100 μl cell suspension was mixed with 5 µl ligation reaction (200 ng DNA).

Electroporation was carried out in 0.1 cm cuvettes using a GenePulser (BioRad) with the settings; U = 1.25 KV, C = 25 μF, R = 200 Ω.

Animal experiments and microbiological examination of tissue samples.

A c c e p t e d M a n u s c r i p t 6 Tissue samples were isolated from seven clinically ill pigs which had been infected with A. pleuropneumoniae as part of a different study (unpublished). The infection was carried out as published previously [START_REF] Baltes | Deletion of the anaerobic regulator HlyX causes reduced colonization and persistence of Actinobacillus pleuropneumoniae in the porcine respiratory tract[END_REF]; briefly, four pigs at a time were infected with 1 x 10 5 cfu aerosolized A. pleuropneumoniae AP76 in an aerosol chamber. Clinical parameters were monitored daily, and all animals were sacrificed 21 days post infection. Pigs were cared for in accordance with the principles outlined in the European Convention for the Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes (European Treaty Series, no. 123: http://conventions.coe.int/treaty/EN/Menuprincipal.htm) and the experiments were approved by an ethics committee. The animals, which were seronegative for A. pleuropneumoniae prior to challenge,, were infected with wild type A. pleuropneumoniae AP76 in an aerosol model as previously described [START_REF] Baltes | Actinobacillus pleuropneumoniae iron transport and urease activity: effects on bacterial virulence and host immune response[END_REF] and were sacrificed on day 21 post infection. Samples for bacterial examination were collected from lung lesions.

Postmortem analyses and bacteriological examinations were performed as previously described [START_REF] Baltes | Actinobacillus pleuropneumoniae iron transport and urease activity: effects on bacterial virulence and host immune response[END_REF]. After 24 hours of incubation, A. pleuropneumoniae colonies from all animals were pooled and used as the template in a PCR reaction with primers oAPXIVA-TSP1 and oAPXIVA-TSP2. IVD Innovative Veterinärdiagnostik GmbH, Hannover, Germany performed the APXII and ApxIV based ELISA testing by standard protocols [START_REF] Leiner | A novel enzyme-linked immunosorbent assay using the recombinant Actinobacillus pleuropneumoniae ApxII antigen for diagnosis of pleuropneumonia in pig herds[END_REF][START_REF] Dreyfus | Use of recombinant ApxIV in serodiagnosis of Actinobacillus pleuropneumoniae infections, development and prevalidation of the ApxIV ELISA[END_REF].

Sequence data.

Nucleotide sequence data for ISApl1 and ataC were deposited in GenBank under accession numbers EF407820 and EU047508, respectively.

RESULTS

Identification of ISApl1.

A c c e p t e d M a n u s c r i p t 7 A previous study identified a putative autotransporter adhesin in A. pleuropneumoniae serotype 7 strain AP76 [START_REF] Baltes | Identification of genes transcribed by Actinobacillus pleuropneumoniae in necrotic porcine lung tissue by using selective capture of transcribed sequences[END_REF], clone B5. Gene cloning of the ataC adhesin gene was conducted using using primers oC1Bsm5 and oC1Not which resulted in a PCR product that was approximately 1600 bp in size, rather than the expected 612 bp. PCR using DNA from serotype 7 reference strain WF83 yielded the expected product size of 612 bp (data not shown). DNA sequencing revealed that the ataC gene in A. pleuropneumoniae AP76 contained 1070 bp of foreign DNA, resembling an insertion sequence (IS). Using the ISFinder tool (http://www-is.biotoul.fr; [START_REF] Siguier | ISfinder: the reference centre for bacterial insertion sequences[END_REF], the element was found to belong to the IS30 family and was termed ISApl1 (EF407820, Fig. 1A). In the adhesin ORF, ISApl1 is flanked by a TG direct repeat. ISApl1 contains a 924 bp ORF encoding a 307 amino acid (36 kDa) transposase which at both the protein and DNA levels are 99% identical to a transposase (ZP_00132751) identified in Histophilus somni. The ISApl1 transposase ORF is preceded by a putative Shine Dalgarno sequence (GAGAA) centered at 9 bp before the start codon and it is flanked by 27 bp inverted repeats (IRs) containing six mismatches (Fig. 1B).

In total, there are 136 bp between the beginning of the upstream IR, IRL, and the transposase start codon. The downstream IR, IRR, overlaps the transposase stop codon. The transposase protein sequence contains a DDE motif between D 163 and E 251 which represents the putative catalytic domain. It is highly similar to the DDE motif of IS30 in E. coli [START_REF] Mahillon | Insertion sequences[END_REF]Fig. 1C).

ISApl1 shows no similarities to the previously identified mobile genetic element in A. pleuropneumoniae AP76 (M74588; [START_REF] Anderson | Isolation and molecular characterization of spontaneously occurring cytolysin-negative mutants of Actinobacillus pleuropneumoniae serotype 7[END_REF]. M74588 is present in the genomic sequence of A. pleuropneumoniae serotype 1 strain 4074 (ZP_00134264). Its putative transposase is 99% identical to one of Vibrio harveyi, iSSod13 (EDL68386) at the DNA level. It has not been assigned to an IS family.

Presence of ISApl1 in A. pleuropneumoniae serotype reference and field isolates.

A c c e p t e d M a n u s c r i p t 8 Using the BLAST algorithm [START_REF] Altschul | Basic local alignment search tool[END_REF], ISApl1 could not be detected in the genomic sequences of A. pleuropneumoniae serotype 5 strain L20 or in serotype 1 strain 4074 which are the only genomic sequences currently available at GenBank (http://www.ncbi.nlm.nih.gov/sutils/genom_table.cgi?).

Fifteen serotype reference strains, 35 field isolates of A. pleuropneumoniae (of which 21 belonged to serotype 7) and single field isolates from H. somni and A. porcitonsillarum were tested for the presence of ISApl1 by PCR and verified by Southern blot analyses (not shown).

ISApl1 was found to be present in 5 of 23 serotype 7 strains that were tested: strain AP76 which is a field isolate from Canada [START_REF] Anderson | Isolation and molecular characterization of spontaneously occurring cytolysin-negative mutants of Actinobacillus pleuropneumoniae serotype 7[END_REF], serotype 7 reference strain WF83 (Canada) and three serotype 7 field isolates, no. 2112 (Denmark), 2219 (China), and 2640 (China). ). ISApl1 was not identified in other A. pleuropneumoniae field isolates or other serotype reference strains (Fig. 2).

ISApl1 insertion sites in A. pleuropneumoniae AP76 and other strains.

Insertion elements of the IS30 family are typically present in several copies in the genome. In order to investigate ISApl1 distribution in the A. pleuropneumoniae genome, PFGE and subsequent Southern analysis were performed on strains AP76 and WF83 using the PCR product from primers oTSP1 and oTSP2 as a probe (Fig. 3A). Signals were obtained from approximately half of the genomic fragments generated by each enzyme, so at least four copies of ISApl1 were predicted to be present in the two strains tested. The signal pattern varied slightly between the strains. Since AP76 has been extensively used in experimental infection trials, we took a we further investigated the insertion sites in this strain. Four insertion sites could be identified by amplification from genomic fragments ligated into pUC19, and subsequent nucleotide sequencing. ISApl1 was found to insert into the ataC (EU047508) and apxIVA (AF030511) ORFs, downstream of the bla (S51028) ORF and in a capsule synthesis gene cluster, cps (AY534317) between ORFs cpx7D and cps7A. Striking A c c e p t e d M a n u s c r i p t 9 features of the four insertion sites included their high AT content and 2 bp direct repeats that were found at all insertion sites. However, beyond these common features, the insertion sites do not correspond well to the consensus sequence published for IS30 of E. coli (Fig. 3B).

Primers surrounding these insertion sites (Table 1) were then used to analyze the other ISApl1 carrying strains. The bla ORF downstream region was affected in all strains and the capsule synthesis cluster in 3 of 5 strains. A. pleuropneumoniae WF83 gave consistently weak signals with the cps primer pair perhaps due to slight variations in the DNA sequence. The ataC ORF present in A. pleuropneumoniae AP76 and Danish isolate 2112 contained ISApl1, and the ApxIV toxin ORF was interrupted only in A. pleuropneumoniae AP76 (Fig. 3C).

ISApl1 insertion into the apxIVA toxin gene.

Since the ApxIV toxin is routinely used to serologically detect A. pleuropneumoniae infection and differentiate between vaccinated and naturally infected animals, we determined whether the insertion of ISApl1 into the apxIVA gene was stable. A. pleuropneumoniae colony material which was obtained from seven infected animals was pooled and used as a template in a PCR reaction using primers oAPXIVA-TSP1 and oAPXIVA-TSP2. Only a 1500 bp PCR product containing ISApl1, but not the 423 bp product expected from an intact apxIVA gene was obtained (data not shown).

The interruption of the apxIVA toxin ORF should theoretically prevent the generation of antibodies directed against ApxIV. Sera were obtained from infected animals on day 21 post infection and examined in two ELISAs based on the ApxIV and ApxII toxins. Four out of 7 pigs were positive in the ApxII ELISA with the remaining three showing values just below the cutoff value of 25 units. However, for the Apx ELISA the titers of all seven animals were well below the threshold value of 30% (Fig. 4).

Transposition activity of ISApl1.

A c c e p t e d M a n u s c r i p t 10 In order to find out whether ISApl1 is active in A. pleuropneumoniae, we first examined transcription of the transposase gene. RT-PCR was performed on RNA from a log-phase culture of A. pleuropneumoniae AP76. A transcript was obtained using transposase specific primers oTSP5 and oTSP6 from A. pleuropneumoniae cDNA, but not from the control reaction (Fig. 5A). The PCR product was verified by nucleotide sequencing.

Since the formation of a circular intermediate during transposition has been described for IS30 of E. coli (X00792; [START_REF] Kiss | Formation and transposition of the covalently closed IS30 circle: the relation between tandem dimers and monomeric circles[END_REF], a 'colony PCR' using primers oTSP3 and oTSP4 was performed on fresh colony material from an overnight plate culture of A. pleuropneumoniae AP76. A product of the expected size of approximately 300 bp was obtained (Fig. 5B) and subjected to nucleotide sequencing. Since circular intermediates of insertion sequences often contain excised host DNA at the ends, the experiment also served to identify the definite ends of ISApl1 itself by comparison with the other insertion sites. It was shown that two base pairs (GG) are contained in the 1072 circular intermediate that are not present at all insertion sites. A GG repeat is present at the insertion site of ISApl1 downstream of the bla gene (Fig. 3B). Since ISApl1 had only been identified in serotype 7 strains in this study, transfer of ISApl1 into A. pleuropneumoniae serotype 1 reference strain ATCC 27088 was attempted using artificially generated circular intermediates of ISApl1. Primers oISApl1-1 and oISApl1-2 were constructed so that their respective 5' ends overlapped the EcoRV restriction site occurring in the transposase ORF, with the reverse primer situated further upstream than the forward primer (Fig. 1). A PCR reaction yielded an amplicon of approximately 1100 bp. The product was digested with EcoRV in the PCR reaction mix and ligation performed after product cleanup yielding rISAPL1. Correct ligation and thus, integrity of the transposase ORF, were verified by nucleotide sequencing. rISApl1 was then transformed into A. pleuropneumoniae ATCC 27088 (serotype 1 reference strain) by electroporation.

Transformation mixtures were plated after serial dilution and colony blots were prepared from 

DISCUSSION

In this study, we identified ISApl1 as a novel insertion sequence of A. pleuropneumoniae.

ISApl1 shares important characteristics with the E. coli insertion sequence IS30. Insertion sequences of the IS30 family have not been described in A. pleuropneumoniae to date.

ISApl1 has a size of 1070 bp and is flanked by 27 bp inverted repeats with six mismatches. It contains a 924 bp ORF encoding a transposase protein with a calculated mass of 36 kDa (Fig. 1). The ISApl1 transposase is highly similar to one found in H. somni, but could not be demonstrated in a field strain of this species. Since the primer binding sites for oTSP1 and oTSP2 are identical in A. pleuropneumoniae and H. somni, it is reasonable to assume that not all strains of H. somni carry this insertion sequence. A field isolate of A. porcitonsillarum, a close relative of A. pleuropneumoniae sharing the same biological niche in the pig, also did not contain ISApl1 (Fig. 2). However, at least some strains of A. porcitonsillarum contain a plasmid encoded bla gene (e.g. AM748706) that is identical to the one in A. pleuropneumoniae, and which might be a suitable target for ISApl1 insertion.

The transposase gene is transcribed under standard in vitro culture conditions, forming a monomeric circular intermediate of ISApl1, suggesting that a functional transposase protein is A c c e p t e d M a n u s c r i p t 12 expressed (Fig. 5). Such circular forms constitute the actively transposing form of IS30 in E. coli. They can occur as monomeric or dimeric circles of IS30. In the case of ISApl1, only monomeric circularized copies were found, as demonstrated during the generation of recombinant ISApl1 (rISApl1). It is possible that dimeric circles are produced in very small quantities which would then be hard to detect by PCR against a background of monomeric forms. The intermediate we identified contains a GG repeat, such as is present in the downstream region of the bla gene. Two bp repeats were found at all insertion sites, which indicates that 2 bp of host DNA are duplicated upon insertion of ISApl1 and that these two base pairs are excised from the A. pleuropneumoniae genome upon formation of the circular form of ISApl1. Since we sequenced the PCR product directly from the colony PCR without subcloning and did not receive double signals in the sequencing reaction, we believe it is either this copy or another, unidentified copy of ISApl1 containing a GG repeat that is transcribed, while the others are silent. The reason for this remains unclear.

ISApl1 was identified in 5 of 23 serotype 7 strains of A. pleuropneumoniae examined, but not in the remaining 14 serotype reference strains or 14 field isolates of other serotypes (Fig. 2).

Due to the number of samples tested, the presence of ISApl1 in strains of serotypes other than serotype 7, or in other bacterial species, cannot be excluded at this point.

As PFGE analysis shows, the genomes of A. pleuropneumoniae AP76 and WF83 both contain a minimum of four copies of ISApl1 (Fig. 3A). It is yet unclear how the number of ISApl1 copies in the A. pleuropneumoniae genome is regulated. The hybridization pattern suggests an even distribution of ISApl1 across the genome, as well as variation between insertion sites in both strains. In A. pleuropneumoniae AP76, we identified four insertion sites of ISApl1: within the autotransporter adhesin (ataC) ORF in which ISApl1 was initially recognized, within the apxIVA toxin (apx) ORF, the beta lactamase (bla) downstream region, and between two genes of a capsular synthesis (cps) cluster (Fig. 3B). All identified insertion A c c e p t e d M a n u s c r i p t 13 sites contained a single copy of ISApl1. We did not encounter integrated dimeric ISApl1 in our study.

Insertion sites vary between AP76, WF83 and the three field isolates originating from China and Denmark (Fig. 3C). Apart from the insertion into the apxIVA gene, all identified insertions occurred more than once with the bla downstream region being affected in all five ISApl1-positive strains. This might reflect how sequence differences result in varying efficacy of hotspot targeting by an insertion sequence. If this is the case, ISApl1 behaves similarly to IS30 of E. coli which shows pronounced target specificity. Variations in target sequence will result in more or less effective integration of the insertion sequence [START_REF] Mahillon | Insertion sequences[END_REF]. The insertion sites identified in A. pleuropneumoniae do not match the consensus sequence published for IS30 integration [START_REF] Olasz | Target specificity of insertion element IS30[END_REF] very well, and the most frequent 2 bp host DNA duplication seen in E. coli, AT, was not seen in our study.

The significance of the interruption of the autotransporter adhesin ORF ataC and the insertion in a capsular synthesis cluster remain to be determined. While adhesins and capsule formation can be crucial for pathogenicity, A. pleuropneumoniae AP76 is fully virulent and causes acute clinical disease with typical lesions. rISApl1 failed to integrate into the chromosome of A. pleuropneumoniae serotype 1 reference strain ATCC 27088 in our experimental setup. The reason for this is unknown. One possible reason could be the presence of a different mobile genetic element whose regulative mechanisms interfere with integration of ISApl1, or the destruction of the unmethylated rISApl1 by a restriction-modification system. The presence of ISApl1 in A. pleuropneumoniae strains originating from three continents (North America, Asia, and Europe) suggests that, geographically speaking, ISApl1 is widely distributed in the A.

pleuropneumoniae population -at least in serotype 7. It is possible that by testing larger numbers of strains, ISApl1 might be identified in a different serotype, but currently available A c c e p t e d M a n u s c r i p t 14 data does not allow speculation on 'susceptibility' or transmission between different strains or different species.

Among the strains tested, only A. pleuropneumoniae AP76 carries ISApl1 in the ApxIVA toxin gene. This insertion remained stable during animal passage over the course of three weeks. In IS30 of E. coli, excision of IS30 is sometimes observed, leading to resealed donor DNA. However, this is far more likely to occur with integrated dimeric IS30 due to illegitimate recombination, but not with monomeric IS30 [START_REF] Szabo | Importance of illegitimate recombination and transposition in IS30-associated excision events[END_REF]. The apxIVA gene, like all genes harboring ISApl1 insertions found in this study, contains a monomeric form of ISApl1.

A stable insertion if ISApl1 into the apxIVA gene should theoretically prevent the production of functional ApxIV toxin and consequently an immune response against the protein. ISApl1 interrupts the apxIVA ORF, and we found no structures that could act as a promoter for a truncated ApxIVA. Since the ApxIV toxin is an important diagnostic marker for A. pleuropneumoniae detection in pig herds [START_REF] Schaller | Characterization of apxIVA, a new RTX determinant of Actinobacillus pleuropneumoniae[END_REF], we examined antibody levels against ApxIV in pigs infected with A. pleuropneumoniae AP76. We found that all animals were seronegative, in contrast to when we used an ELISA based on the ApxII toxin as antigen. Anti-ApxII titers corresponded to those we have seen in previous challenge trials, e.g. [START_REF] Baltes | Actinobacillus pleuropneumoniae iron transport and urease activity: effects on bacterial virulence and host immune response[END_REF]. With ApxII, four of 7 animals were positive and titers of the remaining three animals were close to the cutoff value. A study with a serotype 2 A. pleuropneumoniae strain found that after 21 days, several animals developed detectable titers against ApxIVA [START_REF] Maas | Use of an Actinobacillus pleuropneumoniae multiple mutant as a vaccine that allows differentiation of vaccinated and infected animals[END_REF]. Since ApxIVA has been found to be an important virulence factor in A. pleuropneumoniae serotype 7 [START_REF] Liu | Potential use an Actinobacillus pleuropneumoniae double mutant strain DeltaapxIICDeltaapxIVA as live vaccine that allows serological differentiation between vaccinated and infected animals[END_REF], it is reasonably safe to assume that animals infected with an ISApl1 negative serotype 7 strain would develop detectable antibody titers against the toxin as well.

Thus, the insertion of ISApl1 into the ApxIV toxin gene prevented the detection of an A. pleuropneumoniae infection as adjudged by the ApxIV ELISA results. This could be highly A negative ApxIV titer could also lead to misinterpretation of the vaccine status of an animal.

Since the ApxIV toxin is typically produced by A. pleuropneumoniae in the pig, the ApxIVbased ELISA is used to differentiate between vaccinated and infected animals [START_REF] Dreyfus | Use of recombinant ApxIV in serodiagnosis of Actinobacillus pleuropneumoniae infections, development and prevalidation of the ApxIV ELISA[END_REF].

The ApxII toxin gene can also be targeted by a different, largely uncharacterized mobile genetic element in A. pleuropneumoniae AP76 (M74588; [START_REF] Anderson | Isolation and molecular characterization of spontaneously occurring cytolysin-negative mutants of Actinobacillus pleuropneumoniae serotype 7[END_REF]. This leads to the spontaneous occurrence of ApxII-negative A. pleuropneumoniae. This element is also present in the genomic sequence of serotype 1 strain 4074 (ZP_00134264), but nothing else is known about its function or distribution.

The insertion of mobile genetic elements into genes which encode diagnostically useful proteins such as ApxII and and ApxIV, raises the question if detection of A. pleuropneumoniae infection should rely on single antigens. Future testing may require the inclusion of multiple antigens for maximum specificity and sensitivity. 

  a gram-negative rod of the Pasteurellaceae family, causes pleuropneumonia in pigs. Establishing A. pleuropneumoniae free herds is difficult due to the occurrence of persistently infected animals. The ApxIV toxin is expressed by A.

  a gram-negative rod of the Pasteurellaceae family, causes fibrinous and necrotic pleuropneumonia in pigs

  M13 forward or M13 reverse in a PCR reaction. This generated ISApl1/pUC19 hybrid PCR products containing the ISApl1 insertion site directly from the ligation mixture. Bands were excised from the agarose gel and subjected to nucleotide sequencing with either oTSP3 or oTSP4.

  Southern hybridization was performed using the oTSP1/oTSP2 PCR product as a probe. A. pleuropneumoniae AP76 colonies were used as positive controls and untransformed A. pleuropneumoniae ATCC 27088 served as negative control. No signals were obtained from transformed or untransformed A. pleuropneumoniae ATCC 27088 (data not shown). In parallel, 100 µl of transformed cells were inoculated into 30 ml of fresh medium and incubated overnight. 5 µl of overnight culture were diluted with 95µl of sterile ddH 2 O, and 5 µl of the suspension was used as a template in an oTSP1/oTSP2 PCR reaction. No ISApl1 PCR product was obtained (data not shown). These results indicate that ISApl1 was not successfully transferred into A. pleuropneumoniae ATCC 27088.

  animals are introduced into an A. pleuropneumoniae-free herd. A subclinically or chronically infected carrier animal would not be recognized based on conventional ApxIV toxin ELISAs, if it carried A. pleuropneumoniae where ISApl1 had integrated in the ApxIV toxin gene.

  FIGURE LEGENDS

  FIG 4: ELISA analysis of humoral immune response against ApxII and ApxIV toxins in pigs infected with A. pleuropneumoniae AP76. Scatter plot diagram with symbols representing single animals. left: ELISA based on ApxII toxin (), right: ELISA based on ApxIV toxin (▲). The immune response was expressed in ELISA units or ELISA titer for the ApxII and ApxIV ELISAs, respectively. Horizontal lines represent cutoff values.
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