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Ten PCR test systems have been developed for the species differentiation of the Chlamydia genus bacteria, which are etiological factors of mammalian and bird chlamydioses, namely C. abortus, C. avium, C. caviae, C. galinaceae, C. muridarum, C. felis, C. pecorum, C. pneumoniae, C. psittaci and C. suis. The basis includes ten constructed and synthesized pairs of oligonucleotide primers flanking different sized DNA fragments of the main outer membrane protein gene (MOMP) of chlamydias. Specificity of the developed PCR test systems is confirmed by the results obtained using the site «Bio.bsu.by» and the «Blast» computer software and by the results of the PCR method studies on 17 samples of biological materials, 11 of which being samples of the Chlamydia genus bacteria’s control DNA, and 6 ones being DNA samples of leptospiras and babeses.
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Statement of the problem. Chlamydioses is a group of infectious diseases caused by gram-negative intracellular bacteria of the Chlamydiales order. According to the current classification adopted at the 2nd European «Animal Chlamydiosis and Zoonotic Implications (EMAC-2)» Symposium, the order includes 8 families (3 of which having the candidate’s status) represented by 13 genera (5 with the candidate’s status) and 25 species (among which 7 microorganisms being in the status of candidates). Most of bacteria families belonging to the Chlamydiales order are parasites of amoebae, insects and fish. Some of them are isolated from mammals, but their pathogenic role is not known as of today. Pathogenic for mammals and birds are bacteria belonging to the Chlamydiales family of the Chlamydia genus, namely: C. abortus, C. avium, C. caviae, C. felis, C. gallinacea, C. muridarum, C. pecorum, C. pneumoniae, C. psittaci , C. suis and C. trachomatis [2, 8].

As today, in the arsenal of humane and veterinary medicine a number of diagnostic test systems exists, and PLR test systems in particular, for indicating chlamydias, but there isn’t any one that would ensure their differentiation by species. At the same time, there is a need for such diagnostics, first of all, in scientific research, in the study of chlamydial strains and isolates, as well as in various aspects of animal Chlamydioses, namely, in epizootological monitoring.

The aim of the study was to develop PCR test systems for species differentiation of 10 zoonotic Chlamidioses agents.
Materials and methods. The study was performed in the conditions of the Animal Health and Genetics laboratories at the Institute of Pig Breeding and Agroindustrial Production, NAAS. 

To develop the primers’ design for the PCR test systems, 491 primary sequences of the gene encoding the main outer membrane protein (MOMP), 10 Chlamydia genus bacteria species pathogenic to animals were involved from the «GenBank» (USA) nucleotide sequences databases [1, 3, 4, 7].

The above nucleotide sequences of the MOMP encoding gene were aligned by means of the «MEGA4» and «MEGA7» software [6]. To develop the oligonucleotide primers’ design, individual DNA regions were selected for different bacteria species of the Chlamydia genus.

Using the computer «FastPCR» software, oligonucleotide primers with the parameters of their annealing temperature were obtained [5]. The resulting primer designs were selected by a single pair (the forward and the reverse ones) for each Chlamydia species. According to the designs developed, synthesis of oligonucleotide primers was ordered at «Thermo Electron Corporation» (Germany). The received synthesized primers were diluted with sterile deionized bidistilled water to the concentration of 100 pmol/μl and then to the use concentration of 20 pmol/μl.

In addition to the primers, the test systems used reagents for PCR produced by «Fermentas UAB» (Lithuania), namely: deionized water, PCR buffer, MgCl2, deoxyribonucleoside triphosphate solution (dNTP) and Taq polymerase.

Polymerase chain reaction using the developed 10 pairs of oligonucleotide primers flanking the fragments of the MOMR gene in C. abortus, C. avium, C. caviae, C. felis, C. gallinacea, C. muridarum, C. pecorum, C. pneumoniae, C. psittaci and C. suis was performed in 0.6 cm3 polypropylene microcentrifuge tubes using the «Biometra TRIO-Thermoblock» thermocycler (Germany) in 25 μl of PCR mixture.

The ratio of the reaction mixture and the amplification program were selected experimentally and practically to obtain the most distinct bands in electrophoregrams.

Fractionation of the amplification products was carried out by the method of horizontal electrophoresis in 2.0 % agarose gel in the «Cleaver Scientific Ltd.» electrophoretic chamber (UK), followed by a visual assessment on the UV-transilluminator manufactured by NVO «Progress» (Ukraine), after staining with ethydium bromide.

As a DNA size marker, pUC19 / MspI («Fermentas UAB», Lithuania) was used.

DNA isolation from the studied biological samples was performed using commercially available set of reagents «PROBA-RAPID» manufactured by OOO «NPO DNA Technology» (Russia).

To adjust the PCR parameters and to test the analytical specificity of the developed test systems, the following 17 biological materials were used: a control DNA sample of Chlamydia abortus (1); a control DNA sample of Chlamydia avium (2); a control DNA sample of Chlamydia caviae (3); a control DNA sample of Chlamydia felis (4); a control DNA sample of Chlamydia gallinacea (5); a control DNA sample of Chlamydia muridarum (6); a control DNA sample of Chlamydia pecorum (7); a control DNA sample of Chlamydia pneumoniae (8); a control DNA sample of Chlamydia psittaci (9); a control DNA sample of Chlamydia suis (10); a control DNA sample of Chlamydia trachomatis (11); a DNA sample isolated from the leptospira strain (LSU strain, louisiana serovar, Louisiana serogroup) (12); a DNA sample isolated from the leptospira strain (strain 493 Poland, polonica serovar, Sejroe serogroup) (13); a DNA sample isolated from leptospira strain (Hond Utrecht IV strain, canicola serovar, Canicola serogroup) (14); a DNA sample isolated from the field isolate of Babesia canis from Poltava resident’s dog (15); a DNA sample isolated from the field isolate of Babesia bovis from a heifer belonging to a private farm in the village of Verkhy, Kamin-Kashirsky district, Volyn region (16); a DNA sample isolated from the field isolate of Babesia divergens from a cow belonging to a private farm in the village of Sokolets, Buchach district, Ternopil region (17).

The control DNA samples were obtained from the Chlamydiosis Laboratory of Friedrich Lefler Institute (Germany); the DNA samples isolated from leptospiras were obtained from the Museum of Microorganisms of the Leptospirosis Laboratory at the Institute of Veterinary Medicine, NAAS of Ukraine; the DNA samples isolated from babesia were obtained from the babesia field isolates stored in the Animal Health Laboratory at the Institute of Pig Production and AIP, NAAS.

The results of the study. By means of the «FastPCR» computer software, the oligonucleotide primers’ designs were developed. A large number of primer pairs were selected by a single one for each test system, taking into account the size of the amplified region flanked by them (the most convenient for electrophoretic detection) and the optimum primers annealing temperature.

Thus, the following pair of primers is used in the PCR test system for species differentiation of C. abortus: ChAbMOMPL: 5'-GGATAGACCCAACATCGCTT-3' and ChAbMOMPR: 5'-GGTTGAATGCCGCAGAACTA-3'; in the test system for species differentiation of C. avium – СhAvMOMPL: 5'-TTCTGGTGATCCTTG​CGACC-3' and СhAvMOMPR: 5'-GCTCCTAAAGTTGCACAACC-3'; in the test system for species differentiation of C. caviae – СhCavMOMPL: 5'-TATAAAGG​GACAGCGGCCAACTT-3' and СhCavMOMPR: 5'-GCATCAAATGTAGCTCTG​GACCA-3'; in the test system for species differentiation of C. felis – СhFelMOMPL: 5'-AACTGCAAGCAACACCACTG-3' and СhFelMOMPR: 5'-CC​AATCAATCCGACAAGGTT-3'; in the test system for species differentiation of C. gallinacea – СhGalMOMPL: 5'-CAATACCATGAATGGCAAGC-3' and СhGalMOMPR: 5'-GAAAGTTGGGTTCCAAGCTG-3'; in the test system for species differentiation of C. muridarum – СhMuMOMPL: 5'-AGGTTTCGGTG​GAGATCCTT-3' and СhMuMOMPR: 5'-AGCGGGATTCTCTCTTGATG-3'; in the test system for species differentiation of C. pecorum – СhPecMOMPL: 5'-TCCA​ATACGCACAATCGAAA-3' and СhPecMOMPR 5'-GTAAGACAACGCTGCA​CCAA -3'; in the test system for species differentiation of C. pneumoniae – СhPnMOMPL 5'-GGAACAAAGTCTGCGACCAT-3' and СhPnMOMPR 5'-AAAG​AAGGGTTCCATGCAGTT-3'; in the test system for species differentiation of C. psittaci – СhPsMOMPL: 5'-GCACTATGTGGGAAGGTGCT-3' and СhPsMOMPR: 5'-CCATTTGCTTCTGGCTGATT-3'; in the test system for species differentiation of C. suis – СhSuMOMPL: 5'-TTCTTTGCAATGCTGCTGAA-3' and СhSuMOMPR: 5'-ATCAAAGCTTGCTCGAGACC -3'.
The PCR products are fragments of the MOMP gene of the Chlamydia genus bacteria, with the sizes specific to each of 10 chlamydial species, namely: C. abortus – 158 base pairs (bp), C. avium – 507 bp, C. caviae – 179 bp, C. felis – 201 bp, C. gallinacea – 171 bp, C. muridarum – 205 bp, C. pecorum – 206 bp, C. pneumoniae – 191 bp, C. psittaci – 208 bp, C. suis – 215 bp.
The high specificity of the selected primers is confirmed by the results of bioinformatics studies with the help of the «Bio.bsu.by» site and the computer «Blast» software, since the oligonucleotide primers developed are specific to one or another chlamydial species and do not manifest complementarity to other microorganisms and prion proteins.

Optimization of the PCR conditions required selection of the reaction mixture composition and the temperature mode of amplification.

As a result of the PCR protocol development, the best parameters of the reaction mixture were the following: 2.5 μl of 10-fold buffer (670 mM Tris-HCl, pH 8.8 at 25 °C, 20 mM BSA, 166 mM ammonium sulfate (NH4)2SO4, 100 mM 2-β-mercaptoethanol) («Fermentas UAB», Lithuania), 2.5 μl 2.5 mM dNTP («Fermentas UAB», Lithuania), 2 μl 50 mM MgCl2 («Fermentas UAB», Lithuania), 2–3 units Taq polymerase (Thermus aquaticus) («Fermentas UAB», Lithuania), 0.5 μl (0.1 opt. unit) of each primer, a sample of the DNA tested – 2 μl (in the concentration of 20 μg/cm3) and deionized water to the volume of 25 μl. The amplification mixture was layered with 25 μl of mineral oil.

The best amplification parameters turned to be as follows: t 94 oС – 120 s (1 cycle); t 93 oС – 30 s, t 55 oС – 30 s, t 72 oС – 45 s (35 cycles); t 72 oС – 300 s (1 cycle).

At the first electrophoregram of the said 17 biological material samples’ PCR products, studied by means of the test system for C. abortus species differentiation, a band sizing 158 bp was found in a single track (No.1), which corresponds to the control DNA sample of C. abortus. In the other 16 tracks and in the negative control track, there were no bands.

In the second amplicon electrophoregram of the said 17 biological material samples studied by means of the test system for C. avium species differentiation, a band sizing 507 bp was detected in a single track (No.2), which corresponds to the control DNA sample of C. avium. In the other 16 tracks and in the negative control track, there were no bands.

In the third amplicon electrophoregram of the said 17 biological samples studied by means of the test system for C. caviae species differentiation, a 179 bp band was detected in a single track (No.3), which corresponds to the control DNA sample of C. caviae. In the other 16 tracks and in the negative control track, there were no bands.

In the fourth amplicon electrophoregram of the said 17 biological samples, studied by means of the test system for C. felis species differentiation, a band sizing 201 bp was found in a single track (No.4), which corresponds to the control DNA sample of C. felis. In the other 16 tracks and in the negative control track, there were no bands.

In the fifth amplicon electrophoregram of the above 17 biological samples, studied by means of the test system for C. gallinacea species differentiation, a 171 bp sized band was detected in a single track (No.5), which corresponds to the control DNA sample of C. gallinacea. In the other 16 tracks and in the negative control track, there were no bands.

In the sixth amplicon electrophoregram of the above 17 biological samples, studied by means of the test system for C. muridarum species differentiation, a 205 bp sized band was detected in a single track (No.6), which corresponds to the control DNA sample of C. muridarum. In the other 16 tracks and in the negative control track, there were no bands.

In the seventh amplicon electrophoregram of the above 17 biological samples, studied by means of the test system for C. pecorum species differentiation, a 206 bp sized band was detected in a single track (No.7), which corresponds to the control DNA sample of C. pecorum. In the other 16 tracks and in the negative control track, there were no bands.

In the eighth amplicon electrophoregram of the above 17 biological samples, studied by means of the test system for C. pneumoniae species differentiation, a 191 bp sized band was detected in a single track (No.8), which corresponds to the control DNA sample of C. pneumoniae. In the other 16 tracks and in the negative control track, there were no bands.

In the ninth amplicon electrophoregram of the above 17 biological samples, studied by means of the test system for C. psittaci species differentiation, a 208 bp sized band was detected in a single track (No.9), which corresponds to the control DNA sample of C. psittaci. In the other 16 tracks and in the negative control track, there were no bands.

In the tenth amplicon electrophoregram of the above 17 biological samples, studied by means of the test system for C. suis species differentiation, a 215 bp sized band was detected in a single track (No.9), which corresponds to the control DNA sample of C. suis. In the other 16 tracks and in the negative control track, there were no bands.

The study of 17 above mentioned DNA samples using each of the 10 PCR test systems was performed in 3 replicates, with similar results.

Thus, the electrophoregrams’ results testify to the adequacy and the analytical specificity of the developed PCR test systems.

Conclusion. The developed PCR test systems, including oligonucleotide primers flanking different sized DNA fragments encoding the MOMP of 10 Chlamydia genus bacteria species, permit to detect DNA and differentiate by the species C. abortus, C. avium, C. caviae, C. galinaceae, C. muridarum, C. felis, C. pecorum, C. pneumoniae, C. psittaci and C. suis, which are chlamydial infections agents of mammals and birds.

Prospects of further studies include validation of the developed PCR test systems with other test systems, testing them on the field chlamidial isolates and working out algorithms for the Chlamydia genus bacteria differentiation.
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