THEORY AND PRACTICE OF MEAT PROCESSING N4 | 2017

YIK/UDC 612.392.81:637.54:579.67 DOI10.21323/2414-438X-2017-2-4-76-95

()pll[‘lﬂltlﬂlﬂl(l}{ HAy4Has cmamovs

KOHIEIITYAJIBHBIE ITIOXObI K 9KCIIPECC-BbIAB/IEHUTIO
CAMPYLOBACTER SPP. B MAICE YBOMHBIX JKMBOTHBIX

baraesa [I.C.,* MunaeB M.I0., IOmmna 10.K., CokomoBa O.B., 3aiiko E.B.
DenepanbHBIi HAYYHBLI LEHTP MNIIEBIX cyicTeM uM. B.M. TopbaroBa PAH, MockBa, Poccus

Knrouesbie cnoBa: 6axmepuu poda Campylobacter, 2ossiduna, nmuya, I[P

AHnnomauus

Cospemennpiii n00x00 GOPMUPOBAHUS KAHeCEA NPOOYKIMO8 NUMAHUS, 0CHO8AHHbIL Ha cmandapmax VICO cepuu 9000, yxa-
3bi6aem HA HEOOXO0UMOCMb 6HEOPEHUS CUCIEM MeHeOHMeHMA Kauecmea Ha nepepabamovisarouiux npeonpusmusx. CoenacHo
anHanusy 6a3 0anHvix HayuHolx nyonuxkauuii Science Direct (by Scopus) u Web of Science ycmanosneno, umo uccnedosanuto msaca
Y60liHbLX HUBOMHBIX (Kpome nmuyblL) HA HAnudue 6axmeputi pooa Campylobacter nocesiuerno monvko 0,5-1,7 % nybauxayuii.
ITpuopumemnvim memodom uccnedosanus sensiemcs IILP. Paspabomana eomosas k npumerenuio IIL[P mecm-cucmema 0ns
sviaenenus Campylobacter spp. Ha ocHose nodobparvix podocneyuduurvix npaiimepos k 6axmepusm pooa Campylobacter. Cne-
UUPUUHOCMY Mecm—CcUCmeMbl YCMAHOB/IEHA 8 OMHOUWEHUY epamompuy,amenvhoix bakmeputi pooos Salmonella, Escherichia,
Proteus, a maxace oxcudazononoxumenvrvix Aeromonas. bvinu nodobpanvt podocneyuduunvie npatimepol Kk 6axmepusam pooa
Campylobacter u na ux ocnose paspabomana zomosasi xk npumerenuio IIL[P mecm-cucmema. Yemanoeneno, 4mo nooo6pan-
Hole npaiimepor umerom 100 % cxodumocmy x eenomy 6akmepuii pooa Campylobacter, agppexmusrocmp ITIL[P cocmaensiem He
menee 95 %, npeden o6Hapysxcenus e 6onee 1x10* KOE/e. IIpu ouenke cneyuduunocmu npaiimepos yuumol6anoco, 4mo 6ax-
mepuu pooa Campylobacter mozym Haxo0umuvcs 8 KOHCOPUUyme, 000CHOBAHHBIM MUKPOOUOMOM KHenyO0UHO-KUUEUHO20 MPAK-
ma, 6 0cHOBHOM ¢ baxmepusamu cemeiicmea Enterobacteriaceae u monounoxucnoimu 6axmepuamu. O0nako cpeda 060zaveHus
Bonmon sensemcs cenexmusHoti u 6 npoyecce Kynibmusuposanus nodasnsem pocm I[pamnonorumenvHoix MOIOYHOKUCTIX
baxmepuii. Yemanosnero, 4mo nodobpartuie npatimepvr obnadarom 100 % cneyuduunocmoio u He 0A10M JI0HHONONONUMENb-
HbIX peakyuti ¢ YKA3anHOL 2pynnoii MUKpoopeanusmos. Paspabomannas mecm-cucmema Ovia ycnewHo nposepeHa 6 payH-
Oe cnuuumenvHuix uchoumanuii 6 cucmeme FEPAS u enedpena e nabopamophyo npakmuxky. [Jlokasarno umo paspabomanmyio
mMecm-CUcmemy MOXHO UCNONb306AMb KAK NPU CKPUHUHze HA dmanax o6ozauenus 6axmepuii pooa Campylobacter, max u npu
UOeHMUPUKAUUY HUCMOTL KYTILIYPbl MUKPOOP2AHUZMA.
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Abstract

The modern approach to quality assurance of food products based on the ISO 9000 standards indicates the need for the implemen-
tation of quality management systems in processing plants. According to the analysis of scientific publication databases (Science
Direct and Web of Science), it is established that only 0.5-1.7 % of publications are related to studying meat of slaughter animals
(except for birds) concerning the presence of Campylobacter. The priority method of investigation is PCR. Ready-to-use PCR test
system was developed for the detection of Campylobacter spp. on the basis of selected gene-specific primers to bacteria of Campylo-
bacter genus. Specificity of the test system is established for Gram-negative bacteria of Salmonella, Escherichia, and Proteus genera,
and for oxidase-positive Aeromonas. Gene-specific primers for Campylobacter were selected and ready-to-use PCR test system was
developed on their basis. It was found that the selected primers have 100 % convergence to the genome of Campylobacter genus
bacteria, the PCR efficiency is not less than 95 %, and the detection limit is not more than 1x 10* CFU/g. When estimating the speci-
ficity of the primers, it was taken into account that the bacteria of Campylobacter genus may be incorporated in a consortium with
intestine microbiome, mainly with Enterobacteriaceae and lactic acid bacteria. However, Bolton's enrichment medium is selective
and, during the cultivation process, suppresses the growth of Gram-positive lactic acid bacteria. It was found that the selected prim-
ers were 100 % specific and did not give false positive reactions with this group of microorganisms. The developed test system was
successfully validated in a cycle of qualitative tests in the FEPAS system and implemented into laboratory practice. It was proved
that the developed test system may be used both in screening at the stages of Campylobacter enrichment and in identification of
pure culture of the microorganism.
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BBegenne

[Iporpeccupymommii MyTareHes HaTOT€HHBIX MMKPO-
OpPraHNM3MOB INIEBOTO IPOVCXOXKAEHMS IpPefCTaBIsaeT
MaHJEMIYECKYI0 OIIAaCHOCTb /i COBPEMEHHOIO MUpA.
[IpoaBnAs CTpeMUTENbHYI0 U3MEHYMBOCTD, KaK Ha I'eHe-
TUYECKOM, TaK U Ha (PeHOTUIINIECKOM YPOBHE, IaTOT€HbI
IproOpeTaIoT YCTONYMBOCTh K PaslIMYHBIM (aKTopam
BO3JIEVICTBUA, B T. Y. ¥ OKPY>Kalollell cpefibl. ITO IPUBO-
AUT K PACIIMPEHNIO apeasa MX PacpOCTPAHeHNA.

Psap MyuxpoopraHusMoB B HacTOsAIee BpeMs AB/IAITCA
HanborIee OIIACHBIMM B CBA3Y C X MIMPOKVM PacIpocTpa-
HEHMEM B NPUPOJHOI Cpefie, BBICOKOM BbDKIUBAEMOCTBIO
U MIATOTeHHOCThI0. K TakyM MukpoopraHmusmaMm OTHOCAT
u 6aKTepuy ceMelicTBa KalTHO(MIbHBIX SIICUIOH-TIPOTEO-
6axrepuit Campylobacterales, B 4acTHOCTY OaKTepuy popa
Campylobacter u Helicobacter [1].

Kpome Toro, Bcemupnas Opranusanusa 3apaBooxpa-
HEHUA BBIJIe/ISIeT CPefyl ITaTOTeHHbIX MUKPOOPIaHU3MOB
HECKOJIbKO HanboJiee OIIaCHBIX, C TOYKY 3PeHMsI BO3pacTa-
IOLIlell YCTOMYMBOCTM, B YMCIO KOTOPBIX BXOAAT 1 OGaKTe-
puu popa Campylobacter [2].

B otueTe BO3 «[M106anbHBIN B3IVIAL HAa KaMIIMIO00AK-
TepUO03» OTMEYEHO, YTO KaMIMIO0AKTepO3 SIB/IAETCS He-
IOOLIeHeHHbIM 3aboeBanyeM. YacToTa MHGUIMPOBAHNUS
BO30yaNTeNIeM 3TOro 3a00/eBaHNA Hace/IeHUsA CTPeMU-
TETIbHO pacTeT. B oTyeTe BBIENAIOT IBa BMUJQ, TaKMe KaK
C. jejuni u C. coli xax Hambosee OIacHble, HECMOTPS Ha
10 uTO U3 16 BustoB Campylobacter nBeHaAIATb CUNTAIOTCS
IMaToreHHbIMH [3, 4].

bakrepun poga Campylobacter, Bo BceM Mupe paccMa-
TPUBAIOTCA KaK Hambosee pacpoCTpaHEHHbIE MUIEBbIe
[IaTOTeHBI, BBI3bIBAIONVE 3abo/eBaHMe KaMIMIOOaKTe-
pro3 (B1OpMO03) CO CIIEAYIONINM NTaTOTeHe30M: KIUILIeYHbIe
MHQEKIVN, SHTEPUTHI, OAKTEPUEMIIO, KOMUTDI, CETNYe-
CKIle apTPUTHI, TeMOypeMMUYecKuil cuHApoM. B ocmox-
HEHHBIX CJTy4asAx MOXKeT BbISBIBATh CMH/IpoM PefiTepa nnn
Initena-bappe. B oTAe/NbHBIX CTy4adax BO3SMOXKEH JIETallb-
HBIIl MICXOfI, B OCHOBHOM Y TPYIIIl HAaCe/TeHMs, BXOAIINX
B IPYIITy PYUCKa II0 IPMYMHE 0C/TIa6IeHHOTO UMMYHUTETA.
CornacHo nHpopMaIoHHOMY 61o/tetero BO3, ncrou-
HIKOM 3apakKeHMs COOTBETCTBEHHO ¥ IpPUYMHAMM Ta-
CTPOSHETPUTOB OOBIYHO ABJIAETCSA MACO ITULIBI, IPOILIEN-
IIee HeJOCTATOYHYI0 TepPMOOOPaboTKy [5].

B 2007 romy Mexpynaponubie Kommccunm Codex
Alimentarius Comission (CAC) nu Codex Committee on
Food Hygiene npusBanu k 6oee TIiaTeTbHOMY U3yde-
HUIO U KOHTpomo 6akrepuit poga Salmonella u Campy-
lobacter (6, 7].

VccnepoBannsamu 148 npo6 muineBbIX IPOAYKTOB (/-
CTOBBIE CAJIaThI, OBOILIY, CbIpO€ MOJIOKO, MsCO IIBIIIIAT,
KypMHBIE CBIpble CYOIpORYKTBbI, MHAENKA, IIeperena,
TOBSIIVHA VM CMBIBBI C PAa3/IMYHBIX ITOBEPXHOCTENI), IpO-
BefieHHBIX B «DUII mutanus um 6MOTEXHOMIOIMM», YCTa-
HOBJICHa MX KOHTaMUHALMA M BBIABIEHO 50 IITaMMOB
6akrepuit poga Campylobacter, 60mbiast 4acTh KOTOPBIX
ObU1a npencrannena BupoM C. jejuni. Yaie Bcero B muiie-
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BbI€ IIPOAYKTHI KAMIMIOOAKTepUH MTOIIAJAI0T B Pe3y/IbTa-
Te KOHTaMVHALVUM, B TOM YNC/Ie C IOBEPXHOCTY OCHOB-
HOTO 11 BCIIOMOTaTeNIbHOTro obopynosanus. Campylobacter
jejuni siB/sieTcsl Hanbosee MATOTeHHBIM IIPeCTaBUTEeM
CBOETO POfia B CBA3Y LIMPOKO JIEKAPCTBEHHOM YCTONYN-
BOCTBIO K IIPOTMBOMUKPOOHBIM IIperaparam, B T.4. K XM-
HooHaMm [8, 9].

[IpyHMMas BO BHUMaHMe, 4TO NTHLA (0COOEHHO Iepe-
JIeTHas1) MOXKET OBITb IEPEeHOCUYMKOM KaMIMIOOAKTepit,
XapaKTep paclpOCTPaHEHNs 3TOrO IIATOTeHA CPemy KM-
BOTHBIX CTPEMUTENbHBbII, ¥ CTIO)KHO KOHTPOIMpPYeMblit [4].

B cBs3u ¢ 300HO3HOJ NPUPOAON MATOT€HA U IIUPO-
KOJl pacIpOCTPaHEHHOCTbIO, PAKTOP PMCKa 3apaKeHMA
KaMIMI00aKTepUAMI COXPAHAETCS Ha II0OOM IIpennpus-
TV, HepepabaThIBaoleM MsCO, 0COOeHHO NTUIbL. TakxKe
Ba)XHO YYUTBIBATH YCTONIMBOCTD ITUX OAKTEpUil K yCIIo-
BUAM OKpy>Kamomeil cpenpl. Kammmnobakrepun croco6-
HBI BBDK/BATBD B IIMPOKOM AMalla30He TeMIEPATyp OT 4 10
43°C. V13-32 3T0I1 0COOEHHOCTY MX OTHOCST K TEPMOTOIIE-
PaHTHBIM MMKpPOOpraHu3MaM. Bo BIayKHBIX NIPMPOFHBIX
o6 bexTax (Bofia, HABO3, IOYBA, CEHO U IIPOY.) IPU TeMIIe-
parype 18-27°C Campylobacter BbpKuBawT 60/€€ Mecs-
11a; B IIPOAYKTaX >KMBOTHOTO ITPOMCXOXK/IEHISI TIPY TeMIIe-
parype 4°C — 21 cyTtku, npu 20 °C — He MeHee 12 Hefie/b.
B MHQUIMpPOBaHHBIX TKAHAX KaMIMIOOAKTEPUY BBDKM-
BaloT jo roja. OpHako, 6akrepun popma Campylobacter
4yBCTBUTEIbHBI K aHTUOMOTHUKAM U Ae3MHPUIVIPYIOIUM
CpeACcTBaM, a TaKXKe K BO3JENCTBUIO YIbTPadroIeTOBBIX
myueit [10, 11].

[To nocnepHuM pmaHHBIM Oaktepuu popa Campylo-
bacter BCTpe4yaloTCs He TONBKO Y IITUIIBI, HO U IIOYTH BCEX
TEIIOKPOBHBIX )KMBOTHBIX: KPYIIHBII POTAThIil CKOT, CBU-
HbM, OBI[BI, CTPAYCHI, JOMAIIIHIE XMBOTHbIE (KOIIKH, CO-
6akn). [TyTb mepemauyt BO30yAMTENs KaMIMIO6aKTepro3a
Jalle BCero a/lMMeHTapHbIiL. [IyKye U epeneTHbIe ITHUIIbI
IpY MCIPaKHEHUM KUIIEYHNMKA MH(DUIMPYIOT IPUPOL-
Hble 00BEKTHI. 3apakeHMe APYTYUX XKMBOTHBIX IPOMCXO-
[T IIpY TIOEAHNY 3apaXKeHHOI pacTuTenpHocTu. Cpen
JIOMAIITHETO CKOTA JOCTaTOYHO LIMPOKO PACIpPOCTpaHEH
BeHepMYeCKNUII MyTh Mepefadll, CO CIePMOil 3apa’keHHO-
ro camua. JIokanmmayoTcs KaMImnIo6akTepuy B OCHOBHOM
B KMIIEYHNKE, PEIPORYKTUBHBIX OpraHax u B nuMdaTu-
yecKoit cucreMe [5, 12,13, 14].

YdauTbiBasg MaTOT€HHOCTb KaMIMIOOAKTepumil U Xa-
pakTep 3aboneBaHMs IOfENl B INMUIEBO MUKPOOMO-
JIOTMY MCIIONB3YIOTCS pas/MyuHble IOAXOABI IS OOHa-
pyxenust Gakrepuit poma Campylobacter B o6bexTax
NNIIEBOI IjeNy YeJloBeKa M XXMBOTHBIX. IIpexxze Bcero,
3TO KJIACCUYECK)e MEeTOHbI MUKPOOMONIOrMYecKoil Ipa-
KTHKIU, KoTopble onmcanbl B ISO 10272-1:2006(en) Micro-
biology of food and animal feeding stuffs — Horizontal
method for detection and enumeration of Campylobacter
spp. — Part 1: Detection method, ¢ y4eTom msmenenmit
BHeceHHbIX B 2017 romy. C MOMeHTa IyOnIuMKauyu Ipu
olpefieNieHNny KaMnmnobakTepuit Heo6XoauMo OyaeT uc-
nonb3oBath ISO 10272-1:2017(en) Microbiology of the
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food chain — Horizontal method for detection and
enumeration of Campylobacter spp. — Part 1: Detec-
tion method [15]. Konu4ecTBeHHBIN U MOTYKONMNYECT-
BEHHBII y4yeT ocymecTagerca mo ISO 10272-2:2017
Microbiology of the food chain — Horizontal method
for detection and enumeration of Campylobacter spp. —
Part 2: Colony-count technique (Mukpo6uonorus mnu-
1[eBOIT Ijeny — [OpM30HTANbHBI METOJ, 0OHAPYKEHNS
n nopcdera Campylobacter spp. — Hactb 2: MeTop moz-
cuera KomoHmit), ISO/TS10272-3:2010 Microbiology of
food and animal feeding stuffs — Horizontal method
for detection and enumeration of Campylobacter spp. —
Part 3: Semi-quantitative method (Mukpobuonorus
HUILEBBIX IPOAYKTOB ¥ KOPMOB ISl )XMBOTHBIX — [0-
PU3OHTAIBHBIN METOJ OOHAPY)KEHUs U HepednCIeHNs
Campylobacter spp. — Hactp 3: [TonyKonn4uecTBEHHBI
Metop). B Poccun BhisiBNIeHNe U onpefeneHne Komude-
cTBa GakTepuit poga Campylobacter mpoBOAAT B COOT-
BEeTCTBMUU C TpeMsi Mukpob6uonorndeckumu [OCTamu:
FOCT ISO 10272-1-2013, TOCT ISO/TS10272-2-2013
n I'OCT P 55027-2012/ISO/TS10272-3:2010. Kpowme
K/IaCCHMYECKUX METOMIOB, /ISl OOHapy>keHusA KaMOumio-
OaKkTepuil MCIOMb3YIOT U albTepHATUBHbIE (OBICTpBIE)
MeTobl, HanpuMep III1P-aHanus B pealbHOM BpeMeHNA
U UIMMYHOXpoMaTtorpadudyecke sKCIpecc-TeCTHl.

AHanus mMTepaTypHbIX MCTOYHUKOB II0Ka3aJl, YTO Ha-
YUHBIl MHTEPeC 3a0CTPAETCA Ha ONpee/IeHNN U MAeHTI-
¢duxanuy kaMouao6akTepuit B nTune. B cpegHem Ha aTH
yccnenoBanuA npuxogurcs 98,3-99,5% or ob1ero 4ncna
UCC/IelOBAaHNII Ha KaMIMIOOAKTepuy cpemm YOOIHBIX
KUBOTHBIX. [IpuyeM 6ojsee TpeTu U3 HUX B IOCIENHUE
roxel poBoaunuch ¢ npumenenuem [P (Puc. 1). Uc-
CTIeOBaHMII MsICa YOOJHBIX KMBOTHBIX, 33 ICK/TIOUEHEM
OTUIBI, HA Ha/IM4YMe KaMIVIOOaKTepuil IpaKTUIecKy He
IIPOBOAVINCH. BeposiTHee Bcero Ha 9TO MOBIUSA HUSKUI
ypoBeHb BbIsABIsAeMocTr Campylobacter spp. B KpacHOM
MsICe, YTO MOYKET OBITh OO'BSCHUMO PasHBIMIU ITOAXOLAMU
K 0TOOpY P06 U MPOOOIOATOTOBKY IIPU UCC/IETOBAHUN
MsICa ITUIBI U BCEX OCTA/IbHBIX YOOMHBIX XMBOTHBIX. OT-
60p npo6 U MpOOONOATOTOBKY MsCa ¥ MSCHON IIPOAYK-
LUV TIPOBOAT B cooTBeTCTBUM € ISO 6887-2 13 rmy6oxmx
croeB 1/ ¢ noBepxHocTu. IIpu aTOM 0T60pP IIy6OKMX
CTI0€B OCYIIECTBIIAIOT IIOC/Ie 00e33apaXkMBaHVs IOBEPX-
HOCTU 00BeKTa MCCIeoBaHuA. Bee MaACo yOOIHBIX >Kn-
BOTHBIX Ha IIaTOT€HHble MUKPOOPTaHM3MBI OTOMPAETCS
MMeHHO Tak. Kak ObIIo ckasaHO Bbllle, 6aKkTepuy popa
Campylobacter He TOKaMM3YIOTCS B MBILIIEYHBIX TKAHAX,
a KOHTAaMUHVIPYIOT ee IIpK HYTpoBKe. B cBA3U ¢ aTUM 0T-
60p mpo6 Msca JO/DKEH OCYLIECTBIATBCA ¢ He oOe33apa-
YKeHHOIT HoBepXHOCTY. OHAKO MCCIeTOBAHNUA MsCa ITH-
IIbl B OCHOBHOM OCYILIECTBJIAJICA IyTeM B3ATUA CMBIBOB
WIN OIOJIACKMBAHMEM, YTO ¥ CIOCOOCTBOBA/IO BBICOKOI
BBIAB/IIEMOCTY MCKOMOT'O ITATOTEeHA.

HecmoTpst Ha O4eBUAHYI0 HEOOXORMMOCTDH YXKECTO-
gyeHus KoHtpona Campylobacter spp. Ha IIpefupUATIAX
MscoIepepabaThIBAIOIIEl OTPAC/IN, AUATHOCTMPOBAHME
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KaMIMIo0aKTepuii 3aTPyFHUTENbHO. ITO CBSI3aHO C UX
IPUXOTIMBOCTBIO. SIB/IAACH KaIHOPUIBHBIMU MUKpOA-
3POOHBIMM MMKPOOPTaHM3MaMM, /I POCTa ¥ Pa3BUTHUA
OHU TpebyT cosfaHMs MOAUQUIVPOBAHHON! Ta30BOI
Cpefibl, C NOBBIIIEHHBIM COJCPXKaHUEM YITIEKICIIOTO Ta3a
U CHIDKEHHOIT KOHI[eHTpalueit kucimopona. Kpome aroro,
JUIA HapaluBaHMA OMOMAacChl HEOOXOAVIMBI CIIeIan-
3MpOBaHHbIE INTATeNbHbIE CPEJbl TaKMe KaK, HalpuMep,
6ymbon IIpectona (Preston broth) wim 6ynpon Bonrona
(Bolton broth) Ha atane npepgBapuTeIBHOTO OOOTAIEHNS
U CIlel{aI31pOBaHHble arapu3oBaHHble cpenpl (Mrorie-
pa-XMHTOHA arap, YTONbHBIN arap), A4 BoLaBneHns Cam-
pylobacter fetus HeoOXORUMBI Cpefbl C UCIIOIb30BAHUEM
Ne6MpPUHNPOBAHHOI KPOBH, TaKMe KaK KOMTyMOUIICKUI
arap ¢ KpoBbl0. DTO BCe JIeJlaeT aHA/IN3 Ha BBIABJICHME
KaMIMIo0aKTepuii MaTepyalbHO3aTPATHBIM, MJIATENb-
HBIM ¥ CJIOKHBIM B UCIIOTTHEHUL.
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Puc. 1. AHanu3 nmyOnMKaLMOHHON aKTMBHOCTM IO MPOOIEMaTHKe
Campylobacter B MeXXIyHapORHBIX 6a3ax UTUPOBAHNA 3a TIOCIE]l-
Hue 10 net

Hamn6onee nepcrieKTMBHBIM METOIOM J/ISI BBIAB/ICHUA
kammno6akrepuit apnsgercsa [1LIP. B Hacrosmee Bpemsa
npu KoHTpone 6akrepuit poga Campylobacter meTonom
ITIIP HeoOXOAMMO IONb30BATHCA METOMMKONM, OICAH-
Hoit B MYK 4.2.2872-11. Ilpenmy1ecTBO METOAMKM 3a-
K/TI0YaeTcd B OTCYTCTBUM HEOOXOAVMOCTM CeNeKIUN
u v3omsauym Campylobacter n3 myna MUKpOOPraHM3MOB.
HepocraTkoM MeTOAMKM ABJANOCH OTCYTCTBUE T'OTOBOII
K JCNOonb30BaHM0 TecT-cucteMbl IIIIP fisa BuIsABIeHUA
Campylobacter.

Llenpro Hameil paboThl ABIANACH pa3pabOTKa IIOTHO-
uennoyt ITIIP Tect-cucremsl [y BbIABIEHMS OaKTepwmit
pona Campylobacter B mniieBoOI IPOTYKIMNL.

MaTepmamﬂ " ME€TOIbI

O6bekTaMy MCCIEOBAHUA SIB/LSINCD TECT-IITAMMBI
YUCTBIX KY/IBTYP IATOT€HHBIX MUKpoopranusmos: Cam-
pylobacter jejuni subspecies jejuni 70.2T; Salmonella enteri-
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ca subsp. enterica serovar Typhimurium ATCCI14028; Esch-
erichia coli ATCC 25922; Proteus mirabilis ATCC35659;
Aeromonas salmonicidaasl; obpasubl nTunbl («A», «B»,
«C») HpeAIoNOKUTENIPHO OOCeMeHeHHble OaKTepusaMu
ponma Campylobacter; mpogyKTbl aMIMUKaLUy LITaM-
MOB; BbifienieHHble [ITHK mTaMMoB MUKPOOPraHU3MOB.

[Ipy mpoBefeHNY UCCIENOBAHNA UCIIONb30BAIN MU-
KpOoOMO/IornyecKui MeToy; o6Hapy>keHns 6akTepuit poaa
Campylobacter coznacro MCO 10272:1. Tleppudnoe obora-
IeHe IPOBOAVIIN B CeTIeKTMBHOI >XMAKOI cpeie Bolton
broth (CM 0983, OXOID) B nBe cragym. [lepByio cTagnio
MHKYOMpOBaHMs IPOBOAV/IN ITpK TeMneparype (37+2) °C
B TeyeHMe 4-6 4, Ha BTOPOV CTajuy — IpU TeMIlepaType
(41,5£2) °C B TeueHue (44+4) 4. [Toce yero nponsBoRMIN
IepeceB Ha IUVIOTHBIE CEJIEKTVBHBIE IMTATE/IbHBIE CPeJibl
(Preston agar 1 mCCD agar) ¥ KyIbTUBMPOBA/IN IIPU T€M-
neparype (41,5+2) °C B Teyenue 44+4 4 B yCTIOBUAX MO-
INUIPOBAHHOI Tra3oBoil aTMocdepsl. [nd co3maHus
MOMGUIIPOBAHHOI Ta30BOit aTMOChepbl IpUMEHSIN
KOMMep4ecKiie ra30reHepaTopbl.

B pesynbrare Ky/JIbTMBUPOBAHUSA MOTYYaIN U30MUPO-
BaHHbIe KOJIOHUY, KOTOpble MAEHTU(PUIMPOBAIN C WC-
II0/Tb30BaHVeM KOMMePYecKIX TecT-cucteM api (Biomeri-
uex, Ppannus).

IOna nposepgenusa IIIP, xynpTypanbHYIO XUAKOCTD,
HOJIY4eHHYIO Ha 9Talle IIePBUYHOr0 00OTalleHNs UCTIOND-
30Ba/M /1A HOMy4eHMA OMOMAcChl K/I€TOK MMKpPOOpra-
HU3MOB M Tocefyomero Bbiienenna us Hee JHK. Ina
3TOTO OTOMpANM KYIbTYPAJIbHYI0 >XUJKOCTb 00BeMOM
1,0 cM® B cTepuibHBIE IeHTpUQY>KHBIE IPOOUPKY U I[eH-
TpudyrnpoBan B Te4eHMe 5 MUH IIpK 6,5 THIC. 060pOTax
(Eppendorf). Ilony4eHHBII CymepHATaHT ymaysnyu, IO-
JTy4as KOHI[eHTpaT 6uomacchl. [IpuHIMMas BO BHUMaHuUe,
YTO B KOHI[EHTPATe MOTYT HaXOAMUTHCS KOMIIOHEHTHI IH-
TaTe/bHOI Cpefbl, IIOTyYeHHble 00pasIibl 610Macchl MOf-
Bepraiy MpoMbIBKe. [I/11 3TOro K IeKaHTaHTY J00aBIAIN
CTEPWIbHBIN (U3NONTOTMYECKUIT PAacTBOP, CYCIIEHAVPO-
B/l BCTPAXMBAaHMEM, IIOC/IE 4eTo IMMOBTOPHO LieHTpudy-
TMPOBA/IM P TeX JXKe pexxyMax. V3 momydyenHoro, nocrue
CIMBa MIPOMBIBHOTO (DM3VMOJIOTMYECKOTO PAacTBOpa, KOH-
neHTpara Boifenanu JHK.

Tak >xe i nposenenns I11IP mpoBopunu ot6op tu-
IMYHBIX KOJIOHWII C arapy30BaHHBIX CEJIEKTMBHBIX Cpe
Y TOTOBM/IM CYCIIEH3MI0 MUKPOOPTaHMU3MOB C 3a/JaHHBIM
TUTPOM B CTEPUIBHOM (PM3MOTOTMIECKOM pacTBope. s
ompefielieHNsA TUTPa MUKPOOPTaHN3MOB IIPYIMEHAIN Me-

TOJ| CPaBHEHMA CO cTaHAapToM MyTHOCTH Ne 1 McFarland
(Biomeriuex, ®panumus), skBuBameHTHbIM, 3x10% 6ak-
TepMaNbHBIX KJIeTOK B 1 oM’ cycrensuu. IlomydeHHyIO
CYCIEH3MI0 LEeHTPUQYTMpoBamy, MHOTydas KOHLEHTpAT
61oMacchl MMKpOOPTraHM3MOB. VI3 OMTy4eHHOTrO KOHI|eH-
Tpata Bbiensau JTHK.

Cor/lacHO /MTepaTypHOMY IIOUCKY, OakTepyum popa
Campylobacter ciocoOHBI B3aMMOJIEIICTBOBATh O IIPVH-
IVITy KOMMEHCAa/IM3Ma WIM HAaXOOWUTCA B KOHCOpLMyMe
KUIIEYHOTO MUKPOOMOMa C JPYTMIMU IaTOT€HHBIMM MM-
KpOOpraHmM3MaMu. B cBA3M ¢ 3TuM mpu aHamm3e reHoMa
Campylobacter ipoBofM/IN CpaBHeHNe C GAKTEPUsAMU PoO-
noB Esherichia, Salmonella. Insa nposegenns TP B oT1-
HOIIEHNV 3TUX MMKPOOPTaHM3MOB MY3eifHble Ky/IbTYpbl
ObIIV peKy/IbTYBYPOBAHbI HA IVIOTHOJ MUTATEIbHOI cpefie
Trypton-soya agar (TSA), mocne dyero cospmaBami cycreH-
30 KJIETOK C 33/JaHHBIM TUTPOM B (PU3MOIOTYECKOM pac-
TBOpE METOJOM aHAJIOTMYHBIM TOMY, KOTOPBII UCIIONb30-
BaJIU J/Is1 TIO/TyYeHus CyclieH3nu Kinetok Campylobacter.

Ina soipenenua [JHK moprorasnmBamm cCycneH3UIo
K1eTok o6bvemoMm 50 M. Beimernenme [JHK mposopu-
M METOJOM MAarHMTHBIX 4acTHUI] HA POOOTU3NPOBAHHON
crannuy MagNA Pure LC2.0 Instrument (Roche, IlIBeii-
Lapus), ucnonb3ys Habop s Beifenenus JHK MagNA
Pure LC DNA Isolation Kit IIT (Roche, IlIBeiiiapus).

AHam3 reHOMa ¥ COITIACOBaHIe AM3aifHA KOMIUIMMEH-
TapHBIX IpaitMepoB k Campylobacter ocyiecTBIsAMM C 1IO-
Moo nporpamm Primer-BLAST (http://www.ncbinlm.
nih.gov/tools/primer-blast/) u Oligo Analyzer 3.1 (http://
eu.idtdna.com/calc/analyzer).

Ina monydyenus ¢parmentoB JHK wcronb3oBaHbl
yHuBepcanbHble npariMepsl (Ta6mn. 1) u pomocnenuduy-
Hble npaiiMepsl (Ta6. 2.) k reny 16S rDNA.

Bri6panHble pofocnenuduyHble IpaiiMepsl K reHy 16S
rDNA 6akrepnit poga Campylobacter 6p11m uconb3oBa-
Hbl 14 nposefiennd [P B peanbHOM BpeMeHu. Ycio-
BMA U pexuMbl npoefenusd [P peakuyy npuseneHs
B Tabr. 3. Temneparypy miasieHus onpepensm in silico
C TpUMeHeHMeM MHTePaKTUBHOI mporpammbel uMELT™
(https://dna.utah.edu/umelt/um.php).

Yncrory mnonydenssix ITIIP-npoxykToB (ammmmko-
HOB) IIPOBEPS/IN METOZIOM 371eKTpodopesa B 2 %—HoM ara-
posHoM rerte ¢ ucnonpzoanueM TBE — 6ydepa (Thermo
Scientific, CIIIA). [na oxpammsanua IIIIP-npopykros
ucrionb3oBamm kpacurenb SYBRGreen I (Cunekc, Poccus).
O6beM BHOCHMOTO 00pasiia B KKAYIO U3 TPeX TyHOK eI

Ta6muua 1. 16S rDNA npaiimepst, ucnonb3oBanHbie mis nonydenus ¢pparmentos JHK 6axrepuii poga Campylobacter

Forward primer TACGGGAGGCAGCAG Plus 15 2 16 5437 66.67  3.00 2.00
Reverse primer CCGTCAATTCCTTTGAGTTT Minus 20 566 547 54.11 40.00 4.00 0.00
Product length 565
Ta6muua 2. Pogocnenyudguynbie npaiiMeps! k reHy 16S rDNA 6axrepuii poga Campylobacter,
Ucnonb3oBaHHblIe N1 nposefeHn: IIIIP B peanbHOM BpeMeH:
Forward primer GTTAAGTCCCGCAACGAGC Plus 19 463 481 59.21 57.89  4.00 2.00
Reverse primer GGCTGATCTACGATTACTAGCGA Minus 23 735 713 59.56 47.83  4.00 2.00

Product length

273
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coctasat 15 ML [l MEAYKIUY U3TydeHns Gpayopeciy-
PYIOLIETO CBeTa U3 KPACUTE/sl UCIIONb30Ba/I TPAHCUIITIO-
munHatop ETX-F26 (Vilber Lourmat, ®panumus).

Ta6muua 3. Yorousa u pexxumsl nposenenns TP

IIpu Hapa6orke ITIIP ¢pparMeHTOB /151 BaNbHeIIIero

CeKBEHVPOBAHMS:
CocTaB peakI[MOHHOI cMecH: Ycnosus IIITP
Q5 ITIIP 6ydepx2,0 12,5 MK 98 120
Bopa 7 MK Henarypanus
Prmix 3 MKII 54 30
IOHK 2 MK 72 20
Eva-green xpacurenn 0,5 Mxn % 15
30 muKkmoB
IIpu nposenenym IIIIP B peanbHOM BpeMenu:
CocraB peakMOHHOII CMecH: Ycnopusa IIITP
PCx2,5 10 Mx1 95 400
Bopa 15 MKn 60 40
Prmix 3 MKII 95 15
ITHK 2 MKII 40 MUKI0B
Eva-green xpacutenb 0,4 MK
Taq-monmmepasa 0,4 MK

Ina nepsuuaHoi ounctku ¢pparmentos [JHK mcnons-
3oBanu Habop Cleanup Standart (EBporen, Poccust). s
3TOTO Ha KOJIOHKY HaHOCU/IN He 60mee 200 MT arapo3Horo
re/ig ¥ MPOBOAMIN OYMCTKY B COOTBETCTBUY C PEKOMEH-
JalVAMU TIPOU3BOANTENA COITIACHO MHCTPYKLUM K HabO-
PY € HEKOTOpBIMU M3MeHeHVAMM. []71s1 HacTosIero uccue-
[IOBaHMA ObIIO YBEIMYEHO BpeMs LeHTPUQPYTMPOBAHNA
Ha Bcex sTanax ¢ 30 ¢ Ha 60 ¢; sMOMPYOIINUIT pacTBOP
IpenBapuTeIbHO Harpesasu 1o 55 °C; mociie NepBUYHOrO
nobaBieHNs anmoupyoiero Oydepa o6pasibl BbIIEPKU-
Ba/iu 5 MuH. B pe3ynbraTe monyvanu Tpu Ipo6sl paBHOTO
ob6beMa, KkoTopsle o6benuHsu. O61mumit 06veM 06beu-
HeHHOI1 Ipo6sI cocTaBuI 600 MK

Bropyio cTagmio KOMOHOYHONM OYMCTKY IIPOBOAVIIN
¢ nmomompio Habopa MinElute Purification Kit (Qiagen,
CIIIA) cornmacHo nporokony. B xononky BHocumu 600 MK/
o6pasia, OTy4eHHOTO MOC/Ie TePBUYHON 04nCTKI. O6D-
eM amoupymolero 6ygdepa, BHOCUMOro Ha MeMOpaHy Ha
BTOPOJI CTafuy OYNMCTKY, OBUI YBEIMYeH, M COCTABUII
15 MK

Omnpepenenne koHeHTpanuu ounieHHbIx IHITP-mpo-
JIyKTOB IIPOBOAMIN (OTOMETPUYECKMM METOJOM C VC-
nonb3oBanyueM ¢oromerpa Qubit 3.0 (Thermo Scientific,
CIIIA) cornacHo mpoTtokony K Habopy Qubit dsDNA HS
Assay Kits (Thermo Scientific, CIIIA).

Pesynbprarsl u 06CyxeHne

J1s reHOTMIIPOBaHUA KOHTPONbHOTO mrtamMma Cam-
pylobacter jejuni subspecies jejuni 70.2T 6blna BblfjeneHa
ero THK u nocrasnena I11]P ¢ BoiOpaHbIMM YHUBEpCA/Ib-
HbIMM npaiiMepamu K reny 16S PHK npoxapuor. Cxopn-
MOCTb BBIOPaHHBIX OpBap/ U peBepcC MpaiiMepoB Ipef-
craBnena Ha Puc. 2 u Puc. 3.

3 paHHBIX npefcTaBneHHbIX Ha Puc. 2 u Puc. 3 Bup-
HO, 4TO (popBapp npaiiMep obmagaet 100 % cXOAMMOCTBIO
¢ Campylobacter, a peBepc npaitMep UMeeT CXOAVIMOCTb Ha
95%. B cBA3M ¢ TeM, 4TO peBepc paiMep He JaeT IOTHYIO
cxopuMocTb ¢ Campylobacter 6b11 TpoaHaIM3MPOBaH CH-
CTEMHBIII MMCMAT4 y4acTKa HECXOAMMOCTHU. Pesynbrars
npepncraBieHsl Ha Puc. 4.

PacnionoxxeHne mmucmarya B 5 obmactu mpaiimepa Io-
3BOIMJIO VICTIONIb30BATbh YHUBEPCAJIbHBIE IIpaliMepbl AJs
HOJTy4eHNs IPOAYKTOB aMIUIMUKALUN /IS CeKBEHUPO-
BaHUA.

B pesynbraTe ceKBeHMPOBaHM S, IPOBEIEHOTO COBMEC-
tHO ¢ 3AO «EBporen», ouniennbsix ¢pparmentos JHK
mramma Campylobacter jejuni subspecies jejuni 70.2T, 6bi1a
YCTAaHOBJIEHA €ro HYK/JIeOTM[HAs II0C/Ie[OBaTelbHOCTD

Sequences producing significant allgnments:
Select: All Hona  Sebected 0
ii Aligrmants o
Dsseripton feons e comy vaue 90T | Accessin
Lobaciet SO Svdin BIEITOS CoMplutE QRNITS 02z 0T W% 05T 00N CRNRGEST
\BDBCABT STubsIEm By DTS LG 11764 shrgin LIS 17589 comalals oenams 2 90T 100% 057

G A60 outsqe by taacalis G 20703 cometels oEnoE 302 907 100% OST 0% CPOI2683

] Campiiobacier sputedam By sputonum RMIZST compieds genome 302 907 100% O0ST 100% OPO1BSES 1
Camgulosacier iswmi girain FORC 045 complele genoms ;2 M2 100% 05T
Campnsaer mun sirain 171523 18 302 302 100% 057 100% |

3oz 32 100% 05T 100%

Camosioscier wauni steain 11024 168 fpesomal RNA cane paitial sbuencs 302 02 100% 05T 100%
Camoilobacie: nl irain 1 & fbonooial BHA cene. CMa) SEOURNCY 02 302 00% 05T 100% MEITIETIN
Campdedacier iwwnl slrain 13775 165 rbosomal Rith gene. padial sequence 32 302 100% 057 G00% MEITISTRY

1 Camdanacter dani SUDSR Wyt Srpin FOAARGOS J65 cOniepe Qename 302 S0T 100% 05T 100% CPOZMITEA
Campiighacier iswni subss emni sheain FOAMRGOS 552 complets Sanome D2 90T W00% 05T 100% CPDIR0TET
Campstobacier esuni sighsp Maini girain STCC 35525 complale genoma 302 194 100% 05T 100% CPRIIO4S 1
Campdosacier auni slrain NCTC12582 complats enoms 302 14 100% 05T 100% CPC 21
Campyiobacier coli siain aercéolecant OR1Z. complets genoma 302 907 100% 057 100% CROIDTTY
Camprlotacier pannipadigeusn subsp pinnipedonam stain BIMT262 compiste ganoms 02 1M 100% 05T 00% CPOISE4Ed

Puc. 2. Oyenka ceunduasocty GpopBapy npaitMepa i CeKBeHVPOBAHNA
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Sequences producing significant alignments:
Select: AL Hone Selected:0

it Algnenants

Descriptson

] Campsiobacier coll 58 Lok} ety gen

1 Cam [ ] 3183 complal i

B " r rair SF 3108 comp

B m i1 [l siain T T 18 QR0
I il i sigin CETTOCS annm
0 cam i Eir. 1 18 geEOm

O Campnio M167 12, complste

B cam [0l BMARTOT m

1 Camgnio rlgei TG 11 Com

n m ig LG 2437 It

& | yhgrianch 4377 i aln]
1 Cam b oizp LWG 24374 iele ganpm
1 Camet i 1l 5 m [P il i !

Puc. 3. Onenka cenndudHOCTH peBepc npaitMepa I cekBenupsauus Campylobacter

Campydobacier coli strain BG2108, complate genome
Sequence 10 CEOTTETE 1 Lengma 1685638 Uumber of Mstches: 11

Range 1 1114526 be 1114545 QunBpni Graphiny W Mot Match

Scorn Expacl 1denkitiow Gapn el
32.2 bits{18) 038 1%/20{95%) 0720{0%) PhugFhus
Guery 1 COSTCAATICCITIGASTIT 20

UREE AR EERAAINERRA
Shjer 1114526 ::.:ézl.—_.'.n:m'rai.";m 1114548

Puc. 4. CucreMHbBIII MIICMaTy YHUBEPCATLHOTO peBepc IpaitmMepa

¥ TIOATBEPIK/IeHa BIJOBAsI IPUHAIEXHOCTD NCCIERYEMO-
ro mraMma. ITO IIO3BOJINIIO UCIIO/IB30BATH €T0 B Ka4eCTBe
IOJTIOXKMTETIBHOTO KOHTPOJIS IIPK pa3pabOTKe POFOCIIEIi-
¢duunoit k Campylobacter spp. IIIIP TecT-cucTeMsl.

Max | Total Query E
score | Scone cover walue

401 401 100% 0.001 100% MEITISTSY
401 401 100% 0.001 100% MEITISTRY
401 401 100% 0001 100% ECSIS0HAD1
401 401 100% 0001 100% EFS318381
322 2N 100% 036 95% CPOTETE1
322 3\ 0% 036 95% CPOTETEY
322 303 1040% 036 95% CROATETRY
322 39 1% 036 95% CPDITEM
22 OIM 1% 06 95%  CPONTRES1
22 O34 0% 036 95% CPOIOSNTY
322 34 0% 036 95% CPQIgMasy
322 A 0% 036 95% CPOATIN
322 433 1% 036 95% CPOOTTIRY
322 297 4% 036 95% CPOOTTITH
322 459 100% 036 95% CPOOTIIZGY
322 190 100% 036 95% CPROOTIT4M
322 483 0% 036 95% LCPOOTTIRY
322 465 100% 036 95% CPROOTITZI
322 3T 100% 036 95% CROOTIIL)

ent | Accession

ITpn nmogbope pomocnerUIHbIX IIpaiiMepoB 1o 6ase
naxHbIx NCBI 6b171a BbIOpaHa 6071ee KOHCepBaTHBHAsI IIOCTIE-
nosarenbHOCTD 16S rDNA ITS, T.K. KOHCTUTYTUBHbIE I'€HbI
Campylobacter (housekeeping genes) o6majjaroT BBICOKO
BUJIOBOJI CIIELMUIHOCTBIO. Pesy/bTaTbl M3y4eHNs CXOmM-
MOCTM IOOOPaHHBIX pofocHelUIHbIX POpBAPH U peBepc
IpajiMepoB II0 OTHOIIEHNMIO K Pas/MYHbIM BujaM OakTepuit
pona Campylobacter npencrasens! Ha Puc. 5 u Pruc. 6.

VI3 npepcTaB/IeHHBIX JAHHBIX BUJHO, YTO BbIOpaHHBIE
ponocnennduunble mpaiiMepsl obmagaror 100% cxommu-
MOCTBIO € reHOMOM baxTepuit poga Campylobacter.

Ieliuery_4139

l ] 3 =& o] i A Jt i &

®

Puc. 5. CxopumocTsb popocreruduanoro ¢popapy mpaiimMepa k renomy bakrepuit poga Campylobacter

ozt T Trip Visw | Exnabacs

:ILH‘I Rasulss for: Muclectide Jegoecce (20 lesteza) i !
i crazzaEey

1 5 i i ‘ I

CPEzz

r.rn;zm:l "

Puc. 6. CXOJII/IMOCTI) pOJIOCHeI.H/I(i)I/I‘IHOI‘O peBepc Hpaﬁ[Mepa K reHOMY 6aKTepMI7'[ pona Campylobacter
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[lna pacueTa YYBCTBUTETBHOCTM M 3(PPEeKTUBHOCTI
[TIIP peaxuyu ¢ popocnenyduaHbIMy paiMepamu Obina
nposepena I111P c ucnonpzopanmeM psAga gecATUKPATHBIX
passenenuii JHK. PesynbTarsl 4yBCTBUTENBHOCTY TIpai-
MepoB IpefcTaB/IeHbl Ha Puc. 7.

"

Puc. 7. Pe3ynbTaThl 4yBCTBUTENBHOCTH POROCIELMIYeCKUX TIpaii-
mepos g Campylobacter

[IpoananusupoBaB [HaHHble IIpeACTAB/ICHHblE Ha
Puc. 7, naroe passegenne JHK 6buto mpuuATo 3a Hu3-
mmit npegen obHapyxenus meropa [P, skBuBaneHTHOI
1x10* 6aKkTepuanbHBIX KJIETOK B 1 CM® CyCIIeH3UM.

[Tony4ennslie pesynbratel I[IIIP B peanbHOM BpeMeHU
KOPPeNUpPYIOT C paC4eTHBIMM IAHHBIMU U ITOATBEPXKJA0T
100 %-Hyto crennUIHOCTb MOZOOPAHHBIX IpaiiMepoOB
K 6akTepuam popa Campylobacter. dpdexrusrocts IILIP
cocrasyser He MeHee 95 % (Puc. 8).

Puc. 8. Kpusas pacuernoit apdexrusroctu [IIIP peakiyn

g onpenenennsa yaukanbHocty [P peaknunm npo-
BefleHa Cepysi CPAaBHUTETbHBIX 9KCIIEPVMEHTOB C IpHU-
MeHeHVeM MMKPOOPTaHM3MOB, KOTOpble MOTYT OOHapy-
KUBaTbcsl B mpobax Hapapy ¢ Campylobacter (Puc. 9).
Hanbomnee 4acTo BCTPEYAIOTCS acCOLMAThl MUKPOOMOMa
KaMnmao6akTepuit ¢ 6akrepusmu popos Salmonella u Es-
herichia. B cBs3u ¢ 3TUM TNPeACTaBIANIO MHTEPEC IMPO-
Bectu IIIIP mccnenoBanme ¢ BBIOpaHHBIMM POJOCIIEIIV-
¢buuHBIMK IIpajiMepaMy B OTHOIIEHMY GakTepuil pomoB
Salmonella n Esherichia

AHanu3s JaHHBIX, IOJy4YeHHBIX B pesynbraTe ITIP
(Puc. 9) mokasas, 4To BeIOpaHHbIe IpaiMePHI JAIOT I10-
JIOKUTENbHYIO peakIuio Ha 6akTepuy ponos Salmonella
u Esherichia. CnemoBatenbHO, ClienupUIHOCTD peaKLnn
IpY UCIIONIb30BAaHNUY JAHHBIX IIPaliMepoOB He IOATBep-
JMIACh.
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Puc. 9. Pesynpbrater IIIIP nccnenoBannsa ¢ npuMeHeHMEM yHUBED-
Ca/IbHBIX pofiocenIYHbIX TPaiiMepoB

[l mogbopa crenuuyuHbIX IpaiiMepoB, y4acTok 16S
IOHK Campylobacter 6b1 BbIpoBHEH Ha TOMOJIOTMYHBIE
yuactknu 16S JHK 6axrepuit pogos Salmonella, Esherichia
u Aeromonas (Puc. 10).

B pesynbraTe BopaBHMBaHVS OBUIO YCTAaHOBJIEHO, YTO
peBepc mpariMep MMeeT BCEro iBa MUCMAT4a B OTHOIIe-
HUM TOMOJIOrnyHbIX yuactkoB [JHK 6akrepnii, pacmomno-
JKEHHBIX B 5 o6macTu npariMepa. JlaHHast HOC/IeoBaTe/Ib-
HOCTb He 00/1a/jaeT JO/DKHOI CrelydUIHOCTDIO, B CBS3U
C 4eM, IIpy e€ UCII0/Ib30BAHNUMY TeCT-CUCTeMA OYeT JaBaTh
JIOYKHOTIOTIOXKUTEIbHOI PeaKIUIL.

Bo us6exxaHne moyueHNs TO>KHOIIOJIOKUTEIBHOI pe-
aKIyy, ObIIO IPUHATO pellieHNe CABUHYTh 006/1acTh KOM-
IIEMEHTAPHOTO CBsI3bIBaHUA MpaiiMepa mo 3’ obmactu
¢ nosunyy 1338 Ha 16 6a30BbBIX ITap HYKIEOTU/IOB B IIO3M-
uuio 1322 (Puc. 11).

V13 mpencTaBlIeHHBIX JAaHHBIX BUJJHO, YTO HOBBIN pe-
Bepc npaiiMep uMeeT 3 MUCMaT4a B OTHOLIEHUN TOMOJIO-
ruaHbIX yyacTkoB J[IHK 6akrepmit Salmonella, Escherichia
u Aeromonas, pacloNOXXeHHBIX B 3’ o6macTu mpaiiMepa,
OTBevaolIell 3a CIeLUIHBIN OTXKUT.

Ons nogrBep>xpenus cuenndrunoctyu [P peakuyn
C HOBBIMU IOZ{0OpaHHBIMY IpaliMepaMy MOC/Ie BhIpaBHMU-
BaHMA TOMOMOrMYHbIX y4yacTkoB [THK Obima mposesena
nocranoBka [IIP ¢ 6akrepusimu ponos Salmonella, Esch-
erichia 1 Campylobacter (Puc. 12).

OTMeueHO, 4TO HOBBIE ITOJ0OpaHHbIe ITpaiiMephl 06/1a-
JAIOT CIen(UYHOCTBIO MO OTHOIIEHMIO K OaKTepuam
pona Salmonella w Escherichia. TlonydeHHble pe3ynbTaThl
anM/IMMKaLuY MO3BOJAIOT YTBEPX/ATh, YTO MCIIOND-
30BaHMe HOBBIX IOFOOPAaHHBIX IpaiMepOB JCKIIOYAaeT
oMOKy AMarHocTuky npu audpdepennyanuu poga Cam-
pylobacter ot 6axtepuit ponos Salmonella n Escherichia.

[Tpunnmas Bo BHUMaHue, uto Campylobacter MoxxeT
BCTpeYaTbCsA B CMELIAHHON Ky/IbType ¢ OaKTepuaMu po-
noB Proteus u Aeromonas, 61 IIpOBefieHa CPAaBHUTE/Tb-
HasA MEXpOJoBas JMarHOCTUKa IyTeM nocraHosku I11TP
¢ BIOpaHHbIMK IIpaiivepamu (Puc. 13).
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Puc. 13. Pesynsrarsl ammmdukauuu Campylobacter jejuni, Aeromonas salmonicida u Proteus mirabilis

JlaHHbIe IpecTaB/IeHHbIE Ha PUCYHKE, 0Ka3bIBAIOT, YTO
BBIOpaHHbIE IpariMepbl 00/IaJal0T BBICOKOMN CreliyIHO-
CTBIO B OTHOLIIEHNM 6aKTepuit poia Aeromonas vt Proteus.

g OLeHKM IMarHOCTMYECKMX BO3MOXKHOCTEN pas-
paborannoit ITIIP TecT-cuctembl Opla poBefeHa cepus
C/IVYUTETbHBIX UCIIBITAHMIL C TPAAULIMOHHBIM MUKPOOU-
OJIOIMYeCKVM METOIOM BbIsAB/IeHMA OakTepuit popa Cam-
pylobacter.
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Kak BupgHo 13 panHbIx IIIIP uccnegoBanus, mpencras-
JIeHHBIX Ha Puc. 14, Tormpko npoba «B» fama MOmOXuTeNb-
HYIO PeaKLI0 aMIIM(UKALVIMN, YTO CBUAETEbCTBYET O Ha-
mmavn B Heit 6akrepnit poga Campylobacter. IIpo6br «A»
n «C» Janmy OTpULIATENIbHYI0 PeaKLMI0 IIpU IpOBeleHUI
ITIIP, uyto mopTBepxAaeT orcyrcTBue Campylobacter spp.

[Tapamnensro ¢ II]P-ananusom 610 MPOBEREHO WC-
cnepoBanue pob «A», «B» n «C» KynbTypalbHBIM MeTO-
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Puc. 14. Kpussie amnnudukanuu Campylobacter jejuni (momo>xuTenbHblil KOHTPONb) 1 3anPOBAHHBIX 06pa3iioB «A», «B» 11 «C»

foM. B pesynbrare KyIbTMBMPOBAHNSA STUX PO U MOCTIe-
yrolLelt 61oXMMIYecKoit uaeHTIduKamm, 6aKTepun poxa
Campylobacter 65111 06HapYXeHbI TONBKO B IIpo6e «B».

Pesynbrarel, mosmyueHHble IpYM NPOBENEHUU CANMYN-
TEJIbHBIX VCIBITAHUI Pa3HBIMM METORaMy, IIOKa3alu
MOJIHYI0 CXOAMMOCTDb KynbTypanbHoro u IIIIP meropa,
YTO [T03BOJIAET UCIIONb30BaTh padpadoranuyio ITIP Tect-
CHUCTEMY B 1Ta0OPaTOPHOI PAKTHKe.

BoiBoab1

B pesynbraTe NpOBeNEHHBIX MCCIENOBAHUII ObBUIN
0Tpa60TaHbI II0XO0oObl K Bb160py I‘CHOB-MI/II_HGHCIZ,
obmaganiux pasperiawnieil ClIocOOHOCTh B Ipeenax
pona Campylobacter. Bputn n3ydeHsl XapaKTepUCTUKN

Introduction

Progressing mutagenesis in pathogenic microorgan-
isms of food origin is of serious pandemic hazard to mod-
ern world. Showing rapid variability, both at the genetic
and phenotypic levels, pathogens become resistant to vari-
ous factors including environmental ones. This leads to ex-
pansion of their distribution area.

A number of microorganisms are currently the most
dangerous ones due to their wide distribution in nature,
high survival and pathogenicity. Such microorganisms
include the family of capnophilic epsilon-proteobacteria,
Campylobacterales, in particular bacteria of Campylobacter
and Helicobacter genera [1].

In addition, the World Health Organization identifies
several most dangerous pathogenic microorganisms in
terms of increasing resistance including bacteria of Cam-
pylobacter genus [2].
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HpaiiMepoB /IS ONpefeneHNsi KaMInI006aKTepuii, B pe-
3ynbrate 4ero ObUIM IMORKOOpaHbl popocHennpuIHbIe
npaiiMepsl K 6aktepusm popa Campylobacter Ha ocHo-
Be KOTOPBIX ObI/1a pa3dpaboTaHa rOTOBas K IPUMEHEHMIO
ITLIP tect-cucrema jis BoisiBnenus Campylobacter spp.
Beima mpoBefieHa OIleHKa CHENUPUIHOCTH, TOYHOCTH
u s¢dextuBHOCTH npoBoaumoit IIIIP. PazpaboranHas
TeCcT-cucTeMa Obl/la BepudUIMpOBaHA B payHJe MeX-
NYHapOOHBIX CIM4YuTeNbHbIX ucnbiTanuit FEPAS. VYcra-
HOBJIEHO, YTO JaHHAs TeCT-CUCTeMa MOXeT OBITb JC-
[I0/1b30BaHa JIJIs1 9KCIPECC AMArHOCTHKY GaKTepuit posa
Campylobacter B Msce y6OiHBIX >KMBOTHBIX. [TomyueH-
Hble Pe3y/IbTAThl IOATBEPXKAEHBI MUKPOOONTOINYeCKIM
pedepeHc-MeTOnOM.

The WHO report «Global Look at Campylobacterio-
sis» noted that campylobacteriosis is an underestimated
disease. The frequency of infection with pathogenic
agent of this disease is growing rapidly in the popula-
tion. The report identifies two species, C. jejuni and C.
coli, as the most dangerous ones, despite the fact that
twelve out of 16 Campylobacter species are considered
pathogenic [3, 4].

Bacteria of Campylobacter genus are regarded world-
wide as the most common food pathogens that cause cam-
pylobacteriosis (vibriosis) with the following pathogenesis:
intestinal infections, enteritis, bacteremia, colitis, septic ar-
thritis, hemolytic-uremic syndrome. In complicated cases,
they may cause Reiter’s syndrome or Guillain-Barre syn-
drome. In some cases, a lethal outcome is possible, mainly
in the populations at risk because of weakened immunity.
According to the WHO newsletter, usually the source of
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infection and the cause of gastroenteritis is poultry meat
that has undergone insufficient heat treatment [5].

In 2007, international Codex Alimentarius Commis-
sion (CAC) n Codex Committee on Food Hygiene stated
the need for more careful study and control of Salmonella
and Campylobacter genera bacteria [6, 7].

Studies of 148 food samples (lettuce, vegetables, raw
milk, chicken meat, chicken raw by-products, turkey,
quail, beef and washouts from various surfaces) carried
out by «FIC of nutrition and biotechnology» detected their
contamination and identified 50 strains of Campylobacter
genus bacteria, most of which were represented by C. jejuni
species. Most often, campylobacteria present in food due
to contamination including contamination from the sur-
face of the main and additional equipment. Campylobacter
jejuni is the most pathogenic representative of the genus
because of wide-range drug resistance to antimicrobial
drugs including quinolones [8, 9].

Taking into account that birds (especially migratory
birds) may be the carriers of campylobacteria, the dissemi-
nation of this pathogen among animals is rapid and dif-
ficult to control [4].

In connection with the zoonotic nature of the pathogen
and widespread prevalence, the risk factor for campylobacte-
ria infection persists at any meat processing plant, especially
at poultry processing plants. It is also important to consider
the resistance of these bacteria to environmental conditions.
Campylobacteria can survive in a wide temperature range of 4
to 43°C. Because of this property, they are referred to as ther-
motolerant microorganisms. In wet natural objects (water,
manure, soil, hay, etc.) at a temperature of 18-27°C, Campy-
lobacter survive for more than a month. In products of ani-
mal origin at a temperature of 4 °C, Campylobacter survive for
21 days, and at 20°C for at least 12 weeks. In infected tissues,
campylobacteria survive up to a year. However, the bacteria of
Campylobacter genus are susceptible to antibiotics and disin-
fectants, as well as to exposure to ultraviolet rays [10, 11].

According to the latest information, bacteria of Cam-
pylobacter genus are found not only in birds, but also in
almost all warm-blooded animals: cattle, pigs, sheep, os-
triches, domestic animals (cats, dogs). The path of trans-
mission of campylobacteriosis causing pathogen is most
often alimentary. Wild and migratory birds infect natural
objects during defecation. Infection of other animals oc-
curs when eating contaminated vegetation. Among live-
stock, the venereal transmission with the sperm of infected
male is fairly widespread. Campylobacteria are distributed
mainly in the intestines, reproductive organs and in lym-
phatic system [5, 12, 13, 14].

Considering the pathogenicity of campylobacteria and
the nature of human disease, food microbiology uses differ-
ent approaches to detect bacteria of Campylobacter genus
in food and animal feed chain objects. First of all, these are
the classical methods of microbiological practice, which
are described in ISO 10272-1:2006 (en) Microbiology of
food and animal feeding stuffs — Horizontal method for
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detection and enumeration of Campylobacter spp. — Part 1:
Detection method, with changes made in 2017. Soon, when
determining campylobacteria, it will be necessary to use
ISO 10272-1:2017 (en) Microbiology of the food chain —
Horizontal method for detection and enumeration of
Campylobacter spp. — Part 1: Detection method [15], when
it will be published. Quantitative and semi-quantitative de-
termination is carried out according to ISO 10272-2:2017
Microbiology of the food chain — Horizontal method for
detection and enumeration of Campylobacter spp. — Part 2:
Colony-count technique, ISO/TS10272-3:2010 Microbiol-
ogy of food and animal feeding stuffs — Horizontal meth-
od for detection and enumeration of Campylobacter spp. —
Part 3: Semi-quantitative method. In Russia, the detection
and quantification of Campylobacter genus bacteria is car-
ried out in accordance with three microbiological GOSTs:
GOST ISO 10272-1-2013, GOST ISO/TS10272-2-2013 and
GOST R55027-2012/ISO/TS10272-3:2010. In addition to
traditional methods of campylobacteria detection, alterna-
tive (rapid) methods are used, for example real-time PCR
analysis and immunochromatographic rapid tests.
Literature analysis showed that scientific interest was
focused on determination and identification of campylo-
bacteria in poultry. On average, these studies account for
98.3-99.5% of the total number of studies on campylo-
bacteria among slaughter animals. And more than a third
of them, in recent years, have been carried out using PCR
(Figure 1). Studies of slaughter animal meat concerning
the presence of campylobacteria almost were not carried
out (with the exception of poultry). Most likely this was
due to the low detection rate of Campylobacter spp. in red
meat, which can be explained by different approaches to
sampling and sample preparation in the studies of poul-
try and all other slaughter animals. Sampling and sample
preparation of meat and meat products are carried out in
accordance with ISO 6887-2 from deep layers and/or from
surface. In this case, the collection of deep layers is carried
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Figure 1. Analysis of publications concerning the problems of Cam-
pylobacter in international citation databases for the last 10 years
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out after disinfection of the surface of investigation object.
All the meat of slaughter animals intended for pathogenic
microorganism testing is collected this way. As it was indi-
cated above, the bacteria of Campylobacter genus are not
distributed in the muscle tissues, and contaminate it dur-
ing evisceration. Thus, meat sampling should be carried
out from non-disinfected surface. However, poultry meat
studies were mainly carried out using washouts, which
contributed to the high detection of the target pathogen.

Despite the obvious need for stricter control of Campylo-
bacter spp. at the enterprises in meat-processing industry, the
determination of campylobacteria is difficult. This is due to
their fastidious nature. They are capnophilic micro-aerobic
microorganisms; for growth and development they require
the creation of modified atmosphere with a high content of
carbon dioxide and a reduced concentration of oxygen. In
addition, specialized nutrient media, such as Preston broth
or Bolton broth, in the pre-enrichment stage, and specialized
agar medium (Mueller-Hinton agar, Coal agar) are needed
for biomass gain. To identify Campylobacter fetus, media
with de-buffered blood are needed, such as Colombian blood
agar. It makes the identification of campylobacteria material-
consuming, time-consuming and difficult to perform.

The most promising method for identifying campylo-
bacteria is PCR. Currently, when controlling bacteria of
Campylobacter genus by PCR, it is necessary to use the
technique described in MUK 4.2.2872-11. The advantage
of the technique is the absence of the need for selection
and isolation of Campylobacter from a pool of microorgan-
isms. The disadvantage of the technique is a lack of ready-
to-use PCR test system for Campylobacter detection.

The purpose of this work was to develop a complete
PCR test system for the detection of Campylobacter genus
bacteria in food products.

Materials and methods

The study objects were pure culture strains of patho-
genic microorganisms: Campylobacter jejuni subspecies
jejuni 70.2T; Salmonella enterica subsp. enterica serovar
Typhimurium ATCC14028; Escherichia coli ATCC 25922;
Proteus mirabilis ATCC35659; Aeromonas salmonicida;
poultry samples («A», «B», «C») presumably contaminated
with bacteria of Campylobacter genus; products of strain
amplification; isolated DNA of microbial strains.

The study used a microbiological method for the de-
tection of Campylobacter genus bacteria according to ISO
10272:1. Primary enrichment was carried out in a selective
liquid medium, Bolton broth (CM 0983, OXOID), in two
stages. The first stage of incubation was carried out at a
temperature of (37 + 2)°C for 4-6 hours and the second
stage at a temperature of (41.5 + 2)°C during (44 + 4) h.
After that, inoculation into selective culture media (Pres-
ton agar and mCCD agar) and incubation at a tempera-
ture of (41.5 = 2)°C for 44 + 4 h were carried out under
the modified atmosphere conditions. To create modified
atmosphere, commercial gas generators were used.
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As a result of incubation, isolated colonies were ob-
tained, which were identified using api commercial test
systems (Biomeriuex, France).

For PCR, the culture fluid obtained in the primary en-
richment step was used to obtain biomass of the microor-
ganism cells and subsequent isolation of DNA. For this, a1.0
cm3 of culture liquid was transferred into sterile centrifuge
tubes and centrifuged for 5 minutes at 6,500 rpm (Eppen-
dorf). The resulting supernatant was removed to obtain bio-
mass concentrate. Taking into account that the components
of the nutrient medium may be present in the concentrate,
the obtained biomass samples were subjected to washing.
Therefore, a sterile saline solution was added to the decan-
tate, suspended by shaking, and then re-centrifuged under
the same conditions. DNA was isolated from the obtained
concentrate after draining the washing saline solution.

For PCR, typical colonies were also selected from se-
lective agar media and a suspension of microorganisms
with a given titer in a sterile saline solution were prepared.
To determine the titer of microorganisms, the method
of comparison with McFarland turbidity standard No. 1
(Biomeriuex, France, equivalent to 3x108 bacterial cells per
1 cm3 of suspension) was used. The resulting suspension
was centrifuged to obtain biomass concentrate. DNA was
isolated from the resulting concentrate.

According to a literature search, the bacteria of Cam-
pylobacter genus are able to interact in accordance with
commensalism principle or are in consortium of intesti-
nal microbiome with other pathogenic microorganisms.
In this connection, during the analysis of Campylobacter
genome, a comparison was made with the bacteria of Esch-
erichia and Salmonella genera. To carry out PCR for these
microorganisms, the museum cultures were re-cultured
on a solid nutrient medium, Trypton-soya agar (TSA), and
cell suspension with a given titer in saline solution was
prepared be the method similar to that used to prepare a
suspension of Campylobacter cells.

For DNA isolation, 50 pl of cell suspension was pre-
pared. DNA extraction was performed by magnetic par-
ticles method on MagNA Pure LC2.0 Instrument (Roche,
Switzerland) using MagNA Pure LC DNA Isolation Kit IIT
(Roche, Switzerland).

Genome analysis and matching of the design of com-
plimentary primers to Campylobacter were performed us-
ing Primer-BLAST (http://www.ncbi.nlm.nih.gov/tools/
primer-blast/) and Oligo Analyzer 3.1 (http://eu.idtdna.
com/calc/analyzer) software.

To obtain DNA fragments, universal primers (Table 1)
and gene-specific primers (Table 2) to 16S rDNA gene were
used.

Selected gene-specific primers to the 16S rDNA gene
of Campylobacter genus bacteria were used for real-time
PCR. The conditions and modes of PCR reaction are given
in Table 3. The melting point was determined in silico us-
ing interactive program uMELT*™ (https://dna.utah.edu/
umelt/um.php).
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Table 1. 16S rDNA primers used to obtain DNA fragments of Campylobacter genus bacteria

Forward primer = TACGGGAGGCAGCAG Plus 15 2 16 54.37 66.67  3.00 2.00
Reverse primer CCGTCAATTCCTTTGAGTTT Minus 20 566 547 54.11 40.00 4.00 0.00
Product length 565

Table 2. Gene-specific primers to 16S rDNA gene of Campylobacter genus bacteria used for real-time PCR:
Forward primer GTTAAGTCCCGCAACGAGC Plus 19 463 481 59.21 57.89  4.00 2.00
Reverse primer GGCTGATCTACGATTACTAGCGA Minus 23 735 713 59.56 47.83  4.00 2.00
Product length 273

The purity of the obtained PCR products (amplicons)
was checked by electrophoresis in a 2% agarose gel using
TBE buffer (Thermo Scientific, USA). To stain the PCR
products, SYBRGreen I stain (Sileks, Russia) was used. The
volume of the sample added to each of the three gel wells
was 15 pl. For the induction of fluorescent light from the
stain, ETX-F26 transilluminator (Vilber Lourmat, France)
was used.

For the primary purification of DNA fragments, Clean-
up Standard kit (Eurogen, Russia) was used. For this,
200 mg or less of agarose gel was applied to the column
and purification was carried out according to the manufac-
turer’s recommendations and kit instructions, with some
modifications. In this study, the centrifugation time was
increased at all stages from 30 to 60 seconds; the eluting
solution was preheated to 55°C; after the initial addition
of the elution buffer, the samples were aged for 5 minutes.
As a result, three samples of equal volume were obtained,
which were pooled. The total volume of the pooled sample
was 600 pl.

The second stage of column purification was carried out
using MinElute Purification Kit (Qiagen, USA) according
to the protocol. 600 pl of the sample obtained after the ini-
tial purification was added to the column. The volume of
the eluting buffer added to the membrane in the second
purification step was increased to 15 pl.

The concentration of purified PCR products was de-
termined by photometric method using Qubit 3.0 pho-
tometer (Thermo Scientific, USA) according to the Qubit
dsDNA HS Assay Kits protocol (Thermo Scientific, USA).

Results and discussion

To genotype the control strain, Campylobacter jejuni
subspecies jejuni 70.2T, its DNA was isolated and PCR re-
action was carried out with the selected universal prim-
ers to 16S prokaryotic RNA gene. The convergence of the
selected forward and reverse primers is shown in Figure 2
and Figure 3.

Data presented in Figure 2 and Figure 3 indicate that the
forward primer is 100 % convergent with Campylobacter,
and the reverse primer has a convergence of 95%. Due to
the fact that the reverse primer is not fully convergent with
Campylobacter, a systemic mismatch of the divergence site
was analyzed. The results are shown in Figure 4.

The location of the mismatch in the 5’ region of primer
allowed the use of universal primers to obtain amplifica-
tion products for sequencing.
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Table 3. Conditions and modes of PCR reaction
When PCR fragments are generated for further sequencing:
Composition of the reaction

mixture: PCR conditions
Q5 PCR buffer x 2.0 12,5 ul 98 120
Water 7ul Denaturation
Prmix 3ul 54 30
DNA 2ul 72 20
Eva-green stain 0,5 pul 8 15
30 cycles
When performing real-time PCR:
Composition of the reaction mixture: PCR conditions
PCx2.5 10 ul 95 400
Water 15 ul 60 40
Prmix 3ul 95 15
DNA 2ul 40 cycles
Eva-green stain 0,4l
Taq-polymerase 0,4 ul

As a result of sequencing carried out together with
ZAO «Eurogen» of purified DNA fragments of Campylo-
bacter jejuni subspecies jejuni 70.2T strain, its nucleotide
sequence was established and the species specificity of the
strain under investigation was confirmed. This allowed to
use the strain as a positive control in the development of
gene-specific Campylobacter spp. PCR test system.

When selecting gene-specific primers in NCBI database,
a more conservative 16S rDNA ITS sequence was selected,
because the constitutive genes of Campylobacter (house-
keeping genes) possess high species specificity. The results of
the convergence study of the selected gene-specific forward
and reverse primers to various species of Campylobacter ge-
nus bacteria are presented in Figure 5 and Figure 6.

From the data presented, it is clear that the selected
gene-specific primers are 100 % convergent with the ge-
nome of Campylobacter genus bacteria.

To calculate the sensitivity and efficiency of PCR reac-
tion with the gene-specific primers, PCR was performed
using a series of ten-fold dilutions of DNA. The results of
the primer sensitivity are presented in Figure 7.

Based on the analysis of the data presented in Figure 7,
the fifth DNA dilution was taken as the lower limit of de-
tection for PCR method, equivalent to 1x10* bacterial cells
in 1 cm’® of suspension.

The results obtained in real-time PCR correlate with
the calculated data and confirm the 100 % specificity of the
selected primers for Campylobacter genus bacteria. The ef-
ficiency of PCR is not less than 95 % (Figure 8).
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Figure 4. System mismatch of the universal reverse primer

To determine unique character of PCR reaction, a se-
ries of comparative experiments was performed using mi-
croorganisms that may be detected in samples along with

89

AcCEssion
FoOg

40
w1
401
401
m

0.001 MEITIETEY
0.001
0001 100%
0.001 100%
0.36
0.36
0.36
0.36
0.36
0.3
0.36
0.3
0.36
0.36
0.36
0.36
0.3
0.36
0.36

i)
mn

Erd
Erig
22
22
322
22
fr i)
nz
2z

Ha
e
SPOTITE
297

CPOOTITL Y
CPIOTITIY

g8t

an

Campylobacter (Figure 9). The most common are the as-
sociates of campylobacteria microbiome with the bacteria
of Salmonella and Escherichia genera. In this connection,
it was interesting to conduct a PCR study with the selected
gene-specific primers for Salmonella and Escherichia.

The analysis of the data obtained from PCR reaction
(Figure 9) showed that the selected primers give a positive
reaction to the bacteria of Salmonella and Escherichia gen-
era. Therefore, the specificity of the reaction when using
these primers was not confirmed.



THEORY AND PRACTICE OF MEAT PROCESSING N4 | 2017

T Resulzy for: Noolestide Sejqoence (19 letTers)

CreUsEEt 1

CParsatl
s & 5

Figure 5. Convergence of the gene-specific forward primer to the g.e.ané).me of Campylobacter genus bacteria

IeRQuary 42769

i T Teu Wies | Exxanac

ENRNEEREAERE

FEEHNE

saa @ EEdEl

Figure 7. Sensitivity results of the gene-specific primers for Campy-
lobacter

Kamaipoeea
Upaastrmie puiieB

[@en -]
S

Figure 8. The curve of the calculated efficiency of PCR reaction

For the selection of specific primers, Campylobacter
16S DNA regions was aligned with homologous regions of
16S DNA from the bacteria of Salmonella, Escherichia and
Aeromonas genera (Figure 10).

As a result of the alignment, it was found that the re-
verse primer has only two mismatches for homologous
regions of bacterial DNA located in the 5 region of the
primer. This sequence does not have proper specificity, so
when it is used, the test system will give a false positive
reaction.
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Figure 9. Results of PCR study using the universal gene-specific primers

To avoid false positive reactions, it was decided to move
the complementary primer-binding region of the 3’ region
by 16 base pairs of nucleotides from the position 1338 to the
position 1322 (Figure 11).

From the data presented, it is clear that the new re-
verse primer has 3 mismatches for homologous DNA re-
gions of Salmonella, Escherichia and Aeromonas bacteria
located in the 3’ primer region responsible for the specific
annealing.

To confirm the specificity of PCR reaction with the
new selected primers, after homologous DNA regions
were aligned, PCR reaction was performed with the bac-
teria of Salmonella, Escherichia and Campylobacter gen-
era (Figure 12).

It is noted that the new selected primers are specific
for the bacteria of Salmonella and Escherichia genera. The
obtained results of the amplification allow to state that
the use of the new selected primers excludes a diagnostic
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Figure 13. Amplification results for Campylobacter jejuni, Aeromonas salmonicida and Proteus mirabilis

error in the differentiation of Campylobacter genus from
the bacteria of Salmonella and Escherichia genera.

Taking into account that Campylobacter may occur
in a mixed culture with Proteus and Aeromonas genera, a
comparative intergeneric diagnosis was carried out by per-
forming PCR with the selected primers (Figure 13).

The data presented in the figure prove that the selected
primers have high specificity for the bacteria of Aeromonas
and Proteus genera.
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To evaluate the diagnostic capabilities of the developed
PCR test system, a series of comparative test with a tra-
ditional microbiological method for Campylobacter genus
bacteria detection were carried out.

As it is seen from the PCR study data presented in Figure
14, only sample «B» gave a positive amplification reaction,
which indicates the presence of Campylobacter genus bac-
teria. Samples «A» and «C» gave a negative reaction during
PCR, which confirms the absence of Campylobacter spp.
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Figure 14. Amplification curves for Campylobacter jejuni (positive control) and coded samples «A», «B», and «C»

In parallel with PCR analysis, samples «A», «B», and
«C» were analyzed by the cultural method. As a result of
incubation of these samples and subsequent biochemical
identification, bacteria of Campylobacter genus were de-
tected only in sample «B».

The results obtained during the comparative tests
by different methods showed the complete convergence
of the cultural method and PCR, which makes it pos-
sible to use the developed PCR test system in laboratory
practice.
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