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PO3POBKA ITO3UTUBHUX IIJIP-KOHTPOJIIB JIJIs1 BUABJIEHHA TIJIA3ZMI
BACILLUS ANTHRACIS pXO1 TA pXO02

B cmammi nageoeno pezynomamu 8u2omoeieHHsi peKOMOITHAHMHUX NO3UMUBHUX KOHMPOJIbHUX 3DA3KI8
onst demexyii naasmio pXOI1 ma pXO2 36yonuxa cubipxu 3a memooom TA-K10Hy8anHs ma 3 UKOPUCTNAHHIM
naasmionozo eexmopa pTZ57R/T. @paemenmu eenié pagA naasmiou pXOI1 ma capC naazmiou pXO2 6ynu
amnuigikosani memoodom I1IJIP, manu dosocuny 201 ma 171 n.n. 6ionoeiono ma 66y008ari 00 cKiady 8eKmopy
pTZ57R/T. Byro 30iiicheno mpancgopmayiio komnemenmuux kaimun E.coli wmamy DH50 ompumanumu
JIHK. 3a pezynomamamu ¢hinanvnoi IIJIP 0ogedeno, wo ompumani peKOMOIHAHMHI KOHMPOIbHI 3PA3KU
npudamui Oisi GUKOPUCIAHHSL MA MOICYMb OYMuU GKII0YeHI 00 CKIAdy 0iaeHOCMUYHUX HAOOPI8 01 OemeKyil
2EHEeMUYHO20 MAMepiay 8UWEe3a3HAYeH020 30YOHUKA.

Kniouoei cnosa: cubipxa, naasmiou, /JHK, knonysanns.

Beryn. Ha crorofHi, cubipka 3aJIMIIAE€ThCS OJTHAM 3 HaWHEOES3MEUHIINX aHTPOMO0300HO3HUX
3aXBOPIOBaHb, SIK1 MIPEICTABIIAIOTH BEIMKY 3arpo3y 3/I0pPOB IO JIF0ACH Ta TBapuH. He 3Bakaroum Ha Te,
10 €Mi300THYHA CUTYAIlis 00 CHOIpKU B YKpaiHi 3aJHUIIaeThCsl CTaOUTBHOI0, CIOPAANYHI BUITAIKH
[IBOTO 3aXBOPIOBAaHHS BHMHUKAIOTh B yCiX oOmactsax Hamoi aepxasu [1, 2]. 3maTHICTH cHOpoOBOi
dopmMu maHoTO 30yIHUKA 3aJUINATHCH >KATTE3IATHOIO B HABKOJMIIHBOMY CEPENOBHILI MPOTATOM
JECATUIITH € OTHUM 3 (aKTOPiB, IO 3yMOBJIIOE€ HOTO MAaTOTE€HHICTh, & TAKOXK ITIIBUIIY€E BUPOT1AHICTh
HOro BUKOPUCTAHHS B SIKOCTI OiosoriuHoi 30poi [3].

Bipynentni mramu Bacillus anthracis mictsate aBi Benuki mnasMmign: pXOl, Ha sxii
pO3TaIoBaHi TeHH, SKi KOIYIOTh TOKCHHH, Ta pX(O2, Ha AKii JOKaIi30BaHi KarcyJI0yTBOPIOIOYi TeHH.
Kancyna 3axumiae Gakrtepito Bin daronuto’y makpodaramu B opranizmi Hocisd. [Tmasmima pXOl
MICTUTh TPH TE€HH, KOXEH 3 SKHUX 3yMOBJIOE CHHTE3 OCHOBHUX KOMIIOHEHTIB CHOIPKOBOIO
€K30TOKCUHY: T'eH pag - npoTekTuBHUM antureH (PA), ren cya - ¢akrop HabOpsky (EF) Ta ren lef -
neranpHuil paxtop (LF) [4, 5]. [IpoTekTUBHUI aHTUIeH 3yMOBJIIOE TOKCUYHY Nit0 B. anthracis Ta
YTBOPIOE JIETATbHUN Ta HAOpSIKOBUM ToKcHHHU B moeaHaHH1 3 LF ta EF Biamosigno [6].

SIx mpaBuIIO, MOCTAHOBKY JiarHO3y Ha CHUOIPKY MPOBOISATH MICNsA MOCTAaHOBKU CrelihiyHOT
[1JIP Ha HasiBHICTh T€HOMY B. anthracis, a TaKOX T'eHIB pag Ta cap, ki € cnerupiuHuMH IS TUTa3MiJ
pXOl1 Ta pXO2 Bignosiguo [7, 8]. [TosutruBHi JJTHK-k0HTpOIII, BUTOTOBIICHI 31 CTAaHAAPTHUX IITAMIB
B. anthracis, 3a3Buuaii BXomath 10 ckiany giarHoctudHuX [1JIP-nHaGopiB. OmHak BUKOpHCTaHHS
KHUBHX IUTaMiB B. anthracis notpebye HasBHOCTI jJabopaTopii 3 piBHeM Oio3axucty BSL-3 Ta 3 mo-
TPUMaHHSIM TMiABUINEHUX 3axoniB OioOe3neku. 3actocyBanHs [IHK B. anthracis B sxocti
MO3UTHUBHOTO KOHTPOJIO /uist [1JIP Takox minBUIIyEe pU3HK KPOC-KOHTaMiHAIii, [0 MOXe HETaTHBHO
BIUIMHYTH Ha JOCTOBIpHICTH pe3ynbTariB [3]. Jnd yHUKHEHHS mHuX MpoOjieM, JOUUIBHO BHKO-
PUCTaHHS PEKOMOIHAHTHUX KOHTPOJIBHUX 3pa3KiB, BUTOTOBIICHHS SKHUX 1 OyJI0 METOO JaHOi pOOOTH.

Meta po6oTu. Po3pobuTy Ta BUTOTOBUTH PEKOMOIHAHTHI MMO3UTUBHI KOHTPOJIbHI 3pa3KH s
nereknii mraszmin pXO1 ta pXO2 30yaHuKa CHOIPKH.
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Marepiaaun Ta Mmetoam aociimkedb. s nocnimkens BukopuctoByBanu JAHK B. anthracis
31 mramy Ames 3013, m100’s3H0 HaJaHUW HIMEIBKUMHU MapTHepaMu 3 [HCTUTYTYy MikpoOGiomorii
bynnecsepy (M. MionxeH, Himeuunna), a takoxx JIHK 3 Tepmomizaty OynbOHHOI KynbTypu
B. anthracis Ne625, BuisieHoi Bi XBOpoi Ha CHOIPKY JFOAWMHH B XEPCOHCHKIM oOmacti B 1999 porii Ta
otpumanoi 3 /I3 «YIIKM3 MO3» (m.KuiB).

Ammutidikanito ¢pparmenta pagAd mnasminu pXO1 gosxunoro 201 m.H. 6yno npoBeaeHo 3 45-
mukinoBoro IIJIP 3 mpaiimepamu pagA for 5’-GTACAAGTGCTGACCTACG-3’ Ta pagA rev 5°-
CACTGTACGGATCAGAAGCC-3’. ®parment capC mnasmingu pXO2 nosxuHooo 171 m.H. OyB
ammutipikoBanmii 3 45 mukinamu [1JIP. Tlpu mpomy Oymm Bukopucrani npaitmepu capC for 5°-
CCTGCAGGTTTAGTTGTACCT-3> Ta  capC rev  5-ACCTGTAATTAGCGTTGCCG-3’.
[IpaiimepHi cuctemu Oymu po3pobieni B IHctutyti Mikpobionorii bynaecBepy. Temmepartypa
Bignany ckianana 60 °C, TpuBaslicTh OAHOTO LUKy amrutidikamii - 1 xB.15 c.

[licns mpoBeAeHHS TOPU3OHTAIBHOTO —ENEKTpOoope3y OnIep)KyBaHWH (QparMeHT OyB
BHUpI3aHUH 3 arapo3HOTO TEII0, OYUIIICHUH 3 BUKOPUCTaHHSIM KomepiiiHoro Habopy “GenelJET Gel
Extraction Kit (#K0691, #K0692)” Bupo6nuursa ¢pipmu “Thermo Scientific” (CLLIA) ta BOy1oBaHui
no ckinagy Bekropy pTZS57R/T 3a nomomororo Habopy mns TA-kmonyBanHs “Thermo Scientific
InsTAclone PCR Cloning Kit (#K1213, #K1214)”. Byno 3ailicHeHO TpaHchopMaIiito KOMIETEHTHIX
kiitad E.coli mramy DH5a 3 ionamu Ca>™ orpumanuMu mwiasmiganvu JJTHK, 3 HACTYIIHEM BHCIBOM
Ha LB-arap 3 nogaBanusam 10 Mxr/min ammimuuiiny. OTpuMani 0111 KOJIOHIT MiIPOCTUIIN B CEPEOBHII
LB 3 1oaaBaHHsAM aMIiLWIIHY HA HIEWKepi 3 JOCTYIOM HOBITPSI MPOTATOM 4 TOAMH, HEHTpU(yTyBaiu
Ta BUIUIAIN TUIA3MIJIK 3a JOMOMOTOr0 KoMepiiiitHoro Haoopy “Thermo Scientific GeneJET Plasmid
Miniprep Kit (#K0502)”. Konnenrpamito mnasmiganx JIHK BuMiproBanu 3a J0mOMOTOI0
cnektpodoromerpa Nanodrop DS-11 ¢pipmu DeNovix.

Pe3yabTaTH J0cailzkeHb Ta ix oO0roBopenHsi. Ha meprmomy erami JoCmikeHb OyiH
pO3po0IIeHI MOJIeNi BEKTOPHOI MOJICKYJTH Ha OCHOBI miasMigu pTZS7R/T ans TA-xinoHyBaHHS Ta
JHK-dparmentiB pagAd ta capC nosxunoto — 201 ta 171 n.H. BianmoBinHo. KorcTpyroBaHHs Moemi
MoJieKynu Oyjio mpoBeneHe 3a jgonomororo mnporpamu Clone Manager. OTpumaHi MoJeKyJu
pTZ pagA ta pTZ capC manu nosxuny 3087 m.H. Ta 3057 m.H. Bianosiaxo (puc. 1, 2). Okpim TOrO
y CKJIaJi 3a3HAaYCHHX BEKTOPIB MICTHBCS T€H CTIMKOCTI O aMIIIWIiHY, OO0 MPH TOAAIBIIOMY
KJIIOHYBaHHI y KyJIbTypi E. coli mramy DHS0 BUCTyTaB MapKepoM CEIEKTUBHUX O3HAK.
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Puc. 1, 2 — Cxemu niia3zmigaux BekTopiB pTZS57 pagA ta pTZ57 capC

®parmeHnt reHy pagA OyB orpumanmii 3 nBox 3paskiB JIHK B. anthracis: 31 mramy Ames
3013 Ta 3 Tepmoutizaty OysnboHHOT KyJnbTypHu Ne625. Ammutikon capC OyB oTpumanuii 31 3paska JJHK
B. anthracis mramy Ames 3013. 3a3naueni ¢pparmentu Oynm ycmimno jiriiioBani 3 JIHK Bextopy
pTZ57R/T, micns goro kimituau E.coli mramy DHSo Oynu TpanchopMoBaHi oTpuMaHO0 0i0Macoro
IUIa3MiI.

OTtpumani KosoHii 1ociiaKysanu 3a Meto 0B ITJIP B pexxumi peansHoro vacy (puc.3).
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Puc. 3 — Pesyabtatn IIVIP B pexnmi peajbHOro 4acy 3 KOJOHIIMH KOMIIETEHTHHMX
xiaiTuH E.coli, tpancpopmoBannmu nmiaasminamu pTZS57 _pagA (1) ta pTZ57_capC (2); K- -
HEeraTMBHI KOHTPOJIbHI 3pa3Ku.
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[Ticns excrpakii mazmigaux JTHK, Oyio BUMIpsSiHO X KOHIIEHTpAIIii, K1 CKJIa aIH:

- pTZ pagAl (Ames) — 61,88 HI/MKII;

- pTZ pagA2 (Ne625) — 67,26 Hr/mK,

- pTZ capC (Ames) — 45,87 Hr/MKIIL.

KooxeH 31 3pa3kiB OyB po3BeneHuid B KoHIeHTparisx 1 tuc. ta 10 tuc. xomiit IHK B 5 mxi1. 3a
pesynbratamu (inanenoi [IJIP, Oyno otpumano ¢parmentu 3 moBxuHoro 201 (pTZ pagAl, 2) ta
171 n.a. (pTZ_capC), sxi € xapaktepHumu ia TreHiB pagd Ta capC mnasmig pXOl1 ta pXO2
BiIMOBiAHO (puc. 4).

M 1 2 3 4 KM S5 6 K-

Puc. 4 — Pesyabtatn IIVIP 3 mosutuBHMMH KJOHaMu pagA T1a capC: M — mapkep
moJiekyJsippoi Mmacu JIHK nosxunorw 100-1000 n.u.; 1 - pTZ pagAl (Ames), 10% 2 -
pTZ _pagAl (Ames), 10*; 3 - pTZ pagA2 (Ne625), 10°; 4 - pTZ pagA2 (Ne625), 10% 5 -
PpTZ_capC (Ames) 10°; 6 - pTZ _capC (Ames) 10*; K- — nerarusHi KOHTPOJIbHI 3pa3Ku.

BucHOBKM Ta mepcneKTHBH MOAAJBLIIMX JOCTIIKeHb. 32 Pe3yibTaTaMH MOJICKYJISIPHOTO
KJIIOHYyBaHHs, OyJl0 OTpUMaHO TO3WTHUBHI KOHTposibHI iasmigHi JIHK nns BusBieHHs mimasmig
cubipku pXO1 (pagAd), pXO2 (capC). 3a pe3ynbTaTaMH TOPU3OHTAIBHOTO Telb-eleKTpodopesy
micia [IJIP, yci orpumani tuasmigai ¢parmentd JJHK manmm xapaktepHy A KOXKHOTO 3 HHX
nopxkuHy (201 ta 171 mH. BiamoBimHo). Lli pekomOiHAHTHI KOHTPOJIbHI 3pa3KH TPUAATHI IS
Bukopuctanns B [1JIP B pexxumi peanmbHOro 4acy 3a Temmeparypax Bignamy Bim 57 mo 62 °C, ta
MOXXYTh OYyTH BKJIIOYEHI IO CKJIaay IIarHOCTHYHUX HAOOpPIB ISl JETEKIii reHOMYy Ta IUIa3MiJl
BHUIIE3a3HaYEHOT0 30y /THUKA.
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PA3PABOTKA IIO3SHTHBHBIX HIIP-KOHTPOJIEH JI/IA BBIABJIEHHA JHK ITIIA3MH]
BACILLUS ANTHRACIS pXO01 H pXO02 / Benouisan A.B., Cmeenuii B.T., Conooauxun O.C., I'epunosuy A.11.

B cmamve npusedenul pe3ynbmamu u320moGeHUs peKOMOUHAHMHBIX NOTOHCUMENLHBIX KOHMPOTbHBIX
0bpazyos ons demexyuu naazmud pXO1 u pXO2 030youmens cubupckoii s36v1 memooom TA-kioHuposarus u
¢ ucnonwvzoganuem niasmuonozo eexmopa pTZ57R / T. @paemenmor cenos pagA naasmudvt pXOI u capC
niaazmuovt pXO2 61y amnauguyuposansvt memooom HLP, umenu oauny 201 u 171 n.H. coomeemcmeeHHo u
oviiu ecmpoenvt 6 cocmas eekmopa pTZ57R / T. bvina ocywecmenena mpancopmayus KOMNEmeHmHbIX
xknemox E.coli wmavma DH50 nonyuennvimu JJHK. Ilo pesynemamam ¢unanvroi I[P Ookazano, umo
noxyuenHsvle peKOMOUHAHMHbIE KOHMPOJIbHbIE 00pa3ybl NPU2OOHbL OISl UCNOIB308AHUS U MOSYM DbIMb KO-
YeHbl 8 COCMAB OUASHOCTNUYECKUX HADOPO8 0l OemeKyUl 2eHeMUYecKo20 Mamepuaia 0aHH020 8030youmerns.

Knroueswle cnosa: cubupckas sa36a, niasmuowvt, JJHK, knonuposanus.

DEVELOPMENT OF POSITIVE CONTROL ASSAYS FOR THE DETECTION OF
BACILLUS ANTHRACIS PLASMIDS PXO1 AND PXO02 VIA PCR / Biloivan O.V., Stegniy B.T.,
Solodiankin O.S., Gerilovych A.P.

Introduction. For today, anthrax remains to be one of the most dangerous anthropozoonotic diseases,
which pose a big threat to public and animal health. Despite the fact, that epizootic situation for anthrax in
Ukraine remains stable, sporadic cases occur in all regions of the country. Capability of anthrax spores to
remain viable in environment for decades is the one of factors affecting pathogenicity of this agent, and
increases the possibility of its potential use as biological weapon. Generally, anthrax is diagnosed in
cases, when amplicons with certain sizes are obtained after specific PCR for pag and cap genes, which encode
pXOI and pXO2 plasmids respectively. Positive controls prepared from standard B. anthracis strains are
usually included into diagnostic PCR kits. However, using B. anthracis live strains requires BSL-3 laboratory
to be available, as well as enhanced biosafety measures. Using of B. anthracis DNA as positive control for
PCR also increases risk of cross-contamination and might negatively affect the results. To avoid such
problems, it is reasonable to use recombinant control samples, and their production was a goal of our work.

Objective. To develop and prepare recombinant positive controls for the detection of pXO1 and pXO2
anthrax plasmids.

Materials and methods. B. anthracis DNA from Ames 3013 strain, as well as thermolysate of
B. anthracis broth culture #625, obtained from Ukrainian Center of Diseases’ Monitoring and Control (Kyiv).

Pag gene fragment of pXOI plasmid was amplified using pagA_for and pagA_rev primers. As for cap
gene fragment of pXO2 plasmid, it was amplified with capC_for and capC _rev primers. Both primer systems
were developed at Bundeswehr Institute of Microbology (Munich, Germany).
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After gel-electrophoresis, obtained fragments were cut from agarose gel, purified and inserted into
pTZ57R/T vector. E. coli DH5a. competent cells were transformed with obtained inserts and seeded on LB-
agar with 10 ug/ml of ampicillin. White colonies were transferred to LB-medium, centrifuged after 4 hours of
growing and plasmids were extracted.

Results and discussion. Molecules were designed on the basis of pTZ57R/T cloning vector and inserts
of pagA and capC with 201 and 171 bp length respectively. Molecules were constructed using Clone Manager
software. Obtained pTZ _pagA and pTZ capC molecules should have sizes 3087 and 3057 bp respectively.

PagA fragments were obtained via conventional PCR from two samples of B. anthracis DNA: Ames
3013 and sample from broth culture thermolysate #625. CapC fragment was obtained from one DNA sample of
B. anthracis Ames 3013 strain. All samples were successfully ligated with DNA of pTZ57R/T and E.coli DH5a
competent cells were transformed with obtained plasmids. Obtained colonies were studied in real-time PCR.

Plasmid DNA was extracted from each sample and diluted into concentrations of 1 thousand and 10
thousand copies per 5 ul. As the result of final conventional PCR, 201 bp (pTZ pagAl,2) and 171 bp
(pTZ capC) fragments were obtained. These sizes are specific for pagA and capC genes of pXOI and pXO2
plasmids respectively.

Conclusions and perspectives for further research. As the result of molecular cloning, positive DNA
controls for the detection of pXO1 (pagA) and pXO2 (capC) anthrax plasmids were produced. As the result of
gel-electrophoresis after PCR, all DNA fragments had specific length (201 and 171 bp respectively). These
recombinant control samples are ready to use in conventional and real-time PCR with annealing temperatures
from 57 to 62 °C. In addition, these samples will be included to diagnostic kits for anthrax genome and
plasmid detection.

Keywords: anthrax, plasmids, DNA, cloning
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