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Annomauus

Msyuanuce usmeneHus 6 eeHemuueckom mamepuarne 6axkmepuil,
803HUKAIOWsUE MO0 OeticmEuemM 0e3UHPUUUPYIOUUX CPeOCnE Pa3-
JIUMHDIX XUMUHECKUX Kaccos. Memodamu monekynsapHoil 6uomno-
UL U 2eHHOTI UMIHCEHEPUL YCIMAHOBTIEHO, YMO Oe3uHPuUUpyoulee
cpedcmso Dkouud paspyuidem Kax U0NUPOBAHHDILL ceHermute-
CKULL MAMepUan, max u HAxXo0SUUecs 6 COCase OaKMepUaIbHbIX
K7Iemoxk xpomocommyto u nnasmuonyo [JHK. Paspywenue cenemu-
ueck0eo0 mamepuana bakmepuii npu desurgexyuu 060py008aHs
Mmsconepepabamvleauux npednpusimuLi Heo6xo0umo 07 npedo-
MEpaLeHUsT 20pU30HMATILHOZ0 NePeHOCa HeHeamenvHoll eeHe-
muueckoti uHPopmMayuL, HANPUMep 2eH08 AHMUOUOUKOYCNOTi-
YUB0CMU UTIU MOKCUHOO00PA308AHUS.

BBenenue

O61enpuHATO, 4TO OMONOrMYecKas 0e30IacHOCTD
NVIIEBOI IIPOAYKINY 3aBUCUT B TOM YMC/Ie OT CTEIEeHU
yZa/leHus 3arpsA3HeHuit u 6aKTepyaTbHBIX KOHTAMUHAH-
TOB C IIOBEPXHOCTEN TEXHOIOIMYECKOro 0OOpy/OBaHMSA
HpeAnpuATIIl MACHOI oTpacin. TeM He MeHee, C pa3BUTH-
eM 3HaHMIT 0 MexaHM3MaX oOMeHa reHeTMIecKoi MHGOp-
Manuei y 6aktepuii cTano 04eBUIHO, YTO OMOTOryecKas
6€30MacHOCTb NMPOAYKIUY INIIEBOI IPOMBIIITIEHHOCTH
MO>KeT ObITb HapyllIeHa B CIydae TOPM30HTA/IbHOI Tepe-
lauyl He)Xe/laTe/IbHOM TeHeTNYeCKoil nHpopManum — re-
HOB aHTUOMOTUKOYCTOYMBOCTH, SH/IO- U 3K30TOKCHHOO-
6pasoBannus u 1.7i. (Verraes ¢ coasr., 2013). 910 ocobeHHO
AKTyaJIbHO /i1 MSACHOV IPOMBIIIJIEHHOCTU: CIOXHBIN
COCTaB OMOJIOTMYECKOI MaTPUIbI CIHOCOOEH 3aIUTUTD
IHK ot paspymenns, a cuerudnyaeckne st MsAcoIepe-
paboTKM yCTIOBMSA OKPY>Kalollieil Cpefibl — HU3Kas TeM-
neparypa, I’MIePTOHNYECKass Cpefja, BBICOKME KOHIEHT-
pauum Coseil, CTpeccoBble BO3NENCTBUA U T.J., — MOTYT
NpUBECTY K BO3HMKHOBEHMIO KOMIIETEHTHBIX KJIETOK
6aKTepuii, ClIOCOOHBIX K IOIJIOIEHNIO U1 VICIIOTb30BAHNIO
sksorennoit JTHK (Straub ¢ coasrt., 1999; Bauer ¢ coasr.,,
2004). YuutbiBasg sTOT (aKT, Ha IPESIUPUATAAX MACHOM
IPOMBIIIIEHHOCTY  1LIe/IeCOOOpasHO  MCIO/Ib30BAaTh
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Abstract

The changes in bacterial genetic material under the action
of different biocidal products have been investigated. It was
confirmed by PCR and genetic engineering that biocidal
product Ecocid was able to remove both chromosomal and
plasmid DNA, either isolated or contained within the bacterial
cells. Using a disinfectant that destroys DNA on the surfaces of
meat production equipment is a promising measure to prevent
horizontal transfer of unwanted genetic material, such as
bacterial genes associated with the resistance to antibiotics, or
genes of toxin production.

Introduction

It is generally accepted that the biological safety of
food products depends, among other things, on the de-
gree of elimination of impurities and bacterial contami-
nants from surfaces of the technological equipment of
meat sector enterprises. Nevertheless, with increasing
knowledge of the mechanisms of the genetic informa-
tion exchange in bacteria, it became obvious that the bi-
ological safety of food industry products can worsen in
case of the horizontal transfer of the undesirable genetic
information —-antimicrobial resistance genes, genes for
endo- and exotoxin production, etc. (Verraes ¢ coasr.,
2013). This is especially topical for the meat industry:
the complex composition of the biological matrix is able
to protect DNA from destruction, and the specific en-
vironmental conditions of meat processing (low tem-
perature, hypertonic environment, high concentrations
of salts, stress and so on) can lead to emergence of the
competent bacterial cells capable of absorbing and using
exogenous DNA (Straub et al., 1999; Bauer et al., 2004).
Taking into consideration this fact, it is expedient to use
in meat industry enterprises those disinfectants that not
only reduce microbial contamination of surfaces being
treated, but also lower a probability of the horizontal
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Ie3anHPUUMPYIOIVe CPEfICTBA, He TONbKO YMEHbIIAoIIye
MUKPOOHYI0 06CeMEHEeHHOCTb 06pabaThIBaeMbIX IOBEpX-
HOCTeI1, HO ¥ CHIDKAIOIVe BEPOATHOCTb TOPU30OHTAIbHO-
ro ITIepeHOCa He)KeNaTeNbHON TeHeTM4ecKoil MHpopMma-
UMM yTeM paspyiieHus nan nHaktubanym JHK.

Ha ocHOBaHUM M3y4YeHMsI JAHHBIX O PU3MKO-XUMUUe-
CKMX ¥ OMOTOrMYECKMX CBOVICTBAX Je3MH(DUIMPYIOLVX
CPeJICTB, HanbosIee YacTo VCIOMb3yeMbIX Ha arpOIPOMBIII-
JIHHBIX NPEeNNpUATHAX M B MACHON IPOMBIIUIEHHOCTH,
BO3HJKJIO ITPEJIIIOI0)KEHIe, YTO IIOfIaBJIAoIee OO/BIIHCT-
BO JIe3CPEJICTB He OKA3bIBaeT CYI[eCTBEHHOTO BO3/IE/CTBIIA
Ha FeHeTNYeCKyIo MH(POPMALIIO, 1 He IPEISITCTBYeT TOpu-
30HTA/IbHOMY IIepeHOCy TeHOB. llenbio JlaHHOTO MCcCceno-
BaHIA ABIIACH SKCIIEPUMEHTa/IbHAA IIPOBEpKa 3TOI TUIIO-
Te3bl,  TAKKe MOVICK ITePCIIeKTUBHBIX 1e3VHPMLIMPYIOMINX
CPEZICTB, NO3BO/IAONINX IPESOTBPATUTh TOPU30HTAIbHBII
MEepeHOC HEeXKe/IaTelbHOM TeHeTHYeCKol MHGOpManym
Ipy Ae3nHQeKIVN IPON3BOICTBEHHOIO 000PYIOBaHNS Ha
IPeINPYUATIAX MACHOI IPOMBIIIIEHHOCTL.

Marepuaibl M1 METOAbI

VccnenoBanns NpOBOAMINCH B CEKTOPE MOJIEKYIAP-
Hoit Omomornn OTBHY «VIHCTUTYT SKCIEepMMeHTab-
Hoit BetepuHapuu Cubupnu u JanbHero Bocroka» u ja-
6oparopun  dapmakorenomuku OPIBYH «VMHCTHTYT
XVMMIYeCKOli 6¥0/1oruy ¥ pyHZaMeHTaTbHOI MefUIIVHbI»
(r. HoBocubupck).

Il mccnenoBaHmil UCIIONb30BA/ICH CIEAYIOIIVe Jie-
3MHQUIUpYyoLNe CpeficTBa: Buporueny Ha ocHOBe rTyTa-
pa/IbIeryy; M KOMIIO3MILIUY YeTBEPTUYHBIX aMMOHUITHBIX
coepuuennit (YAC), HPPI Ha ocHOBe mepekucu BOfopo-
fia, ¥ KO/, Ha OCHOBe IepCybdaTa Kamys, IpOou3Boj-
crBa kommauuy OO0 «KPKA GAPMA».

Vcnonb3oBanucy cnepyouie pedepeHTHble IITaM-
MBIl  CaHUTAPHO-TIOKA3aTEe/NbHbIX  MUKPOOPIaHN3MOB:
Clostridium perfringens ATCC 13124, Salmonella enterica
var typhimurium TA100 (komnexyst IXBOM CO PAH), E.
coli XL Blue ¢ mnasmmpoit pBluescript, Hecyweit reH ycToii-
YMBOCTM K aMmuuwuimMHy. Beienenne JTHK 6akrtepmit
IPOBOAMIOCH CTaHJAPTHBIM CHJIMKO-COPOIVIOHHBIM METO-
nom; Boiienenue miasmupgHoit JHK ocymectsisanocs de-
HO-x710podopMHBIM MeToztoM (Mannaruc n Opuy, 1984).

[TIIP B peanbHOM BpeMeH! IPOBOAN/IACH HA peasITaliM-
ammudukaropax «MiniOpticon» (BioRad) u LightCycler
(Roche) B koHeuHOM 06'BEME 25 MKJI, CofiepkariieM 67 MM
tpuc-HCl (pH 8,9), 16 MM cynbdar ammonus; 2,4 MM
MgCl2; 0,01% Tsun 20; 0,2 MM gHT®; 0,5 MxM onuro-
HYK/ICOTMIHBIX IIpaiiMepoB U (PIyOpeclieHTHOrO 30HHA,
Taq-JHK nmonumepasa 1-2 ef.

Il OLeHKM BIMAHMA WUCCIEAYEeMBIX Jie3MHPUIMPY-
IOIIMX CPEJiCTB Ha T€HeTUYeCKYylo MHQpOpMaIyio OakTe-
puanbHbIX maroreHos K o6pasnam [JHK Cl perfringens ¢
KoHIeHTpareit 4,9x10° I'E/m 06aBsiincy uccnenyemble
nesuHuIMpyoOIMe CcpefcTBa [0 KoHUeHTparmn 0,5%
— B/06 (Oxounp) wim 06/06 (Bupomeng n HPPI). K nn-
TaKTHOMY KOHTPOJIIO JJOOABIIA/MN (PU3MONIOTMYECKUIT pac-
TBOP B TOM e oObeMme. [locne nHkybauun B TedeHue 10
MMHYT peaKI[IOHHasA cMech pasbasiiach TE-6ydepom B
10 pas, nmocsne 4ero Mcnonab3oBanach Ajd nocTaHoBky I111P.
ITpaiimepsl 1 GrryopecLieHTHBII 30H, /IS e TeKTUPOBAHS
reHeTM4yeckoro  Marepuanga  (xpomocomuoit  JTHK)

55

transfer of the undesirable genetic information by
destroying or inactivating DNA.

Based on the study of the data on physico-chemical
and biological properties of the disinfectants that are
more often used in the agro-industrial enterprises and
in the meat industry, it was suggested that the over-
whelming majority of disinfectants did not significantly
affect the genetic information nor prevent the horizon-
tal gene transfer. The aim of this work was an experi-
mental verification of this hypothesis and search for
prospective disinfectants that allow prevention of the
horizontal transfer of undesirable genetic information
upon disinfection of the industrial equipment in enter-
prises of the meat industry.

Materials and methods

The research work was conducted in the Sector of Mo-
lecular Biology of FGBNU “The Institute of the Experi-
mental Veterinary of the Siberia and the Far East” and the
Laboratory of Pharmacogenomics of FGBNU “The Insti-
tute of Chemical Biology and Fundamental Medicine” of
the Siberian Branch of the Russian Academy of Sciences
(ICBFM SB RAS) (Novosibirsk).

The following disinfectants were used for the study:
Viroshield on the basis of glutaraldehyde and quaternary
ammonium compounds (QAC), HPPI on the basis of hy-
drogen peroxide and Ecocid on the basis of potassium per-
sulfate, which is produced by the LLC KRKA PHARMA.

The following reference strains of the sanitary indica-
tor microorganisms were used: Clostridium perfringens
ATCC 13124, Salmonella enterica var typhimurium TA100
(collection of ICBFM SB RAS), E. coli XL Blue with the
pBluescript plasmid carrying the ampicillin resistance
gene. Isolation of the bacterial DNA was carried out by the
standard silica adsorption method; isolation of the plas-
mid DNA by phenol-chloroform method (Maniatis and
Fritch, 1984).

Real-time PCR was carried out on the Real-Time Ther-
mal Cyclers «MiniOpticon» (BioRad) and LightCycler
(Roche) in the final volume of 25 pl, containing 67 mM
tris-HCl (pH 8.9), 16 MM ammonium sulfate; 2.4 MM
MgCl2; 0.01% Twin 20; 0.2 MM dNTP; 0.5 uM oligonucle-
otide primers (pH 8.9) and fluorescent probe, Tag-DNA
polymerase 1-2 units.

To assess the influence of the disinfectants under
investigation on the genetic information of the
bacterial pathogens, the disinfectants were added in the
concentration up to 0.5% (w/vol. for Ecocid; vol./vol. for
Viroshield and HPPI) to the samples of CI. perfringens
DNA (4.9x10° GE/ml). The physiological solution
was added to the intact control in the same volume.
After incubation for 10 min., the reaction mixture was
diluted with TE buffer ten times, and then used for
performing PCR. The primers and fluorescent probe for
detecting the genetic material (chromosomal DNA) of
Clostridium perfringens had the following structure:

- CPF15-ACATGTTCAGCTGACCGATACT-3;
- CPF2 5’-CACGTGCTCTACCGACTGA-3;,
- Tagman probe FAM-CATCGGCTTCTAAAGGCTTAACCGTC-BHQ

To detect the concentration of the genetic material
(chromosomal DNA) of Salmonella enterica, real-time
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Clostridium perfringens Menu CIeRYOIIYIO CTPYKTYpPY:
- CPF15’-ACATGTTCAGCTGACCGATACT-3},
- CPF2 5’-CACGTGCTCTACCGACTGA-3;,
-3017 Tagman FAM-CATCGGCTTCTAAAGGCTTAACCGTC-BHQ
s ompepeneHnss KOHLEHTpAaLMM TeHETUIECKOTO
marepuana (xpomocomuoit JJHK) Salmonella enterica
UCIONMb30Banach KommdyecTseHHasa IIIIP B peanbHOM
BpeMeHM ¢ 30HAOM Tagman coOCTBeHHOIT pa3paboTKu
(AdomnromkmnH ¢ coas., 2008):
- Sm1 5’-GAGCATATTCGTGGAGCAATG-3),
- Sm2 5’-AATAACATCCTCAACTTCAGCAG-3;
- 30H7 Tagman Sm3 FAM-TGCTCGTAATTCGCCGCCATTGG-BHQ
LI oLleHKM HeiiCTBUA MCCIeNYeMBIX [e3CPefcTB Ha
MHTEHCUBHOCTD paspyiienns mrasmuaHoi [JJHK o6pasibrl
JHK mmasmups! pBluescript 100 Mxr/m o6pabatbiBanm fie-
3CPEACTBAMIU C J/INTENIbHOCTDIO SKCIO3UIUY 19ac B crieny-
I0IIMX KOHIeHTpauuax: Bupomeny n Sxonuzp 0,5%, HPPI
2%. O4nCTKa peaKkIMOHHBIX CMecell OT OCTATKOB Je3NHM-
LVIPYIOMINX CPeACTB IPOBOAVIIACH C IIOMOIIBIO Te/Tb-(PIIb-
TpaLuu Ha MUKPOKOJoHKax ¢ BioGel P-6 (BioRad). Kowm-
neTeHTHbIE KeTKU E.coli TpancdopMupoBanu miasMugon
10 METOZIMKE TEIUIOBOTO IIoKa: K 100 MK/ 6aKTepuaabHOI
KY/IBTYpbI f06aB/sm 1o 10 MK/I pacTBOpa IUIa3MMITHO
OHK (momoXuTenpHbINI KOHTPONMb) WIM PeaKI[MOHHOM
cMecy Tocte 06pabOTKM [ie3CpeficTBaMM, MHKYOMpOBaIm
40 muH npu 0 °C, nocjie 4ero pacupesersiiv Ha arapuso-
BaHHOII cpefie ¢ ammuipuumHoM (arap Jlypus-bepraun),
noporpetoii o 37 °C (Mannatnc u @puy, 1984).
Bce sxcriepyMeHTBI ITPOBOJVIIN B YETHIPEX IIOBTOPHOCTSIX.

Pe3ynbrarsl uccnegoBaHuii

Onenka crenenu paspyuieHns mnsonuposanson JHK
Cl. perfringens TIOR eiICTBUEM UCCIIEYeMBIX [€3CPefCTB
OCYIIeCTB/IANACH 110 CABUTY moporosoro nukaa C(t), ko-
TOPBII HACTYIAeT II03)Ke IIPM CHIDKEHMM KOJIMYecTBa
IHK, npurognoit s ammnndukanuu (Puc. 1-2, Tabm. 1).

B pesynbTare sKCIepuMeHTa YCTAHOBJIEHO, UTO BCe Jie-
3UH(EKTAHTBI B TOJ VM/IM VIHOV CTENeHM CABUTAIOT HACTY-
IUIeHNe TTOPOTOBOTO I[MKJIA, TO €CTh CIIOCOOHBI CHIDKATD
koHueHTpanyio JHK, npuropnoit mia I1LP, B 28-49 pas.
Hanbonpiieil akTMBHOCTHIO B 3TOM OTHOIIEHUM 0O7azan
OKkouuA, BBISBIBABLIMIT cABUT moporosoro mykna C(t) B
cpefHeM Ha 2,7, 9TO AB/IAETCA HAWUIYYIIMM pe3y/IbTaToM
Cpeny CCTIeOBaHHbIX Ie3cpencTB. CrieyeT OTMETUTD, 4TO
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Fig. 1. Change in the threshold cycle C(t) after treatment of the
genetic material with Ecocid
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quantitative PCR with in-house Tagman probe was used
(Afonyushkin V.N. et al., 2008):

- Sml 5-GAGCATATTCGTGGAGCAATG-3},

-Sm2 5’-AATAACATCCTCAACTTCAGCAG-3;

- Tagman probe Sm3 FAM-TGCTCGTAATTCGCCGCCATTGG-BHQ

To assess the action of the disinfectants under inves-
tigation on the intensity of plasmid DNA destruction,
the samples of the pBluescript plasmid DNA (100 pug/ml)
were treated with the disinfectants for one hour in
the following concentrations: 0.5% for Viroshield and
Ecocid, 2% for HPPIL.

Purification of the reaction mixtures from the resi-
dues of the disinfectants was carried out using gel-filtra-
tion on the micro columns with Bio-Gel P-6 (BioRad).
The competent cells of E.coli were transformed with the
plasmid using the method of heat shock: 10 pl of the
solution of the plasmid DNA (positive control) or the
reaction mixture after treatment with the disinfectants
were added to 100 pl of the bacterial culture, incubated
at 0 °C for 40 min., then spread on the agar medium
with ampicillin (agar Luria-Bertani) heated to 37 °C
(Maniatis and Fritch, 1984).

All experiments were carried out in four replications.

Results of the experiments

The degree of destruction of theisolated of CI perfringens
DNA under the influence of the tested disinfectants was
assessed according to the change in the threshold cycle
C(t), which occurred later upon decreasing a quantity of
DNA suitable for amplification (Fig. 1-2, Table 1).

As result of the experiment, it was found that all
disinfectants, to one extent or another, change the beginning
of the threshold cycle; that is, are able to significantly (28-49
times) reduce the concentration of DNA suitable for PCR. In
this regard, the highest activity had Ecocid, which induced
the change in the threshold cycle C(t) on average by 2.7,
which was the best result among the studied disinfectants. It
is necessary to note that in this experiment, it was impossible
to achieve the full destruction of DNA as the experimental
conditions envisage detection of a comparatively short DNA
region with a length of only 200 b.p. On the other hand,
the real amount of chromosomal DNA destruction after
treatment with Ecicid would be proportional to the genome
size; that is, 2000-4000 times more.

Amplification
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Fig. 2. Change in the threshold cycle C(t) after treatment of the
genetic material with HPPI
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Table 1. Concentrations of the genomic DNA of Cl. perfringens and threshold cycles C(t)
Ta6n. 1. Konnenrpauuu renomuoii JHK Cl. perfringens u moporosbie mukibi C(t)

Sample | Haumenosanue o6pasua Ig) 2‘3;’:;:33:;?1’(’(;1%: g SLL C(t)

DNA after treatment with Ecocid | JHK nocne o6pa6orku gesundexrantom Ixomupy 83.6 33.24
DNA after treatment with Viroshield | JTHK nocre 06pa6otku gesundexrantom Bupomeny 72.8 32.86
DNA after treatment with HPPI | JTHK nocre o6pa6orku fesundexrantom HPPI 52.4 33.19
Native DNA of Cl. perfringens | Harunas JHK CI. perfringens 2460.0 30.49
Reference Cl. perfringens No. 1 | Crangapr Cl. perfringens Ne 1 1000.0 28.61
Reference Cl. perfringens No. 2 | Craugapr CL perfringens Ne 2 100.0 31.01
Reference Cl. perfringens No. 3 | Craugapr Cl. perfringens Ne 3 10.0 36.46
Negative control (without DNA) | OtpuuarensHsiit konTpons (6e3 THK) 0 0

nonHoro paspymenn:a JHK B sToMm skcrepumMeHTe JOCTUT-
HYTb He BO3MOYXKHO, TaK KaK YCTIOBIMAMIU OIIBITA IIPEJyCMO-
TpeHa JeTeKIVsI CPaBHNUTENbHO KOpoTKoro ydyactka JHK
pmHou Bcero 200 mH. C Apyroii CTOPOHBI, pealbHOe KO-
JIMYeCTBO MOBpeXx/ieHnit B xpomocomuoit JHK nocre 06-
paboTKM mescpencTBOM JKolyy OyfeT IPONOPLUOHAIBHO
pasMepy renomMa — To ecTb B 2000-4000 pa3 6onbiire.

[l yTOouHeHMs CrIoCOOHOCTM Jie3CpencTBa DKOLU K
nospexgennio monekyn JHK, Haxopamuxcsa B cocraBe
knetok Salmonella enterica, pesuHUIUpy0ILUM cpef-
CTBOM C 9Kcroauimeit 30 MuHyT 6bm 06paboTaHbI Kak
obpasipl n3omuposanHoit JTHK Salmonella enterica, tak
CYCHeH3MsI >KU3HeCIIOCOOHBIX OaKTepyMaabHBIX KIETOK,
B3SATBIX B TOJ )K€ KOHIIEHT AL, KOTOPYIO MICIIOTb30BaIN
ms soimenenust [JHK. Tlocne ounctkn remb-bunbTpann-
el peaKIVIOHHAs CMeChb MCIIONb30BaIACh /IS IOCTAHOBKI
[TLIP B peanpHOoM Bpemenu (Puc. 3).

Konmnuecrsennas I11IP B peaibHOM BpeMeH! ABIAETCA
JIOCTATOYHO YAOOHOI CHCTEMON /I OLeHKM 9 PeKTB-
HOCTH JIe3CPENCTB B OTHOIICHNY TeHeTUIeCKOTO MaTepy-
aJ1a, O3BOJIAIAA U3YUUTh MEXaHU3M TaKOTO JIeICTBYS.
Kax cBuperensctByor pesynbrarsl [11]P, mocie o6pabot-
K lecpeficTBOM JKouup 06pasiisl nzonuposannoit JJHK
Salmonella enterica okazamuch MOTHOCTBIO MHAKTUBUPO-
BaHbl. CTeleHb MHAKTUBAIMY TeHeTHIeCKOr0 MaTepuarla,
HAaXOJVBILErOCs B COCTaBe KJIETOK CabMOHE/UI Ipu 06-
paboTke DKOIV/IOM, OLIEHVBA/IU MO CABUTY IOPOTOBOTO
nukiaa C(t) (Tabm. 2).

Ilonyyennble paHHble O KOHUeHTpamuax JHK
Salmonella enterica mocme 06pabOTKM >KUBBIX OaKTepumit
Ie3CpefcTBOM DKOLMT CBUIETE/IbCTBYIOT O CTaTUCTUYe-
ckn pocroepHoM (P=0,0096) ymeHblIeHNM KOMMYecTBa

Fig. 3. Amplification curves of the intact (1) and treated
with Ecocid genetic material of Salmonella enterica within
the bacterial cells (2) and isolated genetic material of
Salmonella enterica (3).

Puc. 3. Kpusble ammaudukanuu
00paboTaHHOr0 ~ JKOLMIOM  TeHEeTMYEeCKOTo  Marepuana
Salmonella enterica,  HAXOQUBILNEIOCA B  COCTaBe
6aKTepuanbHBIX KIETOK (2), M M30/IMPOBAHHOTO T€HETUYECKOTO
marepuana Salmonella enterica (3).

unraktHoro (1) wu
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To clarify the capacity of Ecocid to damage DNA
molecules located in the cells of Salmonella enterica, the
samples of the isolated DNA of Salmonella enterica and
the suspension of viable bacterial cells, which were taken
in the same concentration as for DNA isolation, were
treated with the disinfectant for 30 min. After purification
by gel filtration, the reaction mixture was used for real-
time PCR (Fig. 3).

Real-time quantitative PCR is quite a convenient system
for assessing effectiveness of disinfectants in regard to a
genetic material allowing investigation of a mechanism of
this action. As can be seen from the results of the PCR,
the samples of the isolated Salmonella enterica DNA were
completely inactivated after treatment with Ecocid. The
degree of inactivation of the genetic material within the
Salmonella cells upon treatment with Ecocid, was assessed
by the change in the threshold cycle C(t) (Table 2).

The obtained data on the concentration of the
Salmonella enterica DNA after treatment of live bacteria
with disinfectant Ecocid suggest the statistically significant
(P=0.0096) decrease in the quantity of DNA suitable for
amplification (more than 280 times, that is by 98.53%).
Thus, the Ecocid action on the Salmonella culture was
accompanied not only by death of bacteria but also by
DNA destruction.

As the system of DNA reparation in live Salmonella
was active, the degree of the destruction of the genetic
material within the bacterial cells was less than that upon
the action of Ecocid on the isolated DNA. Nevertheless,
use of DNA as a matrix for PCR is possible only in the
absence of two-stranded disruptions inside a target. In
this experiment the amplicon size was 150 b.p.; thus, to

Amplification
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Table 2. Concentrations of the genetic material of Salmonella enterica after treatment with Ecocid
Ta6muua 2. KonueHTpauus reHeTnyeckoro Marepuana Salmonella enterica mocine o6paboTKu ge3cpercrBoM IKouup

DNA concentration, GEin 5 pl |
Sample | ) Konnentpauus JTHK, TE B 5 Mmxn
HaumenoBanne o6pasima Logarithmic |
Absolute | AGcomoTHas b
orapudpmudecKas
Isolated Salmonella DNA treated with Ecocid |
n > 40 0 0
3onupoBanHas [IHK canbmonernn, o6paboTanHas IKonumom
DNA from Salmonella cells treated with Ecocid | 32.61+0.81 68.03+45.23 1.27+40.84
JTHK u3 KI1eToK carbMOHeT, 00pad0TaHHBIX JKOLUIOM
Intact Salmonella DNA | ntakrnas [THK canbmonenn 26.97+0.42 3667.25+1730.06 3.35+0.21
DNA from the intact culture of Salmonella | 26.14+0.36 |  4628.75+1346.85 3.42+3.60
JTHK u3 MHTAaKTHOIT KYIBTYPbI CATbMOHETT
17.80+0.26 1 000 000.00 6.00
21.94+0.12 100 000.00 5.00
References (Salmonella DNA in different concentrations) | 24.44+0.06 10 000.00 4.00
Craumaprsl (THK cansMoHeT B pa3HbIX KOHI[EHTPAL[UAX) 28.27+0.35 1 000.00 3.00
31.80+0.02 100.00 2.00
34.75+0.07 10.00 1.00
Negative control | OTpunarenbHblit KOHTPOIH >40 0 0

npuronHoit k ammwmndukauyn [THK B 60omee uem 280 pas,
TO ecTh Ha 98,53%. Takum o6pas3om, feiicTBUE He3cpef-
CTBa JKOLUJ, Ha KyJIbTYPY CalIbMOHETI COITPOBOXKJAN0Ch
He TO/IbKO Inbenbio 6akTepuii, HO u paspyuenuem JTHK.

Tak kak cucrema pemapanyu [JHK B >xmBbIX canb-
MOHE//IaX OCTaBa/jach aKTUBHO, CTENEHb Pa3pyLIeHM
TeHEeTUYECKOTO MaTepyana, HaXOGUBIIETOCA B COCTaBe
OakTepManbHBIX KJIETOK, ObI/Ia MEHbIIIe, YeM IIPU BO3Jel-
CTBUM [ie3CpefcTBa IJKouupa Ha usonupoBaHHyno [JHK.
Tem He Menee, ucnonbszosanye JHK B kauecTBe MaTpuiibL
ana IIIIP BO3MOXXHO TOBKO NPU OTCYTCTBUM JBYXIIETIO-
YEYHBIX pa3pbIBOB BHYTPU MMILIEHM, a JAHHOM 9KCIEepU-
MEHTe pasMep aMIUIMKOHA cocTaBsAa 150 1.H., mo3ToMy
s cHyoKeHus KoHneHTpauuu JHK canbpMoHenn, neTex-
tupyembiM IIIIP, Heo6Xx0AMMO B CpefjHEM ORHO IOBpe-
xpeHne monekynsl JTHK Ha xaxpble 150 HYK/I€OTHIOB.
YuureiBas, 4TO pasMep reHOMa CaIbMOHEN COCTaBIIAET
OK. 4,8 MJIH. I.H., COBEPLUIEHHO OY€BUIHO, YTO IIOCIIE 06-
PaboTKM e3cpefcTBOM DKOIM KUBBIX K/IETOK OaKTepuii
BEPOATHOCTb COXPaHEHM HEIOBPEXIEHHON XPOMOCOM-
Holt JTHK ctpemurtca x Hymo.

ITomumo xpomocomuoit THK, y Gaxrepmit umernoTcsa
BHEXPOMOCOMHBbIE HOCUTENIN TeHeTHYecKoil MHdpopMa-
uuu — 1wasmuasl. OHM IPEACTABAIT CO00IT KOPOTKIE
IBYXILIE[IOYEYHbIE, Yallle KObleBble, MoneKynbl JHK, u
OOBIYHO COflepKAT TeHbl, MOBBIIIAOININE YCTONYNBOCTD
6axTepun K HeO/IarONpUATHBIM BHEUIHMM (paKTOpaM —
HanpuMmep, K aHTUOMOTUKAM, K YD-U3TydeHNI0, K HEKO-
TOPBIM Je3MH(DUIUPYOIIM CPeACTBaM, TeHbl TOKCUHO-
00pa3oBaHusA U APYIUX [eTePMMHAHT BUPYIEHTHOCTH.
[Tnasmuppl  ABIAOTCA MOOWIBHBIMU Te€HETMYeCKIMMI
37IeMEHTAaMM, OHU PEIIMIMPYIOTCA aBTOHOMHO 1 He3aBU-
cumo ot xpomocomHuoit JHK, n 6axTepranbHas KiaeTka
MOJKET Cofep>KaTh 10 HECKOIbKIX COTEH KOMIMI MIasMI-
npl. bakTepuy MOryT oOMEHMBATbCA IUTA3MUAAMU IpU
KOH'BIOTAINM, 160, IpuobpeTas TaK Ha3bIBAEMYI0 KOM-
MEeTeHTHOCTDb, CIOCOOHBI IIOIVIOMIATh IUIA3MMUIBI HEIo-
CPENCTBEHHO M3 OKPY Kalolllell cpenbl. Bymy4n Konp1eBoit
Monexkynoit JHK, mmasmMmpbl OTINYalOTCA BBICOKONM
YCTOMYMBOCTBIO BO BHELIHEN Cpefie, IO3TOMY MMEHHO C
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reduce the concentration of Salmonella DNA detectable by
PCR, on average one damage of DNA molecule per each
150 nucleotides is necessary. Taking into account that the
Salmonella genome size in about 4.8 mln b.p, it is perfectly
evident that after treatment of live bacterial cells with
disinfectant Ecocid, the probability of preserving intact
chromosomal DNA tends to zero.

Besides the chromosomal DNA, bacteria have non-
chromosomal carriers of the genetic information - plasmids.
They present two-stranded, more frequently circular DNA
molecules and usually contain genes that increase resistance
of bacteria to unfavorable external factors, for example,
antibiotics, UV radiation and several disinfectants, as
well as genes of toxin production and other determinants
of virulence. Plasmids are mobile genetic elements, they
are replicated autonomously and independently of the
chromosomal DNA and a bacterial cell can contain up to
several hundreds of plasmid copies. Bacteria can exchange
plasmids in conjugation, or acquiring so called competence
can absorb plasmids from an environment. Being a circular
DNA molecule, plasmids are distinguished by their high
resistance in an environment; thus, the highest risk of
transfer of undesirable genetic information is associated
precisely with plasmids.

To assess the impact of disinfectants on the plasmid
DNA, the methods of the genetic engineering were used;
namely, transformation of the competent E. coli cells by the
pBluescript plasmid. The pBluescript plasmid contains the
ampicillin resistance gene and the gene of B-galactosidase
in the Lac-operon; therefore, the transformed bacteria on
the medium with ampicillin in presence of the chromogenic
substrate form blue color colonies (Fig 4).

The intensity of plasmid DNA destruction by the
tested disinfectants was determined by the number of
the stained E.coli XL Blue colonies after transformation
of bacteria both by the isolated plasmids treated with the
disinfectants, and by the plasmids within the bacterial
cells during the disinfectant exposure. The results of the
bacteria transformation by the pBluescript plasmid are
presented in Fig. 5 and in Table 3.
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IJIa3MUJIaMM CBSI3aH HaMOOJIBIINIT PUCK ITepefjadyl HeXXe-
JIaTe/IbHON TeHeTU49eCKol MHpOopMaLnm.

L7151 oLileHKM BO3[eICTBIUA e3CPefiCTB Ha IVIA3MUTHYIO
IOHK ncnonpsoBammch MeTOHbI T€HETUYECKON MHXKEHe-
puM, a MMeHHO TpaHcopmanusa mwiasmugoi pBluescript
KOMIIeTeHTHbIX KeToK E.coli. Ilmasmmpma pBluescript
COEPXXUT Te€H YCTOMYMBOCTM K aMOUIWIIVNHY U TeH
B-ramakTo31aasbl, BXOAsAIIel B cocTaB Lac-omepoHa, moa-
TOMY KOJIOHIU TPaHC(HOPMUPOBAHHBIX OaKTepuil Ha cpe-
fie ¢ aMIUIVJUIMHOM B IIPUCYTCTBUY XPOMOTE€HHOTO Cy0-
cTpara mpuobpeTaroT CUHIOW OKpacKy (Puc. 4).

VHTeHcuBHOCTD paspymennsa mnasmupHon JTHK nc-
C/IefyeMbIMM Je3CpefiCTBaMM OIpele/sIach 10 KOIMIecT-
By OKpaueHHbIX KojoHwmii E.coli XL Blue mocne Tpancdop-
Manuyu 6axkTepuil Kak oOpabOTaHHBIMU [Ie3CPeNCTBAMU

Fig. 4. Positive control: E.coli XL Blue colonies after transforma-
M30/IMPOBAHHBIMU IIIa3MUAAMM, TaK U IUIA3MUTAMU,

tion with pBluescript without treatment with disinfectants.

HAXOJMBIIVMUCS B COCTaBe GAKTEPUA/NbHBIX KIETOK BO Puc. 4. Tlonoxurenbupiii Koutpons: Konounu E.coli XL Blue
BpeMs BO3JeNCTBUA e3CpefcTB. PesymbraTsl TpaHcdop- nocre TpaHcopmanuy mrasmuaoit pBluescript 6e3 o6paborku
Maruy 6aktepuit mnasmupoit pBluescript mpencTaBenst JIe3CPENCTBAMM.

Ha puc. 5. u B Ta6m1. 3.
Kak BugHO 13 TabIUIIBI, MCCIETOBaHHBIE Ie3CPeNCTBa
B Pa3/IMYHOI CTeIeHN paspymarT Iwiasmuay pBluscript
Table 3. Influence of the disinfectants on the suitability of the pBluescript plasmid for transformation of the competent cells of the
bacterium E.coli XL Blue

Ta6nmuua 3. Bousanue me3cpencrs Ha npurogHoctb JHK mmasmupsr pBluescript k TpaHcdopManiy KoMIIeTEHTHBIX KIETOK OaKTepuii
E.coli XL Blue

Tested disinfectants | Viccmenyembie mescpencrsa

Indicators | Iloxasaremn . . . Without disinfectants
gf:)aﬂ‘ || mppr ‘];léozl:;l};i l (control) | Bes
TR P A Ie3CpencTB (KOHTPOIIb)
Number of the transformed bacteria colonies after treatment of the plasmid
DNA located within the bacterial cells with the disinfectants | Komuyecrso 3 . 28 112

KONMOHMiTTpaHCPOpMUpoOBaHHBIX0aKTepuiinocneo0paboTKnAe3CcpencTBaMu
nnasmuHoii THK, naxopuBuieiics B cocraBe GakTepuanbHbIX KIETOK

Numberofthetransformedbacteriacoloniesafter treatmentoftheisolated plasmid
DNA with the disinfectants | Komomnuectso xomonmii TpancopMupoBaHHBIX 0 2 165 387
GakTepuii moce 00padOTKI ie3CpeCcTBaMI H30MMPOoBaHHOI miasmMuaHoii JTHK

The degree of a decrease in the number of the transformed bacteria, % |

CreneHb yMeHbIIIEHNsI KOTNYECTBA TPAaHCHOPMUPOBAHHBIX GaKTepHit, % 100 99,994 57,39 0

C T€HOM YCTOMYMBOCTYM K aMIUIVUIVHY, TeM CaMbIM B
Pas/IMYHON CTENEeHU HPEeIATCTBYS POCTY TpaHCHOpPMIU-
POBaHHBIX OaKTepuil Ha Cpefie C STUM AHTUOMOTUKOM.
Hecpenctso Bupomtenn Ha OCHOBe ITTyTapOBOTO a/lbfe-
rupa 1 YAC nposaBwio KpaitHe Manylo 3Q¢GeKTMBHOCTD
B otHomeHun mwasmupHoi JHK: B obpasie 6buto ot-
Me4eHO 0OJIbIIIoe KOMMYEeCTBO KOMOHMIT TPaHC(HOPMUPO-
BaHHBIX OakTtepumit. [lescpencrBo HPPI Ha ocHOBe mepe-
KIICH BOZIOPOJia B XOfe 9KCIEepPMMEHTa MHAKTUBUPOBAJIO
I1a3MKZBI B OOJIbINelT CTEIeHN, II03TOMY HabTIofaIich
eIVHIYHbIE KOTIOHMY TPaHCPOPMUPOBAHHBIX OAKTEpPUIL.
BeposTHell Bcero, HefocTaToYHasA 3¢ (HeKTUBHOCTD 3TOTO
Ie3CpefiCTBa CBA3aHA CO CIIeIM(UKOI IefICTBYUA KaTanas

Fig. 5. The results of E.coli XL Blue transformation by the
pBluescript plasmid, submitted to the exposure of Ecocid (sector 1),
HPPI (sector 2) and Viroshield (sector without number).

Puc. 5. Pesynbrats! Tpanchopmarun E.coli XL Blue rmasmupori
pBluescript, mofiBeprayTOIT BO3/IEMCTBIIO 1e3CPEACTB JKOLNT
(cexrop 1), HPPI (cexrop 2) u Bupomreny (cexrop 6e3 Homepa).
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— ¢epMeHTOB, 3aIUIIAIMNX OaKTepyaTbHbIe KIETKM OT
nepexucu Bogopopa. Karamassl MeHee Npucroco61eHsl
K MHAKTMBALMM HEOPTaHMYECKNX IepeKIcell, TAKIX KaK
nepcynbdar Kanus, BXOAINI B COCTAB Ae3CpeficTBa DKO-
up. B o6pasuax, 06paboTaHHBIX Ae3CpefcTBOM JKOLuf,
He OBIIO BBIAB/ICHO HY OJIHOI KOJIOHUY TPAaHCPOPMUPO-
BaHHBIX OaKTepuil, 1 TaKUM 00pa3oM, e3CpeficTBO JKO-
1y IpofieMOHCTpupoBano 100%-Hyio s PeKTNBHOCTD B
yHnaroxenuu mwrazmupnoit JTHK 6akrepuii.

K coxarnennto, Kpurepuy BO3ZeIICTBUA [e3CPEACTB HA
TeHeTUYeCKMIT MaTepyan GaKTepuanbHbIX WM BUPYCHBIX
IIATOTEHOB, CHEIVIPUYHBIX I MACHON IIPOMBIIITIEHHO-
CTU, JO HACTOSIIETO BPeMeH! 3aKOHOJATE/IbHO He pera-
MeHTHpYIOTCcs. TeM He MeHee, 1 0OecIedeHNs BBICOKOTO
YPOBHsI OMONIOTMYecKOi 6e30IIaCHOCTY TPORYKLMM M-
corepepabOTKN NpK Jie3MH(PEeKIMM IIPOU3BOACTBEHHOTO
000pyIoBaHNA Ha MIPEAIPUATAAX MACHON IIPOMBIIITIEHHO-
CTU I1e71eCO00PasHO MCIIO/b30BaHNME Ae3MHUIMPYIOLX
CpefCTB, MO3BOJLAIOLINX IIPENOTBPATUTh TOPU3OHTA/IbHBII
HepeHOC HeXKeTaTe/TbHOI TeHeTYeCKol MH(popManun.

BriBogbr

VccnepoBanHble [1e3CpPeCTBa HAa OCHOBE IIep-
cynbdara KamudA, MepeKUCH BOJOPOJA, INTyTapajb-
merupga n YAC crmocoOHBI CHMKATh KOHI[EHTPAIL[NIO
xpomocomuoit JHK CI. perfringens B 28-49 pas.

HescpencTBo Okouup paspyliaeT M30IMPOBAH-
HBII TeHeTH4YecKuit Matepuan Salmonella enterica u, ¢
MeHbllIell MHTeHCUBHOCTbBIO, XxpoMocoMHuylo THK, Ha-
XopAIyocsa Ipu 06paboTke BHYTpU OaKTepuanbHOI
KJIeTKI.

HescpenctBo Okonup 3¢ QPeKTMBHO YHUUTOXKAET
nnasmMugayo JTHK — xak usonuposaHHy10, TaK U Ha-
XOAAIYIOCA BO BpeMs 00paboTky BHYTpu OakTepu-
a/IbHOI KJIETKI.

[IpuMmeneHue mescpefcrBa IJKOLUI A CAaHUTAp-
HOJl 00paboTky 000pyAoOBaHMA Ha NPEANPUATUAX
MSACHOJ HPOMBIIIJIEHHOCTY CHIDKAaeT PUCK TOPU30H-
TaJIbHOTO IIepEHOCA TeHOB, TeM CaAMbIM yMeHbIIas pac-
IpOCTpaHeHNe HeXXe/laTe/IbHON reHe TU4eCcKol nHpop-
Mallii, TaKOM KaK T'eHbI aHTI/I6I/IOTI/IKOyCTOI‘/'I‘II/IBOCTI/[,
U TOKCMHOOOpa3oBaHMs OaKTepuit.
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As can be seen from the table, the tested disinfectants
destroy to a variable degree the pBluscript plasmid with the
ampicillin resistance gene; thereby, preventing to a variable
degree the growth of the transformed bacteria on the medium
with this antibiotic. Disinfectant Veroshield on the basis of
glutaraldehyde and quaternary ammonium compounds
(QAC) showed extremely low effectiveness regarding the
plasmid DNA: high numbers of colonies of the transformed
bacteria were recorded in the sample. Disinfectant HPPI
on the basis of hydrogen peroxide inactivated the plasmids
to a greater degree in this experiment; thus, the individual
colonies of the transformed bacteria were found. Most
probably, insufficient effectiveness of this disinfectant
is associated with the special characteristics of action of
catalases — the enzymes, which protect bacterial cells from
hydrogen peroxide. Catalases are less fitted to inactivation
of inorganic peroxides, such as potassium persulfate, which
is a constituent of the disinfectant Ecocid. In the samples
processed with the disinfectant Ecocid, no colonies of the
transformed bacteria were found; therefore, the disinfectant
Ecocid demonstrated 100% effectiveness in destruction of
the bacterial plasmid DNA.

Unfortunately, the criteria of an impact of disinfectants
on the genetic material of the bacterial and viral pathogens
specific for the meat industry have not been regulated by
law up to the present day. Nevertheless, it is expedient to
use disinfectants that allow prevention of the horizontal
transfer of undesired genetic information to ensure high
level of biological safety of meat products upon disinfection
of industrial equipment in enterprises of the meat industry.

Conclusion

The tested disinfectants on the basis of potassium persul-
fate, hydrogen peroxide, glutaraldehyde and quaternary am-
monium compounds (QAC) can reduce the concentration
of the chromosomal DNA of CI. perfringens 28-49 times.

The disinfectant Ecocid destroys the isolated genetic mate-
rial of Salmonella enterica and with less intensity the chromo-
somal DNA located within a bacterial cell during treatment.

The disinfectant Ecocid effectively destroys plasmid
DNA, both isolated and located within a bacterial cell
during treatment.

Use of the disinfectant Ecocid for sanitary treatment of
equipment on enterprises of the meat industry reduces the
risk of the horizontal gene transfer, thereby, reducing the
distribution of the undesirable genetic information such as
bacterial antimicrobial resistance genes.
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