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PED®EPAT

Kpamidikamiitna po6oTa mpucBsYe€Ha po3poOIi BUPOOHHUIITBA EHTEPOIIMHIB,
HUIIXOM KYJIbTHUBYBAHHS 130JIbOBAHOTO WITaMy Enterococcus faecalis 14, mo 3a 18
roguH yTtBoproe 5,942 1/m OaktepionuHy. EnTeporiuH — 1me OUIOK, SKUHA Mae
AHTUMIKPOOH1 BJIACTHUBOCTI MPOTH MATOTC€HHUX MIKPOOPTaHI3MiB, a OCOOJIMBO IPOTH
Clostridium perfringens, 1m0 € 30y THUKOM HEKPOTUYHOTO EHTEPUTY Y Kypeu. 3 METOI0
BUKOPUCTAaHHS JaHOTO MIKPOOHOTO OiIKy $SK KOPMOBOI JO0aBKH 10 KOMOIKOpMY
po3paxoBaHa piuHa MOTYXHICTh BUPOOHHUIITBA, SIKA CTAHOBUTH 16,9 KynbTypanabHOI
piaunu abo 75,2 kr 011Ky 3a pIK.

BupoOHunTBo eHrepoluHy Tniepeadadae  psg  JIOMOMDKHHX — poOiT, sKi
BKJIIOYAaIOTh B ce0e  MIArOTOBKY  aepamiiHOro  MOBITPS Ui CYLIIHHSA
yIBTPAKOHIIGHTPATy, MIATOTOBKY Ta  CTEPWII3allil0 TUTPYBAJIBHHX  areHTIB,
OPUTOTYBaHHS Ta CTEPUITI3ALII0 MOKXUBHUX cepeloBUI. [0 TEXHOJIOTTYHOTO MpoIecy
BUPOOHHUIITBA EHTEPOLIMHY BIAHOCATHCS MIArOTOBKA MOCIBHOTO MaTepiainy, BAPOOHUIE
KyJIbTUBYBAaHHS Ta CTajli BWAUICHHS, SIKI BKJIIOYAlOTh B cebe MeHTpudyryBaHHS
O0ioMacu, yabTpadiIbTpaIlil0 CyNEpHATAHTy, BHCYIIyBaHHS YJIbTPaKOHIICHTPATY,
cTabuTi3aIi0 TOPOIIKY CEHTEPOIMHY 3 TIONAJBIINM IMaKyBaHHSAM. TeXHOJOTis
BUPOOHUIITBA EHTEPOIMHY 3a3HAYEHO B TEXHOJOTIYHIA Ta amaparypHiil cxemax
KBaTiPpikaiiitHOi poOOTH.

KBamidikamiitna podoTa Brirouae B cede 106 CTOPIHOK IPYKOBAHOTO TEKCTY,
BKJITIFOUato4u 18 Tabmuils Ta 9 pUCYHKIB, CKIIAJAETHCS 3 BCTYITY, IECATH PO3IITIB, CTUCKY
BUKOpuUcTaHoi1 JiTeparypH (130 HaiimeHyBaHb) Ta rpadiyHoi yacTuHH (2 nmucta popmarty
Al Ta 1 muct popmary A3).

Kuo4oBi ciioBa: eHTepoIvH, MIKpOOHHM O1710K, aHTHO10TUKOPE3UCTEHTHICT,
KOMOIKOpM, HEKpPOTHYHHI €HTEpPUT, EHTEPOKOKH, Enterococcus faecalis 14,

yIbTpaduIbTpalis, IMyHOPEpPMEHTHHI aHaI13.



BCTYII

Peanii cboroseHHs 1eMOHCTPYIOTh BEIUKY MOTpeOy JIOACTBA Yy SIKICHHX Ta
O€3MeUHUX XapuoBHX MPOAYKTaX. 3HaUYHA HEOOXIJHICTh MOCTAE CaMe€ B MPOJYKTax
TBAPUHHUIITBA. 32 CTATUCTUKOIO KO)KHOTO POKY BUPOOHUIITBO MPOAYKTIB TBAPUHHOTO
MOXO/PKEHHS 301UTbIIy€eThCst MiHiMyM Ha 0,4% [1,2].

VY cTpykTypl BajloBOI MPOAYKIl CUIBCHBKOTO TOCHOAAPCTBA, TBAPUHHULITBO
ctaHOBUTh ToHan 38%. HaiiOinpiry dYacTMHYy pUHKY I[BOTO  CETMEHTY
arpoIpoOMHUCIIOBOCTI 3aliMa€ NMTaxiBHUIITBO, OCKUIBKA BOHO € HAWOLIbI €(heKTUBHOIO
rajry3310, HaiOLIbII MOOUIBHOIO Ta BUT1HOIO, SIKa MOXKE PO3BUBATHCA HAa OOMEKEHIM
TepuTopii. Bucoka O6iojoriuHa CKOPOCHUTICTh 1 BHUCOKHUM BIATBOPIOBAJIBHUN ITHKJII
3a0e3MeuyloTh JUMHAMIYHE T[OCTa4aHHS CBDKOI BHUCOKOKAJIOPIMHOI  IPOIYKIIi
crioxuBayam [1,3].

Anle OCHTH TOCTPO TOCTae MpodiieMa II0A0 AHTHOI0TUKOPE3UCTEHTHOCTI
NATOr€HHUX IITaMiB MIKPOOPIraHi3MiB, SIKI MAtOTh 3TyOHY A10 IIOJI0 MOr0JIIB Sl IITHIII.
OpnHuM 3 TaKMX 3aXBOPIOBAHb € HEKPOTUYHUM eHTepuT [ 1,4].

B ymoBax BeJeHHsS iHTEHCHBHOTO NMTaXiBHUIITBA HEKPOTUYHHUN EHTEPUT 3apa3
peeCTpyeThCSl MO BChOMY CBITY. ['0JOBHMM 30yJHUKOM HEKPOTHYHOTO EHTEPUTY
nTaxiB BBaxaeThcsi Oaktepist Clostridium perfringens. JlaHa xBopoOa y MOJOIHSKY
NTUL Tepedirae 3a TUIOM TOKCHUKOIH(EKIIIi, CYMPOBOJXKYETbCSI BUCOKUM pPIBHEM
3aXBOPIOBAHOCTI Ta JetanbHOCTI (10-60 %) [4].

k110 He 60POTHUCS 3 JaHUM 3aXBOPIOBAHHSAM, M1k MTUII MOXke JocsarTa 1 %
BiJl CcTaja B JIeHb, a 3arajbHa BTpata — 10-40 %. Illle Oinbie 30UTKIB MPUHOCUTH
npuxoBaHa (opma XBopoOu, ajpke ii, K MPAaBUIIO, HE BUSBIISIIOTH 1 HE JIKYIOTh, a
MPOJYKTUBHICTh MTHIIl TUM YaCOM Pi3KO 3MEHILYEThCS [4].

HekpoTnunwii eHTEpUT 1 A0 HHUHI JIKYIOTh pPI3HAMH aHTHOIOTUIHUMHU
npernaparaMu, a TaKOX MPOBOAATh NMPO(DIIAKTHKY 32 JOMOMOTOI0 CIeliali30BaHUX

KoMOikopMmiB. Ta 3a OCTaHHIMH JTOCTIKEHHSAMH MOKa3aHO HEEPEKTUBHICTh BIJJOMUX

HVXT BTEK 04.02.26 KP IT3
3mnu. |ucm | Ne doxym. Iionuc  |Hama
Po3pod. Koswap 1.]]. Jlim. Apk. | Apxywis
Ilepesip. Cmabuixos B.I1. BCTVII | l 7 109
Peyens.
H. Konmp. Kagheopa FTM
3ameepo. Iupoe T.I1.




antuOioTukiB mwonao Clostridium perfringens, sIK OCHOBHOTO 30yJHUKA JIaHOTO
3aXBOpIOBaHHS. TakuM 4YMHOM, paHille JIKyBaHHSA Ta NPO(UIAKTUKY MPOBOIMIM 32
JOTIOMOT'OI0 BIPriHIaMilIMHY Ta OaUTpalMHY, SIKI HUHI € 3a00pOHEHUMHU 1J1s1 00pOTHOU
3 JIaHUM 3aXBOPIOBaHHAM [4].

JIisi yHUKHEHHSI XBOPOOH, a TaKOXk 3MEHIICHHS BUKOPUCTAHHS aHTHO1O0THKIB
3aCTOCOBYIOThH NMPO(MUIAKTUYHI 11, HUISTXOM BBEICHHS KOMOIKOPMIB 3 aHTUO10TUUHUMU
nob6aBkamu. Takuil TiAXia 3BICHO 3MEHIIIY€ HAaBAHTA)KEHHS HA OPraHi3M Ta JI03BOJISE
HOMYy YHUKHYTH HEOa)KaHOTO 3aXBOPIOBAHHS, aji€ BIH HE BHUpIlIye MOpodiieMy
BUHUKHEHHS! aHTUO10TUKOPE3UCTEHTHOCTI.

CbOrofHIIHIA PUHOK TMPOMOHYE BEJIUKY KUIBKICTh PI3HUX KOPMIB 3
BUKOPUCTAHHSM aHTHO10THKIB, AKi 32 KOPOTKUH TEPMIH CTalOTh Hee(heKTUBHUMU. Alle
3aMIHHHKIB 200 HE TNpeACTaBiIcHO, a00 BOHM MAalTh P HEIOJIKIB, MOPIBHSHO 3
antuOioTukamu [1].

Taka curyaris Ha YKpaiHCBKOMY pPHHKY JOBOJIUTH, IO AKTYAJBHHUM €
BUHAWICHHS AIbTEPHATUBHUX MPENapaTiB, Ki MOXKYTh 3a0€3MEUNTH 30POBE MOTOTIB’ 5
OTHUI Ta, K pe3yJbTaT, IKICHI Xap4oBi NpoayKTH. OJHUM 3 TaKMX 3aMIHHUKIB MOXeE
cTaTh OaKTEepIONWH CHTEPOKOKIB — €HTEPOIIMH, SIKH Ma€ BUCOKY aKTHBHICTh MPOTHU
6axrepiit Clostridium perfringens 1 Moke 3a0€3ME€UUTH BUX1]] BIIMIHHOTO MPOAYKTY Ta
3aJI0BOJILHUTH KiHIIEBOTO CIIO)KUBAYa.

HoBu3Hor manHOi KBamidikamiitHoi poOOTH € BIPOBAKEHHS €(HEKTUBHOT
TEXHOJIOT11 KylnbTUBYBaHHS Enterococus faecalis 14 nyis oTpuMaHHsS €HTEPOIMHY SIK
aIbTePHATHBH AHTHOIOTUYHUM PEYOBHMHAM, 3 MOJANBIINM BUKOPHUCTAHHAM HOTO s
npo(UIaKTUKA HEKPOTHYHOTO EHTEPUTY Ta MONKIUBUM PO3UIUPEHHSIM PHUHKY

KOMOIKOpMiB YKpaiHu.



PO3I1JI 1
XAPAKTEPUCTUKA EHTEPOLIUHY

EnTeporiuayn — aHTUMIKPOOHI areHTH, sKl BiAHOCAThCA a0 OakTepionuHiB Il
KJIacy 3a iX MoJieKyJisspHoto macoto (k/{a<10) [5].

B 3amexxHOCTi Big KOHCEHCYCHOI TMOCIHITOBHOCTI (HYKICOTHAHUN abo Xk
aMIHOKHCJIOTHUI JaHIIOT, 10 HEePIOJUYHO MOBTOPIOETHCA) BIIHOCATHCA 10 3 Ta 8
rpyn. B mepcrnekTuBi po3TisgaloThes sIK Oe3MedHi HaTypaibHI mpe3epBaHTH ado,
O10KOHCEpPBAHTH, SIKI BIJHOCSTBHCS J10 Ipynu O€3MeYHMX pPEeYOBUH abo0, Tak 3BaHOI
GRAS-rpynu (Generally regarded as safe) [5,6].

3a CTPYKTYPOIO 111 CTIOIYKH € UKIIYHUMU METNTHIAMHU, SIK1 € TEPMOCTA01IBHUMHU
Ta BUSBJISIIOTH CBOIO aKTUBHICTH B IIMpokomy Aianazoni pH (Big 2 7o 10). OntumansHe
pH B Mexax Bix 4 1o 6, ne3akruBalis cioctepiraetbes npu pH 11. He € Tokcnaammu,
MarTh CIa0Ky IMyHOT'€HHICTb. [IposBIsitoTh riipodoOH1 BIacTUBOCTI [7-9].

OCKUIbKH €HTEPOIIMHU € TEPMOCTAOUIBHUMU OaKTEPIOIMHAMHU, BILIUB BUCOKUX
TeMIlepaTyp HE TMPU3BOAWTH 10 IXHBOTO pyHHYBaHHA. € TOBITOMJICHHS, IO
nigBuieHH1 Temneparypu 10 80°C 3a yacom BUTpUMKH 15 1 30 XBHIIMH HE BIUIMBAE HA
MOKa3HUKHU akTHBHOCTI [10].

EnTeporuan Ait0Th HaCTYNMHUM YUHOM. [IpUHHSTO BBaXKaTH, IO Ii CHOJYKH
3B’SI3YIOTh CIeUU(pIYHUNA pelenTopHuid 010K Ha MeMmOpaHi kiaiTHHU-MimeHl. Komnu
BCTAHOBJICHO MIXKOUTKOBHI 3B'SI30K, B MeMOpaHi yTBOPIOIOThLCS TiApodibHI mopu. Lle
MPU3BOJIUTH JIO BIATOKY IHTOIUIA3MAaTHYHUX KOMITOHEHTIB, 10HIB, a TaKOX JO
PO3CiIIOBaHHS TPAHCMEMOPAHHOTO €JIEKTPUYHOTO MOTEHITaTy. AJle TOC1 HE B1IOMO, SIK1
came MPOoILIeCH 3aIyCKal0Th YTBOPEHHSI MEeMOpaHHUX MOP MICIS TOTO, SIK OaKTepiOIuH
nizHae penentop. [Ipo ne mnosigomisietbes B crarti 2019 poky. EnTtepouunu
BUKJIMKAIOTHh TIOIIKO/DKEHHS IUTOINIAa3MAaTHYHOI MEMOpaHW TPaMITO3UTHBHHX, a 3a
Cy4yaCHHMMH OTIMCaMU B JIITEpaTypl il rpaMHeraTuBHUX OakTtepiii [5,8-13].

BiblIicTh  €HTEPOUMHIB MPUTHIUYIOTh PICT Takux Oakrtepid sk Listeria
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monocytogenes, L. innocua, Salmonella enteritidis, Enterococcus faecalis,
Staphylococcus aureus, Salmonella typhimurium, Escherichia coli, Proteus vulgaris,
Morganella morganii Ta 6ararto iHmux [14-16].

Takox CHHTE3 EHTEPOIMHIB iX MPOMYIEHTAMHU 3aJIeKUTh BiJl ONMTHMAIBHOTO
CKJIaZly TOXKMBHOTO cepefoBuina. [lompu Te, 1mo s KyJIbTHUBYBaHHS €HTEPOKOKIB
BUKOPHUCTOBYIOTHCS JICIIEB] CyOCTpaTH, X XIMIYHHMU CKJIaJ Ma€ MICTUTH MiABUIICHUM
BMICT JKEpeIT a30Ty, 3BaKAI0UYM Ha BHIIe3a3HAUCHY O10XIMIYHY MPHUPOLY CHTEPOIMHY.
Hanpuxnan, entepouun A, cuHte3oBaHuil 3 Enterococcus faecium Aus0004, B
SKICHOMY CKJIaJil Ma€ OUIBIIICTh aMIHOKHUCJIOT: METIOHIH, CEpUH, JI3UH, TiyTamar,
130JIeHIIMH, acTmaparid, BajiH, JICMIIMH, TUPO3WH, acliapTar, MPOJIiH, apriHiH, ajlaHiH,
TPEOHIH, TJILWH, ITyTaMiH, ()eHIJalaHiH Ta FNCTUIUH. 3a KUIbKICHUM — 99 aMiHOKUCTIOT
[17].

Sk kepena BYIVICHIO BHKOPHUCTOBYIOTHCS — TOJiCaxapuiu, SKi JIETKO
3aCBOIOIOTHCSI MIKpOOpTraHi3MaMu, Taki K TJIFOKO3a Ta caxaposa. [Ipm BUKOpuCTaHHI
OLIBII CKIAAHUX CaxapuliB, TAKUX SK TallakTo3a, apabiHo3a 1 MaabTo3a, OaKTEePiOIH
Maiixke abo B3araji He CHHTE3YEThCS. BIJTMB OpraHiyHUX Ta HEOPTraHIYHUX COJICH Mayio
nociimxeHo. [Ipore neski moCiiKeHHs 3a3Ha4al0Th, 1[0 BUKOPUCTAHHS KUCIIHX COJICH

Ta COJIeH KaJIbLIII0 MPU3BOAUTH JI0 IPUTHIYEHOTO CUHTE3Y eHTeporuny [7,11].

0

Puc.1.1. 3aranbHa xiMiuHa popmysia eHTepounny [18]
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HaiiBinoMimumMu OakTepioMHAMU €HTEPOKOKIB € eHTepouuH A, B 1 P. Takox
HasBHO Oarato jociimkeHb npo earepound SEK4, eateporma CR35 ta enTeponna AS-
48 ta Oarato iHmuX. [Ipore HaiOUIbIII BUBYEHUM Ha CHOTOHI € eHTeporuH A [19].

Takox iCHYIOTh OaKkTepionuHU reTepoaumMepu. ToOTO B CBOEMY CKJIai MalOTh 2
a00 O1LbIIIe MOJIEKYJT MiKpoOHOTO O15Ka. [IpuKkiamom Takoro 6akTepionuHy MOXKE Oy TH

eHTepourH A+B, skuii B CBOEMY CKJIaJll Ma€ 2 nenTUAM (EHTEpOLMH A 1 eHTEpOoLUH B).

£1563 . -I
* - 9 B
C:ﬂi 3
'\/Ent- ‘ \_ /EntB

\

Puc.1.2. 3aranbHi CTpyKTypHI (pOpMYJIH €HTEpOIIMHY A Ta eHTepouuHy B [19]

JlaH1 GaKTepiouHY, SIK BXKE BHIIE 3a3HAYATIOCh, BAKOPUCTOBYIOTHCS SIK MIPOTH IS
HIKPOKOMY 200 BY3bKOMY CIIEKTPY NATOT€HHUX OaKTepiid, B 3aJI€KHOCTI BiJl iHT10yI0UO01
nii meBHOTO eHTeporuHy. HoBi BHUIU pO3pOOISIOTH 3 METOK MOJANBIIOI 3aMiHU
aHTUOIOTMKAM, JyIi BUPOOHHUIITBA BIAMOBIAHUX MpoOIOTHKIB. bakTepionuHu
OPOSBIISIIOTh AHTUMIKPOOHY aKTUBHICTh MPH MIKO-HAHOMOJISIPHUX KOHUEHTPALISIX, 110
poOUTH iX Ay’Ke MPUBAOIMBUMHU B SKOCTI HATypaJbHUX XapuOBUX KOHCEpBaHTIB. Take
BUKOPHUCTaHHS OaKTEpIONUHIB MOXE CIPHUATH 3MEHIICHHIO BXXHBAHHS XIMIYHHUX
KOHCEPBAHTIB Ta (Gi3UYHUX 00poOOK. Ha choromHINIHIN 1eHb CHTEPOIIMHU TECTYIOTh B
[11, 20-24]:

o XapyoBId Tanmy3i — JJIs TMOJOBXEHHS CTPOKY HIPHAATHOCTI MPOIYKTIB
(¢pepmenTariitai oBoui, puba Ta M’5ICO, MOJIOYHI TTPOTYKTH);

o (dapmaneBTUYHIN Tamy3l — Ui YHUKHEHHS PHU3HMKY KOHTaMiHalli Ta
CTBOPEHHSI HOBHX IpenapariB (3aXBOPIOBAHHS KUIIKOBO-IIUTYHKOBOT'O TPAKTY, MIKIPHI
1H(peKii, JicTepios, JeHIIMaHi03), B TOMY YKCHl 1 IPOOIOTHKIB;

o BETEpUHApil — JUIsl CTBOPEHHSI HOBUX KOPMOBHX JOOABOK Ta iX CKJIAJOBHX.

11



PO3A1JI 2
OBIPYHTYBAHHS BUGOPY TA XAPAKTEPUCTUKA
BIOJIOT'TYHOI'O ATEHTA

2.1. OOrpynTryBaHHsi BHOOpPY OIOJIOTIYHOIO0 areHTa Ta MOKUBHOIO
cepeoBHUILA JJIA HOro KYJbTHBYBAHHSA

BukoprcrtaHHd TpaauUIMHUX MIKPOOIONOTIYHUX METOMIB I  IMOLIYKY
0aTepiONMHOTCHHUX MTaMiB € ManoeeKTUBHUM. Lle moB’s13aHO 3 TUM, IO CIIEKTPU
aHTUMIKPOOHOI 11T Ta X MPOAYKIIIS 3aJ€KUTh BiJl YMOB KYJbTUBYBaHHS [25].

OCKUIbKHM €HTEPOLIMHU MAIOTh TOCUTh BUCOKY aHTUMIKPOOHY aKTUBHICTh IPOTH
MaTOreHHUX OaKTepi, MOIIYKH CTPYKTYPHHUX I'€HIB, SIKi iX KOJIYIOTb, Y TIPOIYIIEHTIB
HaOyH TomyJsipHOCTI. J[JIs1 TakuX JOCTiIKEHb, 3a3BUYail, BUKOPHUCTOBYIOTh METO]I
noJiiMepasHoi JianiroroBoi peakilii ([1JIP). Takuii aHami3 MpOBOAUTHCS AJIS TIOIAJIBIIIO
PO3pPOOKH TEHHO-THKEHEPHOTO INTaMiB, 3 METOK OTPUMaHHA MIKpOOpraHizma,
3IaTHOTO JI0 HaJCUHTE3y OakaHoro npoaykry. CtanoMm Ha 2016 pik Oyio mokaszaHo,
10 TCHH JaHUX OaKTepiolMHIB, 30KpeMa eHTepouuHiB A, B, P, L50A Ta L50B, nyxe
MOIIHUPEH1 CepeJl ITaMiB PI3HOTO MOXOKEHHS [25].

TunoBumMu  OIOJIOTIYHMMH areHTaMHd CHTEPOIMHIB € OakTepii pomay
Enterococcus. Hanipuknan, E. faecium T136, E. faecium PLBC21, E. faecium CTC492
€ IPOAYLIEHTaMU eHTepouuny A, E. faecium P13 —enrepouuny P, E. faecalis UGRA10
— enteporuny AS-48, E. lactis — entepounny A, B ta P [26-29].

J1Jis1 CTBOpEHHSI HOBUX PEKOMOIHAHTHUX IITaMiB BUKOPHUCTOBYIOTH [1JIP, sk 11e
OyJo 3a3HaveHo Bulle. Takuil MeTO] nepeadoadyae BAKOPUCTAHHS Map rnpanMepiB A
BU3HAYCHHS CTPYKTYPHUX TEHIB KOHKPETHHX EHTEpOIMHIB. Ko HeoOXigHO
CTBOPUTH HOBHUW INTaM JUIs TPOAYyKyBaHHS CHTEpOUMHY A, HalJacrime
BUKOPUCTOBYIOTh CTPYKTYpHI TeHu E. faecium T136, sik 10T0 TUIIOBOTO MPOAYIICHTA
[25,26].

Takum umHOM, y 2014 pomi Oyno oTpumaHO pekoMmOiHaHTHI wTamu Pichia

HYXT BTEK 04.02.26 KP 113
3mn. |ucm | Ne dokym. Iionuc  |Hama
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pastoris X-33 ta Kluyveromyces lactis GG799, TpanchopmoBani mnazminoro pPICZaA.
Y nmocnikeHHI BKa3aHO TIOPIBHAHHS MDK BKa3aHUMHM JPDK/DKaMH Ta  iX
«monepeaHukom», E. faecium T136. JlocaimkeHHs MOKa3ajlo HACTYIHI pe3yJbTaTH:
HAWBUIIINA PIBEHb CUHTE3Yy €HTepOIuHy B P. pastoris X-33 —0,0321 r/n3a 12 rox, B K.
lactis GG799 — 0,0018 r/n 3a 8 roa. IlopiBusino 3 E. faecium T136, nokaznuku P.
pastoris X-33 Oynu 3Hau”o BuimMH. lono K. lactis GG799, piBeHb eHTEpOLUUHY
CIIBCTaBHUI 13 PIBHEM €HTEPOKOKY, OCKIJILKH KOHIICHTpaIlis O1yika OyJia BUIIA JIUIIE HA
0,0003 r/m, MmO CBIAYUTH MPO HEIOUUIBHICTH BUKOPUCTAHHS IUX APDKIDKIB JJIS
NO/IaJIbIIOTO0 BUKOPUCTAHHS Y CUHTE31 0a’kaHOTo OakTepiouuHy [26].

Ha mopsok kpariii nmokasHuku orpuMani B 2016 pori. [TopiBHIOBaIM HaCTYIIHI
61oJtoriunil arentu: Enterococcus hirae EHE 8, E. hirae EHE 10, E. hirae EHE 18, E.
faecalis EFE 9, E. faecalis EFE 15 ta E. faecalis EFE 21. HaliBuIy KOHIIEHTpAIIilO
eHTeporuny B E. faecalis nokaza mrtam E. faecalis EFE 15, 4,7 r/n3a 18 rox. lllono E.
hirae, 3a TAKUX CaMUX yMOB, HAMIPOIYKTUBHIIIUM TaMoM cTtaB E. hirae EHE 8, 3,8
r/n. ITopiBHIOIOUHM 3 ApikKaMu P. pastoris X-33 ta K. lactis GG799 moxxHa 3poOUTH
BHUCHOBOK, 1110 CEPEJIOBHIIIEC Ta YMOBH JIJIs1 KyJIbTUBYBaHHs OyJ10 MMi110paHo JIe1Io Kpalie
[26,30].

Cranom Ha 2017 pik 3 MEKOHII0 HOBOHAPOHKEHUX OYB BUAUICHHM 130JIbOBAHHI
mtam E. faecalis 14. Jlanuit Mikpoopraizm Oyio JOCTII)KEHO Ha aHTarOHICTHUYHY 110
npotu Clostridium perfringens pi3HUX MTaMiB. 3a pe3yJbTaTaMH JaHOTO aHAJI3y Oyia
BHU3HAUYEHA TaKOXK KOHIIEHTpAIlisl CHTEPOLMHY, 110 CTaHOBUIIO 5,942 r/n3a 18 rox [31].

VYV 2018 poui 6yna nociimkeHa antumikpoOHa st E. faecalis UNAD 012. Takox
3a3Havasiacs MpOTUrpUOKOBa Jis MO0 JIeaKuX (iTonaToreHHux rpudiB. B pesynbprarti
KyJIbTUBYBAHHS Ha POTA31 96 TOMH OyJI0 TOCATHYTO pe3yabTart B 15,8 /11 eHTeporuny
[32].

B 2021 poui OyB BUIIICHUN WITaM E€HTEPOIMH-TIPOAYKYIOUMX Oaktepiid FE.
faecalis SH2. IlItam OyB 13071p0BaHUi B1J XBOpUX Ha Kapiec moaei. [licins ontumizarii
YMOB KYyJIbTUBYBAaHHS Ta MiJ00PY MOXKUBHOTO CEpeIOBHUIIA OyJI0 BCTAHOBJICHO, IO 32

24 roauHM WITaM Ipoaykye 61u3bko 10,5 /1 6akTepionHy eHTEpOoKOKiB [33].
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[lepmuit eran BuOOPY O10JIOTIUHOTO areHTy 0a3yeThCsl Ha MOPIBHIHHI IXHIX

MOKa3HUKIB 010CHHTE3y €HTEPOIIMHY, 1110 BKa3aHo B Tab. 2.1.

Tabnuys 2.1.

IlopiBHAHHS MOKA3HUKIB 0iOCMHTE3y eHTEPOUUHY Pi3HUMHU 0i0JIOTIYHMMH

AneraT HaTpito — 5;
MgS04 x 7TH20 - 0,1;
MnSO4 x 4H20 - 0,05;
K2HPO4 — 2;

ar¢cHramMmm
. . . Pexum .
bionoriunni Ckiaz NOXKMBHOTO Konnenrpanis .
KYJIbTUBYBAaHH Jlitreparypa
arcHT CepeoBHINA, T/ 4 EHTEPOIHNHY, I/
IlenTon — 20;
HpixmkoBuii ekcTpakT — 10;
C . . . 12 rox
Pichia pastoris | JpiXmkoBa a30THa OCHOBA _
: ] pH=6 0,0321 [26]
X-33 0e3 aMiHOKHuCIOT — 13,4; 30 °C
Biotun — 0,0004;
['minepun — 10;
IlenTon — 10;
Mo03KOBO-CEpIIEBUI EKCTPAKT 18 ron
Enterococcus -17,5; H=7 5942 31]
faecalis 14 ['mroko3a — 2; 13)7 oC ’
NaCl - 5;
NaxHPO4 — 2,5;
IlenTon — 10;
Mo03KOBO-CEpIIEBUI EKCTPAKT 18 rox
Enterococcus -17,5; H=7 38 [30]
hirae EHE 8 I'moxo3a — 2; 13)7 oC ’
NaCl - 5;
NaxHPO4 — 2,5;
ITenron — 10;
M’scHuii ekctpakt — 10;
JpiKpKOBUN €KCTPaKT — 5;
I'moxo3za — 20; 20 1o
Enterococcus TBiH-80 — 1; H=7H 0.625 [34]
faecium 12a C6H507(NH4)3 —2; 27 oC ’

3a ganumu 3 Tabm.2.1. MokHa 3poOUTH BUCHOBOK, 1m0 mTam E. faecalis 14

CUHTE3y€ HAMOUIbIy KUIBKICTh €HTepolMHY. Ta ciif 3ayBakKUTH, LI0 3a3HAayeHE

cepenoBuie (BHI) BukOpUCTOBYyeThbcA JiMIIeé Ha BUPOOHWYE KyJIbTUBYBaHHA. Jlis

HAKOMMYEHHsSI 010Macu BUKOPHUCTOBYIOTH cepepoBuie MPC, 1o 310pokuye yMOBHY

BapTICTh OUIKY.
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JpyrumM 610J0TIYHUM areHToM, 3a KUIbKICTh OakTepiouuny, € FE. hirae EHE 8.
Jlanuii mTaM TakoXX € 130JIbOBAHUM 1 KYJBTHUBYE JOCUTh BEJIMKY KOHIIEHTpALI0
EHTEpOUUHY. AJle, TEXHOJOrI CUHTE3y MIKPOOHOTO OUIKY CIIBCTaBHA 13 MOINEPEAHIM
mramMoM. ToOTO BHUKOPHCTOBYIOTBCS 2 cepeloBUINA s KyJIbTUBYBAaHHS: JUIs
BUPOOHUYOr0 — MO3KOBO-cepaneBuit 0ynsiion (BHI), a mis nakonmmueHHst 6ioMacu —
MPC.

E. faecium 12a TOKa3aB HaWHWMXYi MOKA3HMKM THIIOBOrO MPOAyLEHTa. Koro
HaKOMUWYEHHs 0l0Macu Ta BUPOOHUYMI O10CHHTE3 MPOXOAUTH Ha OJJHOMY CEPEIOBHIILII
— MPC. OckinbKu €HTEpOIMH MOX€ NpPUTHIYYBaTH CHHTE3 OloMacu CBOIO K
OpOAYLEHTa, TO 3a BHUKOPUCTaHHS MJAHOTO LITaMy HE AMBHO, 10 3a 20 roauH
KyJbTUBYBaHHS YTBOPUJIACH 3aMalla KOHLIEHTpAIlisi MIKPOOHOTO O1JIKY.

HaiiMeHIry KOHIIEHTpAIIiI0 MTPOIEMOHCTPYBAB PEKOMOIHAHTHUI IIITaM JIP1kKIKiB
Pichia pastoris X-33. IlpyunHo10, 1110 MOIJIa COPUYUHUTH TaKy HU3bKY KOHLIEHTPALIIO,
MO’K€ CIYyryBaTW MOTaHo MiAlOpaHl YMOBHU KyJIbTUBYBaHHA. Ta CiiJl 3a3HAYUTH, 110 B
MOKMUBHOMY CEpPEIIOBHUIIIl TMPUCYTHS APDKIPKOBA a30THA OCHOBAa 0€3 aMiHOKHUCIIOT.
OCKUJIbKH €HTEPOLMH € MIKpOOHUM OLIKOM, caMe 3amalia KiIbKICTh HITPOT€HY MOTJia
MOCTIPUSATH TaKiil Maiil KOHIICHTPAIII1 IIbOBOTO MPOIYKTY.

JlopedHO TMpOBECTH aHali3 BapTOCTI MOXKUBHUX CEPEIOBUIN, OCKUIbKH JaHHI
HaBeneHl B Tabm.2.1 BigoOpakaloTh JUIIE TOKa3HUKW KyJIbTHUBYBaHHS. Take
MOPIBHSHHS HEOOX1AHO 3pOOUTH 3 METOIO MEPEBIPKU PEHTAOCIBHOCTI CEPEIOBHUIIT JIJIS
KyJIbTUBYBaHHS JaHUX MIKpoopraHi3MiB. [lepepaxyHok npeacTaBieHo B Tabuuili 2.2.

Tabnuys 2.2

BapTicTh mo:KUBHMX cepeq0BHUIL, BUKOPUCTOBYBAHMX /IJIS BUPOIIYBAHHS
010JIOTIYHHUX ATEeHTIB

Iina Baprictb
KoMnoHeHT noXuBHOTO KOMITIOHEHTa Jlxxepeno
[IponyueHt KOMIIOHEHTA, .
CepeIoBUINa, I/ COH/KT (rpH)Ha 1 11 iHpopMmaii
P CepeOBHIIA
IMernrron — 20 850 17 1
JIpikKOBHI eKcTpakT — 10 219,45 2,2 2
Pichia pastoris | *PVRK/VKOBA a30THa OCHOBA 877,80 11,8 3
X33 0e3 aMiHOKHCIIOT — 13,4
) Biotun — 0,0004 617,20 0,0002 4
inepun — 10 80 0,8 5
Bapricth 1 1 no:kuBHOro cepenosuma — 31,8 rpu
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3akinuennsa maoa.2.2

ITenron — 10 850 8,5 1
Mo3k0oBO-cepLeBuil
EKCTPaKT P17,5 200,5 3,5 6
Enterocpccus I'mroxo3a — 2 48 0,1 7
Jaecalis 14 NaCl_5 5.20 0,03 8
Na,HPO,; - 2,5 110 0,23 9
Bapricthb 1 J1 moxkuBHOro cepenopuma — 12,36 rpu
IenTon — 10 850 8,5 1
Mo3K0BO-cepIIEBUIA 2005 35 6
Enterococcus ekcrpakT — 17,5 ’ ’
faecalis EHE T'mroko3a — 2 48 0,1 7
8 NaCl -5 5,20 0,03 8
Na,HPO,4 — 2,5 110 0,23 9
Bapricth 1 J1 no:xkuBHoro cepenopuma — 12,36 rpu
IMenTon — 10 850 8,5 1
M’sicuuit exctpakt — 10 1744,80 17,45 10
JpiKOBHIA €KCTPAKT — 5 219,45 1,1 2
I'mroko3a — 20 48 0,1 7
Enterococcus Thin-80 — ! 316 0,32 1
) [{urpaT amoHi©0 — 2 525 1,05 12
Jaecium 12a AleTar HaTpifo — 5 62 031 13
MgS04-7H20 - 0,1 65 0,007 14
MnSO44H20 - 0,05 27,90 0,001 15
KoHPO4 -2 90 0,18 16
Bapricth 1 11 moxkuBHoro cepenopuma — 29,02 rpa

Mpumirka: uinu HaBegeHo cradoM Ha 22.05.2021: 1. https://shop.hlr.ua/pepton-fermentativnyy-pan-gis-

12817.html, 2.
60761737505.html?spm=a2700.8699010.normalList.1.5f99974bdCtR4VF&s=p 3.

https://russian.alibaba.com/product-detail/best-price-yeast-extract-

https://russian.alibaba.com/product-

detail/yeast-nitrogen-base-without-amino-acids-

60819457463.html?spm=a2700.galleryofferlist.normal offer.d image.2328f0f05J21a0, 4,

https://russian.alibaba.com/product-detail/supply-1-purity-cyanocobalamin-vitamin-b12-

1600109728380.html?spm=a2700.galleryofferlist.normal offer.d_title.75b245ecujaMOM&s=p, 5.
https://pischevik.in.ua/index.php?route=product/product&path=76&product id=95, 6.
https://catrosa.ru/catalog/mikrobiologiya/352767/ , 7. https://prom.ua/p570556706-glyukoza-farm.html, 8.

https://prom.ua/p844126269-sol-pischevaya-ekstra.html, 9.  https://snabhim.com.ua/gidrofosfat-natriya-1-zameshch-
bezvodnyj?gclid=Cj0KCQijwx7zzBRCcARISABPRscNxWHfEnW3;Y VVvEP-
JY16wGioQcUfBDZM4k3VIJy8AQpdb9aPqlLpYwaAmRWEALw_wcB, 10.  https://www.amazon.com/HiMedia-

RM669-500G-Beef-Extract-Powder/dp/BOODYOAXZ6, 11. https://www.aromasoap.com.ua/pav/polisorbat-80-ercasorb-

2080-tvin-80.html, 12. https://mendeleevmarket.com/himreaktivy/ammoniy/citrat-ammonija/ammonij-limonnokislij-2-
https://snabhim.com.ua/acetat-natr-yu-bezvodnij-

zameshhennij-bv-ch.html, 13.
farm?gclid=Cj0KCQjwx7zzBRCcARISABPRscPukpXJf7sbFA09aJrHgFJERi3dQOWSfwETq70Y TLKtHewy4CTQSbga
AgqpvEALw_wcB, 14.

https://prom.ua/p756858204-magnij-sernokislyj-semivodnyj.html, 15.

https://himfarminvest.com.ua/margantsa-sulfat, 16. https://marganec.prom.ua/p384765961-fosfat-kaliya-kalij.html
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https://pischevik.in.ua/index.php?route=product/product&path=76&product_id=95
https://catrosa.ru/catalog/mikrobiologiya/352767/
https://prom.ua/p570556706-glyukoza-farm.html
https://prom.ua/p844126269-sol-pischevaya-ekstra.html
https://snabhim.com.ua/gidrofosfat-natriya-1-zameshch-bezvodnyj?gclid=Cj0KCQjwx7zzBRCcARIsABPRscNxWHfEnW3jYVvEP-JY16wGioQcUfBDZM4k3VJJy8AQpdb9aPqLpYwaAmRWEALw_wcB
https://snabhim.com.ua/gidrofosfat-natriya-1-zameshch-bezvodnyj?gclid=Cj0KCQjwx7zzBRCcARIsABPRscNxWHfEnW3jYVvEP-JY16wGioQcUfBDZM4k3VJJy8AQpdb9aPqLpYwaAmRWEALw_wcB
https://snabhim.com.ua/gidrofosfat-natriya-1-zameshch-bezvodnyj?gclid=Cj0KCQjwx7zzBRCcARIsABPRscNxWHfEnW3jYVvEP-JY16wGioQcUfBDZM4k3VJJy8AQpdb9aPqLpYwaAmRWEALw_wcB
https://www.amazon.com/HiMedia-RM669-500G-Beef-Extract-Powder/dp/B00DYOAXZ6
https://www.amazon.com/HiMedia-RM669-500G-Beef-Extract-Powder/dp/B00DYOAXZ6
https://www.aromasoap.com.ua/pav/polisorbat-80-ercasorb-2080-tvin-80.html
https://www.aromasoap.com.ua/pav/polisorbat-80-ercasorb-2080-tvin-80.html
https://mendeleevmarket.com/himreaktivy/ammoniy/citrat-ammonija/ammonij-limonnokislij-2-zameshhennij-bv-ch.html
https://mendeleevmarket.com/himreaktivy/ammoniy/citrat-ammonija/ammonij-limonnokislij-2-zameshhennij-bv-ch.html
https://snabhim.com.ua/acetat-natr-yu-bezvodnij-farm?gclid=Cj0KCQjwx7zzBRCcARIsABPRscPukpXJf7sbFA09aJrHgFJERi3dQOW5fwETq7oYTLKtHewy4CTQSbgaAqpvEALw_wcB
https://snabhim.com.ua/acetat-natr-yu-bezvodnij-farm?gclid=Cj0KCQjwx7zzBRCcARIsABPRscPukpXJf7sbFA09aJrHgFJERi3dQOW5fwETq7oYTLKtHewy4CTQSbgaAqpvEALw_wcB
https://snabhim.com.ua/acetat-natr-yu-bezvodnij-farm?gclid=Cj0KCQjwx7zzBRCcARIsABPRscPukpXJf7sbFA09aJrHgFJERi3dQOW5fwETq7oYTLKtHewy4CTQSbgaAqpvEALw_wcB
https://prom.ua/p756858204-magnij-sernokislyj-semivodnyj.html
https://himfarminvest.com.ua/margantsa-sulfat
https://marganec.prom.ua/p384765961-fosfat-kaliya-kalij.html

[IIo6 ocraTouno oOpaTu HaiieheKTHBHIMIMI Oi0JOTIYHUN areHT, HEOOXiTHO
pO3paxyBaTH YMOBHY BapTIiCTh | T €HTEPOIIMHY 1 KUTBKICTh YTBOPEHOTO EHTEPOIIUHY IS

KOXKHOT'O 3 TPOJIYIIEHTIB (Tabi1.2.3).

Tabnuys 2.3
Yi3arajoHI004i JTaHHI
KinpkicTs
. . YMoBHa .
. . Bapricts 1 1 | KoHuenrpariis . Tpusanicts YTBOPEHOI'0
EIOJ'IOFILIHI/II/I BapTICTL 1 I
ALCHT CEpE/IOBHINA, | CHTEPOIIMHY, eHTEpOIIHY, KyJbTUBYBAaHHS, | CHTEPOIUHY
TpH r/n roj 3a rOANHY,
IpH/T
r/ron
Pichia pastoris 31,8 0,0321 990 12 0,003
X-33
Enterococcus 12,36 5,942 2.1 18 0,33
faecalis 14
Enterococcus
hirae EHE 8 12,36 3.8 3,25 18 0,21
Enterococcus 29.02 0,625 45,58 20 0,031
faecium 12a

Tox, 3a pe3yibTaTaMu MOPIBHSIHHA HAaHKpaIuM MPOAYIIEHTOM € Enterococcus
faecalis 14. Came nieit mraMm CUHTE3y€ HAMOUTbITY KIIBKICTh €HTEPOLMHY 3a TOAUHY Ta
€ HaWJEIIEBIINM Y BUTOTOBJICHI.

Ta crmig 3BepHYTH yBary Ha Te, IO JJAHWH ITaM HE € TEHHO-MOIU(DIKOBAaHUM.
Ile i301p0BaHI MIKpOOPTaHi3MH 3 MEKOHII0, TOMY TaKa BEJIHMKA KOHIIEHTpAIiS MOXE
BUKJIMKATH CYMHIB 100 JIHCHOCTI IIUX PE3YJIbTATIB.

AJte, SIK BJK€ BHIIIE 3a3HAYAIIOCS, € IITAMH €HTEPOKOKIB, SIKi MalOTh HaBITh BUIILY
CUHTE3YBaJIbHY 3JaTHICTh 10 eHTeporuny. Lle taki mramu sik E. faecalis UNAD 012
(15,8 r/n), E. faecalis SH2 (10,5 1/1), a Takox E. faecalis B3A-B3B (11,2 r/n). Jlani
IITAMH TaKOX € 130JIbOBAHUMH, IO IMiITBEPKYE MOXKIUBICTh Ta JIHCHICTh OTPUMAHHUX
pe3ynbTatiB Bin E. faecalis 14 [32,33,35].

Crig 3ayBakKUTH, 110 BUILE3a3HAYEH] HAANPOAYKTHBHI IITAMH €HTEPOLIMHY HE
MOPIBHIOIOTHCS 3 1HITUMHU, OCKUTBKM HEMAa€ JOCTAaTHHOI KUIBKOCTI JOCIIIKEHb, Ki O
MOTJIM TIATBEPAUTH iX HAJICHUHTE3YBAJIbHY 3JaTHICTh. A OT OakTepioluH Imtamy FE.

faecalis 14 nocnipkyerbes 1 10 choroAHi. JlocmipkyBanack TeHETUYHA MOCI1IOBHICTh
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Ta TeHHU, SIK1 € BIMOBITHUMU 32 CHHTE3 Ta AKTUBHICTh CHTEPOIIMHY JAHOTO O10JI0TIYHUTO
arerra. Takok, Hamarajuchb CTBOPUTHU TE€HHO-MOJU(PIKOBAHUN MIKPOOpraHi3M s
CUHTE3y I1ie OLIbIIOI KOHLIEHTpALli EHTEPOLIMHY, ajle MaKCUMaJbHUN BHUX1J CTAHOBUB
0,71 1/, 0 € Ha MOPSJIOK HIDKYE 130JIbOBAHOTO mTaMy [36-38].

Takox, gocmikenas 2020-2021 poky AEMOHCTPYIOTh PE3yJIbTaTh KOMOIHAIIIFO
€HTEPOLMHY 3 IHIIMMHU OakTepiounHy. Hanpukmnan, moeqHaHHS Hi3UHY a00 EHTEPOLIHY
DD14 3 xomiCTHHOM IOKa3aB CUHEPIeTHYHUN €(PEeKT MPOTH CTIHKHX 10 KOJICTUH
mraMiB E. coli, BuaiIeHuX Bij cBuHEH [39].

Tox, MOXHa 3pOOMTH BHCHOBOK, IO 1HTEpEC A0 LBOrO IITaMy HHUHI JIAILIE
Habupae o0epTiB, TOMY JaHUU IITaM OOMPAEMO SIK OCHOBHHI O10JIOTTYHUHN areHT IS
CHUHTE3Yy EHTEPOIUHY.

2.2. Mopdosoro-kyjabTypaibii Ta  (isiosioro-0ioxiMmiuHi  03HAKM
Enterococcus faecalis

['pamnio3uTuBHI, Kpyrii ado sinenoaioHi kiaitunu. Po3mip: 0,6-2,0 Ha 0,6-2,5
MKM. 3a THUTIOM >KUBJICHHS — XeMOOPTraHOTPO(u. 3a3BUYAil BOHU TPAILISIOTHCS MOMAPHO
a00 B JaHIIOrax pi3HOi JOBXHMHH. He yTBOprorOTH Hi cmop, Hi kamcyn. He marorh
JDKTYTHKIB — ToMY 1 Hepyxomi [40-43].

Kosonii pocTyTh Ha KpoB’sTHOMY a00 TOKMBHOMY arapi Ta YTBOPIOIOTh KPYTJi,
1K1 Ta MUTICHI KOJIOHII. BIabIIicTh HITaMIB € HETEMOMITUYHUMH. P1IKO mITaMu i€l

OakTepii BUABIISIIOTH OeTa-remois [40].

Puc.2.1. Enterococcus faecalis na: A — kpoB’sHOMYy arapi; b — ’xoBuHO-

eckymniHoBomy arapi (BEA) [44,45]
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[ramu poctyTh nipu 10 145 °C, BuTpuMytoTh HarpiBanHs pu 60 °C npotsrom
30 xB 1 Bupoytoth y 6,5% NaCl ipu pH 9,6 Ta B 0,1% MeTUIEHOBOTO CHHBOTI'O MOJIOKA.
[To BigHOMmIEHHIO 10 KHCHIO - (akyiapTatuBHl aHaepoOu. Ilpu 3pocranHi, 110
BiOyBaeThcsi B mpucyTHocTi 0,04% temyputy i B mpucytHocti 0,01% terpasomito,
YTBOPIOIOTH 4€pBOHI KOJIOHII. Takok, KyJIbTHBYBaHHS MOXeE BIAOyBaTUCh B
npucyTtHocTi 0,1% Tanosoro aneraty Ta 0,02% a3zuny natpito. He norpebye domieBoi
KHUCIIOTH ISl pocTy. Jlesiki mrTaMu MOXKYTh IPOIYKyBaTH TiceBaokaTana3y. Karamazo-
Ta oKcuaa3oHeratuBHi [40,46].

[TosutuBHI pe3ynbratu A peakiii @oreca-IIpockayepa, rigpomnizy rinmypary,
TIAPOJI3y €CKyJiHY, MIpOJiOHUIapUiiaMiia3y, apriHiHy IWUTIIpOJIa3d, BUPOOJICHHS
KHACJIOTH 3: TJIIepuHy, MaHITONy, caxapo3W, Tperaio3u, D-tararo3u, pubo3w,
ranaktosu, D-rimoko3u, D-¢bpykro3un, D-ManHO3u, N-alleTHIITIIOKO3aMiHy, CaTIIUHY,
1171001031, MaJIbTO3H, JIAKTO3U, O€Ta-TeHTI00103H1, aMiralliHy Ta apOyTUHY. Y THIII3Y€E
nipyBat, LIUTpaT, Mayat Ta cepud [40].

HeratuBHi pesynbTaté moAo0 anb(da-rasakTo3ugasu, OeTa-TIOKYpOHiaasy,
OeTa-ranakTo3uaasu, JyxHoi (ocdarasu, BUpOOIEHHS KHUCIOTH 3: epuTpurory, D-
apabino3u, L-apabiHo3u, anbda-MeTII-KCIIO3uIy, iHO3uTOITy, D-dbyko3u, L-bykosn,
D- ta L- kcunosu, agonitony, L-copbo3u, nynbiuTony, anbda-meTui-D-MmaHHO3UTY,
anb(a-metui-D-riroko3uny, Menioiosu, inyniny, D-padinosu, riaikoreny, KCuiity, D-
TypaHo3u, D-nikco3u, D- abo L-apabitony Ta 5 —KeTormokoHaty. 3MiHHI pe3yibTaTu
BUPOOHUIITBA KUCJIOTH 3. PAMHO3H, COPOITY, MEJIE31TO3H, KPOXMaJTIO, IITFOKOHATY Ta 2-
KeToriokoHarty [40].

2.3. Takconomiunmii craryc Enterococcus faecalis

baconim: Streptococcus faecalis Andrewes and Horder 1906 [40].

Ictopuuni cuHoniMu: Micrococcus ovalis Escherich 1886, Streptococcus
liquefaciens Sternberg 1892, Micrococcus zymogenes MacCallum and Hastings 1899,
"Enterocoque” Thiercelin 1902, Enterococcus proteiformis Thiercelin and Jouhaud
1903, Streptococcus glycerinaceus Orla-Jensen 1919 [40,47,48].

3a ganumu ABIS ENCYCLOPEDIA Enterococcus faecalis mae HacTymHUMN

TakcoHOM14HUM ctatyc [40]:
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JlomeH: Bacteria;
Bigmin: Firmicutes,
Kiac: Bacilli;

[Mopsinok:  Lactobacillales,

Ponuna: Enterococcaceae;
Pix: Enterococcus;
Bun: faecalis;

Enterococcus faecalis 2
Enterococcus faecalis 8
E. faecalis Shbam 40
Enterococcus faecalis 14
Enterococcus faecalis 1
Enterococcus faecalis 7
Enterococcus faecalis 17
Enterococcus faecalis 18
E. faecalis NBRC 100480
Enterococcus faecalis 6
| Enterococcus faecalis 3
IE_nterococcus faecalis 5
— Enterococcus faecalis 13
Enterococcus faecalis 10
Enterococcus faecalis 15

Enterococcus faecalis 12

Enterococcus faecalis 19
- Enterococcus faecium 4
Enterococcus faecium 9
_[ Enterococcus faecium 16

_L— Enterococcus faecium 11
E. faecium DSM 20477

—
0.005

Puc.2.2. ®inorenernunuii craryc Enterococcus faecalis 14 [49]
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PO341J1 3
TEXHIKO-EKOHOMIYHE OBI'PYHTYBAHHS

3.1. IloTrpeda B enTepouMHi

Cranom Ha 2020 pik, NITaxiBHUIITBO B YKpaiHI MOCATAE BEIMUE3HY EKOHOMIYHY
Himy. Jlana cdepa TBapUHHMIITBA BHUPI3HAETHCS CEpel I1HIIMX IMOJIIOHUX CBOEIO
MPOAYKTUBHICTIO Ta aBTOMAaTU30BaHICTIO. BUpOOHUIITBO MPOAYKIIi Tamysi
NTaxiBHUIITBA OE3MOCEPEIHhO BIUIMBAE HA IMPOJAOBOJBUY Oe3meky kpainum. Ile
MOSICHIOETBCA THUM, 10 s cepa € OCHOBHUM BHUPOOHUKOM BHCOKOSKICHOTO
TBApUHHOTO OUIKA, YaCTKa SKOTO B palliOHaX yKpaiHIliB csrae Maixke 40% 3a paxyHOK
CITOKHMBaAHHS S€lpb 1 M'sca ntumi [50-52].

3a craructukoro, Ha 2019 pik ykpaiHusamu Oyno croxuto 1,4 MiaH T M’sica
Kypsatunu Ta 11,63 mapa seupb. Tobto Ha 1 moauny npunagae 61u3bko 24,6 kr M’sica
ntuii Ta 270 serns Ha pik [53,54].

3 KOKHUM POKOM BHPOOHMIITBO MPOAYKTIB MTAXIBHUIITBA 30UIbIIYETHCSA HA 3-
4%. lle moB’s3aHO 3 BIAHOCHO JICIIIEBUM BHUPOIILYBaHHSIM Kypel Ta BUTOTOBICHHSIM
XapyoBOi MPOAYKIIIT B LIJTOMY. SIK HACIIIOK, BUHUKAE HU3KA MPOOJIeM y XapuyBaHHI
MIOTOJTIB’ S, @ CaMe — Xap4oBi 3aXBOPIOBAHHS, 110 MOXYTh MPU3BECTH 0 3aruoemi. Jlis
MIATPUMaHHS 370pOB’S NTaXiB BUKOPHUCTOBYIOTHCS BUCOKOSIKICHI KOMOIKOpMH, B
CKJaAl SKUX NPUCYTHI aHTUOIOTUKH. TakMMH KOpMaMu HPOBOJATH MPOQPIIAKTUKY
KOKLHK/I03y, HEKPOTMYHOTO EHTEPUTYy Ta IHIIUX XapuyoOBUX 3aXBOPIOBAHb,
BUKJIMKAHUMHU NATOT€HHUMHU OakTepisiMu. Aje, Hapa3si, e(eKTUBHICTh BUKOPUCTAHHS
aHTUOI0TUYHUX PEYOBHUH JJIsl JIIKYBaHHS CTaBUTHCS MiJl CYMHIB, OCKUIBKH Y BEIUKOI
KUIBKOCT1 3ryOHUX MIKPOOPTaHi3MiB BUHUKJIIA PE3UCTEHTHICTD [55].

HekpoTuunuii eHTepuT (CMHOHIMU: KJIOCTPUI103, KIOCTPUIIO3HUNA EHTEPUT) —
roctpe iHGEKIiiHe 3aXBOPIOBAHHSA TMTHIl, IO XapaKTEPHU3YEThCS AHOPEKCIEIO,
JIENIPECi€ro, MOPYIICHHSIM ONEPEeHHS, J1apeero, 3HMKEHHAM MPHUPOCTIB 1 PanTOBOIO

3aruOesnto. 30ynHukamu 3axBoproBaHHs € Clostridium perfringens tuny A 1 C.

HYXT FTEK 04.02.26 KP 113
3mn. |Jlucm | Ne doxym. Iionuc  |/lama
Zospoé. Iéoeu;a{) I.ﬂé — PO3 ﬂ] 77T 3 thml AfIK ApKyu;i;;6
Pees:::a. 'mabnikog B.I1. TEXHIKO-
H. Koump. EKOHOMIYHE Kagbedpa hTM
3ameepo. Tupoe T.I1. OBI'PYHTYBAHHA




3a CTaTHUCTHKOK, HEKPOTUYHHM €HTEPUTOM 3apakyroTbes Bil 10 1o 40% moromnis’s.
Axmo He JiKyBaTH XBOpOOYy, CMEPTHICTh NTHUIl MoOXe jaocaratu 10 50% Big 4ucia
iH(pikoBaHUX. Bigmepnux nraxiB ciiff HEralHO BUAANATH, OCKUJIBKM BOHH MOXKYTh
CTaTH JDKEPEJIOM TOKCUKO3Y abo iHdekIii uepe3 kanibanizm [54,53].

Jlns BupimeHHs OpoOJeMU PE3WCTEHTHOCTI Ta MiABUINEHHS e()EeKTUBHOCTI,
IPOIMOHYETHCSI 3aMIHUTH AHTHOIOTUKH, $SIKI BHUKOPUCTOBYIOTBCA B KOMOIKOpMaXx,
HAIIPUKJIAI: OaIuTpaIiiH, BipriHiaMiyH, JIHKOMIIIMH Ta iHII1. ['apHOIO abTEpHATHUBOIO
Oyne OakTeplOIMH EHTEPOKOKIB — EHTEPOLMH, KU Mae BHCOKY AaHTHUMIKPOOHY
BIacTUBICTh M0N0 mtamiB Clostridium perfringens. llepeBaraMmu 11bOro MiKpOOHOTO

OlNKYy €:

BIJICYTHICTh PE3UCTEHTHOCTI B MATOT€HHUX MIKPOOPTaHi3MIB;

BHUCOKA aHTUMIKpOOHA Jisi 10 30yAHUKIB XapUOBHUX OTPYEHB;

O10JI0r14HAa OE€3I1EYHICTD;

IIBUJIKE BUBEACHHS 3 opraHizmy [31,55,56].

HuninmHif ykpaiHChKUH PUHOK MOKA3ye, 110 HE BC1 KOMIIaHIi TOTOBI MEPEXO0IUTH
HAa YTpUMaHHS NOTHUIl 03 BUKOPHUCTaHHS AaHTHUOIOTHKIB, ajieé € BUHATKU. Takum
IpUKIaa0M Moxke OyTu rpyma kommaniin «Ovostar Union» (WSE:OVO). B 2020 porti
e €IUHUHN 3 YKPAiHCHKUX BUPOOHUKIB SIHIIS, SIKWI B3SB y4acTh B mporpami Acoriariii
"Cow3 nTaxiBHUKIB YKpaiHu" TMpo BIAMOBY BHKOPUCTAHHS aHTHUOIOTHKIB B
nTaxiBHUITBI. OCKUIBKH y JTaHOI KOMIaHIi € IHTepeC MOA0 BUKOPUCTAHHS OC3IICUHUX
aNbTEPHATHUB AaHTUMIKPOOHHUX PEUYOBHH, MOJANBIINNA PO3paXyHOK piyHOI MOTpedu Oyae
MPUBEJICHUN I TaHOTo BUpoOHuIITBa [57,58].

JIyist IOpiBHAHHS Ta OTPUMAHHS PO3PaXyHKIB BUKOPHUCTOBYETHCS KOMOIKOPM 3
BMICTOM JITHKOMIIIUHY 2 T/ToHHY. KOMOIKOpM 3 Takol0 CKJIaJ0BOIO 3aCTOCOBYIOTh JJISI
npo(UTAKTUKA HEKPOTUYHOTO EHTEPUTY, Ta € caMUM e(EeKTHBHUM Cepel I1HIIMX
KOMOIKOpMiB 3 aHTHO10TUKAMH JAHOTO CIpsIMyBaHHsA. {7151 mpukiiaay, BMICT B TAKOMY
KOpMI BipriHiamiliiHy Mae 0ytu He MeHiue 20 r/ToHHy, banuTtpanuny — 50 r/ToHHy [55].

MiHiManbHa 1HriIOyrO4a KOHILIEHTpauisd JiHKoMiluHy Ha mramu Clostridium
perfringens cTaHoOBUTH 64 wmkr/mu, eHtepouuHy — 50 wmkr/mn [56]. KigbkicTb

OakTepiolMHy, He0OXiHY Ha | TOHHY KOMOIKOPMY CTaHOBUTb:
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64 Mkr/mMn1—2 1

50 MKr/Mi - X

_ 502 17
x=—~1 r'/TOHHY

Kom06ikopM MOXKHA BHKOPHUCTOBYBAaTH SIK JIJII OCHOBHOTO PpaIlioHy, a0o0 IS
J0JIaTKOBOr0 XapuyBaHHs. OCKUIbKM YKpaiHa € arpapHoOI0 KpaiHOI, KOMOIKOpM 3a
YacTy BUKOPHUCTOBYIOTH SIK JOJATKOBUM MYHKT O BiAroiBmi. Takox, il 3a3HAYUTH,
IO KUIBKICTh CIOKMBAHOTO KOMOIKOPMY BapilO€ThCs BijJ BiKy Ta ce30Hy. B miTHiH
nepioJl KUIbKICTh KOMOIKOpMY, IO 3’ilae OJHAa KypHULs CEpPEeIHbOro BIKY 3a JEHb
ctaHOBUTH 80 T, B3UMKY IIe¥ ToKa3HUK J0X0oauTh 10 140 1 [59,60]. CepenHs KUIbKICTh

KOMOIKOpMY, KU CIIO’KUBA€E OJHA KYypHUILISl B IEHb CTAHOBUTb:

80 + 140
2

CepenHsi TpUBAJICTD KUTTS | KypKH-HECYUYKH Ha nraxogadpuill TpuBae 1 pik.

= 110 r/no6y

Takuii KOMOIKOPM HE BUKOPUCTOBYIOTH KOKHOTO JHS. J{7st mpodilakTHKK JOCTaTHBO
JaBaTu Kypsim ioro 5 nHiB 1 pa3 Ha micaub [61]. Takum 4nHOM, KIJTBKICTH HEOOX1THOTO
KOMOIKOPMY JIJIsl OJHI€T TITUII 32 1i dKUTTEBUM ITUKII CTAHOBUTH:
110 * (12 *5) = 6600 T = 6,6 KT
Cranom Ha 2019 pik B «Ovostar Union» HapaxoByeTbcs 6,7 MJIH OB Kypeu
[14]. Piuna motpeba KOMOIKOPMY CTaHOBUTH:
6,7 * 6,6 = 44220000 kr = 44220 T
VY3arajapHIOIOYH 11 IaHHI, BUPAXOBYEMO PIUHY NOTpeOy B XapyoBiil 100aBI 715

koMOikopmy 1ist «Ovostar Uniony (Tab6m.3.1)

Tabnuys 3.1.
Piuna norpeda B xap4oBiii 100aBui
Hopmu KinpkicTh . . Pigna
. Kinpkicts Piyna
BUTPATH KOMOIKOpMY . norpeba B
[Tpoaykr HalT Ha KYpKY 3a HOTOIB A B notpeoa XapuoBid
P - «Ovostar KOMOIKOpMY .
CUPOBHHHU KUTTEBMA | (. (vH) (1) n00aBITi
() UK (KT) (xr)
Enrtepounn 1,7 6,6 6,7 44220 75,2
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3.2. Po3paxyHOK NOTY:KHOCTi BUPOOHMITBA

3a nmanumu HaBeeHuMH B myHKTI 3.1 B VYkpaiHi € 3HauHa mnoTpeda B
KOMOIpKOMax 3 BUKOPUCTAHHSIM 3aMIHHHUKIB aHTUMIKPOOHUX peyoBUH. B Tabmuui 3.2
HaBEJICHUI TIEpeIliK BUPOOHUKIB KOPMOBHUX aHTUOIOTHKIB Ha pUHKY YKpaiH!, OCKUTBKU

KOMOIKOPMiB 3 BUKOPUCTAHHSIM OaKTEPIOIMHIB B KpaiHi HE MPEJACTaBJICHO:

Tabnuys 3.2.
Ilepesik KOpMOBUX AHTHOIOTHKIB HA PUHKY Y KpPaiHH

: [Totpebanal T
) HazBa Ilina3a 1 xr .
Bupo6nuk, micto KOMOIKOpMY

npemnapary (rpH) (xr)
11 <<O.L.KAR.—Arp0300BeT— Biogir-80! 199 5,7
Cepsucy, Binauipka 001acTh
«bioTectJIa6», OO0, Kuis AMoxkcan-500? 1547 0,34
«bpoBadapmar, OO0, Kuiscbka BpoBacenror’ 508 4
00J1aCTh
IIIT «300BeTmpom», XapKiBChbKa Jlokcopanser? 5000 0,67
00JacTh
I1I1 «ba3anb1», KniBcbka Hidyysin® 297 1
00J1acTh
KRKA, Cnosenis EnTepoxcun® 550 1,5
INTERCHEMIE, €ctonis Joxcun-2007 1550 I

Ipumirka: i HaBeaeno cranoM Ha 24.05.2021: 1 - https://prom.ua/p4950474-biovit-biovit.html,
2 - https://veteco.com.ua/amoksan-500/, 3 - https://prom.ua/p640744446-brovaseptol-500g-brovafarma.html, 4
- https://prom.ua/p1253004044-doksoralvetporoshok-dlya-oralnogo.html, 5 - https://prom.ua/p909698259-
nifulin-1kg-bazalt.html, 6 - https://prom.ua/p1188750285-enroksil-poroshok-enroksil.html, 7 -
https://prom.ua/p909700348-doksin-200-poroshok.html

AHamizytoun TaOnuio 3.2 MOXHa 3pOOWTH BHUCHOBOK, MO B YKpaiHi
IPEICTaBICEHO HeOararo KOPMOBUX aHTHOIOTHKIB, aje SIKi BIAPI3HAIOTHCA 32 CBOEIO
aKTUBHICTIO. 3 KOXXHMM pOKOM BHUKOPHUCTAaHHS OJHOTO 1 TOrO > Mpenapary
30UTBIIY€ETHCS, OCKUIBKM BHUHUKAE PE3UCTEHTHICTh y MATOI€HHUX MIKPOOPTaHI3MIB.
Tomy HEOOXITHICTh B aJbTEPHATUBHINA KOPMOBIM A00aBIIl € JOCUTHh BUCOKOIO.

Piuna motpeba B enreponuni aisa «Ovostar Uniony» Oyna 3a3HaueHa paHimie i
ctaHoBUTH 75,2 kr. 3a nanumu ctatti 2017 poky, npu KyJIbTHUBYBaHHS Enterococcus

faecalis 14 Gyno orpumano 5,942 r/n mikpo6HOTo OinKa [31].
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KuIbKICTh  KyJbTYpajbHOI pIIMHA HEOOXITHOI i1 OTpUMaHHS 75,2 Kr

CHTCPOIMHY CTAHOBHUTL!:

BpaxoByroun cymapHi BTpaTH HUTLOBOTO MPOAYKTY MpHU BUAUICHHI (10 25%)),
HEOOX1THO OTPUMATH TaKy KIJIBKICTh KYJbTYpaIbHOI PIAMHU:

. 12,7
kP 1-0,25

3.3. Po3paxyHok 00’eMy (pepMeHTepa Ta KiJILKOCTI BAUPOOHUYMX HMKJIIB

~ 16,9 m3

[TpuiimMaemo, 110 A1 OTpUMaHHs 16,9 M® KynbTypanbHoi pinuan HeoOXinHo 230
pob6ounx TpyaoaHiB (Tps). BinoBiIHO KUIBKICTh KYJBTYpaJIbHOI piIiHUA Ha A00Yy (V)
CTaHOBUTHUME:

Vi = Vip/Tpa = 16,9 /230 = 0,074 m*

Po3paxyeMo KUTBKICTh KYJIbTYpaJIbHOI PIAMHY 32 OJUH UUKIL, (Vipn):

V= Ki * Vi - Tug / 24 =1,1%0,074%25/24 = 0,085 Mm°,

ne Tugp - Uk podoTtu hepMenTepa, KUl BKIIOYAE: MUMKY Ta orysan — 1,5 rox,
nepeBipKy Ha repmeTnuHicTh — 0,5 roja, migirpiB Ta cTepuiizamnito anapaty — 1,5 ron,
OXOJIO/IKEHHS (pepMeHTepy — | roj, 3aBaHTaXEHHS MOXKUBHOTO cepenoBuiia — 1,5 rox,
3aciB KyaeTyporo — 0,5 rox, pepmentario — 25 roa, ta BuBantaxeHnus — 0,5 roj, 1
ctaHoBUTh 39 romunu. Ki— KoedimieHT 3amacy, M0 BpaxoOBY€ MOXJIHUBICTh
HecTepuibHux onepaniii (K; = 1,1).

Teomerpuunnii 06’em (epmentepa mias orpuManns 0,085 m° kynbrypansHoi
pinuHy, 3 Koedimientom 3amoBaeHHS 0,6 (pepmentep 6e3 aeparlii) Ma€ CTaHOBUTH:

Vi = Vi/Ksan = 0,085/0,6 = 0,142 M3,

ne Kian — KoedilieHT 3aroBHeHHS (hepMeHTepa.

Omxe, BUOMpaeMo cTanaapTHuii pepmentep 06’emom Vg = 0,15 m?

YTouHI0OEMO KOE(DIIIEHT 3aITOBHCHHS:

Ksp = Vu/ V¢ = 0,085/0,15 = 0,57
3.4. Po3paxyHoOK KUIBKOCTI CTaJiii OTPUMAHHS MOCIBHOTO MaTepiainy

3a BUPOOHMYMIA LUK OTPUMYIOTE Vip = 0,085 M> KyJIbTypanbHOi piauHu.
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KiuIbKiCTh TO)KMBHOIO CEpEIOBUIIA TA IOCIBHOI'O MaTepiaity Mepea BUpOOHUIUM
O010CMHTE30M 3 BpaxyBaHHSIM BTpaT B PE3yJIbTaTl KPAIJIEBUHOCY 4YEpe3 KOJIEKTOP
BijinpaiboBaHoro noBitps (10%) ctanoBuTHME:

Vpos.1= Vip/(1-E¢) = 0,085/(1-0,1) = 0,095 m?,

ne E¢ — BTpatu KyJIbTypalibHOI PITMHU IT1]1 Yac 010CHHTE3Y.

BupoOuuuuii 6i0cuHTE3 3A1MCHIOITH Y (hepMEeHTEPl 3 pOOOUUM 00’ €MOM V pos.1=
0,095 m>.

[Ipu BuGpanomy koedimieHT! 3anmoBHEHHS Ksan= 0,6 MOXIMBHUI T€OMETPUUHUIA
00’eMm dpepmentepa Vg1 = 0,095/0,6 = 0,158 m>. IIpuitMmacmo HaOIMKIHUiA 32 00°€MOM
cranpapTHuii Gpepmentep Vep = 0,15 M> Ta yTOYHIOEMO NPUHHATHIN paHinIe KoeilieHT
3alOBHEHHS:

Ksan.1=Vpo6.1/Vegp =0,095/0,15= 0,63

VYTouHeHuit KoeIIEHT T03BOJIAETHCA s epMeHTepiB Oe3 aepaiii.

KinbkicTe mociBHOro marepiaiy sl pepmeHTepa ctaHoBUTh 10% Bix 00’emy
MOKUBHOTO cepefoBuIna. ToJl KUIBKICTh TOXXKMBHOTO cepeaoBuia y (epMmeHnrtepi
CTaHOBUTHUME:

Vie1=Vpos.1/(1+Xg )=0,095/(1+0,1)=0,086 m°

ne Xd¢ — mo3a mociBHOTO MaTepiany ais pepMenrtepa.

KinbkicTs mociBHOTO MaTepiany st hepMeHTEpa CTAHOBUTD:

Vini=Vpo6.1-Vie1=0,095-0,086=0,009 m> aGo 9

Jnis ogepxaHHs 9 11 iHOKYJISTY B IHOKYJISITOPI BPaXOBYEMO BTpaTH B Pe3yJIbTaTi
KpaIJIeBUHOCY 4epe3 KOJIEKTOp BiampaiboBaHoro moBiTps (10%). Tomi KUIbKICTH
MO’KMBHOTO CEPEIOBUIIA Ta MMOCIBHOT'O MaTepialy B IHOKYJSTOPI CTAHOBUTD:

Vpo62= Vimi/(1-E¢) = 9/(1-0,1) = 10 it

MosknuBurii reoMeTpudHUi 00’ eM 1HOKYIATOPY Vi = 10/0,6=16,6 1. [Ipuitmaemo
HAUOMKYUH 32 00°€MOM CTaHAAPTHUN MOCIBHUHM amapar Vs =15 1 Ta yTOUYHIOEMO
OPUMHATUH paHille Koe(ilieHT 3aIOBHEHHS:

Ksan2=Vpo6.2/Vein =10/15=0,67
YTouHenuii koedilieHT 3alI0BHEHHS ITepe0yBae y T03BOJICHUX MEXKaX.

KinbkicTh MOXXMBHOTO CEPE/IOBUINA B IHOKYJISTOP1 CTAHOBUTUME:
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Vie2=Vpos.2/(1+Xiw )=10/(1+0,1)= 9,1 n
Toni KITBKICTh MTOCIBHOTO MaTepiaiy i 1IHOKYJISITOpa CTAHOBUTH:
Vim2=Vpo6.2-Vie2=10-9,1=0,9 n

9 7 mociBHOro Marepialy MH MOXEMO OTPHUMAaTH BHUKOPHCTOBYIOUU KOJIOH

06’emoM 750 mut Ta koedimienTom 3anoBHEHHS Ks = 0,2. KiTbKiCcTh KOJIO CTAHOBUTUME:
Nion6= Vim2/(Vion6*Ksan)=900/(750%0,2)=6 mT.

Taxum urHOM, 71 OZICP>KaHHS ITOCIBHOTO MaTepiaay HeoOXiIHO 6 KoJIO.

OT1xe, poliec ofep>KaHHs MOCIBHOTO MaTepialy JJis 3a0e3neueHHs BAPOOHUYOTO
KyJIbTUBYBaHHs y pepmentepi 06’ emom 0,15 M* 3 koedinienrom 3anosuenns 0,6 Oyae

MPOXOJIUTH y 2 eTamu.
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PO3/11J1 4
BIOCUHTE3 EHTEPOLIMHY

4.1.lllnsxu kaTadoaizmy riawko3u 'y Enterococcus faecalis 14

OckiIbKM HUISX TEPETBOPCHHS TIOKo3M ImTamy E. faecalis 14 B Kyoto
Encyclopedia of Genes and Genomes He HaBeaeHO, TO KaTaboni3m Oyze
IPOJIEMOHCTPOBAHO Ha criopigHeHoMy wTaMi E. faecalis ATCC 29212 [62].

3riIHO 3 BHIIE3raJlaHol0 0a3W JaHUX KaTaboJl3M TIOKO3W B E. faecalis
MPOXOJUTh LUISIXOM TIUIKOJI3y. Takuil IUIAX CBIAYUTH MPO HASBHICTH KIIOYOBUX
(depMeHTIB, a caMe TreKCOKiHazH, (QocPopyKTOkiHa3W Ta MmipyBaT KiHa3zu. Auie
JIOPEYHO HABECTH €Ki 0COOIUBOCTI.

[Tix niero Gpepmenty rmokokinazu (1, K®.2.7.1.2) riaoko3a nepeTBOprOEThCS
TIII0K030-6-hochar. B momaneiiomy, oTpuMaHa CIoiiyka, 3a JOMOMOTOI (hepMEHTY
IIII0K030-6-13oMepazu (2, Kd.5.3.1.9), tpanchopmyerbcsi B (PpykT30-6-ocdar.
®pykT030-6-Pochar mnepexomuth B  GpykTo30-1,6-mudochar mix g€ 6-
dbochodpykrokinazu (3, Kd.2.7.1.11), micias goro TpaHCHOPMYETHCS IIiJT BILTUBOM
bpykrozo-nudocdar anpaonazu (4, Kd.4.1.2.13) y rmiuepansaeria-3-gocdar. Jlana
CIIOJlyKa MOXE TMEepPeXOJuTH B JOurigpokcuarieToHpochar B MPUCYTHOCTI
Tpio3zodocdar 13omepaszu (9, Kd.5.3.1.1). Ilix BimmBom riminepanpaeria-3-gocdar
nerigporeHasu (5, K®d.1.2.1.12) mnomepenHs cnoojgyka mnepexoauts B 1,3-
mudocdorminepar. B cBoro uepry, mudochorminepar, mix mgiecro  pepmeHTty
dbocdorminepar kiHazu (6, Kd.2.7.2.3), tpanchopmyethes B 3-docdorminepar. 3 miel
CIIOJIYKH YTBOPIO€ThCS 2-(ocdorminepar, mia BiimBoM (epMmeHTy docdorminepar
dbochomyrazu (7, Kd.5.4.2.11). 2-Docdorminepar, 3a IONOMOrow eHonasu (8,
K®.4.2.1.11) nepexomnutb B QocdoenonmipyBar. Crnoiyka TpaHCHOPMYEThCS B
mipyBaT 3a jonomororo mipysart kinazu (9, K®.2.7.1.40). Ilipysar, B nmogaipmomy,
3alydaeTbes 10 MUKy TpukapoonoBux kucioT (L[TK) [7].

3a3HayeHa cxeMma KaTaboai3My POJIEMOHCTPOBAHO Ha puc.4.1.

HYXT BTEK 04.02.26 KP 113
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Puc.4.1. Cxema karabonizmy rioko3u E. faecalis
4.2. Biorpancdopmaiis rJl0K03U B eHTEPOLMH
Entepoumn E. faecalis 14 nie rerepoaumep, KU CKIATAETHCS 3 CHTCPOIMHY
DD14A Ta enreponmay DDI14B. 3a amiHOKMCIOTHOIO TOCHIJOBHICTIO OyIi0
JOCIIIKEHO, 1110 JIaH1 EHTEPOIIMHY 1ICHTHYHI eHTepornHaM 7A ta 7B, a Takoxx MR10A

ta MR10B. AMIHOKHCIOTHY MOCIIIOBHICTh IPEACTaBICHO Ha puc.4.2.
10 20 30 40
s e lEes s sssall ssadsls sedsls sEal 5 esis o ell] L ae
Enteroccin DD14A MGATIARLVARFGWPIVRRYYRQIMOFIGEGWAINRIIDWIRKHI *
Enteroccin MR10A MGAIARLVARFGWPIVRKYYRQIMOFIGEGWAINKIIDWIRKHI*
Enteroccin L50A MGAIARLVARFGWPIVRRYYRQIMOFIGEGWAINRIIEWIRKHI*

10 20 30 40
Enteroccin DD14B MGAIARLVARFGWPFIRRFYRQIMQFIGQGWTIDQIERWLRRH*
Enteroccin MR10B MGAIARLVARFGWPFIRRFYRQIMQOFIGQGWTIDQIERWLRRH*
Enteroccin L50B MGAIARLVTRFGWPLIRKRFYRQIMQOFIGQGWTIDQIERWLRRH*

Puc.4.2. AMiHOKUCIIOTHA OCHIIOBHICTh eHTepouuny E. faecalis 14 Ta iioro
CITIBCTaBHICTh 3 IHIIUMU eHTepoIuHaMu [31]
B crarTti 3a3HaueHo, 110 TOJIOBHOIO CKJI0BOIO yisi eHtepouuHny DD14B e

HACTYITHI aMIHOKHUCJIOTH: 130JICUIIMH, TJIINH, TJIyTaMiH, TpUnTodaH, TPeOHiH, acriapTar,
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rirytamart, Ji3uH. [ns eatepounny DD14A ue: 13oneiius, MIiuH, riyTaMmar, ajlaHiH,
acriaparid, Tpuntodat, Ji3HH.

3arajibHa KUIbKICTh aMIHOKHCJIOT, fIKa HEOOXiJHa g CHHTE3y LHUX JIBOX
NENTH/IIB HACTYITHA: METIOHIH, TJIIWH, aJaHiH, 130JICHIIMH, Ji3WH, JICHIIUH, BaJIiH,
deHinananid, TpuntodaH, IPoJiH, TAPO3UH, TIyTaMiH, TJIyTaMar, acraparii, TPEOoHiH,
acrapTar.

Ta cmig 3a3HaumTH, MO E. faecalis 14 € MeTaOOIIYHUM «IHBAJIIIOMY, SKHI
HECIIPOMOXHUN CUHTE3YBAaTU BEJIUKY KUIbKICTb aMIHOKHCIOT, SIKI HEOOXIAH1 s
YTBOPEHHS MiKpOOHOTO MOJITENTH Y. TakuM 9UHOM, TPOIYIICHT HE MOKE CHHTE3YBaTH
TUTIUH, 130JICUITUH, JEeHIIUH, BajliH, (eHlIagaHid, TpuntodaH, TUPO3UH, TIyTaMaT Ta
acmaprar. HeBucrauarodi eJIeMEHTH MPOAYIIEHT Oepe 3 CepeloBHUINA, Ha SKOMY
KYJIbTUBY€ETHCS.

CuHTE3 eHTEpOIMHY MT0Ka3aHo Ha pUCYHKY 4.3. Onuc ri1iKoJ1i3y HaBeJCHO BUIIIE
(m.4.1.). [lyHkTUpHI JI1HIT 3a3HAYAIOTH BIJICYTHICTh HEOOX1THUX (PEPMEHTIB JIJIsl CHHTE3Y

AMIHOKMCJIOT.

(if 230
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Puc.4.3. Cxema cuntesy eHtepouuny E. faecalis 14
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[Muksn TpukapOOHOBU3 KUCIOT PO3MNOYMHAETHCSA 3 MEPETBOPEHHS MipyBary, 3a
nonomororo 2-okcoriyrapat peaykrasu (10, Kd.1.2.7.11), B anerun-KoA. Orpumana
cnoJjiyka miJ BIuiiBoM mutpat cuutaszu (11, Kd.2.3.3.1) tpancpopMyeThCcsi B IUTpAT.
[utpaT B3aemozie i3 akonitatr riapitazon (12, Kd.4.2.1.3) 1 nepexoauts y dhopmy
13ouuTpaty. OTprMaHa peqyoBUHA MTEPETBOPIOETHCS Y 2-0OKCATIOTITyTapar, 3a J0MOMOT OO
13ouutpar aerigpartazu (13, K®.1.1.1.42), a nmoTiM 3a BIJIUBOM 2-OKCOTJyTapar
penyktaszu (14, Kd.1.2.7.11) cnonyka nepeTBoproeThes B cykiuHI-KoA. ITicis goro,
miJ BIIMBOM CYKIMHUI-KOA cunTeTasu (15, K®.6.2.1.4), yTBOprO€ThCs CyKITMHAT. 3a
nonomororo  ¢ymapar penykrazu (16, K®.1.3.5.4) nomepenHss cmooiyka
NEPETBOPIOETHCS Y (hyMapaT, sIKUi B MOJANbBIIOMY, IMiJi BILIMBOM (pymMapaT TipoTa3u
(17, K®.4.2.1.2), tpanchopmyerbcsi B Manar. Cnoiyka, 3a JONOMOIOK MajaT
nerigporenasu (18, Kd.1.1.5.4) nepetBoproeTbes y okcanmoarnerar, yuM 1 3akinaye [[TK.

deHinanaHiH, TUPO3UH, TpuntodaH. /g cUHTE3y NaHUX aMIHOKHCIOT B

OakTepill BIACYTHI HeoOXiAHI (EepMEeHTH, ajie EHTEPOKOK MOXKE CHHTEe3yBaTu
nonepeiHuka — xopuszMar. CHHTE3 MONepeHUKAa PO3MOYMHAETHCS 3 (PYKTO30-6-
dochaty, sxkuil mig aiero TpaHckeronazu (20, K®.2.2.1.1.), mepeTBOpPIOETHCS B
eputpo30-4-ocdar. Tpancanpnonaza (21, K®. 2.2.1.2) mepeTBOPIOE 1110 CIIONYKY Y 2-
Jeripo-3-aiokcu-apadinorentonar-7-gocdar. [Ticns qoro, 3-ne3okcu-7-
docdoxentymnanar cunraza (22, K®.2.5.1.54) tpanchopmye 1 yTBOPIOE AET1IPOKIHAT.
Ho peaxiii 3amydaerbes 3-merigpokiHat cuHTaza (23, K®.4.2.3.4), axa cuHTE3yE
xopusmar. DeHinanaHiH, TUPO3UH Ta TpUNTO(aH OakTepiss OTPUMYE 3 MOKUBHOIO
CepeloBHUIIA.

ATNlaHIH CHHTE3Y€ThCA 3 TMIpyBaTy 3a JOMOMOIOK aJlaHiH-CHUHTE3yHYOi

Tpancaminazu (24, K®.2.6.1.2). Ane BajiH Ta JeUIMH HE MOXKYTh CHUHTE3YBaTHCh,

BifiIcyTHI HeoOXimHi pepmentn. Takoxk, B OakTepii HE MOXKE CHHTE3yBAaTUCh LIIIIIHH.
Tomy 111 aMIHOKHUCTIOTH O10JIOTTYHHM areHT TaK0X OTPUMYE C TIOKUBHOT'O CEPEIOBHIIIA.

Acnaparit, J13WH, METIOHIH, TPEOHIH, 130JIellMH. B OGakTepianbHiil KIITUHI HE

MOK€ CHUHTE3YBAaTHCh aclapTaT, OCKUIbBKM BIJACYTHI HEO0OX11HI (epMeHTH. Aue, 3
acrapraTty CHHTE3Y€TbCsl 1HIINI aMiHOKUCIOTH. ToMy, OTPHUMYIOYM acraparii 13

MO’KMBHOT'O CEPEJIOBUIINA € MOXKJIUBICTh CHHTE3YBATH 1HIIII KOMIIOHEHTH.
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Acnaparin yTBOPIOETbCS MiJ JAi€l0 (pepMeHTy acmapraT-amiadnoi jirasu (25,
K®.6.3.1.1). Hani, ije JaHIIOT EPETBOPEHbB, 3 AKUX YTBOPIOETHCS JII3MH, METIOHIH,
TpPEOHiH. [3071€HIIMH OTPUMYETHCS 3 TOKUBHOTO CEPEIOBUIIIA.

AcrmapTaT nepeTBOprOEThCs B 4-acmaptuidocdart Imij i€t acnapTar Kinasu (26,
K®. 2.7.2.4). Ilicns dYoro, BigOyBaeThcs peakiis TpaHcdopmallli y acmaprar-4-
HaMiBaJBbACT, MiJ Al€l0 acmaprar-cemianpieriy aeriaporeHasu (27, Kd.1.2.1.11).
JlaHy crioilyKy MOKHa BBa)KaTH MOIMEPEIHUKOM BCIX 3a3HAYCHUX aMiHOKHUCIOT. Jli3uH
CHUHTE3YEThCSl HACTYIHUM IIJISIXOM: 3 HaMiBaJbJETiAy MiA €0 AUTIAPOIUIIKOIIHAT
cuntazu (28, Kd.4.3.3.7) yTBOpI0OEThCS TiApOKCUTETpariapoaumnikominar. Croiyka
MIEPETBOPIOETHCS B TETPAT1IPOAUIIKOIIHAT T M€K0 JUTIIPOJAUIIKOIIHAT PEAYKTA3H
(29, K®.1.17.1.8). Amnerun-L-amiHOOKCOIIMENAT CHUHTE3YEThCA 3a JOMOMOTOIO
TeTparigpoaumikoiainat N-ametun tpanchepasu (30, Kd.2.3.1.89). Jlani, 1o peakiiid
NepeTBOPEHD 3anydaeThcsi aminoTpancdepasa (31, Kd.2.6.1.-) ta cunrTesye anerun-L-
niamiHookcomiMenar.  Crnonyka — TpaHchOpMyeThcs,  3a  JONOMOror  N-
aretuiaiaMmiHomimenat neanetmnasa (32, Kd.3.5.1.47) B L-niaminookconimMenar. [Ipu
nii giaminonimenar enimepasu (33, K®.5.1.1.7) yrBoproeTbcst Me30-/11aMiHOMIMENAT 3
SKOTO YTBOPIOETHCA JI3WH, TIiJ Ji€l0 JiaMmiHomiMmenar jekapookcmiasu (34,
K®.4.1.1.20).

MeTiOHIH yTBOPIOETHCS HACTYNIHMM YWHOM: HaIIBAJIBJETIJ, 1] BIUIMBOM
romocepun gnerigporerasu (35, Kd.1.1.1.3), mepexomutb B TOMOCEPHH, IO
nepeTBoproeThesi B aneTwi-L-romocepun (36, Kd.2.3.1.31). Orpumana cnoiyka
NEPETBOPIOETHCSI B T'OMOIIMCTEIH 3a JOMOMOIOI IMCTATIOHIH-raMMa-cuHTazu (37,
K®.2.5.1.48), a cam METiIOHIH yTBOPIOETHCS y>K€ 3a BILUTUBOM TOMOITUCTEIH S-METHI
Tpancdepaszu (38, Kd.2.1.1.10).

3 roMocepuHy yTBOpIo€eThes Gocdo-L-romocepuH, il 1i€10 TOMOCEPUHKIHA3U
(39, Kd.2.7.1.39). Hdamni, 3a peakiiiii mepeTBOPEHb, CHHTE3Y€EThCSI TPEOHIH, 32 Y4aCTIO
TpeoHiH cunrtaszu (40, Kd.4.2.3.1).

['myTamar, riyTamiH, OpoJiiH. [JyTamMar HeE CHUHTE3yeTbCS B KIITHHI, a

OTPUMYETHCS 3 TOXHUBHOTO cepenoBumia. Ilig miero rinytamin cuntetasu (41,

K®.6.3.1.2) ytBoproerbcst raytamid. IIponiH CUHTE3yeTbCsl HACTYNHMM YWHOM: 3
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rilyTaMaTy YTBOPIO€TbCA rayTtamui-pocdar, mig nier0 riayramar-5 KiHazu (42,
K®.2.7.2.11). Ilicns doro, mogaibliie MepeTBOPEHHS MPUBOIUTH 0 CUHTE3Y ITyTaMaH-
S-HamiBanbJEriay, 3a JOMOMOIOI TiyTamar-S-cemialberiyy aeriaporeHasu (43,
K®.1.2.1.41). [IposniH yTBOPIOETHCA 3a YUYacCTl MpOTiH-S-KapOOKcUIaT peaykrasu (44,

K®.1.5.1.2).
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PO31JI 5
OBIPYHTYBAHHS BUBOPY TEXHOJIOI'TYHOI CXEMHA
5.1. OOrpynryBanHsi Ja0(gepMeHTalliHHUX NpoueciB Ta BHPOOHMYOIO
OiocuHTE3y
5.1.1. O0rpyHTyBaHHs crIoc00y KyJIbTHBYBAHHS I TUIIY (pepMeHTEpPa

OcoOnMMBICTIO KyJTbTUBYBAaHHS KJIITHH ISl YTBOPEHHSI €HTEPOIMHY € Te, 0 Ha
3aKJIFOYHOMY €Tall CHUHTE3Y BHUIUIETHCS WOTO MIKpOOHHI OUIOK B KYyJNbTypasibHE
cepe/oBHIIE. 3BaXKaloud Ha TaKy crenudiky IUILOBOTO MPOAYKTY, BHOIp criocoOy
KyJbTUBYBaHHS NpHNanae Ha rHMOMHHUNA cnoci®. Ciif TakoX 3a3HayuTH, WO 0
TaKOro METOJy KYJbTUBYBAaHHsI TNPHU3BOAUTH TOM (pakT, IO 3a TAaKOro CIOcoOy
010CHHTE3Y 3pYYHO BUJAISATH HEMOIIKOKEHUN HUTbOBUNA MPOAYKT 13 KYJIbTYpaJIbHOI
pimuHu 6€3 Horo 3HaYHHUX BTpAT.

BupoOHUIITBO eHTEpOIMHY BiOyBAa€TbCS NEPIOAUYHUM METOJOM, ajpKe
CUHTE3YEThCS KYJIbTYpolo E. feacalis 14 B crauioHapHii ¢a3i, 1 KOOPAUHYETHCS 3
BUPOOHMIITBOM I1HIIIUX TO3aKJIITUHHUX (epMeHTIB [31].

JI71s1 Ky TUBYBaHHSI OCOOJIMBY YBary CJIiJi MPUAUISATH 3a0€31eUeHHI0 HEOOX1THUX
ONTUMATbHUX YMOB pocTy 1 Oiocunresy £E. feacalis 14. Ockinbku maHui
MIKpPOOPTaHi3M BIJIHOCUTBCS 1O MOJIOYHOKHUCIUX OaKTepi, OCHOBHUM KiHIIEBUM
NpOAYKTOM (pepMeHTallli € MOJIOYHA KHUCI0Ta. YTBOPEHHH «IMOOIYHUN» MPOIYKT
H1IKUCITIOE TOKUBHE CEPEZOBHIIE, a 3aBUCOKA KOHIEHTpAIlli, IKa HAKOTIUYY€ETHCS B
nepion ¢depMmeHTarii, MOXe MPHU3BOJAUTH 10 TPUTHIYCHHS POCTY KyIbTypu. s
3abe3neueHHst peryisnii  piBHs pH B cepemoBuille HEOOXITHO  BBOAUTH
HeuTpanizatopu. [lpu cunHTe3l OGiomacu Il TakuX IIJIEH BUKOPHUCTOBYETHCS 6-%
po3unH NaOH, ane 3a171s1 yHEMOXIJIMBUTH 3aiBE MMiTYKEHHS TaKOXX 3aCTOCOBYETHCS
6-% poszumn HCIl. J[lns OlocuHTe3y eHTepormHy mns  crabumizamii  pH
BUKOPUCTOBYEThCS Hatrpiii-¢pochaTtnuii Oydep. BiamosigHo Ttemmeparypa s

KyJIbTUBYBaHHA HiATpuMyeThcsa Ha piBHl 37°C, a pH na 3nauwenni 7 [31,43].

HYXT FTEK 04.02.26 KP 113
3mn. |Jucm | Ne ooxym. Hionuc  |Hama
Po3pob. Koswap 1]]. P03ﬂlﬂ 3 Jim. Apx. | Apxywie
[lepesip. Cmabnixos B.11. OBI'PYHTYBAHHS | | 34 106
Peyens.

BUBOPY
mep;”p T rEXHOIOITYHOT cxEmu | Kadedpa BTM




E. feacalis 14 € GaxynpbTaTUBHUM aHaepOOOM, TOMY BHOIP YMOB IIOJI0 TOCTYITY
KHCHIO TIiJI 4ac QepmeHTalii 3aJeXuTh BIJ HOTO BIUIMBY Ha CHHTE3 ILIbOBOTO
npoaykTy. B pa3i aepoOHUX yMOB (hepMEHTH, 1110 3a0€3MEeUyI0Th CUHTE3 EHTEPOIUHY,
MaloTh HIDKYY aKTUBHICTh HIK MPU aHAaepOoOHMX. 3BaKAIOYM HA I, MPU BUOOPI
dbepMeHTepa 1 o0JaTHaHH HEOOX1THUM € 3a0e3MeUeHHs] YMOBH B1JICYTHOCTI KHCHIO B
cepeaoBuii [43].

[TinroToBKa MOCIBHOTO MaTepially Ta BUPOOHWYHMI OIOCHMHTE3 MPOBOIUTHCS B
CYyBOpO acenTUYHUX yMoBax. lle moTpiOHE OCKUIbKM MapaMeTpu KyJIbTUBYBaHHS
(remneparypa KynbTuBYBaHHsA - 37°C, pH =7) copusitoTb pO3BUTKY U IHIIHX
MIKPOOPTaHI3MiB, SKI HEIPHUIIYCTHUMI 32 YMOB Takoro OiocuHTte3y. s 3abe3reueHHs
aCeNTUYHUX YMOB MPOBOAMUTHLCS PETENbHA CTepuili3allisi 00JiafHaHHS (1HOKYJSTOPH,
301pHHUKH, (PepMEHTEPH), KOMYHIKAIlii Ta MMOKUBHUX CEPEIOBHIIL JIS KYJIbTHBYBaHHS.

OcHallleHIiCTh, T€OMETPUYHI TapaMeTpu Ta IHIINI HEOOXiJTHI XapaKTEePUCTUKH
dbepMeHTEepa 3alieKaTh BiJ MOCTABJICHUX YMOB, IO BIATBOPIOIOTH ONTHUMAJIbHE
KyJIbTUBYBaHHS IIJILOBOTO MpOAyKTy. llumMm ymoBamu € cmoci® KyJbTHBYBAaHHS 1
¢b1310510r0-010X1MI4H1 0OCOOIMBOCTI MPOAYIICHTA, 1110 3a3HAYEHO BHUIIIE.

OcobnuBuii BIUIMB Ha OCHaIeHHs (pepMeHTepa TpH KyJIbTUBYBaHHI E. feacalis
14 mae cuctema 3a0e3neueHHs 0€3KUCHEBUX YMOB. T00TO, € HEOOXIIHICTh Y CTBOPEHHI
MOBHOI B1JICYTHOCTI MOBITPSI, a TAKOX 3a0€3MEUUTH BIJIBEJICHHS HAJIUIIKY YTBOPEHOTO
BYTJICKUCIIOTO Ta3y 3 CepeloBHINA. Be3KMCHEBI YMOBU CTBOPIOIOTH 3a JOMOMOTOIO
iHepTHOro ra3y, TaKuX SK a30T, HEOH, aproH, Trenmid Ta iH. J{ng cTBOpeHHS
OE3MOBITPSIHHUX YMOB MPOIMOHYETHCS BUKOPUCTOBYBATH caMe€ a30T, OCKUIbKU BIH
JOCTYIHUMN Ta €()EeKTUBHUYN NIPU CTBOPEHH1 TAKUX YMOB JIJIsl O10CUHTE3Y.

Takox, ciig 3BepHYTH yBary Ha Te, o E. feacalis 14 — ue ¢dhakylnbTaTUBHUIMA
aHaepoO, a 0TKEe MOXKE )KUTH 1 B aepOOHUX YMOBaX. 3a JiTepaTypHUMU JKEpeJIaMu OyII0
3MICHEHO TMOPIBHAHHS KYJIbTHUBYBAaHHS €HTEPOKOKIB B MPUCYTHOCTI Ta BIJCYTHOCTI
KHUCHIO. SIK BUSIBWJIOCH, IPH aHAEPOOHOMY KYJIbTUBYBAaHHI MIKPOOPIaHiI3M CHUHTE3Y€
aemo Oinmpiry 6ioMacy Ta OUIbIIy KUIBKICTh MENTHIIB, HDK B KHCHEBHX yMOBax. B
CTaTTSX HABEJEHO MPUIYIICHHS, M0 NpU OE3KUCHEBOMY KyJIbTHUBYBaHHI OakTepii

3HAXOASTHCS B CTPECOBUX YMOBAX, TOMY MOXYTb [IOYaTH CHHTE3yBaTH OUIbIILYy Ol0oMacy.
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ToMy, nisi KynpTUBYBaHHS caMmoOi OloMacl Ta CHHTE3Y EHTEPOIMHY TOPEYHO
3aCTOCOBYBATH caMe O€3KHCHEBI YMOBH, Xo4ya OaKTepis MOXKE POCTH B MPHUCYTHOCTI
KUCHIO [63].

KoHTponb 3a BIATBOpEHHSIM OE3KMCHEBOTO KYJIHTHBYBAaHHS 3IIMCHIOETHCS 3a
JIOTIOMOT'O0 1HTETPOBAHOI B (PEpMEHTEp aBTOMATH30BAHOT CUCTEMHU OOJIaJHAHHSM, IO
BKJIFOYa€E B ce0€ MaTYMKU PO3YMHEHOTO KHCHIO, BiJIBEJICHHS BYTJIEKHCIIOTO Ta3y,
CUCTEMHU T10/1aul a30Ty Ta ra30aHajizaTop.

JUiss  CTBOpEHHI pIBHOMIPHOTO pO3MOAULY TMOXKMBHOIO CEpEelOBUINA Ta
MIKpOOpraHi3MiB B aniapari 3a INIMOWMHHUX YMOB KyJIbTUBYBaHHS EPIOJUYHUM METOIOM
00O0B’SI3KOBUM € BCTAHOBJICHHS MEPEMINIYIOYOTr0 MPUCTPII0 3 HEBEIUKOK YacTOTOIO
o6eptiB. [IpuunHOI0 Takoro BUOOPY — HEOOXIJHICTH B OOMEXEHIH aeparlii mija 4vac
KyJIbTUBYBaHHSA. BUKOpPUCTaHHS THEBMATHYHUX Ta EPIIQTHUX MEPEMINTyIOUNX
OPUCTPOIB MpPHU TaKUMX yMOBaxX OlOCHHTE3y HeOoIIbHI. Taki  mpUCTpOi
BUKOPHCTOBYIOTBCS JJIsi CTBOPEHHS aepOOUX YMOB KyJIbTHBYBAHHS, YOI'0 KATETOPUIHO
YHUKAIOTh TIPU KyJIbTUBYBAaHHS OakTepionuHiB. [IJisi mepeMinryBaHHs PEKOMEHIY€EThCS
3aCTOCOBYBATH JOBOJII MPOCTY 3a KOHCTPYKIIIEH MIIIAIKy — JonaTeBy. Taki MilllaJKu
HUHI BUKOPUCTOBYIOTHCS Y THX TEXHOJIOTISX, KOJIM HEOOX1THICTh B IHTEHCUBHIH aepartii
BificyTHs. [lepeBaroro JomareBoi MillIajiKy € MPOCTOTa Ta HU3bKa BapTiCTh.

JIJisi yHUKHEHHS! yTBOPEHHS IMIHU BHACIOK MPOIMYCKaHHS 1HEPTHOIO ra3zy 4yepes
00’eM cepeloBHIIA, B arapari He0O0X1IHO BCTAHOBUTH MIIIANKY B SKOCTI MEXaHIYHOTO
niHoracHuka. lle € OuUTbIl JOpEeYHHUM, OCKUIBKM XIMIYHI MIHOTAaCHUKH MOTPEOyIOTh
NOCTIMHOT 3aKyIKH, [0 € MEHII €KOHOMIYHO BUT1HUM PIILICHHSM.

OxpiM KOHTPOJIIO KOHIICHTpAIlii Ta30BUX YTBOPEHb, HEOOXIIHUM € 1 TATPUMAHHS
ONTUMAJBHOI TeMmepaTypu KyiabTHBYBaHHS 1 piBHI pH cepemoBuma. To6To,
dbepMenTepy mOTPiOHO MATH MOJTYJII KOHTPOJIIO Ta YIPaBIiHHS Temmneparypu Ta pH.

5.1.2. O0rpyHTyBaHHs BUOOPY CTa/il MiATOTOBKH aepaliiiHOro0 NoOBiTPs

JUis KynpTUBYBaHHsS OlOMacu Ta EHTEpOLMHY WTamu E. faecalis 3a3Buyaii
BUPOILYIOTh B aHAEPOOHUX yMOBax. Tomy moTpeda MmiAroOTOBKH aepauiifHOro MmoBITps
BIICYTHS. [l KynbTHUBYBaHHsS OlOMacu Ta CHHTE3y EHTEPOIIMHY 3aCTOCOBYETHCS

IPOyBaHHS IHEPTHUM I'a30M, a caMe a30TOM, sIK 1€ 3a3Havanock Buule (m.5.1.1).
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JUj1s TAaKOro MpoyBaHHSI BUKOPUCTOBYIOThCS OallOHM 3 a30TOM. ['a3 momaerbes B
dbepMeHTep Ta I1HOKYJISATOp Uepe3 CHelialbHI IHAMBIAyalbHI (QUIBTpH, SKi
3aMOBHIOIOTHCS HAJITOHKUMU MeMOpaHaMu 4d BOJIOKHAMH, 3aTPUMYEThCS 110 99,999%
MIKpOOPTaHi3MiB.

5.1.3. BuOip muitnux Ta ae3iHdiky4ux 3acodis

BuUpoOHMIITBO EHTEpPOLMHY, UUISIXOM KyJIbTUBYBaHHA FE. faecalis 14
BiOyBaeThcsl BhpoaoBxk 230 nHIB, 1m0 Tmepeadadae TMiATOTOBKY HACTYITHOTO
oOnaaHanHs: depmentep o6’emom 150 71, iHOKynATop Ha 15 11, a Takok OOKC Ta
nabopaTopHEe YCTaTKyBaHHS (T€pMOCTaT, XOJOAWJIbHUK, aBTOKJIAB, amaparypa ajs
MPOBEJICHHS PI3HUX BHUJIIB KOHTPOJIIO).

["aGapuTHi po3mipu OCHOBHOTO 0OJaAHAHHS HaBeJAEHO y Tabi. 5.1.

Tabnuys 5.1

I'abapuTu 00JIaHAHHSA VIS BUPOOHMITBA €HTEPOLMHY 3 KYJAbTYpH Enterococcus

faecalis 14

OobsaagHaHHSA I'eomeTpu4nmii 06°em, m> | Jliamerp, cm
depmeHTep 0,15 2200
InoKymnATOP 0,015 750

Bcenoro | 0,165

BupoOHUIITBO BKIIIOYA€E HACTYIHI MPUMIIIEHHS: [IeX BUPOOHUYOro G10CHUHTE3Y,
nabopaTopHe MPUMIIIEHHS 1JIS POBEICHHS PI3HOMAHITHUX OMeparlii, Ae 3HaXOAAThCS
aBTOKJIaBU, OOKC, TEPMOCTATH, XOJIOAWJIbHHUKH, arapaTypa s MPOBEIECHHS PI3HHUX
BU/IIB KOHTPOJIIO.

OnruManbHa IJI0IIa BUPOOHUYOT0 MPUMIIIICHHS, B SIKili BCTAHOBJICHO (hepMEeHTEP
(150 m), inokynsitop (15 i), aBTOKIAB Ta iHIIE OOMagHaHHS cTaHOBUTH 10,45 x 52 =
54,35 m?. BucoTa CTiH, 1110 MUETbCS — 2,5 M. 3arajipHa mioma cTid — 124,25 m2. [lnoma
migtoru — 54,35 m?.

Ha puc. 5.1 HaBenpeHo npuONIM3HUN IJIaH TPUMILIEHHS Ui BUPOOHMIITBA
npenapary JJisl CUJIOCYBaHHS 3 KyJIbTyporo E. faecalis 14. 11nan BpaxoBye JiamMeTpu

oOnagHaHHS Ta BiACTaHb MK amapatamu (He MeHIne 1 M) 1 Big cTiH (He MeHme 1,5 m).
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Puc. 5.1. Ilnan BUpOOHNYOTO IPUMILLIEHHS /1711 BUPOOHUIITBA €HTEPOLIUHY 3 KYJIbTYpHU
Enterococcus faecalis 14
A — 11ex BUpoOHHYOTO KyJIbTUBYBaHHs, b — maboparopis, B — 6okc.

ITnomia 1exy BUpOOGHUYOrO KyIbTUBYBaHHS (A) CTaHOBHTE 6,95%5,2 = 36,15 M2,
I[Tnoma na6oparopii (B) cranoButs 3,5%5,2=18,2 M?>. TakuM YMHOM, 3arajibHa ILIOIIA
BUPOOHMYOr0 IPUMIILEHHS CTAHOBUTH 54,35 M2,

Heo0xigHO MpoBecTH po3paxyHOK IO CTiH UII MATTS. 3 ypaXyBaHHSM BUCOTH
CTiH, SIKy HEOOXiqHO MOMUTH (2,5 M), 3arajabHa TUIOMIA CTiH JJII MUTTSI CTAHOBUTHME:

((5,2x4)+(10,45%2)+(2%x4))%2,5=124,25 m?

VY3aranapHeH1 AaH1 MO0 IO MPUMILIEHb HABEJIEHO Yy Ta0u. 5.2.

Tabnuys 5.2
Po3paxyHOK 3arajibHOI I1010i NPUMiLlleHb 1JI BUPOOHUIITBA EHTEPOLIUHY 3

KyJabTYypu Enterococcus faecalis 14

Ilnoma
. . Inoma
HMpumimenus O01agHaHHA NPUMIilLLEHHS, . 2
2 CTiH, M
L[e?( BUPOOHHYOTO d)epMeHTep 06’emom 150 11, 36.15 60.75
6iocunTesy (A) 1HOKyJIATOp Ha 15 71
ABTokaBu, 6okc (B), TepmocTaTy,
Ja6oparopis (B) XOIOZMIbHIKY, aniapatypa s 18,2 63.5
MPOBEJICHHS KOHTPOIIO, XIMIYHUN
1IOCY/1, Ta 1HILIE.
Bcnoro 54,35 124,25
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Jlani, Ha OCHOBI HaBEACHUX BHILE JaHUX, HEOOXITHO MPOBECTHU PO3PAXYHOK
KUIBKOCTI MHUHHHUX Ta Je31H(QIKyBaJIbHUX 3ac00iB JJs MUTTS MPUMIIIEHb Ta
oOnagHaHHS.

O6nagHaHHA HEOOX1THO MHUTH Ta Je31H(MIKYyBaTHU Tepe]] KOKHUM BUPOOHUUNUM
UKIJIOM, TOOTO 221 pa3 Ha piK (KUIBKICTh ITUKIIIB HA PIK).

[Tigmory HeoOXiqHO MHUTH Ta Je3iH(}IKYBaTH KOKHOTO JHS IO OJHOMY Pa30Bi —
Bchoro 230 pa3iB (BiAMOBIIHO A0 KIJIBKOCT1 TPYJIOAHIB).

CriHm, 1OBepl Ta BIKHA MHUIOTh Ta J€31H(QIKYIOTh pa3 Ha MicAllb B SKOCTI
reHepalbHUX IpuOupanb. KiIbKICTh reHepalibHUX NMPUOUpPaHb CTAHOBUTHUME 8 pa3iB.

VY3aranbHeH1 AaH1 1010 PO3PaXyHKY IUIONI MUTTS Ta/ab0 Ae3iHdeKIli HaBeaeHO
B Ta01.5.3.

Tabnuys 5.3
Po3paxyHok 3arajibHOI IU101I MUTTS Ta/a00 ae3iHdekuii 00po0/I0BaHOTO
00’€KTYy 32 BeCh Nepioj BUPOOHUIITBA €HTEPOUUHY 3 KYJAbTypHu Enterococcus

faecalis 14

KiabkicTh
npoueciB MUTTA | 3arajbHa mioma (00’em)
00’ekr ILi1oma (06’em)
Ta/ado 00po0.II0BaHOr0 00’ €KTY
MUTTS Ta/a00 | 00p0oOJIIOBAHOIO
nesindexuii 3a 3a BeCh Mepioj
nesindexnii | 00’exty, Mm> (M°)
Bech nepion BHPOOHHITBA, M” (M)
BUPOOHHUIITBA
OOmagHaHHs 0,165 221 36,47
[Tigmora 54,35 230 12500,5
Critu, 1sepi, 12425 8 994
BIKHA

HaliBa)xnmuBilIMMU KpUTEPISIMU M1A00PY MUIOUUX Ta A€31H(DIKYIOUMX 3aC001B € iX
aKTHBHA J1I04a pedyoBUHA Yy ckiaal. OCKUIBKM MIKPOOPraHi3MHU 3[aTHI BHUKJIMKATH

p€3I/ICTCHTHiCTB BIIPOAOBIK AOOBIroro BHKOPHCTAHHA OIHOI'O 38.006y, CJ'IiI[ BYaCHO

39



3aMIHATH 1X Ha 1HII I YHEMOXKIIMBIICHHS 3BUKaHHA. ToMy, TIpH Mmig0opi, HEOOX1THO
JUBUTHCh Ha CKJIaJ Ta oOWUpaTh Pi3HI MUIHO-Ie31H(]IKyI0Ul 3aco0M 3a XIMIYHHM
CKJIQZIOM A1104Y0i peuOBUHU. TakoX, BaXJIMBUMU (PaKTOpaMH € €PEeKTUBHICTh MUIOUHUX
3aco0iB, X BapTICTh Ta OE3MEUYHICT, BUKOPUCTAHHS [63].

be3neyHicTh BUKOpUCTAaHHA BIUTMBAE Ha (PaKTOp Mparie3aaTHOCTI nepconaiy. Lleit
dbakTOop TPU3BOAUTH 10 OOMEXKEHb CKJIaay 3aco0iB Jis MUTTS Ta Je31H(EKII.
OCHOBHMMH KOMIIOHGHTaMH TaKuX 3aco0iB €: (ocdartu, pochoHaTH, MOBEPXHEBO
aKTUBHI PEYOBUHU: IETEPIeHTH, TPUKIIO3aHHU, XJI0p, GopManbaeriam, Touo. BizoMocTi
IOpo iX TOKCUYHICTH OOMEXKYIOTbCS OKPEMUMH JOCTIKEHHSIMHU, B SKHX MEPEBAKHO
OPUAUIAETCA yBara IMOJPa3HIOIYOMY Ta allepreHHOMYy MoTeHuiany. Bigomo, 1mo
OpraHi3M JIIOJIMHU pearye HaBiTh Ha HEBEIUKY KOHIICHTPAIIF0 TOKCHYHUX PEUYOBHH.
Hampuknaz, micist moTparuisiHHS B OpraHi3M JETEPreHTH MOIIKOKYIOTh aKTUBHICTD
(dbepMEeHTIB 1, TAKUM YHHOM, MOPYIIYIOTh (Di31010T14HI (yHKIIIT opranizmy. ToMy ayxe
BAXJIMBO 3a0€3MEUYUTH MIANPUEMCTBO HEWIKIIJIMBUMH IS 3J0pPOB’Sl  MHUUHHO-
ne3indikyrounmu 3acobamu [65].

om0 1M MUIOYUX 3aC001B, € YUHHUKH SIK1 KOPETIOIOTh JaHUN MMOKA3HUK:

- 3aco0u pmaHOi Kareropii € BHCOKOKOHIICHTPOBAaHWUMHU, a JJii poOOOTH B
OUTBIIOCTI BUMAJAKIB BUKOPUCTOBYIOThCA 1-5% poszumnu. Tomy mpu
BU3HAYCHHI JOIIHHOCTI TMOKYNKA HEOOXITHO BpPaXOBYBAaTH I[IHY BXKeE
TOTOBOTO JI0 3aCTOCYBAaHHSI PO3UHHY;

- mnpodeciiiHi 3aco0M MaiTh BY3bKOHAIpPaBJIEHY [il0, OTKE, BOJOJIIOThH
HAJ3BUYailHO BUCOKOIO €(DEKTHUBHICTIO B PIIIEHHI IEBHOI'O CHEKTPY 3aBJlaHb,
110 ICTOTHO 3HIKYE 1X BUTPATH;

- OLIBIIICTh MPOJYKTIB MOCTABISAETHCA BIAHOCHO BEIMKUMHU oOcsiramu (5 1 20
JITPiB), TOMY iX BapTICTh JEMIO HI)KYA 32 paXyHOK €KOHOMII Ha (hacyBaHHS,
Tapu Ta iH [66].

EdexktuBHicTh  MHIOUMX ~ 3ac00iB  BHM3HAYa€e  HHU3Ka  (PI3UKO-XIMIYHUX

BiacTUBOCTE. B 3amexHOCTI Bl BHUMOT 10 3aco0y Iie MOxke OyTu: CTaOUIbHICTS,

eMyJIbI'yI04a 3/1aTHICTh, 3MOYYBaHICTh, IIHOYTBOPEHHS Ta 1H [67].
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OTxe, BpaxoOBYIOYHM BHUIIICHABEJCHE I €(DEKTUBHOTO 1 €EKOHOMIYHO BUT1THOTO
OUHMIIEHHSI BHYTpIiHIX MoBepxoHb CIP — muiikoro, MOXHa BHUKOpPUCTATH HACTYIIHI
MUIOY1 3aCO0u:

- Kaycrmuna coma (inkuii nHatp, NaOH) saBmse coboro 06e30apBHY
KpUCTaIIUYHy peuoBuHY. [[oOpe po3unHseTbes y BoJi. BogHI pO3YMHM MalOTh JYKHY
peakmito. [apsui (1-2) % po3UMHM KAyCTUYHOI COAU J1I00pe OOMUMIIOIOTH KHUPH,
T1APOMI3yIOTh OUIKH, PO3IIEIUTIOITh BYIJICBOJIH. 3aci6 HaIEeKUTh [0
BHUCOKOHeOe3neunnx pedoBuH (2 kimac HeOesnmeku no ['OCT 12.1.007). TIlpu
BUKOPHUCTaHHI HEOOXiMHMI crenonasr. PekomeHayeThcsi BUKOpUCTOBYBaTH  1-2 %
pO34MHMU TeMmriiepaTyporo 55 + /- 5 C° mnsg HUpKyJIAmifHOTO MUTTS TEXHOJIOTTYHOTO
o0JialHaHHS Ta KOMYHIKaIlii [68].

- «Daminez® CIP Ac 220» - CUIBHOKHUCIOTHHHA HENIHHHHA 3aci0d mid
BUJAJICHHS KOMIUJIEKCHMX OpPraHiyHUX Ta MIHEpaIbHUX BIAKIAJEHb 3 TOBEPXI
TEXHOJIOTIYHOTO OOJIaIHAHHS 3 HEIPXKaBIlOUOi CTajll, AQJIIOMIHIIO, TOJIMEPHUX
MmatepiamiB (moxicTupod, mominpomnuieH, [IBX) MerogoM HUPKYISIIAHOTO MHUTTA,
pO3MUJICHHS Yu 3aMouyBaHHs. OCHOBHI A1I0Yl PEUOBMHHM: KUCIOTA opTodocdopHa 5-
15%, xwucnmora tmikoneBa 5-15%. Mae Hu3bKE NIHOYTBOPEHHS, XOpOIIN MUHHI
BJIACTUBOCTI, TIPAIIO€ y BOI Oyab-skoi TBepaocTi. PoOoya KOHIIEHTpaIliss CTAaHOBUTH
1% [69].

- «OHIKO» - 11¢ BUCOKOKOHIICHTPOBAHMIA CJIA00TYKHUI Ta MaJOTIHHUN
MUIOYMH 3acid, 1m0 mpeacrariase co0oro onTuMmizoBany cymim ITAP  Tta
KOMITJIEKCOYTBOPIOIOYMX PEYOBHH, BOJOPO3UYMHHE, O10pO3KIAIHE, 3 BUKOPUCTAHHIM
akTuBHOTO XJ0py. PoGoua koHueHTpalis cranoButh 1,2% [70].

[Toganema o00poOka TWIAJIOTH, CTIH, JBEpe Ta BIKOH 3IMCHIOETHCS
ne3inpekrantamMmu  1mo0  3abe3nmeunTd  yMOBY — OakTepiaqbHOro  OOHACIHEHHS
KVO/em? < 1x10°. 3abe3neuntu ix epeKTUBHY i €KOHOMIYHO BUTIAHY JAe3iH(PEKIi0
31aTE€H JIUIIE XIMIYHUNA METOI.

OCKiJbKM JUIs1 BUPOOHUIITBA €HTEPOIMHY HEOOXiTHO o0paTH ImoHaiimMeHme 3

ne3iHgikyounx 3aco0iB, ciig oOpaTtu Taki 3acoOH, SIKI MaKCUMaJlbHO M COOOM0
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OyIyTb MaTH pI3HI aKTUBHO-IIIOYl PEYOBUHH, /JII YHEMOXIIMBICHHS PO3BUTKY
PE3UCTEHTHOCTI.

OT1xe, Ha OCHOBI LIUX JAHUX MOkKEMO 0OpaTH HACTYIIHI J1€3.3aCO0U:

- «®Damige3® KombOi» - KOMOIHOBAaHWM KOHIIGHTPAT 3 BHCOKOIO MHIOUYOIO
3IaTHICTIO HA OCHOB1 OIr'yaHiAWHY 1 YETBEPTHHHOI aMOHi€BOi. MICTHUTh
1HT10ITOp KOpO31i, NPAKTUYHO Oe€3 3amaxy, He Ma€ CEHCHOUI3yrd4oi ii.
[IpomoHy€eThHCSI BAKOPUCTOBYBATH poO0Uy KoHIIeHTpallito 0,2% mpu BUTpuMII
15 xB [70].

- «JAE30XJIOPUH» - 11e piakuii, KOHIIEHTPOBAaHUH Ne31H(pIKyI0Unii 3aci0, SIKUit
no0pe po3uMHSIETbCS Yy BOAl. BOoaHI po3unMHU MPo30pi, MAIOTh XapaKTepHUN
jerkui 3amax xjopy. OCHOBHa Jil04a pPEYOBHHA - HATPIIO TIMOXJIOPUT Ta
CyMIiIllI OKCHIaHTIB. [IpOmoOHy€eThCSI BUKOPUCTOBYBATH pOOOYY KOHIICHTPAIIIIO
0,1% mipu BuTpumii 30 xB [72].

- «AKUTOL sept» - niroua pedyoBuna - 1,6-bic (5- (m-xsopodenin) 6iryaHigaiHo)
rexkcan auriokoHaT. B mexax 0,5% mnpu BuTpumil B 15 XB Mae MIBHIKO
BUpaXeHY OaKTCPUIIMJIHY Ai0 BIIHOCHO I'PaMITO3UTHBHUX 1 TPaMHETaTHBHHUX
OaxTepiii, rpubiB Ta Bipycis [73].

Pekomenayerscs 100 M poGouoro posdmHy ne3.3aco0y m0 o6poOku 1 m?

MIOBEPXOHb.

VY3aragpHeHa XapaKTEPUCTUKA BUTpAT MUMHHX Ta JE31H(IKyBaIbHUX 3ac00iB
Bupo6HunTBo npenapaty Ui CWIOCYBaHHS 3 KyJIbTypow Enterococcus faecalis 14
HaBeJIeHa B Ta0nuIl 5.4.

5.1.4. Oco0smBOCTI MIATOTOBKM Ta CTEPHJIi3aNil MOKMBHOIO CePeA0BHUIIA

B niepiry gepry, KOMIO3HIIT po30MBAIOTHCS 3AJIEKHO TEMIIEPATYPHOTO PEKIMY

crepwiizarii. lle MOsACHIOETHCS TUM, [0 TeMIeparypa CTepwiIizalii com Oyne
3aBUCOKOIO JIJISl TJIFOKO3M, TaK SIK BOHA OyJje Kapameni3yBaThuCh. TaKoX, OCKBUIbKU
HiArOTOBKY MOCIBHOTO Marepiaixy npoBoAsaTh Ha cepeaoBuii MPC, Tpeba 3a3HaunTu
OPUCYTHICTH B cepenoBuill ¢ocpaTHux coysed Ta KaTioHiB MarHioo. Jlos

YHEMOKJIUBIICHHSI YTBOPEHHSI HEPO3YMHHOTO 0CaJly, HEOOX1ITHO PO3AUINTH 3BUYAHI
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Tabnuys 5.4

¥Y3arajibHeHa XapaKTePUCTHKA BUTPAT MUMHMX Ta Je3iH(}iKyBaabHUX 32c00iB 1151 BAPOOHMITBA €HTEPOLMHY

KOHLEHTha- 3aranpHa Ijoma Kgé?gg:; Bapricts 1 n/kr Baoricts 1 3arasibHa BapTIiCTh
Hazpa O06’€ekT MUTTSH Hi;[ p (06’eM) muTTS Ta/ab0o I;SLMH sa MUHHOTO 200 I g 509010 MUTTS Ta/a0o
MUITHOTrO/Ae31H(IKY Ta/abo 1 ne3iHgexii 00’ ekTy P Y ne3iHgikyBa- P ne3iHgexii 3a
: .. | pobouoro . BECh MepioJ pO3UHNHY, .
BaJILHOTO 3aC00y ne3iHdexii o 3a BECh IEPioJT JLHOTO 3ac00y, BECh Mepioj]
po3uuHy, % 2 BUPOOHHUIITBA, TpH
BUPOOHMILITBA, M i I'pH BUPOOHHUILITBA, I'PH
Kayctuuna cona! OO6nagHaHHsS 1 36,47 7294 45 0,45 3396,6
(DaMm‘?Z(%zCIP AC | Opnannanns 1 36.47 7294 89 0.89 6717.72
OHIKO? ObnanHaHHA 1,2 36,47 7294 35,8 0,43 3245,64
CriHn,
damine3® Komo6i* mijJiora, 0,2 13494,5 1349,5 408 0,82 1195,4
BiKHa, TBEP1
CTiHn,
JE30XJIOPUH? mijora, 0,1 13494,5 1349,5 29,8 0,03 437,34
BiKHA, JABEP1
Crinn,
AKUTOL sept® miiora, 0,5 13494,5 1349,5 195,84 0,98 1428,64

BiKHa, TBEP1

IIpumirTka: miau HaBeAeHi craHoM Ha 5.11.20: 1 - https://prom.ua/p659273745-kausticheskaya-soda-rosiya.html?&primelead=Mi43Mw,

2 -

https://prom.ua/p1050652475-famidez-cip-220.html , 3 -

https://prom.ua/p1175453602-professionalnoe-moyuschee-sredstvo.html,

4 -

https://ua.medsolve.com.ua/meditsinskim-uchrezhdeniyam/dezinfektsiya/famidez-kombi-1-1-a-h1-0008.html, 5

dezinfikuyuchij-zasib-oniko.html, 6 - https://prom.ua/p917095489-akutol-sept.html?&primelead=Ng

https://prom.ua/p1166281260-
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coii Bix pocharanx. Tomy, IPOTIOHYETHCSI PO3IITUTH TIOKUBHE CEPEOBUIIE HA TaKi
KOMITO3HIIT:

Komno3uyin A: roko3a, Ka3eiHOBUH MENTOH, M’ ICHUM €KCTPAKT, IP1IKIKOBUN

exctpakt. Pexxum crepumizartii: 112°C Bopomosxk 30 xB.

Komnosuuyin b: CH:COONa, C¢HsO7(NHas)3, MgSO47H>0, MnSO44H-0,

TB1H-80. Pexxum crepumizanii: 131°C Bnponosxk 40 xB.
Komno3suuia B: K;HPO4. Pexxum crepumizanii: 131°C Bopomosxk 40 xB.
OCKUIBKH CepeIOBUIIE HE 3MIHIOETHCS O BUPOOHUUOTO OI0CUHTE3Y, TO CKJIajl
KOMITO3UIIIN 3aTUIIAETHCS HE3MIHHUM, JIMIIIE iX 00’ €M 301IbI1yeThes 01u3bKo 10 pas.
Jns  BupoObHMYOro OiocuHTE3y BUKOpHUCTOBYEThCs BHI-Oynblion, skuit
NOJUIAETHCA Ha HACTYIHI KOMIO3ULIT (MPUHIUI NOALTY 3aIMIIAE€THCA HE3MIHHUM):

Komno3uuyin A: TII0KO3a, TENTOH, MO3KOBO-CEPLIEBUNM EKCTPAKT. Pexum

crepumizarii: 112°C sopomosxk 30 xB.

Komno3suuyia b: NaCl, Na;HPO4. Pexxum crepunizanii: 131°C Bnponosxk 40 xB.

5.2. O0rpyHTYBaHHS CTaJiii BUAIJICHHA | OYUIIICHHA €HTEPOLUHY

OCKUIbKM €HTEpOLIMH € €K30MeTaboIITOM, TOMYy HEMa€ HEOOX1AHOCTI pOOUTH
Je3iHTIrpamito  KIiThH. I[le TOSCHIOETBCS THM, IO OCHOBHA KOHIICHTpAIiS
OaKTEpIONMHY 3HAXOAUTHCS 30BHI KIIITUHH.

OCHOBHUM KpUTEpiEM MiI00OpPY CTaalid BHUJIUIEHHS € MeTa BHKOPHUCTAHHS
IIJTHOBOTO MPOAYKTY. Hampukiam, mpoIyKTH arpapHOTO KOMIUIEKCY HE MOTPeOyIOTh
BHCOKOi OYHMCTKM SK KOMIIOHEHTH (apMaleBTUYHOTO HampapieHHs. Lo
3aCTOCYBaHHSI CHTEPOIMHY € HOTO CIIOKMBAHHS Yy BUTJISAI XapyoBOi JTOOABKH Y
KOMOIKOpMax JiJIsi Kyper-HeCy4oK, 110 HalpaBJieHl Ha MPOQIIaAKTUKY HEKPOTHYHOTO
eHTepuTy. TOMy, BUKOPHUCTAHHS BUCOKOOYKCHOI armapaTypy He € JOMUIbHUM. Bumyck
dbopmu TIpenapaty He € IPUHIUIIOBUM, ajie 3315 MIABUIIEHHS CTPOKY IPHUIATHOCTI, a
TaKOX CTaO1IbHOCTI aKTUBHOCT1 OAKTEPIOIMHY CIIiJl 0OUpaTH CyXui mpenapar.

Crnin 3BepHYTH yBary Ha (pi3MKO-XIMIUHI BJIACTUBOCTI OAKTEPIOLMHY, a TaKOX
Ha T€, IO B KYJBTYPAIbHIN PITUHI yTPUMYIOTHCS 3aJTUIIKH TTOKUBHOTO CEPEIOBUIIIA,
MPOYKTH METabO013My Ta KIITHHU caMoro npoayueHrta. ToMy, OCHOBHUMHM CTaisIMU

BUJIVICHHS Ta OYUCTKU €HTEPOIUHY €:

44



1. Bigniienns 6iomacu

2.  KoHueHTpyBaHHs

3.  CyunHHzs

5.2.1. OOrpyuryBanHsl Biggiiennsi Oiomacu Enterococcus faecalis Bin
€HTEPOLMHY

[lepmmM eTanoMm BUILIEHHS OaKTEpIOUMHY € BIAJAUIEHHS KMTHH E. faecalis Bin
KyJIbTYpaldbHOI PIIMHU Ta OTPUMAHHS CyINEpHATaHTY, IO MICTUTh eHTepomuH. Jlis
BIIIIEHHST ~ OaKkTepialbHUX  KJIITHH  BHUKOPHUCTOBYIOTh  BaKyyM-(UIbTpYBaHHS,
drnorartito, HeHTpUPYTyBaHHS TOIIIO.

Jns BiAnuIeHHS KIITHH BiJ KyJbTypajdbHOI PIIUHA MOYKHAa 3aCTOCOBYBATH
drorariito. BukopuctanHs AaHOTO criocoOy sl BIAUIEHHSA KIITUH E. faecalis Bin
KyJIbTYpPaIbHOI PIAMHHU € HEIOIUIPHUM, OCKITBKH BiH TPHU3HAYCHUH IS 3TYIICHHS
OUTBIIMX 1 BAXKUYMUX KIITHH IPLKIKIB 1 MiKpoMireTiB. KpiM Toro, cTymiHb OYHIIEHHS
KyJbTYpaldbHOI PIAMHU B1JI KIITHH 3a JOIMOMOIOI0 JAHOTO CHOCOO0Y HEBHCOKHUH, IO
YHEMOKJIUBIIIOE OT0 BUKOPUCTAHHS Y TEXHOJIOTIi OTpUMAaHHS Mperapary Ha OCHOBI
Oakrtepionuny [74,75].

He nmorinpHO BUKOPHUCTOBYBATH BaKyyM-(DUTBTPYBaHHS SIK BIIIICHHS 010MacH Bij
KyJIbTYpPaIbHOI PIAMHH, OCKIIBKU 1€ TPYJIOMICTKHM mporiec. TakuMm cmocoboM myxe
BaXKO BHJUIUTU LUJIBOBUU MPOAYKT, OCKUIBKM Pa3oM 3 HUM (UIBTPYIOThCS U 1HII
MikpoenemMeHTH. Tomy, mepen (uIbTpariero 3a3BUYail 3aCTOCOBYIOTH JOJATKOBY
00poOKy, a came KoaryJIsiiio AJis Kpailoro BiAIUIeHHs. [CHye KiJibKa BUIIB KOATyJISIIT:
TEIJIOBA, OPTraHIYHMMHU 1 HEOPTraHIYHMMHU KHUCIOTaMH, HEOPraHIYHUMU COJTHOBUMHU
EJIEKTPOJITaMU. Y TIpollecax BUIAUICHHS €HTEPOIMHY HEMOKIMBO BUKOPHUCTOBYBATH
KOaryJisiiiito, OCKUIBKM € BHCOKa WMOBIPHICTh 3HAYHOTO 3HM)XEHHS aKTHUBHOCTI
MikpoOHOTo OinKy. Takox, qaHuil cmocid 6e3MmepevHo € TPYAOMICTKIM, OCKUTBKU TTOpH
b1IbTpiB 3a0MBAIOTHCS, 1110 TOTPEOYE Yacy Ha iX JOJAaTKOBE OUMIIECHHS [8,76].

Haii6i1b111 101IIbHUM y TEXHOJOT1T BUPOOHUIITBA OAKTEPIOLMHIB € 3aCTOCYBaHHS
MeTony ueHTpudyryBanHsd. LleHTpudyryBaHHsS — OCaJ)KEHHS 3BaXEHUX B pIIWHI
YAaCTHHOK 13 3aCTOCYBaHHSM BIIIEHTPOBOI cuiau. JlaHuéi Meron mnoTpelye OiIbII

JOPOTOro yCTaTKyBaHHsA, HIX (UIbTpyBaHHs. ToMy BiH BUNIpaBIOBYE ce0e, SKILO:
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a) CycreH3ist GUIbTPY€EThCS MOBLUIBHO;

0) mocTaBlieHE 3aB/IaHHSI MAKCUMAJIBHOTO 3BUIbHEHHS KYJbTYPaIbHOI PIAMHU BiJl
KJIITHH;

B) HEOOXIJHO HAJAroJAWTH Oe3MepepBHUN MpoIleC cemapailii B yMOBaxX , KOJHU
GbiIbTpH po3paxoBaHi TIILKU Ha TIEPIOJUYHE JIIFO

Januii MeTo HaOUIbII AOUUIBHUEN JIJIsl pealizalli mpoiecy BiIIJICHHs OioMacu
BiJl KYyJbTYpPaJIbHOI PIMUHU Yy BHUPOOHMIITBI OaKTEpPIONUHY, OCKIIBKH BiJICyTHIH
HEraTUBHUM BIUIMB (PI3MYHUX Ta XIMIYHMX (DAKTOpPIB HAa AKTUBHICTH €HTEPOLMHY, a
TaKOX 3A1MCHIOETHCSA MaKCUMAaJIbHE 3BUTLHEHHS BIJ KJIIITUH npoayneHTa [77,78].

5.2.2. BuOip cnoco0y BUAICHHS EHTEPOLMHY 3 CYyNIEPHATAHTY

VY 1eil yac HailOUIblIe MOIIMPEHHS OJEPKajly HACTYIHI METOAM IMONEPEIHbOrO
KOHIIEHTPYBAaHHS: €KCTPAKIIis, BUCOIIOBAHHS, yIbTpadIbTpallis Ta 1HIIi.

Excrpakuiss nependadyae BUKOPUCTAHHS B TEXHOJIOTIl pPI3HUX CEIEKTUBHHUX
PO3YMHHUKIB, 32 JOMOMOI'OI0 IKMX Oyjae BUAOOYBaTHUCh LIIOBUM NPOAYKT. I '0JI0BHUM
HEJIOJIIKOM JaHO1 TEXHOJIOTIE € BUKOPHUCTAHHS PI3HUX PEYOBHH, IO, 3 BEIIHMKOIO
WMOBIPHICTIO, MATUMYTh HETraTUBHUHN BILJIUB Ha MIKpoOHUH O110k. Hanpukian, eTanon
Ta TEXHIYHUA 130TPOMIJIOBUN CHUPT, $KI 3aCTOCOBYIOTHCA SK EKCTParcHTH,
JICHATYpYIOTh OLTKH, 110 TMPHU3BENE /10 OCAIKEHHS Ta BTPATH aKTUBHOCTI Mperaparty.
Tako, HEJJOJIIKOM €KCTpakKIlii € Te, 10 OKPIM HEOOX1THOTO MPOAYKTY BOHA BUALIAE 1
CYNyTHI PEYOBHHH, IO MPHU3BOAUTH 1O AOJATKOBOI CTajaii OYMINEHHS LIJIHOBOTO
npoaykty. ToMy, He JOPEUYHO BUKOPUCTOBYBATH TaKe KOHIIEHTPYBAHHS JIJIsl BUIOOYTKY
eHrepouuny [79,80].

MeTos BUCONIOBAaHHS 3aCTOCOBYIOTh JUISi BUCOKOMOJIEKYJISIDHMX CHOJYK 3
BUKOPHCTAHHSM pi3HHX peareHTiB. [Ipomec monsrae y ocamkenHi BMC nursixom
J0JaBaHHS eNeKTPONiTiB. JlaHy TEXHOJOril0 He MOXXHAa 3aCTOCOBYBATH IS
EHTEPOIIMHY, OCKUIbKY BIH Ma€ Majly MOJIEKYJIsipHY Macy (4,4 kla) [71].

HaiiOinbmr  BXXMBAaHMM ~ CIIOCOOOM  KOHIEHTPYBaHHS ~ OaKTEpPIOLMHIB €
yneTpadinbrparis. YasTpadineTpaiis — ue GuUIbTpyBaHHS il HAATUIIKOBHUM THCKOM
Kpi3b yAbTpadUIbTP, BUTOTOBJICHHMM 13 HaIMIBOPOHUKHOI MeMOpaHu. OCHOBHUMH

nepeBaraMu € To, 1110 JaHUWA MeToJ 3a0e3Ieuye OYMIIEHHS BiJ] OIACTHUX JTIOMIIIOK 1
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301IbIIIyE aKTUBHICTH OakTepionuHy. Jlo HEAOMIKIB MOKHA BIAHECTH 3a0MBaHHS TOP,
mo mnoTpedye mnocTiiiHOi npomuBKU. Hes3Baxkarounm Ha 1€, JaHa TEXHOJIOTIS €
HaWKpauiow sl 3aCTOCYBAaHHS, OCKIJIbKM BOHA HE NPU3BOJAUTH N0 J€HATypauii Ta
3HMKCHHS aKTUBHOCTI O1JIKa, a HAaBITaKH, IT1IBUIIY€E OCTaHHIM MoKa3HUK [82,83].

5.2.3. Bu0ip cnmoco0y cymiHHs Ta CylIapKu

binkoB1 mpenapatd BHCYWIYIOTh pI3HUMH MeTtogaMu. OnHI 3 HaWOUIBIIMX
MOIIUPEHUX € KOHBEKTUBHE BHCYIITyBaHHS, KOHTAKTHE, iH(ppauepBoHe, JiodiibHE Ta
BUCOKOYACTOTHE. TakoX, Ha NPAKTUIl 3aCTOCOBYIOTh KOMOIHOBaHI METOJH,
HAIPUKJIaJ, KOHBEKTUBHO-TEPMOpaAIlalliiHUI ClIOCIO BUCYIITyBaHHS.

[Ipu cyminH1 iHGpPAYSPBOHUMHU TPOMEHSIMH HAIPSIMKH ITOTOKY BOJIOTH 1 IMOTOKY
Tera € MPOTUJICKHUMH, 110 ACIIO 3HIKYE MBUAKICTh CYUIiHHSA. [0 HEIOMIKIB 1aHOTO
METOJTy BITHOCSITHCS:

- MATOpaHHs TIOBEPXHEBOIO LIapy CUPOBHUHY;

-3a paxyHOK IIPOHUMKHEHHS MPOMEHIB 330BHI B CEPEIMHY BIJIOYBAETHCS
nedyHIyBaHHS BOJOTH Y BHYTPIIIHI IIApU CUPOBHUHHM, IO TOTIPIIye (hi3HUKO-XIMIUHI
BJIACTUBOCTI TOTOBOTO MIPOAYKTY.

Jlo mepeBar MO>XKHa BIIHECTHM €KOHOMIYHICTh JaHOTO METOJY, ajie 3BaKalo4yH Ha
HIOAHCH IIOJI0 BTPAT IJILOBOTO MPOAYKTY Ta MMOBIPHOTO 3HUKEHHS aHTUMIKPOOHOT
aKTUBHOCTI, JaHUK METOJI HE € ToUUIbHUM [84,85].

CyO6mimariisi — 11e mpoIec BUMApOBYBAaHHS TBEPJOTO Tia, TOOTO MEPETBOPEHHS
fioro 0Oe3nocepelHb0 B Tra3onoAiOHUI cTaH 0e3 MPOMDKHOrO MPOXOJKEHHS Yepe3
PLIKHI, 1 € IPOILIECOM 3HEBOJIHIOBAHHS YU CYIIIHHS MaTepialy B 3aMOPOKEHOMY CTaHi.
Crioci0 3acTOCOBYETHCS JUIsl Ay’K€ UyTJIMBHUX JI0 HArpiBaHHS MaTepiasliB, HAIPHUKIIA,
010JI0T1YHUX (apMalleBTUYHUX TMpenapariB Ta AESIKUX XapyOBHX MPOIYKTIB. AJjie
EHTEPOIIMH € TePMOCTAOIILHIM, TOMY 15l TIepeBara METOJy HE BUIPABAOBYETHCS IS
IIbOBOTO TMpoaykTy. Hemomikamu cyOniMaIiiHOro CyIIiHHA B TOPIBHSHHI 3
aTMoc(epHIM KOHBEKTUBHUM YM 3BUYAITHIM KOHTAaKTHUM BaKyyM—CYIIIHHSIM € BUCOKa
BapTICTh YCTaHOBKH, CKJIAJHICTh 11 €KCIUIyaTalli 1 3Ha4Ha BUTpaTa €JEeKTPOEHEPrii Ha

poOOTY XOJOAMIBHOT YCTAaHOBKH 1 BaKyyM—Hacoc [86-88].
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[Tpy KOHBEKTMBHOMY CYIIIHHI TEIJIO NEPENAETHCS BIJI JKEpEa TEIIOBOI eHeprii
JI0 TIOBEPXHI MaTepiany, 10 MiIa€ThCs CYIIHHIO 3a JOMOMOIor0 TerioHocis. Takuii
TUN CYIIiHHS BHUKOPUCTOBYETHCS Yy PO3MIIIOBAIBHOI CymIapku. SK TEmIOHOCIH
BUKOPUCTOBYIOTh MOBITPS, 1HEPTHI Ta3u, TMMOBI Ta3u, meperpity mapy. [lepeBaramu
JTAHOTO METOJY € MOro MPOCTOTa Ta IIBUJIKICTh BUCYIIYBaHHS. J[0 HEMOMIKIB MOXKHA
BIJTHECTH 3aBEJIMKY TEMIEPATYPY CYIIIHHS Ta radapuTHe oOJaaHaHHs. AJle €eHTEpOILMH
€ TepMOCTAOUTbHIM O1JIKOM, SIK II€ BXKE 3a3HAYAJIOCh BHIINE, TOMY JaHUM HEIONIK HE €
npobiemMoro s 30epekeHHs (PI3UKO-XIMIYHOI aKTMBHOCTI mpemnapary. Tomy, ams
BHCYIIYBAaHHS LIIIIOBOI'O MPOAYKTY OOMpPAaEMO caMme Lto TeXHouorito [88,89].

OCKUTBbKH 3a3HA4Y€HO TEepeliK TEIUIOHOCIIB, JOTIYHO 00paTH HAMONTUMATBHIIIUN
BapianT. [loBiTps MokHa OpaTh 3 HABKOJUIIHBOTO CEPEIOBUINA, MOMNEPETHbO
MirOTYBaBIINM HWOTO JJi 1M030aBIIEHHS PI3HUX JOMIIIKIB Ta MUIy. [HEpTHI rasu, Ha
BIJIMIHY BiJI MOBITpPS, Tpeba MOCTIHHO 3aKyIIOBYBATH, IO € TOJIOBHUM MiHYCOM JaHOTO
TEIUIOHOCIA. J[MMOBI Ta3su MarTh HENPUEMHUN 3amax, a TakoX 3a0pyIHIOITh
HABKOJIUIITHE CEPEIOBUIIIE, 110 € BAKIUBUM HEIOMIKOM. ToMy, HalKpaIlyuM BapiaHTOM
€ TOBITPs, a/Ke OOJaIHaHHS i WOTO MIATOTOBKM Tpeba 3akynuth 1 pa3 Ha
0araToCTpOKOBHI TEPMiH Ta MEPIOAMYHO OOCITYrOBYBaTH, a CaM TEIUIOHOCIH MOXHa
Bi1I0MpaTH OE3KOITOBHO 3 aTMOC(epH, He 3aBJIaF0YH HISKOI IIIKO/IH.

5.2.4. O0rpynTyBanHus BUOOpY cTradiiizaTtopy

IcHye Benmmka pi3HOMaHITHICTh YIIAKOBOK sSIKa Ma€ MeBHI (PYHKITIT Ta CTBOPEHA 13
pi3HuXx MarepiamiB. Jns oOrpyHTOBaHOTO BHOOpY Ha Miil crajii OmMpaemMoch Ha
KUIbKICTh HEOOX1JTHOTO €HTEPOLMHY Ha 1 TOHY KOMOIKOpMY.

Sk 3a3nauanock Bunie (1m.3.1) Ha 1 ToHY KOpMY ISl Kypeil HeCydoK HEOO0X11HO
1,7 t enteporuHy. OCKiNBKU OaKTEpiOlMH Ma€ MEBHY aKTHUBHICTh, TO 3 YaCOM BOHa
MO>K€ 3HUKYBATHUCh 1 TOMY, OKpPIM YITaKOBKH, JOLIBHO Mii0paTu cTabdimizarop.

Jnst  crabimizamii  OakTEpIOIMHIB BHKOPUCTOBYETHCS BEIMKAa KUIBKICTh
cTabUI3aTOPIB, TAKUX SIK XJOPUJ HATpito, CyJdb(ar amoHil0 Ta iHUI coii. Aje
HEJIOJIIKOM TaKUX CTaOLI3aTopiB € Te, 10 BOHU CTaHOBIATH 90% Bim 3arajibHOI
KUIBKOCTI mipenapaty. ToOTo 3a nmepepaxyHkom, Ha 1,7 T 6akTepionuHy /it cTabimizarii

HeoOxiaHo noaatu 15,3 rpama comi [90].
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Hun1 aig crabunizanii IponoHyEeThCSl BAKOPUCTOBYBATH MOJTIETHIICHIIIKOb. 3a
pesyabraramu jgociipkenb 2017 poky Oysio BuU3HA4YeHO, MO ISl cTabumizamii
OakTeplolMHY, HEOOX1IHA KUJIBKICTh MOJIETHJICHIJIIKOMIO B 2,5 pa3u MeHla 3a Ty X
caMy KyXxoHHY cuib. ToOTO 3a mepepaxyHkom, Ha 1,7 T GakTepioluHy HEOOX1ITHO
BUKOPHCTATH OJIN3bKO 5,44 T cyXoro moJieTmieHrikoito [90].

Xoya BUKOPHUCTaHHS TAKOTO CTalLIi3aToOpy € JACIIO JOPOXKYUM, MOPIBHSHO 3
CLLITIO, aJie BiH € OLIbIN €()eKTUBHUM Ta 30UIbIIIY€E TPUBATIICTh aKTUBHOCTI OUIKY, 1110 €
OUTBI TOPEYHUM JISl 3aCTOCYBAHHS Y KOPMOBIH MpomMucioBocTi [90].

5.2.5. OOrpyHTyBaHHAl YIAKOBKH, 00’ €My NaKyBaHHS

Jns  3a3HayeHoro  o0’eMy  MOXKHA  BUKOPUCTOBYBaTH  (iakoHH 3
3aKpy4yBaJIbHOKO KpUIIKOI. Taki ¢aakoHH BUPOOJAIOTH 31 CKJa Ta IJIACTUKY.
[TepeBara muracTukoBUX (IIAKOHIB 3aKJIQJA€THCS B 1X BaApPTOCTI, @ TAKOXK CTIMKOCTI J0
nomko/keHb. CKIIsIHI (pJITAaKOHU € JOPOKUYUMU, & TAKOK MOXKYTh JIETKO pO30UTHUCH MTPU
TpaHcnopTyBaHH1 [91,92].

3a po3paxyHKaMu — 00’ €M MaKyBaHHs OJM3bKO 7 T'y TUIaCTUKOBI pitakonn Ha 10
M.

5.3. OOrpyHTyBaHHSl JONOMIiKHHMX POOIT s crTaiii BUIIJIEHHS Ta

OYHUIEHHSI €HTEPOIHHY

Jlnst ctafdii cyuriHHS SIK TEIUIOHOCIH 00paHo moBiTpa. Tomy, 10 TOMOMIXKHHX
poOIT ciiJi BHECTH MiATOTOBKY aepamiiHoro moBiTps. OCKiTbKM Ha JaHii cTamii
YJIBTPAKOHIICHTPAT OaKTEpIOIMHY BHUCYIIYETHCS 32 BHCOKHX TEMIIEpaTyp —
BUKOPUCTAHHS HAJOYUIIICHHOTO, KOMIIPECOBAHOTO MOBITPs HeAoiuuibHO. [linboBuit
MPOIYKT BIAJIJICHUN BiJl MOKUBHOTO CEPEJIOBHINA, TOMY PICT MIKPOOpPraHi3MiB Ha
CYyXOMY MOPOIIKY — MAJIOWMOBIPHO.

[ToBiTpss nns jaHoi cTamii JIOCTaTHBO IMiagaTH TrpyOid  OYHCTI, 100
no30aBUTUCh BIJ YCIX MEXaHIYHUX JOMIIMIOK Ta muiay. Ha BuXoAl OoTpuMyeThCs
ouuiieHe Onu3bko Ha 80% TOBITPsA, L0 3aJ0BOJIBHSE TMPOIEC BUPOOHUIITBA
erarepounny. [licnsa rpy6oi ouncTky MoBiTps HE0OX1AHO Harpitu Ha 14545 °C, mob

Horo MoxHa 0yJiI0 BUKOPUCTOBYBATH SIK TEIIJIOHOCIH.

49



5.4. Ilin0ip TeXHOJIOTiYHOr0 O0JAXHAHHA AJs MicJasipepMeHTANIHHUX
cTajiii 3 ypaxXyBaHHSIM MaTepiajibHUX MOTOKIB 10 CTAAisIX

Buxoasiun 3 omnwucy mnicinsiepMeHTaliiHUX MPOLECiB HEOOXITHO CKJIACTH
TaOJIMITIO CTAlii 3 BpaxXyBaHHSIM BTPAT HA KO)KHOMY KPOIIi BAPOOHUIITBA CHTEPOIUHY .
Oco0nuBO BaXJIMBUM MOMEHTOM € €Tam YJIbTPAaKOHIIEHTPYBAaHHS, OCKIJIBKH Ha 1A
CTaJli OUHUILEHHSI CTIOCTEPITa€ThCsl HAOIbINA KUTBKICTh BTPAT LUIBOBOTO MPOAYKTY.

[TinGip obmamHaHHA 13 BpaxXyBaHHSIM MaTepialbHUX MOTOKIB IIPEICTABICHO B TAOJIHIII

5.5.
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Tabnuys 5.5.

I1in0ip TeXHOJIO0riYHOr0 0012 JHAHHS 3 BPAXyBAHHAM MaTepiaJbHUX NOTOKIB 10 CTAXIAX

Ne Ha3sga craaii MarepiajabHi KinbkicTb mo cragisx HeoOxinne
(omeparii) NMOTOKH HA CTAXil Hagilimio | Brparn, Buiinwio 00JIaIHAHHSA
(Pazom
25 %)
1 2 3 4 5 6 7
TII 2. 36epirannsi KyJbTypaJbHOI piAMHI
! TIT 2. 36ep [ranist KP 95 n - 95 n 36ipuuk KP 110 n
KYJbTYpajbHOI PIIMHU
TII 3. Bigaisienns oiomacu
2 TIT 3.1 biomaca 0,95 xr - [Iporouna nentpudyra
LenTpudyryBanus ACB, 3 npoayKkTuBHICTIO 100
KyJIbTYpaIbHOI PiTUHA ypaxyBaHHS 0.4 kr 9.1 kr a/rox (po3paxyHOK Ha
M 90% ’ ’ 1 romury poOOTH)
BOJIOTOCTI
9,5 xr
CynepHarant 85,51 30ipHUK Qyraty
(95-9,5) - - 06’emom 100 1 mepen
Y® ycTaHOBKOIO
TII 4. KoHlleHTPYBaHHA | OYHIIICHHS €HTEPOLUHY
3 |TII4.1 CynepHarant 85,51 - -
YabTpadinbTparis
CHTCPOLHHY | Yoprpakonuenrpar | 8,6 1,7n 6,9 1 36ipHUK Mepes
(UpuHMaeMo — CTymiHE (85,5/10) | (20%) cymapkoro Ha 10 1
KOHIICHTPYBaHHA ITepmear 76,9 n Ha 3nemkomxeHHs
Kyo= 10). (85,5-8,6)
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3asepwenns mabn.s. 5.

1 | 2 3 | 4 |5 6 7
TII 5. CymiiHHS eHTepPOLHHY
TII 5.1. Cyuiinas y YIIBTpaKkOHLIEHTpAT 6,9 n - - PosnumoBanibHa
PO3MUITIOBATIbHIM CylllapKa, HOMIHaJIbHa
cymapii HOTYXHICTb 5 JI/TO]T
Bucymenuit - 0,14 n 0,338 kr €wmuicts Ha 0,5 1
€HTEPOLINH (2%) ((6,9-
(Bosoricth 5%) 0,14)*0,05)
TII 6. CTadinizaniss eHTEepOIUHY
TII 6.1. 3minryBaHHs Bucymennit 0,338 kr - - V-noxiOHwmii 3minmyBad,
E€HTEPOLUHY 3 EHTEPOLIMH MPOTYKTUBHICTIO 2 JT
cTabiTi3aTOpOM (BomoricTh 5%)
Crabinizatop 1,054 xr 0,02 (2%) | 1,372 kr €MHICTh Ha 2 1T
(TOJTIe THIICH-TIIIKOJIb ) (1,193+0,338)
IIMB 6. IlakyBaHHs1, MADKYBaHH$, BIIBAHTAKEHHHA
IIMB 6.1. CyMil eHTepOLUHY 3 1,372 xr - - ABTOMaTH30BaHa
dacyBaHHs, cTaburizaTopom JI03yBaJIbHO-
MaKyBaHHS, (Bomoricth 1,6%) ynaKoBayHa JIiHis
MAapKyBaHHS IIOPOLIKY | YIIaKOBaHUU B - 0,03 (2%) | 1,342 xr = IJIACTUKOBUX
CHTEPOIUHY bnakonu (1o 8 r) 192 dnakoniB | (paakoHis,
EHTEPOLMH (1,275 xry npoayktusHicTio 1800
nepepaxyHky | (pyakoHiB 3a Tof.
Ha ACP)
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PO3A1JI 6
CIHHEHU®IKALIA OBJIAJHAHHS
Crneuudikaniro o0nangHaHHs, 300paKEHOr0 Ha amaparypHiil cxemi (AuB.
epaghiuna wacmuna), HaBeJIeHO y TabI. 6.1.
Tabauys 6.1.

Cnenudikanis craaiii BUpoOHMUTBA Ta BUAiJIEHHsI eHTepounny Enterococcus

faecalis

Io3uuisi | HailimenyBanusi | KiabkicTh TexHniuHa XapaKTepUCTHKA
1 2 3 4

IHokynsatop Biostat® Cplus CC ob6'emom 15 m,
rabaputu (nxBxrT, cMm): 100 x 109 x 75, crans AISI
316L.  OcHamieHudi  COpPOYKOK,  CHCTEMOIO
MexaHiuHoro mnepemiuryBanus (20-1000 06/xB),
CHUCTEMOI0 aBTOMATHYHOTO peryioBanHa pH.
Bupo6ruk: "Sartorius Stedim Biotech" (®panis)’

I-1 [HokynsaTop 1

H-2 . .
Hacoc IIepucranpTunuil Hacoc cepii IP, npoxyKTUBHICTH

H-9 MEPUCTATBTUYHHI 3 40-500 n/rox. Kopmyc — anroMiHiii, THCK — Makc. 13
i 6ap. Bupo6nuk: «Crane Co.» (CLLIA)?

®epmentep BLBIO-150SJ), o6'emom 150 o,
rabaputu (axBXxr, cMm): 1400x820%2200, cranb
AISI 316L. OchamieHuit COpPOYKOI, CHUCTEMOIO
MexaHiyHoro mnepemintyBanHs (50-1000 006/xB),
CUCTEMOIO0 aBTOMATHYHOTO peryroBaHHs pH.
Bupo6ruk: " BLBIOUSA" (CIIA)?

OobnagHanmii MeTaedor0 CITKOI ISl BHIAJICHHS
In3-5 [ToBiTpo3abipHUK 1 MexaHIYHUX 3a0pyaHeHb. BupoOHuk: «Darco»
(ITonbmia)*

Kapmannauit ¢pinetp G3-G4. Kommnekraris: 3miHi
¢binpTpyroui  edeMeHTamMH 3 ToJiedipHOro
1 CUHTETUYHOTO BOJIOKHA. 3atpumyroBajbHa
3natHICTE - 80%. Bupo6uuk: TOB "AJIbTEP EMP"
(Ykpaina)®

MigHOaTIOMIHIOEBUI TEIIOOOMIHHHUK B
TPHOXPSTHOMY BUKOHAHHI, 3 Kparie-BIOBIIOBAYEM
T-7 TernnooOMiHHHK- 1 miJI0HyY 3 maTpyOKaMu 7S BIIBOY KOHJEHCATY,
HarpiBau TeIUIOHOCI-mapa abo Bojga. Matepian namenend —
anmroMinii. Tommaa mameneit 0,2 MM, Kpok 2,5 MM.
Bupo6ruk 000 «OJIJITAH mmocy (Ykpaina)®

®P-3 depmentep 1

D-6 ®inpTp rpydoi
OYHCTKH HOBITPS

HYXT BTEK 04.02.26 KP IT3
3mn. |Jucm | Ne ooxym. Hionuc  Hama
Po3pob. Koswap 1.]]. P03ﬂlﬂ 6 Jim. Apx. Apkywie
Zepeeip. Cmabnixos B.11. CHEHH@]MLUH | | 53 106
eyens.
H. Konmp. OBJIATHAHHA Kadgeopa FTM
3ameepo. Hupoe T.I1.




3akinuennsa maon.6. 1.

Io3uniss | HaiimenyBanus | KiibKicTh TexHiuHa XapaKkTepucTHKA
1 2 3 4
30ipHUK 06’em 110 1. Matepian HepxaBitoua cranb AISI 316.
3b-8 KYJIBTYpaJIbHO1 1 3 copoukorw. BupoOuuk (Ha 3amoBnenHs): TOB
PiLIVHA «ENERGY SAVING SOLUTIONS» (Ykpaina)’

[TpomucnoBa nporouna nenrpudyra CEPA Z 81.
lMabaputu (mxmxB, Mmm) — 950x500x1500, poTop st
cemapauii 3 HepkaBitoyoi cranmi 1.4571/1.4462,
nporok — 100-2000 si/rox, mBuakicte — a0 16000
00/XB, reOMeTpUYHa MICTKICTh — 8§ 1. BupoOHUK:
«BIORUS» (Pocis)®

LI-10 Hentpudyra 1

Cuctema ynprpadinerpamii YP-201:  rabaputu
(mxmxB, mMMm) — 749.3x548.6x1300, wmatepian —
1 HepskaBiroua cranb 316L, mBuakicTs nogayi — 37,85
1/XxB, MeMOpaHu — noniedipcysib(oH 3 BiICIKAHHIM
1o 5 kJla. Bupo6nuk: «BioTechno Group» (Pocis)’

VYaerpadinerparti

Yo-11 o
JiHA yCTaHOBKa

. 06’em 10 1. Marepian HepxkaBiroua ctanb AISI 316.
3061pHUK 1715t

3-12 KOHIICHTpATY 1 Bupobuuk (ma 3amosienns): TOB «ENERGY
SAVING SOLUTIONS» (Vkpaina)’

Hacoc [lepuctanpTiunuii Hacoc PTLOS, mpomyKTHBHICTBH

H-13 MEePUCTATBTHYHH 1 2,5-10 n/rox. Koprryc — antroMiHii, THCK — MaKc. 4 6ap.
i Bupo6nuk: «Tapflo AB» (Illsemnis)'”

PosmwmoBansha cymapka LPG-5: moTyxHICT— 5

n/ron, miamerp cymmiapHOI Oamtu — 1100 M,

C-14 PosnmtroBansHa 1 rabaputu (nxmxB, MM) — 1680%1500%2100, cepeniit

CylIapka yac mnepeOyBanHa Kkpamii: 1-1,5 c¢. BupoOnuk:

«Changzhou Jinqiao Spray Drying and Engineering

Co.» (Kuraii)'!

V-noni6uuii  mopomkoBuii  3MimyBad  VM-05.
Martepian - Hepxasitoua ctanb AISI 304. Kopucuwmii
00’eMm - 5 miTpiB. Yac nepeminryBanns: 7-10 XBUIMH
3M-15 3MinryBayq 1 IBuakicte obepranns emHocti: 20 00 / XB.
[TotyxHicts nuryna: 0,55 kBt. ['abaputhi po3mipu:
720mM x 360MM X 620MM. BupoOuuk: «MuHHIIpEcC»
(Pocis)'?

Jlo3aTop mopomikiB B TuracTUKOBI priakorn «SG-50».
[TponyxtusHicts 1800 ¢nakoniB Ha roguny. Crocid
J-16 Jo3zatop 1 HATIOBHEHHSI — IIHEKOBUI HamoBHIOBaY. [I0TyXHICTH
— 2,4 xkBt. I'abaputai po3mipu: 2000mm x 1000MMm X
1800MM. Bupo6uuk: «Munumnpecce» (Pocis)'?

Hpumitka: 1 -  https://www.sartorius.com/download/9612/10/broch-biostat-cplus-sbil 505-e-
data.pdf, 2 - https://mir-nasosov.com.ua/sites/default/files/1 1.pdf, 3 -  http://blanc-labo.fr/wp-
content/uploads/2017/11/CATALOG-Bioreactor-System-Innova-2016.pdf, 4 -
https://kaminin.ua/product/vozduhozabornik-pryamougolnyy-cznp150x500¢c-4380.html, 5 -
https://alterair.ua/product/pocket-filter-g-class/, 6 - https://alltan.com.ua/p2090292-teploobmennik-
vodyanoij.html,7 - https://wise-master.com.ua/p595280969-emkosti-nerzhaveyuschei-stali.html, 8 - https://bio-
rus.ru/oborudovanie/protochnyie-czentrifugi/czentrifugi-protochnyie-(-germaniya.-sera)/promyishlennaya-
protochnaya-czentrifuga-cepa-z-81.html, 9 - https://biotechno.ru/catalog/pilotnaya/pilotnaya-sistema-dlya-
mikro-i-ultrafiltratsii-uf-201/, 10 -  https://tapflo.ua/products/hose-pumps/seriva-ptl#oglyad, 11 -
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https://www.sartorius.com/download/9612/10/broch-biostat-cplus-sbi1505-e-data.pdf
https://www.sartorius.com/download/9612/10/broch-biostat-cplus-sbi1505-e-data.pdf
https://mir-nasosov.com.ua/sites/default/files/1_1.pdf
http://blanc-labo.fr/wp-content/uploads/2017/11/CATALOG-Bioreactor-System-Innova-2016.pdf
http://blanc-labo.fr/wp-content/uploads/2017/11/CATALOG-Bioreactor-System-Innova-2016.pdf
https://kaminin.ua/product/vozduhozabornik-pryamougolnyy-cznp150x50oc-4380.html
https://alterair.ua/product/pocket-filter-g-class/
https://alltan.com.ua/p2090292-teploobmennik-vodyanoj.html
https://alltan.com.ua/p2090292-teploobmennik-vodyanoj.html
https://wise-master.com.ua/p595280969-emkosti-nerzhaveyuschej-stali.html
https://bio-rus.ru/oborudovanie/protochnyie-czentrifugi/czentrifugi-protochnyie-(-germaniya,-sera)/promyishlennaya-protochnaya-czentrifuga-cepa-z-81.html
https://bio-rus.ru/oborudovanie/protochnyie-czentrifugi/czentrifugi-protochnyie-(-germaniya,-sera)/promyishlennaya-protochnaya-czentrifuga-cepa-z-81.html
https://bio-rus.ru/oborudovanie/protochnyie-czentrifugi/czentrifugi-protochnyie-(-germaniya,-sera)/promyishlennaya-protochnaya-czentrifuga-cepa-z-81.html
https://biotechno.ru/catalog/pilotnaya/pilotnaya-sistema-dlya-mikro-i-ultrafiltratsii-uf-201/
https://biotechno.ru/catalog/pilotnaya/pilotnaya-sistema-dlya-mikro-i-ultrafiltratsii-uf-201/
https://tapflo.ua/products/hose-pumps/seriya-ptl#oglyad

http://ua.chinaspraydryer.com/laboratory-spray-dryer-lpg-5, 12 -
https://www.minipress.ru/pharma/ukrainian/equipment/blender-and-mixers/mixer-for-powders-vm-05/, 13 -
https://minipress.ru/katalog/farmacevticheskoe oborudovanie/mashiny-fasovki-poroshkov-vo-
flakony/mashina-rozliva-i-ukuporki-plastikovyh-flakonov-pr-15/
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https://www.minipress.ru/pharma/ukrainian/equipment/blender-and-mixers/mixer-for-powders-vm-05/
https://minipress.ru/katalog/farmacevticheskoe_oborudovanie/mashiny-fasovki-poroshkov-vo-flakony/mashina-rozliva-i-ukuporki-plastikovyh-flakonov-pr-15/
https://minipress.ru/katalog/farmacevticheskoe_oborudovanie/mashiny-fasovki-poroshkov-vo-flakony/mashina-rozliva-i-ukuporki-plastikovyh-flakonov-pr-15/

PO3A1J1 7
OIIUC TEXHOJIOTTYHOI CXEMHU

TexHosioriyHa cxema 010CUHTE3y €HTEPOILMHY 01010T1YHUM areHToM E. faecalis
14 Bximtouae B ce0e MPUTOTYBAaHHSI Ta CTEPHIIIZAIlIS TUTPYBAIBHUX ar€HTIB, MiJTOTOBKY
1 CcTepwmi3aiilo IOXUBHHX CEpPEIOBHUIN, SK JIOMOMDKHI poOOTH, Ta cTajii
TEXHOJIOTTYHOTO IPOLECY - MIATOTOBKA MOCIBHOTO Mareplany 1 010CMHTE3 L1JIbOBOTO
npoaykry. llogo cranii BifIijieHHS Ta OYUIIICHHS EHTEPOIIMHY, CXeMa BKITIOUYaE B ceOe
MIArOTOBKY MOBITPS ISl PO3MIIIIOBATIBHOI CYIIAPKHU, SIK JOTOMIXKHY pOoOOTY Ta cTaii
TEXHOJIOTITYHOTO MpOoLEcy, $SAKI BKIOYAlOTh B ce0e BiAAUIEHHd Olomacu,
KOHIICHTPYBaHHs €HTEPOIIMHY Ta HOTO CYIIIHHS, 3MIINTyBaHHS 3 CTa0LII3aTOPOM, Ta
nojabline GpacyBaHHs.

TexHonoriuny cxeMmy 010CHHTE3y CHTEPOIIMHY HABEICHO Y epaiunill yacmuHi
MIPOEKTY.

JIP 1. Iliozomoeka aepauiiinozo nosimps:

/[P 1.1. 3a6ip ammocgeprozo nogimps

ATtMochepHe NoBiTps 3a0MparoTh yepe3 NoBiTpo3abipHUK Ha BUcOTI 10 M, e
KOHIICHTpAITisl MTAJIOBUX YaCTOK 1 MIKpOOPTaHi3MiB € MiHIMaJIbHOIO.

/P 1.2. I'pyba ouucmka nogimps

OuKCTKY TOBITPS BiJ MWIYy Ta MEXAaHIYHHMX YaCTOK 3AIMCHIOIOTH y (DUIBTPI, 3
3aTpuMyI040t0 31aTHICTIO 80%.

J[P 1.3. Haepisanns nogimpsi

3 MeTor0 3ano0iraHHs YTBOPEHHSI 3aiBOI0 KOHJIEHCATY, OXOJIOMKEHE MOBITPS y

TEMI000MIHHUKY HarpiBaroTh 70 Temrepatypu 145 °C.

JIP 2. Iliozomoeka ma cmepunizayisi mumpyeaibHUX a2eHmis

P 2.1. [Ipucomyeanns ma cmepunizayis 6%-eo posuuny HCI

3aranpHa KUIBKICTh 3amacHOTO po3urHy cTtaHoBuTh 100 mu. B Tepmoctiiiky

KOHIYHY K010y 00’ emMoM Ha 500 MJI 32 JOMOMOTO0 MIPHOTO HMJIIHAPY Ha 25 MJI BHOCATH

HYXT BTEK 04.02.26 KP IT3
3mn. |Jucm | Ne ooxym. Hionuc  |Hama
Po3pob. Koswap 1]]. P03ﬂlﬂ 7 Jim. Apx. | Apxywie
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H. Konmp. CXEMHA Kageopa FTM
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15 M 36-% po3uuny constHOi KMCIOTH. [IoTiM, 3a TOMOMOI0O0 MIPHOIO LMIIHAPA Ha
100 mu1 momaroTh 85 MJI AMCTUILOBAHOI BoAU. Koy 3akpuBarOTh BaTHO-MapJieBOIO
IpOOKOI0, IEPEMIILYIOTh BMICT JJO PO3UMHEHHS JIYTY, MICIS YOTO PO3YMH NMEPEaloTh Ha
CTepuJIi3aIliio B aBTOKJaB 3a TemiiepaTypu 131°C Bopogosx 40 xB mipu 0,15 MIla. [Ticns
cTepuiizamii B acCeNTHYHMX YMOBaxX Ha pi3HI CTaAll MIATOTOBKH 1HOKYJISATY
BIIOMPAIOTHCS BIMOBIIHI MOPLIiI PO3YUHY.

P 2.2. Ilpucomysanns ma cmepunizayis 6%-2o pozuuny NaOH

Po3unn 6 %-ro NaOH rotytoTs ma1st ctajiii 610CHHTE3y MOCIBHOTO MaTepialy B
1HOKYJSITOpl. 11 KOJIO TUTPYBaJbHUM areéHTOM HEXTYIOThb, OCKUIBKM Ha LIHA cTajli
YTBOPIOETHCS 3aMalia KUTBKICTh MOJIOYHOI KHUCIIOTH, SIKa HE MOXY I1HT10yBaTH PicT
€HTEPOKOKIB. 3arajibHa KUIbKICTh TUTPYBAJIbHOTO areHTy, sKa HeoOX1JHA Ha 3a3Ha4YeH1
cramii cranoButh 20 wmu. Taka KITBKICTh TUTPYBAJIBHOTO AareHTy 3amMaia Jijist
IPUTOTYBaHHS, TOXK MPONOHY€EThCs npuroryBatu 100 M1 3ar1acHOTO PO3UUHY.

B tepmocriiiky koHiuHYy K010y 00’eMom Ha 500 M1 BHOCSTH 6 T iIKOT0 HATPY 1
3a JOTIOMOTOI0 MipHoro muiiaapa Ha 100 ma mogaroTh 94 MIT THCTHIIHOBAHOI BOJIM.
Konly 3akpuBarOTh BaTHO-MapJI€BOIO MPOOKOI0, MEPEMIIIYIOTh BMICT JI0 PO3YMHEHHS
JyTy, TICIS YOT0 PO3YHMH IMEepefaloTh Ha CTEPUIII3AIlii0 B aBTOKJIAB 3a TEMIIEpaTypH
131°C Boponosx 40 xB nipu 0,15 MITa.

[P 2.3. llpucomysanus ma cmepunizayis Hampii-gpocgpammnozo o6ygepy

3aranbHa KUIbKICTh Oydepy, 110 HEOOX1THO Al BUPOOHUYOTO KyJIbTUBYBAaHHS
— 190 mn1. Ha TexHiuHux Barax 3BaxyroTh 2, 14 r Na,HPO4 ta 7,36 r NaH,PO4. HaBaxkku
NEPEHOCATh B KOHIYHY KOJ0y 00’emoM Ha 500 mi1. 3a 10MOMOro0 MipHOTO LUJIHAPY
Ha 200 mu1 BHOCATH 180,5 Mi1 mucTHIIBOBaHOT BOM. PO34MH mepeMilnyoTh, epeaaroTh
Ha CTepuJIi3alliio B aBTokJaB 3a Temneparypu 131°C Bnpoaosxk 40 xB nipu 0,15 MITa.

JIP 3. IIpuzomyeannsa ma cmepunizayia nOHCUBHUX CEPEO0BULY,

P 3.1. Ilpucomyeanns i cmepunizayiss NONCUBHO20 cepedosuwa Osl
BUPOWYBAHHS IHOKYISIMY 8 KOJIOAX

Jlist BUpolyBaHHs 1HOKYJIATY HeoOx1aHo 900 M1 mosxuBHOTO cepenoBuina, 80
MJI IKUX € TIOCIBHUN MaTepiai 3 poOipok. BMICT KOMIIOHEHTIB JJ1sI JaAHOTO CEPEIOBHINA

HaBeneHo B Tadi.7.1.
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Tabnuys 7.1.
CxkJiaa koMno3uuiii 1J1s cTepuizaiii moKuBHOTO cepea0BHUIA 1JIsI

0/Iep;KaHHS MOCIBHOI0 MaTepiaay B KOJI0aX HA Ka4YajiKax

Bwmict
KommoneHT . KOMIIOHEHTA Y O6’em
KonuenTparis, .
MO>KUBHOT'O o/ 820 M1 Kommnosumis KOMITO3HIIII,
cepesoBUIIa cepesoBUIIa, T MJI
(M)
I'moko3a 20 16,4
JpixmKxoBuit 5 4.1
EKCTPAKT
KazeinoBuit 10 8.2 A 500
IIENITOH
M’ gacuuit 10 8.2
€KCTPaKT
Bona 463,1
TBiH-80 1 0,82
Arnerat HaTpiO 5 4.1
CsHsO7(NH4)3 2 1,64
2 b 220
MgS0O4 x 7TH20 0.2 0.16
MnSO4 x H,O 0,05 0,04
Bona 213,24
K>2HPO4 2 1,64
Bona 98,36 B 100

JIP 3.1.1. IIpueomysanns ma cmepunizayis komnozuyii A

Ha texniyHux Barax 3BaxkyioTh 16,4 r rimoko3u, 4,1 T ApIKIKOBOTO €KCTPaKTy,
8,2 I Ka3eiHOBOro memntoHy 1 8,2 T M’SICHOro eKCTpakTy. OTpuMaHI HaBaXXKM
KOMITOHEHTIB MEPEHOCTh Y KO0y Ha 1 11, 32 JomoMororo mMipHoro muiinapa Ha 500 mi
noaaroTh 463,1 Ma aucTUiIboBaHOI BoAU. BmicT konbu MOCTIHHO MEpeMillyOTh 10
NOBHOTO po3unHeHHs. Kos0y 3akpuBaroTh BaTHO-MapIieBOIO MPOOKOIO 1 CTEPUITIZYIOTh
B aBTOKJIaBi npu Temneparypi 112°C ynponosxk 30 xB, mig Tuckom 0,05 MITa.

JIP 3.1.2. [lpueomysarHs i cmepunizayis po34uny Komnosuyii b

Ha nabopatopHux Barax 3BaxyroTh 4,1 r amnerary Hatpito, 1,64 r unurparty

amoHir, 0,16 r renrarizgpaty cynbbary martito, 0,04 r MoHOT1ApaTy CyIb(}aTy MaHTaHy
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Ta BIAMIPIOIOTH S-MUILTITPOBUM MipHUM wwniHapoMm 0,82 mi TBiHy-80. HaBaxku
MNOMIIIAIOTh Y TEPMOCTINKY IUIOCKOJOHHY KO0JIOy 00’emom 500 mui, 3a J10MOMOTOIO
MipHoro uuiinapa Ha 0,5 1 nonusarotsb 213,24 M AUCTUIIBOBAHOT BOJIH, 1 IEPEMIIITYIOTh
10 TOBHOro po3unHeHHs. Konly 3akpuBaioTh BaTHO-MapjeBOIO MPOOKOI 1
CTEpHUITI3YIOTh B aBTOKIaB1 1pu Temreparypi 131°C ynpomosxk 40 xB, pu 0,15 MIla.

JIP 3.1.3. Ilpueomysarnns i cmepunizayis po3duny Kkomnosuyii B

Ha Texniuamx Barax 3BaxyloTb 1,64 T rigpooptodochary kamiro. HaBaxky
NOMIIIAIOTh Y TEPMOCTIHKY IUIOCKOAOHHY Ko0JIOy 00’eMom 500 mui, 3a 10MOMOTOIO
MipHoro mwiiHapa Ha 100 M nogarote 98,36 MiT AMCTHIIBOBAHOI BOJH, 1 IEPEMIIITYIOTh
0 TOBHOTrO po3unHeHHs. Kon0y 3akpuBaioTh BaTHO-MapieBOK MPOOKOK 1
CTEpUJII3YIOTh B aBTOKJaBI mpu Temneparypi 131°C ynponox 40 xB, npu 0,15 MIla.

P 3.2. Illpuecomysanus i cmepunizayisi NONCUBHO20 cepedosuwa OJisl
BUPOWLYBAHHS IHOKYAAMY 8 IHOKYIAMOPI 00 ' emom 15 11

JU1s BUpOILLyBaHHS 1HOKYJIATY HeoOx1aHO 9,1 1 moxxuBHOro cepenosuma (10 i 3
BpaxyBaHHSIM IHOKYJSTY, IO HaAiMmioB 3 koi0). BMicT KOMIOHEHTIB s
NPUTOTYBaHHS AAHOTO CEPEOBUIIIA HABEACHO B Ta0.7.2.

Tabnuys 7.2.

Cxiax KoMIo3unin Ui cTepuiIizalil NO’KHUBHOIO CepeloOBUIIA B iHOKYJaATOpi 15

b |
Bwmict
KomrmioneHt . O0’em
Konuenrpairiss, | KOMIOHEHTa y .
[MOKUBHOTO Kommno3umisg | xKoMIio3uii,
/11 9,1n
cepesloBHIIa MJI
cepenoBuIIa, T
I'mroko3a 20 182
DKIKOBUM
Hpii 5 455
CKCTpPaKT
KaszeinoBuii
10 91 A 3000
MENTOH
M’ acuuii
10 91
EKCTPaKT
Bona 2591
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3akinuenus mabn.7.2.

TBiH-80 1 9,1
AlietaT HaTpitO 5 45,5
CsHsO7(NH4)3 2 18,2
MgSO4 x 7TH20 0,2 1,82 b 6000
MnSO4 x H,O 0,05 0,45
Bona 5325
Konnencar 600
KoHPO4 2 18,2
Bona 81,8 B 100

JIP 3.2.1. Ilpueomysarns i cmepunizayis komnozuyii A

Ha texHiuHMX Barax 3BaxyroTh 182 T rioko3u, 45,5 T APIKIKOBOTO €KCTPAKTY,
91 r ka3eiHoBoro mentoHy ta 91 T M’sicCHOTO eKCTpakTy. KOMIIOHEHTH MOMIIIAIOTh Y
TEPMOCTIMKY MJIOCKOJOHHY KOJIOY 00’€MOM 5 11, 32 JOMOMOI'OK0 MIPHOTO LIMJIIHIpA Ha
5 1 momaroth 2591 M BOIM AMCTHIIBOBAHOI. BMICT KOJIOM MEepeMinIyioTh O MMOBHOTO
po3unHeHHs. Crepuiizailisi KOMIIO3MIIT MPOXOAWTh B aBTOKJIAaBl MpU TeMIeparypi
112°C, mix Tuckom 0,05 MIla, ynponosxk 30 xB.

JIP 3.2.2. [Ipueomysanns i cmepunizayis komnozuyii b

Ha texniuHux Barax 3BaxkyroTh 45,5 r arieraty HaTpito, 18,2 T iuTpaTy aMoHilo,
1,82 r renrarigpaty cynbdary marsiio, 0,45 MoHOriapaTy cynbdary MaHTaHy Ta
BIIMIpIOIOTh  10-MminimiTpoBUM MipHUM IwmiHApoM 9,1 mn  TBiHy-80. HaBaxku
NOMIIIAIOTE y PoOOUYMid 1HOKYJATOp Ha 15 7. 3a 1omomMoror BaroBOro J103aTopa
nomaroTh 5325 mu nmuTHOI BOJAW. BMHKAOTh MIMIAIKy Ta MEPEMIITyIOTh 10 MOBHOTO
po3unHeHHs. CTepuitizallisi KOMIO3uLii MpoXoAuTh npu Temneparypi 131°C ynpoaos:x
40 xB, ipu 0,15 MITa.

JIP 3.2.2. [Ipueomysanns i cmepunizayis komnozuyii I’

Ha Texniunux Barax 3BaxyloTb 18,2 T rigpooprodocdary kamiro. HaBaxky

NOMIIIAIOTh Y TEPMOCTIHKY IJIOCKOJOHHY KOJOy 00’emom 250 mu1, 3a JOMOMOTOIO
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MipHoro uuiisapa Ha 100 ma noxarote 81,8 MiT IMCTUILOBAHOI BOAM, 1 IEPEMILITYIOTh

A0 TIIOBHOTO PO3YHWHCHHA.

KonGy 3akpuBalOTh BaTHO-MapJjieBOK MPOOKOIO 1

CTEpUJII3YIOTh B aBTOKJaBI pu Temneparypi 131°C ynponosx 40 xB, npu 0,15 MIla.

JIP 3.3. Illpucomysanus ma cmepunizayis. NOMCUBHO20 cepedosuuia O

supobHuv020 biocunmesy y pepmenmepi 06'emom 0,15 m’

JUist BUPOOHMYOro KyJIbTHBYBAaHHS HEOOXIIHO 86 J1 MOXKMBHOTO CEPEIOBHUILA.

BwmicT KOMIIOHEHTIB JJ1 MPUTOTYBAHHS JIAHOTO CEPEIOBUINA HAaBeIeHO B Tabm.7.3.

Tabnuys 7.3.
Criax KoMIo3uuii Ui cTepuiIizanii NOKUBHOTO cepelOBUIIA JI BUPOOHUYOTO
KYJbTHBYBAHHS
Bwmict
KomnoneHT KonmerTparis, KOMIIOHEHTA Y | 06’ em
MOKHWBHOTO o 86 1 Komnozwuttis xoMrro3umi,
cepeaoBuIIa cepeaoBUIIa,
KT
I'mroko3a 2 0,17
ITenTon 10 0,86
MOSVKOBO— 17.5 1,51 A 23
CEPIIEBUM IKCTPAKT
Bona 72,9
Konneuncar 8,3
NaCl 5 0,43
Na;HPOq4 2,5 0,22 b 3
Bona 2,4

JIP 4.3.1. IIpueomysanns i cmepunizayis komnozuyii A

Ha Texuiunux Barax 3BaxywoTsh 0,17 r rmokosu, 0,86 kr nmentony ta 1,51 kxr

MO3KOBO-CEPIIEBOT0 eKCTpaKkTy. HaBaxkky nepeHocsats y podounii pepmentep Ha 150 m,

J0ar0Th 72,9 J1 MUTHOI BOJH, 00’ €M SIKOI KOHTPOIIOETHCS poTaMeTpoM. KoMImoHeHTH

HepeMiIHyI-OTB A0 TIOBHOT'O PO3YMHCHHA.

KOJI6y 3dKpUBAlOTh BATHO-MAapJICBOIO

IpOOKOKO 1 CTEpUIII3YIOTh B aBTOKJIaBI npu Temiepatypl 131°C ynponosx 40 xB, pu

0,15 MIIa.

JIP 3.3.2. IIpueomysarnns i cmepunizayis komnozuyii B
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Ha texniunmx Barax 3BaxyioTb 430 r NaCl ta 220 r Na,HPO4 Haaxky
MOMIIIAI0Th Y KOJIOy 00’€MOM 5 J1, 32 IOMOMOT'0F0 MIPHOTO HIIHAPY HA 5 71 T0JaI0Th
2,4 1 MUCTUIBLOBAHOI BOAM, 00’€M SKOI KOHTPOJIOEThCS poTameTrpoM. Crepuitizailis
KOMITO3UIII{ TPOXOJUThH 32 PAXYHOK MOJIadl HACMUEHOT IMapy Yepe3 HUKHIN CIyCK Mpu
temreparypi 131°C, mix tuckom 0,15 MIla, Bupomosxk 40 xB.

TII 4. Iliocomoeka nocienozo mamepiay

TII 4.1. [TliompumanHs KOAEeKYIUHOI Ky1bmypu

306epiratoTh KynbTypy Enterococcus faecalis 14 npu +4°C (B XOJOAWIHHUKY) Ha
HamniBpiagkomy MPC-arapi 3 0,5% ritoko3u Ta kpeioro. [lepeciB 3ailicHIOI0TH pa3 B 1-
3 wmicsug. Yci poOOTH 3 KOJEKIIHHOW KYJIbTYPOIO MPOBOASTH CTPOTO B CTEPUIBHUX
ymoBax. KOHTpOJIb UUCTOTH 1 aKTUBHOCTI KYJbTYpPHU 3A1MCHIOIOTh BUCIBOM OakTepii Ha
gamku [leTpi 1 moganpImmmM MiKpOCKOTIIFOBAHHSIM.

TII 4.2. Ooeporcannsn pob6ouoi Kyibmypu Ha a2apu3o8aHoMy cepedosulyi

Konekuiiiny xynetypy Enterococcus faecalis 14 (Bim TII 5.1), po3ciBaroTh
METJICIO JI0 130JIbOBAaHMX KOJIOHIN Ha yamku [letpi i3 MPC-arapoM 1 BUpOITYIOTh MpU
temrepatypi +37°C ynponoxk 24 roj.

TI1 4.3. Bupowyysanus pooo4oi Kyi1bmypu Ha a2apu308aHomy cepedosuiyi

[3onb0BaH1 komoHiil (Big 77/ 5.2) B aCeNTUYHUX YMOBAaX MEPECIBAIOTH METICIO Y
npobipku 3 MPC-arapom. OnHa 130Jb0BaHa KOJIOHISI 3aCIBA€EThCS B OJHY OKpEMY
npoOipky. [Ipobipku iHkyOytoTh 24 rox npu Temmneparypi +37°C. KoHTponb 4ucToTH i
AKTUBHOCTI KYJIbTYPH 3/J1MCHIOIOTH BUCIBOM OakTepii Ha damku [leTpi 1 momanbmmm
MIKPOCKOITIFOBaHHSIM.

TII 4.4. Bupowyysanus nocisHo2o mamepiany  Koioax

Y kon6y o6’emom 1 1 i3 500 ma poszumny kommosuiii A (Bix AP 3.1.1) B
ACEeNTUYHUX YMOBax B yraboparopii BHOCATH 220 mi po3unny kommoswutii b (Bix [P
3.1.2), 100 mn pozumny xommosuiii B (Big AP 3.1.3). OTpumany cyOCTaHIIiO
HNEePEMINIYIOTh 1 pO37IMBat0Th 0 137 MJI B 6 CTEpUIIBHUX KayaJIO4yHUX KOJ0 00’ eMom 750
M.

Hami y npobipku 3 pobouoro KyinbTypoto E. faecalis 14, Bupomeny Ha MPC-arapi,

acenTU4YHO BHOCATH 10 mut (hi310JI0TYHOTO PO3UHHY, CYCIIEHIYIOTh KJIITHHU (3MUBAIOTh
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KyJIbTYpY), MIMETKOI0 BIAOMPAIOTh OJIEp:KaHy CYCHEH31I0 KIIITHH 1 BHOCATH y KOJOH 3
PO3JIUTUM TMOXUBHUM cepenoBuileM. J[is 3aciBy IIeCTH KOJIO BHUKOPUCTOBYIOTH
OakTepiaNbHy CyCHEH3110, OJEpKaHy 3 BOCbMHU MpoOipokK (1o 10 mi1 3 KOKHOT).

KynsTuByBaHHs OakTepiii 3MIMCHIOETHCS y KOJI0aX B TEPMOCTATUIHOMY IIIEUKEPi
npu 37°C ynpoaosx 24 roji, 3 MONepeaHiM NpoAyBaHHSIM a30Ty Ta Tipo3aTBOPOM s
BuganeHHss COx. Yepe3 12 roauvH MIPUIOM BIOOUPAETHCA 3Pa30K KYJIbTYypaJbHOI
PIIMHU 1 POBOAMUTHCS MIKPOOIOJOTIYHUN KOHTPOJb MIJISXOM MIKPOCKOITIFOBAaHHS Ta
nociBiB Ha vamku Ilerpi. Ilicns 3aBepilieHHs BUPOLIYBaHHS IOCIBHUM Martepiai
NEPEHOCATh B CTEPUJIbHY 3aCiBHY KOJOy 00’€MOM 2 JI, MEPEMIIIyI0Th, 3aKpPUBAIOTh
BaTHO-MapJIeBOIO MPOOKOIO.

TII 4.5. Bupowyeanns nocieno2o mamepiany 8 iHOKyIsamopi 06’emom 15 1

B inokynsaropi (I-1) 3 crepunpnoto kommoswuiiero b (Bix /P 3.2.2) uyepes
3aciBHMM 0auok BHOCATH Kommosuiliro A (Big AP 3.2.1) ta xomnosumito B (Big /[P
3.2.3). Jo iHokymsaropy (I-1) momaroTh XO0JIOAHY BOAY Ta KOHTPOJIIOIOTH 3HAYEHHS
TeMIIepaTypH MOKUBHOTO cepepoBuina Ha piBHi 37°. [licns ontumiszaiii Temmneparypu,
yepe3 nepucTaibTUuHUi Hacoc B 1HOKyIsTOp (I-1) moctymae mociBHUIT Marepian 3
MUHYJIOI CTajil MiAroTOBKY 1HOKYyNATY (Bim 711 4.4). Jani, B aceNTUYHUX YMOBax JI0
aBTOMATU30BaHO CHCTEMH peryiroBaHHs piBHIO pH mix’ennyrors koiadbu 3 6 %
po3unHoMm NaOH (Big /[P 2.2) ta 6 % po3zuunom HCI (Bin /[P 2.1). PerymoBanusa pH
3MIUCHIOETHCSI aBTOMATHYHO Ta BIJICITIIKOBY€ETHCS HA TUCIIICT. BCTaHOBIIOETHCS peKUM
nepeminryBants — 100 06/xB. Uepes 6apboTep B cepeIoBUILE TTOTAETHCS a30T, KUIBKICTh
SAKOTO PETYJIOEThCS 3HAUEHHSM Ha JaTYMKy pPO3YMHEHOTO KHCHIO, 1 TakoX 3
cepenoBuia BiaBoauThes Haamumok CO» dyepe3 BUMTyCKHUH KianaH. KyabsTuByBaHHS
NPOBOAATH BHpoAOBXK 24 roa. Uepe3 kokHi 4 TOAMHU uYepe3 BiIOUPAETHCS 3pa3oK
KyJIbTYpPaIbHOI PIAMHU 1 TPOBOAUTHCSA MIKPOOIOJIOTIYHUN KOHTPOJh MUIIXOM
MIKpOCKOIIIFOBaHHS Ta MOCIBIB Ha yammku [letpi.

TII 5. biocunme3s

TI1 5.1. Bupobruue Kynomuey8anHs;

V depmentep (OP-3) 06’ emom 0,15 M* 3 crepunbHOI0 KOMmosuwico A (Bix P

3.3.1) 3a gomomoror 3aciBHOi KojOu mojarTh kommnosuuiro b (Big /[P 3.3.2). B
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acCenTUYHUX yMOBaX IO CHUCTEeMH mia eaHyeThcsi konba 0,5 M Hatpiit-pocharuuit
oydep (Bix /[P 2.3), mo nocrymnae a0 hepmenrepy (PP-3) 3 aBToMaTHYHOIO PETYIISAIIEI0
pH ana vopmamizauii pH (pH=6,3).

B copouky ¢epmeHTepa MoJarOTh XOJOAHY BOAY 1 KOHTPOJIOIOTH 3HAYEHHS
TeMIlepaTypH MOKUBHOTO cepenoBuia Ha piBHi 37°C. Ilicnsg onTumizaiiii TeMiepaTypu
1 pH, nam y ¢pepmentep (PP-3) 3a nonomororo Hacocy (H-2) nepekauyroTh NOCIBHUN
MaTepiay 3 MUHYJIOI CTajii MiAroTOBKU 1HOKymATy (Bim 711 4.5). BcraHOBIIOETHCA
yactoTa obepTaHHs Mimanku - 160 06/xB. Uepe3 OapboTep B cepeloBUIIE MOIAETHCS
a30T, KUIBKICTh SIKOTO PETYJIOE€THhCS 3HAUYEHHSIM HA JIATUYUKY PO3YMHEHOTO KHUCHIO, 1
TAKOX 3 CepelloBUIa BIIBOAUTHCA Hammumok CO: depe3 BUIMYCKHUN KIamaH.
TpuBanicts KynbTUBYBaHHS — 18 ro. KoxH1 4 roguHN NPOBOAUTHCS MIKPOO10JIOTTUHUN
KOHTPOJb INUISXOM MIKPOCKOIIIOBAaHHS Ta TOCIBIB Ha variku [letpi. depmMenTairiro
3YMUHSAIOTH MICIS JOCATHEHHS HEOO0X1JHOT KOHIICHTPAIIll EHTEPOIUHY .

TII 6. 36epicanna KyaemypanbHoi piounu

TII 6. 1. 36epicanus Kyrbmypanbroi piounu y 30ipuuxy na 110 1

Kynastypansny piauHy 30epiratore y 30ipHUKY nipu 4-8 °C mjig moaanbuioro
BiJITIJICHHS Ta OYUIIICHHS] CHTEPOIUHY.

TII 7. Bioodinenns 6iomacu

TII 7.1. llenmpughyeysanns KyivmypaivHoi piouHu

BmukaroTh MpPOTOYHY TPOMHCIOBY HEHTPUPYTY, MO0 SKOI 3a JOTOMOTOIO
NEPUCTATHPTUYHOTO HACOCY TONAIOTh  KyJNbTypalibHy piAuHy 31  30ipHUKA.
BceranosmoroTs yactoty 00epTiB 8000 06/xB. PoboTa ienTpudyru npotsirom 1 roausu.
YTBOpeHa Oiomaca e Ha 3HeHKoKeHHs. CynepHaTaHT NePenBaroTh 10 301pHUKA.

TII 8. Konuenmpyeanns i o4uuieHHA eHmMePOUUHy

TII 8.1. Yaempaginempayis enmepoyuny

Otpumanuii cynepHatanT Bifg 77/ 8.1 mepekauyroTh Ha yJabTpadiabTpaliiiHy
YCTaHOBKY 3a IOTIOMOTOI0 MIEPUCTATBTUYHOTO HACOCY Yepe3 MeMOPaHU 3 HOMiHATbHUM
BIJICIYEHHAM MOJIEKYJSIPHOI Macu 5. BCTaHOBMIOETHCS MIBUAKICTH MOJadl — 5 JI/XB.

VYabTpadinbTpaniio NpoBOASITH MPOTIroM 2,5 rojauH. KOHIIEeHTpyBaHHS €HTEPOIMHY B
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10 paszis. Ilepmear nepenaeTbes Ha 3HEMKOKEHHS. OTpUMaHUN yIbTPAKOHIEHTPAT 32
JIOTIOMOT'OI0 MEPUCTATIBTUYHOIO HACOCA IEPEKAYYIOTh Y 301pHUK.

TI1 9. Cywiinnua enmepoyuny

TII 9.1. Cywinnua enmepoyuny y po3nuaio8aibHiu Cyulapyi

Otpumanuil yiabTpakoHieHTpat Bix 77/ 9.1. moctymnae a0 pO3MHIIOBAIBHOL
CYILIapKH 3a J0MOMOI0I0 MEPUCTANBTHYHOIO Hacocy. [linkntovarots nositps 3 /[P 2.3..
Bonoricte otpumanoro npoaykry — 1-5%. Tpusaiicte po6oTu cymapku — 1,5 roausm.
YTBOpeHe BoJIOTe MOBITPsI MEpPEAAEThCA Ha 3HEIIKOMKEHHS BiAXOJiB. Bucymenuit
€HTEPOLMH MOMIIIAITh y €MHICTh Ha 0,5 1.

TII 10. Cmaébinizauyia enmepoyuny

TII 10. 3miwysanHns enmepoyury 3 Cmaoiiizamopom

Ha TexHiuHUX Barax 3BaxkyroTh 1,217 KI MOMETHICHTIIIKOJIIO Ta IEPEHOCSTH 110
V-noxi6noro 3mimyBaya. Jlo anmapaty BHocATh 0,388 kr enrteporuny Bia TII 10.1.
3aKpUBAETHCS KpUILIKA, nepeMimyBaHHs TpuBae 10 xB. OTpumaHuil cTabLII30BaHUN
O1JIOK EPEHOCUTHCS Y EMHICTh, 00’ €MOM Ha 2 J1.

IIMB 11. Ilakyeannsa, MmapKy8aHHs, i06AHMANCEHH

IIMB 11.1. ®acysanns, naky8anus, MAapKy8aHHs NOPOUIK) eHMeEPOYUHY

Otpumanuii  entepouwH Bim 71/ [].] BUBAHTaXYyIOTh B J103aTOP
ABTOMATU30BAaHOI JIiHII 3alMOBHEHHA Ta (ACOBKH 3 3aKyNOPIOBAHHSAM KpPHILOK.
BcranoBmoeTbes peskuM 3aloBHEHHS: 7 T IpOoAyKTY B 1 (prakon. @acyBanHs (haakoHIB
Ta ixX 3aKynopka tpusae 20 xB. OTpuMaHuii NPOAYKT NEPEAAETHCS HA CKIA.

3B 12. 3newko0scenns 6ioxooie

3B 12.1. 3newroodicenns noGImpsiHUX 8i0x00is

OTpuMaHe BOJIOTE€ TOBITPS BiJl BiANPABISAIOTH y CHCTEMH 3HEIIKOKEHHS
ra30BUX BIJIXO/IIB.

3B 12.2. 3newro0dicenHs piokux 8ioxo0ie

OTpumaHuil mepMeaTr BijJ BIANPABIAIOTh Y CUCTEMH 3HEIIKOJKEHHS PIAKUX
BIJIXO/1B

3B 12.3. 3newxo0dicennss meepoux 6i0xodis

Otpumana 6iomaca Big 777 3. 1. BIAIPaBIAIOTh y CUCTEMU OYUCHUX CIIOPY/I.
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PO311JI 8
KOHTPOJIb BUPOGHUIITBA
8.1. Kapra nmocraniiiHOro KOHTpO.JI10 1o¢epMeHTANITHIX PoLeciB
[TocTamiitHuii  KOHTPOJL  JAO(EepMEHTaliMHUX MPOIECiB  BHPOOHUIITBA
EHTEPOIIMHY MpecTaBiIeHo B Ta0m. 8.1.
8.2. Mikpo0ioJioriuHuii KOHTPOJIb

3 METOI0 KOHTPOJIIO YUCTOTH KyIbTUBYBaHHs OakTepiit E. faecalis 14 HeoOXiqHO
IPOBOJUTH MIKPOOI0JIOTTYHUIM KOHTPOJIb Ha yCIX eTamnax, JjIsl TOro 100 BIE€BHUTUCH Y
B1JICYTHOCTI KOHTaMIHaIlii.

KoxHi 4 rox 3 iHOKyJIsSITOpY 1 (pepMeHTepa BiIOUPAIOTh 3pa3KH KYJIbTypaJbHOI
PIIVMHY JJIs aHATI3Y.

[TpoOy mpocTeprIIi30BaHOrO MOKUBHOTO CEPEJIOBHINA BiOMPAIOTh B 00’ €Mi, SIK
npaBwio, 50 Mia 1 3AIMCHIOIOTH MPSMUM BHCIBOM Ha arapus3oBaHl CepeIOoBHIIA.
KOHTpoJIb 311MCHIOIOTH IIAXOM PO3CiBaHHS MPOOH MPOCTEPUIII30BAHOTO MOKUBHOIO
cepenopumia (ab0 cTepWJIbHOI KOMIO3MII MOXKUBHOTO CEpEelOBUINA Tepen
3MillyBaHHsAM) Ha 4damku [lerpi 3 BIANOBIAHUM arapu3oBaHUM  [OKHUBHUM
CEpEIOBHUIIEM 1 TONATBITUM 1HKYOyBaHHIM [93].

Bukonanns nocisis. [lociBu 3A11CHIOIOTH IUTIAXOM Bi16opy 0,1 M1 3 06’ ema mpobu
CTEpUJIBHOIO MINETKOI 1 HaHeceHHs ii Ha moBepxHi0 CA — il BUSBJIEHHS IpHOIB 1
npikmkiB 1 MITA — nnsa BusiBieHHst 6aktepiil. CycneH3ii0 piBHOMIPHO PO3MOIIISIOTH
M0 TMOBEPXHI CEPEOBHUINA IITPUXOM 3a JIOMOMOTOK CTEPHILHOI OaKTEepioNOoTivyHOT
neTai. Yanrku 3 mociBaMu MoMiniarTh y TepMoctar 3a Temmeparypu 30...32 °C. Ananis
MOCIBIB 3/IIMCHIOIOTh, TOYMHAIOUHN 3 6...8 roguHu. Ha moBepxHi MOKUBHUX CEPEIOBHIII
BI3yaJIbHO BU3HAYAIOTh BIJICYTHICTh O3HAK POCTY MIKpoOOpraHizmis [93].

MikpoOioJOTiuHNN  KOHTPOJb YHCTOTH KYJIBTYpU 3IIMCHIOETHCS JBOMA
NUIAXaMU: T[PSMHM  BHCIBOM Ha  arapu3oBaHi TOXMBHI  cepeloBUINa 1

MIKPOCKOTIitOBaHHsIM [93].

HYXT FTEK 04.02.26 KP 113
3mn. |Jlucm | Ne doxym. Iionuc  |/lama
Po3pob. Koswap 1./]. P03ﬂ]ﬂ 8 Jim. Apk. | Apxywie
Ilepesip. Cmabnixoe B.11. KOHTPOJIb | | 66 106
Peyens.
H. Koump. BHPOEHHHTBA Kagbedpa hTM
3ameepo. Tupoe T.I1.




Kaprta nocragiiiHOro KOHTPOJII0 0i0OCHHTE3y €EHTEPOLUHY

Tabnuys 8.1.

Homep KOHTPOIbHOL
TOYKH TAa HA3Ba

O0’€eKT KOHTPOJIIO i
MOKA3HHUK, 110

3aco0u Ta MeTOoau

IlepioauynicTh NepeBipkn

HopMmatuBHa
XapaKTepPUCTUKA IOKA3HUKA,

KOHTPOJII0 Ta MOPAI0K Bixdopy npood
craii BU3HAYAETHCS P pia A00py 1P 110 BU3HAYAETHCS
1 2 3 4 5
Kx, KT, Km 2.1 Po3unn HCI, KoHLeRThaLiio Ta
[IpuroryBanns ta KOHIIEHTpAIlisl, 9ac Ta XiMiuHUN METOJ] HerTpar C=6%

crepumizaiis 6%-ro

TeMIlepaTypa cTepuiIizaiii,

CTEpUJIBHICTD MicCIs

B1JICYTHICTb MiKpOOiOTH

. 3MINTYBaHHS
po3unny HCl CTEPWIBbHICTh y
KonnenTpariiro 110 C=6%
Kx, KT, Km 2.2 Po3unn NaOH, e pII A
. P cTeputizallii, yac Ta T =40 xB
[TpuroTryBanHs Ta KOHIISHTpAITisI, 9ac Ta XiMigHUI METOJT . 0
S S~ TeMIlepaTypa IiJi 4ac t=131"C
cTepuiizaiis 6%-ro | TeMeparypa CTepuiizaiii, TOJTMHHUK, TEPMOMETP . .
. crepwiizanll Ta CTEpUIbHICTh P=0,15 MIla
po3unny NaOH CTEPUJIbHICTh . . . . .
micust BIJICYTHICTh MIKpOOiOTH
Kx. K. Kt 2.3 Pozuun Hatpiii- KonnenTpariiro 110 C=05M
P ) docdarnoro 6ydepa, .. . cTeputizallii, yac Ta =40 xB
[IpuroryBanHs Ta . XIMIYHHI METOL . 0
.7 . KOHIIEHTpalLls, 4ac Ta TeMrepaTrypa mij 4yac t=131"C
CTepuJIi3allis HaTpii- . TOJIMHHUK, TEPMOMETP . .
{bocdatHoro Gydepa TeMnepaTypa CTepuIIi3allii, cTepuJIi3alli Ta CTEpUIIbHICTh P=0,15 MIla
yoep CTEpHJIBHICTb micis BIJICYTHICTb MIKpOO10TH
K, Km 3.1.1. Kommoswuiis A, THCK, MapomeTp TexuiHuH, THUCK BU3HAYAETBCSA ITiJ1 Yac P=0,05 MIla
. TCPMOMETP TCXHIYHUU, . _ 0
[IpuroryBanss 1 TEeMIIepaTypa, 4yac S — cTepuiI3anli, t=112"C,
o TR , . . T B
CTepHHISaHIZ crepuizanii, MikpoGionoriuuuii Mle06'10JIOF1LIHI/II/I. KOHTpOIb . T 30 X8, .
KOMITO3HITi1 CTEPWIBbHICTh KOHTDOITh MICTs CTEpHITI3aIi BIJICYTHICTh MIiKpOOiOTH
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IIpooosocenns maon.8.1.

1 2 3 4 5
MaHomeTp TeXHIYHUN .
Kr, Km 3.1.2. . p . N TrCK BU3HAYAETHCS 11T Yac P=0,05 MlIIa,
. Komno3sumis b, Tuck, TEPMOMETP TEXHIYHUH, . 0
[IpuroryBanHs 1 crepuiizauti, t=112"C,
o TeMIleparypa, 4dac T'OJINHHUK, . . o
cTepuiIi3aLis . . . . o MiKpOOi10JIOTTYHUI KOHTPOJIb =30 xB,
cTepuIi3alli, CTEPUIbHICTh MiKpOOi107I0TTYHUN . o . . . .
komno3uiii b KOHTPOITb IICIIs CTEepUITI3anii BIJICYTHICTh MIKpOOiOTH

MaHoMeTp TeXHIUHUH,

Kt, Km 3.1.3. . . N Tuck BU3HAYAETHCA 11 Yac P=0,15 Mlla,
. Kommo3umisg B, Tuck, TEPMOMETP TEXHIYHUH, . 0
[IpuroryBanss 1 cTepuisanii, t=131"C,
. TeMIieparypa, 4yac TFOAUHHUK, . . . o
CcTepuJIi3alLis . . . . : . MIKpOOI10JIOTTYHUI KOHTPOJIh =40 xB,
cTepuJizanli, CTepUIIbHICTh MIKpOO10TOTTYHUI . . . . . .
KoMmIo3uiii B KOHTPOITb MICTIsl CTEepHITI3aIi BIJICYTHICTb MIKpOOiOTH

MaHoMeTp TeXHIYHUH,

Kt, Km 3.1.4. . ) . Tuck BU3HAYAETHCSA II1]T Yac P=0,15 MlIla,
. Kommozumis I', Tuck, TEPMOMETP TEXHIYHUH, . N
[IpuroryBanss 1 crepuizanti, t=131"C,
o TeMIlepaTypa, yac TOJVHHUK, . . o
cTepuIIi3amis o . . ) o MIKpOO10JI0TTYHUNA KOHTPOJIb Tt =40 xB,
CTepwII3alli, CTEpPUIBbHICTh MIKpOO10JIOT1YHUI . S . . . .
koMmnozuuii I’ KOHTPOJTH IICJIS CTepuIII3aliil BIJICYTHICTb MIKpOO10TH

MaHoMeTp TeXHIYHUH,

K, Km 3.2.1. . . N Tuck BU3HaYaeTHCA 17 Yac P=0,05 MIla
. Kommosumist A, THCK, TEPMOMETP TEXHIYHUH, o 0
[IpuroryBaHH1 1 cTepuiIi3anii, t=112"C,
S TeMIepaTypa, 9ac TOJMHHUK, . . o
CTepuIi3aLis . . . . D MiKpOO10JIOTTYHUI KOHTPOJIb T =30 xB, n=200 006/xB,
cTepuilizalii, CTepUIIbHICTh MiKpOO107I0TTYHUH . A . . : i
KOMIIO3HIIIT A KOHTPOITH MiCIIs CTepuITizaii BIJICYTHICTb MiKpOOiOTH

MaHoMeTp TeXHIYHUH,

Kt, Km 3.2.2. . . . Tuck BU3HAYAETHCSA II1]T Yac P=0,05 MlIla,
. Kommo3zumisa b, Tuck, TEPMOMETP TEXHIYHUH, . 0
[IpuroryBanss 1 cTepui3anii, t=112"C,
. TeMIleparypa, 4dac TOJIMHHUK, . . . .
CTepHITI3allis . . . ) D MIKPOOI10JIOTTYHUI KOHTPOJIh T =30 xB,
CTepHIIi3allli, CTEPHIbHICTh MIKPOO10JIOTTYHUI . D . . . )
Komno3uilii b TICTsl CTEepHITI3aIi BIJICYTHICTb MIKpOOIOTH
KOHTPOJIb
. MaHoMeTp TeXHIYHUH .
Kr, Km 3.2.3. Kommnosumis B, trck, P . S Tuck BU3HAYAETHCA 11 Yac P=0,15 MlIla,
. TEPMOMETp TEXHIUHUH, . 0
[IpuroryBanHs 1 Temieparypa, 4yac crepuiizanti, t=131"C,
. o TOJIMHHUK, TAXOMETD, . . ) .
cTepuIIi3aLis cTepuIi3alii, 4acTora MiKDOGIOTOr i MiKpOO10JIOTTYHUN KOHTPOJIb T =40 xB,
Kommo3uilii B obepTaHHs, CTEPHIBHICTh pKOHTpOJ'II) MICJISI CTEPUITI3allil BIJICYTHICTb MIKpOO10TH
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Ilpooosocenns maon.8.1.

1 2 3 4 5
MaHoMeTp TeXHIYHHIA .
Kt, Km 3.2.4. . P . . Tuck BU3HAYAETHCA 11 Yac P=0,15 MI]a,
. Kommo3umisa I', Tuck, TEPMOMETP TEXHIYHUM, . 0
[IpuroryBanss 1 cTepuisanii, t=131"C,
S TeMIleparypa, 4ac TOJIUHHUK, . . o
cTepuTizalis L . . . D MiKpOO10JIOTTYHUNA KOHTPOJIb T =40 xB,
CTepuIi3alii, CTepHIbHICTD MiKpOOi0TOTi9HUH . o . . . .
KoMmo3utii I’ KOHTPOITD miciis cTepuitizanii BIJICYTHICTb MIKpOO10TH
. MaHoMeTp TeXHIYHHIA . P=0,05 MIIa
Kt, Km 3.3.1. Kommosumist A, THUCK P . N Tuck BU3HavYaeTHCA 1T Yac i
’ ’ ’ TEPMOMETp TEXHIUHMIA t=112°C
[IpuroryBanns i TeMIIepaTypa, yac p FOHEHHHK ’ cTepuIizaiii, =30 xB ’
CTepHITI3allis CTepHIi3aIlii, 4acToTa MiKDO 6ionoriq’HI/H71 MIKpOOI0JIOTTYHUI KOHTPOJIh 1=200 06 /)213
KOMITO3HLIT A 00epTaHHs, CTEPUIIbHICTD P micis crepunizarii . ; L
KOHTPOJIb BiJICYTHICTh MIKpOOiOTH
. MaHoMeTp TeXHIYHHIA . P=0,05 MIla
K, Km 3.3.2. Kommo3zumisa b, Tuck, Te MOMeTp TeXHquHﬁ’ Tuck BU3HAYAETHCA II1JT Yac ; = 112°C ’
[IpuroryBanns i TEMIIEpPATypB, Yac p P ’ cTepuizaiii, ’

. SO TOAMHHUK, TAXOMETD, . . . o t=30ron,
CTepHITI3aIlis cTepuIizallii, 4acToTa MiKDOGIOTOM A MiKpOO10JIOTIYHHNA KOHTPOJIb 1=200 o6/x5
Komrno3uuii b o0epTaHHs, CTEPUIIbHICTD P micIis cTepuitizanii . ; L

KOHTPOJIb BiJICYTHICTh MIKpOOiOTH
. MaHoMeTp TeXHITHHIA . P=0,15 MIla
Kr, Km 3.3.3. Kommnosumis B, trck, Te MOMeTp TeXHquHﬁ’ Tuck BU3Ha4Ya€THCA 111 Yac ¢ _’1 31 9C ’
[TpurotyBaHHs 1 TeMIleparypa, 4ac p P ’ cTepuiizanii, ’

.. S TOAUHHUK, TAXOMETD, . . . - T =40 xB,
CTepUITi3allis cTepuIii3allii, 4acToTa V- MiKpOO10JIOTTYHUNA KOHTPOJIb 12200 06/xB
koMmmo3uii B o0epTaHHs, CTEPUIIbHICTD p MICHs cTepuTi3alii . . L

KOHTPOJTb BIJICYTHICTh MiKpOOiOTH
- S Temnepatypa npotarom 0
Kr, Km 4.1, Konekuiitna kynbTypa, TepMoMeTp TEXHIYHH, 3GepiranHs, t=4"C, o
i rprvasss TEeMIepaTypa, 4acToTa TOJUHHUK, MikpoBiostoriuHa mcToTa Tnepecis = 1-3 MicsII,
AV nepeciBiB, MIKpoOioJIoTivyHA MIKpOOi0TOT9HII . BIJICYTHICTb CTOPOHHbBOT
KOJIEKI[IHHOT KYyTbTYpH wHCTOTa COHT TICIS] BUPOITYBaHHS D00
pOIb MIKpOOiOTH
KYJIbTYPH
K, Km 4.2. - o TeMneparypa BU3HAYAETHCS 0
OnepsxaHHS Po6OUOT KonekuiitHa kynbpTypa, TepMoMeETp TEXHIYHHIA, HiJ YA BUPOLTY BAHHS t=37"C,
KyJbTYpH Enterococcus TeMIeparypa, TpUBaJIiCTh TOJIMHHUK, Mikbo 6i0J‘IOlI") quZ ‘II/ICTO.Ta T =24rog,
faecalis 14 na BHUPOILIyBaHHS, MiKpoOioJoriuHui Hli)CJIH BHPOIIYBAHHS BIJICYTHICTb CTOPOHHbBOT
arapu3oBaHOMY MiKpO0i0J10riyHa YUCTOTA KOHTPOJIb POty MiKpoOioTH
CepelOBUIIIL KYJIBTYPH
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3akinuennsa maon.S. 1.

KOHIICHTpallis 0ioMacH,

KOHIICHTpALlisl CHTEPOILIUHY

1 2 3 4 5
KT, Km 4.3.
BuporyBaHHS po604oi Po6oua kynbTypa, TepMOMeETp TEXHIUHUM, TemnepaTypa BUBHAYAETHCA t=37°C,
KyJbTypu Enterococcus TeMIepaTypa, TPUBAJIICTh TOJUHHUK, MiJ] 4ac BUPOIIYBAaHHS. T=24rox,
faecalis 14 na BUPOILIYBaHHS, MiKpOO10JI0TTYHHH Mikpo06iosoriyHa 4ncToTa BiZICYTHICTh CTOPOHHBOI
arapu3oBaHOMY MiKpoOi0JIOTiYHA YHCTOTA KOHTPOJIb IICJIsl BUPOILLYBAaHHS KyJIbTYpHU MiKpOOioTH
CEepEeIOBHIIT
MikpobionoriyHa yucTora
Kt, Km 4.4. ITociBHuii Matepia, TepmomeTp TEXHIYHMIHA, BH3HAYAETHCS IMIiCIA t=37°C,
BupomyBanus TeMIIeparypa, TPUBATICTh TOJUHHUIK, BHUPOIIYBaHHS KYJIbTYpPHU B T =24 roqx,
MOCIBHOT'O MaTepiay B KyJIbTUBYBaHHSI, MIKPOOi10JIOTTYHHIA KoJ0ax Ha Kadankax. BinGip B1JICYTHICTh CTOPOHHBOI
KoJI0ax Ha KayaJlkax MIKpOOIOJIOTYHa YHCTOTa KOHTPOJIb npo0 KyJIbTYpalbHOI PiTUHH — MiKkpoOioTn
KOXHI1 12 rox
N : Mikpo6ioa0riyHIi KOHTPOIB =
Kx, KT, Km 4.5. ITociBuuit maTepian, pH, Hatuuk pH Ta P . P pH 760’
: Ti]] 9ac BUPOIIYBAHHS t=37"C,
BupormyBanus TEMIIEpaTypa, TPUBATICTh | TEeMIeEpaTypu, TOJUHHUK, . .
. . IHOKYJISITY B IIOCIBHOMY T =24rog,
MMOCIBHOT'O Marepialy B | KyJbTUBYBaHHS, 4aCTOTa TaxoMeTp, S _
. i 06° 6 006 . . armapari i B KiHI[i POIIECY. n=100 06/xB
IHOKYJIATOpI 00’ eMOM o0epTaHHS MIiKpOOi0TOTIUHAN . . . . -
YIBLTOp . DOCPT ’ P Binbip mpo6 KyabTypanbHOl BIACYTHICTb CTOPOHHBOL
157 MiKpoO010JI0Ti4Ha YHCTOTA KOHTPOJIb . . iKDOGI
PIIMHY — KOXHI 4 rof MIKpPOO10TH
KynbTypanbHa piquna, pH . . L H=6,3,t=37°C
YARTYD PLAHIa, PE, Mikpo06i0IOTTYHII KOHTPOJIb p 5 ’
TeMIepaTypa, TPUBAJIICTh Hatuuk pH Ta . T =18 rog,
TTi]] 9ac BUPOIIYBAHHS
Kx, KT, Km 5.1. KYJIbTUBYBAaHHS, 4aCTOTa TeMIEepaTypH, TOJUHHHUK, KyIETYpH B (hepMerTepi i B n=160 00/xB,
Bupob6uuue obepTaHHs, TaxoMeTp, YIPTYD PMCHTEp BiJICYTHICTh CTOPOHHBOIT
. . . . : . KiHIi pouecy. Binbip mpoo . .
KyJbTUBYBAaHHS MiKpOoOi0JIoTiuHa YUCTOTA, MiKpOO10JI0T1uHUI KYJIBTYDATEHOT i IMHH MIKpOOi10TH
KoHTposb, DEK, IOA Y }II}Z))KHi 4 rl())zx Co=5 1/n
Ce= 5,942 1/n

70




[IpssMuii BUCIB BUKOHYTh BHCIBOM KYJIBTYPQJIbHOI PIAWHU [0 130JbOBAaHUX
KOJIOHIM Ha yamku [leTpi 3 M SCO-IENTOHHUM arapoM JJii MOHITOPUHTY MOKJIMBHX
CTOPOHHIX OakTepil, cyciio-arapom abo TIIFOK030-KapTOIUISTHUM arapom — JIPDKIKIB Ta
rpubiB Ta VRE cenextuuuit arap st inenrudikamii E. faecalis 14 [93-95].

Takox, mis igeHtudikamii MoxyTh BukopuctyBatuch CE arap (Chromocult
Enterococci agar), BEA arap (Bile Esculin Azide agar) ta arap 1 €HTEpOKOKIB
(Enterococcus agar). Ane 3Baxaroun Ha Te, mo CE arap Ta arap st eHTEpOKOKIB
npu3zHayeHud g inentudikamii O6akrtepiit poxy Enterococcus, a BEA — oxpim
€HTEPOKOKIB, 11I€ i CTPENTOKOKIB, AJopeuHo oOpatu VRE cenexruBHuii arap. Ha upbomy
CepeNOBUII MOXKYTh pocTu jauine Oakrepii E. faecalis ta E. faecium, KOmoHIi IKUX
BIJIPI3HSIOTHCSA KOJILOPOM (32 YMOBHM POCTY Ha JaHOMY CyOcCTpari), 110 TOJIETIIYE
nojaneny inentudikaiio [94-98].

MIKpOCKOIIIFOBaHHS TPOBOATH  CBITJIOBUM MIKPOCKOIIOM 3 1MEPCIHHOIO
cucrteMor. MeTtoanka MikpockoritoBaHHs [99]:

JUis mpuroTyBaHHS Tpenapary Ha 4YHCTE€ 3HEKUPEHE MpeIMETHE CKIO, B
aCeNTUYHUX YMOBaXx, 3a JIOIOMOTOI0 CTEPUIIBHOI METIIi HAHOCSITh HEBEJMKY KPAIUTMHY
KYJITYPAIbHOI PIIMHM 1 PO3MOMIISIOTH ii piBHOMIpHO Ha mromi 1-4 cM?, 3poOuBIIK
AKOMOTa TOHIIMI Ma30K. Ma3oK BHCYUIYIOTh 0O€3 HarpiBaHHs, MPU KIMHATHIN
TEeMIlepaTypl, 10 TOBHOIO BHUIApOBYBaHHS BoJjioru. DikcyloTh mpemapar Tpuyl
IOPOBEBIIM CKJIO 3 TpernaparoM 4Yepe3 BEpPXHI0O YacTUHY NanbHHUKA. DiKcoBaHMIA
npernapar 3aluBaloTh KUTbKOMa KpamisiMd OapBHHKA — METHUJICHOBOTO CHHBOTO.
Posnoaunsators 6apBHUK MO BCli moBepXxHI Mazka. @apOyroTh npenapaT NpoTsIroM S XB.
[ToTim (papOy 3mMBar0TH, MpenapaT J00pe MPOMHUBAIOTH TUCTUIILOBAHOIO BOI010. CKIIO
3 KpaiB MpOTUPAIOTh (QiTBTPYBATHHUM ITallepOM, IIperapaT BUCYIITYIOTh MPU KiIMHATHIN
TEeMITepaTypi.

[ToTim Ha aGCONIOTHO CYXUH MTpenapaT HAHOCATh KPAIUIMHY IMEPCIHHOTO Macia.
MIiKpOCKOIIIOIOTh MiJ BETUKUM 30UTbLIeHHAM Mikpockona (%90). ITicis poboTu BaToro,
3MOYEHOIO €THJIIOBUM CIUPTOM, 3HIMAIOTh 3JIMIIKHA Macia 3 iIMepCiiHOro 00’ €KTHBA.

Komnonii E. faecalis 14 na VRE cenextuBHOMY arapi MaroTh BUTJIS HEMTPO3OPHUX

KOJIOHIM, Kpyryioi (opmH, 3 TIaJKOI, MaTOBOK IMOBEPXHEIO Ta OJaKUTHUM abo
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OJaKUTHO-3eJIeHUM 3a0apBJIeHHSM (B 3aJI€KHOCTI BiJ BUpOOHUKa cepenoBumia). [Ipu
BIJICYTHOCTI Yy 3pa3Ky CTOPOHHBOI MIKpO(MIOpH IMiJ 4ac MIKPOCKOIIIOBAaHHS MOKHA

nobayuTu KIiTuHH [94,95].

A &

- Yl
VREFP&%.&T' A
S . ate . ]

Puc.8.1. Konowii Enterococcus faecalis 14 na VRE cenextusHomy arapi [100]
[Tim MiKpOCKONOM KIITHHH OBajibHI, HEPYXJIMBi, TPAMIIO3UTHBHI, CIOp HE
YTBOPIOIOTh, (haKyJIbTaTUBHI aHaepoOu. Po3TamoByrOThCS mapamu, HEBEIHUKUMU
CKYIMUEHHSIMU, PIAUIe - KOPOTKUMU JaHUokkamu. Posmipu kmitud 0,6-2,0x0,6-2,5
MkM. [Ipu MikpockomitoBaHHI Mpenapary MOJOYHOKHCINUX OakTepiid mogapOoBaHOTO

METUJICHOBUM CUHIM, KIIITUHU MalOTh CUHLO-(10JIeTOBE 3a0apBiieHHs [43].
[ L 4 " . ‘ ' . . #

Puc.8.2. Knitunu Enterococcus faecalis 14 i CBITI0OBUM MIKPOCKOIIOM (30UIbIIICHHS
x400) [101]
8.3. IToka3HUKM POCTY i CMHTE3y HIJILOBOIO MPOAYKTY

8.3.1. Konuenrpauis diomacu
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bioMacy BU3Ha4YaroTh 32 ONTUYHOIO T'YCTUHOIO KIITHHHOI CyCHeH3li, SIKy MOTIM
nepepaxoByIOTh B Cyxy Oiomacy.

Memoouxa euznauennsi xKouyemwmpayii 6Oiomacu. Y npoOipku 13 9 M
JUCTUIILOBAHOI BOAM BHOCUMO MO 1 MJI KyJbTypanbHOi pinnHu. Cymiml 300BTYy€ThCH,
HAIMBAEThC B  KioBeTy. lloTiM, 3a momomMoroi  (hOTOENEKTPOKOIOPUMETPY,
BHUMIPIOETHCS ONITUYHA TYCTHUHA MIPU AOBXKHHI XBHIII - 540 HM. 3a 3HaYEHHSM ONTHYHOI
TYCTUHH TIPOBOJIATH MEPEPaxXyHOK B CyXy Olomacy 3a JIONMOMOTOI0 KajaiOpyBalbHOTO
rpadika.

8.3.2. KoHueHTpaumiss eHTepPOLHHY

JIyist BUBHAUEHHS KOHIIEHTpAIlll EHTEPOLIMHY BHUKOPUCTOBYIOTH M€TEPOreHHUMN
imyHOpepmenTaui anaini3 (IGA) 13 3acTocyBaHHSIM IUIaHIIETHUX piaepis [102].

Jlanuit anami3 6a3yeTbcsl HA IMYHOJIOTIYHIN peakilli aHTUTEHY 3 BiAMOBIIHUM
AHTUTIJIOM 3 YTBOPEHHSIM KOMIUIEKCY QHTUTE€H — aHTHUTLI0. J[Js BUSBIEHHS JTaHOTO
KOMILUIEKCY BUKOPHCTOBYIOTh KOH IOTaTH aHTUTEHY, aHTUTL1a 200 001/ 1Ba KOMITOHEHTH
miei peakiii 3 ¢epmeHTamMu. [HAMKATOPOM peakilii € 37aTHICTh €H3UMIB BHUKIHKATH
pyWiHYBaHHS CcyOcTpaTy 3 YTBOPEHHSM 3a0apBJICHOTO MPOAYKTY. |HTEHCHBHICTH
3a0apBIEHHS MPSMO MPOTOPITIHHA KITFKOCTI 3B'S3aHUX MOJICKYJl aHTUTEHY 1 aHTHTLI
[103,104].

Biooinenna o6iomacu. lIlicia 3akiHYEHHS IHAYKUID CHHTE3Y EHTEPOLIMHY
KynbTypanbHy pimuny E. faecalis 14 (100 mn), nentpudyrytors npu 9000 o6/xB
npotsarom 5 xB. OTpuMaHuii cynepHaTaHT 1HKYOyioTh Bcto Hiu npu 4 °C 13 CM
Sephadex® C-25 (GE Healthcare Life Sciences, Milwaukee, Bammunrron).

Biooinenna cmonu. Cwmony mnpomuBaioTh y Oydepax (50 MM wHaTpiii-
dbocdharauit 0ydep, pH=6,3 (50 ma) ta 0,5 M poszuun NaCl (50 mn)). 3B’sa3anuii 3i
CMOJIOIO OaKTEepHUIONUH MiAMa0Th enfotoBanHio 1,5 M pozunny NaCl (20 mm) [31].

Ilpueomysanus 6yghepy. Jlns mpuroTyBaHHs Hatpiii-hocharHoro Oydepy
cnoyatky HeoOx1aHo npurotryBatu 1 M po3unn NaxHPO4 (HaBaxkky 142 r po3uHHSIOTH
B 1 1 nuct.Boan) 1 1 M po3uun NaH>PO4 (HaBaxkky 60 r po3uussitors B 500 Ma auct
Boau). Jlnst oneprxannst 50 mur 1 M Harpiit-docdarnoro Oydepy o0’ eqnyroTh 45,7 mi

1 M pozuuny NaoHPO4 Ta 4,3 ma 1 M po3unny NaH;PO4 (pH xontposntorots Ha pH-
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metpi). st onepskannst 0,05 M Hatpiit-dpocdarroro 6ydepy 1 M Oydep po3dasmsitors
muct. Bogoro y 20 pasiB [105].

Ilpueomysanus pozuunis. Jlns npurotyBanus 0,5 M po3uuny NaCl Heo6xiaHo
npurotyBatd 1 M po3umH (HaBaxkka 58,5 r po3unHAOTH B 1 1 auct.Bomu). Llo6
orpumatu 50 M1 0,5 M po3uuny, motpi6Ho 25 mut 1 M po3unny po3Bectu y 2 pasu. Jis
OPUroTyBaHHS NOTP1OHOT KUIbKOCTI 1,5 M po3unny NaCl HaBaxky 1,74 po3unHAIOTH B
20 M guct.Boam [105].

Jlooamkoee ouuwenns. Jlane OYUIIEHHS TPOBOJATH Telb-PiIbTpaIli€lo,
BuKkopuctoBytoun KoiaoHku PD MidiTrap G-10 (GE Healthcare Life Sciences). fx
O0ydep BukopuctoByoTh SOMM Hatpiit-docharuuii (pH 6,3) (mpuroryBaHHs 3a3HaYCHO
Buiie), fonoBHeHuit 150 MM pozunnom NaCl [31].

Ipuecomysanns pozuuny. Ing onepxxanas 0,15 M po3unny NaCl meoOxigHo 1
M po3uuH (IpUTrOTYBaHHS PO3YMHY 3a3HAUEHO BUIIE) po30aBuTH B 6,7 pasis [33].

Busznauenna xonuenmpauii enmepouuny iMyHopepmenmuum Mmemooom.
Jlnst  Bu3HayeHHS BMICTYy eHTepoumHy (y cymepHartanTi) wmetogom [DA
BUKOpPUCTOBYIOTh 3unTyBay 1EMS Labsystems (Labsystems) 13 BOyagoBaHuUM
IPOTrPAMHUM TIAKETOM JIJIs aHai3y AaHux [99].

JIyHKM 3 TUIOCKUM JHOM, B SIKMX 3HAXOJIATHCS TJIACTUHKUA 3 TOJICTUPOJIOM
(Maxisorp, Nunc, Roskilde, /[lanis), nokpuBatoTe mnpoTsiroM Houli 1npu 4 °C
cynepHarantamu. [licis nogaBanHs aHTUTLI TPOTH EntA Ta KOH'toraTy mpoTH KO3s490TO
imyHornoOynminy G nepoxcunazu (Cappel Laboratories, West Chester, PA, CIIA),
BU3HAYAIOTh IMOB'A3aHy Nepokcuaasy 3a pgomnomorow ABTS (2,2'-a3uno-6ic [3-
eTmnOeH3Tia3omiH-6-cynbonoBa kucinora]) (Sigma-Aldrich) sk cyOcTpar, nuisixom
BHUMIpIOBaHHS NOTJIMHAHHS CBiT/Ia 1pu 405 HM. BuMiproBaHHS IPOBOATH HA 3UUTYBavi
1IEMS Labsystems (Labsystems) [26].

8.3.3. Konuenrpauis axepesa ByrJjeur i a3ory

BusHadyeHHs KOHIIEHTPAIT TTOKO3HU

OCHOBHMM JKEpPEJIOM BYTJICII0 B CEPEAOBUIII € TIII0OKO3a. J[Ji1 BU3HAUYECHHS ii
KUIBKOCTI BUKOpUCTOBYIOTH MeTod BEPX. Meron 6a3yerbcsi Ha BHU3HAUCHHI 3MIHH

IUIOIII TiKa TJIFOKO3W Ha XpOMaTOrpami 3aJIeKHO B1J i1 KOHLIEHTpAIliil (32 HE0OX1AHOCTI
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pO34YMH TIPOOM PO30aBIAIOTH JO KOHIICHTpAIlii, M0 JEKHUTh B IHTEPBAJI JIIHIHHOCTI
kanopyBanbHOro rpadika) [106].

Memooduxa nobyoosu kaniopysanvroeo epagixa. 60,0 T TIHOKO3U BMIIIYIOTh Y
MipHY KOJIOY eMHICTIO 2 11, AofatoTh 1700 M Boau st XxpomaTtorpadii, po3uuHSIOTH 1
JIOBOJIATH 00’ €M /10 MITKH TUM CaMUM po34yMHHUKOM (60 /). Y MipHI K0JIOK 00’ €eMOM
1 1 Bmimgytots 10; 20; 50; 100; 300; 500; 600 Ma po34uHy TIIFOKO3H 1 JOBOASTH BOJOIO
TSt XpoMaTtorpadii 70 TO3HAYKH, OTPUMYIOYH PO3YMHHM 31 BMICTOM TiTtoko3u 1; 2; 5; 10;
30; 50 1 60 r/n1 BiAMoOBiAHO. 3a OIEpKAHUMU pe3yJibTaTaMu XpoMarorpadii (mapamerpu
JUTSL KOYKHOTO JTOCIHIJIKEHHS M1J0MParOThCs 1HAUBIAYaIbHO) OYIyI0Th KaalOpyBajdbHUN
rpadik, BiIKIaIal09M Ha OCl aOCIKMC 3HAYEHHS KOHIEHTpallii ritoko3u (T/i1), a mo oci
OpJIMHAT — 3HA4YEHHS 1101 MiKiB [106].

JliniliHa 3aJeXHICTh M1 XPOMATOrpa(iqyHOrO0 BU3HAYEHHS  TJIOKO3HU
BCTAHOBJIKOETHCS 1HAMBIIyaIbHO 3a rpadikom [106].

Memoouka euznauenus 2nokosu 6 0ocaionomy 3pasky. KynbrypansHy piauHy
nentpudyryors npu 9000 o6/xB mpotsarom 5 xB (Microfuge 20 Series, Beckman
Coulter Inc., Brea, CA) 1 notim ¢Qinbrpytots depe3 0,2 MKM ENONI03HUN (PUIBTP
(PALL). Ilotim, 6e3 po3BeneHHS, CyNEepHATAHT aHATI3YIOTh 3a gomoMororo BEPX,
ocHamieHoi 2414 Jlerekropom Pedpaxiiii Ta kononoro HPX-87H Aminex (300 % 7,8 MM,
Bio-Rad, Hercules, Kamidopuis) npu 50° C ta 410 nm. Sk pyxomy a3y
BUKOPUCTOBYIOTh po3unH 0,05 M cipuanoi kucimoTu. 3pas3ku 36epiratots npu 4° C mif
yac 1H’ekiii. KamOpyBanbauii rpadik riaroko3u, mo orpumada 3 99,9% uwucroi
TJIFOKO3M, JTIHIWHUHN B Miana3odi Mk 1 r/m1 60 r/n [107].

BusHaueHHs KOHIIEHTPAIll aMIHHOT'O a30TY

OCKUTBKH JHKEPEIIOM 30Ty B CEPEIOBUII € AMOHIMHI KUCTIOTH Ta MENTH/IN, CJTi]T
pO3MISAaTH  METOJM KIUIBKICHOTO BHM3HAYCHHS aMIHOKUCIOT. JIIsl KiIbKICHOTO
BU3HAYECHHS TAKOXX BUKOPUCTOBYEThCS MeTol BEPX.

[TpuHiun Oa3yeTbcs Ha MOPIBHSHHI aMIHOKHUCIOT 3 KYJbTYpPaidbHOI PIAUMHU 3
npodisem xpomarorpadigHOTO Tpagi€HTa, SKUH MOOYI0BAHO 3a JOMOMOTOI0 PO3UYHHY

CTaHJApPTHOTO 3pa3ka amiHOKuCIOT [108].
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Memoouka nobyoosu xaniopysanvnozo epaghixa. Jlns moOymoBu rpadika
HEOOX1JTHO TPUrOTYBaTH CTAaHJAPTHUM 3pa30K aMiHOKHUCIOT. CTaHmapTHUN 3pa3oK
aMIHOKHUCIIOT MICTUTh Yy CBO€EMY CKJaJl TakKi aMiHOKHCJIOTH: ajaHlH, apriHiH,
acrapariHoBa KHCJIOTa, ITyTaMiHOBa KHMCJIOTA, TUINITUH, TICTUANH, 130JICHIIUH, JCHITHH,
Ji3WH, METI1OHIH, (DeHUTAJIaHiH, MIPOJIiH, CEPUH, TPEOHIH, TpUNTO(aH, TUPO3HUH, BAJIIH Yy
kubkocTl 0,25 MM KOHa, a Tako IUCTeiH y KuibkocTi 0,125 MM. 3pa3ok migaaroTh
xpomarorpadii [108].

3a ojepxaHUMM pe3yibTaTaMu XpomaTtorpadii OyayroTh KaliOpyBaJbHHI
rpadik, BIOKIAAa0YM Ha OCcl aOCUUC 3HAYEHHSI KOHUEHTpALil aMiHOKUCIOT (I/7), a 1Mo
0C1 OpJIMHAT — 3HA4YEeHHS 11101 MmiKiB [108].

JlinifiHa 3alexHICTh MJId XpomaTorpapiyHOro BHU3HAYEHHS aMIHOKHCIIOT
BCTAHOBJIIOETHCS 1HAUBIIYaIbHO 32 rpadiKoM.

Ilpueomysanmusn posuunie aminoxuciom. 0,25 MM po34uH aaHiHy — HaBaXKy
0,0006 r pozunHuTH B 25 M nuct.Boau; 0,25 MM po3uuH apridid — HaBaxky 0,0011 r
po3unHUTH B 25 mu auct.Boaw; 0,25 MM posuuH acnapariny — HaBaxky 0,0009 T

po3uuHUTH B 25 M nuct.Boau; 0,25 MM posuuH rayraminy — HaBaxkky 0,0009

—

po3unHUTH B 25 Mia auct.Boau; 0,25 MM posumH riinuay — HaBaxkky 0,0005 T
po3unHUTH B 25 Mia puct.Boau; 0,25 MM po3umH rictuauny — HaBaxky 0,001 T
po3unHUTH B 25 mi nuct.Boau; 0,25 MM po3uuH i3oneinuny — HaBaxky 0,0008 T
po3unHUTA B 25 M jauct.Boau; 0,25 MM po3umn nenumHy — HaBaxky 00,0008 r
PO3YMHUTH B 25 M1 nuct.Boau; 0,25 MM po3uuH ni3uny — HaBaxkky 0,0009 r po3unHUTH
B 25 ma nuct.Boau; 0,25 MM po3unH MeTioHiHy — HaBaxkKy 0,001 r po3urHUTH B 25 M1
muct.Boau; 0,25 MM posuuH ¢eninananiny — HaBaxky 0,001 T po3unnutu B 25 M
muct.Boau; 0,25 MM posuun nponiHy — HaBaxky 0,0007 r po3uuHutu B 25 M
auct.soau; 0,25 MM po3unH cepruny — HaBaxKy 0,0007 r pO34rMHUTH B 25 MJI IUCT.BOJIH;
0,25 MM po3uun TpeoHiny — HaBaxKy 0,0008 T po3unnutu B 25 M quct.Boau; 0,25 MM
po3uuH Tpuntodany — HaBaxky 0,0007 r pozuunutu B 25 mu auct.Boau; 0,25 MM
po3urH TUpOo3uHy — HaBaxKy 0,0012 r po3unHuTu B 25 M auct.Boau; 0,25 MM po3unH
Basliny — HaBaxky 0,0008 T pozunnuty B 25 mut auct.Boau; 0,125 MM po3unH 1ucTeiny

— HaBaxky 0,0004 r po3urHuTH B 25 Mut nuct.Boau [ 105].
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JUist oTpuUMaHHS CTaHAAPTHOIO 3pa3Ky aMIHOKHUCIOT PO3YMHHU HEOOXITHUX
aMIHOKHCJIOT (3a3HAYEHO BUIIE) 3MINIYIOTh IPOMOPIIIHHO OHA OJIHIH.

Memoouka 6usHaweHHs amiHoKuciom 6 0QocaioHomy 3pasky. KiiTuau
neHTpudyryors mnporsrom 10 xB mpu 21500 o06/xB. OrpumaHuii cynepHaTaHT
aHaJI3YIOTh Ha KUTbKICHE BU3HAYEHHS aMiHOKKUCIOT [109].

KinbKicHE BUBHAUYEHHS aMIHOKHCIIOT MIPOBOJATH 3a JonoMororo cucreMu HPLC
Agilent 1260 Infinity (Agilent Technologies, @Waldbronn, Himeuunna),
dbayopecuenTHoro aerekropa cuctemu Agilent 1200 (moBxxuHa xBuii 30y KkeHHs: 340
HM, JIOBKUHA XBUJI1 BUIIpoMiHtoBaHHs: 450 Hm), koimonku C18 Geminil (5 m, 150%4,6
MM) i mepenkononku SecurityGuard™ (o6uasi xosnonu nocradarorscs Phenomenex|,
AmaddenOypr, Himeuunna). g aepuBaTtu3alii 3aCTOCOBYIOTh OpTOQTaNAIaIIET1I.
IToxin mocsraeThes 3a poroMororo mojspHoi ¢gaszu 40 MM NaH»PO4 (pH=7,8) Ta 45%
MeOH, 45% CH3CH, 10% H>O six nenossipHa ¢a3a npu MBUAKOCTI MOTOKY 1 M1 Ha
xB™! Ta Temneparypi 40 °C [109].

Ilpueomysanus pozuuny. J{ns orpumanss 0,04 M pozuuny NaH>PO4 HeoOxigHO
po36aButu 1 M po3unn NaH>PO4 (nmpuroryBannst 3a3naueHo Buie) B 25 pasi (pH
perymoetbes Ha pH-metpi) [105].

InenTudikamiro aMiHOKHUCIOT TPOBOJUTHCS ILIAXOM TOPIBHSHHS 4YaciB
yTPUMYBaHHS TIKIB Ha XpoMarorpami BUIPOOOBYBAaHOIO pO3YMHY 3 YacaMu
yTPUMYBaHHS PEUOBMH — CTAHAAPTHOTO 3pa3Ky aMiHOKHCIOT Ha XpoMarorpami
po3unHy nopiBHsHHSA [ 108].

8.4. Iloxka3HMKH SIKOCTI TOTOBOI0 NPOAYKTY

Mikpo010JIOTIYHUI KOHTPOJIb YUCTOTH

1 r npenapaty po3uuHAIOTH Y 9 Ml qucTuiboBaHoi Boau. Ilicis voro, 0,1 miu
OTPHMMAaHOI CYCIIeH311 BUCIBalOTh Ha arapu3oBaHi cepenoBuia MIIA — nns BUsSBIEHHS
Oakrepiit Ta CA — 111 BUSBJICHHS TPpHOIB Ta AP1XKJIKIB.

InenTudikanisga Ta KOHTPOJIbL KOHIIEHTPAI] EHTEPOIIMHY

I[aHI/If/'I KOHTPOJIb IMPOBOIAT 3FiI[HO MCTOJIMKW BHU3HAYCHHS CHTCPOLMUHY, IIO

Oyno 3azHadyeHo Buiie (1.8.3.2). BigMIHHICTE B TOMY, II0 BHUKOPHUCTOBYETHCS HE
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CylepHaTaHT, a | T© po3uuMHEHOro mnpenapary. Sk KOHTPOJb BHUKOPUCTOBYIOTH
€HTEpPOLIMH BU3HAUYEHOI KOHILIEHTpALlii.

KOHTDOHB AKTHMBHOCTI CHTCPOLIMHY

AKTHBHICTh OaKTEpPIONMHY BH3HAYAIOTh KUIBKICHO B OJIMHMIIIX aKTHBHOCTI Ha
mututiTp (AU/mit). {718 1pOTO yIBTPAKOHIIEHTPAT MOCHTIIOBHO PO3BOATE 2 pa3u (1/10
ta 1/100). ¥V pa3i BU3Ha4Y€HHsI CyXOro NpenapaTy BUKOPUCTOBYIOTh PO3YUH EHTEPOLIMHY
13 TUCTUITLOBaHOIO Bo1010 (po3BeaeHHs 1/10 Ta 1/100). ITicns goro, 0,5 Mt po3Be1eHOTO
KOHIIEHTpaTy (PO3YMHY) 3aBaHTAXYIOTh B JYHKH MIKpOTHUTPYBaJIbHOI IUTACTHHH, IO
mictwan 0,15 mn impukatopHoro mramy (OD600 0,02). [lnactuHu i1HKYOYIOTH B
meiikepi-inkyoaropi (200 o6/xB) npu 37 © C npotsirom 18 roa. 3pocrtanHs mramy
1HIMKaTOpa BUMIPIOIOTH 3a JOMOMOIOI0 34uTyBaua MikporuianmeTiB (Molecular
Devices, CanniBeitn, CIIA) mpu 600 wmM. Omgny oaumsHI0 akTuBHOCTI (AU)
BHU3HAYAIOTh K E€KBIBAJIEHT HAMOUIBIIOTO PO3BEINEHHS YJIbTPAKOHIICHTPATY (PO3UUHY
npenapary), o npu3BoauTh 10 50% 1Hri0yBaHHs pOCTy 1HAUKATOpHOTO mTamy [110].

JIisi BU3HAYEHHSI aKTUBHOCTI €HTEPOIMHY SIK IHIWKATOPHI MIKPOOPTaHi3MU
HaluacrTiie BUCTYNawTh Lactobacillus sakei, Listeria ivanovii subsp. ivanovii,
Pseudomonas aeruginosa, Brohotrix thermospacta, Agrobacterium tumefaciens,
Clostridium perfringens (s 30y THUK HEKPOTUYHOTO eHTepUTy) Ta iH. [111].

AxTuBHICT eHTepoununy 1ono Clostridium perfringens Mae CTaHOBUTH
monamenire 2900 AU/mit.

KOHTDOJ'IB BOHOFOBMiCTV nperaapary

JIBi HaBaxxKku MOpoIIKy Macow 1-3 1, 3BaxeHi 3 mnorpimHicTio £ 0,01r,
MOMINIYIOTh Y 3a3/1aJieriib BUCYIIIEHI 1 3BaKE€H1 pa3oM 3 Kpuiikamu Orokcu. Koxny
HAaBaXXKy MOPOUIKY CyllaTh B cymmibHIM madi npu temmnepatypit 100-105 °C no
HOCTIHHOT MacCH.

[TocTiliHa Maca BBaXa€TbCSd JOCATHYTOI, SKIIO PI3HHUI MDK JBOMa
NOJaNbIIMMU 3BaXXKyBaHHSAMHU Ticias 30 xB BucymyBaHHs 1 30 XB. OXOJIOJKYBaHHS B
excukatopi He nepesuurye 0,01 r.

Bonoricts cupoBuHu (X) y BIICOTKaX OOYHMCITIOIOTH 32 (POPMYJIOHO:
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B (m —my) =100
B m

X

m — Maca MOpoLIKY A0 BUCYUIyBaHHS, T

m; — Maca NOPOILKY MICJIA BUCYIIyBaHHS, T

3a ocTaToYHUU pe3ynbTaT BU3HAYECHHS OepyTh cepelHe apuMETUYHE JIBOX
napajieJbHUX BU3HAYEHb, OOUYMCICHUX [0 JAECITHUX YacTOK BiacoTKa. Jlomyctuma
PO3OLKHICTE MIK pe3yJbTaTaMHM JIBOX MapajelbHUX BHU3HAUEHb HE IIOBMHHA
nepesuiysaru 0,5 % [112].

Bosoricte enTeponnHy moBUHHA CTAaHOBUTH 1-5%.
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PO3J1J19
ABTOMATHU3AIIA AIVISHKWA BUPOBHUIITBA

Jns po3poOKM cucTeMHM aBTOMAaTH3allli BIAMOBIIHO JO JI@HOTO OIKCY BCl
HEOOX1HI TapaMeTpu 1 3aco0M sl X MOCSATHEHHS chOpMyJIhOBaHI B 3aBJIaHHI Ha
aBToMarm3aiiro (Taosm. 9.1).

Onuc po3podseHoi cxeMu aBpToMaTu3aii Ta cneuudikanis

VY BIAMOBIZHOCTI 3 3aBIaHHSIM Ha aBToMarm3aiito (Tadm.9.1) mgursHKa
aBTOMATHU3YETHCS 10 8§ KOHTYpax:

1 xontyp. IloyaTok TpeACTAaBICHWA 3aHYPIOBAILHUM JaTYUKOM BUMIPY
TemriepaTypu la. BiH ckiagaeTbesi 3 BUMIPIOBAJIBHOTO MEPETBOPIOBAYA 1 IEPBUHHOTO
MepeTBOpIOBaYa OMOpy Ta Mae€ YHIPIKOBAaHUN aHAJOTOBUN BUXITHUM CHUTHAI.
Otpumannii curnan nocrymnae Ha [1JIK Ta T1IK. Ha cxemi mpomeMoHCTpOBaHO, IO
JlaHHI OTPUMaHI 3 JaTYMKa B10OpaKalOThCs, PEECTPYIOThCSA y BHTJIANI TPEHIIB, Ta
MIJJAI0THCS JIOTTYHOMY KEPYBaHHIO KOHTpOJIEpa BIAMOBIIHO JO YMOBHU 3aBJaHHS
aBroMarm3anii. Ha APMa omeparopa BUBEICHO 3HAUCHHS TEeMIIEpaTyp, 1 BIH MOXe
3MmiHIOBaTH ixHi ymoBH. [licist omparroBanns manamx, [1JIK depe3 meperBoproBadi
SJIEKTPUYHOTO CTPyMY B THEBMaTUYHUM curHai 1 0, 1t, 1e 31iCHIOI0T peryTtOBaHHS
BUKOHABYMMH PETYJIIOIOUUMH OpraHaMu 1B, le (mapa HacuyeHa IO MO3HAYAETHCS B
po3puBi 2H), 11 (X004Ha BOJIa MO3HAYAETHCSI YMOBHO B pO3pHUBI TpyOonpoBoay - 1x).
Takox, TakuM K€ YHHOM TEMIIepaTypa PETyIIOEThCS Y 30IpHUKY, 3aHYPIOBAaTbLHUN
JaTYMK |e, peryIroBaHHs BiOYBa€ThCS 3a JIOMTOMOTOI0 BOAM 00OPOTHO.

2 KOHTYP 3/IIICHIOE PETYJIFOBaHHS TUCKY B Mpolieci. 30KpeMa, B HUKHINA YaCTUH1
dbepMeHTEPY BCTAHOBIICHUN TATYMK BUMIPY HAIJIUIIIKOBOTO TUCKY 2a. YHIi(pikoBaHMI
aHAJIOTOBHI CUTHAJI TICPETBOPIOETHCS B MHU(PPOBY (GopMy depe3 aHaJOTOBUN BXiI.
[Ticns mbOro BUMIpSIHI TTApaMETPU MEPETBOPIOIOTHCS 3HOBY B aHAJOTOBUW CHTHAN 1
BIJIKpUBAIOTh a00 3aKpUBAIOTh KJAaMaHW PEryJodoro MexaHizsmy 20 (momada

CTEpUIILHOTO MOBITPSI — PO3PHUB 3 YMOBHUM MO3HA4YEHHSIM TpyOomnposoay 3c¢), 1 2B. Ha

HYXT BTEK 04.02.26 KP I3
3mn. |Jucm | Ne doxym. Iionuc  |Hama
Po3pob. Koswap 1.]]. P03ﬂlﬂ 9 Jim. Apk. Apkyuwie
[lepesip. Cmabnikos B.I1. ABTOMA THS’AH]/? l | 80 106
Peyens.
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Tabnuys 9.1

3aB1aHHA HA AaBTOMATH3aliI0 JiJITHKYA BUPOOHMYOI0 KyJIbTHBYBAHHS

Enterococcus faecalis

3acobu ympaBiiHHI

Mammna, . ITpumyctume Xapakre
Ne ’ [TapamerTp, micue pHLy Bun P P Ta KOHTPOJIIO,
arperar, . 3HAYCHHS KOHTPOJIIO YU S
3.0 BiZOOpY cUTHAIY aBTOMaTHu3allii . peasizanii
YCTaHOBKa napameTpa yIpaBIiHHS S
YIPaBJISIFOUOT A1ii
Bigoopaxenus
KonTpons P - APM omneparopa
Peectparis
Bruus Butparu
Temneparypa B HacU4EHO1 apu
epMeHTepi (3a 37+ 10C
1 depmentep Gbep pi ( 1110 [IOAAETHCS B
BUPOOHIYOTO p CraGinisaui COpOYKY
eryJIIOBaHHA Tabimizarisa .
KyJIbTUBYBaHHS) b I (epmeHTepy 1 Ha
BUTpaTy nojayi
XOJIOJAHOI BOJU B
COpPOUKY
BinoopaxxeHns
DXL APM omnepartopa,
KonTtpons Peectpamis N
—— 3BYKOBHII CUTHAI
o Curnanizanis
Hapgnumkosuit B
) DepmerTe THCK B pepMeHTepi 0,05-0,07 [UIMB Ha Toftaty
P P (3a BUpOOHMUIOTO MlIla a30tTy Ta Hfl
S BUITYCKHHUH
KyJIbTUBYBaHHS) PerymnroBanns Cra6imizaris
KJ1araH
BiIPaIibOBaHOTO
TOBITPS
BinobOpaxxeHns
Pisens KP B i APM omneparopa
3 depmeHTep . 60 = 5% Konrpois Peectpartis cpatopa,
thepmenTepi 3BYKOBHUH CHTHAJ
Curnanizaris
Bigo6paskeHns
KonTpons SODPAIET APM omneparopa
AKTHUBHA Peectpauiist
4 depMmeHTep kucnotHicts [IC3a | 6,8+ 0,207, BnnuB Ha nopauy
KyJIbTUBYBAaHHS PerynroBanus Cra6imizarist Oydepa B
dbepmenTep
IlepemimryBanHs, BaimMkHeHno/ . .\ Ilyck, 3ynuHKa 3
5 depmeHTep p Y YnpaBiiHas Hucranmiiine M Y
JIBUTYH MILIQJIKK BUMKHEHO APMa oneparopa
Kiranan 3mmB . Ilyck, 3ynuHKa 3
6 | KyJbT aJILHZ'i CraH kiana” Baivkneno/ VYrpaBiiHas Hucranmiitae A;M i’
YIBTYP y BHMKHEHO p I a omeparopa
pinuHK
Bignenrposui
Hacoc Ilyck, 3ynuHka 3
IepeKavyBaHHsI BeiMkHeHO/ . .. | APMa omeparopa
7 .. Cran Hacocy VYopasnineg |Pyune, nucranuiiine| .
KyJIbTypaJIbHOT BUMKHEHO i kHOomKa «CTorm»
piaMHU 10 10 MICI[IO
30ipHUKY
Knanan Ilyck, 3ynunka 3
IpUioM BgiMkHeHO/ . .
8 p Y .| Cran knanany VYnpaniHHa Hucranuiiine APMa oneparopa
KyJIbTypaJIbHOT BHMKHEHO
piauHN
. Bigo6pakeHHs
. PiBens KP B o - APM oneparopa,
9 30ipHUK . 90+ 5% KonTpons Peectpauist N
amapari —— 3BYKOBHH CHUTHAI
Curnamizaris

81




3akinuenna maoa.9.1

Kontpomns B1uo6pa>1<egﬂﬂ APM omnepatopa
Peectpanis
10 30ipHUK Temmneparypa KP 20£2 °C B BrTpatH
S BOJIM 00OPOTHOT IO
PerymioBanns Crabimi3zarnis
MOJIA€THCS B
COpOYKY 30ipHUKA

APMi omneparopa-TexHoJiora MOKHa 3MIHIOBATH YMOBHU PETYJIIOBAHHS MapameTpy, 3i
BiIOOpaXEHHSIM MapaMeTpy B pealbHOMY Yaci, Ta 3 30epeKeHHs 3MiH B apXiBi.

3 KOHTYP BHUMIpIOE PIBEHb 3aMIOBHEHHS (PePMEHTEPY KYJIbTYpPalbHOI PIIUHOIO,
3HAYEHHS SIKOTO KOHTPOJIIOEThCS Ha mo3Hadll 60 + 5%, a Tako piBeHb 3alIOBHEHHS
301pHHKY, 3HAYCHHS SKOTO KOHTPOJIOEThCS Ha mo3Hadil 90 £ 5%. ¥V depmeHntepi 1e
3MIACHIOETBCS JATYMKOM PIBHA 3a, SKAW BCTAHOBIIOETHCS B JHUINI amapary
BUMIPIOIOYH TIPOCTATUYHUN THCK. Y 30IpHUKY BUKOPHUCTOBYETHCS YJIbTPa3BYKOBUUN
IaT4uK 4a, SKU BCTAHOBIIOETHCS 3Bepxy. [Ipu BHxoal 3HaueHHA 3a Mexi Ha APMi
orepaTopa-TeXHOoJIora CpalboBy€e CUTHAI3allisl. 3HaUeHHs BigoOpaxaerbest Ha APMi
Ta 30epiraeTbcsi y BUTJISAI1 TPEH/IIB.

4 koHTYp cTabunizye piBeHb 3akuciieHHs KP min wac kynpTuByBanHs. [lo
KOHTYPY BXOJWTh TICPBUHHUN TMepeTBOpioBad (5a) SKWA BUMIPIOE 3HAYCHHS
KUCIIOTHOCTI. 3HAYEHHS MIATPUMY€EThCS Ha piBHI 6,8 £ (0,2 NUISIXOM BIUIMBY Ha KJlamaH
nonayi 0ydepy, perysirorouuM opraHom (5B), MONepeIHbO NEPETBOPUBILIN HUDPOBUI B
aHAJIOTOBUH CUTHAJ IEPETBOPIOBAYEM BCTAHOBIICHUM «II0 MICIIO». 3HAUEHHS aKTUBHOI
KHUCIIOTHOCTI BigoOpaxaeTbcsi Ha APMi omneparopa-texHojiora Ta 3MIHU SIKI
B110YBAIOTHCS M1/ Yac MPOIECY 1 PETYIIOBAHHS MApAMETPY PEECTPYETHCS.

KounTtyp 6 3xiiicHIOE BIUTMB HAa KEpPYBaHHS OpraHaMu BIIKPUTTA KiamaHy 6Oa.
Hapn xnanmanamu 37ilCHIOETBCS ympaBiiHHS omeparopoMm 3 APMa depes muckpeTHi
Buxoau [1JIK.

Koutyp 7 3a0e3nedye ynpaBiiHHS CTaHy MIIIAIKW. /[ BMHKaHHS Ha IIUTI
JTUCTaHIiitHOTO ynpaBiiHHA SB1 BcTaHOBIEHAa NyCKOBa amaparypa JJisi 3allycKy
YBIMKHEHHSI MIIIAJIKK 332 PaxXyHOK BIUIMBY Ha MarHiTHui myckadu KMI1, Ta kHomka

«Cromny» IJIA IIPUITMHCHH S HepeMiHIYBaHHH.
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Kontyp 8 J[lns 3abe3neuenHs Oe3aBapiiiHOi poOOTH HAcoCiB HEOOX1AHO
BUKOPUCTATH €J1eMEHTH ynpasiiHHA (KHONKHU «Ilyck» Ta «Ctomn») B «pydHOMY PEKUMI»
3 murta ynpasiaiHHa SB2, ta Oe3nocepeanbo Ouig Hacocy («mo Micuio») SB3. Jlns
BUOOpY Miclig 3 SIKOTO came OyJe 3IHCHIOBATUCS YIPABIIHHS BUKOPUCTOBYETHCS
tymOnep SAl. [lomaua Hampyru Ha JBUTYHHM HAcOCIB 3/1MCHIOETHCSA 3a JOIOMOTOKO
mar"iTHuX nyckadyiB KM1 ta KM2. Ilicns BBiMkHeHHs Hacocy KP mopaetscs Ha
MOJIATIBITY 00pOOKY 10 30ipHUKY Ha HACTYITHIM JIJISTHIIL.

Bci TexHiuHI 3ac00M SKi HaBeJIEHI B CXeM1 aBTOMAaTHU3allil 1 IX XapaKTepUCTUKH

3aHeceH1 B cnenuikaiiito oonaaHanus (tadn. 9.2).
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Crnenudgikanis i xapakTepucTuKa 3aco0iB aBTOMATH3 AT

Tabnuys 9.2

Ne
no3uuii 3a HaiimenyBaHH4 i TeXHiYHA XapaKTepuCTHKAa BUPOOY Tun, moaeanb Bupoouuk
CXeMOI0
Hianazon Bumipy - Big -50°C no +180°C, curnain 4...20 MA, niametp TCMY-1088.60 «MapaTa DeKTpoy,
la 3aHYpIOBAIILHOTO €JIEMEHTY — 6-8 MM, JIOBXKMHA 3aHYPIOBAJIILHOTO €lleMeHTy — 60 [113] Vipaina
MM. [ToxubOka = 1 %. XKusnenud Big +9B no +36B. YMmosuui tuck - 6,3 mlla
IIepeTBOpIrOBaY eICKTPOITHEBMATUYHHMI, CUTHAN Ha BXoi 4...20MA, Ha BUXO] -
16, Ir, le petBop P 20 100KT 2713-WP Dwyer
15, 11, le MewmOpanuit ]?I:IKOH&B‘II/I?I MEXaHI13M MPSIMOi z[i;l' 3 IHEBMATHYHHM MO3UIIIOHEPOM, MIIM200-113 TizpoEnepro-Crab
ynpabisitouiid curaain 20...100kxI1a, yMoBHUH X171 BUX1THOTO €JIEMEHTY 25MM
[Toxubxka g0 £0,075 %. Tuck makcumansuuit 60 6ap. Poboua remnepatypa -40 —
2a 150°C. Martepian KopItycy - altoMiHii, Hep)KaBitoya CTallb; CTEMiHb 3aXUCTY Cerabar S PMC71 Endress
koprmyca: [IP66/68. Kepamiuna mem6Opana (99.9% Al203), yHidikoBaHMii cUrHa [114] +Hauser
4..20 MA.
EnexTpoMarHiTHUI KiamnaH 3 KOTYIIKOO, MaTepiajl BATOTOBJICHHS: JIATYHb,
26,28 HaTrII)pyra KHUBIICHHS KOTYIIIKH Z23OB, 224B?Hiﬂ’€IIHaHH$II Gl/ 8...G§ 316294 JAKSA
Bpi3nuii aTunk BUMIpIOBaHHS PiBHA 32 T1IPOCTaTUYHUM THCKOM. [loxnoOka:
1,0/0,5%
3a Buxinnwmii curnan: 4...20 mA, 0...10 B LMK 331[115] BD Sensors
CeHcop: KepaMiuyHUN TEH30PE3UCTUBHUM JTiana3oH TEMIEPaTyp BUMIPIOBAHOTO
cepenoBuma : -25...+135°C
VY bTpa3ByKoBUi piBHEMIp, Aiana3oH BuMiptoBaHb 0,2-25M, MakcuMasbHa
4a nomyctuma Temrepatypa +90°C, MakcuManbHui 10y cTUMMIA THCK 36ap, NUS-4 Kobold

mia’eqaands G2, aHaIoroBUM BUXia, Kjaac TouHocTi 0,05
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3akinuennsa maon. 9.2

Hatuuk pH. Bucokorounuii. 0 ... 14pH
Hiamazon po6otu — 135°C

EASYFERM

Sa . PlusPlus, VP Hamilton
MakcumanbHuii TUCK -6 bap PlusKS [116]
Kaprpumx EVEREF-F s enektposiTis, 1110 HE MICTUTB CpidIio
Ixepeno xusnerns : HART: 14-30 V DC (30 V DC maxkc.) FOUNDATION
56 FIELDBUS, PROFIBUS PA: FISCO nanpyra xxusnenusa 9—17,5 V DC;niniiina SI792 [117] HACH-LANGE
xapakrepuctuuHa kpusa 9-24 V DC.
Buxigauii curgan - 1 x 4-20 MA, raiapBaHivHO 130J1b0BaHMIA.
EnexTpomarHiTHU# KJamaH 3 KOTYIIKOI, MaTepiajl BATOTOBJICHHS: JaTyHb,
5B Hanpyra KuBJeHHs KoTyiku ~230B, =24B, nix’ennanns: G1/8...G2 316294 JAKSA
EnexTpomarHiTHU# KamaH 3 KOTYIIKOK, MaTepiajl BATOTOBJICHHS: JATYHb,
6a Harnpyra >KuBJIeHHS KoTymku ~230B, =24B, min’enqnanns: G1/8...G2 316294 JAKSA
MaruitHuii myckad, pobounii ctpym 400A, notyxkHicTh apuryHa 200kBT,
KM1, KM2 . 3RT1075-6AP36 SIEMENS
ynpasistounii curnan 220B
SB1- SB3 JIBoknaBimHa kHomouka craHiis «Ilyck»-«Crom» 1HO+1H3, 8LP2T,B7113 Lovato
SAl [Tepemukau 3-x Mo3UILIHHMI (ABTOMATUYHUI-PYYHUH 3 IIUTA — PYYHUIL 110 1SB3210-2DA11 SIEMENS

MicIIro) 3 (ikcariero

85




PO311JI 10
OXOPOHA JOBKULJIA
10.1. AHaJgi3 TeXHOJIOTiYHOI cXeMHM BHPOOHMITBA EHTEPOLMHY Ha Micus
eMicii TBepaAMX, PiAKHUX Ta ra3onoai0HUX BiIX0aiB
TexHouoris oaepkaHHI MIKPOOHOTO OUIKY €HTEPOKOKIB 3 BUKOPUCTAHHSIM E.
faecalis 14 Bxitouae B ceOe HACTYIHI €Talu:

1. CanitapHa miaroroBka BHpoOHUIITBA. Ha gaHOoMy eTami NpOBOIUTHCS

MUTTSI 00JIaiHaHHs 3 BUKOpUCTaHHAM CIP-Mmiiku, miaroToBKa MPUMIIIEHb — MHTTSI
CTIH, IJJIOTH, BIKOH, ABEpEil, IOBEPXOHb. 30KpEMa Ha Liil CTajii BUKOPUCTOBYIOTHCS
BEJIMK1 0OCSITH MHIOUHX 3aC001B, TAKUX K KAJIBIIMHOBAHA CO/A, TaK 1 I€31H(PIKYIOYOTO
3aco0y — JlesoxnopuH. Ilicns 06poOku, BIANpPalbOBaHI MUHHI PO3YMHU Ta POMUBHA
BOJa 3 BIAMOBIMHUMH 3a0pyIHIOBaYaMu MpsSMY€ 10 KaHami3allii, 3BIIKM BXKEe Mae
3Tr0JIOM 3AJIMIIUTH MEX1 BUPOOHUIITBA.

Otxe, poOMMO BHCHOBOK, IO IIEH €Tam € MICIIeM eMicii 3HAYHOI KUIbKOCTI

DPUIKUX BIAXOJIB.

2. HDI/IFOTVB&HHH D03‘{I/IHiB TUTPYBAJIBHUX areHTiB. Ha JaHOMY erari

BIJIXO/IM MOXYTh CKJIQJAaTH JIMIIE TEBHI 30BCIM HEBEIMKI KITHKOCTI PO3YHMHIB, IO
BTPATWJIM CBOT MOKa3HUKU HOPMATUBHOI BIAMOBIAHOCTI Yepe3 NEBHUN Al YMOB, 1 HE
MOXXYTh BHUKOPHCTOBYBATHCS B MOAAJIBIIOMY BUPOOHUUTBI. Bci po3umHM paii
MEepPeTaroThCs Ha €Tam MiATOTOBKH IHOKYJISATY Ta BHUPOOHWYE KyJIbTHBYBAaHHSI.
TurpyBasibHI pO3YMHM, SIKi BUKOPHCTOBYIOTHCS MPEICTABJICHI CIpUYaHOIO KHCIOTOIO,
TIIPOKCHUJIOM HATpiro Ta HaTpii-pochataum Oydepom.

3. IlpuroryBaHHs Ta cTepuii3allii TNOXHUBHUX  cepenoBunl. [lpwu

MPUTOTYBaHHI TIOKUBHUX CEPEJIOBHII, MOXKJIWBE BiJIOPAKOBYBAaHHS CHPOBUHHU TIPU
HEBIJIMOBITHOCTI SKICHUX TIMOKAa3HUKIB, TPOTE MepeadadacThCsi MOPIBHIHO Majia
KUIBKICTh TaKuX BIiAXOAiB. Jlami TOXXHBHE CEpPEeNOBHINE IEpEacThCs Ha eTam

MiJrOTOBKH 1HOKYJISITY Ta BUPOOHUYE KYJIbTUBYBAHHS.

HYXT FTEK 04.02.26 KP 113
3mn. Jucm | Ne doxym. Hionuc  |/ama
Po3pob. Koswap 1./]. Jim. Apk. | Apxywie
Ilepesip. Cmabwnixos B.I1. POB,HI]Y 10 | | 86 106
Peyens.
H. Koump. OXOPOHA ﬂOBK[ﬂﬂg Kagbedpa hTM
3ameepo. Iupoe T.11.




4. IliaroroBka MOCIBHOrO —MaTepially. 3 [bOrO €Taly I[OYUHAETHCS

Oe3rnocepelHbO TEXHOJOTIYHMM TIpOIleC, 1 PIAKUX BIAXOAIB, SK TaKUX, HE
nependavaeThCs, aJKe MOCIBHUN MaTepiall pa3oM 3 MOKUBHHUM CEPEAOBHIIEM ITiCIs
KyJIbTUBYBaHHS TEPETBOPIOETHCA HAa KyJIbTYpaldbHY PIJIUHY, IO TMEPEIAEThCSA IO
CTaJisIM BHUPOIIYBAaHHS I1HOKYJATY, 30UIbIIyIOUMCh B 00’eMax. Ilicimsa mocsrHeHHS
00’eMy 3aciBHOi 03U (epMEeHTEepy I1HOKYJSIT TEepeAacThcss Ha BUPOOHUYE
KyJIbTUBYBaHHS.

[lin wac kynbTuBYBaHHS Enterococcus faecalis 14, aepaiiiiine TOBITpsS HE
TOTYEThCS, alie KyJIbTYpY MOCTIHHO MPOAYBAOTh IHEPTHUM I'a30oM, a caMe a30ToM. Tox,
MOBITPSAHI BIAXOAW OYAyTh CKJIAIaTHCh 3 BIANPaAIlbOBAHOTO a30Ty, Ta YTBOPEHOTO
BYTJICKUCIIOTO Ta3y.

PoOuMoO BHCHOBOK, IO L€ eTam € MicleM eMicii 3Ha4yHOI KIJIbKOCTI

ra3zonoaioOHUX BIIXOIB.

5.  BupoOHuye KydabTUBYBaHHsA. B pe3ynbTaTi yTBOPIOETHCS KyJbTypalbHa

piauHa, 10 TIepelaeTbess y 30IpHHUK 171 30epiraHHs, 1 MOJANbIIOi oOpoOKH, 1
0e3rmocepeTHbOr0 BUMYCKY MPOAYKTY Ha PUHOK. 3 PIIKUX BiJXO/I1B BUAUISITUCS MOXYTh
nuiie HemepenadadeHi ooctaBuHamu. [loBITpsSHI BIIXOmM SK 1 HA MHHYJOMY eTarll
YTBOPEHI BIAMPAIIbOBAHUM a30TOM Ta BYTJIEKUCIUM Ta30M.

PoOGrMoO BHCHOBOK, IIO LIEH €Tanm TaKOXK € MICIIEM eMicii 3HaYHOI KIJIBKOCTI

ra3zonoaiOHUX BIAXOIB.

6. BuminenHs 1inboBoro mnpoaykry. Ha naHomy erami NOpoBOAMUTHCS

IEHTPU(PYTYBAHHS KYJIbTYPAIBHOI PiITUHU JIJI1 OTPUMAHHS CYTIEPHATAHTY 3 TIOATBIITUM
NPOIYCKAHHSIM HOTO uepe3 yiabTpaduIbTpalliifHy YCTaHOBKY Ta CYIIIHHAM Ha
PO3MMIIOBAIBHIN cymapiii. [Ipu BijaiIeHi cyniepHaTaHTy YTBOPIOIOTHCS TBEP/I1 BIAXOAU
y BUTIsiAl O6iomMacu eHTepokoky. [Ipu momanpmriid 0OpoOIi jumne Ha cTafil CylIiHHS
BUXOJUTH BIIMPAIIbOBAHE TTOBITPS.

PoGrMo BHCHOBOK, 110 LICH €Tall € MICIIEM eMicli TBepAuX (ImacTonoi0HuX) Ta

ra301oI0HUX BIIXOIB.

BucHoBoOK: aHai3 TEXHOJOTTYHOI CXEMHU TOKa3ye, M0 eMiCis PIAKUX BIIXOJIB

BIJI0YBAETHCSI B OCHOBHOMY Ha €Talll CaHITapHOI MIArOTOBKY BUpoOHULTBA (1 eTam), Ta
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B HEBEJIMKUX KITBKOCTSAX, B OUIBIIOCTI HEMepen0auyeHNX BUITAIKaX, HAa 1HIIUX €Tarax.
EMicis razonomiOHUX BIJIXO/AIB CKOHIICHTPOBaHA Ha e€Tamax IiATOTOBKH ITOCIBHOTO
Mmatepiany (4 erar), BUpOOHMYOro KyJbTHBYBaHHS (5 erar) Ta BUAUIEHHI LLJILOBOTO
npoaykTy (6 erar). TBep/i BIIXOM YTBOPIOIOTHCS JTUIIIE HA €Tall BUAUICHHI IUTLOBOTO
npoaykTy (6 etam).
10.2 IlepcnieKTUBH BNPOBAJIKEHHSI CHCTEMH €KO0JI0Ti3alii BUPOOHUIITBA
10.2.1. Cucrema 3HEIIKOAKEHHSI Ta yTHJIi3allil PiAKUX BiIXoaiB
Cknaa piakux BIIXOMIB TMPEACTABICHUN BIAMPAllbOBAHUMU MHUUHHMHU Ta
Ne31HPIKYIOUMMHA PO3YMHAMHM 13 3QJIMIIKAMHU KYJbTYpaJIbHOI PIIMHU, Ta MPOMHUBHOIO
BOJI0I0. 3a3HAuMMO, 0 BUPOOHHMIITBO mpalroe 230 pobouux AHIB 3a PIK, TOMY
pPO3paxyHOK 00’€MiIB MPOBOJMUTHLCS 3a JIAHOK KUIBKICTIO AHIB. JleTtanbHimie ckian i
npubnu3Hi 00’ emMu HaBeaeHi B Tabm. 10.1.
Tabnuys 10.1
XapaxkTepucTHKa PiIKHX BiIX0/AiB Ha BUPOOHUIITBI penapary 1Jis

CHJIOCYBAHHA 3 BUKOpUCTAHHAM Enterococcus faecalis 14

Hazssa cximazoBoi PedoBuHM, 1m0 BXOIATH 10 [Tpubnm3Hi 06’ eMu 3a Knac
PIAKUX BiAXOIIB CKJIaay 230 pobounx THIB Hebe3nekn
0,5% MunHUK
posahH KaJbIMHOBAHA CO/Ia 3 3 nac
KaJIBIIMHOBAHOI1 36,47 m HeOe3ImeKu
conu[6]
0,1%
ne3iHQiKyrounit HaTpiil xuopua, HATPii 13494.5 v 3 kiac
PO34YNH TITOXJIOPUT ’ HeOe3MmeKn
Jezoxnopuny [7]
I'mroko3a (20 1/i1), ApiKIKOBUI
eKCTPaKT (5 1/7), Ka3eTHOBHIA
[Tepmear (3amumiku neritoH (10 /1), MsacHui 4
KyJbTYpaJIbHOL exctpaxT (10 1/1), MO3KOBO- 17 M* fac
. . Hebe3neku
PiauHN) cepueBuii ekcrpakr (17,5 r/m),
TBiH-80 (1 1/11), comi (6mm3bKO 15
/1)
Bcebworo 13548 M3
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Cxutan piIKuX BIAXOAIB B OUTBIININA KITHKOCTI CKJIaaf0Th OPTaHiYHi CIIOIYKH, Ta
HEBEJUKUIA BIJCOTOK HEOpraHiyHuX. MOXXYyTh BKJIIOYATH HEBEIUKI 3aJUIIKU
MIKpOOpTraHi3MiB.

BianoBigHo mo Bumor IlpaBuil 0OXOpOHH IMOBEPXHEBUX BOJ BijJ 3a0pyaHEHHS
3BOPOTHUMHU BOJIaMH, 3aTBEP/KEHUX rocTtaHoBoro Kabinery MinictpiB Ykpainu Big 25
oepe3ns 1999 poky Ne 465 [120].

CriuHi BOJAW MalOTh BiAMOBITATH HU3II BHMOT. J[s 3a0e3medeHHs ITUX YMOB
NPOIOHYETHCSI HACTYITHA CXeMa OYUCTKU PIAKUX BIAXoiB [121-123]:

1. HanxomxeHHs CTIYHOI BOJIM B yCEpEIHIOBAY, 1€ Bi10YBa€ThCA IHTEHCUBHE
nepeMIlllyBaHHS CTOKIB, Ta J0JIaBaHHSA TUTPYBaJbHHMX areHTIB JjIsi HopMmaui3aiii pH B
pasi HeoOX1THOCTI, P030aBJICHHS BOJOIO 32 HEOOX1THOCTI.

2. OcBiTieHHS CTIYHUX BOJ BiJ] MEXaHIYHUX JIOMIIIOK y TEPBUHHUX
BijcTiMiHUKaX. Jle BigOyBaeTbCs BIJOKPEMJICHHS BOAM BiJl 3aBHUCIMX 4YacTOK Ta
TTOBEPXHEBO-aKTUBHUX PEYOBHH.

3. Cragis GionoriyHoro ouunieHHs. Uepe3 HeBeNrKi BUTPATH CTIYHUX BOJ B
no0y, TPOMOHYEThCS  BUKOPUCTaHHS  KpamnedbHUX  O010QinbTpiB (00’ €MHOrO
3aBaHTaXCHHS ), aJPKe BOHU 3a0€3MeUyI0Th TIOBHY O10JIOTIYHY OYHMCTKY CTIYHUX BOJ, 3
IPUPOTHOIO BEHTUIISAIIIETO.

4. BinokpemseHHs OIOIUNBKH IO HAAXOAUTh 3 010(UIBTPIB Y BTOPUHHUX
BIZICTIHHUKAX.

Cxema pobotu kpamnenbHux 010¢uIbTpiB HacTynHa. CTiuHa BOJAA, OCBITJIICHA B
NEePBUHHUX BIJICTIMHUKAX, CAMOIUIMHOM (200 I1/1 HAalTOpPOM ) TIOCTYIIA€ 3 CUCTEMH T01aui
CTIYHOI BOAM B PO3MOJUIBHI MPUCTPOI, 3 SKUX MEPIOJUYHO TAJA€ HA TMOBEPXHIO
6iodinbTpa. Boga, mpodinbrpyBaBimuck yepe3 010(UIbTPH, MOTPAIUISIE B JPEHAXKHY
CUCTEMY Ta Jajli 3a 3arajlbHUM HEMPOHUKAIOYHM JTHOM CTIKa€ JI0 BIABITHUX JIOTKIB,
po3TamioBaHux 3a Mexxamu OiodiuneTpa. [loTiM, Bosia BcTynae y BTOpHUHHI BIJICTIHHUKH,
B SKMX O10IUTIBKA BIIAUISAETHCS Bl OUMIEHOT Boau [124].

Take ounIIeHHS CTIYHUX BOJI TOBHICTIO 3a0e3meuye HeoOXiaH1 moTpedu. Takox,
MO>KHA 3a3HAYUTH, 10 TaKy OYMIIEHY BOJY MOXXHA BUKOPUCTOBYBATH HAa BUPOOHUIITBI

HIOBTOPHO.
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10.2.2. Cucrema 3HeIIKOAKEHHsI Ta yTHJIi3allil TBepAUX BiaX0aiB

Jlo TBepAauX BIAXOMIB, a TOYHINIE MACTONOMAIOHUX, BITHOCUTHCS Oilomaca
dekanmpHOrO eHTepoKoKy. CIIiJl 3a3HAYNTH, 110 JAHHUH IITaM € YMOBHO-TIATOTCHHUM Ta
BXOJIUThH JI0 3BUYaitHOI MiKpoduiopu mtoauHu. BimHOCUTRCSA 10 3 Kilacy MaToOreHHOCTI
[125].

€ JekuIbKa BapiaHTIB 3HEUIKOJKEHHS EHTEPOKOKY (DEKaJIbHOIO, SIKI €
eKoJsioriyHo 6e3neyHumu. Hampukiian, npu BEpMHUKOMIIOCTYBaHHI OyJIO BHSBJICHO, 110
Takui BUJ Olojerpaaaiii Ipu3BOAUTH 10 3HUKEHHS KOHIIEHTpALlii MIKpOOHOI Macu 10
98,7%. Takoxk, € TOBIAOMJIEHHA NPO BUKOPHUCTAHHS OlOMAacH AAHOro O10JOTTYHOTO
areHTa sk MOJIIIIyBava rPyHTY Ta I0OpUBO, MPOCTO BHOCS UM oro B 3emutto. [le ogqaum
BapiaHTOM MepepoOKu 6ioMacH € OTPUMAHHS €Heprii, HUIIXOM CHaIIOBaHHA MIKpOOHOI
Mmacu [126,127].

Takum yuHOM, 3a g0TIOMOTOI0 Enterococcus faecalis 14, MOXHaA OTpUMATH:

- Biorymyc (LUIIXOM BEpMUKOMIIOCTYBaHH! );

- TlomimmmyBad rpyHTy Ta 10OpUBO (IIJIIXOM BHECEHHS B 36MIIIO);

- Enexrpoeneprito (IIUISIXOM CIIAJIFOBAHHS).

10.2.3. Cucrema 3HeIIKOAKEHHS Ta30MOBITPAHNX BUKU/IIB

["azomomiOH1  BIAXOAM TMPEJACTABIICHI 3arajoM BiANpalbOBaHUM a30TOM,
HOBITPSIM Ta BYIVIEKMCIUM ra3oM. JlaHi BIAXOAM BIAHOCATHCS A0 4 Kiacy HeOe3NneKu
[128].

[IpaBOBi OCHOBM OXOpPOHHM aTMOC(EpHOTO MOBITPS IMependayeHi B 3aKOHI
VYkpainu «IIpo oxopony atmocdepHoro moBitps». g yTumizaiii ra3oBUX BiIXO/IIB
TaKOXX MOKHAa BHMKOPUCTOBYBAaTH KpameiabHui O010inbTp, ane He Oyle MOXKIHUBO
OJIHOYACHO OYHIIATH CTIYHI BOJY Ta BiJINpallboBaH1 ra3u. Tomy, 1Jisl yTHITI3al1lii ra30BUX
BiJIXO/IiB MPOTIOHYEThHCSI BUKOPUCTOBYBATH O10ckpyOep [128,129].

CkpyOep-adbcopbep BeHTypu 3 TphOMa CTyNEHSIMH OYHIIECHHS JI03BOJISIE
BUKOPUCTOBYBAaTH €KOHOMIYHO JOLUIbHI TIIPOJMHAMIYHI PEXKUMU 3 MEHIIUMU
BTpaTaMy Hamopy, 3a0e3meuyroun BUCOKY €(EeKTHBHICTb OYHINEHHSA BiJ MWy 1

a0copOI11ir0 Ta30MoAIOHUX MIKITUBUX KoMIOHEHTIB [130].
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[Ipunuun fioro podotu Takuii - 3a0pyAHEHE MOBITPS MOJAETHCA 10 abcopoepa,
1ie B110YBa€ThCS 3MINITyBaHHS MOBITPS 1 BOJIU, Jaji JaHa CyMIII MOJAETHCS B TOJTOBHUM
peaktop, A€ BimOyBaeTbcs ii 00poOKa MIKpOOpraHi3MamMu aKTUBHOTO MYJy, UIO
IPU3BOJIUTH JI0 OUUCTKHU MOBITPS BiJ MIKiUTMBUX JOMIIIOK, ICJIS YOT0 BOJIA IMTOJAETHCS
Ha MMOYaTOK IMPOIIeCy, a OUUILEHE MOBITPsSI BUXOAUTh Yepe3 Bepx adbcopOepa B MOMEHT
noaayi 1iei Boau [130].

10.2.4. 3axoau 11010 3MeHIIEHHA 00’ €MiB BiaxoaiB

AHani3 He0e3Me4YHOCTI MOKa3ye, M0 BIAXOAMW MPU BUPOOHMIITBI €HTEPOLIMHY
MaroTh KaTeropii NOMIpHO HEOE3MEYHHX PEYOBHH, Ta Majo HEOE3[EYHUX PEUOBHUH.
Takox, BUpOOHHUIITBO Ma€ HE BEIMKI BUKHIM BIIXOJMIB 3a PIK, IO A€ MOXKJIHUBICTD
CTBOPUTHU €(DEKTUBHY Ta EKOHOMHY CUCTEMY YTHJI13aIlil.

[Ticns aHamizy BIAXOMAIB MPOMOHYIOTHCS 3MEHIIEHHS YTBOPEHHS BIAXOMIB 3a
pPaxyHOK MOBTOPHOTO BUKOPUCTaAHHSI MUMHUX PO3UYMHIB JIJII MUTTS 00siaiHaHHA. Tak sk
nepenbavyaerbcsi BcraHoBieHHss CIP st MuTTs oOnagHaHHS, TO € KOHCTPYKTHBHI
MO>KJIMBOCTI 320€3MeYnTH Oararopa3zoBe BUKOPUCTAHHSI pOOOYNX MUHHUX PO3UHHIB, 1110
B CBOIO Yepry 3HU3UTh KUIbKICTh BIJXOJIIB MHUMHHI pPO3YMHIB HA BUPOOHHUIITBI SIK
MIHIMYM B 2 pa3u.

BupoOHHUIITBO €HTEpOIIMHY 3 BUKOPUCTaHHAM mTamy Enterococcus faecalis 14
yepe3 BIJHOCHO HEBEJIMKI B MPOMHCIOBHUX MacimiTabax 1000B1I 00’€MHM CTIYHUX BO,
TBEPJIMX Ta Ta30MOAI0OHUX BIJIXO/IIB, Ta HU3BKHUHA PIBEHb TOKCHYHOCTI, IOCTATHBO JIETKO
1 epeKTUBHO MOXYTh OYTH MOBHICTIO 3HEIIKO/KEHI 32 paXyHOK MPABUIBLHOTO MiI00PY
€KOJIOTIYHOI yTWii3auli. 3arajgoM JaHe BUPOOHULTBO, IO MPOEKTYEThCA Mae
MOBHOIIIHHI TIEPCIEKTUBU TTOBHICTIO BIAMOBIJATH €KOJOTTYHUM BHMOTAM, OCKIJIbKH

JesIKl BIAXOJIW MOKHA HE JIMINE 3HUIYyBaTH, a MepepoOsoBaTH Ha 1HINI HEOOXIJIHI

pecypcu.
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50-52 by Pichia pastoris and Kluyveromyces lactis

Juan J. Jiménez - Juan Borrero - Loreto Gitiez -
Sara Arbulu - Carmen Herranz - Luis M. Cintas -
Pablo E. Hernandez

© Springer Science+Business Media New York 2014

Abstract The use of synthetic genes may constitute a
successful approach for the heterologous production and
functional expression of bacterial antimicrobial peptides
(bacteriocins) by recombinant yeasts. In this work, syn-
thetic genes with adapted codon usage designed from the
mature amino acid sequence of the bacteriocin enterocin A
(EntA), produced by Enterococcus faecium T136, and the
mature bacteriocin E 50-52 {BacE50-52), produced by E.
Jfaecium NRRL B-32746, were synthesized. The synthetic
entA and bacE50-52 were cloned into the protein expres-
sion vectors pPICZaA and pKLAC2 for transformation of
derived vectors into Pichia pastoris X-33 and Klyver-
omyces lactis GGT799, respectively. The recombinant vec-
tors were linearized and transformed into competent cells
selecting for P. pastoris X-33EAS (emtd), P. pastoris
X-33BE50-52S (bacE50-32), K. lactis GGT99EAS {(entA),
and K. lactis GG799BES0-52S (bacES0-52). P. pastoris
X-33EAS and K. lactis GG799EAS, but not P. pastoris
X-33BE50-52S and K. lactis GG799BES50-52S, showed
antimicrobial activity in their supernatants. However,
purification of the supernatants of the producer yeasts
permitted recovery of the bacteriocins EntA and BacE50-
52. Both purified bacteriocins were active against Gram-
positive bacteria such as Listeria monocytogenes but not
against Gram-negative bacteria, including Campylobacter
Jjejuni.
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Introduction

The use of synthetic genes for production of proteins by
heterologous microbial hosts may become a useful tool
when the DNA sequence encoding the protein of interest is
not available or difficult to obtain or when the producer
species show a nonumiversal genetic code [1]. The opti-
mization of gene sequences to enhance protein production
is also important for industry applications when low-cost
and large-scale production are demanded [2]. Furthermore,
the replacement of native gene sequences with the pre-
ferred codon usage of the producer host cells can lead to
significant increases in protein synthesis and overall pro-
tein yield [3]. The adaptation of codon usage for protein
expression in yeasts appears to enhance protein production
and secretion since translation efficiency and transport
across the endoplasmic reticulum (ER) are favoured [2, 4].

Bacteriocins are ribosomally synthesized antimicrobial
peptides secreted by bacteria, and those produced by lactic
acid bacteria (LAB) attract considerable interest as natural
and nentoxic food preservatives, for human and veterinary
applications, and in the animal production field [5, 6].
Furthermore, among the LAB, the enterococci produce a
diverse and heterogencous group of bacteriocins, coined
enterocing, which differ with respect to their antimicrobial
activities, structures, processing, and secretion mechanisms
[7]. Most bacteriocins, including enterocins, are synthe-
sized as biologically inactive precursors or prepeptides
containing an N-terminal extension. The mature peptides
are often cationic, amphiphilic molecules of 20-60 amino
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acid residues that are generally classified into two main
classes: the lantibiotics or class I that consist of modified
bacteriocins and the class II or nonmodified bacteriocins,
which are further subdivided into class ITa or pediocin-like,
strong antilisterial bacteriocins with the N-terminal con-
sensus sequence YGNGVxC, class IIb or two-peptide
bacteriocins, class Ilc or cyclic bacteriocins, and the class
1Id consisting of linear nonpediocin-like one-peptide bac-
teriocing [8—10]. Additional subgroups have been sug-
gested for leaderless peptides, circular bacteriocins, linear
peptides derived from large proteins, and the glycosylated
bacteriocins [11]. However, because enterocins may be
produced by enterococcal species carrying antibiotic
resistance genes or genes coding for potential virulence
factors due to hygienic, safety, and biotechnological rea-
sons, the production of enterocins in heterologous micro-
bial hosts is being actively evaluated [5, 12].

The enterocin A (EntA) is a class Ila bacteriocin with two
disulfide bridges whose synthesis is directed by a gene
cassette that encodes the entAIFKRTD operon and from
which entA encodes the enterocin A prepeptide synthesized
as an 18 amino acid leader sequence and the 47 amino acid
mature bacteriocin [13, 14]. Furthermore, the potent antil-
isterial activity of EntA has driven interest for its overpro-
duction by heterologous hosts throughout fusion of mature
EntA to signal peptides that acts as secretion signals [5, 15].
Several bacteriocins have been also identified from chicken
commensal bacteria that are active against Gram-positive
and Gram-negative bacteria, reduce Campylobacter colo-
nization in poultry, and are being directed toward on-farm
control of this foodborne human pathogen [16, 17]. In this
context, the bacteriocin E 50-52 (BacE50-52) is also a class
Ia, 39 amino acid mature bacteriocin, produced by
Enterococcus faecium NRRL B-30746, capable of killing a
wide variety of Gram-negative and Gram-positive patho-
gens under in vitro and in vivo conditions [18-21]. How-
ever, to our knowledge, the gene encoding this bacteriocin
has not been yet sequenced. Accordingly, we report in this
work the synthesis of entA and bacE50-52 designed from the
amino acid sequence of mature EntA and BacE50-52 and
with adapted codon usage for expression by P. pastoris and
K. lactis, their cloning into appropriate protein expression
vectors, and the production and functional expression of
EntA and BacE50-52 by recombinant P. pastoris X-33 and
K. lactis GG799 derivatives.

Materials and Methods
Microbial Strains, Plasmids, and Growth Conditions

The microbial strains and plasmids used in this study are
listed in Table 1. The enterococci were grown in MRS
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broth (Oxoid Ltd., Basingstoke, UK) at 32 °C. P. pastoris
X-33 (Invitrogen S.A., Barcelona, Spain) and K. lactis
GG799 (New England Biolabs, Ipswich, MA, USA) were
cultured in the YPD medium {(Sigma-Aldrich Inc., St
Louis, MO, USA) at 30 °C with shaking (200-250 rpm).
Escherichia coli IM109 (Invitrogen S.A.) was grown in LB
broth (Sigma-Aldrich) at 37 °C with shaking. Pediococciss
damnosus CECT4797 was also grown in MRS broth (Ox-
oid) at 37 °C. All Listeria spp., Staphylococcus aureus
4-03937 and Strepiococcus preumoniae FQ35, were cul-
tured in BHI broth (Oxoid) at 37 °C. Aeromonas salmon-
icide 1LMG3776 and Yersinia ruckeri 1LMG3279 were
grown in TSB (Oxoid) at 28 °C. Vibrio campbellii
LMG21363 was grown in TSB supplemented with 1 %
NaCl, at 28 °C. Salmoneila typhimurium CECT443 was
grown in TSB at 37 °C. Campylobacter jejuni ATCC33560
and C. jejuni NCTC11168 were grown in BHI broth (Ox-
oid) supplemented with 1 % defibrinated horse serum
(BDBiosciences, San Jose, CA, USA) at 37 °C in micro-
aerophilic conditions. Clostridium perfringens CECT821
was grown in RCM (Oxoid) at 37 °C in anaerobic condi-
tions. S. preumoniae FQ35 was grown at 37 °C on Blood
Agar Plates (BAP) (Biomerieux S.A., Marcy 1'Etoile,
France). When necessary, zeocin {Invitrogen) and ampici-
lin (Sigma-Aldrich) were used at a concentration of 25 and
50 pg/ml, respectively. Cell dry weights of late exponential
phase bacterial and yeast cultures, expressed as cell dry
mass, were determined gravimetrically. All Listeria spp.
were obtained from the CECT (Coleccién Espafiola de
Cultivo Tipo, Valencia, Spain), S. aureus 4-03937 was
obtained from VISAVET (Facultad de Veterinaria, Uni-
versidad Complutense de Madrid, Madrid, Spain), and S.
preumoniae FQ35 was obtained from the SMRC (Servicio
de Microbiologia, Hospital Universitario Ramon y Cajal,
Madrid, Spain). Strains with the letters LMG were obtained
from the Laboratorium voor Microbiologie (University of
Ghent, Ghent, Belgium), those with ATCC from the
American Type Culture Collection (Rockville, MD, USA),
and those with NCTC from the National Collection of Type
Cultures (London, UK).

Basic Genetic Techniques and Enzymes

The known amino acid sequence of mature EntA, produced
by E. faecium T136 [22] or E. faecium CTC492 [23]
(GenBank n° X94181), and that of the BacE30-52, pro-
duced by E. faecium NRRL B-32746 [18] (GenBank n°
P85148), were used as the amino acid sequences from
which to design their preferred codon usage for production
by P. pastoris X-33 and K. lactis GG799. The nucleotide
sequence the emtA and the bacE50-52 synthetic genes
contained a 3-nucleotide appendix including a Xhol
restriction site and a 3'-nucleotide appendix including the
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Table 1 Bacterial strains and plasmids used in this study

Strain or plasmid

Description®

b
Source and/or reference

Strains

Enterococcus faecium

T136
P13

Escherichia coli IM10%

P. pastoris X-33

K. lactis GG799
Plasmids

PMA

pPICZaA

pKLAC2

PMAPEAS
PMAKEAS
PMAPBES0-528
PMAKBE50-528

PPICEAS
PPICBES0-528
pKLEAS
PKLE50-528

Enterocin A and B producer; MPA and ADT indicator; Indicator strain
Enterocin P producer; MPA and ADT indicator; Indicator strain
Selection of recombinant plasmids

Yeast producer

Yeast producer

Amp"; pDFB36 derivative; Plac-motA laclq

Zeo"; integrative plasmid carrying the secretion signal sequence from the S.
cerevisige o factor prepropetide and functional sites for the integration at the
5'A0X1 locus of P. pastoris X-33

Amp"; integrative plasmid carrying the Aspergillus nidulans acetamidase gene
(amdS), the secretion signal sequence from the S. cerevisiae o factor
prepropetide and functional sites for the integration at the LAC4 locus of K.
lactis GGT99

Amp"; pMA plasmid carrying the entd synthetic gen with the P. pastoris codon
usage

Amp"; pMA plasmid camrying the entA synthetic gen with the K. lactis codon
usage

Amp"; pMA plasmid carrying the bacES5G-52 synthetic gene with the P. pastoris
codon usage

Amp"; pMA plasmid carrying the bacE 50-52 synthetic gene with the K. lactis
codon usage

pPICZuA derivative carrying the PCR product KR-PEAS
PPICZuA derivative carrying the PCR product KR-PBES0-528
PKLAC?2 derivative carrying the PCR product KR-KEAS
PKLAC? derivative carrying the PCR product KR-KBE50-528

DNBTA; [22]

DNBTA; [49]

Promega

Invitrogen Life Technologies
New England Biolabs

GeneArt
Invitrogen Life Technologies

New England Biolabs

GeneArt
GeneArt
GeneArt
GeneArt

This work
This work
This work
This work

* ADT agar well diffusion test, MPA microtitre plate assay, Amp” ampicilin resistance, Kan” kanamycin resistance, Zeo” zeocin resistance
* DNBTA, Departamento de Nutricidn, Bromatologia y Tecnologia de los Alimentos, Facultad de Veterinaria, Universidad Complutense de

Madrid (Madrid, Spain)

stop codon (TAA) and the Norl restriction site (Table 2).
Both synthetic genes were supplied by GeneArt™ (Life
Technologies, Paisley, UK). DNA restriction enzymes
were supplied by New England BioLabs. Ligations were
performed with the T4 DNA ligase (Roche Molecular
Biochemicals, Mannheim, Germany). E. coli IM109 and K.
lactis GG799 competent cells were transformed as descri-
bed by the supplier. Competent P. pastoris X-33 cells were
obtained as recommended by the supplier, and electro-
poration of competent cells was performed as previously
described [24]. Electrocompetent cells were transformed
with a Gene Pulser™ and Pulse Controller apparatus (Bio-
Rad Laboratories, Hercules, CA, USA).

PCR Amplification and Nucleotide Sequencing
Oligonucleotide primers were obtained from Sigma-Geno-

sys Ltd., (Cambridge, UK). PCR amplifications were per-
formed in 50 pl reaction mixtures containing 1 pl of purified

DNA, 70 pmol of each primer, and 1 U of Platinum® Pfx
DNA Polymerase (Invitrogen S.A.) in a DNA thermal cycler
Techgene (Techne, Cambridge, UK). The PCR-generated
fragments were purified by a NucleoSpin® Extract II Kit
(Macherey—Nagel GmbH & Co., Diiren, Germany) for
cloning and nucleotide sequencing. Nucleotide sequencing
of the purified PCR products was performed using the ABI
PRISM® BigDye™ Terminator cycle sequence reaction kit
and the automatic DNA sequencer ABI PRISM, model 377
(Applied Biosystems, Foster City, CA, USA), at the Unidad
de Gendmica, Facultad de Ciencias Bioldgicas, Universidad
Complutense de Madrid (UCM), Madrid, Spain.

Cloning of the enfA and bacE50-52 Synthetic Genes
in P. pastoris X-33 and K. lactis GG799
and Antimicrobial Activity of the Transformants

The primers and inserts used for conmstruction of the
recombinant plasmids are listed in Table 2. Derivatives of
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Table 2 Primers and PCR products used in this study

Primer or PCR product

Nucleotide sequence (5'-3) or description

Amplification

Primers
JPKE-F

JPKE-R
PCR products
KR-PEAS

GAGGTACCGAATTCTCGAGAAAAGAAC

KR-PEAS, KR-KEAS,
KR-PBE50-528,
KR KBE50-528

AGCTCATAAGTTGCGGCCGCTATTTA

195-bp Xhol/Noil fragment containing the o-factor Kex2 signal

cleavage fused to the mature synthetic entd gene with the

P. pastoris codon usage
KR-KEAS

195-bp Xhol/Notl fragment containing the o-factor Kex2 signal

cleavage fused to the mature synthetic entd gene with the

K. lactis codon usage
KR-PBE50S

165-bp Xhol/Noil fragment containing the o-factor Kex2 signal

cleavage fused to the mature synthetic bacE50-52 gene with the

P. pastoris codon usage
KR-KBE508

165-bp Xhol/Nofl fragment containing the o-factor Kex2 signal

cleavage fused to the mature synthetic bacES(-52 gene with the

K. lactis codon usage
Bacteriocins

EntA (Amino acid sequence)
IGGFLGGATPGKC

EntA (P. pastoris codon usage)

TTHSGKYYGNGVYCTKNKCTVDWAKATTCIAGMS

actactcactccggtaagtactacggtaacggtetttactgtactaagaacaagty

tactgttgactggectaaggctactactigtatcgetggtatgtecatc ggtg e
tittttggetggtgctatcccaggtaagtattaa

EntA (K. lactis codon usage)

actactcattccggtaagtactacggtaatggtgtitactgtaccaagaacaag

tgtactgttgatigggetaaggetactacttgtattgetg gtatgictattggt
getttcttgpptpptectattccaggtaaatgttaa

BacE50-52 (Amino acid sequence)
BacES50-52 (P. pastoris codon usage)

TTENYGNGVCNSVNWCQCGNYVWASCNLATGCAAWLCKLA
actactaagaactacggtaacggtgtitgeaactcegttaactggtgtcagtgtoy

taacgtitgggeticetgtaacttggetactggtigtgetgetiggttgigtaaattggeitaa

BacE50-52 (K. lactis codon usage)

accactaagaattacggtaacgptetgtotaactetottaattgptotcaat gtept

aacgittgggetictigtaatitg getactggitgtgetgetiggttstotaaatiggetiaa

plasmids pPICZaA and pKLAC2 were constructed as fol-
lows: Primers JPKE-F and JPKE-R were used for PCR
amplification from plasmids pMAPEAS, pMAKEAS,
pMAPBES30-52S, and pMAKBES0-52S of the fragments
KR-PEAS, KR-KEAS, KR-PBE50-52S, and KR-KBES50-
528, respectively, carrying the a-factor Kex2 signal-pro-
tease cleavage site without the Glu-Ala spacer, fused to the
synthetic emA and bacES50-52 genes. Digestion of the
above cited fragments with the Xhol-Norfl rtestriction
enzymes permitted ligation of the resulting 195- and
165-bp Xhol-Nofl-cleavage fragments into pPICZaoA and
pKLAC?2, digested with the same enzymes, to generate the
plasmid-derived vectors pPICEAS, pKLEAS, pPICBES50-
528, and pKLBES50-528, respectively. Competent E. coli
JM109 cells were transformed with the above cited vectors,
and the resulting transformants were confirmed by PCR
amplification and sequencing. Subsequently, the Sacl-lin-
earized pPICEAS and pPICBES0-52S vectors and the
Sacll-linearized pKLEAS and pKLBES0-528 plasmid
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derivatives were used to transform P. pasioris X-33 and K.
lactis GG799, respectively. The P. pastoris X-33EAS and
P. pastoris X-33BES0S transformants were selected from
YPD agar supplemented with zeocin (160 and 1,000 pg/
ml) and sorbitol (1 M). The K. lactis GGT99EAS and K.
lactis GG799BE50-52S transformants were selected on
YCB (New England Biolabs) agar supplemented with Tris—
HC1 Buffer (30 mM) and acetamide (5 mM). Plates were
incubated at 30 °C for 3-5 days. The presence of the
integrated pPICEAS, pKLEAS, pPICBES50-528, and
pKLBES0-528 linearized plasmids in the genome of the
transformed yeasts was confirmed by bacteriocinogenicity
tests and sequencing of the inserts.

The antimicrobial activity of individual P. pastoris
X-33EAS, P. pasioris X-33BE50-52S, K. lactis
GG799EAS, and K. lactis GG799BE50-528 transformants
was screened by a stab-on-agar-test (SOAT). Briefly, the P.
pasteris X-33EAS and P. pastoris X-33E50S transformants
were streaked onto BMMY buffered methancl complex
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mediom (1 % yeast extract, 2 % peptone, 100 mM potas-
sium phosphate (pH 6), 1.34 % yeast nitrogen base (YNB)
without amino-acids, 4 x 1077 % bictin, 0.5 % methanol)
agar and grown at 30 °C to induce production of the bac-
teriocins. During the incubation period, methanol was
added daily to the plates at 0.5 % (v/v) final concentration
to maintain the induction. The K. lactis GG7T99EAS and K.
lactis GG799BES0-528 transformants were streaked onto
YPGal (1 % yeast extract, 2 % peptone, and 2 % galact-
ose) agar. After incubation of the plates at 30 °C for 48 h,
40 ml of MRS soft-agar containing 1x10° cfwml of the
indicator microorganisms E. faecium P13 (EntA®) or P.
damnosus CECT4797 (BacE30-32°%) was added to the
plates that were incubated at 30 °C overnight.

To determine the growth of the recombinant yveasts and
the antimicrobial activity of their supernatants, the 2.
pasioris X-33EAS bacteriocin producers were grown in the
buffered glycerol complex medium BMGY (1 % yeast
extract, 2 % peptone, 100 mM potassium phosphate [pH
6], 1.34 % YNB without amino-acids, 4 x 107> % biotin,
1 % glycerol) at 30 °C, until an optical density at 600 nm
{ODgpo) of approximately 2—6 was reached. Cells were
then harvested by centrifugation (5,000xg at 4 °C for
10 min) and resuspended to an ODgpg of 1 in the BMMY
medium. Similarly, the K. laciis GG799EAS selected
clones were grown in the YPD medium until an ODgy, of
approximately 2-6 was reached. Cells were then harvested
by centrifugation (5,000xg at 4 °C for 10 min), washed
with YPG al (1 % yeast extract, 2 % peptone, and 2 %
galactose), and resuspended to an ODgy of 1 in fresh
YPGal medium. The P. pastoris and K. lactis cultures were
incubated at 30 °C for 36 h with shaking (250 rpm}). Dur-
ing growth, samples were collected periodically for deter-
mination of their ODggg, bacteriocin production, and the
antimicrobial activity of their supernatants by an agar well
diffusion test (ADT) and a microtiter plate assay (MPA)
[12], using E. faecium P13 (EntAS) as the indicator
microorganism. With the MPA, growth inhibition of the
sensitive culture was measured spectrophotometrically at
620 nm with a microtitre Labsystems iEMS plate reader
(Labsystems, Helsinki, Finland). One bacteriocin unit {BU)
was defined as the reciprocal of the highest dilution of the
bacteriocin causing 50 % growth inhibition (50 % of the
turbidity of the control culture without bacteriociny.

ELISA for Quantification of the Production of EntA

Rabbit polyclonal antibodies with predetermined specific-
ity for EntA and a noncompetitive indirect enzyme-linked
immunosorbent assay (NCI-ELISA) were used to detect
and quantify EntA in the supematants of the producer cells
[5]. Briefly, wells of flat-bottom polystyrene microtitre
plates (Maxisorp, Nunc, Roskilde, Denmark) were coated

overnight (4 °C) with supernatants from E. fuecium T136
and the EntA-producing yeasts. After addition of the anti-
EntA antibodies and the goat anti-rabbit immunoglobulin
G peroxidase conjugate (Cappel Laboratories, West
Chester, PA, USA), bound peroxidase was determined with
ABTS (2,2’-azino-bis[3-ethylbenzthiazoline-6-sulfonic
acid]) (Sigma-Aldrich} as the substrate by measuring the
absorbance of the wells at 405 nm with a Labsystems
iEMS reader (Labsystems) with a built-in software package
for data analysis.

Purification of the Bacteriocins EntA and BacE30-52,
and Mass Spectrometry Analysis

EntA was purified from E. faecium T136, P. pastoris
X-33EAS, and K. lactis GG799EAS, while bacteriocin
BacE50-52 was purified from P. pastoris X-33BE50-528
and K. lactis GG799BES50-528, using a previously descri-
bed procedure [12, 25]. Briefly, supernatants from early
stationary phase 1-L cultures of . faecium T136 and 0.5-L
of the recombinant yeasts were precipitated with ammo-
nium sulfate, desalted by gel filtration, and subjected to
cation exchange and hydrophobic-interaction chromatog-
raphy, followed by reverse-phase chromatography in a fast-
protein liquid chromatography system (RP-FPLC) (GE
Healthcare, Barcelona, Spain). Purified fractions were
subjected to matrix-assisted laser desorption/ionization
time-of-flight (MALDI-TOF) mass spectrometry, as pre-
viously described [12]. The antimicrobial activity of the
purified bacteriocins was evaluated against P. damnosis
CECT4797 (EntA® and BacB50-52°) but also against Lis-
teria spp. and other Gram-positive and Gram-negative
microorganisms, using the MPA.

Results

Heterologous Production and Functional Expression
of EntA and BacE50-52 by Recombinant P. pastoris
X-33 and K. lactis GG799

The cloning of PCR-amplified fragments with the synthetic
mature entA or bacE50-52 into the protein expression
vectors pPICZaA and pKLAC2 resulted in the recombinant
plasmids listed in Table 1. Similarly, transformation of the
linearized plasmids into competent yeasts permitted isola-
tion of the P. pastoris X-33EAS (entA), P. pastoris
X-33BE50-52S (bacE50-52), K. lactis GGTI9EAS (eniA),
and K. lactis GGT99BES0-32S (bacES0-52) recombinant
yeasts. P. pastoris X-33EAS and K. lactis GG799EAS
were selected according to their high antimicrobial activity
against P. damnosus CECT4797 by the SOAT. However,
P. pastoris X-33BE50-52S did not show antimicrobial
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Table 3 Production and antimicrobial activity of the EntA from supernatants of P. pastoris X-33EAS and K. lactis GG799EAS

Strain Incubation ODgoo EntA production Antimicrobial Specific antimicrobial
time (h) (ug EntA/mI)b activity (BU/ml)" activity (BU/ug ErntA)CI
P. pastoris X-33EAS 0 1.0 ND NA NE
% 16 1.4 40 28
4 18 6.2 8,372 1,350
6 34 17.2 33,684 1,958
8 6.5 22.1 43,692 1,970
10 T 243 77418 3,185
12 8.9 321 136,000 4,236
24 8.0 297 70,506 2,374
36 8.8 282 43,715 1,551
48 9.8 15.2 19,216 1,001
K. lactis GGT99EAS 0 1 ND NA NE
2 7} 0.3 18 60
4 438 0.6 80 150
6 6.7 1.0 94 94
8 84 1.8 9 5
10 8.7 1.7 8 4
12 10.1 0.4 NA NE
24 8.1 ND NA NE
36 94 ND NA NE
48 8.5 ND NA NE
E. faeciwm T136° 16 0.9 15 577 385

Most of the data are mean from two independent determinations in triplicate

% ODggg, optical density of the culture at 600 nm

® Production of EntA was calculated by using an NCI-ELISA with polyclonal antibodies specific for EntA. ND no detected
° Calculated by MPA against E. faecium P13 (EntA®). BU bacteriocin units, NA no activity

4 Calculated as the antimicrobial activity against E. faecium P13 divided by the EntA produced. NE not evaluable

© Cultures of E. faecium T136 were used as controls for EntA production and antimicrobial activity

activity against any of the indicator bacteria tested and was
selected for its high zeocin resistance (1,000 pg/ml).
Similarly, K. lactis GG799BES0-528 did not show a direct
antimicrobial activity but was also selected for further
studies. Colonies of P. pastoris X-33 and K. lactis GG799
transformed with the linearized control plasmids without
inserts were used as bacteriocin-negative controls to dis-
card the possibility that the antimicrobial activity exerted
by the recombinant hosts was due to metabolites other than
bacteriocins.

The production and functional expression of EntA by P.
pastoris X-33EAS and K. lactis GGT99EAS was quantified
by specific anti-EntA antibodies in a NCI-ELISA and a
microtitre plate assay (MPA), respectively. The largest
production of EntA by P. pastoris X-33EAS was 21 4-fold
higher, its antimicrobial activity was 235-fold higher, and
its specific antimicrobial activity was 11-fold higher than
that of the EntA from the supernatants of E. faeciim T136
(Table 3). However, the production of EntA by K. lactis
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GG799EAS was 1.2-fold higher, but its antimicrobial
activity and specific antimicrobial activities were 2.3- to
6.1-times lower than that of the EntA produced by E.
Jfaecium T136 (Table 3).

Purification of the Bacteriocins EntA and BacE50-52,
and Mass Spectrometry Analysis

The EntA produced by E. faecium P13, P. pastoris
X-33EAS, and K. lactis GG799EAS was purified to
homogeneity {results not shown). The BacES0-32, produced
by P. pastoris X-33BE50-528 and K. lactis GG799BES0-
328, was also purified, although only eluted fractions after
the gel filtration step showed amntimicrobial activity. Fur-
thermore, purified fractions from the K. lactis GG799BES0-
525 supernatants showed a higher antimicrobial activity
than those from P. pastoris X-33BE50-528 (Table 4).
MALDI-TOF MS analysis of the purified EntA from P.
pastoris X-33EAS showed a major dominant signal of
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Table 4 Antimicrobial activity of fractions generated during purification of the BacE50-52 produced by the recombinant P. pastoris X-33 and

K. lactis GG799 derivatives

Strain Antimicrobial activity (BU/ml) of the purified fractions®
SN AS GF SE OE RP-FPLC
Pichia pastoris
X-33BE50-528 NA NA 35,680 5,643 173,453 316,977
Kiluyveromyces lactis
GG799BE50-528 NA NA 74,568 40,211 174,682 714,621

Most of the data are mean from two independent determinations in triplicate

* Antimicrobial activity against P. dammosus CECT4797. BU, bacteriocin units. NA, no activity. Purification fraction abbreviations as: SN
supernatant, AS ammonium sulfate precipitation, GF gel filtration, SE Sepharose fast flow eluate, OF octyl Sepharose eluate, RP-FPLC reversed-

phase eluate
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Fig. 1 Mass spectrometry analysis of purified enterocin A from P. pasforis X-33EAS (a) and K. lactis GG79SEAS (b). Numbers indicate the

molecular mass in daltons of most of the observed peptide fragments

4,844 4 Da. However, the EntA purified from K. lactis
GG799EAS showed a major peptide peak of 4,844.3 Da and
peptide fragments of major and minor molecular mass
(Fig. 1). Similarly, MALDI-TOF MS of the purified

BacE50-52 preduced by P. pastoris X-33BES50-528S showed
major peaks of 4,117.6 and 4,438.9 Da, respectively, while
the purified BacES0-52 from K. lactis GG799BES0-528
showed a major peptide fragment of 4,851.8 Da (Fig. 2).
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Fig. 2 Mass spectrometry analysis of purified bacteriocin E 50-52 from P. pastoris X-33E50-528 (a) and K. lactis GG799E50-528 (b). Numbers
indicate the molecular mass in daltons of most of the observed peptide fragments

Antimicrobial Activity of the Purified EntA
and BacE50-52 Against Listeria spp. and Other
Selected Bacteria

The purified EntA and BacE50-52 were evaluated for their
antimicrobial activity against L. ivamovii, L. grayii, L
welshimeri, L. seeligeri, L. innocua, and six L. monocytog-
enes strains. All purified bacteriocins showed antagonistic
activity against Listeria spp. The purified EntA produced by
P. pastoris X-33EAS showed a 3.7- to 603-fold higher an-
tilisterial activity than the EntA purified from E. faecium
T136 and a 568- to 3,741-fold higher antilisterial activity
than the EntA produced by K. lactis GGTI9EAS (Table 5).
The purified BacE50-52 produced by K. lactis GG799BE-
50-528 showed a 5.7- to 28.1-fold higher antilisterial
activity than the BacE50-52 produced by P. pastoris
X-33BE50-528, although their antilisterial activities were
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90- to 3.4 x 10*times lower than the purified EntA pro-
duced by P. pastoris X-33EAS (Table 5). However, none of
the purified EntA and BacE50-52 bacteriocins showed
antimicrobial activity against S. aureus 4-03937, C. per-
fringens CECT821, S. preumoniae FQ35, E. coli IM109, S.
typhimurium CECT443, A. salmonicida 1MG3776, V.
campbellii. ITMG21363, Y. ruckeri LMG3279, C. jejuni
ATCC33560, and C. jejuni NCTC11168.

Discussion

With the emergence of bacterial antibiotic resistance and
emerging bacterial pathogens, bacteriocins produced by
LAB may find their use as natural antimicrobial peptides in
food, medical, veterinary, and animal production applica-
tions. However, the high cost of synthetic bacteriocin
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Table 5 Antimicrobial activity® of the purified EntA and BacE50-52 produced by the recombinant P. pastoris X-33 and K. lactis GG799

derivatives against Listeria spp”

Strain L. i L. L. L. monocytogenes
vanovii grayii welshimeri  seeligeri  innocua
613 931 819 817 810 811 935 936 939 4,031 4,032
Pichia pastoris
X-33EAS 2,027800 103,900 134,300 1,405.600 48330 122,800 35500 195,000 493,000 371,200 204,700
X-33BE50-528 58 41 41 75 8 8 33 41 33 16
Klheyveromyces lactis
GG799EAS 542 86 114 271 42 71 42 343 503 343 171
GG799BES0-528 1,312 1,156 935 880 213 176 149 441 236 435 237
Enterococcus faecim
T136° 185,400 27,550 4,940 2,330 2,760 640 410 5,030 3,130 4,380 8,940

Most of the data are mean from two independent determinations in triplicate
* Antimicrobial activity in BU/ug purified bacteriocin (EntA or BacE50-52). NA, no activity
® All Listeria spp. were obtained from the CECT (Coleccién Espafiola de Cultivos Tipo, Valencia, Spain)

© Culture of E. faeciwn T136 used as control for the antimicrobial activity of its purified EntA

synthesis, their low yields, and the production of potential
virulence factors from many natural producers drive the
exploration of microbial systems for the biotechnological
production of bacteriocins by heterologous LAB and yeasts
[5, 15].

A number of yeast platforms have been used for the
heterologous production of peptides and proteins, including
bacteriocins [15, 26, 27]. Furthermore, while synthetic
genes encoding the bacteriocin divercin RV41 and the
hybrid bacteriocin Ent35-MccV have been evaluated for its
expression by recombinant bacterial hosts [28, 29], the use
of synthetic bacteriocin genes has not been yet sufficiently
explored for their expression by recombinant yeasts. In this
work, the pPICZoA and pKLAC2 protein expression vec-
tors containing the (1) strong and inducible Psgx; and
P;.cs promoters, respectively, (2) the S. cerevisae gene
region encoding the mating pheromone a-factor-1 secre-
tion signal (MFal,) and the Kex?2 signal cleavage site for
processing of fusion proteins during MFal,-directed
secretion through the Sec-dependent system, and a (3) host
homologous gene which drives the integration of the lin-
earized vectors into the yeast genome stabilizing foreign
protein [30, 31] have been used to drive the expression of
synthetic genes encoding the mature bacteriocins EntA and
BacE50-52 by recombinant P. pastoris X-33 and K. lactis
GG799 derivatives.

Initial experiences with recombinant P. pasforis X-33
and K. lactis GG799 determined that yeasts encoding EntA
but, not those encoding BacE50-52, showed antimicrobial
activity by the SOAT. A number of factors including copy
number integration of the protein expression vectors in the
yeast DNA, mRNA stability, and coordination of the rates
of protein synthesis, folding and translocation of the

produced bacteriocin may affect production of foreign
peptides by heterologous veasts [15]. The amino acid
sequence following the secretion signal and the nature of
the cleavage site for processing and secretion by bacterial
and yeast Sec-dependent systems may also mterfere with
the secretion of fused proteins through membranes [32].
Although EntA holds the TTHSGKY amino acid sequence
before the YGNGVxC consensus sequence of the class Ila
bacteriocins, and BacES50-52 holds the TTKIN amino acid
sequence before its YGNGVC consensus like sequence, it
may happen that the charged KT residue of BacE50-52
limits its processing and secretion out of the recombinant
yeast cells. It is known that bacteriocins cloned in S. ce-
revisiae [33-35], P. pastoris [15, 24, 36-38], and K. [actis,
Hansenula polymorpha and Arxule adeninivorans [15]
have been produced by these recombinant yeasts with
variable success regarding its secretion and functional
expression.

In this work, the production of EntA by P. pasforis
X-33EAS was 21.4-fold higher than by E. faecium T136.
However, the production of EntA by K. lactis GG799EAS
was lower than expected (Table 3). The different produc-
tion of EntA by recombinant P. pasforis X-33 and K. lactis
GG799 may be due to promoter differences, to the dosages
of entA in their genomes, and/or to differences in the
genetic backgrounds of the two strains. The decrease in
EntA in the supernatants of P. pastoris X-33EAS and K.
lactis GGT99EAS during induction and growth in their
production medium may be adscribed to, among other
factors, the attachment of EntA to cell walls, the formation
of aggregates, and/or to subtle proteolytic degradation [15].
The antimicrobial activity of the EntA produced by P.
pastoris X-33EAS was 235-fold higher and its specific
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antimicrobial activity 11-fold higher than the produced by
E. faecium T136. However, the antimicrobial activity and
the specific antimicrobial activity of the EntA produced by
K. lactis GG799EAS was 2.5-6.1-imes lower, respec-
tively, than the EntA produced by E. faecium T136
{Table 3).

Recombinant P. pastoris X-33 encoding the synthetic
mature eniA with the codon usage for expression by P.
pasioris, as shown in this work, or encoding the mature
entA from E. faecium T136 [15] secrete in their superna-
tants a 21.4- to 30-fold higher amounts of EntA with a 235-
to 430-fold higher antimicrobial activity and a 11- to
14-fold higher specific antimicrobial activity than the EntA
produced by E. faecium T136. Slightly higher amounts of
EntA of higher antimicrobial activity were produced by
recombinant P. pastoris encoding the enrA from E. faecium
T136 than the synthetic entA used in this work. Thus,
although gene sequences with the preferred codon usage of
the producer cells can lead to increases in protein synthesis,
other factors such as emtA copy number and/or yeast
growth rates may affect the amount and antimicrobial
activity of the produced EntA. Recombinant LAB, heter-
ologous producers of EntA, also show a higher production
of EntA (1.5- to 18.3-fold) and a higher antimicrobial
activity {1.5- to 6.6-fold) than that of E. faecium T136, but
the specific antimicrobial activity of the secreted EntA is
lower than deduced from its production [5, 39]. Other
recombinant LLAB, heterologous producers of enterocin P
(EntP), hiracin JM78 (HirIM79), and pediocin PA-1
(PedA-1), also showed a higher production and antimi-
crobial activity of these bacteriocins, although their spe-
cific antimicrobial activities differed from that produced by
the original LAB producers [12, 37, 40, 41]. Accordingly,
P. pastoris X-33BAS and P. pastoris X-33EA, overpro-
ducers of EntA and with higher antimicrobial and specific
antimicrobial activities than the EntA produced by E.
Jfuecium T136, would be considered as appropriate cell
factories and an alternative to LAB for production of EntA
of higher antimicrobial and specific antimicrobial activi-
ties, providing a means by which the potential benefits of
this bacteriocin could be exploited in diverse biotechno-
logical applications.

The bacteriocins produced by recombinant P. pastoris
X-33 and K. lactis GG799 were also purified to homoge-
neity. All purified fractions from yeasts producing EntA
showed antagonmistic activity (results not shown), while
antimicrobial activity was only observed after purification
of the supernatants of P. pastoris X-33BE50-52S and K
lactis GGTO0BES0-528, encoding bacE50-52, by gel fil-
tration {Table 4). While interesting, this was not an unex-
pected observation since purification of the circular
garvicin ML, produced by Lactococcus garvieae DCCA3,
showed a higher antibacterial activity and a broader

@ Springer

antimicrobial spectrum as it was increasingly purified [42].
MALDI-TOF MS analysis of the EntA produced by P.
pastoris X-33EAS showed a major peptide fraction of
identical molecular mass (4,844.4 Da) than the EntA pro-
duced by E. faecium T136 [5]. The peptide fragment of
4,860.2 Da may correspond to oxidation (+16 Da) of the
methionine residue (Met33) of the EntA to methionine
sulfoxide (MetSQ) (Fig. 1). The oxidation of methionine
residues during production and purification of EntA by
recombinant LAB is common [3, 39]. However, the puri-
fied EntA from K. lactis GG799EAS gave not only a
peptide fragment with a molecular mass (4,844.3 Da)
identical to the EntA produced by E. faecium T136, but
also other peptide fragments of minor (4,330.9 Da;
4,993.0 Da) and major (3,480.9 Da) molecular mass
(Fig. 1). It is possible that synthetic entA, cloned in K
lactis GG799EAS, may produce uncorrectly folded EntA
thus affecting the processing, transport, and functional
expression of the synthesized EntA [43]. The lower pro-
duction of EntA by K. lactis GG799EAS and the presence
of purified peptide fragments of different molecular mass
may also suggest the existence of truncated EntA fractions,
the interaction of the bacteriocin with unknown biological
compounds [36] or the EntA being subject to post-trans-
lational modifications (PTM). The presence of four cys-
teine residues and one methionine residue in the EntA
would permit the formation of correct disulfide bridges but
also the oxidation of these residues and the covalent
attachment of different compounds to cysteine. Cysteine is
susceptible to chemical modifications such as glutath-
ionylation and cysteinylation. Glycosylation is also a
common post-translational modification in eukaryotes
involving linkage via the N-X-S/T amino acid sequence
(N-glycosylation) or the side chain of serine and threonine
(O-glycosylation) [44]. The absence in EntA of attachment
sites for N-linkages precludes their N-glycosylation, but
the presence of six threonines and two serines makes the
EntA suitable for O-glycosylation.

MALDI-TOF MS analysis of the purified BacE50-52,
produced by P. pastoris X-33BE50-52, showed a major
peptide fragment of 4,117.6 Da, identical to the theoretical
4,125.7 Da molecular mass of mature BacE50-52 assuming
the existence of three disulfide bonds linking the six cys-
teine residues of its amino acid sequence. However, the
presence of peptide sequences of higher (4,438.9 Da)
molecular mass was also observed. On the other hand, the
purified BacE50-52, produced by K. lactis GG799BE50-
52, showed a peptide fragment of a higher molecular mass
(4,851.8 Da) than expected for mature BacES0-52 (Fig. 2).
The presence of six cysteine residues in BacE50-52 would
facilitate the formation of correct disulfide bridges but also
permit its oxidation, glutathionylation, and cysteinylation.
The absence in BacE50-52 of attachment sites for
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N-linkages precludes its N-glycosylation, but the presence
of three threonines and two serines makes the bacteriocin
sensitive to O-glycosylation.

The purified EntA and BacE50-52 showed antimicrobial
activity against Listeria spp. with purified EntA, produced
by P. pastoris X-33EAS, as the most active antilisterial
bacteriocin (Table 5). It has been speculated that the lower
specific antimicrobial activity of bacteriocins produced by
heterologous LAB may be due, among other factors, to
deficiencies in disulfide bond (DSB) formation, a con-
served mechanism for stabilizing extracytoplasmic proteins
carried out by thiol-disulfide reductases [15]. The EntA has
two DSB that appear to improve its antimicrobial activity
[45]. However, an advantage of yeasts over bacterial sys-
tems is that yeasts may perform post-translational modifi-
cations, such as DSB formation and protein folding, more
efficiently [46]. The highest antilisterial activity of the
purified EntA, produced by P. pasioris X-33EAS, as
compared to that of the EntA produced by K. lactis
GG799EAS and E. faecium T136, further reinforces the
role of this recombinant yeast as a potential cell factory for
the heterologous overproduction, recovery, and purification
of EntA as a natural antimicrobial agent in potential food,
medical, veterinary, and animal production applications.
The lower antilisterial activity of the EntA purified from K.
lactis GG799EAS could be adscribed to its lower produc-
tion by the recombinant yeast (Table 3), the existence of
truncated bacteriocin forms, and the existence of post-
translational modifications that would be the subject of
future investigations (Fig. 1).

The antilisterial activity of the purified BacE50-52,
produced by K. lactis GG799BE50-52S, was 5.7- to 28.1-
fold higher than that produced by P. pastoris X-33BE50-
528, but 90- to 1,545-times lower than the antilisterial
activity of the EntA produced by P. pastoris X-33EAS
(Table 5). Differences in susceptibility of L. monocytoge-
nes strains to class Ila bacteriocins have been previously
noted [47]. But in order to be active, bacteriocins need to
recognize a target molecule at the surface of sensitive cells,
and the target receptor for class Ila or pediocin-like bac-
teriocing has been identified as proteins of the sugar
transporter mannose phosphotransferase system {(Man-
PTS) [11, 48]. Interestingly, Man-PTS are not found in
eukaryotes. Moreover, class Ila bacteriocins seem to target
specifically a phylogenetically defined subgroup of Man-
PTS that exclusively contain members of the Gram-posi-
tive Firmicutes with the most potent receptors being those
found in Listeria spp. and Enterococcus spp. [11]. How-
ever, misfolding of secreted bacteriocins and extensive
PTMs may be responsible of the lower antilisterial activity
of the EntA preduced by K. lactis GG799EAS, and the
BacE50-52 produced by P. pastoris X-33BE50-52S and K.
lactis GG799BES0-528.

However, none of the purified EntA and BacES50-52
showed antimicrobial activity against S. awreus 4-03937,
C. perfringens CECT821, S. pneumoniae FQ35, E. coli
IM109, S. wphimurium CECT443, A, salmonicida
LMG3776, V. campbellii 1MG21363, Y. ruckeri
LMG3279, C. jejuni ATCC33560, and C. jejuni
NCTC11168. While the EntA produced by E. faecium
strains of diverse origins shows a high antilisterial activity
with no activity against Gram-positive bacteria [23, 25],
the BacES50-52 produced by E. faecium B-30746 showed
antimicrobial activity against Gram-positive and Gram-
negative bacteria, including Campylobacter spp. [18, 19].
It has been also reported that purified BacE50-52 from E.
Jaecium B-30746 showed a molecular mass of 3,339.7 Da
which is in contrast with its predicted molecular mass of
4,125 Da [18]. However, the purified BacE50-52 from P.
pastoris X-33BE50-528 and K. lactis GG7T99BES50-52S did
not show a peptide fragment of the molecular mass as that
produced by E. faecium B-30746. It may happen that still
unknown modifications of purified BacES0-32 and the
presence of nonreported synergistic compounds or spe-
cialized outer membrane transporters would be required for
BacE50-52 to reach sensitive Gram-negative bacterial
receptors. Uncorrect disulfide bond formation, misfolding
of the secreted bacteriocin and extensive PTMs, may be
also responsible for the non-detected antimicrobial activity
of the purified BacE50-52 against the evaluated Gram-
negative bacteria.

As reported in this study, P. pastoris X-33EAS producer
of EntA from a codon usage adapted synthetic mature eniA
significantly increases the production, antimicrobial activ-
ity, and specific antimicrobial activity of EntA in the
absence of dedicated immunity and secretion proteins, as
compared to that of recombinant LAB heterologous pro-
ducers of EntA from PCR-amplified entA encoded by
enterococci. These results also contrast with the lower
production and antimicrobial activity of the EntA produced
by K lacris GGT99EAS, and with the low antimicrobial
activity of the BacE50-52, produced by P. pastoris
X-33BE50-52S and K. lactis GG799BE50-528. Moreover,
since the effectiveness of yeast expression systems for
production, recovery, and functional expression of bacte-
riocing from synthetic bacteriocin genes is difficult to
predict, further efforts should be performed for a more
efficient genetically engineered production and functional
expression of other synthetic bacteriocin genes, their qui-
meras or hybrid antimicrobial peptides by heterologous
producer yeasts.
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ABSTRACT

The present study was an endeavour to partially purify and characterize enterocins produced by E. hirae and E.faecalis
from UTI patents.Maximum enterococcal isolates were obtained from females of 10-20years age group and compared
with males of same age group. Enterocin was partially purified by ammonium sulphate precipitation technique fol-
lowed by dialysis and analysis by SDS-PAGE revealed molecular mass of enterocin to be 4.5-5.5 kDa approximately
Partially purified enterocin was heat and pH stable and sensitive to proteolytic enzymes, thus proving it to be of
proteinacecus nature and was therefore characterized as enterocin, Such bacteriocin have broad field of application

including both food industry and medical sector.
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For years, Enterococei have been considered as harm-
less inhabitants of the gastrointestinal tracts of humans
and animals. The genus Enferococcus is a heterogenous
group of bacteria, which includes 20 different species.
The interest on Enterococci is raised in the last decades
mainly for 2 important characteristics; they are con-
sidered as infection agents especially in immune com-
promised hosts and they are used as useful probictics
and starter cultures in various fermented food (Maki
and Agger 1998; Leroy et «l., 2003; Manolopoulou
et al., 2003).
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Enteracocci produce bacteriocins, Known as enterocins
which are proteinacepus compounds produced by bacte-
ria that exhibit a bactericidal or bacteriostatic mode of
action against sensitive gram positive and gram nega-
tive bacteria. Enterococet are part of the normal intesti-
nal microflora and may become opportunistic pathogens
in individuals with in serious diseases whose immune
systems are compromised. E.faecium and E.faecalis are
known to produce enterocins which possess heat sta-
bility and antilisterial activity, (Wilaipun et al., 2004,
Enan, 2006, Sawa et al., 2009, Jamaly et al., 2010).

Urinary Tract Infection (UTI) is a commeon infection
prevalent among various age groups. Although UTI is
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common in women it can affect both gender and all age
groups. Untreated UTI in a long run can lead to many
complications such as pyelonephritis and renal damage.
Although Enterococei is commonly isolated from UTT it
is less often speciated. Speciation and antibiogram of
enterococel is gaining relevance because of emerging
antimicrobial resistance.The selection and identification
of a enterocin produced be Enterococcal strain isolated
from urine is of interest because it can be used as probi-
otic bacterium inhibit other bacterial pathogens (Gamal
et ¢l., 2006 and Civamani et al., 2014).

Many enterococci produce enterocins which are short
peptide as a defense mechanism. Bacteriocins( enterocins)
and are used bioactive peptides and most are cationic at
physiological pH. This peptide is highly active against
pathogenic bacteria and it plays a dual mode of action
at high concentration, it produces localized holes in cell
wall and cellular membrane which leads to leakage of
macromolecule such as protein into external medium
and cause death of pathogenic organism; at lower con-
centration; it modifies the ion permeability of the cells,
discipating both components of proton motive force
(Minahk et al., 2004).Enterocins have developed a great
deal of interest as an approach to control food borne
diseases to be used as starter culture and biopreservative
in various food products. In some cases,enterocin are
used as probiotics as a result of their protective effects
in GIT (Khan et al. 2016)

Thus, considering all this, the study was undertaken to
characterize enterocins from E.hirae & E. faecalis and to
evaluate its inhibitory activity against indicator strain.
The antimicrobial activity was measured in Arbitrary
units(AU/ml). Molecular size was also determined along
with its activity against heat, pH, proteolytic enzymes
and storage conditions.

STUDY DESIGN

A descriptive study was performed at Biochemistry
Dept., Shri Shivaji College of Arts, Commerce and Sci-
ence, Akola. The urine specimens were collected from
government hospital, private hospital and pathology
laboratory. Patients with complaints of fever, burning
micturition and pain lower abdomen were included in
the study. The urine samples were collected and pro-
cessed in the laboratory by standard methods. The name,
age, sex and date of onset of symptoms was noted. On
isolation of enterococci, the organism was speciated and
its activity was checked using different parameters. All
the data obtained was recorded using MS Excel Soft-
ware.The statistical analysis included statistics like fre-
quency percentage, mean and standard deviation.

BACTERIAL IDENTIFICATION

Total one hundred and eight urine samples were col-
lected for Enterococcal isolation. Samples were collected
in sterile broth medium and transferred immediately to
laboratory for further processing. Samples were inocu-
lated onto De Man, Rogosa and Sharpe broth for enrich-
ment purpose and incubated at 30°% for 24-48 hrs. The
enriched cultures were then analyzed for isolation of
relevant organism. The isolation was performed by the
routine microbiological procedure and inoculation was
performed on selective and differential media viz Ente-
rococcus Confirmatory Agar, De Man Rogosa, Sharpe
Agar and Bile Esculin Agar. All plates were then incu-
bated at 30°c for 24-48 hrs.

SCREENING OF ENTEROCIN PRODUCING
ISOLATES

All enterococcal isolates were screened for enterocin
production by Agar-well diffusion method against indi-
cator strain S. aureus. Enterococcal isolates were grown
in Brain Heart Infusion broth and incubated at 37°C for
16-18h. For extraction of enterocins, bacterial cells were
removed by centrifugation at 10,000x g, for 30min at
4°C. After centrifugation, the supernatant was adjusted
to pH7.0 with 0.1N NaOH. This is cell-free neutralized
supernatant, also designated as crude preparation. Brain
Heart infusion agar plates were overlaid with 3.0mL soft
agar containing 0.1mL (approximately1X-106CFU/mL)
of the indicator organism. Wells (5mm diameter) were
cut and 100uL of cell-free neutralized supernatants of
the test organism were poured into each well Plates
were incubated at 37°C for overnight. A clear zone sur-
rounding the bacteriocin producer colonies after growth
of the indicator strain was consider as bacteriocin posi-
tive. Inhibition zone around the wells were measured
and recorded.

PARTIAL PURIFICATION OF ENTEROCIN
Ammonium Sulfate Precipitation and Dialysis

Partial purification of enterocins was carried out by
using ammonium sulphate precipitation method (Harris
et al., 1989 ) The enterocin producer isolates were grown
in Brain Heart Infusion broth at 37°C for 16-18hrs.
The hacterial cells were removed by centrifugation at
10,000x g, for 30min at 4°C and supernatant was col-
lected. The ammonium sulfate was added slowly to the
cell free neutralized supernatant with constant stirring
(using magnetic stirrer) till the level of 80% saturation
was achieved. The pellet obtained was then suspended in
20 mM sodium phosphate buffer in dialysis bag(Dialysis
tubing D0405 Sigma Aldrich) and was dialysed for over-
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night at 4°C with constant stirring The system was held
for overnight at 4°C and the precipitates were recovered
by centrifugation (10,000x g, for 30 min at 4°C). The
resulting pellet was solubilized in 20mM sodium phos-
phate buffer of pH6.8. The sample thus obtained was des-
ignated as crude preparation. The antimicrobial activity
of this sample was assayed by using agar-well diffusion
method and described in terms of AU/ml. One arbitrary
unit (AU) of enterocin was defined as the reciprocal of
the serial dilution that showing a clear inhibition zone,
multiplied by a factor of 100 (to obtained AUfmL).

Quantitative Determination of Enterocin Activity

The agar well-diffusion method was performed, to deter-
mine antimicrobial activity of enterocin. Brain Heart
Infusion Agar plates were pre-inoculated with 3.0ml
soft agar containing (approximately 1x 106 CFU/ mlL})
of indicator organism and wells of 6 mm diameter were
bored in it. Two-fold serial dilutions of cell-free neutral-
ized supernatant in sterile phosphate buffer (pH 0.7) were
made and 100nL of each two-fold dilution was pipet-
ted into each well. The plates were incubated at 37°C +
2°C for 16-18hrs and diameter of zone of inhibition was
measured in mm. The inhibitory strength was expressed
as arbitrary unites or activity unitsf mL. One arbitrary
unit (AU) of enterocin was defined as the reciprocal of
the serial dilution that showing a clear inhibition zone,
multiplied by a factor of 100 (to obtained AUfmL).

Effect of Physicochemical Treatments on
Enterocin Activity

Thermo Stability Test:-To evaluate the thermal stability,
1ml of enterocin preparations was exposed to different
temperatures viz.,60°C for (60 min), 80°C for (40 min),
100°C for (30min), and 121°C for (15 min). Activity was
checked by agar well diffusion assay (Igbal et al., 1999).

Stability at Different pH Values: Enterocin activity
was also checked by placing it on wide range of pH.The
supernatant pH levels were adjusted between 2.0 and
12.0 using 1 N HCl and 1 N NaOH. The pH stability was
assayed at room temperature (25°C) after 1 and 24 hrs
of incubation of partially purified enterocin solutions.
After incubation, the tested supernatant was re-adjusted
to neutral pH and assayed for activity. Untreated sam-
ples were used as the control.

Effect of Proteolytic Enzymes: Sensitivity of
the enterocin to proteolytic enzymes trypsin,
o-chymotrypsin,lipase, lysozyme and catalase was
tested against partially purified enterocin samples. Each
enzyme was dissolved in 10 mM sodium phosphate
buffer (pH 7.0) and the solutions were added to the
enterocin solution for a final concentration of 1 mg/
ml following incubation at 37 °C for 2 hrs. Untreated
samples were used as the control. The residual enterocin

activity was determined by agar-well diffusion method
(Ahmad et al., 2003). Sensitivity to Chloroform: To test
for chloroform sensitivity the culture supernatant was
mixed with an equal volume of chloroform and kept at
room temperature for 4 hrs before assessing the anti-
microbial activity.Protein Quantitation: Protein estima-
tion from crude enterocin preparation was carried out by
using Lowry method (Lowry et al., 1951).

Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis (SDS-PAGE) Profiling of Partially
Purified Enterocin

Molecular weight of different enterocins were determined
from fractions from ammonium sulfate precipitated frac-
tion by performing 16% Tris-Tricin Sodium dodecyl sul-
fate poly-acrylamide gel electrophoresis (SDS-PAGE).
Standard molecular weight marker procured from GeNei
TM(GeNei ™ 1500 - 10,000) was used as reference molec-
ular weight marker. Partially purified enterocin solutions
obtained from different isolates, were loaded on the gel.
After electrophorsis, the gel was fixed with a solution
containing 15% ethanol and 1% acetic acid. The del was
then washed with distilled water for 4 hrs. The gel was
stained with solution containing 0.15% Coomasie brilliant
blue R-250 in 40% ethanol and 7% acetic acid to iden-
tify the enterocin. The gel was then sequentially washed
with phosphate buffered saline for 1hr and subsequently
deionized water for 3 hrs. (Parbal 1988)

Bacterial Isolation and Identification: In the present
study, total 108 urine samples were collected from UTI
patients. Mean values in Table 1 states that maximum
isolates obtained were from females as females are more
prone to urinary tract infections. The figures related to
standard deviation shows that heterogenity is more in
males of all age groups as compared to females with
respect to their dietary habits, physical workout and mode
of living. Morphological, physiological and biochemical
identification of enterococcal isolates were carried out
according to Standard microbiological technique. Out of
108 samples 40 enterococcal isolates were obtained and
identified as E. hirae 14 (35%) and E.faecalis 26 (65%)
Results were expressed in mean (standard deviation)

Max isolates(45.37%) were seen in 10-20yrs age
group followed by 21-40 yrs age group(34.25%). 62.03%
represents that max isolated from females as compared
to 41(37.96%) from males.

Preliminary screening of enterocin producing
enterococci

Screening of enterocin producing enterococci was done
by agar well diffusion method is summarized in table no.2
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Table 1: Age and Sex distribution of Isolates
Age groups(yrs) Male Female Total Standard Deviation
10-20 yrs 20 (18.51%) 29 (26.85%) 49 (45.37%) 2.84
20-40 vIs 13(12.030%) 24(22.220%) 37 (34.25%) | 5.13
40-60 yrs 8 (7.40%) 14(12.96%) 22 (20.37%) 3.56
Total 41(37.96%) 67(62.03%) 108 (100%)
Standard Deviation | (13.16) (12.50) (12.71)

Table 2: Frequency of enterocin production screened by Agar Well

Diffusion Method

TIdentified strains | No.of producer strains/ | Frequency Percentage
No.of tested strains (%)

E.hirae 8/14 57.14

E. faecalis 18/26 66.23

Total 26/40 65

The obtained isolates were screened for their entero-
cinogenic potential against specific indicator strain of
S.aureus. It was observed that out of 108 samples 40
enterococcal isolates were obtained showing strong
inhibitory activity. Amongst these 40 isolates, 8 (57.14%)

out of 14 were found to be E.hirae and 18 (69.23 %)
out of 26 of E.faccalis were found to be efficient pro-
ducer of enterocin. For the assessment of antimicrobial
activity shown by efficient enterocin producers six iso-
lates were selected for further study. These were desig-

Table 3: Partial Purification of Enterocin from cultural supernatent of E.hirae and E. faecalis
Sr. No. | Sample [ Step Volume | Activity Total Protein Conc. | Total Specific | Activity Fold
(m1) units activity (mg/ml) Protein | activity recovered | purification
(AU/ml) | (AU) (mg)

1) E.hirae EHE §
Culture Supernatent 1000 160 160000 3.80 3800 42.10 100 1
Ammonium sulphate 100 640 640000 2.8 280 2285.71 400 54.29
precipitation 80%

2 E. faecalis EFE 9
Culture Supernatent 1000 160 160000 4.5 4550 35.16 100 1
Ammonium sulphate 100 640 640000 4.6 460 1391.30 400 39.57
precipitation 80%

5 E.hirge EHE 10
Culture Supernatent 1000 160 160000 3.6 3600 44.44 100 1
Ammonium sulphate 100 640 640000 4.2 420 1523.80 400 34.28
precipitation 80%

4 E. faecalis EFE 15
Culture Supernatent 1000 160 160000 4.7 4700 34.04 100 1
Ammonium sulphate 100 640 640000 4.3 430 1488.37 400 43.72
precipitation 80%

5 E.hirae EHE 18
Culture Supernatent 1000 160 160000 35 3500 45.07 100 1
Ammonium sulphate 100 640 640000 4.1 410 1560.97 400 34.63
precipitation 80%

6 E.faecalis EFE 21
Culture Supernatent 1000 160 160000 4.3 4300 37.20 100 1
Ammonium sulphate 100 640 640000 5.0 500 1280.00 400 34.40
precipitation 80%
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Table 4: Effect of different temperature on Enterocin activity

Sr. No. | Enterocin Temperature treatment
60°C for | 80°C for | 100°C for | 121°C for
60 min |40 min | 30 min 15 min

1 EHE 8 + + + =

2 EFE 9 + + + =

3 EHE 10 + + + ~

4 EFE 15 + + + =

5 EHE 18 + + + =

6 EFE 21 + A + =2

(+) - Activity retained (-) - Activity lost

Table 5: Effect of different pH on Enterocin activity

Sr. No. | Enterocin | pH treatment
2 3 4 5 6 7 8 9 10 11 12

1 EHE 8 + + + i + + + = = = =
2 EFE 9 + + + + + + + = = = =
3 EHE 10 + + + + + + + - - - =
4 EFE 15 + + + + + + + - = = =2
5 EHE 18 + + + + + + + - = = =
6 EFE 21 + + + + + + + - - - -

(+) - Activity retained (-) - Activity lost

nated as E.hirae EHES, E faecalis EFES E.hirae EHE10
E.faecalis EFE15 E.hirae EHE18 E.faecalis EFE21. Their
enterocins were named by adding enterocin to specific
isolate number. One of the most important characteris-
tic of enterocin is evaluation of susceptibility for differ-
ent antibiotics The obtained isolates were susceptible to
commonly used antibiotics like ampicillin, amoxycilin
while resistant to norfloxacin only.Thus stating its use
as efficient and safe for clinico-medical sector(Khan
et.al.2016)

Partial Purification of Enterocin: The partial purifica-
tion of enterocin from cell free supemnatant of E.hirae

and E,frecalis was done as mentioned in table no.3.The
antibacterial activity was determined in terms of activity
units AU/ml. The antibacterial activity for cell free neu-
tralized supernatant and partially purified enterocin was
found to be 160000 AU/ml and 640,000AU/ml respec-
tively. It was seen that the specific activity of enterocin
EHES in cell free supernatant was 42.10(AU/mg) which
was increased upto 2285.71 (AU/mg) after ammonium
sulphate precipitation and dialysis. Specific activity of all
remaining enterocins were found as EFE9 1391.30(AU/
mg) ,EHE10 1523.80{AU/mg), EFE15 1488.37(AU/mg),
EHE18 1560.97(AU/mg) EFE21 1280(AU/mg).Thus, spe-

Table 6: Effect of different Enzymes on Enterocin activity

Sr. No. Enterocin | Catalase | Trypsin | o-chymotrypsin Lipase Lysozyme
(pepsin A)

1 EHE 8 + = - + +

2 EFE 9 & = & + +

3 EHE 10 + = %= A +

4 EFE 15 + - - + +

5 EHE 18 + . - + +

6 EFE 21 + = & + +

(+) - Activity retained (-) - Activity lost

Abreviations: Enterocin from respective isolates,

1.EHE 8- E hirae EHES , 2.EFE 9- E.faecalis EFE 9, 3.FHE 10- E.hirae EHE10

4.EFE 15-E.faecalis EFE 15, 5.EHE 18- E.hirae EHE18, 6 EFE 21-E.faecalis EFE 21
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cific activity after ammonium sulphate precipitation and
dialysis was found to be increase in all crude enterocins
as compared to cell free supernatant.

Effect of physicochemical treatment on Enterocin
activity: The effect of thermal treatment is as summa-
rized in table no 4. All crude enterocins were stable
following boiling for 30mins.The antimicrobial activ-
ity remained unaffected when heated at 100° C for
30min but activity gets reduced or lost beyond 121° C
for 15min. All the tested enterocins vrere stable to wide
range of pH from 2-8 as shown in table 5. Table 6 shows
the effect of various enzymes on inhibitory activity of
enterocins .It demonstrated sensitivity to proteolytic
enzymes trypsin and o chymotrypsin while treatment
with catalase, lipase and lysozyme did not affect the
activity of enterocin.Thus,the obtained data supgests
that the loss of enterocin activity to proteolytic enzyme
is due to the fact that enterocin contained an essential
proteinaceous component while stability in presence of
both lipase and lysozyme indicates that it lacked lipid
ar carbohydrate moieties. Similar enterocin activities to
different physicochemical parameters were also seen in
Cocolin ef @l,(2007) Our results are also in accordance
with the findinps of Ahmad et al,, (2003) and Dezwaan
et al.(2007).

SDS-PAGE Profiling of Partially Purified Enterocin:
The crude enterocin obtained were further characterized
by SDS PAGE analysis. The results of partial purification
of obtained enterocin fraction from E. kirae and E.faecalis
are depicted in plate 7 and plate 8.SDS-PAGE profiling
revealed protein bands having molecular mass in range
of approximately 4.5 to5.5kDa.Bands were observed in
lane 1 and 2 showed partially purified enterocin from
cultures of E.liree EHES and E.faecalis EFE 9 represent-
ing molecular mass approximately 4.8kDa and 5.3kDa
in plate 7. Bands 1 and 2 in plate § represents molecu-
lar mass of hands from partially purified enterocins
from cultures E.faecalis EFE21 and E.kirae EHE 18 as
5.5kDa and 4.7kDa respectively. In the present study the
molecular weight observed is similar to those cbtained

I Lh
o0 L

FLATE 7. Bands 1 and 2 represents 4.8kDa and
5.3kDa of EHES and EFES respectively.

L40an

10000

000

PLATE 8. Bands 1 and 2 represents 5.5kDa and
4.7kDa of EFE21 and EHE18 respectively

inearlier studies. Line ef al., also characterized enterocin
by SDS-PAGE analysis which reveals 5.5kDa enterocin
fraction. Similarly, Park et al, identified partialy purified
bacteriocin produced by E.faecinm JCM 58047 enterocin
A and enterocin B of molecular mass 4.5kDa approxi-
mately.

CONCLUSION

The current study thus describes the hiochemical charac-
terization of enterocin from E. kirae and E.faecalis from
urine samples.It was found that enterocin was heat sta-
ble and stable over wide range pH2-8 sensitive to prote-
olytic agents trypsin and o chymotrypsin.Molecular size
ranges 4.5-5.5kDa which states that obtained enterocin
may helong to class IIa bacteriocin. Several enterocins
have been characterized to date,many of which are pro-
duced by Enterococci which have potential to cover a
very broad field of applications including both the food
industry and clinico-medical sector.
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Enterococcus faecalis 14, a strain previously isolated from meconium, displayed activity against four Clos-
tridium perfringens isolates when co-cultured on agar plates. The anti-Clostridium activity was ascribed
to the production of enterocin DD14, which was subsequently purified. The minimum inhibitory con-
centration (MIC) of enterocin DD14 against one collection strain and one clinical C. perfringens strain was
determined at 50 pg/mL. Furthermore, using the intestinal epithelial cell line IPEC-1, it was shown that
E. faecalis 14 was not cytotoxic after 24 h of contact, and no cytotoxicity was observed when IPEC-1 cells
were incubated with pure enterocin DD14 for 4 h. Enterocin DD14 was characterised using mass spec-
trometry and was shown to consist of two small proteins of 5200.74 Da and 5206.41 Da, respectively.
The two peptides (DD14A and DD14B) have highly similar amino acid sequences and no signal peptide,
which classifies enterocin DD14 as a class IIb leaderless two-peptide bacteriocin. The genes encoding
DD14A and DD14B were sequenced and were shown to be 100% identical to other previously described
enterocins MR10A and MR10B, in contrast to the producing strains, which are different. Consequently,
the present in vitro study supports the potential of this E. faecalis 14 strain and or its purified enterocin

DD14 as putative anti-C. perfringens compounds in chickens.

© 2017 Published by Elsevier B.V.

1. Introduction

Necrotic enteritis (NE) is a severe disease caused by Clos-
tridium perfringens that leads to high mortality in broiler chickens
and causes dramatic economic losses for the poultry industry [1,2].
Clostridium perfringens is a Gram-positive, anaerobic pathogen fre-
quently found in the gastrointestinal tract of humans and animals
[3,4]. NE is caused by C. perfringens type A strains, which produce
the o and NetB toxins [5-7], in conjunction with predisposing factors
such as coccidiosis [8].

In the past decade, the incidence of NE in poultry has in-
creased, mostly due to the establishment of the 2006 European
regulation (feed additives regulation 1831/2003/EC) to prevent the
use of antibiotics as growth-promoting agents [9]. Moreover, the
suddenness of death generally prevents its therapeutic treatment.
Thus, there is an urgent need to develop alternative formulations
to prevent NE in poultry. To this aim, several strategies have been

® Corresponding author, Institut Charles Viollette, Université de Lille 1,
Polytech Lille, Cité Scientifique, Avenue Paul Langevin, Villeneuve d'Ascq 59655,
France,

E-mail address: djameldrider@univ-lille LIt (D. Drider).

http:/{dx.doi.org/10.1016/j.jjantimicag.2016.1 1.016
0924-8579/© 2017 Published by Elsevier B.V.

established, including action on predisposing factors and the direct
targeting of C. perfringens.

The pathogenicity of C. perfringens can be controlled by pre-
venting the growth of virulent strains or by interfering with their
virulence factors, e.g. by affecting toxin production. A number of feed-
additive alternatives to antibiotics have been investigated in the past
20 years and have proven efficient to prevent C. perfringens prolif-
eration in vitro and in vivo. These include the use of enzymes [10],
lysozyme [11], organic acids [12] or plants [13]. A large body of worlk
has also focused on the use of molecules of microbial origin, such
as yeast extract and antimicrobial peptides, and on the use of micro-
organisms as probiotics or competitive exclusion supplements [14].
Several feed additives are already available commercially, consist-
ing mostly of lactic acid bacteria [14].

Whilst not yet used in commercial products for animal care, En-
terococcus spp. have been shown to have anti-C. perfringens activity
in vitro (Enterococcus faecium [15,16], Enterococcus durans [17] and
Enterococcus faecalis [17,18]). Cao et al. showed that feeding an
E. faecium culture to day-of-hatch chicks led to a reduction of
C. perfringens counts and improved the establishment of benefi-
cial flora [19]. Another study showed that a strain of E. faecalis that
prevented C. perfringens proliferation in a chicken model inhibited
o.toxin production when co-cultured with C. perfringens [20]. In most
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cases, the anti-C perfringens effect was attributable to the produc-
tion of bacteriocins [15,16,18]. Bacteria within the Enterococcus genus
are known to produce structurally diverse bacteriocins, called
enterocins, such as the well-characterised circular AS-48 enterocin
produced by E. faecium and E. faecatis [21,22] and the E. faecium lead-
erless two-peptide enterocin L50 [23]. Remarkably, counterparts to
enterocin 1.50 were also found in E. faecalis [24,25].

In this study, the antimicrobial activity of E. faecalis 14, a strain
isolated from the meconium of healthy newborns [26], was inves-
tigated against four C. perfringens strains including a clinical isolate.
Enterococcus faecalis 14 was previously shown to have broad-
spectrum antimicrobial activity against Gram-negative pathogenic
bacteria and to be a good probiotic candidate [26]. In this work, we
narrowed the anti-C perfringens activity of E. faecalis 14 to the pro-
duction of a two-peptide bacteriocin (DD14), which was purified
and characterised by mass spectrometry. We also showed that
E. faecalis 14 and enterocin DD 14 were not cytotoxic to IPEC-1 cells
and thus could be used to prevent C. perfringens infections and NE
in broiler chickens.

2, Materials and methods
2.1. Bacterial strains and growth conditions

Enterococeus faecalis strain 14 was isolated from the meconium
of a newborn in France and was characterised in our laboratory [26].
Clostridium perfringens DSM756 corresponds to the type strain
ATCC®13124™ (type A, a+), C perfringens NCTC6785 is an o + type
A strain of human origin [27] and C. perfringens NCTC8798 is a type
A strain (CPE+, a+) isolated from a food-poisoning outbreak [28].
The clinical isolate C. perfringens Clin1 was isolated from a chicken
with NE (kindly provided by Dr Chemaly, ANSES, France). Kocuria
rhizophila CIP 53.45 was used as the target strain for the quantifi-
cation of antimicrobial activity. Clostridium perfringens strains were
grown on Mueller-Hinton agar supplemented with 5% sheep blood
(bioMérieux, Marcy-I'Ftoile, France) and in brain—heart infusion (BHI)
broth (Sigma-Aldrich, Steinheim, Germany) at 37 °C in anaerobic con-
ditions. E. faecalis 14 was grown in de Man-Rogosa-Sharpe (MRS)
broth (Sigma-Aldrich) or BHI broth at 37 °C. K. rhizophila CIP 53.45
was grown in BHI broth at 37 °C.

2.2. Aniti-Clostridium perfringens activity assay

Screening assays were performed using the well diffusion assay.
BHI plates were inoculated with target strains and were allowed to
dry. Then, 10 puL of a bacterial culture of the target strain or 100 pL of
culture supernatant was spotted on the plate and was incubated over-
night at 37 °C in appropriate conditions. The radius of the zone of
inhibition was measured from the edge of the well to the edge of the
inhibition halo. Antibacterial activity was quantified using the Ar-
bitrary Units {AU) method [29]. The activity of serial dilutions of culture
supernatant or purification fractions was tested using the well dif-
fusion assay. Activity was expressed in AU/mL, which corresponds
to the inverse of the last active dilution multiplied by 10.

2.3. Cytotoxicity assays

The porcine intestinal epithelial cell line [PEC-1 (DSMZ, Braun-
schweig, Germany) was grown in Dulbecco’s Modified Eagle’s
Medium (DMEM) (PAN-Biotech GmbH, Aidenbach, Germany) supple-
mented with 10% fetal bovine serum, 4 uM L-glutamine, 87 UfmL
penicillin and 87 pg/mL streptomycin ( PAN-Biotech GmbH) at 37 °C
in a 5% CO, atmosphere. Cells were grown for 78 h in two subse-
quent subcultures and were seeded in a 96-well tissue culture plate
at a density of ca. 15,000 cellsjwell and were grown for an addi-
tional 48 h. For cytotoxicity assays with E. faecalis 14, bacterial

cultures were washed twice with phosphate-buffered saline and were
diluted in DMEM and added to the IPEC-1 cells at the appropriate
multiplicity of infection (MOI){1, 50, 100 or 200 bacteria/cell) and
were incubated for 24 h. For cytotoxicity assays with purified
enterocin, 50 pL of the appropriate concentration of enterocin DD14
was added to IPEC-1 cells and was incubated for4 h and 24 h. The
viability of IPEC-1 cells was assessed using the CCK-8 assay (Dojindo
Molecular Technologies, Kumamoto, Japan) by adding to each well
15 pl of CCK-8 reagent in 150 pL of supplemented DMEM. Follow-
ing 2 h of incubation, the absorbance of each well was measured
at 450 nm in a spectrophotometer (SAFAS Xenius; SAFAS Monaco,
Monaco). Results were expressed as a percentage of viability com-
pared with non-treated cells (control). Statistical analyses were
performed using SigmaPlot software (Systat Software Inc., Erkrath,
Germany). Differences between the means of the sample and control
groups were measured by one-way analysis of variance (ANOVA)
and Tukey's post-hoc test. Differences were considered significant
at a P-value of <0.05.

2.4 Minimum inhibitory concentration (MIC) determination

MICs were determined using the broth dilution method [30].
Briefly, C. perfringens or I rhizophila strains were grown in BHI broth
for 2-3 h until they had reached exponential phase and were
then diluted to a concentration of 1x 105 CFU/mL per well. The in-
oculated growth medium was supplemented with different
concentrations of pure enterocin DD14 or amoxicillin (Sigma-
Aldrich) in a 96-well microtitre plate. Enterocin DD14 was added
at concentrations ranging from 0.1 pg/mL to 100 pg/mL and
amoxicillin at concentrations from 0.03 pgfmL to 32 pgfmL. Three
separate assays were performed in duplicate; sterility and growth
controls were prepared for each assay.

2.5, Purification of enferocin D14

A2 Leulture of E. faecalls 14 was grown for 8 h in BHI broth buff-
ered with 50 mM sodium phosphate (pH 6.3) at 37 °C with 160 rpm
shaking. The culture supernatant was harvested by centrifugation
and was incubated overnight at 4 °C with CM Sephadex® C-25 (GE
Healthcare Life Sciences, Milwaukee, WI). The resin was then washed
with 5 bed volumes { BV) of 50 mM sodium phosphate (pH 6.3) and
5 BV of 0.5 M NaCl. The resin-bound bacteriocin was then eluted
with 2 BV of 1.5M NaCl. Enterocin DD14 was further purified by
gel filtration using PD MidiTrap G-10 columns (GE Healthcare Life
Sciences) in 50 mM sodium phosphate (pH 6.3) supplemented with
150 mM NaCl. Buffer exchange to Milli-Q® water (Merck Millipore,
Billerica, MA) and concentration were performed using Vivacon®
500 (Sartorius, Gottingen, Germany) following the manufacturer’s
instructions. For the mass spectrometry analysis, the two pep-
tides (DD14A and DD14B) were separated by reverse-phase high-
performance liquid chromatography (HPLC) using a Vydac® 218TP
C18 column (Grace, Columbia, MD) equilibrated with 0.1%
trifluoroacetic acid (TFA). Peptides were eluted using a linear gra-
dient of acetonitrile and isopropanol (2:1, vjv). After each purification
step, protein concentration was measured using a bicinchoninic acid
assay (Sigma-Aldrich) and antibacterial activity was assessed against
the indicator strain K. rhizophila.

2.6. Matrix-assisted laser desorptionfionisation time-of-flight mass
spectrometry (MALDI-TOF/MS)

MALDI-TOF/MS analyses were performed on an autoflex™ speed
(Bruker Daltonics, Bremen, Germany) running flexControl 3.3 (Bruker
Daltonics). MALDI-TOF mass spectrometer calibration over the 2000~
16 000 mass range was performed using the bacterial test standard
according to the recommendations of the manufacturer: The culture

Journal of Antimicrobial Agents (2017), doi: 10.1016/j.ijantimicag.2016.11.016

Please cite this article in press as: Delphine L. Caly, et al., The safe enterocin DD14 is a leaderless two-peptide bacteriocin with anti-Clostridium perfringens activity, International

128



216

217

238
239
240
241
242
243
244
245
246
247
248
249
250
251
252

253
254
255
256
257
258
259
260

261

262

263

D.L Caly et al./ International Journal of Antimicrobial Agents BR (2017) AE-ER 3

supernatant and the HPLC-purified enterocins were loaded on the
MALDI target according to the thin layer method using o-cyano-
4-hydroxycinnamic acid (HCCA) [10 mg/mL in acetonitrile/water
(50:50 v/v) containing 0.1% TFA] as matrix. Briefly, each MS spec-
trum was acquired in positive linear mode or positive reflectron
mode by accumulating data from 5000 laser shots. MS spectra were
processed using the flexAnalysis™ 3.4 software (Bruker Daltonics).

2.7. Peptide mass and peptide fragmentation fingerprints

The dried sample of HPLC-purified enterocin was resolubilised
in 50 pL of bicarbonate buffer [50 mM NH4HCO; (pH 8.5)] contain-
ing 10 mM dithiothreitol (Sigma-Aldrich) and reduction was carried
out at 55 °C during 45 min. Alkylation was then achieved by addi-
tion of 50 uL of bicarbonate buffer containing 55 mM iodoacetamide
(Sigma-Aldrich) for 30 min at room temperature in the dark. Finally,
the reduced, alkylated enterocin was proteolysed overnight at 37 °C
using sequencing-grade trypsin (Promega Corp., Charbonniéres-
les-Bains, France) by adding 20 pL of bicarbonate buffer (pH 8.5)
containing an enzyme/enterocin ratio 1:40 (w/w, final concentra-
tion). Peptides were analysed by MALDI-TOF/MS using 2,5-
dihydroxybenzoic acid [20 mg/mL in acetonitrile/water (60:40 v/v)
containing 0.1% TFA] as matrix (dried-droplet method). The MS
(reflectron mode) and MS/MS (lift mode) measurements were man-
ually performed. MS and MS/MS spectra were processed using the
flexAnalysis™ 3.4 software, whilst database searches were per-
formed using the web-available version of Mascot (Matrix Science
Ltd., London, UK) and the UniProtKB Knowledgebase release 2014_10.
The relevance of protein identities was judged as a function of the
probability-based MOWSE score, calculated with a P-value of 0.05
(P <0.05). The two peptides of enterocin DD14 were identified based
on their amino acid sequences, manually deduced from the b- and
y-fragment ions.

2.8. Amplification of enterocin genes and genetic relatedness
of strains

Total genomic DNA of E. faecalis 14 was extracted using a Wizard®
Genomic DNA Purification Kit (Promega Corp.). Genes coding for
DD14A and DD14B were amplified using the forward primer
DD14up_F (3"-AATGATTGGAGGAGTTATATTATGGGAG-5") and the
reverse primer DD14B_R (3'-TTAATGTCTT TTTAGCCATT TTTCAATTTG-
5%) [24]. Primer DD14up_F anneals 21 bp upstream of the start of
the gene coding for DD14A and was designed based on the se-
quence of the L50 genes in E. faecium [23], and primer DD14B_R

A. B.

»erfringens DSM756 C. perfringens Clin1

Radius of inhibition zone (mm)

C. perfringens NCTCB788

TC6785

corresponds to a primer used to amplify entAB genes as previ-
ously described [24]. DD14A and DD14B genes were amplified using
Phusion® High-Fidelity DNA Polymerase (Thermo Fisher Scientif-
ic, Waltham, MA) with an initial denaturation at 98 °C for 30 s,
followed by 30 cycles of 98 °C for 105, 50 °C for 20 s and 72 °C for
30's, and a final elongation of 10 min at 72 °C.

The resulting PCR product was purified using a Gene]ET Gel Ex-
traction Kit (Thermo Fischer Scientific) and was cloned into a
pGEM®-T Easy Vector (Promega Corp.) according to the manufac-
turer's instructions. The DD14A and DD14B genes were sequenced
using custom DNA Sanger sequencing services (Eurofins Genom-
ics, Munich, Germany). Both PCR amplification and sequencing
analysis were performed in duplicate. Sequences were analysed using
the BioEdit Sequence Alignment Editor [31]. The genetic related-
ness between E. faecalis 14 and MR10 strains was established using
the repetitive element sequence-based PCR (rep-PCR) approach and
the experimental conditions previously reported [32]. Construc-
tion of phylogenetic trees was performed using DiversiLab® software
(bioMérieux).

3. Results

3.1. Enterococcus faecalis 14 presents anti-Clostridium
perfringens activity

Enterococcus faecalis 14 displayed antimicrobial activity against
the four C. perfringens isolates tested when co-cultured on agar plates
(Fig. 1A). When testing the antimicrobial activity of the superna-
tant of a 7-h culture of E. faecalis 14, antimicrobial activity was
observed against all C. perfringens isolates tested (Fig. 1B). The type
strain DSM756 showed the highest sensitivity to neutralised su-
pernatant, and the collection strain NCTC6785 was the least sensitive,
with observed inhibition zone radiuses of 7.5+ 0,71 mm and
0.5+ 0,00 mm, respectively. Whilst some of the anti-C. perfringens
activity of the supernatant was ascribed to the presence of acids
(Fig. 1B, black bars), most of the activity remained after neutralisation
of the supernatant (Fig. 1B, grey bars), Using different protease treat-
ments, the activity was shown to be due to the presence of a
molecule of proteinaceous nature in the culture supernatant.

3.2. Purification of enterocin DD 14 and minimum inhibitory
concentration determination

Enterocin DD14 was purified using a protocol inspired by the
method developed by Abriouel et al. for the purification of enterocin

iﬁ 1. I

CpClin1 Cp NCTCE785 Cp NCTC8798

Cp DSM765

Fig. 1. Anti-Clostridium activity of Enterococcus faecalis 14. (A) Activity when co-cultured on agar plates (10 pL spotted on an overlay of the target strain) and (B) activity of
the supernatant (in black) and the neutralised supernatant {in grey), shown as the radius of the zone of inhibition.
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Table 1
Purification of enterocin DD14 from a 2 L culture by cation-exchange (CEX) and size-exclusion (SEC) chromatography.
Purification step Total protein (mg) Total activity (AU) Specific activity (AUfmg) Recovery (%) Purification (fold)
Supernatant 11 880 400 000 33.67 100 1
CEX 69 200000 2898.55 50 86,08
SEC 0.699 6400 915594 16 27193
g 52008 A
1 =
oo} #
" ]
600
400
hat 5200.8
200 = = = = -
= 4000 1500 5000 5800 I
B |}, s T c
kS = T 52098
52118
- 2300
508
30002000
oo 52128
{1500
52138
1500 2000 1000]
8207.8 2
s0q 52088
1000
L3 5195 5200 5205 5210 B30 e - )
500
” e o _'u LLH.L sk il " . uL g
o 0
3%0 4000 3300 3600 e - 0 %0 0o ro 500 5300 .

Fig. 2. Cytotoxicity to IPEC-1 cells of (A) Enterococcus faecalis 14 after 24 h and (B) purified enterocin after 4 h (light grey) and 24 h (dark grey) of contact, respectively.
Means without a common letter are significantly different (P < 0.05) using one-way analysis of variance (ANOVA) and Tukey's post-hoc test, Comparison of data was per-

formed group by group including the control group. MOI, multiplicity of infection.

AS-48 [33]. From a 2 L culture, 0.7 mg of enterocin DD14 was re-
covered, with a high degree of purity (Table 1; Fig. 2). The two-
step purification process yielded a highly active enterocin preparation
with the specific activity increasing from 33.67 AU/mg in the culture
supernatant to 9153.32 AU/mg after size-exclusion chromatogra-
phy. Despite low purification yields, sufficient amounts of enterocin
DD14 were obtained and were used to determine the MIC of the
purified enterocin against two of the C. perfringens strains and the
reference target strain K. rhizophila CIP 53.45. The MIC of enterocin
DD14 was shown to be 50 ug/mL against both the type strain C.
perfringens DSM756 and the clinical isolate Clin1 (Table 2). The same
MIC was determined against K. rhizophila CIP 53.45. The MICs of

Table 2
Minimum inhibitory concentrations (MICs) of enterocin DD14 and amoxicillin (pos-
itive control) against various target strains,

Compound MIC (pg/mLy
Clostridium Clostridium Kocuria
perfringens perfringens rhizophila
DSM756 Clinl CIP 5345
Enterocin DD14 50.00 £ 0.00 50.00 + 0.00 50,00 + 0.00
Amoxicillin 0.25+0.00 0.19 £ 0.06 1.50£0.50
I n=6.
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Fig. 3. Positive reflectron matrix-assisted laser desorptionfionisation time-of-flight mass spectrometry (MALDI-TOF{MS) spectra obtained from (A) the semi-purified enterocin
DD14 and (B,C) from high-performance liquid chromatography (HPLC)-purified bacteriocing DD14A and DD14B, respectively. The isotopic distributions of bacteriocins are
depicted in the insets. The m/z ratio of DD14A and DD14B are 5200.740 and 5206.414, respectively.

amoxicillin were 0.25+0.00 ug/mL and 0,19 + 0.06 pug/mL for C.
perfringens DSM756 and Clin1, respectively, which correspond to ex-
pected levels of efficacy for this antibiotic, which was used as a
positive control,

3.3. Enterococcus faecalis 14 and DD14 are non-cytotoxic to
IPEC-1 cells

The cytotoxicity both of E. faecalis 14 and the purified DD14
enterocin were tested with the intestinal epithelial cell line IPEC-
1. Biologically relevant contact times of 4 h for the enterocin and
24 h for the strain were chosen for this experiment. After 24 h of
contact between E. faecalis 14 and IPEC-1 cells, no apparent cyto-
toxicity was observed at a MOl of 1:1,50:1, 100:1 or 200:1 compared
with the control group (Fig. 3A). After 4 h of contact with the pu-
rified DD14 enterocin, no reduction in cell viability was observed
at concentrations of 50 pg/mL and 100 pg/mL in comparison with
untreated cells. However, a slight increase (6.5 + 6.3%) was ob-
served following incubation with concentrations of enterocin DD14
at 2 x MIC, a difference that was significant but with a P-value very
close to the 0.05 cut-off value (P=0.047). After 24 h of contact with
enterocin DD14, a dose-dependent decrease of IPEC-1 cell viabili-
ty was observed in comparison with untreated cells, with reductions
of 9.6% and 20% at concentrations of 50 ug/mL and 100 pg/mlL, re-
spectively (Fig. 3B). Overall these results show that neither the strain
nor its enterocin appeared to be cytotoxic to the animal intestinal
cell line tested.

3.4. Enterocin DD14 consists of two polypeptides

Enterocin DD14 was easily detected from the culture superna-
tant at a mass-over-charge ratio (m/z) close to 5203 using positive
linear MALDI-TOF/MS. As illustrated through the isotopic distribu-
tion obtained in positive reflectron mode (Fig. 2A, inset), enterocin
DD14 is, in fact, composed of two polypeptides showing an overlap
of their isotopic distribution, HPLC separation of the two polypep-
tides of enterocin DD14 was performed and DD14A and DD14B
eluted at the end of the acetonitrilefisopropanol (2:1, v/v) gradi-
ent with elution times of 49 min and 48.5 min, respectively (data
not shown). The two HPLC-purified polypeptides of enterocin DD14
were newly subjected to a positive reflectron MALDI-TOF/MS anal-
ysis to accurately characterise the monoisotopic my/z (Fig. 2B,C) of

each enterocin polypeptide. The polypeptides DD14A and DD14B
displayed my/z at 5200.740 and 5206.414, respectively.

[dentification of DD14A and DD14B polypeptides was carried out
from each purified polypeptide by reduction/alkylation and prote-
olysis. The trypsin-generated peptides issued from DD14A and
DD14B were analysed in positive reflectron mode, Fig. 4A shows the
peptide mass fingerprint corresponding to DD14B, and the mass list
was created using the flexAnalysis™ 3.4 software. Fifteen masses
were online subjected to the research and identification algo-
rithm of peptides (MASCOT). Unfortunately, MASCOT returned no
significant polypeptide identification. Two peptide-intense ions (m/
z=1387.775 and 1089.609) were then selected and subjected to in-
source fragmentation, Fig. 4B (inset) illustrates the MS fragmentation
pattern obtained from the peptide ions at m/z 1387.775 and shows
the manually deduced amino acid sequence: IGQGWTIDQIEK.

3.5. Gene sequencing analysis and strain DNA genotyping

Following the mass spectrometry identification of a fragment of
DD14B amino acid sequence, a search using the blastp tool of the
National Center for Biotechnology Information (NCBI) server yielded
100% identity with chain A of enterocin 7B (PDB_ID: 2M60_A) [34],
which is similar to the well-described E. faecium enterocin L50. Based
on this alignment, primers were designed to amplify the genes
coding for DD14A and DD14B in E. faecalis 14 (DD14up_F and
DD14B_R). The reverse primer was used as previously described to
amplify the genes coding for enterocins 7A and 7B [24], and the
forward primer was designed to match a sequence directly up-
stream of the dd14A gene to prevent annealing to the 5" end of the
dd14B gene. A 287-bp fragment was amplified and sequenced. The
dd14A and dd14B genes translate into 44 and 43 amino acid-long
peptides of predicted molecular weights of 5172.91 and 5178.83
Da, respectively (Fig. 5), with no signal peptide. Both peptides had
highly similar amino acid sequences, with a percentage of identi-
ty of 71% and a similarity percentage of almost 90% as measured
using the Blossom62 similarity matrix, The translated amino acid
sequences of DD14A and DD14B were shown to be 100% identical
to the previously described enterocins 7A and 7B and MR10A and
MR10B [24,25], Enterocin DD14 thus belongs to the well-known class
1Ib leaderless two-peptide enterocins, which consist of two pep-
tides of high sequence similarity with synergic but also separate
activities. However, rep-PCR analysis and interpretation (Fig. 6)
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Fig. 4. Peptide mass fingerprint obtained by matrix-assisted laser desorption/ionisation time-of-flight mass spectrometry (MALDI-TOF/MS) ( positive reflectron mode) after
reduction/alkylation and overnight proteolysis using sequencing-grade trypsin (A) of high-performance liquid chromatography (HPLC)-purified DD14B polypeptide, Peptide
fragmentation fingerprint obtained by MALDI-TOF/TOF MS (positive LIFT mode) from ions at m/z 1387.775 (inset B). The amino acid sequence found using flexAnalysis™

3.4 from y-fragments is mentioned in the top of the inset.

delineated clear differences between E. faecalis DD14 and E. faecalis
MR10A.

4. Discussion

Enterococcus faecalis 14 has antimicrobial activity against C.
perfringens and is therefore a good candidate to develop a probiotic-
based formulation to prevent C. perfringens proliferation and NE in
broiler chickens. Importantly, E. faecalis 14 was active not only against
collection strains but also against a strain isolated from a chicken
with NE. Moreover, the strain displayed no cytotoxicity against IPEC-1
cells after 24 h of contact, delineating its potential for probiotic use.

The anti-C. perfringens activity of E. faecalis 14 was ascribed to
the production of a two-peptide bacteriocin, which could be puri-
fied and had a MIC of 50 pg/mL against C. perfiingens. Enterocin DD14
was not cytotoxic against [PEC-1 cells when used at concentra-
tions of 2 x MIC after 4 h of contact. Nevertheless, intestinal cell
viability was reduced ca. 20% at a concentration of 100 ug/mL.
Interestingly, the lantibiotics nisin A and gallidermin decreased by
50% the Caco-2 cell viability (MTT assays) at concentrations of

385 ug/mL and 456 ug/mL, respectively [35]. It is highly conceiv-
able to develop a feed-additive formulation for broiler chickens using
only the purified enterocins, which would provide a more effi-
cient and targeted action. Indeed, enterocins are safe bacteriocins
[36] and are highly stable.

Enterocin DD14 was produced at low levels in the conditions
tested, which yielded low amounts of purified product. It is thus
necessary to optimise production conditions in order to be able to
consider large-scale industrial production. Modifying the growth
medium would be a first optimisation step; indeed, it has been pre-
viously shown that bacteriocins were produced at higher levels when
strains were cultured in suboptimal growth conditions [37]. The use
of heterologous expression systems could be considered to obtain
higher purification yields. Several recombinant bacteriocins, such
as the two-peptide enterocin L50, have been successfully ex-
pressed and purified from Pichia pastoris [38].

The DD14A and DD14B polypeptides were shown to be identi-
cal to previously described enterocins 7 and MR10 [24,25], which
are, interestingly, produced by strains isolated from highly differ-
ent ecosystems (i.e. meat and the uropygial gland of a bird) to that
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Fig. 5. Amino acid sequence alighment of DD14A with MR10A and L50A and of DD14B with MR10B and L50B. The differences between DD14/MR10 and L50 are high-
lighted in grey, and the sequence identified by fragmentation is shown in yellow. (For interpretation of the references to colour in this figure legend, the reader is referred

to the web version of this article.)

of E. faecalis 14. Interestingly, the experimental monoisotopic masses
of DD14A (5200.74 Da) and DD14B (5206.41 Da) do not match with
the theoretical ones (5172.91 and 5178.83 Da, respectively). This
discrepancy could be attributed to oxidation in the methionine resi-
dues during the purification process or to other alterations [39].
Indeed, Liu et al. recently provided evidence that both Ent7A and
Ent7B are N-formylated on the N-terminal methionine residue [24].
Here, the mass difference close to 28.03 Da suggests that DD14A
and DD14B are N-formylated.

Whilst the genes coding for polypeptides DD14A and DD14B have
been sequenced, their genome location remains to be deter-
mined. It was reported that many enterocin-coding genes are located
on plasmids [23], but the strain producing enterocins MR10A and
MR10B were shown to be plasmid-free [25]. Interestingly, enterocins
DD14 and MR10 are identical, but the strains producing these pep-
tides exhibited DNA fingerprint discrepancies.

Moreover, enterocin DD14 was shown to potentialise antibiot-
ics, such as colistin, against Escherichia coli strains of swine origin
[40]. Its activity in conjunction with antibiotics used to treat NE-
affected chickens, e.g. amoxicillin, could be tested and is very likely
to yield promising results.

To conclude, E. faecalis 14, which is antagonistic and not cyto-
toxic, presents encouraging characteristics for use in feed additives
to prevent C. perfringens proliferation and NE in broiler chickens.
Enterococcus faecalis is known to carry antibiotic resistance genes
and some strains are considered pathogenic, which are detrimen-
tal attributes for its use in human and animal health. However,
E. faecalis 14 was shown to be non-cytotoxic to IPEC-1 cells and was
previously shown to be sensitive to most antibiotics used for the
treatment of enterococcal infections [26]. Use of the purified bac-
teriocins as feed additives could also be considered based on their
anti-C. perfringens effects, which would first warrant optimisation
of production and purification.
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Abstract

Background: Increase in the number of infections caused by Gram-negative bacteria in neutropenic cancer
patients has prompted the search for novel therapeutic agents having dual anticancer and antimicrobial properties.
Bacteriocins are cationic proteins of prokaryotic origin that have emerged as one of the most promising alternative
antimicrobial agents with applications as foad preservatives and therapeutic agents. Apart from their antimicrobial
activities, bacteriocins are also being explored for their anticancer potential.

Results: In this study, a broad-spectrum, cell membrane-permeabilizing enterocin with a molecular weight of 65
kDa was purified and characterized from the culture supernatant of vaginal Enterococcus faecium 12a. Enterocin 12a
inhibited multidrug-resistant strains of various Gram-negative pathogens such as Salmonella enterica, Shigefia
flexneri, Vibrio cholerae, Escherichia coli and Gram-pasitive, Listeria monocytogenes, but had no activities against
different strains of gut lactebacilli. The mass spectrometric analysis showed that the enteracin 12a shared partial
homology with 4Fe-4S domain-containing redox protein of £ faecalis R712. Further, enterocin 12a selectively
inhibited the proliferation of various human cancer cell lines in a dose-dependent manner but not that of normal
hurman peripheral blood menonuclear cells. Enteracin 12a-treated cancer cells showed apoptosis-like morphological

changes.

Conclusion: Enterocin 12a is a novel bacteriocin that has anticancer properties against human cell lines and
negligible activity towards non-malignant cells. Therefore, it should be further evaluated for its anticancer potential

in animal models.

Keywords: Bacteriocin, Enterocin, Enterococcus faecium, Anticancer, Commensal, Antimicrobial

Background

Cancer is the second most prevalent cause of death
worldwide that accounted for 9.6 million deaths, and
18.1 million new cases in 2018 [1]. Conventional cancer
chemotherapeutic agents are mostly non-selective to
cancer cells that result in serious side-effects such as
organ toxicity, immunosuppression, and also contribute
to the development of drug resistance in cancer cells.
Immunosuppression due to anticancer drug regimen
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and breakdown in the mucosal barrier due to the use of
invasive devices in cancer patients make them suscep-
tible to bacterial infections that require long-term
prophylactic antibiotic regimens [2]. Further, the effect-
iveness of antibiotic regimen to treat infections in cancer
patients is compromised due to the emergence of drug-
resistant (Gram-negative bacterial pathogens that pre-
dominates in neutropenic patients [3]. Therefore, novel
anticancer agents that specifically inhibit cancer cells
and have dual anticancer and antimicrobial activities are
expected to act as prophylaxis against bacterial infec-
tions along with inhibiting the growth of tumeors in can-
cer patients [4].
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Exploration for novel antimicrobials to treat bacterial
infections has led to renewed interest in the search for
bacteriocins [5]. Bacteriocins are cationic proteins se-
creted by bacteria that kill the target bacteria mainly by
forming pores in their cell membrane or in some cases
by inhibiting protein synthesis and DNA replication [6].
Bacteriocins derived from lactic acid bacteria (LAB) have
GRAS (Generally regarded as safe) status and therefore
they are considered safe. Two such bacteriocins, nisin
and pediocin have been approved by the Food and Drug
Administration (FDA) for use as food preservatives [7].
Bacteriocins are also being considered as potential new
generation therapeutic agents that can be employed as
stand-alone drugs [6] or as adjuncts to conventional an-
tibiotics [8, 9]. In healthcare studies, nisin was shown to
successfully treat mastitis in humans [10] and cows [11].

Along with the antimicrobial activities, a few bacterio-
cins of LAB origin such as nisin [12], pediocin, and plan-
taricin  have demonstrated anti-proliferative effects
against human cancer cell lines, in in vitro and mice ex-
periments [13]. This indicates their potential for use as
both antimicrebial and anticancer agents. However, bac-
teriocins purified from LAB generally have narrow-
spectrum antimicrobial activities as they are known to
inhibit Gram-positive bacteria only [5, 14]. Therefore,
bacteriocins that inhibit Gram-negative pathogens along
with Gram-positive are expected to have wider applica-
tions. Thus, this study was focused on studying the anti-
cancer potential of a broad-spectrum enterocin purified
from the culture supernatant (CS) of E. faecium 12a.
Further, the mode of anticancer activity and toxicity of
the enterocin was also studied.
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Results

Cumulative production kinetics of the antimicrobial
substance in the CS

Before the purification of enterocin 12a, its production
kinetics was studied in De Man Rogosa and Sharpe
medium (MRS) broth. As shown in Fig. 1, enterocin 12a
appeared in the CS 4 h after the inoculation of E. fae-
cium 12a in MRS broth. The concentration of 12a
peaked (640 arbitrary units per ml, AU/ml) at 8 h after
which it plateaued till 20 h. After 20 h, there was a 50%
decrease in the antimicrobial activity of the CS. The pro-
duction of the antimicrobial substance was growth-
associated as it peaked in the early log phase and plat-
eaued in the stationary phase.

Purification and identification of enterocin 12a

For the purification of antimicrobial compound from the
CS, ammonium sulfate precipitation, cation-exchange
chromatography and reverse-phase high-performance li-
quid chromatography (RP-HPLC) was carried out. Puri-
fied enterocin fraction yielded a single peak on the
chromatogram at the retention time of 1.72 min (Fig. 2a).
After RP-HPLC, a 10.11 fold increase in the specific ac-
tivity of enterocin was observed and the final yield per-
centage was 1.6 (Table 1). SDS-PAGE analysis of the
purified fraction showed a single band with a molecular
weight of 65 kDa (Fig. 2b; Supplementary Fig. 1, Supple-
mentary Fig. 2). Further, to test the antimicrobial activity
of the 65kDa band, gel overlay assay was performed
against Salmonella enterica as the indicator pathogen,
and a clear zone corresponding to the band was ob-
tained (Fig. 2b; Supplementary Fig. 3). The band was cut

800 - - 0.8
700 - - 0.7
600 - - 0.6
£ 500 - 05
> 5
< 400 - L 04 A
z )
=300 - - 0.3
2
< 200 - 0.2
100 - - 0.1
0 —r—T—TT —r——r——— 0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 3
Time (h)
Fig. 1 Kinetics of enterocin production and growth kinetics of E faecium 12a. The antimicrobial activity of CS was measured by using agar gel
diffusion method against S. enterica, whereas, the growth of £ faecium in MRS media was measured by measuring absorbance at 595 nm after
every 2 h. Error bars are representative of the three independent experiments performed in triplicates
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Protein sequence coverage: 48%
Matched peptides shown in bold red.

1 MYFSLILPLF LVDILGQGSFP YFCKLICPIG MLEGGLPLVL LNRSMRSTIG
51 FLYYWRGIIL IVILLLSIII YRPFCKYICP LRAIYSIFNP ISIFRYRLDE
101 DRCINCGRCEK KVCOMNKDSYV ENCNHLECIR CGRCKNACPV DAISYGVRE

Start - End Observed Mr (expt) Mr(calc) Delta M Peptide
25 - 43 1993.9606 1992.9533 1992.1515 0.8018 0 K.LICPIGMLEGGLPLVLLNK.S
25 - 46 2367.2328 2366.2255 2366.3252 -0.0997 1 K.LICPIGMLEGGLPLVLLNKSMR.S
47 - 56 1277.7047 1276.6975 1276.6492 0.0483 0 R.STIGFLYYWK.G
77T - 93 2285.9285 2284.9212 2285.239%4 -0.3182 1 K.YICPLRATYSIFNPISIFR.Y
101 - 108 881.2529 880.2456 B879.3942 0.8514 1 K.DECINCGK.C
103 - 108 637.3531 636.3459 636.2723 0.0735 0 K.CINCGK.C
136 - 149 1493.7280 1492.7207 1491.7504 0.9703 1 K.NACPVDAISYGVRK.-

(c)
Fig. 2 (a} U-HPLC chromatogram of the purified enterocin 12a (b) SDS-PAGE of purified enterocin 12a and gel overlay with S. enterica. Lane 1:
molecular welght marker. Lane 2: partially-purified enterocin 12a after cation exchange chrematography. Lane 3: purified enterocin 12a after RP-
HPLC. Lane 4: Zane of inhibition against S. enterica observed in the agar gel overlay assay corresponding to the position of the band on the SDS-
PAGE of enterocin 12a (c) Peptide mass fingerprinting (PMF) analysis of enterodin 12a. The PMF followed by MASCOT search in NCBlprot shows

the matched amino acid residues {in red beld) of the seven peptide fragments with the 4Fe-4S domain-containing protein of . faecalis R712
L7

and subjected to MALDI TOF/TOF MS/MS analysis.
Protein identification by MASCOT search in NCBIprot
showed that the peptide fragments of enterocin 12a
shared similarity with 48% of 4Fe-4S domain-containing

protein of E. faecalis R712 with significant (p< 0.05) cover-
age score of 121(Fig. 2c). The seven peptides that matched
the 4Fe-4S domain-containing protein of E. faecalis R712
are listed in Fig. 2c.
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Table 1 Steps of purification and percent yield of enterocin 12a purified from E. faecium 12a
Purification step Total volume Activity Total Total Specific Fold-Increase in the specific Percent

{ml) (AU/ activity™ Protein activity” activity Yield

ml) {mg)

cs 1000 68266 68X 107 625 108800 1 100
Ammonium sulphate ppt. 200 136,528 2710 215 125581 115 397
Cation-exchange fraction 30 273,056 8.1x10° 33 245455 226 11.9
Reverse-phase 2 546,112 1.1x1 o 1 1,100, 10,11 1.6
chromatography 000

Total activity= Activity x Total volume of sample
PSpecific activity = Total activity/ Total protein

The antimicrobial activities of both CS and purified
enterocin 12a were determined against various patho-
gens and commensal lactobacilli strains. Results showed
that both crude and purified enterocin 12a inhibited
Gram-negative pathogenic strains such as S. enterica,
Shigelle flexneri, Escherichia coli, and Vibrio chelerae
but did not inhibit Gram-positive bacteria such as
Staphylococcus  aureus, Strepfococcus pyogenes, and
lactobacilli spp., except Listeria monocytogenes. Further,
CS also inhibited Mycobacterinm smegmatis but purified
enterocin 12a had ne activity against M. smegmatis
(Table 2).

The zone of inhibition (mm) of CS and enterocin 12a
against indicator bacterial strains was determined by
using agar gel diffusion assay. The results are the meant

Table 2 Antimicrobial activity of the CS and enterocin 12a
against various indicator bacterial strains

Indicator bacteria Zone of inhibition {mm)

cs Enterocin 12a
S enterica MTCC 733 16£0.1 1501
Es¢ coli MTCC 119 131£0.2 13402
Sh. flexneri MTCC 1457 15402 15402
List. monocytogenes MTCC 657 14£0.3 13403
V. cholerae MTCC3906 1340.3 12403
M. smegmatis MTCCe 14£0.2 -*

St. pyogenes MTCC 1927 - -
Staph. aureus MTCC 96 - -
Pseudomonas aetuginosa MTCC 741 = =
Lactobacillus plantarum 112 - -
L. plantarum L14

L paracasei 32 - -
L pentosus 545 - -
L fermentum L13 - -
L fermentum L18 - -

L casel 549 - -

*No zone of inhibition observed

standard deviation (SD) of three independent experi-
ments performed in triplicates.

Physico-chemical characteristics of purified enterocin 12a
The thermostability of purified enterocin 12a was deter-
mined at different temperatures. As shown in Table 3,
the antimicrobial activity of enterocin 12a remained
stable at temperatures 60 and 80 °C; however, the enter-
ocin was completely inactivated beyond 30 min exposure
to a temperature of 100 °C. Further, the pH sensitivity of
enterocin 12a was determined. Results showed that
enterocin 12a remained active in the pH range 2-10 and
exhibited maximum activity at pH 4 (Table 3). Further,
the antimicrebial activity of enterocin 12a was stable to
the action of various solvents such as methanol, chloro-
form, and acetonitrile (Table 3).

The effect of various enzymes on the stability of enter-
ocin 12a was tested. It was observed that all three prote-
ases resulted in complete abrogation of the antimicrobial
activity of enterocin 12a, thereby showing its protein-
aceous nature (Table 3). On the other hand, lipase treat-
ment did not affect the antimicrobial activity of
enterocin 12a (Table 3).

Zones of inhibitions (mm) of enterocin 12a were mea-
sured by using agar gel diffusion assay against S. enfer-
ica. The results are the mean+SD of three independent
experiments performed in triplicates.

Effect of enterocin 12a on membrane permeability

The effect of enterocin 12a on cell membrane perme-
ability of S. enferica cells was determined by staining the
cells with the flucrescent dye, propidium iodide (PI).
Histograms (Fig. 3a) show that in the absence of entero-
cin 12a, 8. enterica cells exhibited 13.5% fluorescence.
‘Whereas, in the presence of enterocin 12a, the fluores-
cence of S enterica cells increased to 71.7 and 91.7%
after 15 and 30 min, respectively (Fig. 3b and c¢). Simul-
taneously, the confocal microscopy images (Fig. 4) of
enterocin 12a-treated S. enferica cells stained with PI
showed an exponential increase in the number of
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Table 3 Physico-chemical characterization of enterocin 12a

Physico-chemical parameters Treatments Residual activity of enterocin 12a in terms of zone of inhibition (mm)
Untreated centrol 1540.11

Temperature 60°C (30 min} 1540.12
60°C (60 min} 1540.20
80°C (30 min} 1440.20
80°C (60 min) 1340.11
100°C {15 min) 840,15
100°C (30 min) LE
121°C {15 min) £

pH 2 130,14
4 144012
6 134+0.15
8 1240.13
10 1140.12

Solvents {50%v/v) Chloroform 1440.17
Methano 1540.11
Acetonitrile 1540.11

Enzymes {1 mg/ml) Proteinase K
Pepsin =
[rypsin
Lipase 154012

*-No zone of inhibition observed

Plot 2: A3 Control Plot 2: AD1 15 min Plot 2: ADS 30 min
GATE

GATE GATE

300
300

300

Count
Count
Count

PI fluorescence PI fluorescence PI fluorescence

a b c

Fig. 3 Histograms depicting Pl fluorescence

of S enterica cells @) untreated control b) enterocin 12a-treatment for 15 min €) enterocin 12a-
treatment for 30 min. The cells of S. e @ were treated with 5 ug/ml of enterocin for 15 and 30 min. The cells were washed by centrifugation
and stained with Pl. The flucrescence of the Plstained cells was determined by flow cytometer. Data are represented as histograms with counted
bacterial events displayed on y-axis, and increase in fluorescence on the x-axis
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Fig. 4 Confocal microscopy
) treatment for 1

12a (5 ug/

a b [

f Pl-stained S. en
g/ml) treatmen

7 cells (@) without enterocin 12a treatment (b) with enterocin
30 min

fluorescent cells with an increase in the treatment time
as compared to the untreated cells (Fig. 4).

Hemolytic activity of enterocin 12a

The toxicity of enterocin 12a was determined by testing
its hemolytic activity against human red blood cells
(RBCs). Results (Fig. 5) showed that the treatment of
RBCs with 2-fold dilutions of enterocin did not result in
hemolysis. The percent RBC lysis observed after treat-
ment with 10 and 5pg/ml of enterocin was 4.5 and
2.5%, respectively which was not significant (p < 0.0001)
as compared to the untreated RBCs. On the other hand,
treatment with 1% Triton X-100 resulted in complete
RBC lysis (Fig. 5).

Anti-proliferative activity of enterocin 12a

Evaluation of the antiproliferative activities of purified
enterocin 12a on the cancer cell lines such as cervical
cancer cell line, HeLa; colonic epithelial cell line, HCT-
15; lung cancer cell line, A549 and osteosarcoma cell
line, MG-63 was done using MTT (3-4, 5-
dimethylthiazol-2-y1)-2, 5-diphenyltetrazolium) assay.
Enterocin 12a inhibited the growth of all the cell lines in
a dose-dependent manner (Fig. 6). At the highest dose
of 5 pg/ml, enterocin 12a reduced the viabilities of A549,
HeLa, HCT-15, and MG-63 to 8.4, 24.1, 23.2 and 34.3%
respectively (Fig. 6). The 50% inhibitory concentration
(IC50) values of the enterocin 12a for A549, HelLa, HCT-
15, and MG-63 cell lines was calculated as 0.08, 1.54,
1.07 and 2.1 pg/ml, respectively. The antiproliferative
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Enterocin 12a (ug/ml)

Fig. 6 The anti-proliferative effects of different concentrations of enterocin 12a on the viabilities of cell lines A545, Hela, HCT-15, MG-63 and
PBMC as demonstrated by MTT assay. Error bars are representative of SD of the three independent experiments. *Significance (P < 0.0001) was
calculated by comparing all the groups to the untreated control by using independent Student’s f-test

1.25 25 5

effect of enterocin 12a against normal human peripheral
blood mononuclear cells (PBMCs) was also determined.
The residual viability of PBMCs after treatment with
enterocin 12a was 82.2% that was not significant (p<
0.05) as compared to the untreated control (Fig. 6).

Microscopic detection of morphological changes in the
CS-treated cell lines

Further, to study the mode of antiproliferative activity of
enterocin 12a, morphological changes of enterocin 12a-
treated HCT-15 cells were studied by bright field and
fluorescent microscopy. Most of the cells in the control
untreated sample remained viable with normal cell
morphology having a clear outline of the cell membrane
and nucleus (Fig. 7a and c). On the other hand, cells
treated with enterocin 12a showed morphological
changes typical of apoptosis (Fig. 7b and d). Enterocin
12a-treated and Giemsa-stained cells (Fig. 7b) showed
chromatin condensation and nuclear fragmentation.
Similarly, cells stained with fluorescent dyes, PI and
Hoechst 33342 (7D) showed cell shrinkage and nuclear
fragmentation.

Discussion

Eighty percent of the patients with hematologic malig-
nancies and 10-15% of the patients with solid tumors
develop infections associated with neutropenia following
more than one chemotherapy cycle [15]. Many studies
have shown the benefits of using antimicrobials in con-
junction with anticancer agents in reducing the mortality

rate in cancer patients [3]. Thus, in this study, a novel
enterocin 12a having selective anticancer activities
against malignant cells was purified and characterized. E.
Sfaecium 12a was selected for the purification of entero-
cin as it possessed broad-spectrum antimicrobial activity,
good probiotic properties, and did not harbor genes for
known virulence factors as shown in our previous study
[16]. Enterocin 12a was characterized as a novel high
molecular weight protein that inhibited several Gram-
negative pathogens but had no activities against Gram-
positive bacteria such as St. pyogenes, Staph. aireis and
commensal lactobacilli, except L. monocytogenes. Among
the already known enterocins of E. faecium, enterocin
E-760 [17], T1 [18], enterocin A and B [19] were known
to exhibit antimicrobial activities against Gram-negative
bacteria; however, all of them had molecular weights of
less than 10 kDa, Secondly, their antimicrobial spectrum
differed from enterocin 12a, as they all inhibited Staph.
aureus. Enterocins A and B also inhibited several strains
of lactobacilli. Other enterocins of E. faecium such as
AS48 and enterocin P [20] inhibited Gram-positive bac-
teria only. AS48 was shown to inhibit Gram-negative
bacteria only in combination with treatments that dis-
rupted the outer membrane of Gram-negative bacteria
such as the use of EDTA, tripolyphosphate, polymyxin
B, or pulsed electric fields [21].

Further, both the CS and the purified enterocin inhib-
ited S. enterica, Sh. flexneri, Esc. coli, and V. cholerae, all
of which cause serious food or waterborne gut infections
such as enteric fever and diarrhea [22]. However, in the
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(c)

Fig. 7 Morphological changes induced in HCT-15 after 24 h treatment with enterocin 12a (1 ug/ml). (A} Giemsa-stained untreated control cells (B)
Giemsa-stained enterocin-treated cells (C) Pl and Hoechst 33342 co-stained untreated control cells (D) Pl and Hoechst 33342 co-stained
enteracin-treated cells. Yellow arrows show cell shrinkage, and red arrows show nudear fragmentation

LA O ‘f?

3L 4

(d)

case of M. smegmatis, the CS but not the purified enter-
ocin exhibited the antimicrobial activity. This indicated
that non-proteinaceous substances present in the CS
might be responsible for the antimicrobial activity
against M. smegmatis. The antibiotic sensitivity profiles
of the pathogenic indicator strains such as S. enferica
(Supplementary Table 1), Esc. Coli (Supplementary
Table 2), Sh. flexneri (Supplementary Table 3) and V.
cholerae (Supplementary Table 4) used in the study re-
vealed that all the four isolates were multi-drug resistant
(MDR) pathogens as they exhibited resistance to at least
one antibiotic in more than one antibiotic class [23].
Thus, considering the paucity of new antimicrobials
against the MDR strains of Gram-negative pathogens
[24], both E. faecium 12a and its enterocin should be
further tested for their clinical efficacies in vivo infection
models.

The kinetics of cumulative production of enterocin
produced by E. faecium 12a in the MRS media was stud-
ied. Like other bacteriocins, enterocin 12a followed pri-
mary metabolite production kinetics [25], as it appeared
in the CS in the early logarithmic phase and peaked in
the late-log phase. Its concentration in the CS remained

stable till 20h, after which it decreased by 2-fold. The
decrease in the antimicrobial activity of CS may be due
to the expression of transmembrane immunity proteins
that inactivate enterocin and protects the producer cells
from autolysis as observed in the case of enterocin P
[20] and cytolysin [26].

The physicochemical characterization of enterocin 12a
showed that it completely lost its antimicrobial activity
on treatment with all the 3 proteolytic enzymes, thereby
showing its proteinaceous nature. Further, the exposure
of enterocin 12a to the temperature of 100 °C for more
than 15 min resulted in complete abrogation of its anti-
microbial activity. As most of the heat-stable enterocins
are resistant to temperatures as high as 121 °C, enterocin
12a can be considered heat-labile. Owing to its heat-
labile nature and high molecular weight, enterocin 12a
may be classified as class IV enterocin [27]. Enterocin
12a was also found to be resistant to pH ranging be-
tween 2 and 10, and all the tested organic solvents.

High molecular weight enterocins were earlier re-
ported from various strains of L. faecalis viz., enterolysin
A 34 kDa [28];, bacteriocin 41 64.5 kDa [29];, EF478 45
kDa [30]; and anti-Candida protein 43kDa [31];
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However, in the case of E. faecium, a single report
showed the production of two high molecular weight
bacteriocins (55 and 65 kDa) from the strain E. faecium
ICIS;. The enterocins of E. faecium ICIS; were shown to
bear no similarities with the previously reported proteins
in the protein databases [32]. In this study, the
characterization of enterocin 12a by using mass spec-
trometry revealed that it shared homology with 48% of
4Fe-45 domain-containing protein of E. faecalis R712.
Bacterial ferredoxin i.e., 4Fe-4S cluster-centaining pro-
teins are mostly acidic proteins that possess a high nega-
tive redox potential. They use iron-sulfur clusters as
electron distributors in various metabolic pathways [33].
Another study reported the purification of ferredoxin-
domain-containing bacteriocins, pectocins M1 and M2
from Pectobacterinm spp. [34]. Pectocins were shown to
be natural medular proteins containing a cytotoxic do-
main fused to a ferredexin-like protein that binds to the
ferrichrome transporter and causes pore formation in
the target cell membrane [35]. Similar natural modular
bacteriocins that bind to ferrichrome transporter and
cause cytolysis of target strains were also reported from
Pseniedomonas spp. [36]. Thus, enterocin 12a might re-
semble such natural modular antimicrobial proteins re-
ported only in Gram-negative bacteria till date. E.
Jfaeciym in particular are known to possess a high rate of
gene recombination [37] that might explain the presence
of such natural modular enterocin in E. faecium 12a.
Furthermore, enterocin 12a appeared to be a
membrane-bound protein as it was released in the CS
only in the presence of Tween 80-containing MRS media
or after low-frequency ultrasonication (120kHz) of E.
Jaecium cells cultured in MRS media without Tween 80
(data not shown). A previcus study has also shown that
the use of Tween 80 in the broth media resulted in an
8-fold increase in the concentration of lacticin RM in
the CS [38].

Further, the mode of the antimicrobial activity of enter-
ocin 12a was studied by flow cytometry. Results showed
that the treatment of S. enferica cells with the purified
enterccin rapidly killed the cells by altering their cell
membrane permeability as evidenced by 71.7 and 91.7%
increase in PI fluorescence within 15 and 30 min, respect-
ively. These results are similar to those reported for other
bacteriocins such as nisin [39] and lacticin F [40].

Enterocin 12a inhibited the proliferation of all the
tested cancer cell lines in a dose-dependent manner. An-
other enterocin i.e., enterocin A was earlier shown to re-
duce the viabilities of human cancer cell lines viz., HeLa,
HT-29, AGS, and Caco-2 selectively by 60% at the max-
imum dose of 120 pg/ml [41]. However, as compared to
enterocin-A, 12a appeared to be more potent as it re-
duced the wviabilities of all the tested cell lines in the
range 64—90% at a maximum dose of 5pg/ml. Other
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purified bacteriocins such as pediocin PA-1 [42], plan-
taricin A [43], nisin ZP [44], and nisin [45] purified from
LAB genera were also shown to inhibit the in vitro pro-
liferation of human cancer cells. Nisin was shown to se-
lectively inhibit cancer cell lines and not the normal
cells [42]. Another redox bacteriocin, azurin, secreted by P.
aertginosa was shown to have antiproliferative effects against
murine [46] and human cancer cell lines [47]. A non-toxic
fragment of azurin, p28 was approved by the FDA for the
treatment of malignant brain tumor, glioma [48].

Enterocin 12a was found to have negligible antiprolifera-
tive effects against human PBMCs and membranolytic ef-
fects on RBCs at the same tested doses as that of cancer
cells. The selective anti-proliferative activity could be ex-
plained based on the differences between the cell mem-
brane of cancer cells from that of normal cells. As
compared to the normal cells, cancer cells are known to
have increased cell membrane negative charge [49, 50],
higher membrane fluidity [51], and the number of micro-
villi [52] which may result in enhanced binding of bacterio-
cins to the cell surface of the cancer cells. An attempt to
study the mechanism of anticancer activity of enterocin 12a
by using confocal microscopy revealed that the treatment
of all the tested cancer cell lines with enterocin 12a resulted
in apoptosis-like morphological changes as evident by cell
shrinkage, chromatin condensaticn, and nuclear fragmenta-
tion [53]. Similar morphological effects on cancer cells were
reported in the case of other bactericcins such as nisin ZP
[44] and azurin [54]. Cancer cells are known to possess in-
creased amounts of negatively charged phospholipids [49,
50] on their outer cell membrane leaflet. Therefore, the an-
ticancer effects of the enterocin 12a might be due to its cell
membrane-permeabilizing effect similar to other bacterio-
cins [43]. However, the exact molecular mechanism of anti-
cancer activity is under investigation.

In conclusion, these results suggest that human vaginal
commensal E. fiaeciym 12a secreted a novel enterocin
12a that inhibited the MDR strains of Gram-negative
pathogens and also selectively inhibited the proliferation
of cancer cell lines. Bacteriocin-secreting enterococci
were shown to have a survival advantage in the gut, for
example, bacteriocin 21-producing E. faecalis strain was
able to persist for a lenger time in the gut of mice by
successfully replacing the indigenous enterococci includ-
ing vancomycin-resistant strains, as compared to the
strain that lacked the bacteriocin gene [55]. Thus, the
therapeutic potential of both E. faecimm 12a and its
enterocin for the treatment of MDR strains of Gram-
negative pathogens needs further investigation. Further,
the study highlighted the functional property of a human
vaginal commensal E. faeciun that might play a role in
protection against cervical cancer. Thus, the role of E.
Jaecium 12a and its enterocin in protection against can-
cer in various in vivo models should also be explored.
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Methods
Bacterial strains
L. faecium 12a used for the purification of enterocin 12a
was isolated from the vaginal swab sample of the healthy
pre-mencpausal woman and characterized in the previ-
ous study [15]. Lactobacillus spp. of fecal origin used in
the study was gifted by one of the authors (Sukhraj
Kaur). The LAB strains were cultured in MRS media
and incubated at 37 °C in anaerobic jars for growth. The
bacterial growth media and the chemicals used in the
study were mostly (except where mentioned), purchased
frem HiMedia Laboratories Pvt. Ltd., Mumbai, India.
The pathogenic bacterial strains used in this study
were procured from Microbial Type Culture Collection
(MTCC), Institute of Microbial Technology, Chandigarh,
India. The indicator pathegenic bacteria such as Esc. coli
MTCC 119, P. aeruginosa MTCC 741, Sh. flexneri
MTCC 1457, V. cholerae MTCC 3906, S. enterica Typhi-
mrinm MTCC 733, Lis. monocytogenes MTCC 657, St.
pyogenes MTCC 1927 and Staph. aurens subsp. aurews
MTCC 96 were cultured in Brain Heart Infusion (BHI)
broth at 37°C under aercbic stationary conditions.
Whereas, M. smegmatis MTCC 6 was cultured in Mid-
dlebrook 7H9 broth supplemented with bovine serum
albumin fraction V and Tween 80 under aerobic condi-
tions at 37 °C.

Agar gel diffusion assay

The antimicrobial activities of CS and purified enterocin
12a were determined against various pathogenic and
commensal lactobacilli strains by agar gel diffusion assay
[56]. To prepare the CS, the overnight grown culture of
E. faecium 12a was centrifuged (Benchtop Refrigerated
centrifuge; Sigma 3 K30), at 9000xg for 10 min at 4°C.
The supernatant obtained was filter-sterilized by passing
through a 0.22 pm filter, and the antimicrobial activity of
the CS was determined after adjusting its pH to 6.5.

Growth curve and kinetics of production of antimicrobial
substance

Teo study the growth curve and kinetics of bacteriocin
production by E. fiaecium 12a, MRS media was inocu-
lated with 2% overnight grown culture of L. faecium
and incubated at 37°C in anaerobic jars. The growth
of the culture was measured by reading its absorb-
ance at 595 nm after every 2h. Simultaneously, the
antimicrobial activity of the CS was determined by
agar gel diffusion assay against the indicator bacteria
S. enterica MTCC 733. The antimicrobial activity of
CS was expressed in AU/ml, which is defined as the
reciprocal of the highest dilution showing inhibition
of the indicator lawn.
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Purification of enterocin 12a

Enterocin 12a was purified from the ammonium sulfate
precipitates of the CS of E faeciusm 12a by cation-
exchange and RP-HPLC metheds. For ammonium
sulphate precipitation, 11 of MRS broth was inoculated
with overnight grown culture (2%) of E. faecinm 12a and
incubated at 37 °C for 16 h in anaerobic jars. The culture
was centrifuged (9000xg) at 4°C to obtain CS, and the
enterocin was precipitated using 80% (w/v) saturated
ammonium sulfate with continuous stirring at 4°C for
18 h. Precipitated protein pellets were collected by cen-
trifugation (9000xg) and dissolved in sodium acetate
buffer (20 mM; pH 4.5). The dissclved precipitates were
desalted by passing through Biogel PD-10 column (GE
HealthCare, USA), equilibrated and eluted with sodium
acetate buffer (20 mM; pH4.5). The pecoled desalted
fractions were loaded onto SP-Sepharcse Fast Flow
cation-exchange column (50x 10 mm; GE Healthcare)
and eluted with a linear salt gradient of 0.1 to 1 M NaCl
in sodium acetate buffer (20 mM; pH4.5). The active
fractions cobtained from SP-Sepharose were pooled, ly-
ophilized, resuspended in HPLC grade water, filtered
(0.2 1 pore size) and loaded on the C;s HPLC column
(Shimadzu Microsorb MV, 100x10mm ID, 10pum).
Fractions were eluted with 0.01% trifluorcacetic acid-
containing solution of water and acetonitrile in the ratio
30:70 (v/v). The flow rate was maintained at 3 ml/min,
and the eluted fractions were monitored by a photediode
array detector at 214 nm. Fractions were collected, con-
centrated using rotavapour (Buchi, USA) and dissolved
in MilliQQ water. The antimicrobial activities and protein
concentration [57] of the purified fractions were deter-
mined after each step of enterocin purification. For all
the experiments HPLC fractions were concentrated,
pooled and dissolved in appropriate sclvent before using.

Determination of molecular weight and gel overlay assay
To determine the molecular weight of the purified enter-
ocin, denaturing polyacrylamide gel electrophoresis was
carried out by using 6% stacking and 15% (w/v) separat-
ing gel [58]. The samples and the molecular weight
marker (BioRad, USA) were loaded into the wells of the
gel. Electrophoresis was carried out at 120V and lanes
of the gel were cut. One lane of the gel was stained with
silver nitrate (SRL, India) and the other lane of the gel
was used for the overlay assay against S. enferica [59].
For the gel overlay assay, BHI soft agar inoculated with
S. enterica was overlaid onto the lane of the gel, incu-
bated at 37°C for 24 h, and the zone of inhibition was
observed.

MALDI TOF/TOF mass spectrometry (MS)
For characterization of enterocin, silver-stained gel
bands were destained, trypsinised and extracted before
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subjecting to MALDI-TOF/TOF-Proteomics Analyzer
(UltrafleXtreme mass spectrometer; Bruker Daltonics
Inc. Germany). Positive ion reflector mode with a mass
range from 700 to 3500 Da was used for recording the
TOF spectra. For each spectrum 500 shots were accu-
mulated. Two most abundant peptide ions were then
subjected to fragmentation analysis. A combined search
(MS + LIFT-MS/MS) was performed in database of pro-
tein using BioTools 3.0 software (Bruker Daltenics Inc.
Germany) and MASCOT (Version 2.1, Matrix Science,
London, UK), and searched against all entries in the
NCBInr protein databases. The parameters used for the
search were as follows: taxonomy, Firmicutes; enzyme,
trypsin; the fixed modification, carbamidomethyl (C); the
variable modification, Glu->pyro-Glu (N-term Q) and
oxidation (M); parent icn mass tolerance at 50 ppm and
MS/MS mass tolerance of 0.7 Da; one missed cleavage
allowed. The identified proteins among the top hit on
the search report with individual ions scores > 44 indi-
cated identity or extensive homology (p< 0.05).

Physico-chemical characterization of purified enterocin
12a

The physico-chemical characterization of purified enter-
ocin 12a (1 pg/ml) dissolved in MilliQ) water was carried
out. The thermostability of enterocin 12a was deter-
mined by incubating it at different temperatures for vari-
ous time intervals and then determining the residual
antimicrobial activity by agar gel diffusion assay. The pH
sensitivity of enterocin was determined by setting its pH
to values ranging from 2 to 10 and incubating at 37 °C
for 1 h. The pH was again set to 6.5 before determining
the residual antimicrobial activity. The stability of enter-
ocin 12a to different solvents was determined by incu-
bating it with various organic solvents at 50% v/v for 1 h
at ambient temperature. The solvents were removed by
vacuum concentration en a rotavapour before determin-
ing the residual antimicrebial activity. To study the ef-
fect of enzymes on enterocin activity, purified enterocin
12a (1 pg/ml) was treated with different enzymes (pro-
teinase K, pepsin, trypsin, and lipase; Sigma Aldrich,
India) at the final concentration of 1mg/ml for 1h at
37°C. The enzymes proteinase K and lipase were dis-
solved in 100 mM tris-HCL buffer (pH 8.0); whereas for
pepsin and trypsin treatment of enterocin, the enzymes
were dissolved in 1 mM HCI and enterocin was dissolved
in 100 mM tris-HCL buffer (pH 8.0) and the enzyme to
protein solution were mixed in the ratio 1:100. After 1 h,
enzymes trypsin, pepsin were deactivated by heating at
60°C for 10 min and the enzymes proteinase k and lip-
ase were inactivated at the temperature of 80°C for 10
min. The residual antimicrobial activity of enterocin 12a
was then determined.
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Effect of enterocin 12a on the cell membrane
permeability

Cell permeabilising effects of enterocin 12a on §. enfer-
ica cells was determined by using flow cytometry with
slight modifications [60]. Briefly, S. enferica cells sus-
pended in phosphate-buffered saline (PBS; pH7.2) at a
concentration of 1x10° cells/ml were treated with.
Enterocin 12a (5 pg/ml) dissolved in MilliQ water for
different time intervals. Following incubation, the cell
suspensions were centrifuged, washed and suspended in
PBS and thereafter stained with PI (1.0 ug/ml) by incu-
bating for 15 min at 4 °C in the dark The changes in the
flucrescence of the cells was detected by using Flow cyt-
ometer (Accuri C6 Flow Cytometer) in the FL2 channel
and the data were analyzed using C Flow Plus software
(Becton Dickinson, San Jose, CA, USA).

Simultaneously, ten microlitres of Pl-stained cell sus-
pension were placed on glass slides in duplicates and
fixed with 5pl Flourmount sclution (Sigma). The fixed
cells on the glass slides were viewed under a confocal
microscope (Niken, A1R).

Safety evaluation by hemolytic activity

Hemolytic activity of enterocin 12a dissolved in phos-
phate- buffered saline (PBS; pH 7.2) was measured spec-
trophotometrically by hemoglobin release assay [61].
RBCs were isolated from the blood of healthy individuals
above the age of 18 yrs. after taking their written in-
formed consent. The protocol was approved by the Insti-
tutional Human Ethics Committee of Guru Nanak Dev
University, Amritsar, and performed by following the
guidelines of the Ethics Committee. Briefly, RBC cell
suspension was incubated with different concentrations
of enterocin 12a at 37°C for 1 h. RBC treated with 1%
Triton X-100 (Sigma Aldrich), and PBS were used as
positive and negative controls, respectively. Hemoglobin
release was monitored in the cell supernatant by taking
absorbance at 415nm. The percentage RBC lysis was
calculated by using the equation: (Ar-Ac) (Ax-Ac) x
10; Where Ay is the absorbance of wells containing
enterocin 12a-treated RBC, A is the absorbance of
negative control well having PBS treated-RBC, and Ay is
the absorbance of positive control well containing 1%
Triton X100- treated RBC.

Assessment of antiproliferative activity of enterocin 12a

MTT assay was used to determine the anti-proliferative
activity of enterocin 12a against human cancer cell lines
such as HeLa, HCT-15, A549, MG-63, and normal hu-
man PBMCs. All the cell lines were procured from Na-
tienal Centre for Cell Science, Pune, India. PBMCs were
isolated from the blood of healthy individuals above the
age of 18 yrs. after taking their written informed consent.
The protocol was approved by the Institutional Human
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Ethics Committee of Guru Nanak Dev University, Am-
ritsar, India, and performed by following the guidelines
of the Ethics Committee. To isolate the PBMCs, density-
gradient centrifugation of the blood was done by using
Ficoll hypaque [62].

MTT assay was performed according to the protocol
described previously [16, 63]. Briefly, cells diluted in
Dulbecco’s modified Eagle’s medium (DMEM) contain-
ing 10% fetal bovine serum were seeded at the concen-
tration 4x 10° cells/ml in 96-well microtitre plate and
incubated for 48 h at 37 °C; 5% CO,. Two-fold serial di-
lutions of purified enterocin 12a dissolved in filter ster-
lised (0.2 p pore size} DMEM at concentrations ranging
between 5.0 to 0.312 pg/ml were added to the wells and
the plate was again incubated for 24 h. The cells were
then treated with 100 ul of 0.5mg/ml MTT (Sigma Al-
drich) for 4h at 37°C. MTT-containing medium was
discarded and 100 pl of dimethyl sulfoxide was added to
the wells to dissolve the formazan crystals. The absorb-
ance of the wells was measured at 570 nm on 96-well
microplate reader (Synergy"“ HT, Bic-Tek Instruments,
Inc.). The cells without enterocin were used as controls.
The percentage viability of cells was assessed according
to the following formula:

3 " 1 viabilit Abscrbance of enterccin - treated wells )
ercentage cell viability — X
8 ¥~ “Absorbance of untreated control wells

Apoptosis detection by colorimetric and fluorescent
staining

Apoptosis of eukaryotic cells is characterized by mor-
phological changes such as cell shrinkage, chromatin
condensation, and nuclear fragmentation [64]. Thus, to
study the effect of enterocin 12a on cell morphology,
12x10° HCT-15 cells were cultured on coverslips
placed in 6-well tissue culture plate (Costar, USA) at
37°C; 5% CQ,. After 24 h, the cells were treated with
1 pg/ml of enterccin 12a and again incubated at 37 °C;
5% CO, for 24 h. After that, the cells were fixed with 4%
paraformaldehyde, washed with PBS (pH 7.2) and co-
stained with Hoeechst 33342 (1 pg/ml; Sigma Aldrich)
and PI (5 pg/ml) for 15 min. Separate sets of wells were
stained with Giemsa (1:9; Merck, Darmstadt, Germany)
for 20 min. The stained cells on the coverslips were
viewed under the confocal microscope (Nikon, A1R).

Statistical analysis

Data in all the experiments are representative of three
experiments performed in triplicates. Data were analyzed
by independent Student’s f-test by using SPS5517.0. Sig-
nificant differences of means were compared through in-
dependent Student’s {-test by using SP$517.0. Individual

p values for each data set are indicated in each figure.
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