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BIJIUB BICMYTOBOI'O TA OJIOB’AHOI'O KOMIIJIEKCIB
XIHOJITHIJINMOP®IPUHY HA AKTUBHICTb ®ATl'IB
LACTOCOCCUS LACTIS

Hocaidmceno snius 8icmymosoeco ma 0408 AHO020 KOMAEKCL8
XiHoAiHiANOPpGipuHy Ha akmusHicme rakmogaeis E3, E5 i EI7 ma ¢acosy
inghekuiro y L. lactis. Peaysromamu docaridxcerv nokasaiu, w0 npucymmuicme
BICMYMOBO20 KOMNACKCY XIHOAIHIANOPGIPpUHY Y NONUBHOMY cepedosuiii Y
konyenmpauyiax 10 mcM, 20 mxM ma 40 mxM nosrnicmro 3ynunsie po3gumox
¢aeosoi ingekuii. Buanauenns npamoi 0ii uboeo nop@ipury Ha raxkmogaeu
noKa3ano, wo 3HUNeHH iHpekyiinocmi ¢aeis nid 8nNAUBOM UIEL CNOAYKU
docseae 64%. Anmugpazosa akmusHicme 0408 AH020 KOMAEKCY cKAaOae
21-29%. 06udsi cnoiyku He MarOmb 3HAYHO20 BNAUBY HA AOCOPOUII0
raxkmoghaeis Ha baxkmepianrvritl Kaimuni. [Heibysanmns npoyecy adcopbuyii
(pacie docridncysanumu noppipurnanu ne nepesuujye 36%.

Karwuwosi carosa: rakmogaeu, anmugpaeosa aKkmusHicmo,
XIHONIHIANOPDIpUHL.

daru MOJIOYHOKHUCIUX OaKkTepill BUKJIMKAIOTh MOCTiHHUN iHTepec, nepeny-
ciM, yepe3 eKOHOMiUHi BTPATH, Ki HECYThb MiANPUEMCTBA MOJOYHOI IPOMHUCIIO-
BOCTi BHac/ifokK ¢parosoi iHpekwii. OcKinbKY y BUPOOHULITBI (hepMEHTOBaHUX
MOJIOYHUX MPOAYKTIB HaWyacTille BUKOPUCTOBYIOTb MOJIOYHOKHUCJI OakTepii
pony Lactococcus, came JTaKTOKOKOBI (paru HaWOiJablI PO3MOBCIOIXKEHHI Ha
MOJIOYHHX KOMOiHATaxX Ta € MPUUUHOIO OibIIOCTI Hee(DEKTUBHUX TEXHOJOTIUHUX
npoueciB [7]. JIakrodarn BUKIHKaOTh 3arube/b 3aKBaCOYHUX MiKpOOpraHis-
MiB, L0 PU3BOAUTH 10 YIOBiJIbHEHHSI BUPOOHULITBA NPOAYKLLII, OTipIIeHHs ii
sikocTi. [TopyiieHHs nmpoueciB KUCJIOMOJOUHOTO OPOIHHS MOXKe TTPU3BECTH He
TiJIbKU [0 3HUKEHHS AKOCTI Ta BTPAT CUPOBUHH, aJie U 1O BUHUKHEHHS Xapyo-
BUX OTPYEHbD, aJl2Ke Y HOPMi 3aKkBaco4yHa MiKpoOioTa iHridye yMOBHO-ITaTOM€HHI
MiKpooprasiamu, npucyTHi y moJioti [1, 3]. Ha cboroasi icHytoTb pisHi migxony,
3aBASIKU IKUM MOKHA 3MEHILUUTH PU3UK (haroBoi iH(eKLil: poTalis cTaprep-
HUX KYJbTYP, BUKOPUCTAHHSI F€HETHUYHUX MeTOHIB A/ 30i/MblUeHHS (harope-
3UCTEHTHOCTI CTAPTEPHUX KYJbTYD, NpAMa IHOKYJALIA CTapTepPiB y 3aKPUTI
(bepMeHTEpPU Ta BUKOPUCTAHHS CEPEIOBUIL 3 aHTU(ATOBUMHU BJACTUBOCTSIMHU
1151 36epiraHHs i pO3MHOXKEHHSI CTapTePHUX KYJAbTyp [7].
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[TopdiprHu BBaXKaOThCSA ONHUMH 3 TePCINEKTUBHUX CIOJYK /151 JIIKYBaHHS
iH(eKUiHHNX XBOPOO, Ta IIMPOKO BUKOPUCTOBYIOTHCS Y MPOTUPAKOBiHA POTONHU-
HaMiuHi# Tepamnii. Tepamnis ocHoBaHa Ha BUKOPUCTAHHI (hOTOCEHCUOiMi3aTOPIB,
SIKI TicJIsl aKTUBYBAHHSA CBITJIOM MOXKYTb BUK/JIUKATH Pi3HI MOPYLIEHHSA CTPYK-
TypH KJiTHH. Ha cbOroaHillIHIA AeHb MOKa3aHo, 10 NMOPQipUHU MPOSBASIOTh
AHTUMIKPOOHi BJIACTUBOCTI LIOAO MATOM€HHUX Ta YMOBHO-MATOr€HHUX OakTe-
pi#i He suwe npu GoToakTUBALii, a U y TemMHOBUX ymoBax [4]. LLi crnoayku
BUSIBJSIOTH TAKOXK aHTHUBIpYCHUH edekT. BukopucToByBaTH nopipuHu §K
AHTUBIPYCHI areHTH 3alpONOHOBAHO, IMepLI 3a BCe, A/ CTepu/isauil KpoBi
Ta ii KomrnoHeHTiB [11]. OcTaHHiM YyacoM MoKa3aHa MOXKJUBICTb iHTiOyBaHHS
IMMH crioaykamu ¢itosipycHoi iHdekuil in vitro ta in vivo [5, 6]. ¥ nesikux
BUMAJAKaX /5 BUBUEHHSI MeXaHi3MiB IX Hil K MoAeJsied BipyciB OyJid BHKO-
puctani 6axkrepiodaru [2, 12].

Mertoro 1iei po6oTu 6yJ0 MepeBipuTH 3AATHICTb HOBUX CUHTETUYHUX T10-
pgipuHiB NpUrHiuyBaTH iHPEKUiHHICTb JaKTO(ariB.

Marepianu Ta meToam

[Iram 6akrepii Lactococcus lactis subsp. lactis 502 ta nakrodaru E3, E5
i E17 ©ynu orpumaHni 3 KoJekuii biiopycbkoro nep:kaBHOTO T€XHOJOTIUHOTO
yHiBepcuteTy. Ky/abTUBYBaHHA OakTepill mpoBoauau Ha cepenosuili M17 3
nonaBauasam 0,5% TJIOKO3H.

Y po6oTi BUBuUasnacs aHTU(AroBa aKTUBHICTb BICMYTOBOI'O Ta 0JIOB’ THOTO
komriekciB xiHodiHinnopdipuuis (Bi(IIl)-TXIT ta Sn(IV)-TXII), cuntezoBanux
y nabopaTopii CHHTe3y HOBHUX JiiKapcbKuXx 3aco6iB OnecbKOro HalliOHAIbHOTO
yHiBepcuteTy imeHi [.I. Meunukosa.

[Ipu BuBYeHHI mpsamoi Ail mopdipuHiB Ha GakTepiodaru ix iHKyOyBaJu
paszom npotsrom 24 roauH. Ilicasi uboro GakTepiodarn TUTpyBaau 3a
CTaHJapTHUM METOJOM IMOJBIHHUX arapoBux mapis [12]. AHTH(AroBy akTHB-
HiCTb BUpaxKaJ/u y BilCOTKax Ta 0OUUCAIOBAIU 3a (hOPMYJIOLO:

A=(1—-N/N,) - 100%,

ne N , N, — KiJIbKicTb HeraTHBHHX KOJIOHIH y IOC/Ii/li Ta KOHTPOJIi, BIIMOBIIHO.

Jlns toro, o6 mnepeBipUTH BJMUB MOPQipHHIB HA PO3BUTOK (ParoBoi
iH(ekuii, cycrneHnsito OakTepid Ta OakTepiodariB 0OAHOYACHO NOAABAJIH 10
MOXKHUBHOTO CepoaoBHUILa, fKe MicTuio nopgipunu. KiHuesi KoHUeHTpauii
L. lactis Ta daris cranosuny 1 - 10? kia/ma ta 5- 10* BYO,/mua, Binnosinuo. Jas
CIIOCTEpeKEeHHS 3a nepediroM HopManbHOI iH(eKLil 6akTepialbHy KYJIbTYPY
Ta (paru noaaBa/y B THX K€ KOHLIEHTPALifiX 10 CepeloBHUIIa, L0 He MiCTHUIIO
noppipunu. Koutposewm cayrysanu npoOipku 3 NOKUBHUM CepeLOBUILEM, 10
SIKOTO J0JAaBa/iM TiJbkKU OakTepianbHy KyabTypy. [licas 24 roaun inkyOauii
BHUMipIOBaJ/M ONTHUYHY T'YCTHHY CEpeIOBHIA Ta MOPiBHIOBA/IM iHTEHCHUBHICTb
pocTy GakTepil B 1OCHiAI Ta KOHTPOJII.

3 MeTOol0 BHBUEHHS§I BIJIUBY NOpPQipHHIB Ha aacopObuilo JakTodaris
10 TOXKUBHOTO CEpEelOBUILA, 110 MICTUJIO Pi3HI KOHLeEHTpauil nopdipuHis,
nonaBau OakTepiaJbHy KyJabTypy i 6akTepiodar ta iHkydyBamu 10 xB mpu
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30 °C. KonTposbHi npobipku MicTuIU cepenoBulle 6e3 nmopdipuni. [licas
3aKiHUeHHS yacy iHKybauii nias 3ymuHKH mpolecy aacopbiii ¢ara 50 mMka
cymilni nopaBaju 10 4,5 MJ1 0X0/I0XKEHOTO (Pi3ioOriYHOr0 PO3YUHY, TiCJIsT YOT0
nmignaBany HU3bKOWIBUAKICHOMY LeHTpudyrysanuio (5000 06/xB) mpoTarom
5 xB. ®aru B Hamocadi TUTPyBaJu 32 METOAOM IOJABIHHUX arapoBHX IIapiB.
Cryninb ancop6buii BU3HAYAIM Yy BincoTkKax aacopOoBaHux ¢ariB y mocCaifi
BiTHOCHO KOHTPOJIKO 3a (POPMYJIOLO:
A=(1 —Ts/Tn) - 100 %,

ne T — sanmumkoBud TUTp ara, T — nouaTkoBuil TUTp (hara [9].

Pe3yabTati Ta X 0OroBOpeHHS

Ha nouaTky nocnimkeHb 3’sicyBaJii BIJIMB MOPQipHHIB HA caMy KYJbTYpY
L. lactis Ta BU3HAUNIM KOHLIEHTPALIii CMIOJYK, 1110 HEe MPUTHIYYIOTh PicT OaKkTepiH.
Takumu KoHUEHTpaUiAIMHU [J5 BiCMyTOBOIO KOMILJIEKCY XiHOJiHIMMOP(ipUHY
Bussuaucs 0,1 mxM, I mxM, 10 mxM, 20 mxM, 40 MmkM, a 1151 0JIOB’SIHOTO
KoMmIIeKey xinodininnopgipuny — 0,1 mxM, 1 MM, 10 MmxM, 20 MxM.

Tabauus
Hakonuuenns 6iomacu L. lactis subsp. lactis 502 y npucyTHocTi Jakrodaris ta
nopdipunis (0D, «107)

Table

L. lactis subsp. lactis 502 biomass in presence of lactophages and porphyrins
(0D, -10?)

KoHueHTpauis Jlakrodar
XiHoJdiHiAnopdipuny, MkM E3 E5 E17

0,1 1397 + 187 431 + 92 324 + 49

1 1567 + 217 870 + 145 756 + 113

Bi(III)-TXII 10 2405 =+ 81* 2170 = 72* 2323 + 48*
20 2420 + 55* 2325 + 72* 2453 + H3*

40 2540 = 102* 2418 + 92* 2498 + 40*

0,1 940 + 189 351 + 25 297 + 39

Sn(IV)-TXT] 1 1070 + 206 549 + 135 676 = 169
10 1530 = 160* 1166 + 171* 1299 + 197*
20 1047 = 101* 1129 + 240* 1000 = 135*

K+ 418 + 55 370 + 28 313 + 26

K- 2380 = 76 1998 + 64 2381 + 49

[Ipumitka: Kt — 6akrepis + ¢ar y cepenosuuli 6e3 nopgipunis, K — 6akrepisa y
cepenoBullli 6e3 nopipuHiB Ta (aris, * — pi3HULIA 10CTOBipHA Yy NOPiBHSAHHI 3 KOHTPOJIEM
Note: K* — bacterium + phage in medium without porphyrins, K — bacterium in me-
dium without porphyrins and phages, *— significant different from the control
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JlocaigKeHHs BNJIMBY NMOP(ipUHIiB HA PO3BUTOK JaKTO(aroBoi iHgekuil
y pPiIKOMY CepemoBHILI MMOKa3aJo, 10 OOUABI CMOJYKH 30aTHI y TOMY 4H iH-
LIOMY CTYIIeHi CTpUMyBaTH ab0 30BCIM MePEeLIKOIXKATH Ji3UCy OaKTepianbHOI
KYJIbTYPH.

HakonuuenHss 6iomMacu JaKTOKOKY Yy MPUCYTHOCTI JakTodariB He
nepesuiysano 20% Bin KoHTposto (Tabs.). IIpucyTHICTH y cepeaoBHILI
NOCMIIXKYBaHUX CMoNYK y KoHUeHTpauii 0,1 MkM wmalixke HisiK He 3MiHIOBaJIa
el MOKAa3HMK, TOMAI SIK HaKonuyeHHs Oiomacu OakTepii MpHU KOHLEHTpaLii
1 MmKkM ©6yno y 2—3 pa3u BHUIIMM, HiXK y KOHTpoJi 3 darom. Ha#binbiu
e(eKTHUBHOIO CMOJYKOI BUSIBUBCS BiICMYTOBUH KOMIJIEKC XiHOJIHIMOPDipHHY,
MPUCYTHICTh SIKOrO y cepefoBuili y KoHUeHTpauisx 10 mxkM, 20 MxkM Ta
40 MKM MOBHICTIO 3ynHHs/Ia PO3BUTOK (paroBoi iHdekuii. ¥ npucytHocti 10 Ta
20 MKM 0J10B’IHOT'O KOMIIJIEKCY XiHOJIHINMOP(iprHy KOHLIeHTpaLlis 6aKkTepii
6yna y 3—4 pasu BHILOIO HiXK Yy KOHTPOJIi 3 (parom.

Busnauenns npsamoi aii nopgipuHiB Ha makTodaru rnokasasno, 1o OiabLl
AKTUBHHUM € BICMYTOBHH KOMIJIEKC XiHOJiHinmopgipuHy. Tak, mpUCYTHICTb
uiei cnosyku y konuentpauii 10 MmkM 3MeHIIye MiTHYHY aKTHBHICTb JIAKTO-
daris va 33—42%, y konuentpauii 20 MkM — Ha 42—61% rta 40 MkxM — Ha
56—64 %. IHwi KOHLEHTpaLii LbOro MopdipuHy MPUrHiuyBaIH iH(EKUiAHICTE
daris Ha 14—24% (puc. 1).

AnTHdaroBa akTHBHICTb OJIOB'STHOTO KOMIIJIEKCY B yCiX MOCHiMKyBaHUX
KOHLEHTpaLiax 6y/a Mai>ke Ha OfHOMY piBHi Ta cknagana 21—29%.

3BaxKalouu Ha OTPHUMaHi AaHi, 110 CBiAYaTh MPO HASIBHICTb Y NOCJIiIXKY-
BaHUX CIIOJYK aHTUBIpYCHOTO e(eKTy, OyJ0 AOLIJBbHO NepeBipUTH 30aTHICTh
JaHUX PEYOBHH BIJIMBATH HA MOYATKOBI CcTaii iH(eKLii, a came — Ha mpoLuec
ancop6buii. Edexr iHribyBanHa LbOro mpolecy CIoJyKaMd MOXKe BKa3yBaTH
Ha OJIOKyBaHHSl MEBHUX CTPYKTYPHHUX MIMSHOK (para, L0 BiANOBimarOTh 3a
ancopOouiro.

Pesyabrat moc/iiKeHHs MoKasdaJju, LIO0 OJIOB'STHHH KOMILJIEKC XiHOJi-
HinnmopgipuHy He iHribyBaB mpouec ancop6Ouii ¢ara E3 nHa L. lactis, ane
ranbMyBaB el npouec y ¢ara E5 na 9-33%, a y dara E17 — na 5—13%
(puc. 2).

BicMyTOBHI KOMIJIEKC 3HHXKYBaB BifcOTOK ancopbuii dhara E5 na 33% y
HalGinbIiA KoHuenTpauii Ta Ha 9—17% y iHUKX KOHLEHTpaLisX.

s ¢ariB E3 ta E17 epekTrBHOIO BUSBUIACS TiJbKU KOHLEHTpaLis Liei
crionyku y 40 MkM, sika satpumyBasa npouec agcopouii Ha 14% Ta 36%,
BilMOBiIHO (pHC. 2).

Otxe, pe3ynbTaTH NOCJiIKeHb MOKa3aJ/u, 110 AOCHIIKYBaHi CIOJyKU
He MaloTb 3HAYHOTO BIUIMBY Ha mpouec aacopOuii snakrtogariB. Mox/u-
BO, NOJATKOBOIO MilleHHI0 nii nmopdipuniB Buctynae JIHK 6akrtepiodara.
Hocaimkennss McMillin ef al. cBimuaTh mpo Te, 110 MOP(IPHHU MOXKYTb
3B’si3yBaTUcs 330BHI abo iHTepkamoBatu y JHK y 3anexHocti Big npupo-

mu JIHK cy6erpary [10].
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Bi(111)-TXM Sn(1V)-TXI

®dar E3 ®dar E3

dar E17 dar E17

0,1 1 10 20

KOHLEeHTpauis nopgpipuny, MkM

Puc. 1. AHTH(daroBa aKTUBHICTb A0CJIIXKYBAHUX XiHOJiHiAMOpdipuHiB woao daris
L. lactis

I[IpumiTKa: Bick OpAMHAT — aHTH(AroBa akTHBHICTb CONYK, %;
* — pi3HHULS NOCTOBipHA y MOPIBHSIHHI 3 KOHTPOJEM

Fig. 1. The antiphage activity of studied quinolinilporphyrins in L. lactis

Note: y-axis —antiphage activity of compound, %;
*— significant different from the control
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Bi(111)-TXI

Sn(1V)-TXN

0, dar E3

% dar E3

K 0,1 1 10

20

40

K 0,1 1 10 20

dar E17

®dar E17

KOHLIeHTpauis noppipuny, MkM

Puc. 2. AncopOuisi nakrodaris Ha KaituHax L. lactis y npucyTHOCTI J0CJiI2KYyBaHUX

XiHogiHiAnopdipuHis

[IpumiTka: Bicb opaAMHAT — BiACOTOK ancopboBaHUX OakTepiodaris;
* — pi3HUIS NOCTOBipHA Y MOPIBHSHHI 3 KOHTPOJEM

Fig. 2. Lactophage adsorption on the L. lactis cells in presence of studied

porphyrin

Note: y-axis — percent of adsorbed bacteriophage;
*— significant different from the control
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BuBueHHSI KOHKYPEHTHOTr0 3B’ si3yBaHHs 1ux cnoayk i3 JIHK nokasasno, o
He MOCJIIJOBHICTb, 2 KOMITIO3ULIIMHUN CKJIAd a30TUCTUX OCHOB BU3HAUa€ Xapak-
Tep 3B’s13yBaHHS. [HILi BUeHi 1OBOASATH, 1110 XapakTep B3aEMO/i 3a/1eKUTh Bijl
TUMY LEHTPaJbHOIO aTOMY # Bapiloe Bifl iHTePKaJSTUBHOIO 3B sI3yBaHHS 10
arperauii Ha noepxHi JIHK [8]. BuBuenns xapakrepy B3aemopii KaTioHHHX
nopipuHiB 3 i3onboBaHo0 Ta BHyTpikancunHow JIHK 6akrepiodara T7 mo-
Ka3aJd, L0 MPUCYTHICTh OiIKOBOTO KAaNCHAy He BHUKJ/IOUAE B3AEMOJII0 MiX
nopcipunamu ta BHyTpiliHboGarosoio JIHK [13].

Taxum ynHOM, micJsis MpoBeNeHHS MOAANbIINX A0CAiAXKEHb Ta OCTaTOYHOTO
3’sCyBaHHSI MeXaHi3My Jii BiCMyTOBUH KOMIJIEKC XiHOJMIHINMOP(hipUHY MOXKHA
PEKOMEHIYBAaTH [JIs1 BUKOPUCTAHHS K KOMIIOHEHT I[TOXKHMBHOIO CepelOBUILA
IJISI CTapTePHUX KYyJbTYyp JAKTOKOKIB, 1110 3anobirae po3BUTKY (aroBoi iH-
(hekuii.
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BJIUSSHUE BUCMYTOBOI'O U OJIOBAHHOTI'O KOMITJIEKCOB
XHHOJHUHWIINTIOP®PUPUHOB HA AKTUBHOCTb ®AI'OB
LACTOCOCCUS LACTIS

Pedepar

HccnenoBano BausiHYE BUCMYTOBOTO U OJIOBSIHHOTO KOMIIJIEKCOB XUHOJIU-
HUITIOP(HUPUHOB HA aKTUBHOCTH jJakTodaroB E3, ES u E17 u ¢arosyio un-
dexuuto y L. lactis. Pe3ynbTaThl UCCAENOBAHUN MOKA3aJH1, UTO HAJUUUE BHU-
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BI1JIMB BICMYTOBOI'O TA OJIOB’STHOI'O KOMIIJIEKCIB XIHOJIIHIJITIOPQIPHHY ...

CMYTOBOI'0 KOMIIJIEKCA XUHOJNUHUIOP(PUPHUHA B IUTATEIbHON Cpe/ie B KOHLIEeH-
tpauusx 10 mxM, 20 MmkM u 40 MKM MOJHOCTBIO OCTaHABJIUBAET Pa3BUTHE
(paroBoil uHpekunu. OnpeneneHue NpsIMOro AHUCTBUS 3TOTO NMOPPUPHUHA HA
JIAKTO(aru rnokasasno, 4YTO CHUXKeHUe MH(PEKLUUOHHOCTHU (paroB oI AEHUCTBHU-
eM JaHHOTO coeluHenus pocturaet 64%. Atudaropas akTHBHOCTb OJIOBSIH-
Horo xommaekca cocrasiseT 21—29%. O6a nophupruHa He 0Ka3bIBAIOT 3HA-
YHUTE/JbHOIO BJMSHHUS Ha ancopOLMIO MakTo(aroB Ha OaKTepUANbHOH KJeT-
ke. MlHrubuposanue npouecca aancopouuu ¢aroB UCCaeLyeMbIMA COeIMHEHH-
aMu He npesbimaeT 36%.

KnwoueBble camoBa: sakrtoparu, aHtudaroBasg akKTHBHOCTb,
XUHOJUHUJIOP(PUPHUHBI.
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INFLUENCE OF QUINOLINILPORPHYRIN BISMUT AND
TIN COMPLEXES ON LACTOCOCCUS LACTIS PHAGES
ACTIVITY

Summary

Influence of quinolinilporphyrin bismuth and tin complexes on lactophages
E3, Eb and E17 activity and phage infection process in L. lactis has been
studied. The results of investigation show that bismuth quinolinilporphyrin
complex presence in the nutrient medium at 10 uM, 20 uM and 40 pM
concentrations completely inhibits phage infection process. Determination of
direct influence of this compound on the lactophage shows that reduction of
phage activity reachs up 64%. Antiphage activity of tin complex is equal to
21—29%. Both compounds have no significant influence on the lactophage
adsorption process. Inhibition of phage adsorption by the compounds does
not exceed 36%.

Key words: lactophages, antiphage activity, quinolinilporphyrins.
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