ISSN 2310-4902 HaykoBuii BICHUK BeTepUHApHOI MeauInHH, 2°2018

BETEPUHAPHA ME/IMIIUHA

EmnizoroJsoris Ta indgexkuiiiHi xsopoou

YK 636.09:577.21/.25:579.842.1/.2

PYBJIEHKO H.M.,
rublenko@biocontrol.com.ua

eporcasnuii HayKo80-KOHMPONLHULL THCIUMYM
OiomexHoNo2ll | Wmamie MIKpoOp2anizmie

MOJIEKYJAPHO-TEHETUYHI MEXAHI3MH
BUXKUBAHHAA I PEBUCTEHTHOCTI CAJIBMOHEJI

VY cTaTTi HaBeAECHO JaHi HAYKOBOI JITEPaTypH, IO OMUCYIOTh MOJICKYJIPHO-TEHETHYHI MEXaHI3MH 3aXUCTY BiJl HECTIPH-
STIIMBUX YMOB y Oaktepiit poay Salmonella. OcnoBHuME 6ap’epaMul Ha MOYATKOBUX eTanax iHGEKIIHHOTO MpoLecy € BUCOKa
OCMOJIIPHICTB Ta HU3BKI 3Ha4eHHs PH. 3aXuCHI MeXaHI3MH CaJIbMOHENH CIIPSIMOBaHi Ha YHUKHEHHS Jii Iux (akTopis 3 Me-
TOIO MOZAIIBINOT Mpodtidepaii B iHpIKOBAaHOMY OpraHi3Mi.

BinmoBine Ha HECHPHUATINBI YMOBH PealizyeThesl 32 JOIOMOTOI0 JBOKOMIOHEHTHUX CHUCTEM CHTHAJIBHOI TPaHCHYKIIi.
B 0CHOBI AKHX JIEKHTH IPUHLIUI B3a€MOIl ceHcopa Ta perynstopa. CeHcop, MpeacTaBIeHUH TiCTHANH-KIHA3010 30IHCHIOE
(dochopuTioBaHHS PETYIATOPA, IKAH y CBOIO YEPry MPSMO YU OMOCEPEAKOBAHO iHILIIOE TPAHCKPHIILIIO I'eHIB MATOT€HHOCTI.
Ha cphorozHi B HayKoOBiil Jiiteparypi onucaHo (QyHKIioHyBaHHs cucreMd ENVZ/OMpR, 1110 aKTUBYETHCS 32 YMOB BHCOKOT
OCMOJISIDHOCTI Ta PEryJoe YTBOPEHHs KarcynsipHoro Vi-antureny y tudoignoro ceposapa S. Typhi. Cucrema PhoP/PhoQ
3[IMCHIOE BIAIOBIAB Ha KHCIE CepeloBHIIE Ta (YHKLIIOHYE 32 THM CaMHM IIPUHANOM: (OCHOPHITIOBAHHS PEryJISTOPHOIO
Gisika ceHcopoM. Takox oxapakTepu30BaHO 3aiexHicTh cuctemu PhoP/PhoQ Big curma-gakropa RpoS (cy6oaunums Gakre-
piansHOi PHK-mmonimepasm). Curnaiom aiis HakonuueHHs RPOS € HU3bKa KOHIEHTpallis KaTioHiB MarHiro.

3’sICHOBaHO, IO JaHi CHCTEMH CHI'HAIBHOI TPAHCAYKIII PETYNIOIOTh TPAHCKPHIIIIIO ONEPOHIB, SIKi KOXYIOTh T'€HH CHC-
TeM cekperii 6inkiB 3 Tumy. [0 ckiamy OCTaHHIX BXOAATH eeKTOpHI OLIKH, 3[4aTHI 10 mepeOyA0BH MUTOCKENETY eImiTenio-
LUTIB TOHKOTO KUIIEYHHUKY, 1[0 JO3BOJISE CATbMOHENI MPOHUKATH B HUX Y BUIVIAAL CHEHUPIIHUX (arocoM.

TaxuM YMHOM, TBOKOMIIOHEHTHI CHCTEMH CHTHAJBHOI TPAHCAYKIIil y CaJbMOHENH HE JIMIIE € MEXaHi3MaMH, [0 3a0e3-
MeYyIOTh BIDKUBAHHS Ta Mpoideparito B HECOPUATINBHX YMOBAX, ajie TAKOXK 31HCHIOIOTH PETYIHLII0 TeHETUYHUX AeTepMi-
HAaHT, 10 KOJYIOTh TeHH MaTOT€HHOCTI.

Korouogi ciioBa: canemonena, pH, ocMOJISpHICTB, TeéHH TATOr€HHOCTI, ONIEPOH, CUTHAIbHA TPAHCTYKILis.

doi: 10.33245/2310-4902-2018-144-2-6-12

IMocTranoBka nmpo6aemu. CajgbMoHeNa — rpaMHEraTHBHA OakTepis, sika € 30YJIHUKOM XapyOBHX
TokcukoiHdekiiii. Bona Hanexuth 10 poaunu Enterobacteriacae i Bkirodae 2 BHIH, SIKi MOIAIOTh-
cst Ha 6 miBUIB, B Mexkax skux BunuisiioTh 2700 ceporapiB [1]. I3 mux 3 — S. Typhi, Paratyphi A, B, C
— € 30yIHUKaMH 4epeBHOTO TH(Y Ta BUKIIOYHO crierudiuni mis moaunau [2; 3; 4]. Pemrra cepoTuiiis —
HeTU(OIHI — 30y THUKN CATbMOHENHO03Y SIK y JIOJMHH, TaK 1 TBapHH.

CajpMOHENa MOTPAIUISE 10 OPraHi3My CCaBIIB aliMEHTAPHUM IUISXOM, BHACHIIOK CIIOKUBAHHS
KOHTaMiHOBaHUX XapUOBHX MPOJYKTIB. BximHUMH BopoTaMu iHQEKIi 32 caJbMOHENIh03y € CIH30Ba
000JIOHKA TOHKOTO KHMIIEYHHKY. 3a JonoMoror (iMOpiil Ta mijed canbMOHENa MPUKPIILIIOETHCS 10
CTIHOK TOHKOTO KHIIIEUHUKY JJIS [TOIaJIbIIIOTO TPOHUKHEHHS B KIITHHY. B 11bOMy mporieci 3aisiHi /1Bi
cucteMu cekperrii 6inkiB: T3SS1 (type 3 secretion system — cucrema cekperii 0inkiB 3 THmy), 10
CKJIaJly SKOi BXOJIATh e(DeKTOpHI OUTKH, 374aTHI 10 mepeOya0BH MUTOCKENETy KIITHHH, Ta T3SS2, mo
BKJIFOUYa€ B cebe psij OLIKiB, HEOOXiTHHUX JUTS BUKUBAHHS 30yIHMKA BCEPEANHI KIITHHHU eyKapioTa [5;
6]. OnHak excrpecist TeHiB e(eKTOPHUX OIIKIB BiIOyBa€THCS JIUIIE Y BiAMOBIb HA M0 CHCTEMH CHT-
HAJIBHOT TPAHCAYKIIT. Y BUIAJKY MOYATKOBHX €TaIliB iHQEKIIIHOro mporiecy WIAeThCs PO TeHU ede-
KTOPHUX OIIKIB, IO JIOKai3yloThcs Ha ocTpiBusix mnarorenHocti SPI-1 ta SPI-2 (Salmonella
pathogenicity island) [7].

AHami3 ocTaHHIX HOCTizKeHb | myOaikamiii. Y cabMOHEN! € KiJIbKa CUCTEM, SIKi aKTHBYIOTBCS Y
BIJIMTOBiIb HA HECTIPUATIIMBI YMOBH, a CaMe€ BHCOKa OCMOIISIPHICTh, KUCIIOTHHI a00 TEIJIOBUM IIIOK Ta
JnehiUT MOXKUBHUX PEYOBUH. B OCHOBI HUX JIGKUTH NMPUHIUN JTBOKOMIIOHEHTHOI CUCTEMH, B SIKiH €
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CEHCOp, IO CHpPUIMAe IUTOIUTa3MAaTHYHI CHTHAIM, Ta PETysATOop. B SKOCTI OCTaHHBOTO BHCTYTIAE
JTHK-3B’si3yBasibHuUiA OLIOK, SKUH aKTUBYE TPaHCKpUILilO reHiB maroreHHocTi [8]. Cencop — rictu-
IUH-KiHa3a, sKa (HochHOpHUITIOE PEeryIsITOPHAN OLTOK, TAKUM YMHOM aKTHBYIOUYH Horo. bakrepii 3 myTta-
IiSIMH B TeHaX CEHCOPHUX KiHa3 HE MAIOTh MeXaHi3My (OCOPIITIOBAHHS 1 PETyIATOPHUHN OLIOK B CH-
CTEeMi TOJIEPAHOTHOCTI € HEAaKTUBHUM. TaKi IITaMHu YyTJIUBi 10 BUCOKHX 3HaYeHb PH Ta MIBHAKO THU-
HyTb [20].

Ile omganm (hakTopom, KUK 3MaTHUH 3amobiratu mpodrideparii 30yJHIKA B OPTaHi3Mi JIFOJAWHA
abo TBapuHH € i HecnenudigHoro imMyHIiTeTy. KitituHm, 30aTHI 10 paronnToly — HEHTpOdiIH, MaK-
podaru Ta emiTeTiONUTH CIU30BOT 0O0IOHKH — 3/IIHCHIOIOTH MEXaHIuHe 3aXOIUICHHS KIIITHH OakTepii y
(barocomu, e CTBOPIOE KHCJIE CEPEIOBHUINE 3 METOI HeWTpaisarii abo JikBifaiii 30yaauka [8, 9].
Xoda KHUciie CepeIOBHIIE HE € TOKCHYHUM, alleé CTBOPIOE ONTHUMAaNIbHI YMOBH JIJIsl aKTUBHOCTI TiIPOJTi-
THYHHX (pepMeHTiB Ta yTBOpeHHs nepokcuny [10, 11, 12, 13]. HasiBHICTb y callbMOHENN CHCTEMH CHT-
HabHOI TpaHcAyKiii ENVZ/OMpR, sika mpU3BOAWTE 70 BiAMOBITHOIO 3aKHUCJIEHHS 11 BIACHOI IMTO-
TUTIA3MH, JT03BOJISIE YHUKHYTH (harourosy.

[HdixyBaHHs OpraHi3My CCaBLiB CalbMOHEIAMHU CYIPOBOIKYETHCS YTBOPEHHSIM crieluiyHux Ba-
kyosib SCV (Salmonella-containing vacuole — Bakyouti, 1110 MIiCTSATh CaJIbMOHEIY) B IUTOILIa3Mi eyKa-
piotrunoi kiaituau [14]. SCV — ne moaudikoBana parocoma, sika yTBOPIOETHCS B pe3yJIbTati nepedy-
JIOBH IIUTOCKeNeTy KIiTHHU. [Ipyn mpoMy, 3a3Bu4aii MillIeHHIO € KIITHHM, 3/1aTHI 10 (paromutoly: Hew-
Tpodinu, Makpodaru Ta emTeTIONUTH CIU30BOT 000JIOHKH TOHKOTO KHIIEYHUKY — M-Kmitiuau [15].

3 ormsmy Ha crienudiYHAA MeXaHi3M iH(pIKyBaHHS, caIbMOHETY BBaXKAIOTh ()aKyJIbTATUBHIM BHY-
TPIIHBOKIITHHHUM TaToreHoM. [lepe0ynoByoUn UTOCKENET eyKapiOTUIHOT KIITHHH 32 JOMTOMOTOI0
psny epeKTopHUX OiNKiB, BOHA MPOHUKAE B KIITHHY y BUIIIAAL Bakyoui SCV, 1e mpoaoBKye CBOIO
MEPCUCTEHIIIIO.

Merto1o po6oTu Oyi0 TpoaHamizyBaTH MyOiKallii, 0 OMUCYIOTh MOJEKYJISIPHO-TCHETHYHI MeXa-
Hi3MHU (DYHKIIOHYBaHHS IBOKOMIIOHEHTHUX CHCTEM CHUTHAIBHOI TPAaHCAYKIIi y CallbMOHEN, AKi 3a0e3-
MEeYyI0Th BUKUBAHHS CAIbMOHENN B YMOBaX BUCOKOT KHJIOTHOCTI T OCMOJISIPHOCTI.

Marepiaa i meToau aociigkeHHsi. BukoprcraHo marepiain eKCIEpUMEHTAIbHIX Ta OTJISIOBHX
cTarei, omyOTiKOBaHUX B €IEKTPOHHUX Ta JPYKOBaHWX HAYKOBHX JKypHamax mpotsrom 2002 — 2019
pokiB. Takok BUKOpUCTaHO JaHi cTaTel MOMEepeIHIX POKIB Ta HAYKOBHX ITOCIOHUKIB.

OcHoBHi pe3yiabTaTH H0caimkeHHs. OCTaHHIM 9acoM JOCTIPKEHHSIM MOIIEKYIIIPHUX MeXaHi3-
MIB ITATOT€HHOCTI CaTbMOHEINN MPUIUIIETECS 0araTto yBaru, 0oCoOIMBO MEXaHi3MaM TOJIEPAHTHOCTI 10
HECTIPHUSITIMBUX YMOB.

Ha cboromHi BiIoMO, IO TOJIEPAHTHICTH JI0 BUCOKOTO OCMOTHYHOTO THUCKY JOCSTAETHCS 3aBASKH
dbyukiionyBanHio cucremu ENVZ/OmpR, sika Tako peryioe ekcrpecito ornepona SSFAB, 1o stokaiti-
3yeThest Ha octpiBili matoreHnocti SPI1-2 (Salmonella pathogeni city island) Ta 3amyckae ekcrpeciro
epeKTOpHUX OINIKIB, SIKi BUCTYMAIOTh (pakTopamu matoreHHocTi. OnepoH SSTAB Takoxk peryiroeTses
JIBOKOMIIOHEHTHOIO CHCTEMOIO MpOTH il KucaoTHOMY 11oky PhoP/PhoQ [16]. dyHkitionyBaHHS cuc-
temu PhoP/PhoQ 6Gesmnocepeanbo 3aexuTh Bij curma-akropa RpoS, HakomMYeHHs sSKOTO Big0yBa-
€THCSI 32 YMOB HU3bKUX KOHIIEHTpAIliil KaTioHiB MarHito [17].

Cucrema CTIHKOCTI 0 OCMOTHYHOTO TUCKY ENvVZ/OmMpR moOynoBaHa 3a MPHUHIMIIOM B3a€EMOIIT
ceHcopa Ta perynstopa. binmok EnvZ e cencopHOrO KiHa3010, Sika aKTUBYETHCS Y BIAMOBiAb HA ITi/[BU-
HIEHHS OCMOTHYHOTO THCKY y BHYTPIIIHBOKIITHHHOMY MpPOCTOpi Ta 37ilicHIOE (PocOpHIIOBaHHS
JHK-3B’si3yrouoro Oinka OMpR. OcraHHii perymoe eKchpeciro psiiy reHiB, mo KoxyooTe ATO-
cuHTa3y y cajgbMoHnenu. Lli reHn mokamizyroThest Ha octpiBii matoreHnocti SPI-2 (Salmonella patho-
geni city island 2). Braciiok 11bOro yTBOPIOETHCS MPOTOHHHUN TPAIIEHT, KUl T03BOJISIE OKHCITIOBATH
nuroriazmMy Oakrepii, a morim 1 Bakyori SCV. Ile € BaXIMBAM 3aXMCHUM MEXaHi3MOM, MIO MoIepe-
JDKae 3HUIIEHHS OakTepii Makpodaramu. OCKITbKY micis i30/0BaHHS OakTepii, Makpodaru cTBOpro-
I0Th KHCIIE CEPEIOBHUINE BCEPEINHI BHYTPIIIHBOKIITHHHUX KOoMIapTameHTiB [8, 9].

Takox € gaui npo Te, 1o cucrema ENVZ/OmpR peryitoe yTBOpeHHSs KarcyyisipHoro Vi-aHTUTeHY
y tudoinnoro ceposapa S. Typhi. Perynsrop OmpR paszom i3 PHK-38’si3yBanbauM akropom HfQ xo-
OpIuHYye Tporiec Tpanckpunuii reHiB Vi-antureny [18]. Lieii mporec BiOyBaeThCs MUIIXOM B3a€MOIIT
OmpR i3 mpomoTopom rena tViA (aktuBarop Vi-anTureHy Ha okyci viaB y ceposapa S. Typhi), mo
MPU3BOJIUTH IO aKTHBAIlil TPAHCKPHIILT OCTAHHHOTO 1 TAKMM YHHOM aKTHBY€E KalCyJSPHUI aHTHICH.
3a pesynbratamu gociipkens [18], B skux mram S. Typhi KynbTUBYBaJIM B yMOBaxX BHCOKOI Ta HU3b-
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KOi OCMOJISIPHOCTI, Y KITITHHAX, K1 MiIIaBAIKCSI OCMOTHIHOMY CTPECY, CIIOCTEPIrai BUCOKUN PiBEHb
MPHK OmpR.

Pesynbratu gocimimkens HetrdoinHux ceposapis — S. Typhimurium —mokasanu, o OMpR € Gin-
KOM KHCJIOTHOTO IIIOKY Ta PETYJIIO€ThCsl Ha piBHI Tpanckpumii [19, 20]. BaxauBum (GakToM Takox €
Te, 1O 3a BiJICYTHOCTI eTamy (oc(OopIIOBaHHS CEHCOPHOI KiHazo EnvZ, OmpR He Moxe BIUIMBa-
TH Ha EKCIPECIiI0 T'eHiB, 0 KOLYIOTh IIypHHH 30BHiIHE01 MeMOpanu OmpC ta OmpF.

B xomi mocmimKeHHs TpaHCayKilii Mk kommoneHTamu ENVZ/OmpR crano 3po3yminum, 1o cajib-
MOHeJIa OTPHMY€ CHTHAIM 13 IUTOIUIA3MAaTHYHOTO MPOCTOPY, @ CEHCOPHI MOJIEKYIH 3HAXOMAThCS Ha
BHYTpilIHIi MeMOpaHi [7, 21].

31aTHICTh BIDKMBATH B YMOBaX KHCJIOTHOTO IIOKY 3abe3neuyerhest cuctemoro PhoP/PhoQ), sika ta-
KOK (DYHKIIOHY€ 33 TPHHIMIIOM CUTHAIBHOT TpaHcAyKIli. Ph0Q e curHambHUM CEHCOPOM TiCTHIMH-
kiHa3u. CurHanamu, 3a3Buyaii, € kucie PH, IBOBaJCHTHI KaTIOHU Ta TIO3UTUBHO 3apsPKEHI aHTUMIK-
po6Hi nentuau [17]. BinOyBaeTbest hocOprIntOBaHHS 3aJIUILKY TICTUAMHY 1 epeHeceHHs (pocdaTHOT
rpynu 10 peryasitopa PhoP. Cencopri gomenn 6inka PhoQ po3rammoBani y mepuruiasmi, TOIi K cam
O1JIOK 3HAXOAMTHCSA Ha BHYTPIIIHIN MeMOpaHi. 3a miaBUIeHHS PH 3a1i0eThes TakoX 1 MUTOIUIA3Ma-
TUYHHN ToMeH [21].

Takox B aktuBaiii PhoQ 3amistHi 101aTKOBI OLIKH, sIKi BiAPI3HSIOTHCS y PI3HUX BHIIB B MEXax
ponunu Enterobacteriacae. Tak, y canbmonen € memOpanuuii 6iox UgtL, excrpecito sikoro 3abe3re-
gye cuctema PhoP/PhoQ [22, 23]. TToxiouwuit mo Ginka SafA, sxwit nassauii y E. Colima Shigella, na-
IpsIMY B3a€EMOII€ 3 MIEPHUIIIa3MAaTHIHOO AUITHKOI0 PhoQ Ta akTHBYy€eThCS 32 yMOB Kucioro pH.

BaxiuBoro (yHKITi€r0 1BOKOMIOHEHTHOT cuctemu PhoP/PhoQ € koHTposs ekcrpecii reHiB spi/ssa
B cepenoBuiii Makpodaris [24]. OcTaHHI € OCHOBHOIO CKJIAI0BOIO YaCTHHOIO CHCTEMH CEKpeltii OiIKiB
3 umry T3SS (type Il secretion systems) ta CHHTE3yIOThCS JIMIIE 32 YMOB MepeOyBaHHs CaTbMOHETH
BCEpEIUHI eyKapioTHUHOI KiIiTHHU [24]. Takox BapTo CKa3aTH, IIO0 TXHS EKCIPECis 3aJICKUTh Bij
SsrB/SpiR 1 00uaBI Ii CHCTEMH JIOKATi3yIOThCS Ha OCTPiBIli maToreHHocTi SPI-2. Takum 4uHOM,
PhoP/PhoQ koHTpotioe ekcrpecito spi/ssa y Makpodarax depes peryisiiro SSrB/SpiR [25, 26].

OCHOBHHM PETyJIATOPOM CHCTEM CHrHaJIbHOI TpaHcaykiii PhoP/PhoQ ta EnvZ/Ompr € anprepHa-
TUBHUI curMa-(hakrop, cyooauans Oaktepianpaoi PHK-momimepasn — RpoOS, sxuit GpyHKIionye mif
Yac cTanioHapHoi (asu Ta, 30kpemMa, B yMOBax 3HIKEHOT KUCIIOTHOCT1, BUCOKOTO OCMOTHYHOTO THUCKY,
TEIUIOBOTO MIOKY Ta 3a aedinuTy mokuBHuX pedosud [17, 27]. B PHK monimepasu entepobakrepiit
BHIUSIFOTH OCHOBHHI Oiylok E Ta ciM acorifioBaHnx i3 HUM CyOOIHWHUIG, 3 SKUMH BiH (hOpMY€ TOJI0e-
m3uM. OpHa i3 1ux cyooauuuip (6 abo RpoS — koayersest ogHoiiMenHM reHOM RPOS) 3mificHioe pe-
TYJISIiI0 TPAHCKPHUIILIT TeHIB 3a eKCIOHEeHIIabHOI (ha3u. OaHaK 3a cTalioHapHOI (a3u BiIOYBA€EThCS
HakonudeHHs 6inka RpPOS B kimiTuHi 3a HecnpuaTIMBEX yMOB (nedinur Mg?, Hu3bKi 3HaueHHs PH,
BHCOKHMI OCMOTHYHHI THCK) [28].

HeoOxinHicTh KaTiOHIB MarHiro 3yMOBJICHA IXHBOIO 3[IaTHICTIO BHUCTyHaTH KodakTopamu y Oijib-
mocTi (PepMEHTHUX MepeTBOpeHb. HakonmnyeHHss MarHiro BiOyBaeTbCs 31€01NBIIOTO Mif Yac eKCIo-
HEeHIianbHO1, ab0 sorapudmivHoi, a3 po3MHOKEHHS 30yIHUKA B opraHi3Mi xassina. Ilig dac miei
(ha3u BiOyBaEThCS AKTUBHUMN O KIIITHH.

Peryssuiro Tpancniopty Mg?* takox 3ailicHroroTs akropu MgtA ta MgtB [29, 30]. Llle oaun da-
KTOp, SIKUM BUKOHY€E (QYHKIIIO TIepeHeceHHs MarHiro - COrA—1BoBaJeHTHUN KaTIOHHUH KaHal, OJTHAK
HOTO TPAHCKPHIIIIiS He 3aJeKUTh BiJ KOHIeHTpallii B kaituni [31, 32, 33, 34].

VY Bumnazaky nedinury Marniro y cramioHapHid ¢asi pocTy, BigOyBaeThCsl HAKOMUYEHHSI CUTMa-
dbakropa, skui 3ammyckae pertikamiro cucteMd PhoP/PhoQ, sika Takoxk € 3aXMCHHM MEXaHi30M B yMO-
BaX HU3bKUX 3Ha4eHb PH, BHCOKOTO OCMOTHYHOT'O THCKY, NE(IIUTY MOKUBHUX PEUOBUH.

PhoP/PhoQ 3uaxomsurch mia peryisifieto RpoS 3abesmneuye CTIHKICTh 10 HEOPTaHIYHUX KHUCIOT
[35]. Okpim mporo, cucrema PhoP/PhoQ kepye aganraniero 1o aedinuTy KaTionis Marniro Mg?*ta aii
MakpodariB. BUBuUeHHs I'eHiB, 10 KOAYIOTb CUCTEMY, Ta BUSBJICHHS B HUX MYyTalliil 103BOJIMIIO 3pO0H-
TH BHCHOBKH TIPO T€, IO 3a 1X HAsABHOCTI, a00 IHAKTHBAI[l 0JHOrO 3 (haKTOpiB, OAKTEPIi BOJIOMIIOTH
3HAYHO 3HMKEHOIO BIPYJICHTHICTIO Ta Uy TJIMBICTIO 10 KUCIIOTO cepepoBuiia [36].

3a yMOB cTpecy BiaOyBaeThcs MIBUAKE HaKOMWYEHHS RPOS, 110 € KaramizaTopoM ekcrpecii psimy
RpoS-3anexHux OiNKiB, SIKIi BUKOHYIOTh 3aXHCHY (DYHKIIFO B yMOBax KHUCJIOTHOTO crpecy. CTabinb-
HICTh CHTMa-(paKTopa 3HaXOAMTHCS y MpsMii 3anexxHocti Bij nporeazu ClpXP, a nerpanamis — Bif
oOinka RsSB. ¥V canbeMonen neit 6iok kogyerscst renom MVIA [37, 38, 39].
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OueBuHoO, 1m0 RSSB Mae TenzeHmio 10 3B’sa3yBaHHs 3 RP0S. OmHak 301UIbIICHHS PiBHS OCTaH-
HBOTO BiIOYBa€ThCs IUIIXOM 3B si3yBaHHs iraP 3 RsSB [40]. Bognouac Tpanckpumiiist iraP akTuByeTh-
cs1 cuctemoro PhoP/PhoQ B ymoBax Hecradi kaTionis marnio Mg?* [41].

BucnoBku. Ha crorogi merampHO MOCTIKEHI Ta ONMMCaHi B JiTepaTypi eTtamu iHQEKIiitHOro
mpoliecy 3a cabMoHeNnb03y. OcoOIMBY yBary 30cepe/PKeHO Ha CUCTeMaX CHTHaJIbHOT TPaHCAYKI1, 10
€ TIOLIMPEHUMH Cepell eHTepoOaKTepiil Ta TOMOMOTalOTh iM YHHKATH HECTIpUATIMBUX yMoB. [locui-
JDKEHO TXHE (PYHKIIOHYBAaHHS Ta PETYJIAIIIIO.

BimoMo, 1m0 caJbMOHENN OTPUMYIOTh CHUTHAJIHM JUIS aKTHUBAIlil CEHCOPIB 3 IUTOIUIA3MH, OJHAK
MPUPOAA IIMX CUTHAJIB 1€ A0 KiHLs He 3’scoBaHa. [IpuctocyBanHs OaTepii 1O HECTIPUATIMNBUX YMOB
Ta BIAMOBIAs Ha (aromMTO3 IOJIATAE Yy 1HIIIAIMI] TPAHCKPHUIIII TeHIB MaTOTEHHOCTI Ta MPUTHIYCHHS
TPAHCKPHIILIT ONEPOHY, 10 HEHTPaTi3yI0Th YMOBH B IIUTOIIa3Mi KIIITHH CAIbMOHENH. TakuM 9rHOM,
aJIanTyIO4HCh 10 YMOB KIIITHH-MiIlIEHEH, caJbMOHeTa MPOJA0BKY€E PO3MHOKEHHS B OpraHi3Mi.
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MoJiekyJIsIpHO-TeHeTHYeCKHEe MeXaHU3MbI BBLKHBAHUS M PE3UCTEHTHOCTH CAJIBLMOH €L

H.M. PybJsenko

B crarbhe M3JI0KEHBI JaHHBIC HAYYHOH JIUTEpaTyphl, OMHCHIBAIONINE MOJIEKYISPHO-TEHETHYECKNE MEXaHU3MBI 3alUTHI
0T HeOMAroNpHUATHBIX ycaoBuil y 6akTepuii poaa Salmonella. OcHoBHbIMEU Gapbepamu Ha HAYATBHBIX JTANAX WH()EKIMOHHO-
o Tpolecca ABISIOTCSA BHICOKAsk OCMOISIPHOCTh U HU3KHE 3HaueHust PH. 3aiiuTHbIe MeXaHH3MbI CATbMOHEILIbI HAMTPABIICHEI
Ha n30ekaHue IeHCTBHS STHX (PAKTOPOB C IENbI0 AabHEHIIeH nponudepaii B HHQUIHPOBAaHHOM OpraHHU3ME.

OtBeT Ha HEOIArOMPHUSATHBIC YCIOBHS PEATU3YeTCs C TIOMOIIBIO IBYKOMIIOHEHTHBIX CHCTEM CHTHAIIBHON TPAaHCHIYKIHH.
B 0CHOBE KOTOPBIX JIEXKUT NPUHIMI B3aUMOAEHCTBUS ceHcopa U peryisTopa. CeHcop, IpeACTaBICHHBIN THCTUIMH-KUHA301
ocymecTBisieT GochopHInpoBaHHEe PEryJIaTOpa, KOTOPHIA B CBOIO OYepe/b MPSIMO WM OIMOCPEIOBAHHO MHHUIMHPYET TPaH-
CKPHIIIMIO T'€HOB MaTtoreHHocTH. Ha ceroJHs B Hay4HOH JMTepaType omucaHbl GyHKumu cuctembl EnVZ/OmpR, xotopas
AKTUBUPYETCS B YCIOBHSAX BBICOKOH OCMOJISIDHOCTH M peryaupyeT oOpa3oBaHHe KarcyisipHoro Vi-aHTUreHa y THHOUIHOTO
cepoBapa S. Typhi. Cucrema PhoP/PhoQ ocyrecTBisieT OTBET Ha YCIOBHS KUCIOW cpeibl  QyHKIMOHUPYET MO TOMY K€
npuHIHy: GocopHIupoBaHue perynsaTopa ceHCcopoM. Takke oxapakTepu3oBaHa 3aBHCHMOCTH cucteMbl PhOP/PhoQ ot
curma-akropa RpoS (cybenununa daxrepuanbuoii PHK-nonumepassr). Curnangom [uist HakarinBanusi RpOS sBiseTcs: Hu3-
Kasi KOHIIEHTpalKs KaTHOHOB MarHusi.

Y CTaHOBJIEHO, YTO JJaHHBIE CHCTEMbI CUTHAIBHON TPAHCAYKIMH PETYIUPYIOT TPAHCKPUIILIUIO OTIEPOHOB, KOTOPbIE KOAH-
PYIOT TeHBI CUCTEM ceKpenuu OenkoB 3 Tuma. B cocraB nociaeaHux BXoiT 3¢ GekTopHbIe OENKH, CIOCOOHBIE K MepecTpan-
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BAHMIO IIUTOCKEJIETa SIUTEINOUTOB TOHKOTO KHIIIEYHHKA, YTO IT03BOJISICT CaJbMOHEIUIe IPOHUKATh B HAX B BUJIE crienudu-
YeCKHX (harocom.

Taxnum 06pa3zoM, TBYKOMIIOHEHTHBIE CHCTEMBI CHTHAIBHOW TPAHCAYKINH Y CAIbMOHENBI HE TOJIBKO SBIIOTCS MEXaHH3-
MaMH, 00eCIIeUNBAIOIINMH BIKABAHUE M MPOIH(epaniio B HeONMaronpusITHBIX YCIOBHSAX, HO M OCYIIECTBIIIOT PEryJISIHUIO
TEHETHYECKUX IETEPMHUHAHT, KOJMUPYIOLUIUX TeHBI IATOI€HHOCTH.

KiroueBble ciioBa: canpMoHemIa, PH, 0CMOJISAPHOCTB, TeHBI TATOICHHOCTH, ONICPOH, CUTHAJIbHAS TPAHCIYKIIHUS.

Molecular genetics of salmonela survival and resistance

Rublenko N.

Salmonella is one of the most common cause of the food borne illness. Salmonella belongs to Enterobacteriacae family
and consists of 2 species, which diverge on 6 subspecies.These subspecies consists of 2700 serovars. There are typhoid
serovars among them - S. Typhi, Paratyphi A, B, C - which cause typhoid fever in human. The rest of the serovars are non-
typhoidal and leads to gastroenteritis both in animal and human. Salmonella enters to a mammal organism as a result of
consumption of contaminated food products: meat, eggs, milk and products containing them. The entry of the infection for
salmonellosis is the small intestine mucosa. Salmonella attaches to cell walls by fimbria and pili.

Salmonella has several systems that are activated in response to adverse conditions such as: high osmolarity, acid or heat shock
and nutrient deficiencies. They are based on the principle of a two-component system in which there is a sensor that receives
cytoplasmic signals, and a regulator. Regulator (usually DNA-binding protein) initiates the transcription of the virulence genes
(Chakraborty, 2015). The sensor is histidine kinase, which phosphorylates the regulatory protein, thereby activating it.During the
infectious cycle of salmonella in mammalian organism the formation of specific vacuole SCV takes place (Salmonella-containing
vacuole-containing vacuole containing salmonella) in the cytoplasm of the eukaryotic cell (Steele-Mortimer, 2008). SCV is a
modified phagosome, which is formed as a result of cytoskeleton rearrangements. The target are usually phagocytic cells :
neutrophils, macrophages and epithelial cells of the small intestine mucosa - M-cells (Akhmetova, 2012).

Given the specific mechanism of infection, salmonella is considered a facultative intracellular pathogen. Bacterium invades the
eukaryotic cell by rearrangement of its cytoskeleton with effector proteins and continue to persistence in a form of SCV.

It is well-known nowadays that tolerance to high osmotic pressure is achieved through the EnvZ / OmpR system, which
also regulates the expression of the ssrAB operon that is localized on the Salmonella pathogenicity island SPI-2 and triggers
the expression of the effector proteins. The ssrAB operon is also regulated by the two-component acid shock response system
PhoP / PhoQ (Worley, 2000). The functioning of the PhoP / PhoQ system directly depends on the sigma factor RpoS, which
accumulates under low concentrations of magnesium cations (Tu, 2006).

According to the researches of transduction between the EnvZ / OmpR components, it is clear that salmonella receives
signals from the cytoplasmic environment, and sensory molecules are located on the inner membrane (Kenney, 2019; Wang
et al., 2012).

The ability to survive under acid shock is provided by the PhoP / PhoQ system, which also operates on the principle of
signal transduction. PhoQ is a Histidine Kinase Signal Sensor. Signals are acidic pH, divalent cations and positively charged
antimicrobial peptides.

An important function of the two-component PhoP / PhoQ system is the control of spi ssa gene expression in a
macrophage environment (Bijlsma, 2005). These genes are the main component of the type Il secretion systems and are
transcribed only when salmonella enters eukaryotic cell. (Bijlsma, 2005). The main regulator of signal transduction systems
PhoP/PhoQ and EnvZ/OmpR is sigma-factor RpoS - subunit of bacterial RNA-polymerase - which operates in stationary
phase at low pH, high omolarity, heat shock or nutrient deficiency. RpoS protein accumulates in adverse conditions during
stationary phase (Mg2+ deficiency, low pH, high osmolarity). Need in magnesium cations is dependent on their ability to act
as cofactors in many enzymatic activities. The accumulation begins at exponential (logarithmic) phase of bacterial
reproduction. This is the phase of active cell division. Two factors MgtA and MgtB are responsible for Mg2+ transport.
Another molecule with the same function is CorA - bivalent cation channel, though its transcriptions doesn’t depent on
magnesium concentration in cell. In a case of magnesium deficiency at the stationary phase, RpoS accumulates vigorously an
initiates replication of PhoP/PhoQ.

PhoP/PhoQ regulates tolerance to inorganic acids. Also, PhoP/PhoQ controls adaptation to magnesium cations
deficiency and macrophage activity. Results of many studies on genes coding this system and their mutations led to
conclusion the mutation or inactivation of one factor causes decrease in virulence and makes bacterial susceptible to acid
environment.

To date, the stages of the infectious process for salmonellosis have been studied and described in detail in the literature.
Particular attention is paid to signal transduction systems that are common among enterobacteria and help to avoid adverse
conditions. Their functioning and regulation are investigated.

It is known that salmonella receives signals for the activation of sensors from the cytoplasm, but the nature of these
signals is not yet fully understood. Adaptation of the bacteria to adverse conditions and the response to phagocytosis is
initiated by the transcription of pathogenic genes and the suppression of the transcription of the operon, which neutralize the
conditions in the cytoplasm of salmonella cells. Thus, adapting to the conditions of target cells, salmonella continues to
multiply in the body.

Key words: salmonella, pH, osmolarity, virulencegenes, operon, signal transduction.
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