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MOJIEKYJAPHO-TEHETUYHI MEXAHI3MH
BUXKHUBAHHAA I PEBUCTEHTHOCTI CAJIBMOHEJI

V crarTi HaBeJeHO JaHi HayKOBOT JIITEPaTypH, IO OMUCYIOTh MOJICKYJISIPHO-TCHETHYHI MEXaHi3MHU 3aXHCTY BiJ HECIpH-
SITIIUBHUX YMOB y OakTepiit poxy Salmonella. OcHoBHIMY Gap’epaMy Ha MOYaTKOBUX eTanax iH(EKIiHOTO IPOIIeCy € BHCOKa
OCMOJIIPHICTB Ta HU3bKI 3Ha4eHHA pH. 3axncHi MeXaHI3MH CaIbMOHENH CIIPSIMOBaHI Ha YHHKHEHHS Aii UX (akTopis 3 Me-
TOIO TOZAIIBINOT Tpotidepaii B iHpIKOBAaHOMY OpraHi3Mmi.

BinmoBins Ha HECHIPHATINBI YMOBU PealizyeThesl 3a JOIOMOTOI0 BOKOMIOHEHTHHX CHCTEM CHTHAIBHOI TPAaHCHYKIIi.
B OCHOBI SIKMX JGKHUTHh NPUHLKI B3a€MOJIi ceHcopa Ta peryisropa. CeHcop, NpeIcTaBICHUH TiCTUANH-KIHA3010 3/IHCHIOE
bochopuiioBaHHs perysiTopa, KUl y CBOIO Yepry MpsIMO YK OIIOCEPEIKOBAHO iHII[IFO€ TPAHCKPHIILIO TeHiB MaTOreHHOCTI.
Ha cporozani B HaykoBiil jiTeparypi onucaHo (yHKIioHyBaHHs cucteMd EnvZ/OmpR, 10 akTHBYETHCS 32 YMOB BHCOKOI
OCMOJISIPHOCTI Ta PEryjioe YyTBOPEHHs KarcyispHoro Vi-antureHy y tudointoro ceposapa S. Typhi. Cucrema PhoP/PhoQ
3[IMCHIOE BIANOBIAb Ha KHCJIE CEpelOBHIIE Ta (YHKIIOHYE 3a THM CaMHM HPHHUIIOM: (HOCHOPIITIOBAHHS PETYISITOPHOTO
Oinka cencopoM. Takoxk oxapakTepu3oBaHO 3anexHicTs cucteMu PhoP/PhoQ Bix curma-dakropa RpoS (cybomunnns 6akre-
piansnoi PHK-monmimepasm). Curnanxom s HakonudeHHst RpoS € HI3bKa KOHIEHTpalis KaTioHiB Marsiro.

3’siCHOBaHO, IO JaHi CHCTEMH CHTHAIBHOI TPAHCAYKIII PETYIIOIOTh TPAHCKPHIIIIO ONEPOHIB, SIKi KOIYIOTh T€HU CHC-
TeM cekpeii 6inkiB 3 Tumy. J[o ckinagy ocTaHHIX BXOAATH eeKTOpHI OiIKM, 3[aTHI 10 MepeOyI0BU LUTOCKENIETY emiTenio-
LIUTIB TOHKOTO KHIICYHHUKY, 1110 JIO3BOJISIE CAIbMOHEINI MPOHUKATH B HUX y BUIJIAAI crietuivHnx Garocom.

TakuM 4MHOM, JBOKOMIIOHCHTHI CHCTEMH CHI'HAJIBHOT TPAHCAYKILIT Y CalbMOHEIH HE JIMIIE € MeXaHi3MaMu, 110 3a0e3-
[EYYIOTh BIXKUBAHHS Ta Ipoiepallilo B HECIPUATINBUX YMOBAX, aJie TAKOXK 31iHCHIOIOTh PETYJISLiI0 FeHETHYHHX JeTepMi-
HAaHT, [0 KOJYIOTh TeHHU aTOT€HHOCTI.

Kunrouogi cioBa: canemonena, pH, ocMOJISIpHICTE, TeHH ITATOT€HHOCTI, OIIEPOH, CUTHAIBEHA TPAHCTYKILis.
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IMocTanoBka mpooaemu. CarbMoOHENa — TpaMHETATHBHA OAaKTEpis, SKa € 30yTHUKOM XapYOBHX
TOKCUKOIH(eKIIiH. BoHa HanexxuTh 10 ponunu Enterobacteriacae i BKIOYae 2 BUAH, K HOIISIOTh-
csl Ha 6 mMiBUMIB, B MekaX skux BUAULIIOTE 2700 cepoBapiB [1]. I3 wux 3 — S. Typhi, Paratyphi A, B, C
— € 30yAHMKaMH YyepeBHOTo TU(Y Ta BUKIIOYHO crienudivni 1uis ioaunu [2; 3; 4]. Pemta ceporumis —
HETU(OIIHI — 30y THUKH CaIbMOHEILO3Y SIK Y JIOAMHH, TaK 1 TBapHH.

CanpMoHeNa MOTparvisie JO OpraHi3My CCaBLiB aTiMEHTAPHUM LUISAXOM, BHACHIZOK CIIOKHBAHHS
KOHTaMiHOBaHUX XapUOBHX NPOAYKTiB. BXimHUMM BopoTamu iH]eKUii 3a caJbMOHEIbO3Y € CIM30Ba
000JI0HKa TOHKOTO KHINEYHHKY. 3a JomoMoror (iMOpiii Ta mijielf caabMOHENa MPUKPITIIIOETHCS 10
CTIHOK TOHKOTO KWIIICYHUKY JIJIS MIOAABIIIOTO MMPOHUKHEHHS B KIITHHY. B miboMy mporieci 3amistHi ABi
cucremu cekpenii OinkiB: T3SS1 (type 3 secretion system — cucrema cekpeuii OinkiB 3 Tumy), A0
CKJIaTy SKOi BXOMITHh e(peKTOpHI OUIKH, 34aTHI 10 MepeOyq0oBH MUTOCKENETy KiIiThHH, Ta T3SS2, mo
BKJTIOYA€ B ceOe psa OUIKIB, HEOOXIMHUX ISl BIPKUBAHHS 30yHUKA BCEpENMHI KIIITHHU eyKapioTa [5; 6].
OnHak excrpecis TeHiB edekTopHHUX OiNIKiB BiAOyBa€eThCs JIMIIE Y BiAMOBIIb HA N0 CHCTEMH CHTHA-
JBHOT TpaHCAYKLii. Y BUMAJKy MOYaTKOBUX €TaliB iH(eKuiiHOro mpolecy iueTbes npo reHu edex-
TOPHUX OLIKiB, IO JIOKANi3yIOThcs Ha ocTpiBosx mnaroreHHocTi SPI-1 ta SPI-2 (Salmonella
pathogenicity island) [7].

AHaJi3 ocTaHHIX J0CTiMKeHb i myOikamiii. Y caJbMOHENH € KiJTbKa CUCTEM, SIKi aKTUBYIOTHCS Y
BIJIMTOBIIb HA HECTIPUATINBI YMOBH, a CaMe BHCOKAa OCMOJISIPHICTh, KUCJIOTHHHA a00 TEIUIOBHM ITIOK Ta
nediInT MOXKUBHUX PEUOBHH. B OCHOBI HUX JICKUTH MPHUHIIAIT TBOKOMITOHEHTHOI CUCTEMH, B SIKIH €
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CEHCOp, IO CIpHUiiMae IUTOIIa3MaTHYHI CHUTHAIHM, Ta PETYIATOpP. B SIKOCTI OCTaHHBOTO BUCTYIAE
JHK-3B’ si3yBanbHuid O1IOK, SIKUI aKTHBYE TPaHCKPHIILiIO reHiB maTtoreHHocTi [8]. CeHcop — ricTH-
IUH-KiHa3a, sKa (HocHOPUIIIOE PEryIATOPHUN O1JI0K, TAKUM YMHOM aKTHBYIOUH ¥oro. bakrepii 3 myra-
LISIMH B '€HaX CEHCOPHHUX KiHa3 He MAaOTh MeXaHi3My (HoCHOPHIIIOBAHHS 1 PEryJIATOPHUI O1JIOK B CH-
CTE€Mi TOJIEPAHOTHOCTI € HEAKTUBHUM. TaKi IITaMH YyTJIUBi 10 BUCOKHMX 3Ha4eHb pH Ta mBUAKO Tu-
HyTH [20].

Ille omguuM (hakTOpoM, KUK 3MaTHUH 3amo0OiraTd mposidepaliii 30yAHHKa B OpPraHi3Mi JIFOJAUHU
a00 TBapuHHM € Ais Hecnenudiunoro imyHiteTy. Kimitunu, 31aTHI 10 Garonuto3y — HEUTPOiIH, MaK-
podaru Ta enmiTeTiONUTH CIM30BOT 0O0IOHKH — 3[IHCHIOIOTH MEXaHIYHE 3aXOIUICHHS KIIITHH OakTepii y
(harocomu, 11e CTBOPIOIOTH KUCIIE CEPEIOBHINE 3 METOIO HeUTpari3allii ado JkBimarii 30yaauka [8, 9].
XodJa KHCIIe CepeOBHINE HE € TOKCHIHHIM, aJIeé CTBOPIOE ONITUMAJIbHI YMOBH JIJIsl aKTUBHOCTI T1ApOITi-
THYHUX (hepMeHTIB Ta yTBopeHHs nepokcuny [10, 11, 12, 13]. HasBHICTb y canbMOHENIH CUCTEMH CHUT-
HasbHOI Tpancaykuii EnvZ/OmpR, sika mpu3BOAMTE OO BiIMOBIZHOTO 3aKHUCIEHHS i BIACHOI IIMTO-
TTa3MH, JJO3BOJISIE YHUKHYTH (haroIuTosy.

[ndixyBaHHs OpraHi3My CCaBLiB CaTbMOHEIAMHU CYIPOBOIKYETHCS YTBOPEHHIM crieu(iyHIX Ba-
kyonb SCV (Salmonella-containing vacuole — Bakyodi, [0 MIiCTATh CaJlbMOHENY) B IUTOILIA3Mi €yKa-
piotnuHoi KiituaH [14]. SCV — 11e MmoaudikoBaHa darocoma, sika yTBOPIOETbCS B Pe3yJIbTaTi epedy-
JIOBH LIUTOCKEIETY KIITUHY. [Ipu 1iboMy, 3a3BHYall, MIIIEHHIO € KJIITHHH, 3[aTHI 0 (aromuTo3y: Hew-
Tpodiu, Makpodaru Ta emiTeNiOUTH CIIU30BOT 000JIOHKH TOHKOTO KUIICUHUKY — M-KkiiTiau [15].

3 orisay Ha crielu(piYHUNE MeXaHi3M 1H(IKyBaHHSI, CaIbMOHEY BBaXaOTh (haKyJIbTaTUBHUM BHY-
TPIMTHBOKIITHHHUM TTaToreHOM. [lepeOymoByI0Ur MUTOCKENET €yKapiOTHIHOT KIIITHHH 32 JOTIOMOTOI0
psny edexkTopHuX OiNKiB, BOHAa MPOHHUKAE B KIITUHY y BHIIIAAl Bakyosi SCV, ae mMpoAoBXKye CBOIO
MEPCUCTEHIIIIO.

MeTto10 podoTHu Oyio poaHaTi3yBaTH IMyOITiKallii, 0 OMUCYIOTh MOJIEKYJSIPHO-TEHETHIHI MeXa-
Hi3MHU (QYHKIIOHYBaHHS IBOKOMIIOHEHTHUX CHCTEM CHUTHAJIBHOI TPAHCIYKIIi y calbMOHEN, sKi 3a0e3-
MEeYyI0Th BUKUBAHHS CAIbBMOHENIN B YMOBaX BUCOKOT KHJIOTHOCTI Ta OCMOJISIPHOCTI.

Marepian i MmeToau aocaiKkeHHsl. BukopuctaHo MaTepiaay eKCIIepUMEHTAIBHUX Ta OTJISIOBHX CTa-
TeH, OImyOIIKOBaHUX B EJICKTPOHHUX Ta MPYKOBAHWX HAYKOBHX KypHanax mpotsrom 2002-2019 pokis.
Takok BUKOPUCTAHO JIaHi CTaTel MONepeAHiX POKiB Ta HAYKOBUX MOCIOHHKIB.

OcHoBHI pe3yabTaTH A0CHiIKeHHsA. OCTaHHIM YacoM JOCITIDKEHHSIM MOJICKYISIPHUX MEXaHi3-
MiB TTATOTEHHOCTI CATbMOHEIH TIPUAUIIETHCS 0araTo yBard, 0COOJIMBO MeXaHi3MaM TOJIEPAHTHOCTI 10
HECTIPUSITIMBUX YMOB.

Ha cporomni BioMo, 110 TOJEPaHTHICTH 10 BUCOKOTO OCMOTHYHOTO TUCKY AOCSTAETHCS 3aBASKH
¢ysakmionyBanaio cuctreMu EnvZ/OmpR, sika Tako peryitoe ekcrpeciro onepona ssrAB, o jgokari-
3yeTrbes Ha ocTpiBmi matoreHHOCTI SPI-2 (Salmonella pathogeni city island) Ta 3amyckae ekcmpeciro
epeKTOpHUX OINIKIB, SIKI BUCTYMAIOTh (pakTOpaMH maToreHHocTi. OnepoH sstAB Takok peryiroeTsest
JTBOKOMITOHEHTHOIO CHCTEMOIO MPOTHii KuciaoTHOMY MoKy PhoP/PhoQ [16]. ®dyHKkmioHyBaHHS CHC-
temu PhoP/PhoQ 6e3mnocepenapo 3ai1ekuTh Bif curma-gaxropa RpoS, HakomudeHHs sSIKOTO BinOyBa-
€THCS 32 YMOB HU3bKHUX KOHIICHTpAIlil KaTiOHIB MarHiro [17].

Cucrema CTIMKOCTI 10 ocMoTH4HOTO THCKY EnvZ/OmpR mobynoBana 3a NpUHLMIOM B3a€MOJil
ceHcopa Ta peryisaropa. binok EnvZ € ceHCOpHOIO KiHA3010, SIKa aKTUBYETHCS Y BIAIMOBIAL HA ITiIBU-
LICHHS OCMOTHYHOTO THCKY y BHYTPIIIHBOKIITHHHOMY HpPOCTOpi Ta 3AiiicHIoE (ocdopuiroBaHHs
JHK-3B’si3yrouoro 6inka OmpR. OcrtaHHiH perymoe eKchpeciro psay reHiB, mo Koayots ATO-
cUHTa3y y campMoHenu. L{i renn jgokamizyioTecs Ha octpiBmi matoreHHocTi SPI-2 (Salmonella patho-
geni city island 2). BHacnigok mboro yTBOPIOETHCS MPOTOHHUHN TPAJI€HT, IKUN JO3BOJISIE OKUCIIOBATH
nuToIIa3My OakTepii, a motiM i Bakyosi SCV. lle € BaXITMBUM 3aXHCHUM MEXaHi3MOM, III0 MOmepe-
JDKa€e 3HUIIEHHs OakTepii Makpodaramu. OCKiIbKH IICHS 130/1F0BaHHs OakTepii, Makpodaru CTBOPIO-
FOTh KUCJIE CEPEIOBHIIE BCEPEANHI BHYTPIITHBOKIITHHHUX KOMITApTaMeHTiB [8, 9].

Takox € mani mpo Te, mo cuctema EnvZ/OmpR peryitoe yTBOpeHHS KancysIpHOTO Vi-aHTUTEHY
y tudoinnoro ceposapa S. Typhi. Perynsarop OmpR pasom i3 PHK-38"siz3yBansnum ¢axropom Hfq ko-
OpIWHYE TIpoIiec TpaHCKpuIIlii reHiB Vi-antureny [18]. Llei mporiec BinOyBa€eTHCS MUIIXOM B3aEMOIT
OmpR i3 npomoTopom reHa tviA (akTuBatop Vi-aHTHreHy Ha Jokyci viaB y ceposapa S. Typhi), mo
MPU3BOANUTH O aKTHBALil TPAHCKPHIILI] OCTAHHBOTO 1 TAKMM YHHOM aKTHUBY€E KalCyJISpHUI aHTHUTCH.
3a pesynbTaramu JociipkeHb [18], B skux mram S. Typhi KyJTbTHBYBaJIU B yMOBaX BUCOKOI Ta HU3b-

7



ISSN 2310-4902 HaykoBuii BicHUK BeTepuHapHOT MeaumuHy, 2’2018

KOi OCMOJISIPHOCTI, Y KIIITHHAX, K1 MIIaBAIICSI OCMOTHIHOMY CTPECY, CIIOCTEpITaii BUCOKUHN PiBEHB
MPHK OmpR.

Pesynpratu gociimkens Hetudoigaux cepoBapiB — S. Typhimurium — nokaszany, mo OmpR € 6in-
KOM KHCJIOTHOTO IIIOKY Ta PEryJIIO€ThCA Ha piBHI TpaHckpuiii [19, 20]. BaxnuuM GakToM Takox €
Te, IO 3a BiJICYTHOCTI eTamy ¢ochoproBaHHs ceHCOpHOI KiHazor EnvZ, OmpR He Moxke BIUMBa-
TH Ha EKCIPECIiI0 I'eHIB, 0 KOAYIOTh MypHHH 30BHiIHB0I MeMOpanu OmpC ta OmpF.

B xoxi gocmimxeHHs TpaHCIYKIiT Mk KommoHeHTaMu EnvZ/OmpR cTano 3po3yminmM, mo caib-
MOHEJIa OTPUMYE CUTHANH 13 IUTOIUIA3MATUIHOTO MPOCTOPY, @ CEHCOPHI MOJIEKYJIH 3HAXOIATHCS Ha
BHYTpilIHIi MemOpaHi [7, 21].

3maTHICTh BKUBATH B YMOBAax KHCIOTHOTO IIOKY 3a0e3meuyeTbesi cuctemoro PhoP/PhoQ), sika ta-
KOX (PYHKIIIOHYE 3a MPUHIIMIIOM CUTHAIBHOI TpaHCAyKiii. PhoQ € CHrHajibHUM CEHCOPOM TiCTHIMH-
kiHa3u. CurHanamu, 3a3Buyaii, € kucie pH, JBOBaJeHTHI KaTiOHM Ta TIO3UTUBHO 3apsKEHI aHTUMIK-
po6Hi mentuau [17]. BinOyBaerscst pochopuinioBaHHs 3aUIIKY TiICTHIMHY 1 epeHeceHHs! GpocdaTHoi
rpymu 1o peryistopa PhoP. Cencopri nomenu 6iinka PhoQ posramoBani y nmepurmiasmi, Tl SK cam
O1710K 3HAXOANUTHCS Ha BHYTPIIIHIM MemOpani. 3a migsumienHs pH 3a1iloeTbesa TakoX i UTOMIa3Ma-
TUYHUN goMeH [21].

Takox B aktuBamii PhoQ 3amisHi J01aTKOBI OUIKH, SIKI BiAPI3HAIOTHECS Y PI3HUX BHUIB B MEKax
ponunu Enterobacteriacae. Tak, y canbmoHen € MemOpanumii 6imok UgtL, excripecito sikoro 3a6e3me-
gyye cucrema PhoP/PhoQ [22, 23]. [loniouuit no Oinka SafA, skuii HasBuuil y E. Colima Shigella, na-
MIPSIMY B3a€MOJII€ 3 TIEPUTIA3MATHYHOIO AUIHKOI0 PhoQ Ta akTByeThCs 32 yMOB Kucioro pH.

Baxumporo dyHKIi€o qBOKOMIIOHEHTHOT cructemu PhoP/PhoQ e koHTpoub excripecii reHiB spi/ssa
B cepenoBuili Makpodaris [24]. OcTaHHI € OCHOBHOIO CKJIAJIOBOIO YaCTUHOK CHCTEMH CEKpellii OiIKiB
3 tumy T3SS (type III secretion systems) Ta CHHTE3YIOTbCS JIMILE 32 YMOB MepeOyBaHHS CalbMOHETH
BcepenuHi eykapioTuuHoi KiiThuHH [24]. Takok BapTo CKa3aTH, IO iXHS EKCHpecis 3alieKUTh Bill
SsrB/SpiR 1 o0uaBi mi cUCTEMH JOKaNi3yIOThCA Ha OCTpiBmi maroreHHocti SPI-2. Takum 4yuHOM,
PhoP/PhoQ koHTpoIII0€ excrpecito spi/ssa y Mmakpodarax uepes perymauito SsrB/SpiR [25, 26].

OCHOBHHM PETYyIATOPOM CHCTEM CHUTHaNBbHOI TpaHcAykuii PhoP/PhoQ Ta EnvZ/Ompr € anpTepHa-
TUBHUHA curMma-gpaktop, cyooaununs 6akrepiaapaoi PHK-moniMepasn — RpoS, sxuii ¢pyHKIIOHYE i
Yac cTauioHapHoi (pas3u Ta, 30KpeMa, B yMOBax 3HIKEHOT KUCIOTHOCTI, BUCOKOTO OCMOTHYHOT'O THUCKY,
TEIUIOBOTO IMIOKY Ta 3a Aedinmuty nokuBHUX pedoBuH [17, 27]. B PHK mnoniMmepasu enrepobakTepiid
BUIISIFOTh OCHOBHMI 010K E Ta ciM acorfifioBaHux i3 HUM CyOOIUHUIIb, 3 SKMMH BiH (hOpMYE rojioe-
H3uM. OfHa 13 ux cyooauHuIb (6 200 RpoS — koayeThes oqHOMMEHHUM TeHOM RpoS) 3niticHioe pe-
TYJALII0 TPAHCKPHIILIT TeHiB 32 eKCIIOHEHIianbHo1 (azu. OxHak 3a cTamioHapHOi (a3u BiIOyBaeThCs
HAKOIMYEeHHs Oinka RpoS B KJIITHHI 32 HecHpHATIHBUX yMOB (nedimmt Mg™, Hu3bki 3HaueHHs pH,
BHCOKHI OCMOTHYHHUM THCK) [28].

HeoOxigHicTh KaTiOHIB MarHito 3yMOBIIEHa IXHBOIO 3JaTHICTIO BUCTYNAaTH KodakTopamu y Oijb-
mIocTi PEPMEHTHHUX TEPETBOPEHb. HaKoMMUIeHHS MarHio BiOyBaeThCs 3MeOUIBIIOTO i 9ac eKCIo-
HEHIliaNbHO1, a00 JorapudmiuHoi, Ga3u PO3MHOKEHHS 30yaHHKA B OpraHiaMi xassina. ITix dac miel
(hasu BiOyBa€ThCS AKTUBHUHN MO KITITHH.

Perysmito Tparcropty Mg”* Takox 3pificHiooTs (Gaktopu MgtA ta MgtB [29, 30]. Ile ogun da-
KTOp, KU BUKOHY€E (DYHKIIIIO ITepeHeceHHs MarHito — CorA—IBOBaJICHTHHHN KaTiOHHUH KaHAII, OHAK
HMOTO TPAHCKPHUIIIiS HE 3aJIS)KHUTh BiJl KOHIIEHTpalii B kiiTuHi [31, 32, 33, 34].

VY Bumnazaky nedinury Marniro y crauioHapHiid ¢asi pocTy, BinOyBaeTbCsi HAKONMUYEHHS CHUTMa-
(haxTopa, sKuii 3ammyckae pervrikamiro cucteMu PhoP/PhoQ), sika Takoxk € 3aXMCHIM MEXaHi30M B yMO-
Bax HM3BKWX 3HaueHb pH, BUCOKOTO OCMOTHYHOTO THUCKY, Me(pIUTy TOKUBHUX PEUOBHH.

PhoP/PhoQ 3Haxonsuuch min perymsauiero RpoS 3abesnedye CTIMKICTh 10 HEOPraHIYHUX KHUCIOT
[35]. Oxpim uporo, cuctema PhoP/PhoQ kepye ananramiero 1o aedinuty kationiB Marniro Mg**Ta nii
Makpodaris. BUBUCHHsI IeHiB, 110 KOAYIOTh CUCTEMY, Ta BUSBICHHS B HUX MYTaIlill JJ03BOJIMIO 3pO0OH-
T BUCHOBKH TIPO T€, IO 3a iX HasABHOCTI, a00 iHaKTHBAIll OJHOTO 3 (paKTOpPiB, OAKTEpii BOIOMIIOTH
3HAYHO 3HMKCHOIO BipYJICHTHICTIO Ta YyTIUBICTIO 0 KHCIIOTO cepenoBuiia [36].

3a yMOB cTpecy BinOyBaeThCs MBHAKE HakomuyeHHs RpoS, mo € karamizaTopom ekcripecii psay
RpoS-3anexnnx OiNKiB, sIKi BUKOHYIOTh 3aXMCHY (YHKIII0O B YMOBaxX KUCIOTHOTO cTpecy. Ctabinb-
HICTh cUrMa-(QaKTopa 3HaXOAMTHCS y MpsiMii 3anexxHocTi Big nporteasu ClpXP, a nerpagamis — Big
Oinka RssB. Y canmbpmoHen et 0iok koayeThest TeHoM MViA [37, 38, 39].
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OueBugHo, mo RssB mae tenaenmio 0 3B’ s3yBaHHS 3 RpoS. OmHak 3017bIIeHHST PiBHS OCTaH-
HBOTO BiOyBaeThCs LUIAXOM 3B’ si3yBaHHs iraP 3 RssB [40]. Bonnouac tpanckpumnis iraP akTUByeThb-
cs1 cucteMoro PhoP/PhoQ B ymoBax HecTadi KaTiOHIB MarHiro Mg2+ [41].

BucHoBku. Ha choromni meTaibHO DOCHIMKEHI Ta OMUCaHI B JiTepaTypi eranmd iH(EKIiHHOro
mpoliecy 3a cabMOHeNb03y. OcoOIMBY yBary 30cepe/PKeHO Ha CUCTeMax CHUTHaJIbHOI TPaHCAYKIIIL, 110
€ TIONIUPEHUMH CepeJl CHTEPOOAKTEpill Ta JOMOMOTarTh iM YHHUKATH HECTPUATIMBHX yMOB. [locimi-
JUKEHO iXHE (DYHKITIOHYBAaHHS Ta PETYIISIIIIIO.

Bimomo, mo caabMOHENH OTPUMYIOTh CHUTHAJIHM JJsl aKTHBAIllli CEHCOPIB 3 IMUTOIUIa3MH, OJHAK
MPHUPOJIa IIUX CUTHAJIB IIIe JI0 KiHI He 3°sicoBaHa. [IpucTtocyBaHHs OaTepii 0 HECHPUATINBUX YMOB
Ta BIMOBIAL HA (HaromMTO3 TOJIATAE Y IHIMIAIl TPAHCKPHUIIIIi TeHIB MATOTCHHOCTI Ta MPUTHIYCHHS
TPAHCKPHUIIIIIi OTIEPOHY, 0 HEHUTPaIi3yI0Th YMOBH B ITUTOIUIA3MIi KIIITHH CaIbMOHENH. TakuM 4UHOM,
aJaNTyKYUCh 10 YMOB KIITHH-MIIIIEHEH, CaTbMOHEIA TIPOIOBXKYE PO3MHOXKEHHS B OpraHi3mi.

CIHUCOK JIITEPATYPU

1. Grimont Patrick A.D. Frangois-Xavier Weill. Antigenic formulae of the Salmonella serovars. WHO collaborating cen-
tre for reference and research on Salmonella. 2007. 9. P. 1-166.

2. Comparison of genome degradation in Paratyphi A and Typhi, human-restricted serovars of Salmonella enterica that
cause typhoid / McClelland Michael et al. Nature genetics. 2004. 36. 12. P. 1268.

3. Salmonella typhi, the causative agent of typhoid fever, is approximately 50,000 years old / Kidgell Claire et al. Infec-
tion, Genetics and Evolution. 2002. 2.1. P. 39-45p.

4. Illupo6oxos B. I1. Menuuna Mikpobiosnoris, Bipyconoris Ta imyHosnoris. (2010).

5. A second wave of Salmonella T3SS1 activity prolongs the lifespan of infected epithelial cells / Finn Ciaran E. et al.
PLoS pathogens. 2017. 13.4. e¢1006354.

6. Salmonella effector proteins and host-cell responses / Srikanth C.V. et al. Cellular and Molecular Life Sciences. 2011.
68.22. 3687 p.

7. Kenney Linda J. The role of acid stress in Salmonella pathogenesis. Current opinion in microbiology. 2019. 47. P. 45-51.

8. Chakraborty Smarajit, Hideaki Mizusaki, Linda J. Kenney. A FRET-based DNA biosensor tracks OmpR-dependent
acidification of Salmonella during macrophage infection. PLoS biology. 2015. 13.4. e1002116.

9. Richardson Lauren A. How salmonella survives the macrophage’s acid. attack. PLoS biology. 2015. 13.4. e1002117.

10. Rathman Michellero, Michael D. Sjaastad, Stanley Falkow. Acidification of phagosomes containing Salmonella
typhimurium in murine macrophages. Infection and immunity. 1996. 64.7. P. 2765-2773.

11. Densen P., Clark R.A., Nauseef W. M. Granulocytic phagocytes, In. G. L. Mandell, R. G. Douglas, and
J. E. Bennett (ed.), Principles and practice of infectious diseases, 3rd ed., vol. 1. Churchill Livingstone, New York.
1990. P. 78-101.

12. Fridovich I. The biology of oxygen radicals. Science. 1978. 201. P. 875-880.

13. Coffey J. W., Duve C. D. Digestive activity of lysosomes. I. The digestion of proteins by extracts of rat liver lyso-
somes. J. Biol. Chem. 1968. 243. P. 3255-3263.

14. Steele-Mortimer Olivia. The Salmonella-containing vacuole—moving with the times. Current opinion in
microbiology. 11.1. 2008. P. 38-45.

15. CanbMoHeIIBL: MOJNIEKYJISIPHBIE MEXaHU3MBbI PUCIIOCOOICHHOCTH U (akTopbl BupysieHTHocTH / Axmerosa JI.I. u ap.
Eurasian Journal of Applied Biotechnology. 1. 2012. P. 3-24.

16. Worley Micah J., Katherine H.L. Ching, Fred Heffron. Salmonella SsrB activates a global regulon of horizontally
acquired genes. Molecular microbiology. 2000. 36.3. P. 749-761.

17. The PhoP/PhoQ two-component system stabilizes the alternative sigma factor RpoS in Salmonella enterica / Tu
Xuanlin et al. Proceedings of the National Academy of Sciences. 2006. 103.36. P. 13503-13508.

18. Reciprocal Regulation of OmpR and Hfq and Their Regulatory Actions on the Vi Polysaccharide Capsular Antigen
in Salmonella enterica Serovar Typhi / Zhang Ying et al. Current microbiology. 2018. 75.6. P. 773-778.

19. OmpR regulates the stationary-phase acid tolerance response of Salmonella enterica serovar Typhimurium / Bang Iel
Soo et al. Journal of bacteriology. 2000. 182.8. P. 2245-2252.

20. Autoinduction of the ompR response regulator by acid shock and control of the Salmonella enterica acid tolerance
response / Bang Iel Soo et al. Molecular microbiology. 2002. 44.5. P. 1235-1250.

21. The inner membrane histidine kinase EnvZ senses osmolality via helix-coil transitions in the cytoplasm / Wang, Loo
Chien et al. The EMBO journal. 2012. 31.11. P. 2648-2659.

22.Transcriptional control of the antimicrobial peptide resistance ugtL. gene by the Salmonella PhoP and SlyA regulatory
proteins / Shi Yixin. et al. Journal of Biological Chemistry. 2004. 279.37. P. 38618-38625.

23. Kato Akinori, Eduardo A. Groisman. The PhoQ/PhoP regulatory network of Salmonella enterica. Bacterial Signal
Transduction. Networks and Drug Targets. Springer. New York. NY. 2008. P. 7-21.

24. Bijlsma Jetta J.E., Eduardo A. Groisman. The PhoP/PhoQ system controls the intramacrophage type three secretion
system of Salmonella enterica. Molecular microbiology. 2005. 57.1. P. 85-96.

25. Macrophage-dependent induction of the Salmonella pathogenicity island 2 type III secretion system and its role in
intracellular survival / Cirillo Daniela Maria et al. Molecular microbiology. 1998. 30.1. P. 175-188.

26. Ratner Dmitry M., Pontus A. Orning., Egil Lien. Bacterial secretion systems and regulation of inflammasome acti-
vation Journal of leukocyte biology. 2017. 101.1. P. 165-181.



ISSN 2310-4902 HaykoBuii BicHUK BeTepuHapHOT MeaumuHy, 2’2018

27. Physiological effects of Crl in Salmonella are modulated by ¢S level and promoter specificity / Robbe-Saule Vér-
onique et al. Journal of bacteriology. 2007. 189.8. P. 2976-2987.

28. ATP reduction by MgtC and Mg2+ homeostasis by MgtA and MgtB enables Salmonella to accumulate RpoS upon
low cytoplasmic Mg2+ stress / Park Myungseo et al. Molecular microbiology. 2018. 110.2. P. 283-295.

29. Magnesium transport in Salmonella typhimurium. Regulation of mgtA and mgtB expression / Snavely M.D et al.
Journal of Biological Chemistry. 1991. 266.2. P. 824-829.

30. Elongation factor P controls translation of the mgtA gene encoding a Mg2+ transporter during Salmonella infection /
Choi Eunna et al. Microbiology Open. 2018. e00680.

31. Kowatz Thomas., Michael E. Maguire. Loss of cytosolic Mg2+ binding sites in the Thermotoga maritima CorA Mg2+
channel is not sufficient for channel opening. Biochimica et Biophysica Acta (BBA)-General Subjects. 2019. 1863.1. P. 25-30.

32. Magnesium transport in Salmonella typhimurium: characterization of magnesium influx and cloning of a transport
gene / Hmiel S.P et al. Journal of bacteriology. 1986. 168.3. P. 1444-1450.

33. High-level, constitutive expression of the mgtC gene confers increased thermotolerance on Salmonella enterica
serovar Typhimurium / Gall Aaron R et al. Molecular microbiology. 2018.

34. Papp-Wallace Krisztina M., Michael E. Maguire. Regulation of CorA Mg2+ channel function affects the virulence of
Salmonella enterica serovar typhimurium. Journal of bacteriology. 190.19. 2008. P. 6509-6516.

35. Bearson Bradley L., Lee Wilson., John W. Foster. A low pH-inducible, PhoPQ-dependent acid tolerance response
protects Salmonella typhimurium against inorganic acid stress. Journal of bacteriology. 180.9. 1998. P. 2409-2417.

36. Hengge-Aronis Regine. Signal transduction and regulatory mechanisms involved in control of the ¢S (RpoS) subunit
of RNA polymerase. Microbiology and Molecular Biology Reviews. 66.3. 2002. P. 373-395.

37. Regulation of sigma S degradation in Salmonella enterica var typhimurium: in vivo interactions between sigma S,
the response regulator MviA (RssB) and ClpX / Moreno Matthew et al. Journal of molecular microbiology and biotechnolo-
gy. 2000. 2.2. P. 245-254.

38. Induction of RpoS degradation by the two-component system regulator RstA in Salmonella enterica / Cabeza Maria L. et al.
Journal of bacteriology. 2007. 189.20. P. 7335-7342.

39. CIpXP affects the cell metabolism of Salmonella typhimurium partially in an RpoS-dependent manner / Tang Tian et
al. Metabolomics. 2017. 13.12. 157 p.

40. Phosphate and carbohydrate facilitate the formation of filamentous Salmonella enterica during osmotic stress /
Lensmire Joshua M. et al. Microbiology. 2018. 164.12. P. 1503-1513.

41. DksA and ppGpp regulate the oS stress response by activating promoters for the small RNA DsrA and the anti-
adapter protein IraP / Girard Mary E et al. Journal of bacteriology. 2018. 200.2. e00463-17.

REFERENCES

1. Grimont Patrick, A.D., Frangois-Xavier, Weill. Antigenic formulae of the Salmonella serovars. WHO collaborating
centre for reference and research on Salmonella. 2007, 9, pp. 1-166.

2. McClelland, Michael. Comparison of genome degradation in Paratyphi A and Typhi, human-restricted serovars of
Salmonella enterica that cause typhoid. Nature genetics. 2004, 36, 12, 1268 p.

3. Kidgell, Claire. Salmonella typhi, the causative agent of typhoid fever, is approximately 50,000 years old. Infection,
Genetics and Evolution. 2002, 2.1, pp. 39-45.

4. Shyrobokov, V.P. (2010). Medychna mikrobiologija, virusologija ta imunologija [Medical Microbiology, Virology
and Immunology].

5. Finn, Ciaran E. A second wave of Salmonella T3SS1 activity prolongs the lifespan of infected epithelial cells. PLoS
pathogens. 2017, 13.4, e1006354.

6. Srikanth, C.V. Salmonella effector proteins and host-cell responses. Cellular and Molecular Life Sciences. 2011,
68.22, 3687 p.

7. Kenney Linda, J. The role of acid stress in Salmonella pathogenesis. Current opinion in microbiology. 2019, 47, pp. 45-51.

8. Chakraborty, Smarajit., Hideaki, Mizusaki, Linda J. Kenney. A FRET-based DNA biosensor tracks OmpR-dependent
acidification of Salmonella during macrophage infection. PLoS biology. 2015, 13.4, e1002116.

9. Richardson, Lauren A. How salmonella survives the macrophage’s acid. attack. PLoS biology. 2015, 13.4, e1002117.

10. Rathman, Michelle., Michael D. Sjaastad., Stanley, Falkow. Acidification of phagosomes containing Salmonella
typhimurium in murine macrophages. Infection and immunity. 1996, 64.7, pp. 2765-2773.

11. Densen, P., Clark, R. A., Nauseef, W. M. Granulocytic phagocytes, In. G. L. Mandell, R. G. Douglas, and J. E. Bennett
(ed.), Principles and practice of infectious diseases, 3rd ed., vol. 1. Churchill Livingstone, New York. 1990, pp. 78-101.

12. Fridovich, 1. The biology of oxygen radicals. Science. 1978, 201, pp. 875-800.

13. Coftey, J. W., Duve, C. D. Digestive activity of lysosomes. I. The digestion of proteins by extracts of rat liver lyso-
somes. J. Biol. Chem. 1968, 243, pp. 3255-3263.

14. Steele-Mortimer, Olivia. The Salmonella-containing vacuole—moving with the times. Current opinion in microbiol-
ogy. 11.1, 2008, pp. 38-45.

15. Ahmetova, D.G. Sal'monelly: molekuljarnye mehanizmy prisposoblennosti i factory virulentnosti. Eurasian Journal
of Applied Biotechnology. [Salmonella: molecular fitness mechanisms and virulence factors]. 2012, 1, pp. 3-24.

16. Worley Micah, J., Katherine, H.L. Ching., Fred, Heffron. Salmonella SsrB activates a global regulon of horizontally
acquired genes. Molecular microbiology. 2000, 36.3, pp. 749-761.

17. Tu, Xuanlin. The PhoP/PhoQ two-component system stabilizes the alternative sigma factor RpoS in Salmonella en-
teric. Proceedings of the National Academy of Sciences. 2006, 103.36, pp. 13503-13508.

18. Zhang, Ying. Reciprocal Regulation of OmpR and Hfq and Their Regulatory Actions on the Vi Polysaccharide Cap-
sular Antigen in Salmonella enterica Serovar Typhi. Current microbiology. 2018, 75.6, pp. 773-778.

10



ISSN 2310-4902 HaykoBuii BicHUK BeTepuHapHOT MeaumuHy, 2’2018

19. Bang, Iel Soo. OmpR regulates the stationary-phase acid tolerance response of Salmonella enterica serovar Typhi-
murium. Journal of bacteriology. 2000, 182.8, pp. 2245-2252.

20. Bang, Iel Soo. Autoinduction of the ompR response regulator by acid shock and control of the Salmonella enterica
acid tolerance response. Molecular microbiology. 2002, 44.5, pp. 1235-1250.

21. Wang., Loo Chien. The inner membrane histidine kinase EnvZ senses osmolality via helix-coil transitions in the cy-
toplasm. The EMBO journal. 2012, 31.11, pp. 2648-2659.

22. Shi, Yixin. Transcriptional control of the antimicrobial peptide resistance ugtL gene by the Salmonella PhoP and
SlyA regulatory proteins. Journal of Biological Chemistry. 2004, 279.37, pp. 38618-38625.

23. Kato, Akinori., Eduardo A. Groisman. The PhoQ/PhoP regulatory network of Salmonella enterica. Bacterial Signal
Transduction. Networks and Drug Targets. Springer. New York. NY. 2008, pp. 7-21.

24. Bijlsma Jetta, J.E., Eduardo, A. Groisman. The PhoP/PhoQ system controls the intramacrophage type three secretion
system of Salmonella enterica. Molecular microbiology. 2005, 57.1, pp. 85-96.

25. Cirillo, Daniela Maria. Macrophage-dependent induction of the Salmonella pathogenicity island 2 type III secretion
system and its role in intracellular survival. Molecular microbiology. 1998, 30.1, pp. 175-188.

26. Ratner Dmitry, M., Pontus A. Orning., Egil, Lien. Bacterial secretion systems and regulation of inflammasome acti-
vation. Journal of leukocyte biology. 2017, 101.1, pp. 165-181.

27. Robbe-Saule., Véronique. Physiological effects of Crl in Salmonella are modulated by oS level and promoter speci-
ficity. Journal of bacteriology. 2007, 189.8, pp. 2976-2987.

28. Park, Myungseo. ATP reduction by MgtC and Mg2+ homeostasis by MgtA and MgtB enables Salmonella to accu-
mulate RpoS upon low cytoplasmic Mg2+ stress. Molecular microbiology. 2018, 110.2, pp. 283-295.

29. Snavely, M.D. Magnesium transport in Salmonella typhimurium. Regulation of mgtA and mgtB expression. Journal
of Biological Chemistry. 1991, 266.2, pp. 824-829.

30. Choi, Eunna. Elongation factor P controls translation of the mgtA gene encoding a Mg2+ transporter during Salmo-
nella infection. Microbiology Open. 2018, e00680.

31. Kowatz, Thomas., Michael E. Maguire. Loss of cytosolic Mg2+ binding sites in the Thermotoga maritima CorA
Mg2+ channel is not sufficient for channel opening. Biochimica et Biophysica Acta (BBA)-General Subjects. 2019, 1863.1,
pp- 25-30.

32. Hmiel, S.P. Magnesium transport in Salmonella typhimurium: characterization of magnesium influx and cloning of a
transport gene. Journal of bacteriology. 1986, 168.3, pp. 1444-1450.

33. Gall Aaron, R. High-level, constitutive expression of the mgtC gene confers increased thermotolerance on Salmonel-
la enterica serovar Typhimurium. Molecular microbiology. 2018.

34. Papp-Wallace Krisztina, M., Michael E. Maguire. Regulation of CorA Mg2+ channel function affects the virulence
of Salmonella enterica serovar typhimurium. Journal of bacteriology. 2008, 190.19, pp. 6509-6516.

35. Bearson Bradley, L., Lee, Wilson., John W. Foster. A low pH-inducible, PhoPQ-dependent acid tolerance response
protects Salmonella typhimurium against inorganic acid stress. Journal of bacteriology. 1998, 180.9, pp. 2409-2417.

36. Hengge-Aronis, Regine. Signal transduction and regulatory mechanisms involved in control of the ¢S (RpoS) subu-
nit of RNA polymerase. Microbiology and Molecular Biology Reviews. 2002, 66.3, pp. 373-395.

37. Moreno, Matthew. Regulation of sigma S degradation in Salmonella enterica var typhimurium: in vivo interactions
between sigma S, the response regulator MviA (RssB) and ClpX. Journal of molecular microbiology and biotechnology.
2000, 2.2, pp. 245-254.

38. Cabeza Maria, L. Induction of RpoS degradation by the two-component system regulator RstA in Salmonella enter-
ica. Journal of bacteriology. 2007, 189.20, pp. 7335-7342.

39. Tang, Tia. ClpXP affects the cell metabolism of Salmonella typhimurium partially in an RpoS-dependent manner.
Metabolomics. 2017, 13.12, 157 p.

40. Lensmire Joshua M. Phosphate and carbohydrate facilitate the formation of filamentous Salmonella enterica during
osmotic stress. Microbiology. 2018, 164.12, pp. 1503-1513.

41. Girard Mary, E. DksA and ppGpp regulate the S stress response by activating promoters for the small RNA DsrA
and the anti-adapter protein IraP. Journal of bacteriology. 2018, 200.2, e00463-17.

MoJteKkyJIIpHO-TeHeTHYeCKHe MeXaHH3Mbl BIKHBAHHS U Pe3UCTEHTHOCTH CAJIbMOH eI

Py6Jenko H.M.

B craTtbe M3M0KEHBI JaHHBIE HAyYHOW JUTEPATypHhl, OMUCHIBAIOIINE MOJEKYIIPHO-TEHETUYECKHE MEXaHU3MBbI 3alIUTHI
OT HeOJIAaroNpUATHBIX YCIOBUH y OakTepuii poxa Salmonella. OcHOBHbIMU OapbepaMu Ha Ha4albHBIX 3Tanax UHGEKIMOHHO-
TO Hpolecca SBISIOTCS BEICOKAsi OCMOJIIPHOCTS M Hu3KUe 3HaueHus pH. 3ammTHbIe MEXaHH3MBI CaIbMOHEIUIBI HAITPaBIICHbI
Ha n30exaHue AefcTBHS 3THX (PAKTOPOB C LENbI0 JaNIbHEHIIel mponudepanny B HHOHUIMPOBAHHOM OpTaHU3Me.

OTBeT Ha HEOJIArONPUATHBIE YCIOBUS PeaIn3yeTcsl ¢ MOMOIIBIO JIBYKOMIOHEHTHBIX CUCTEM CUTHAJIBHON TPAHCIYKIHH.
B ocHOBE KOTOPBIX JIEXKUT IPHHINI B3aHMOACHCTBHS CeHCOpa U perymsTopa. CeHcop, peacTaBIeHHbIH THCTHIMH-KHHA30i
ocymecTBIAeT (HOCHOPUINPOBAHUE PETYIATOPA, KOTOPBIH B CBOIO OYepe/ib NMPSIMO MM OMOCPENOBAHHO MHUIMUPYET TPaH-
CKPHIILMIO T€HOB MaToreHHocTu. Ha ceromns B HaydHOW juTepaType omucaHbl ¢yHKIuM cucrembl EnvZ/OmpR, xotopas
AKTUBUPYETCS B YCIOBHAX BBICOKOH OCMOJIIDHOCTH U PEryJMpyeT 00pa3oBaHHE KalCyyisapHOro Vi-aHTUreHa y THHOUIHOTO
cepoBapa S. Typhi. Cucrema PhoP/PhoQ ocymiecTBiseT OTBET Ha yCIOBHUS KHCIOH cpelsl M (PYHKIMOHUPYET IO TOMY XK€
NPUHIUITY: (ocOopUIMpOBaHIE PETYIATOPa CEHCOPOM. TarKe OXapaKTepH3oBaHa 3aBHCHMOCTH cucTeMbl PhoP/PhoQ ot
curma-dakropa RpoS (cybenunnna 6akrepnansaoit PHK-nonmumepassr). Curnanom i HakarmmBauus RpoS sBisercs Hu3-
Kasi KOHI[EHTpanus KAaTHOHOB MarHusl.

VYcraHOBIIEHO, YTO JJaHHBIE CHCTEMBI CUTHAIBHON TPAHCIYKIHH PETyIHPYIOT TPAHCKPHIIIHIO ONIEPOHOB, KOTOPHIE KOJIH-
PYIOT TeHBI cHUCTeM ceKpernuu OenkoB 3 tuma. B cocras nmocinennux BXomsaT 3¢(eKTopHEIEe OenKu, CIIOCOOHBIE K IepecTpan-
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BaHHIO IIUTOCKENICTA SIUTEIMOMUTOB TOHKOTO KAIICYHUKA, YTO MO3BOJISIET CATBEMOHEIIC MPOHUKATH B HUX B BUJIC CICIU(H-
4yecKuX (harocom.

Takum 00pa3oM, TBYKOMIIOHEHTHBIE CHCTEMBI CHI'HAJIBHOW TPAHCIYKIUHU Y CATbMOHEIBI HE TOJBKO SIBIISTFOTCS MEXaHU3-
MaMH, 00ECTICYMBAIONIMMHI BIKHBAaHUE U MPOJU(PEPAINIO B HEOIArOMPHUATHBIX YCIOBUSAX, HO H OCYIICCTBIISIOT PETYJIISIIUI0
TEHETUYECKUX JICTEPMHUHAHT, KOJUPYIOLIMX T'€Hbl MaTOT€HHOCTH.

KuiroueBsble ciioBa: cagpMoHesuia, pH, 0CMOISIPHOCTB, T€HbI ATOTEHHOCTH, OIIEPOH, CUTHAIbHAST TPAHCTYKIIHS.

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 III 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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