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PE®EPAT

Junnomuass paborta BkiatouaeT 47 crpaHul, 8 pucyHkoB, | Tabmuiry, 78
HUCTOYHHUKOB.

KawueBble cjioBa: peryisius CHHTe3a BHEKJIETOYHBIX (hepmentoB, Bacillus
subtilis, HtrA, sigX, dIt, cssRS, lacZ, ¢paxrop 6, aHTUMUKPOOHBIE BELIECTRA.

O0bexTHI HCcTen0BaHus: OakTepuanbHbie mrammbl Bacillus subtilis 168 htr9,
168 htr9 sigX, 168 htr9 Adlt, 168 htr9 AcssRS, rensr htrA u sigX, ormeponsr dlt u csSRS.

Henb: u3yuuth BausHue rena SigX u omepoHoB dIt u CSSRS Ha akTHBHOCTH
npomortopa reHa htrA B kimerkax B. subtilis B orBer Ha aelicTBHe aHTUMHUKPOOHBIX
BEIIIECTB.

Metoapl. KyJIbTHBHPOBaHHEC OaKTepuid, CIEKTPOPOTOMETPHUsS, CBETOBas
MHUKPOCKOIHS, TUCKO-TU(DPY3MOHHBIA aHAIN3 YCTOMYMBOCTH KIIETOK K Pa3IHYHBIM
BEIIECTBAM, OIPEJICICHHEe TUTpa OaKTepHANbHBIX KJICTOK, aHajJh3 aKTHBHOCTHU
MPOMOTOPA € TIOMOIIBIO pernopTepHoro rena lacZ.

C mOMOIIBI JTUCKO-TU(P(PY3HOHHOTO aHaM3a ObLJIO BBISIBICHO IOJIHOE
OTCYTCTBHE BIMSHHSA orepoHa CSSRS Ha ycroiuuBocTh KiaeTok B. subtilis
CICAYIOIMNM aHTUMUKPOOHBIM BemiecTBaM: TpuToHy X-100, JICH, HCIl, Hu3uny,
NOJTUMHUKCUHY B, BaHKOMHUIMHY, Tu301uMy, Gochomuruay u nedorakcumy. beura
UCKJTFOYeHa BO3MOXXHOCTh TOYHOW (DEHOTHUNHMYECKON BepUPUKAIMU  HATHUUS
MHAKTHUBUPYIONIMX MyTanuii B reHe SigX m omepone dlt B kmerkax B. subtilis,
OCHOBaHHOW Ha OIIGHKE YCTOHYHMBOCTH KJIETOK K aHTHUMHUKPOOHBIM BemlecTBaM (110
KpallHe Mepe, Mpu BOCHMH IMOBTOpax aHaiau3a). beuta BeisiBiaeHa CSSRS-3aBucuMas
akTUBaIus mpomoropa rexa htrA B kierkax B. subtilis B mpucyTcTBHN BaHKOMHUIIMHA,
nonumukcuaa B, JCH, tpuroma X-100, mmsommma u HCl ~2.8 M (9%).
OOHapy)KeHO IOJOKUTEIbHOE BIHsHHE TeHa SIgX (B OTCYTCTBHH €ro padoThI
aKTUBAIUs poMoTopa rera htrA He BeIpakeHa) Ha aKTHBHOCTBH TIpoMoTopa reHa htrA
B Kierkax B. subtilis B mpucyrctBun mm3ommma u HCI ~2,8 M (9%). B npucyrctBun
Ke BaHKOMHITMHA, Ieorakcuma, nmonumukcuna B, JICH, tputona X-100, HuzuHa,
dochomuriuaa u HCl B konmentpanuu 1 M u MeHbpme reH SigX He OKa3bIBaeT
HUKaKOTO BUIMMOIO BIUSHUS HAa aKTHBHOCTH Ipomotopa reHa htrA. OOHapykeHo
MIOJIOKUTENBHO BivsiHKUE oniepoHa dIt Ha akTmBHOCTH IpOoMOTOpa reHa htrA B kieTkax
B. subtilis B mpucyrctBun tputona X-100 u HCl ~2,8 M (9%), HO oTpuIlaTeIIbHOE
(mpu ero pabore akTWBamMs MpoMoTopa TeHa htrA He BbIpakeHa) B NMPUCYTCTBUU
HU3WHA. B mpucyTCcTBUM kK€ BaHKOMUIIMHA, JIN30IIMMa, Ie(hOTaKCUMa, MOJIMMHUKCHHA
B, ICH, dochomunmaa u HCl B konnentpanmu 1 M u menbine omepon dit me
OKa3bIBaeT HUKAKOTO BUJIMMOIO BJIMSHHS Ha 3Kcmpeccuio reHa htrA. OOHapykeHBI
3HAUYMUTENIbHO 0oJiee HHU3Kash CKOpPOCTh Habopa Ouomacchkl W Oojiee JJIUTENIbHAS Jiar-
¢aza y mramma B. subtilis ¢ nrakTuBamuei rena sigX mo cpaBHEHHUIO co mTammoM B.
subtilis mukoro Tuna.



PODEPAT

JpiruioMHas pabora ykimowae 47 crapoHak, 8 ManmtoHkay, 1 Tabmimy, 78
KPBIHIII.

KawuaBbisi CIOBBI: pAryJsIbil CIHTI3Y Ma3akieTkaBeix Gepmenray, Bacillus
subtilis, HtrA, sigX, dlt, cssRS, lacZ, ¢pakrap 6X, aHTBIMIKPOOHBISI PIUBIBBI.

A0'exkTHl AacjenaBanHs: OakTApbLuIbHBIA mTambl Bacillus subtilis 168 htr9,
168 htr9 sigX, 168 htr9 Adlt, 168 htr9 AcssRS, rensr htrA i sigX, aneponsr dlt i cSSRS.

Mbra: BeIsSBilb yIUlby TeHa sigX i1 ameponay dIt i CSSRS Ha akThIyHACIb
npamoTapa rera htrA ¥ kmetkax B. subtilis ¥ anka3 Ha a3esHHE aHTBIMIKPOOHBIX
poYBIBaY.

MeTaabl: KyJabThIBaBaHHE OaKTAIPBIH, CHEKTpagaTOMETPhIS, CBETIaBas
MIKpacKarisi, JAbICKa-IbIQy31HHbI aHalll3 YCTOMIIBACII KJETaK J1a PO3HBIX pIYbIBAY,
BBI3HAYIHHE THITpAa OAaKTIPBIUIBHBIX KIIETAaK, aHali3 aKThIyHACIll IpamoTapa 3
Jarnamorai pamapréprara resa lacZ.

3 ojganmamorail  npIcKa-nply3iiiHara aHamizy OblUla BBIAYJICHA IOVHas
aJCyTHAacllb YIUIBIBY amepoHy CSSRS Ha ycroimiBacipe kietak B. subtilis ma
HACTYIHBIX aHTBIMIKpOOHBIX paubiBay: TpbiToHa X-100, JCH, HCI, #HiziHa,
najgiMikcina B, BaHkaminpliHa, Ji3anbiMa, (acdaminbiHa 1 nedarakcima. bbina
BBIKJIFOYaHa MardeIMacilb JakiajHail (QeHaTeimiuHal Bepblikambll  HasyHACII
IHaKTBIBIpYIOUBIX MyTallblii y rene SigX 1 amepone dlt § xmerxkax B. subtilis,
3aCHaBaHAWl Ha aIlPHIBI YCTOWIBACIi KIETaK Ja aHTBIMIKPOOHBIX pIubIBay (I1a
MEHIIIail Mepbl, Ipbl BacbMi mayTopax aHaiily). beuia Beisaynena CssRS-3anexnas
akKThIBAIIBIA IpoMoTopa reHa htrA ¥ kietkax B. subtilis ¥ mpeicyTHacI BaHKaMIIIbIHA,
namimikcina B, JICH, tperrona X-100, mizameima 1 HC1 ~2,8 M (9%). Brisynen
na3iThIyHbI YIUTBIY reHa SIgX (y aJCyTHACII Sro Mpalbl aKThIBAIlbIA MTpaMoTapa reHa
htrA He BbIKa3aHa) Ha akThIyHACIhb MpaMoTapa reHa htrA ¥ kmerkax B. subtilis ¥
npeicyTHacHi gizaneiMa 1 HCI ~2,8 M (9%). Y mnpsicyTHacIi >k BaHKaMiIMHA,
nedarakcima, namimikciga B, JICH, tperrona X-100, nizina, dacdaminsra 1 HCl y
KaHIPHTpanbelii 1 M 1 MeHm reH SIgX He aka3Bae Hiskara OavHara YIUTbIBY Ha
aKTBIYHACIh mpamoTapa TeHa htrA. BeisyneH ma3iTelyHBI YIuiery amepona dlt nHa
aKTBIYHACIIh MpamMoTapa rera htrA ¥ kirerkax B. subtilis ¥ npeicyTHaci tpeitona X-
100 i HC1 ~2,8 M (9%), ane HeraThIyHBI (IIPBI STO TpaIlbl aKTHIBAIBIS MpaMoTapa
rera htrA He BbIKa3zaHa) y mpbICyTHACIi Hi3iHA. Y TPBICYTHACI X BaHKOMIIMHA,
mizanpiMa, rnedarakcima, narimikcina B, JICH, dacdaminpaa 1 HC1 y kanmpHTparsIi
1 M i menm anepon dlt He aka3Bae Hisikara 0ayHara YIUIbIBY Ha dKCIpaciro reHa htrA.
Boisgynensl 3Hauna 001 HI3Kasg XyTKaclb HAOOpy OisiMachl 1 OOJIbII Mpalsrias jar-
daza ¥ mramy B. subtilis 3 iHakTeiBampisai reHa SigX y mapayHaHHI ca mrtamam B.
subtilis m3ikara Teimy.



ABSTRACT

The diploma project includes 47 pages, 8 figures, 1 tables, 78 sources.

Key words: regulation of extracellular enzyme synthesis, Bacillus subtilis,
HtrA, sigX, dit, cssRS, lacZ, 6X factor, antimicrobial agents.

Objects of study: bacterial strains Bacillus subtilis 168 htr9, 168 htr9 sigX,
168 htr9 Adlt, 168 htr9 AcssRS, htrA and sigX genes, dlt and cssRS operons.

Purpose: to study the effect of the sigX gene and the dIt and cssRS operons on
the activity of the htrA gene promoter in B. subtilis cells in response to the action of
antimicrobial substances.

Methods: cultivation of bacteria, spectrophotometry, light microscopy, disk
diffusion analysis of cell resistance to various substances, determination of bacterial
cell titer, analysis of promoter activity using the lacZ reporter gene.

Using disk diffusion analysis, was revealed the complete absence of the
influence of the cssRS operon on the resistance of B. subtilis cells to the following
antimicrobial substances: triton X-100, SDS, HCI, nisin, polymyxin B, vancomycin,
lysozyme, fosfomycin, and cefotaxime. The possibility of accurate phenotypic
verification of the presence of inactivating mutations in the sigX gene and the dit
operon in B. subtilis cells based on the assessment of cell resistance to antimicrobial
substances (at least eight repetitions of the analysis) was excluded. CssRS-dependent
activation of the htrA gene promoter was detected in B. subtilis cells in the presence
of vancomycin, polymyxin B, SDS, triton X-100, lysozyme, and HCI ~2.8 M (9%). A
positive effect of the sigX gene (in the absence of its operation, the activation of the
htrA gene promoter is not expressed) on the activity of the htrA gene promoter in B.
subtilis cells in the presence of lysozyme and HCI ~2.8 M (9%) was found. In the
presence of vancomycin, cefotaxime, polymyxin B, SDS, triton X-100, nisin,
fosfomycin, and HCI at concentrations of 1 M or less, the sigX gene has no visible
effect on the activity of the htrA gene promoter. A positive effect of the dIt operon on
the activity of the htrA gene promoter in B. subtilis cells in the presence of triton X-
100 and HCI ~2.8 M (9%) was found, but negative (during its work, the activation of
the htrA gene promoter was not expressed) in the presence of nisin. In the presence of
vancomycin, lysozyme, cefotaxime, polymyxin B, SDS, fosfomycin, and HCI at
concentrations of 1 M or less, the dlt operon has no visible effect on htrA gene
expression. A significantly lower rate of biomass gain and a longer lag phase were
found in the B. subtilis strain with inactivation of the sigX gene compared to the wild-
type B. subtilis strain.



