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SAKIJIFOUEHUE ... Omuodka! 3akaaaka He onpeaeieHa.
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CIIUCOK COKPAIIIEHUI
Obwue:

AC — areTui;

ACN — a1ieToHUTpuII;

Bu — Oyt

CBS — nucrarnonns-p-cuHTasa;

CSE — nucTaTnoHUH-Y-11a3a;

CYP — muroxpom P450;

DMF — N,N-mumerundopmamu;

DMSO — numetriicyab)OoKCHI;

EDG - electron donating group (351eKTpOHO0HOPHASI TPYIINA);

EISA — enzyme-instructed self-assembly (camocOopka, 3amyckaemasi hepMeHTaMu);
Et — >Tmn;

EWG — electron withdrawing group (31eKTpoHOaKIeNTOpHAs TPyIIa);

FDA — Food and Drug Administration (YmpaBieHue 1o caHUTApHOMY HaJ30py 3a Ka-
YECTBOM ITHUIIEBBIX MMPOTYKTOB M METUKAMEHTOB);

FRET — fluorescence resonance energy transfer (¢yopeciieHTHbIN pe30HaHCHBIH TTe-
peHoc sHepruun, ®EpCcTepoBCKUii IEPEHOC SHEPTUN);

GDI — uaruburop auccornyanuu ryano3usaudocdara;

HDAC — rucronoBas gealeTuiiasa;

HSA — human serum albumin (ueoBedecknii CHIBOPOTOUHBIN ATbOYMHUH);
IPrOH — u3onpomnano;

Kac — anerrmmmmpoBanue TM3UHA B OCJIKE;

KAT — nu3un-anerunrpancdepasa;

M-CPBA — M-xitopHag0eH30iHas KHCIIOTA;

MDR — multidrug resistant (MHOoecTBeHHasI IeKapCTBEHHAs] YCTONYNBOCTb)

Me — meTui;

MeOH — meTaHnoII;

NAD — nicotinamide adenine dinucleotide (HukoTHHAMHUIaICHUHINHYKICOTH/);
NBD — 7-autpoben3odypa3an;

NBD-CI — 4-x510p-7-uutpoben3odypasaH;

NBD-PZ — 4-(nunepaszun-1-un)-7-autpodben3odypaszan;

NIR — near infrared (0mmwxkHss uHppakpacHas 001acTh);

PDB — Protein Data Bank;

PhH — 6en3ou;

PPI — protein-protein interactions (6emok-0e/IKOBbIE B3aMMOICHCTBHS);

PTM — post-translational modification (moctTpascisiinoHHbIE MOIUDUKAIIH);
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PZ — nunepasus;

REP — 6emok compoBoxaeHus Rab;

TEA — TpusTHIiiamus,;

THF — rerparuapodypas;

TNF — tumor necrosis factor (¢hakrop Hekpo3a OIyXoJIHn);
TOG — reH cBepXdKCIPECCHH OMYXOJIH;

TPP — tpudenundocdun;

AM® — anenozuamonodocdar;

BCA — Ob14nii CBIBOPOTOYHBIN albOYMUH;

['T® — ryano3untpudocdar;

['Db — remarosunedanudeckuii 6apnep;

Pr — nponur;

OMO — (paBuH-coAeprKamas MOHOOKCHI€Ha3a

®IID — poToMHIYLIMPOBAHHBIN IEPEHOC AIEKTPOHOB;

Cunme3supogannvie 6 pabome gewjecmaa.
FOmoro
FOmoro
101010



OBILIAA XAPAKTEPUCTUKA PABOTBI

Marucrepckas padota: 134 crpanunpl, 123 pucynka, 21 tabnuia, 110 nutepa-
TYPHBIX HCTOYHHKA (B TOM YHCIIC 2 aBTOPCKUE MYOJINKAIUH).

KiroueBbie cioBa: NBD-amunsl, diyopecuieHIys, nurepasut, 3IeKTpoduib-
HbIE (parMeHTHI, TU30COMOTPOIHBIC 30H/bI, -TaAKTaMHBIE aHTHOMOTHKH, MMPOTHUBO-
rpuOKOBBIE a30JIbl, TpUMETa3uIH, THAPodoOHbIe NBD-1ipon3BoiHbIe, APOKKHU, OaK-
TEpUH, AIbOYMUH, COJIBBATOXPOMHU3M, MUKPOCKOTIHSL, IN SiliCO aHaIM3 MPOHUIIAEMOCTH
MeMOpaH, TOKUHT.

Oo6mwekt uccnenoBanus: NBD-nipon3BoaHbIE aMUHOB, COZICpKAIE Pa3IUIHbIC
(GYHKITMOHATTLHBIC 3aMECTUTEIH.

[IpeameT uccienoBanus: CUHTE3 U HCCIIEOBAaHUE OUOJIOTHYECKUX U (DU3UKO-
XUMHUYECKUX CBOMCTB MOJYUYECHHBIX COSIMHEHUM.

[{enb pa®OTHI: OCYIIIECTBUTH U3alH M CUHTE3 CTPYKTYP Ha OCHOBE 7-HUTPOOESH-
30(ypazaHa U pa3IUIHBIX aMHUHOB, JOIOJIHUTEIBHO COJCPIKAIINX Pa3IUNIHbIE PYHK-
IIMOHATIbHBIC (PPAarMEHTHI, @ TAaKXKe TIPOBECTH MIEPBUYHYIO OIICHKY UX OMOJOTHIECKIX
CBOMCTB C UCIIOJIb30BaHHEM MeTOI0B iN SiliCO 1 KIIeTOK Aposkikeit u OaKTepuit I pas-
pabOTKU HOBBIX OMOAKTHUBHBIX BEIIECTB.

3amaun:

1. CuntesupoBath NBD-npou3BoAHBIX aMHUHOB, COJIEpIKAIIUX JIOMOIHU-
tenpHO Tpynny -CH-Br, nusocomoTrpornHoe numnepaznuHoBoe 3BEHO, TUIPO(POOHBIE
OCTaTKH >KUPHBIX KUCJIOT W/UJIN U3BECTHBIE (hapMakohopHbIe (hparMeHThI;

2. Ilposectn in silicoO MosekyIApHBINA JOKUHT COCTUHCHUN C MHOYKECTBAMHU
cTpyktyp 6enxo Mycobacterium tuberculosis u HeKOTOpBIX IPYTHUX BUIOB OAKTEPHIA,
apoxokeit Saccharomyces cerevisiae, nutoxpomos P450, karencuros, ®MO, a Takxke
CTPYKTYp MEHIMJLTHH-CBA3BIBAIONIUX OCJIKOB U -lakTamas;

3. In silico oeHuTh MPOHMIIAEMOCTH MMOJIyYEHHBIX MOJIEKYII Yepe3 docho-
JUTUAHBIE MEMOpPaHBI;

4.  TlpoBecTH MUKpPOOMOJOTUYECKOE UCCIEAOBAHUE BIUSHUSA MOTYyYEHHBIX
COCJIMHEHUI Ha PocT Aposxokei Saccharomyces cerevisiae u Yarrowia lipolytica, a
Takke BiusgHue NBD-TIpou3BOAHBIX MEHUIIMITMHOB HA POCT IPaMIIOIOKHUTEIIbHBIX
oaxtepuii Bacillus Subtilis u rpamoTpuniatensHbix 6akTepuit Escherichia coli;

5. Ouenuts coNbBATOXPOMHBIC A(D(PEKTHI, MPUCYTCTBUS KUCIOTHI U OCHOBA-
HUS HA CIIEKTPHI MOTJIONIEHUS U (hIyOPECIICHITNN HEKOTOPBIX MOTYYECHHBIX BEIIECTB;

6. [TpoBecTn Quryopumerpudeckoe TuTpoBanue coenunennii NBD-PZ-Hex
1 NBD-1mipon3BoAHBIX IEHUITWIITMHOB ¢ 6e71koM ChIBOpOTKHU KpoBH (BCA) 11151 o1ieHKH
ux aQpPUHHOCTH K TaHHOMY O€JIKY.

[Tomy4yeHHbie pe3ynbTaThl: B JaHHOW paboTe pa3paboTaHbl METOAMKUA U OCY-
IIECTBJICH CHHTE3 HEKOTOPBIX /-HUTPOOeH30(ypa3aH-4-1Uil IPOU3BOIHBIX MIEPBUYHBIX
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¥ BTOPUYHBIX aMUHOB, B TOM YHUCJIE TOTIOJHUTEIBHO COACPKAINUX (DYHKIIMOHATBHBIE
rpymibl OpomomMeTiieHOBYIO (-CH2- Br), aMmuaa rekcaHoBOW KUCIIOTHI, ICHUITHILIN-
HOB 1 keTokoHa3zo1a: NBD-ammunmnnmnaa, NBD-aMuHOICHUITMIIIIAHOBOM KHCIOTHI, 4-
HUTPO-7-(4-(2,3,4-TpuMeToKCHOSH3MI )THTTepa3uH- 1-m)oeH30d ypa3zana (NBD-
TMZ), NBD-ttuniepazuna (NBD-PZ), 2-6pom-1-(4-(7-autpoden3odypazan-4-wmi)nu-
nepa3un-1-mi)aranona (NBD-PZ-BAB), 4-(4-(2-6pomatuin)murepa3ud-1-w)-7-HUT-
pooenzodypazana (NBD-PZ-EtBr), 1-(4-(7-autpoben3odypazan-4-ui)nmunepazuH-1-
ui)rekcan-1-ona (NBD-PZ-Hex), N-{2-[(7-auTpo-2,1,3-6eH30KCaIMa301-4-
WJ1)aMUHO |3THII } TeKCaHaMU/1a (NBD-EDA-Hex), N-1eaieTriI-KeTOKOHAa30J1a
(deAcKTZ) u ero NBD-npouzogroro NBDdeAcKTZ. IlomydeHsl gaHHBIE Macc-
CHIEKTPOMETPUH C HMOHMW3aluel sjexTpopacmbuienueM, H-SIMP-cnekrpockonmm,
cnexkTpoporoMeTpun, cnekrpodiryopumerpun U TCX, noaTBepxkaatonre NoaydyeHue
IEJIEBBIX MPOIYKTOB. BBIIO yCTaHOBIEHO B3aMMOJICHCTBUE HEKOTOPHIX M3 MOTY4YEH-
HBIX COCIUHEHHUI ¢ OBIYBUM CBIBOPOTOUHBIM albOYMHUHOM, BBISIBIICHO BJIHMSIHHE pac-
TBOPUTES (COTBBATOXPOMHBIC AP GEKThI) U U3MEHEHUsT PH cpeibl Ha CIIEKTPHI MOTJI0-
HMIeHUS U (PITyOpeCIeHIINH, COTIACYIONINECs C TaHHBIMU TUTepaTypsl. B xoxe paboTsl
MPOBEJCHO MUKPOOHOJIOTHIECKOE UCCIEIOBAHUE BIUSHUS MOTYUYEHHBIX COSAMHEHUN
Ha pocT Aposxoker Saccharomyces cerevisiae u Yarrowia Lipolytica, a takxe BiausiHHE
NBD-1mipon3BoiHBIX IEHUIMJUTMHOB HA POCT IPaMIIONIOXKHUTEIbHBIX OakTepuii Bacillus
Subtilis wu rpamorpunarensHbIXx  OakTepmit  Escherichia coli. Coenunenus
NBDdeACKTZ u deAcKTZ unrubuposamu poct npoxokeit. [Ipu npoBeneHnn Muk-
POOHOJIOTHYECKOr0 HCCIIeAOBaHU C apoxokamu Yarrowia lipolytica coemunenue
NBD-PZ-Hex nperepneno npespaiiienue ¢ oopazoBanueM 0ojiee rTuipoPpoOHOTo mpo-
JyKTa, YCTAaHOBJICHHE KOTOPOTO TpeOyeT JanbHelero ananusa. [lo pesynpraram uc-
crepoBanue IN Situ BHyTpukieTodHoro pacmpenenenuss NBD-PZ-Hex B aposokax
Saccharomyces cerevisiae gaHHOe COeIMHEHUE OBUIO CIOCOOHO MPOHHMKATH BHYTPb
JPOACKEBBIX KIeTOK. [Ipu nccnemoBaHiy MHTHOWPOBAHUS POCTA TPAMOTPULIATETHHBIX
OaxTepuii Escherichia coli nadbmonanocs yactuunoe nmogasinenue ux pocra NBD-am-
TUIITAHOM .

MeTooM MOJEKYISIPHOTO JOKHWHTA OMPEACsINCh MapaMeTphl B3aMMOJCH-
CTBHS C HEKOTOPBIMHU CTpyKTypamu OesrkoB Mycobacterium tuberculosis u npyrux Bu-
JI0B OaKkTepHii, BCEMU CTPYKTypaMu OEJIKOB Ipoxokel Saccharomyces cerevisiae, moj-
OopKoii cTpykTyp uToXpoMoB P450, katenicunoB, ®MO, a Takke CTPYKTYp MEHUITUII-
JIMH-CBSI3BIBAIONINX OCNKOB M P-TakTaMas. DHEPruM CBSA3BIBAHUS ¢ OeTKaMy MHIIIe-
HSMH HaXOJWJINCh B auana3zoHe ot -13,9 no -6,5 kkain/moib. [locpecTBOM KOMITbIO-
TEPHBIX PACUETOB JOTIOJHUTEIHLHO ObLJIa OLIEHEHA MPOHUIIAEMOCTh COSTUHEHHI uepes
dbochonmunuanyro MemOpany. Bce nmonydeHHbIe COSTMHEHHS TIOKa3alu JJaHHbIe, YKa-
3BIBAIOIIME HA WX CIIOCOOHOCTH MPOHUKATH Yepe3 MEeMOpaHbl, 3a UCKIIFOUEHUEM TH]I-
podmibHbix NBD-npousBoaubix neHuimninHoB. [Tomydennsie in silico u in vitro
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JTAaHHBIE OTKPBHIBAOT NEPCIIEKTUBBI IS TAJIbHEUIIINX UCCIIEIOBAHUN TAHHBIX COCIUHE-
HUHN KaK TOTCHIIMAIBHBIX MOJIEKYJISIPHBIX 30HJI0B U HHTHOUTOPOB (DEPMEHTOB MUKPO-

OpraHnu3MOB 1100 YCJIOBCKA, BOBJICYCHHBLIX B PA3JIMYHBIC IATOICHCTUYCCKUC IIPO-
OCCChI.
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AI'YJIBHAS XAPAKTAPBICTBIKA PABOTbBI

Maricrapckas pa6ora: 134 craponki, 123 wmamonki, 21 Ttabmima, 110
JiTapaTypHBIX KpbIHII (Y THIM JIIKY 2 ayTapcKis myOJIiKalibii).

KirouaBsbist CJIOBBI: NBD-amiHsI, ¢ryopecueHIus, UTIePa3HH,
OissapraraHaiabHblg dyeKTpadiabHble (parMeHTHI, JIi3aCOMATPOIHBIS areHThl, [-
JAKTaMHbBIS aHTBHIOIETBIKI, CYIPaIlbIPHIOKOBBIS a30JIbI, TPhIMETa3iaiH, TiapadoOHbIs
NBD-BbITBOpHAs, APOKIKBI, OAKTAPHIl, albOyMiH, cajgbBaxpaMmi3M, MiKpackaris, in
silico anaii3 npanikaabHaCIi MeMOpaHbI, TOKIHT.

Ab6'ext nacnenaBanss: NBD- BEITBOpHAs aMmiHaY 3 pO3HBIMI (DYHKIIBITHATIBHBIMI
dbparmenTami.

[TpagMet nacienaBaHHs: CIHTA3 1 1aciielaBaHHe OisIarigHbIX 1 Pi3ika-XIMIYHBIX
yJaciiBaciel aTpbIMaHbIX 3IIyYIHHSY.

Mbara paboThl: 3I3€HCHINB JbI3aiH 1 CIHT33 CTPYKTYp Ha acHoBe 7-
HiTpaObeH3adypasaHy 1 PO3HBIX aMiHay, SKisg JaJaTKOBA 3MSIIYAIONb PO3HBIS
GyHKUBISTHATBHBIS (parMeHThl, a Takcama IMPaBecill MepIanadyaTKoOBYIO alPHKY 1X
OisTariyHbpIX yJacIiBacisty 3 BeIKapbIicTaHHEM MeTanay in Silico i kimeTak apoxmkay i
OaKTIPBIN JJI pacparioyKi HOBBIX O1SaKThIYHBIX PAUbIBaY.

3aaHHi:

1. CunTa3aBaiib mpar NBD-BBITBOPHBIX aMiHaY, sIKiS 3MSIITYAIOIL (parMeHT -
CH2-Br 1/ abo nizacomaTpomnHbie TUnepa3znHaBae 3BsiHO 1/ abo riipad0OHbBIS PAIITKI
Tylr4aBai Kicnatel 1/ abo Bsagombia papmakadopHbis GparMeHThI;

2. TlpaBecii MaJeKyJIsIpHBbI JOKIHT 3JIyUsHHSY 3 HEKATOPBIMI CTPYKTypami
oskoy Mycobacterium tuberculosis i iHmbIMI Biami OaKTIphIH, yCiMi CTPYKTypaMi
OsTkOoy ApokmKay Saccharomyces cerevisiae, mambopkaii CTPyKTyp IMbITaxpomay
P450, karsncinay, ¢uaBiHaBbIX MOHAOKCITE€HAa3, a TakcaMa CTPYKTYpP MEHIIbUTiH-
3BSI3BAIOYBIX OSIKOY 1 -JIakTamas, allaHilb Pa3iKOBBIM MeTajaM IpaHiKaJbHACIh
MaJieKyJ1 rpa3 MeMOpany;

3. [IpaBecui mikpabisiariunae gacie/laBaHHe YIIbIBY aTPhIMAHBIX 37TyUIHHSY
Ha ¥3pocT Apokmpkay Saccharomyces cerevisiae i Yarrowia lipolytica, a Takcama
ymuisiBy NBD-BBITBOPHBIX NIEHINBUTIHAY Ha Y3pOCT rpaMaaiaTHbIX OakTapsiid Bacillus
Subtilis i rpamaamoyHbIx GakTapseIid Escherichia coli;

4. TlpaBecti TacT In Vitro Ha OismepatBapsnne NBD-PZ-Hex ¥ mpoxmkax
Yarrowia lipolytica, a Takcama macieaaBarip in Situ siro pa3mepkaBaHHE ¥ APOIKIKAX
Saccharomyces cerevisiae;

5. [JacnenmaBaup canmpBaTaxpoMHbli  3dekt 3myusHHsIY NBD-PZ-Hex,
NBDdeAcKTZ, NBD-EDA-Hex, NBD-PZ i nacineaaBaip ix pIakiblio Ha KICIyIO 1
[TY0JIaYHYIO Cepaiy;
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6. IlpaBecui antbiuHae ThiTpaBanHe 3myudHHSY NBD-PZ-Hex 1 NBD-
BBITBOPHBIX TCHINBUTIHAY 3 Oenkam chiBapatkl KpeiBi (BCA).

ATpbIMaHbIA BBIHIKI: Y AaJ3€Hal Mpallbl pacrpalaBaHbl METOABIKI 1 313€iCHEH
CIHT?3 HEKAaTOPBIX BHITBOPHBIX /-HITpaOeH3adypasaHy, SKisS 3MSIIYAONb PO3HBISA
byHkupisHanbHbIg  GparmMenTsl:  NBD-amminsutiny, NBD-aminaneniminanaBait
KiCTIaThl, 4-nitpa-7-(4-(2,3,4-TpeiMeToKciOeH31n)minepasin-1-im)oen3adypazana
(NBD-TMZ), NBD-minepasiny (NBD-PZ), 2-6powm-1-(4-(7-miTpabenzadypaszan-4-
un)minepasin-1-in) srtanona (NBD-PZ-BAB), 4-(4-(2-O6pombatin)minepa3in-1-in)-7-
HiTpoOeH3odypazana (NBD-PZ-EtBr), 1-(4-(7-nitpabensadypasan-4-in) )minepasin-
1-im)rexkcan-1-ona (NBD-PZ-Hex), N-{2-[(7-niTpa-2,1,3-0eH30KCcaabIA301-4-
1T)aMiHa |9 ThUT } TeKCaHaM1Ia (NBD-EDA-Hex), N-13a13ThII-KeTaKaHa301y
(deAcKTZ) i sro NBD-BeitBopHara NBDdeAcKTZ. AtpsiMaHHE mdpara MAITaBbIX
npajykTay mnarBepjpkaHa 3 jJamamorail mac-crektpametpsli, SAMP-cnexTpackarii,
cnektpadorameTpsll, cnekrpadiayapeiMerpeli 1 TCX. VYV xoa3ze paboTbl ObLIO
JaciefiaBaHa y3aeMaa3esTHHE HEKAaTOPBIX 3IMyYdHHSY 3 OBIYBIHBIM CBHIPOBATAYHBIM
anbOyMIHaM 1 alPHEHBI 1X calbBaTaXpOMHBI 3(EKT, a Takcama YIUIbIY KICJIOTHara i
I4ojavyHara acspoija3s Ha CHEKTpbl MNaryiblHAaHHA 1 (IyapaCcIdHIbI aOpaHbIX
snyudHHAY. [laguac mpainpl mpaBea3eHa MikpaOisjariyHae aaciie/JaBaHHE YIUIBIBY
aTpeIMaHBIX JTYUIHHIY Ha Y3pOCT JApak/pKIU Saccharomyces cerevisiae i Yarrowia
Lipolytica, a Takcama ¥yruiely NBD-BBITBOPHBIX TEHIIBUIIHAY Ha  Y3pOCT
rpamaanataeix OakTaIpeiid Bacillus Subtilis 1 rpamaamoyueix GakTapsiii Escherichia
coli. 3myusnni NBD-mparnpThuikeTakaHa30JI 1 JIPaIdTHUIKETaKaHA30JI 1HTiOITaBai
VY3pOCT IPAXKIKIN CynacTayHa 3 KAHTPOJIbHBIM PACTBOPAM KE€TAKOHA30Ja. Y BBIMAAKY
OpaXHKIKM Saccharomyces cerevisiae pacTBop AdandThUIsABaHAra KeTaKaHA30JIy ¥
3HayHa OoJbIlIail CTYNEH1 OYWIBIY Y3POCT APAXKIXKIN y mapayHaHHI 3 KaHTPOJIbHBIM
pacTBOpaM KeTakaHa3oiy. [Ipbl gacienaBanHi iHri01TaBaHHS Y3pOCTy rpaMaMOYHBIX
oaxTapeiii Escherichia coli axOwutocst yacTkoBae iHriOiTaBaHHE Y3POCTY Y JIYHIIBI 3
naganzeHsiM NBD-BoiTBOpHam ammiubutiHy. [Ipel mpaBsia3zeHHI MiKpaOisylaridyHbIX
nacienaBaHHsay 3 apoxokamu Yarrowia lipolytica 3myusnne NBD-PZ-Hex 3Benana
Helikae OisimepaTBapIHHE 3 yTBApIHHEM 00JIbllI riipadoOHara mpaaykry, siki matpadye
naneiiara aHamizy. Y BBIHIKY JaciieiaBaHHs N SitU  VHyTpBIKIeTKaBara
pasmepkaBanHss NBD-PZ-Hex y napaxmkax Saccharomyces cerevisiae nanseHae
3My4YdHHE OBLTO 3/I0JIbHA TIpaHiKalb YHYTP JApaXIDKaBbIX KiIeTak. Meragam
MaJeKyJsipHara JOKIHTa BbI3HAYaNICs MapaMeTphbl Yy3aemMaa3esHHA 3 HEKaTOPbIMI
cTpykTypami 0stikoy Mycobacterium tuberculosis i1 iHmbIMI Bigami OaKTIpBIN, yCiMi
CTpyKTypami OsUIKOY apaxkdii Saccharomyces cerevisiae, mambopkaii CTPYKTYp
upiTaxpomay P450, karanciHay, ¢uaBiHaBbIX MOHAOKCIT€HA3, a TaKcaMa CTPYKTYp
MIEeHIIBUTIH-3BSI3BAI0OYBIX OsJIKOY 1 B-aKkTamas.
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DHeprii CyBs3i 3 OsIKaMi-MIIIPHAMI 3HAXO31Iics ¥ Ablsna3zoHe an -13,9 na -6,5
KKaJI/MOJb. 3 JamaMoraid KaMITyTapHBIX pasfiikay JgaJaTkoBa Oblda aldHEHa
IpaHiKaJIbHACI 3TYYIHHAY mpa3 GocdaninigHyto MmemOpaHy. Y BBIHIKY aTpbIMaHBIS
3TY4YIHHS 370JbHBIA MpaHiKalk Ipa3 MeMOpaHsl, 3a BIKIIOU3HHEM NBD-BBITBOpPHBIX
neHipUIiHAY, riapadinpHbix ma cBaéil mpeipoase. CiHTI3aBaHbISA 3IIyUdHHS ¥ CBalM
CKIaa3e Melll (parMeHThI, SKis TMaasArdarollb MaHITOPBHIHT 1 aHali3 1 BaJIOAAIOIb
yrnacuiBacusMi MaNeKyJSpHBIX 30HAAY, a Takcama Maroub (dapmakadOpHBIS
¢dparmMeHTBl. ATpbIMaHbiss IN SiliCO man3eHbiss aJKpHIBAIONB IEPCIEKTHIBBI IS
JaNeHIbIX JaciielaBaHHsy IN  VILr0 man3eHbIX 3IYYSHHSY SK  TATIHIBIHHBIX
MOJICKYJISIPHBIX 30H/AaY 1 1HT101Tapay.
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GENERAL CHARACTERIZATION OF THE WORK

Master’s thesis: 134 pages, 123 figures, 21 tables, 110 references (including 2
author's publications).

Keywords: NBD-amines, fluorescence, piperazine, bioorthogonal electrophilic
fragments, lysosomotropic agents, B-lactam antibiotics, antifungal azoles, trimeta-
zidine, hydrophobic NBD derivatives, yeast, bacteria, aloumin, solvatochromism, mi-
croscopy, in silico analysis of membrane permeability, docking.

Obiject of research: NBD derivatives of amines containing various functional
substituents.

Research subject: synthesis and study of biological and physico-chemical prop-
erties of the obtained compounds.

Purpose of the work: to carry out the design and synthesis of structures based on
7-nitrobenzofurazan and various amines, additionally containing various functional
fragments, as well as to conduct a primary assessment of their biological properties
using in silico methods and yeast and bacteria cells to develop new bioactive sub-
stances.

Tasks:

1. Synthesize a series of NBD-derivatives of amines containing a -CH,-Br frag-
ment and/or either a lysosomotropic piperazine unit and/or hydrophobic fatty acid res-
idues and/or known pharmacophore fragments;

2. Carry out molecular docking of compounds with some protein structures of
Mycobacterium tuberculosis and other bacterial species, all protein structures of yeast
Saccharomyces cerevisiae, a selection of cytochrome P450 structures, cathepsins, fla-
vin-containing monooxygenases, as well as structures of penicillin-binding proteins
and B-lactamase, evaluate the permeability of molecules through the membrane by the
calculation method;

3. Conduct a microbiological study of the effect of the obtained compounds on
the growth of the yeast Saccharomyces cerevisiae and Yarrowia lipolytica, as well as
the effect of NBD-derivatives of penicillins on the growth of gram-positive bacteria
Bacillus Subtilis and gram-negative bacteria Escherichia coli;

4. Test for in vitro bioconversion of NBD-PZ-Hex in yeast Yarrowia lipolytica
and study its distribution in situ in yeast Saccharomyces cerevisiae;

5. Investigate the solvatochromic effect of the compounds NBD-PZ-Hex,
NBDdeAcKTZ, NBD-EDA-Hex, NBD-PZ and study their reaction to acidic and alka-
line media;

6. Conduct optical titration of NBD-PZ-Hex and NBD-derivatives of penicillins
with blood serum protein (BSA).

14



Results: in this work, methods have been developed and some 7-nitrobenzofura-
zan derivatives have been synthesized, additionally containing various functional frag-
ments: NBD-ampicillin, NBD-aminopenicillanic acid, 4-nitro-7-(4-(2,3, 4-trimethox-
ybenzyl)piperazin-1-yl)benzofurazan (NBD-TMZ), NBD-piperazine (NBD-PZ), 2-
bromo-1-(4-(7-nitrobenzofurazan-4-yl)piperazin-1-yl) ethanone (NBD-PZ-BAB), 4-
(4-(2-bromoethyl)piperazin-1-yl)-7-nitrobenzofurazan (NBD-PZ-EtBr), 1-(4-(7-nitro-
benzofurazan-4-yl )piperazin-1-yl)hexan-1-one (NBD-PZ-Hex), N-{2-[(7-nitro-2,1,3-
benzoxadiazol-4-yl)amino]ethyl}hexanamide (NBD -EDA-Hex), N-deacetyl-ketocon-
azole (deAcKTZ) and its NBD derivative NBDdeAcKTZ. The receipt of a number of
target products was confirmed by mass spectrometry, NMR spectroscopy, spectropho-
tometry, spectrofluorimetry and TLC. In the course of the work, the interaction of some
compounds with bovine serum albumin was studied and their solfatochromic effect
was evaluated, as well as the effect of acidic and alkaline media on the absorption and
fluorescence spectra of selected compounds. In the course of the work, a microbiolog-
ical study of the effect of the obtained compounds on the growth of the yeast Saccha-
romyces cerevisiae and Yarrowia Lipolytica, as well as the effect of NBD-derivatives
of penicillins on the growth of gram-positive bacteria Bacillus Subtilis and gram-neg-
ative bacteria Escherichia coli was carried out. The compounds NBD-deacetylketocon-
azole and deacetylketoconazole inhibited yeast growth comparable to the control solu-
tion of ketoconazole. In the case of the yeast Saccharomyces cerevisiae, the deacety-
lated ketoconazole solution inhibited yeast growth to a significantly greater extent than
the ketoconazole control solution. In a study of growth inhibition of gram-negative
bacteria Escherichia coli, partial growth inhibition occurred in the well with the added
NBD-derivative of ampicillin. When microbiologically tested with the yeast Yarrowia
lipolytica, the NBD-PZ-Hex compound underwent some biotransformation to form a
more hydrophobic product that requires further analysis. According to the results of an
in situ study of the intracellular distribution of NBD-PZ-Hex in the yeast Saccharomy-
ces cerevisiae, this compound was able to penetrate into yeast cells. The parameters of
interaction with some protein structures of Mycobacterium tuberculosis and other bac-
terial species, all protein structures of yeast Saccharomyces cerevisiae, a selection of
structures of cytochromes P450, cathepsins, flavin-containing monooxygenases, as
well as structures of penicillin-binding proteins and -lactamases were determined by
the molecular docking method. The binding energies to target proteins ranged from -
13.9 to -6.5 kcal/mol. By means of computer calculations, the permeability of the com-
pounds through the phospholipid membrane was additionally evaluated. As a result,
the compounds obtained are able to penetrate membranes, with the exception of NBD-
derivatives of penicillins, which are hydrophilic in nature. The synthesized compounds
contained fragments that facilitate monitoring and analysis, endowing them with the
properties of molecular probes, as well as pharmacophore fragments. The data obtained
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in silico open up prospects for further in vitro studies of these compounds as potential
molecular probes and inhibitors.
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