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Momusayus u yenv: Ha ceromusmHuii AeHb TyOepKyie3 sIBISETCS OJHON W3 TITaBHBIX
npobjeM B MHpe, TaK KaK yMeplio W MPOJOJDKaeT yMUpaTh JioAel oT TyOepkyiesa
oonbure, yem ot CIIM/la, mandpuu n npyrux GonesHel BMecTe B3AThIX. 10 maHHBIM
BcemupHnoii opranmsanum 3apaBooxpanenus (BO3), va 2020 r. Tybepkyne3om B MHpE
ObLIO HMHPHUIMPOBAHO OKOJO | MJpA denoBek, u3 KoTtopeix 70 miH ymepno [1].
HecmoTpss Ha TO 4tOo TyOepKynie3 H3JeuuM, IJIaBHAas yrpo3a COCTOMT B TOM, YTO
MHUKOOAKTepHH ObICTPO MPUOOPETAIOT YCTOHYMBOCTE K JIEKAPCTBEHHBIM Ipenaparam —
co ckopoctbto 0.5 SNPs Ha rerHom B rox [2, 3]. VcroiunBoCcTh MUKOOAKTEpHil K
pumpanununy (PU®D) B 2022 1. O6b11a BhIsiBIEHa Y O6oiee yem 450 Thic. TallMEHTOB, a Y
1.3MaH demoBek pasBwics TyOepkyne3, ycroiumBbli K wu3oHMazumy (MHID).
MexaHu3Mbl yCTOWYUMBOCTH K 3THM IIpEraparaM y>Ke€ XOPOILIO M3BECTHBI, HA JTAHHBIN
MOMEHT COCTaBJICH KaTaJor MyTalluid M UX CBSI3U C (DEHOTHUIMHMYECKOH JIeKapCTBEHHON
YCTOWYHBOCTBIO, YTO OOJIerdaeT pa3pabOTKy JeKapcTBeHHBIX cpenctB [4]. Omnako
npobjeMa 0 KOHIa He pellieHa, U YCTOHYMBOCTh BO3HUKAET KO BCEM HOSBIISIOLIMMCS
npenapataM. Llenpio Hamieil paGoOTBI sBISETCS TPOBEICHUWE CKPUHUHTA CTPYKTYPHO
ONMM3KNX COENMHEHUH YK€ W3YYCHHBIX paHee COCOUHEHHWH C MOITBEPKICHHOMN
AKTHBHOCTBIO 1 iN SiliCO n3ydenue ux B3anumoaeicTust ¢ psiqom oenkos M. tuberculosis.
Memoovt u  aneopummer. B xadecTBE OCHOBBI Ui pa3pabOTKM  HOBBIX
MPOTHBOTYOEPKYJIE3HbIX COCJAMHEHWH MBI B3SUIM DSAJl COSAWHEHHH C W3BECTHOU
MPOTUBOTYOEPKYIE3HOM akTUBHOCTBIO M MeToaoM Scaffold Replacement B mporpamme
MOE co3ganu OHOIMOTEKH XUMHUYECKHUX COCIMHEHHHA C MOCIEAYIONIAM JTOKHHIOM K
cemu Genkam M. tuberculosis: 6-hydroxymethyl-7,8-dihydropteroate synthase (leye
[5]), isocitrate lyase (1f8i, 1f61 [6]), Alkylperoxidase (1gu9, 1llwl [7, 8]), Type Il
Dehydroquinase (1hOr [9]), 3-dehydroquinate dehydratase (1hOs, 1h05 [10, 11]),
diaminopimelate dicarboxylase (1hkv [12]), Acyl Carrier Protein (1klp [13]).

Pesynomamer: Haiineno, uro coemunenune 1-(1,4-murunpokcu-1H-6enzo[d]umumazon-
2-un)-5-(munepuaun- 1-wi) nupumuans-2,4(1H,3H)-1uoH, BO3MOXKHO, B3aUMOIEHCTBY-
et ¢ 6emkom 6-hydroxymethyl-7,8-dihydropteroate synthase (leye) (ta6a. 1). Kpome
TOTO0, B POTOHUPOBAHHOM 110 aTOMY a30Ta B MOJIOKEHUU 1 MMUIAa30I6HOTO (hparMeHTa
(bopMe TaHHOE COeTMHEHHE MOYKET B3aUMOIEHCTBOBATH ¢ OeskoMm isocitrate lyase (1f8l)
u 3-dehydroquinate dehydratase (1h0s). Bo3amoxxHbIit caidiT cBsi3bIBaHus 6-hydroxyme-
thyl-7,8-dihydropteroate synthase (1eye) Bkmrouaer ocratku: Arg 253, Gly 50, Gly 22,
Val 107, His 255, Asp 86, Asp 21, Phe 182, Ser 20, Gly 209, Leu 207, Lys 213, Asn 105,
Asp 177, Met 130, Asn 13, Val 11, Ser 211, Val 128, Leu 180, Thr 15, Asp 17 u takxe
o0J1a1aeT JIy4IuM pe3yibTaToM 1o adhuHHOCTH cBsi3biBanus (—8.0 kkay/mMoinb) (puc. 1).
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Taoauua 1. CoeanHeHNUs, TOKa3aBIINE HAMITYUIIYIO ahHHHOCTD B 3KCIIEPUMEHTE 110 JOKHUHTY K
6enkam M. tuberculosis
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Puc. 6. [loreHunanbHbIH CaliT CBSI3bIBAHUS HAJICHHOTO coeiHeHMs B Oenke 6-hydroxymethyl-
7,8-dihydropteroate synthase (leye) Bkmrouaer octatku Arg 253, Gly 50, Gly 22, Val 107,
His 255, Asp 86, Asp 21, Phe 182, Ser 20, Gly 209, Leu 207, Lys 213, Asn 105, Asp 177, Met 130,
Asn 13, Val 11, Ser 211, Val 128, Leu 180, Thr 15, Asp 17

Bui6oovi: MertogaMu MOJEKYJISIPHOTO MOAEIMPOBAHUS HAWIEHO TPU NMOTEHLHUAIBHO
aKTUBHBIX XMMUYECKUX COCTUHECHUS C TIPOTHBOTYOSPKYIIC3HON aKTUBHOCTHIO.
Qunuancuposanue: VccneaoBaHue NOANEP)KAHO TPAHTOM PoccHIICKOro Hay4HOro
¢orma Ne 23-14-00106 «HoBoe mokoneHHe OWOLUMAOB C MIMPOKHM CIHEKTPOM
OHOJIOrHYECKOTO IEHUCTBULY.
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Motivation and Aim: Today, tuberculosis is one of the main problems in the world, since
more people have died and continue to die from tuberculosis than from AIDS, malaria
and other diseases combined. According to the World Health Organization (WHO), in
2020, about 1 billion people were infected with tuberculosis in the world, 70 million of
whom died [1]. Although tuberculosis is curable and the main threat is that mycobacteria
are rapidly acquiring drug resistance at a rate of 0.5 SNPs per genome per year [2, 3].
Mycobacterial resistance to rimphapicin (RIF) was detected in more than 450 thousand
patients in 2022, and 1.3 million people developed isoniazid-resistant tuberculosis (INR).
The mechanisms of resistance to these drugs are already well known; a catalog of
mutations and their relationship with phenotypic drug resistance has now been compiled,
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which facilitates the development of drugs [4]. However, the problem has not been
completely solved, and resistance occurs to all emerging drugs. The purpose of this work
is to screen structurally similar compounds of previously studied compounds with
confirmed activity and in silico study of their interaction with a number of
M. tuberculosis proteins.

Table 1. Compounds that showed the best affinity in the docking experiment for
M. tuberculosis proteins
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Methods and Algorithms: As a basis for the development of new anti-tuberculosis
compounds, we took a number of compounds with known anti-tuberculosis activity and
created libraries of chemical compounds using the Scaffold Replacement method in the
MOE program, followed by docking to seven M. tuberculosis proteins (6-hydroxy-
methyl-7,8-dihydropteroate synthase (1leye [5]), isocitrate lyase (1f8i, 1f61 [6]), Alkyl-
peroxidase(1gu9, 1lwl [7], [8]), Type Il Dehydroguinase (1hOr [9]), 3-dehydroquinate
dehydratase (1h0s, 1h05 [10], [11]), diaminopimelate dicarboxylase (1hkv [12]), Acyl
Carrier Protein (1klp [13]).

Fig. 1. Potential binding site of the found compound in the protein 6-hydroxymethyl-7,8-
dihydropteroate synthase (leye) includes residues Arg 253, Gly 50, Gly 22, Val 107, His 255,
Asp 86, Asp 21, Phe 182, Ser 20, Gly 209, Leu 207, Lys 213, Asn 105, Asp 177, Met 130, Asn
13, Val 11, Ser 211, Val 128, Leu 180, Thr 15, Asp 17

Results: It was found that the compound 1-(1,4-dihydroxy-1H-benzo[d]imidazol-2-yl)-
5-(piperidin-1-yl)pyrimidin-2,4(1H,3H)-dione may interacts with the 6-hydroxymethyl-
7,8-dihydropteroate synthase (1eye) protein (Table 1). In addition, in the form protonat-
ed at the nitrogen atom in position 1 of the imidazole fragment, this compound can inter-
act with the protein isocitrate lyase (1f81) and 3-dehydroquinate dehydratase (1h0s).
Possible binding site for 6-hydroxymethyl-7,8-dihydropteroate synthase (1eye) includes
residues: Arg 253, Gly 50, Gly 22, Val 107, His 255, Asp 86, Asp 21, Phe 182, Ser 20,
Gly 209, Leu 207, Lys 213, Asn 105, Asp 177, Met 130, Asn 13, Val 11, Ser 211,
Val 128, Leu 180, Thr 15, Asp 17 and also has the best binding affinity (8.0 kcal/mol)
(Fig. 1).

Conclusions: Using molecular modeling methods, three potentially active chemical
compounds with anti-tuberculosis activity were found.

Funding: The study was supported by the Russian Science Foundation grant No. 23-14-
00106 “New generation of biocides with a wide spectrum of biological action”.
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