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Momusayua u yenv. Tpanc-komupyemble Manble perymaropaeie PHK (mpPHK)
SBJISIIOTCS  TIOCTTPAHCKPHUIIIUOHHBIME PETYJISITOpAaMH  TPAHCISIIAK, YTO TIO3BOJISIET
OakTepHAMHU OblCMPO  A0ANMUPOBAMbCA K UBMEHEHUAM OKpydcaroujell cpeovl u
6o30eiicmausam pazauunsix cmpeccos [1, 2].

Bbakrepus Mycobacterium tuberculosis siBnsetcs Bo30ymuTenem TyOepKyie3a deoBeka
Y BXOJIUT B JIECATKY HanOoJee BayKHBIX IPUYMH CMEPTHOCTH BO BceM Mupe. C MoMOIIbI0
ounonHpopmaruueckoro anamusza B renome M. tuberculosis BeisiBIEHO OKOIIO
2000 yuactkoB JIHK, koTopbie MOTYT KOAMPOBATh Maibie HeTpaHcaupyembie PHK [3].
OpHako BO3MOXKHOE yuacTtue HeTpanciupyembix PHK B peryssinyu skcnipeccuu reHOB
1 pasButiu cranuit uapexmu M. tuberculosis uccnenoBanbl ¢1a60, U QYHKIIHOHATEHO
oxapaktepu3oBaHbl Toabk0 8 MpPHK.

BzanmoneiictButo mexny MpPHK u ux MumieHs MM 4acTo CIOCOOCTBYIOT OENKOBBIC
PHK-maneponsr. B M. tuberculosis e obHapy)keHBI KIacCHUECKHE OaKTepHalbHbIC
PHK-maneporst Hfq wu ProQ. Ilperemnenrom Ha ponp PHK-maneponos B
M. tuberculosis MoryT ciyxuth Genku ¢ JoMeHoM xonogosoro moka Csp (Cold shock
protein), KOTOpPBIE BBITIOIHSIOT IUPOKUHN CHEKTP OMOIOrHYecKuX (QYHKIUH B KIIETKaX
Pa3IMYHbBIX OpraHu3MoB [4—6].

B namreit pabote Oblia mocTapieHa 1eNb CO3/1aTh MO B3auMoeiicTBusa 6enka CspA
u3 M. tuberculosis (mamee MtbCspA) ¢ mpPHK meTomamMu MOJIEKYISIPHOTO JOKHHTA U
MOJIEKYJIIPHON JUHAMUKHU.

Memoout u ancopummer: Jljis npejickasanus CTpyktypbl 6esika MtbCSpA ucnosb3oBaiu
aMUHOKHUCIIOTHYI0 TmocienoBarenbHocTh U3 0a3pl UNIPROT. [lomck romomnoros
npoBomwics mpu momort metoga BLAST. IlpoctpancTBeHHast CTpykTypa Oenka
MtbCspA mnpomosenupoBana ¢ momoripio mporpammbl  AlphaFolf2. Tlomy4yennas
Mozenis MtbCspA nozaBepraiack cTabUIN3aUK ¢ TIOMOIIBI MOJEKYIISIPHOM AMHAMHUKA
B GROMACS c¢ cunoseim 11ojieM CHARMM B codeTaHuu ¢ SIBHOH MOJEJIBIO BOJIBI
TIP3P B 0.1 M pactBope NaCl mpu temmeparype 300 K. JiinHa TpaeKTOpHUH COCTaBUIIA
300 He.

s popmuposanus Moaenen kommiekcoB MtbCspA ¢ PHK Oblu B3STBI KaKk KOPOTKHE
nocnenoBarenbHocT ogHouenodeyHoi PHK, Tak M HECKOJIBKO IIMUAJIEYHBIX CTPYKTYD
MpPHK. Bropuunas crpykrypa uccnenyemoix MpPHK Oblita paccuntana nporpaMmmamMu
RNAfold u MXfold2. TIIpocrpanctBenHast cTpykTypa mimwiednbix PHK  Obuia
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npomopenupoBana B nporpamme VFoldLA. Crpykrypsr PHK-0enkoBBIX KOMIUIEKCOB
OBLIN MOJTyYeHBI MAaKPOMOJIEKYISIPHBIM JOKUHTOM B iporpamme HDOCK.
Pesynomamur. TIpoananusupoBaH psia KoMmiuiekcoB Mexay MtbCSpA u dparmenramu
PHK mmunoi#t ot 12 no 20 pubonykieotnnoB. Hamu nneHTHGUIPOBAHEI ABE 00IaCTH
cesazpiBanusl uccnenyembix PHK. TlepBwlii callT mpencraBisier co0oi  obnacTb
AMHHOKHCIIOTHBIX ocTatkoB T1rp8, Phe28, Arg57-Gly58-Pro59 u coortBerctByer
o0meMy MOTHBY AJIsl ceMeiicTBa OENTKOB XOJIOOBOTO IIOKA, pPaHee OMHUCAHHOMY IS
oenkoB rpymmsl CSP u3 Bacillus subtilis u Escherichia coli. Bropoii yuacTok, B o6mactu
nerens Oenka B3-f4 u P4-B5, panee He ObLT ommcaH M WACHTH(GUIUPOBAH HaMU
BrepBbie. Onnorenoueunsie PHK cBssbBamics ¢ moBepxHOCTRIO Oenka MtbCspA kak
C TEPBBIM YYacTKOM, TaK M CO BTOPBIM, NMPHYEM OBUIM CTAOMJIBHBI HA MPOTSKEHUH
tpackTopur MD 300 ue. lInuneunsie PHK nMeroT npeumyniecTBeHHOE CPOJCTBO KO
BTOpPO# 00NacTH, OJHAKO, TaKWe KOMIUIEKCHI MEHee CTAOWJIBHBI MO0 CPaBHEHHIO C
komruiekcamu oifPHK-MtbCspA.

Bwisoowvr: Ha nosepxnoctu 6enka CspA u3 M. tuberculosis unentuduimpoBans! ase
mpenoiaraeMbie 001acTh CBsi3bIBaHUs ofHouenodeunbix PHK u mmuneunsix PHK,
Mpr4YeM BTOpasi 00J1acTh B3aMMOACHCTBUS HaMU OblJIa HASHTH(DUIIMPOBaHA BIEpPBEIE.
Qunancuposanue. VccnenoBanue BBIONHEHO Npu ¢$uHaHCOBOW moaaepxke PHO B
pamkax HayuHoro mpoekrta Ne 24-24-00071.
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Motivation and Aim: Transcoded small regulatory RNAs (sRNAs) are post-
transcriptional translational regulators that allow bacteria to adapt rapidly to
environmental changes and various stresses [1, 2]. Mycobacterium tuberculosis is the
causative agent of human tuberculosis and ranks among the top ten leading causes of
mortality worldwide. Through bioinformatics analysis, approximately 2000 DNA loci
have been identified in the M. tuberculosis genome that have the potential to encode
small non-coding RNAs [3]. However, the potential involvement of non-coding RNAs
in regulating gene expression and the developmental M. tuberculosis infection has been
poorly investigated, and only 8 SRNAs have been functionally characterized.

The interaction between SRNAs and their targets is often facilitated by proteins called
RNA chaperones. Notably, the classical RNA chaperones Hfg and ProQ have not been
identified in M. tuberculosis. Potential candidates for RNA chaperone in M. tuberculosis
could be proteins containing the Cold Shock Protein (Csp) domain, which perform a
wide range of biological functions in cells of various organisms [4—6]. Our work aimed
to create a model of the interaction of the protein CspA from M. tuberculosis (hereinafter
MtbCspA) with SRNA using molecular docking and molecular dynamics methods.
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Methods and Algorithms: To predict the structure of the MtbCspA protein, the amino
acid sequence from the UNIPROT database was used. The search for homologs was
carried out using the BLAST method. The 3D structure of the MtbCspA protein was
modeled using the AlphaFolf2 program. The resulting MtbCspA model was subjected to
molecular dynamics (MD) stabilization in GROMACS with the CHARMM force field
coupled with an explicit TIP3P water model in 0.1 M NaCl solution at 300 K. The
trajectory length was 300 ns.

To model the MtbCspA complexes with RNA, both short sequences of single-stranded
RNA and several hairpin structures of SRNA were taken. The secondary structure of the
studied sSRNAs was calculated using the RNAfold and MXfold2 programs. The spatial
structure of hairpin RNAs was modeled using the VVfoldLA program. The structures of
RNA-protein complexes were obtained by macromolecular docking using the HDOCK
program.

Results: A number of complexes between MtbhCspA and RNA fragments from 12 to
20 ribonucleotides in length were analyzed. We have identified two RNA-binding sites
on the protein. The first site is a region of amino acid residues Trp8, Phe28, Arg57-
Gly58-Pro59 and corresponds to a common motif for the cold shock protein family
previously described for CSP proteins from Bacillus subtilis and Escherichia coli. The
second site, including protein loops 3-p4 and 4-B5, has not been previously described
and was identified by us for the first time. Single-stranded RNAs bound to the surface
of the MtbCspA protein both in the first and the second RNA-binding sites, and were
stable throughout the MD trajectory of 300 ns. Hairpin RNAs have a preferential affinity
for the second RNA-binding site; however, such complexes are less stable compared to
SSRNA-MthCspA complexes.

Conclusions: We identified two putative RNA-binding sites on the surface of the CspA
protein from M. tuberculosis, with the second RNA binding site being described for the
first time.

Both MtbhCspA RNA-binding sites had an affinity for both single-stranded RNA and
hairpin RNA.
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