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Momusayus u yenw: Paznuuus Mex 1y MUKpOOMOMaMHy KIIMHUYECKH 300POBBIX JIFOJCH U
Jozel, ¢ mpobiieMaMy 3A0POBbsI, MOTYT CIIY)KUTh KaK JHArHOCTUYECKUM MPHU3HAKOM,
TaK ¥ HEIbI0 I TIoCIIeAyolel Tepanu. B cBeTe HeyTeHuTeIbHOW CTATHCTUKU POCTA
CiIydyaeB HEMH(EKIHOHHBIX XPOHMYECKHX 3a00JIeBaHUN, BO3MOKHOCTh KOPPEKLHMH
MHUKpoOHOMa mproOpeTaeT HOBbIE CMBICHBL. [IpH 3TOM MEpCHEeKTHBHI MPAKTHYECKOTO
MPUMEHEHUS TPAAUIUOHHBIX MPe- U MPOOUOTHUKOB OCTAIOTCS Pa3MBITEIMH. Ha cMeny um
JOJDKHO MPUHTH HOBOE MOKOJICHHE CTaHJApTH3MPOBAHHBIX IIPENapaToB, HALEIEHHBIX
Ha KOPPEKLHIO KOHKPETHBIX HO30JIOTH.

Lens — pa3paboTka MPUHIMIAAIEHO HOBBIX MMOAXOAOB W AITOPHTMOB HCCIICAOBAHUS
MEPCHEKTUBHBIX IITAMMOB-()apMaOUOTHUKOB, MTO3BOJISIOIIMX BBIABUTH MOJICKYJISIPHBIC
(hakTOpHI 1 MEXaHU3MBI, 00eCTIeUnBaIOIINe UX KIMHUIECKYIO d(PEKTHBHOCTS.
Memoowvt u ancopummwur: JIns  uccnenoBaHHsS, B KaueCTBE IMEPCIEKTHBHOTO
¢dapmabuotuka, ObuT BbIOpaH mramMm Levilactobacillus brevis 47f, nposBusImii
HauOOJBIIYI0 CpPelr POACTBEHHBIX LITAMMOB aJalTOTCHHYI) M aHTUOKCHUIAHTHYIO
AKTHBHOCTH B MOJIEJISX IN VItro (mpu moMoIiy OHOJFOMHHECHEHTHBIX TECTOB) H iN ViVO
(Ha MOAETSIX MHIYIMPOBAHHOT'O MYKO3HUTa Y MbIIIEH, CTpecca, BBI3BAHHOTO Y MBIIIEH 1
HH3KO0I030BOT0 BO3IEUCTBHS KCEHOOMOTHKOB y pi0 Danio rerio) [1-4].

Jlist BBIsIBIICHHS JIeHCTBYoIIero Havana L. brevis 47f npumensutice kak TpauiiiOHHbIC
OMOJIOTHYECKUE MOJIEId M CPaBHUTEIbHBI TCHOMHBIM aHajdW3, TaK M OMHKCHBIC
MOJIXO/IbI: TPOTEOMHBIE, TPAHCKPUIITOMHBIE 1 META00JIOMHBIE METO/IBI.

B wuccnenmoBaHuu OBIIM HMCIOJIB30BaHbl PE3YyJbTAaThl CPABHUTEIBHOTO T'€HOMHOIO
ananm3a L. brevis 47f (WGS PRINA280953 B 6a3e GenBank) 1 poJICTBEHHBIX IITAMMOB
n3 0a3pl NCBI, a Ttakke Karajior T'€HOB, CHOCOOHBIX BJIHATH Ha MPOSBICHHE
AQHTHOKCHUJIAHTHOM akTHBHOCTH [5, https://github.com/Alexey-Kovtun/Catalog].
Totanenyro PHK a1 TpaHCKpUNTOMHOIO aHANK3a BBIIEISUIM Ha aBTOMAaTU3UPOBAHHOM
cranmun King Fisher ¢ momompio MagMax™ mirVana™. T'otoBele OHOIMOTEKH
cexkBeHupoBanu Ha npubope Illumina HiSeq 2500. [Ins cocraBneHus KapTbl
CUATBIBAHUM M OLEHKH KOJIMYECTBA TPAHCKPUITOB HCIIONB30BAIOCH MPOrPaMMHOE
obecrieuenne Kallisto Bepcun 0.46.0. JInddepeHnmanbHblii  aHAIW3 AKCIPECCHH
poBo v ¢ ToMmortkio edgeR maker v3.26.8 nHTErprpoBaH B BeO-uHCTpYMEHT Degust
v4.1.1.
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XpoMaTo-Macc-CIIEKTPOMETPUUECKUI aHaIn3 BHYTPUKIETOYHBIX OENKOB MPOBOAMIH
MpY TOMOIIM o0patieHHo-(pa3zHoi xpoMaTorpaduu Ha npudope Ultimate 3000 Nano LC
System (Thermo Fisher Scientific), coemuHenabM ¢ Macc-criektpomerpoM QQ Exactive
Plus Orbitrap mass spectrometer (Thermo Fisher Scientific) mocpeacTBom
HaHoanekTpoctperiHoro ucrounnka (Thermo Fisher Scientific). [lony4eHnHsie nanHbie
aHaJTM3UPOBAIH TpH TToMoIIH mporpamMmsel Peaks studio 10.0 (Bioinformatics Solutions
Inc.). Unentudukanuio OETKOB MPOBOIWIN TOCPEACTBOM KOPPEISIHNH TAaHIEMHBIX
Macc-CIIeKTPOB ¢ 0a30i JaHHBIX OEJKOBBIX TOCeaoBaTenbHocTel n3 6a3sl Uniprot.
Jleryune MeTabOMUTHI KYJIbTYPAIbHON KHUIKOCTH aHaIM3upoBanu Ha npubdope ' X/MC
Shimadzu QP2010 Ultra ¢ mapoda3asiM skcTpakTopoM Shimadzu HS-20, xomoHKOM
VF-WAX MS. [lna obpabotku xpomarorpammbel ucmons3oBanu [I0 Shimadzu
LabSolutions u 6ubmuorekn macc-criektpoB NIST14 ¢ makerom AMDIS, kotopsiit
00Hapy>KUBAET COCIMHEHHS Ha XpPOMaTOIpaMMe U IT0Jy4aeT OUNILEHHbBIE MAaCC-CIIEKTPEI
IUIS KQXKJIOTO COEANHECHHS.

B  KkauecTBe  [OMOJNHUTENBHBIX  METOAOB  NPOBOAMIM  Telb-3JIEKTpodopes
BHYTPUKIIETOUYHBIX O€IKOB M OCIKOB KyJIbTYPalIbHOW JKHUAKOCTH C  Macc-
CHEKTPOMETPUUECKUM HCCIICIOBAHUEM XapaKTEPHBIX OCIKOBBIX (paKIHi.

JlaHHBIE TPOTEOMHOTO, TPAHCKPUITOMHOTO W MeTabOJIOMHOTO aHaiu3a ObLIH
MPOaHaIM3UPOBAHBI IPU TIOMOIIH Pa3padOTaHHBIX OMOMH(POPMATHIECKUX AITOPUTMOB
C HCIOJIb30BaHMEM S3blKa mporpammupoBanus Python u mammaHOrOo 00yueHHS.
[lonmy4yeHHBIE pPE3yNBTaTbl COMNOCTABISUINCH C JAHHBIMHA CTaHOAPTHBIX (U3UKO-
XMUMUYECKUX METO/IOB.

Pesynomamei: CpaBHUTENbHBIA TE€HOMHBIA aHAJIW3 IO3BOJNMI BBIIBUTH pAI HE
xapaktepubix it Levilactobacillus brevis renoB, mpomyKThl KOTOPBIX CIHOCOOHBI
BJIMATH Ha MPOSBIIsSIEMbIE B OMOJIOTMYECKMX MOJIENISIX CBOMCTBa mTamMma. Hampumep,
rIyTapeoKCUH-oAo0HbIH  Oenmok  NrdH, rnyratnon penykraza/HAl(D)/DAI-
3aBUCHMas OKcupopenykrasza, Dyp-type mnepokcumaza u  ap. TpaHckpunthl
COOTBETCTBYIOIIMX TEHOB, a Takke Oelkd OblTM OOHApYXKEHB B pe3yjbTaTax
TPAHCKPHUIITOMHOTO M MPOTEOMHOTO aHaju3a CcoOTBeTCTBeHHO. CormocTaBieHue
pe3yiIbTAaTOB, IOJYYEHHBIX MPH MOMOIIM OMHKCHBIX TEXHOJOTMH U (usnko-
XMMUYECKUX METOJOB aHallM3a, IO03BOJISIET CHAENIaTh MPENNOI0KEHUS O BO3MOXKHBIX
MeXaHU3Max ¥ MeTaboNHWTaX, BOBICUEHHBIX B OCYIIECTBICHHE HaOJII0JaeMOi
AQHTHOKCHJIAHTHOW aKTUBHOCTH. B 4acTHOCTH, HEKOTOpHIE BbISBICHHbIE OC€JIKH U
METa0OJIUTBl ~ MOTYT  IpPOSIBJIATE HE  TOJBKO  AaHTUOKCHAAHTHYIO, HO U
WMMYHOMOJYJIMPYIOUIYI0 ~ aKTHBHOCTb, CIY)XUTh CHUTHAIBHBIMH  MOJICKYJIAMH,
obecrieunBaOIIMMK  B3auMojeiicTBue L. brevis ¢ apyrumm OakrepuaibHBIMH U
9YKapHUOTHYECKUMH KIICTKAMH.

Buigoowi: Mcnionb3oBaHne KOMIIJIEKCA OMHKCHBIX TEXHOJOTHH IJIsl XapaKTEPUCTHKH
MEPCHIEKTHBHBIX IITAMMOB, MOXET SIBIATHCS TEPCIEKTUBHBIM HANpPaBICHUEM IS
oOHapy>KeHHs OMOJIOTMYECKN-aKTUBHBIX BEILIECTB U MEXaHU3MOB UX JeicTBus. B cBoO
ouepesib, MHOT'HE aCIIeKThI ITIOA00HBIX UcCIeJ0BaHUM TpeOyIoT 1opadoTKu. B vacTHOCTH
— METOJWKHM CTaHAAPTH3alMM M COIMOCTAaBJICHHS] PE3yJbTaTOB, TONYYEHHBIX MPH
MOMOIIY Pa3INYHBIX OMUKCHBIX TEXHOJIOTHH.

Qunancuposanue’ ViccnenoBanne nmoanepxano Poccuiickum HaydabM doroM (['panT
Ne 23-16-00123).
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Motivation and Aim: Differences between the microbiomes of clinically healthy people
and people with health problems can serve as both a diagnostic sign and a goal for
subsequent therapy. In light of the disappointing statistics on the increase in cases of
non-communicable chronic diseases, the possibility of microbiome correction takes on
new meanings. At the same time, the prospects for the practical application of traditional
pre- and probiotics remain blurred. They should be replaced by a new generation of
standardized drugs aimed at correcting specific nosologies.

Methods and Algorithms: For the study, the Levilactobacillus brevis 47f strain was taken
as a promising pharmacobiotic, which showed the greatest adaptogenic and antioxidant
activity among related strains in in vitro models (using bioluminescent tests) and in vivo
(on models of stress in mice and low-dose exposure to xenobiotics in Danio rerio
fish) [1-4].

To identify the active principle of L. brevis 47f used both traditional biological models
and genomic analysis, as well as omics approaches: proteomic, transcriptomic and
metabolomic methods.

The study used the results of comparative genomic analysis of L. brevis 47f (WGS
PRJINA280953 in the GenBank database) and related strains from the NCBI database,
as well as a catalog of genes capable of influencing the manifestation of antioxidant
activity [5, https://github.com/Alexey-Kovtun/Catalog].

Total RNA for transcriptomic analysis was isolated at the automated KingFisher station
using MagMax mirVana. The finished libraries were sequenced on the lllumina HiSeq
2500 device. To compile a reading map and estimate the number of transcripts, Kallisto
software version 0.46.0 was used. Differential expression analysis was performed using
edgeR package v3.26.8 integrated into the Degust v4.1.1 web tool.

Intracellular proteins was performed using reverse-phase chromatography on the
Ultimate 3000 Nano LC System (Thermo Fisher Scientific) device connected to the
Q Exact Plus Orbitrap mass spectrometer (Thermo Fisher Scientific) by means of a
nanoelectrospray source (Thermo Fisher Scientific). The obtained data were analyzed
using the program Peak studio 10.0 (BioinformaticsSolutions Inc.). Protein identification
was performed by correlating tandem mass spectra with a database of protein sequences
from the Uniprot database.

Volatile metabolites of the culture fluid were analyzed on a GC device/MS Shimadzu
QP2010 Ultra with steam phase extractor Shimadzu HS-20, column VF-WAX MS. To
process the chromatogram, Shimadzu LabSolutions software and the NIST14 mass
spectrum library with the AMDIS package were used, which detects compounds on the
chromatogram and receives purified mass spectra for each compound.
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Gel electrophoresis of intracellular proteins and proteins of culture fluid with mass
spectrometric examination of characteristic bands was performed as additional methods.
The data of proteomic, transcriptomic and metabolomic analysis were analyzed using
the developed bioformatic algorithms using the Python programming language and
machine learning. The obtained results were compared with the data of standard physico-
chemical methods.

Results: Comparative genomic analysis revealed a number of genes uncharacteristic for
Levilactobacillus brevis, the products of which are able to influence the properties of the
strain manifested in biological models. For example, glutaredoxin-like protein NrdH,
glutathione reductase/NAD(F)/FAD-dependent oxidoreductase, Dyp-type peroxidase,
etc. Transcripts of the corresponding genes, as well as proteins, were found in the results
of transcriptomic and proteomic analysis, respectively. A comparison of the results
obtained using omics technologies and physico-chemical analysis methods allows us to
make assumptions about possible mechanisms and metabolites involved in the
implementation of the observed antioxidant activity. In particular, some of the identified
proteins and metabolites can exhibit not only antioxidant, but also immunomodulatory
activity, serve as signaling molecules that ensure the interaction of L. brevis with other
bacterial and eukaryotic cells.

Conclusion: The use of a complex of office technologies to characterize promising
strains, search for biologically active substances and the mechanisms of their action may
be a promising direction. In turn, many aspects of such studies require improvement. In
particular, the methods of standardization and comparison of the results obtained with
the help of omics technologies.

Funding: The study is supported by Russian Science Foundation (No. 23-16-00123).
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