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Pa3paboTka maTemMaTHyecKOil MOJENH, OMMCHIBAIOLICH MUHAMHKY W3MEHEHUW BHYTPH- U
BHEKJIETOYHBIX METAa0OIHMTOB KIETKHA B OTBET HA T€HETHUYECKYI0 MOAU(DHUKAIMIO W/WIH U3MCHEHHE
yCIIOBUSL BHEIIHEW Cpenbl, SIBISETCS CYIIECTBEHHBIM JTaloM B Ipollecce WHXUHUPUHTA
MEeTa0OIMYECKHUX IMyTeH — COBPEMEHHOH, OYpHO pa3BUBAIOIICICS OTPACIHM KIECTOYHOW OHMOJIOTHH,
HampaBJICHHOM Ha TOWUCK M ONTUMHU3ALMUIO IMyTel HapaOOTKH IeJIeBbIX OHMOTEXHOJOTHYECKHX
MPOIYKTOB B JKUBBIX CHCTEMax WM TEOPETUYECKOTO ONpenesieHus (yHKIIMOHAIBHBIX
B3aUMOCBSI3¢i TeHOTHUII—(EHOTHUII Ha YPOBHE Bcero opranusma. Takas mozens mo3Bossier in silico
mpelacka3aTh TeHeTHYeCKMe Moaudukanuu (HOKayT TreHa, MoAuduKamus MTpoMOTOpa),
HEO0OXOUMBIE Ul YBEIMYEHUS CKOPOCTH POCTa KYJbTYpbl KJIETOK, BBIXOJIA IEJIEBOIO MPOAYKTa
IpPU POCTE KYJIbTYPHl KJIETOK B ONTHUMAIBHBIX YCIOBHSX H B 3aBUCUMOCTH OT Pa3IUYHBIX
cyoctpatoB [1, 2]. B 93ToM HampaBJeHHMH pPa3BHTHS CHCTEMHOW OWOJIOTHH  CO3/IaHHE
Metabonnueckux ceredi Ha ocHoBe Iieiaoro reHoma (GENRE, GEnome-scale Network
REconstruction) sBnsercs Haubosiee mnepcnekTuBHbIM. PexkoncTpykumsit GENRE mo3Bossier
00BeTMHUTH B ce0€ OMHUKCHBIE JJaHHBIE O METabOJM3Me, OCHOBHIBASICH HA BO3MOYKHOCTH CBSI3aTh
nH(pOpMALIMI0O O 1EJOM TEeHOME M TEeHHOM OKCIPEeCCHU C MpelICKa3aHUs MU MOJENIU IO
paclpeneiecHui0 TTOTOKOB HJIM CKOPOCTEW pEeaKIHid, COCTABJISIONIMX METa0OJIMYECKUue IyTH, O
OoroMacce U PHEPreTUYECKUX 3aTpaTax, CleHu(UYHBIX JUIS KaXI0ro HM3ydyaeMoro opranHusma [3].
Ha panHbIii MOMEHT YK€ CO3JaHbl M OIyOJMKOBAaHbI MaTeMaTHYECKHE MOJIeNu MeTaboau3ma
MoenbHBIX opranusmoBs: E. coli, B. subtilis, C. elegans, D. rerio, D. melanogaster, M. musculus,
R. norvegicus, koTopbie ObUTH PEKOHCTPYHPOBAHBI HA OCHOBE TIOJTHOT'€HOMHBIX JAHHBIX U YCIIEIITHO
BEpUQPUIIMPOBAHBI HA Pa3HOOOPA3HBIX SKCIIEPUMEHTANBHBIX JaHHBIX. [l nanbpHeHIero pa3BuTus
9TOM 00JIacTH 3HAHUI HEOOXOIMMO Pa3BUTHUE METOJIOB MOCTPOEHHUS MOJHOTCHOMHBIX MOJENEH U
MOCTPOCHHUE MOJIeNIeil JIIsl HOBBIX, HE MOJENBHBIX OPTaHW3MOB, UMEIONINX KaK (pyHIaMEeHTaIbHOE,
TaK M MPUKIIATHOE 3HAYCHUE.

B pamkax noknaga OynyT mNpeAcTaBleHbl OCHOBHBIE JTallbl CO3JIaHUS METabOIMYECKUX
MoOJIesie, 0030p METOJO0B HWHTErpallid OMHUKCHBIX JaHHBIX B COOTBETCTBYIOIIME MOJCIH H
mpoOyieMbl MX JalbHEHIIEero aHajau3a U Bepu]UKAIMK Ha MpUMepe HEMOJENIbHOIO OpraHu3Ma —
meTanotpoguoii 6akrepun Methylotuvimicrobium alcaliphilum 20ZR.
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Development of a mathematical model describing the dynamics of changes in intra- and
extracellular cell metabolites in response to genetic modification and/or changes in environmental
conditions is an essential step in the process of metabolic pathway engineering, a modern, rapidly
developing branch of cell biology aimed at identification and optimizing the ways to produce target
biotechnological products in living systems or theoretically determining the functional genotype—
phenotype relationships at the organism level. Such a model enables to get in silico prediction of
genetic modifications (gene knockout, promoter modification) required to increase cell culture
growth rate, target product yield during cell culture growth under optimal conditions and depending
on different substrates [1, 2]. In this direction of systems biology development, whole genome-
based metabolic networks (GENRE, GEnome-scale Network REconstruction) are the most
promising. GENRE reconstruction allows to combine omics data on metabolism, based on the
ability to link whole-genome information and gene expression with model predictions on the
distribution of fluxes or rates of reactions constituting the metabolic pathways, on biomass and
energy expenditure specific to each organism under study [3]. Currently, mathematical models of
the metabolism of model organisms: E. coli, B. subtilis, C. elegans, D. rerio, D. melanogaster,
M. musculus, R. norvegicus have been built and published. These models were reconstructed based
on whole genomic data and successfully verified on a variety of experimental data. For further
development of this field of knowledge, it is necessary to develop methods for the construction of
whole-genome models and the construction of models for new, non-model organisms of both
fundamental and applied importance.

The report will present the main stages in the construction of metabolic models, a review of
methods for the integration of omics data into the relevant models and the problems of their further
analysis and verification by the example of a non-model organism — the methanotrophic bacterium
Methylotuvimicrobium alcaliphilum 20ZR.

This work was supported by the Russian Science Foundation grant # 23-24-00606.
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CoBpeMEHHAasi TEHETHKA CEJIbCKOXO3AMCTBEHHBIX PACTEHUWH OCHOBAaHA HA IIOWCKE TE€HOB,
KOHTPOJIMPYIOIIMX Ba)XHbI€ IPU3HAKH, HAa OCHOBE IIOJHOIC€HOMHBIX aCCOLMALNNA «TEHOTUII—
(dbenotuny». s MOBBILIEHUS TOYHOCTH aHalM3a TpeOyeTcsl OLlEHKa COTE€H U ThICSY OOpas3loB B
OJTHOM 3KcriepuMeHnTe. s 3Toro HeoOxoanma o0OpaboTka OONBLIIMX JAHHBIX MO (EHOTHIIaM
pacTeHuil. DTH 3aJayd aKTUBHO pELIAIOTCS B pamMKax (EHOMHMKHM — HOBOH 00JacTH HayKw,
HaNpaBJICHHOW Ha aBTOMAaTHYECKYI0 MAacCOBYIO OLIEHKY (peHOTHIa pacTeHuil. MeToasl (heHOMUKH
OCHOBaHBI, MpEXJe BCEro, Ha aHajau3e LU(POBBIX H300paKEHUI, KaK C TMOMOIIBI0 OOBIYHBIX
QJITOPUTMOB, TaK M ¢ IOMOIIBIO0 METO/I0B IITyOOKOTO MAIlIMHHOTO 00y4YeHHUsI.

MeTtoapl TIyOOKOro MalIMHHOTO OOy4eHHs HallpaBiIeHbl Ha Oojiee TOYHOE H3BJIEUEHUE
(EeHOTUNMHMYECKUX XapaKTEPUCTHK PACTEHUI Ha OCHOBE MAIIMHHOIO OOyYEHUsS U MPUMEHSIOTCS KaK
B PEIIEHUHU 3aJaud CErMEHTAallUY, KJIacCHU(pHUKauu HN300pakeHMH, TaKk U B MOHMCKE OOBEKTOB Ha
n3zobpaxkeHuu. B noxiaze OyayT MpeacTaBieHbl NMPUMEHEHHE METOAOB IIyOOKOTO MAIIWHHOTO
oOydeHust i1 pacro3HaBaHHWs TPHOHBIX 3a00JICBaHWN TMINEHWIBI, B 3a7a4e aHaiu3a u
KJ1acCU(UKALMU KOJIOCHEB MIICHUIIbI, MOJICUETa KOJIOChEB Ha M300paKeHUSIX MMOCEBOB MILIEHHIIBI,
MOJy4YeHHBIX ¢ momoibio BITJIA.

Pabora yactuuno nognepkana rpantoM PH® Ne 23-14-00150.
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