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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHUX PYOPHK: 34.15

Tema guceprauii:
1. MonexynsipHi 0oco6anBocCTi $osaT-3a1eKHOro MeTabos1i3My B IJIalleHTi JIIOAVHU B HOPMi, IIpU
rinepromoucTeineMii Ta nosiMmop@ismi reHa MmeTuseHTeTparifpodosaTpesyKTasu B JOCIIIKEHHSIX in vivo, ex vivo

Ta in silico.

2. Molecular features of folate-dependent metabolism in the human placenta are normal, in
hyperhomocysteinemia and depending on the polymorphism of the methylenetetrahydrofolate reductase gene in

in vivo, ex vivo and in silico studies.

Pedepar:

1. Incepralis npucBsYeHa aHaJli3y MOJIEKYJISIPHUX 0COOINBOCTEN osaT-3aiexHoro merabomnizmy (OD3M) B
IIJIALEeHT] JII0VHY Ta BIVIUBY MiJBUIIEHOI KOHIeHTpaLii romouucteiny i C677T myrtanii rena MTHFR Ha meTa6osiuni
NIOTOKU. [lJI1 CUCTEMHOTO aHasi3y 6yJi0 CTBOPEHO cTexiomeTpuuHy mojenb O3M i3 ypaxyBaHHAM
TKaHUHOCH e (iyHOoI excrpecii reHiB. MopgeoBaHHs NiABUILEHOI KOHLIEHTPallii roMOLUCTeiHy Yy cuCTeMi 3MiHIOE
MeTaboiyHi NOTOKM Yepe3 6inbuicTh peakuin G3M i, 30kpema, NpU3BOIUTh O 3CYBY META0OJIIUHMX MIOTOKIB B 6iK

PEMETUIIOBAHHS 32 PaXyHOK 3HIDKEHHS peakwiil (OoJIaTHOTO LMKIY i CHHTE3Y IIypMHOBUX OCHOB. MoJle10BaHHS



C677T renotuny rena MTHFR npusBoguTh 50 HE3HAYHOTO 3HIKEHHSI MeTabO0JIiYHUX [TOTOKIB, SIKi HAYTh HA peakuii
METiIOHIHOBOTO LIMKJIY, 1 MiABUILEHHS TUX, SIKi HAYTh Ha IIPOLIECH CUHTe3y NypuHiB. [lepen6adeHHs Mogeri o0
BILJIMBY TOMOLIMCTEiHY Ha peakliii METIOHIHOBOTO LIMKJIY i CUHTE3 ypUHiB de Novo NepeBipeHi i NigTBepAKeHi B
€KCIIepUMEHTI 3 IJIalleHTAaPHUMU €KCIUIAHTaMU MEeTOJIOM BUCOKOe(eKTUBHOI pifiHHOI xpomarorpadii/mac-
CIIEKTPOMETPIL.

2. The dissertation is devoted to the analysis of molecular features of folate-dependent metabolism (FOCM) in the
human placenta and the influence of elevated concentrations of homocysteine and C677T mutation in the MTHFR
gene on metabolic fluxes. Hypehomocysteinemia (elevated level of Hcy) often accompanies pregnancy disorders
related to placental dysfunctions. Homocysteine is the toxic intermediate of folate-dependent one-carbon
metabolism, but exact mechanisms of its adverse effects are still debated. One-carbon metabolism supplies
substrates and cofactors for methylation reactions, polyamine synthesis, purine ring and thymidylate synthesis
thus aking difficult to assess homocysteine impact on a system level. In such cases one can exploit mathematic
models of metabolism. Among them stoichiometric models offer the best balance between required data input and
predictive power. For system analysis, a stoichiometric model of FOCM was created, taking into account tissue-
specific gene expression. For the latter mRNA expression analysis of folate-dependent metabolism genes was
conducted in 1 st trimester and term placenta. Four cases were simulated with the model: normal metabolite fluxes
and wild-type enzymes; elevated homocysteine concentration with activation of direct SAHH reaction (direct
input of homocysteine by transport reaction has not yield data that align with experiments); decreased activity of
MTHER due to C677T genotype; combination of both adverse factors. Simulation of elevated homocysteine
concentrations in the system alters metabolic fluxes through most FOCM reactions and, in particular, shifts
metabolic fluxes toward remethylation by reducing folate cycle reactions and purine base synthesis. Modeling of
the C677T genotype of the MTHFR gene leads to a slight decrease in metabolic fluxes to the methionine cycle
reaction, and an increased reactions of purine synthesis. The prediction of the model was tested experimentally on
placental explant culture either in normal conditions and with added 20 uM Hcy, with in-house developed assays
for S-adenosylmethione (SAM) and S-adenosylhomocysteine content, as well as for purine bases. Content of
universal methylation substrate SAM and its product SAH metabolites was measured in explants by high
performance liquid chromatography / mass spectrometry (HPLC /MS). Purine synthesis de novo was assayed by
adding to the explant culture heavy (13 C) glycine and monitoring its appearance in purine ring by HPLC /MS.
Experimental evidence supported model predictions about activation of methionine cycle and slowdown of purine
synthesis due to competition for the limited folate cofactors.
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