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Anxomauus. OAHOV 113 aKTYaAbHBIX [IPOOAEM COBPEMEHHBIX (PM3MOAOTMY VI MEAVILIVIHBI SIBASIETCSI CO3AQHUE
OMOPEryATOPHBIX IIPENapaToB, CIIOCOOCTBYOILIMX COXPAHEHIO OCHOBHBIX (M3MOAOIMYECKUX QYHKLIMI
MHOTOKAETOYHBIX OpraHnn3MoB. B CaHKT-ITeTepOyprckoM MHCTUTYTE OMOPETYASLIMY Y TEPOHTOAOT MY ObIAQ
paspaboTaHa TEXHOAOT VS BBIAEAEHMA 13 PA3AMYHBIX OPIaHOB Y TKaHel TEAST IIOAUIIENTYAHBIX KOMIIAEKCOB,
OKa3bIBAIOLIMX BAUSHYE HA OPTAHOTUIINYECKYIO KYABTYPY TKaHel 9KCIIePYMEeHTAAbHBIX )KUBOTHBIX. MeToAOM
XpOMaTO-MacC-CIeKTPOrpadum B COCTaBe Ka>KAOTO U3 TOAUIIENITUAHBIX KOMITAEKCOB BBISIBAE€HBI HanboAee
4aCTO BCTPeYaIoLInecs: KOAUPYeMble aMUHOKICAOTBI, 113 HUX OBIAY CUHTE3MPOBAHBI AUTIENITUADBI 1 TPUITENITHADL
Ha ocHOBe 9T1X KOPOTKMX IIENTHUAOB CO3AQHBI AeKAPCTBEHHbIE IIPenapaThl, KAKABLI 13 KOTOPBIX CIIOCOOCTBOBAA
YCUAEHUIO KA€TOYHON MpoAudepanyy npyu 3a00AeBaHMAX OPraHOB, COCTOSIVX U3 TKaHell Pa3AMYHOTO
reHe3a. OAHAKO AASL pellleHUs 3apaul elle 6oAaee 3GHEKTUBHOTO BO3AENCTBUSA HA CTUMYASILIMIO KAETOK
HeO0OXOAMMO BBISIBA€HYE TIPOAM(EPOTPOIHOIO BAUSIHIS COUETAHUIT KOPOTKUX MTENTUAOB. B cBsi3M ¢ aTuM
LIeABI0 PabOThI OBIAO ICCAEAOBAHME AEVICTBIISI COUETAHMI AU~ Y TPUIIETITUAOB Ha Pa3BUTHE TKaHEN COCYAOB
M A€TKMX TOAOBO3PEABIX KPBIC B YCAOBMSIX MX OPraHOTUIIMYECKOrO KyAbTUBMPOBaHus. Ocoboe 3HaYeHMe
NOAOOHBIE ICCAEAOBAHYS IPMOOPETAIOT B HACTOSLIEe BpeMsl, KOTAQ METAa0OAOMHBII aHAAM3 PACCMaTpUBAETC
KaK OAHO M3 CaMBIX NEPCIEKTVBHBIX HAIPaBAEHUI Pa3BUTHS CUCTEMHON OMOAOTMM Y MOAEKYASIPHOM
MEAVLIVHBL.
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Abstract. The development of bioregulatory agents that preserve essential physiological functions in multicellular
organisms remains a key priority in modern physiology and medicine. At the Saint-Petersburg Institute
of Bioregulation and Gerontology, a novel technology was established for isolating polypeptide complexes
from various bovine organs and tissues, which demonstrated significant effects on the organotypic culture
of tissues from experimental animals. Chromatographic and mass spectrometry analyses identified the most
common amino acid sequences in these polypeptides, leading to the synthesis of dipeptides and tripeptides.
Drugs derived from these peptides have been shown to enhance cell proliferation in organ systems composed
of tissues from different origins. However, to further optimize the proliferative effects, it is essential to explore
the synergistic impacts of peptide combinations. Therefore, the objective of this study was to examine the
effects of dipeptide and tripeptide combinations on the development of vascular and pulmonary tissues
in sexually mature rats, using organotypic cultures to simulate these tissue environments. This research
is particularly relevant in the context of the increasing significance of metabolomic analysis in advancing
systems biology and molecular medicine.

Keywords: dipeptides, tripeptides, organotypic tissue culture, vessels, lungs

METOA OPraHOTUIIMYECKOTO KYABTUBUPOBAHMSI
PA3AMYHBIX TKaHell OpraHM3Ma, KOTOPbII TI03BO-
AsieT ObICTPO U 3G PEKTUBHO YCTAaHOBUTD IPOAU-
bepoTpornHbie CBOCTBA MCCAEAYEMBIX BELECTB
Y VX coueTaHuil. LleAbIo HaCTOSIIEro NCCAeAOBAHMS
OBbIAO BBISIBAEHVE AEVICTBUS COYETAHUIT AU- U TPU-
IIENTUAOB Ha KAETOYHYIO TPOAUdepaLnio B opra-
HOTUIINYECKON KYABTYP€ TKaHell AeTKIX U COCYAOB
IIOAOBO3PEABIX KPBIC.

Beepaenue

AASL pelileHIsT aKTYaAbHbBIX IIPOOAEM COBPEeMEH-
HBIX (U3MOAOTUYU U MEAULIVIHBI HEOOXOAVMBI C-
CA€AOBaHMs OMOPETyASITOPHBIX BELIECTB, CIIOCO0-
CTBYIOLVX CTUMYASILMY MPOLIECCOB KA€TOYHOM
npoaudepanyuu. K rakum O6muoperyasitopam oT-
HOCATCS HOAUIIENITYAHbIE KOMIIAEKCBI, BBIAEACHHbIE
13 PA3AMYHBIX TKaHell TeAsIT. MeToAOM XpoMaTo-
Macc-CIeKTporpadguy B COCTaBe Ka)KAOTO 13 IMO-
AVIIENITYAHBIX KOMIIAE€KCOB BBISIBAEHBI Hanboaee
4aCTO BCTPeYaloIMecs: KOAVPyeMble aMUHOKUCAO-

MaTepI/IaAbI " METOADI

TBI, U3 KOTOPBIX ObIAY CUHTE3MPOBAHbI AU- Yl TPU-
nentuabl (XKypkosua u ap. 2020; Ashapkin et al.
2020). Viccaep0BaHO CTUMYAMpPYIOLEE BAUSIHYE
AV- ¥l TPUIIENITUAOB Ha pa3BUTHE TKAHel pasAnd-
HOTO reHe3a. AAsI CKDMHMHIA OMIOAOTMYECKOI aK-
TUBHOCTU MICCACAYEMBIX BEIIeCTB MCIIOAb3YeTCs
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IIpoBeaeHO OpraHOTUIYECKOE KYABTUBMPOBa-
HJ€ TKaHell TOAOBO3PeABbIX (5-MeCsSIYHBIX) KpbIC
avHum Buctap ns LIKIT «buokoaaexiys V1O PAH
AASL ICCAEAOBaHMSI MHTEI PATUBHBIX MEXaHM3MOB
AEATEABHOCTY HEPBHOM U BUCLIEPAABHBIX CUCTEM»
B NIPUCYTCTBUM COUYETAHUN AU- U TPUIENTUAOB.
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H. . Yaaucosa, I. A. Poimaxk, E. A. HukumuHa

ViccaepoBaAM BAMSIHME TPUIIENITUAQ Be3yreHa
Lys-Glu-Asp (peryasiuyst pyHKLUY COCYAOB) U AUL-
nentupoB Ala-Glu 1 Asp-Ala Ha TKaHb COCYAOB
(Me30A€pMaAbHOIO TeHes3a), a TAK)Ke TPUIIENTUAQ
xoHAyTeHa Glu-Asp-Gly (peryasiuus ¢yHkuum
OpoHxoB) u AunenTUA0B Asp-Gly n Asp-Leu Ha TKaHb
A€TKUX (9HTOAEPMAABHOIO TeHe3a).

B sxcnepumeHnTax ucrnoab3zosaHo 400 sxcriaaH-
TaTOB A€rKuX, 450 5KCIIAQHTAaTOB COCYAOB KpBIC.
AAsT BBIAEAEHVS U TIpEerapypoOBaHus TKaHU VC-
MIOAB30BaAY OMHOKYASIPHBIN CTEPEOCKOMMIECKIUIT
mukpockorn MBC. AAst 3a6opa maTepuaAa uccae-
AYEMBIX TKaHeil TOAb30BaAMCh HAOOPOM MHCTPY-
MEHTOB AASI TAQ3HOV Xupyprun. OTnpenapypoBaH-
HbI€ B CTEPUABHBIX YCAOBMSIX PparMeHTbl TKaHel
KPBIC Pa3A€AsIAY Ha 4YaCTYU BEAMYMHOI OKOAO 1 MM?,
KOTOPpBbIe IoMelaau B yamky [leTpy ¢ noamaunsu-
HOBBIM NOKpBITVEM AHa. Ha AHO opHOV yamku
nomelrjaau 14-18 sKCIAaHTaTOB. 3aKPbIThIE YAIIKU
[leTpu c aKCAaHTaTaMU IIOMeEIAaAM B TEPMO-
crar npu Temieparype 36,8 °C u 3aauBaAu 3 Ma
nuTaTeAbHO cpeabl. KyabTypaabHast cpepa (pH =7,2)
coaeprkaaa 35% pactBopa XeHkca, 35% cpeabl Vraa,
25% ¢eTaAbHOM CHIBOPOTKU TEAEHKA, TEHTAMULIVH
(100 ep/ma). B yamku [TeTpu ¢ sKcrieprMeHTaAbHBIMU
9KCIIAQHTATaMU AOOABASIAYL 3 MA TINTATEABHOI CPEABI
C moAMIIENNITUAAMYU B KOHLeHTpauuu 20 Hr/MA
u AunentupamMu B KoHueHTpauuu 0,05 Hr/mA.
B vamku ITeTpy ¢ KOHTPOABHBIMY 9KCIIAAHTATAMMU
3aAMBaAM 3 MA IUTATeABHOMN cpeAbl. KyapTyBupO-
BaHMe 9KCIIAAHTATOB TKaHeN IIPOMCXOAMAO B Tep-
mocrate npu Temneparype 37 + 0,1°C, 5% CO,
B TeueHue Tpex cyToK (HaamcoBa u Ap. 2023). Poct
9KCIIAAHTATOB TKaH! B OPTaHOTUIIMYECKON KYAb-
Type UCCAEAOBAAM C TIOMOIIBIO (Pa30BO-KOHTPACT-
HOTO MUKPOCKOIIA.

A A KOAVUECTBEHHOI OLIEHKY BAMSIHUS CCAe-
AY€EMBIX IIPeIapaToB NCIIOAb30BaAY MOPPOMETPU-
YeCcKuil MeTOA U makeT nporpamm «PhotoM 1.2x».

PaccuntbiBaau uHaekc naomaau (VIT) kak oTHo-
IIeHEe TIAOLIAAM BCErO SKCIAQHTATA, BKAIOYAsI
nepudeprnIecKkyio 30Hy poCTa, K MAOLIAAN LIeH-
TPAABHON 30HBL 32 YCAOBHYIO €AVHUL]Y ITAOIAAN
IPVMHUMAAU KBAaAPAT OKYASIP-CETKM MUKPOCKOIIA.
3nauenus VI BbIpa)kaAl B IPOLIEHTAX 110 CpaBHe-
HUIO co 3HaYeHUsIMU VIIT KOHTPOABHBIX SKCIIAQH-
TaToB, KOTOpbIe NpuHuMaAu 3a 100%.

AocrtoBepHocTb pazanunii VIIT KOHTPOABHBIX
¥ 9KCIIEPUMEHTaABHBIX 00Pa31[0B OLIEHNBAAM C TI0-
morbio t-kputepust Creiopenta (p < 0,05). CraTtu-
CTUYECKYI0 00pabOTKY MPOU3BOAMAY C TOMOILIBIO
nmakeTa nmporpamm Microsoft Excel. Aast mpoBepku
HOPMaABHOCTY PACIIPEAEAEHVS] IIPUMEHSIAU KPU-
tepuit lllannpo — Yuaxka.

PesyAbTaThl U 00CYXKAEHME

ITpu nccaepOBaHMY BAVISTHUSI AUTIENTUAOB AsSp-
Ala n Ala-Glu Ha KaeTOUHYIO TpoAUdEpaLuo CO-
CYAOB KPBICBI YCTAHOBAEHO, YTO 9TU AUIIENITHUABI
CTaTUCTUYECKU AOCTOBePHO (p < 0,05 110 cpaBHEHUIO
C KOHTPOAEM) CTUMYAUPYIOT IpoAndeparmio (Tada. 1).
Tpunentup Lys-Glu-Asp nmpuBoaMa K comnocraBu-
MOMY C AEVICTBUEM AMUIIENTHUAOB yBeAnueHuio VIT.
CoueTaHue )ke AUIIENITMAOB C TPUIENTUAOM YBEAU -
ymBaao VIT Ha 38% u 35% cooTBeTCTBEHHO, YTO
IPEBBILIAAO 3P PEKT AVICTBUA TPUIENITUAA B OT-
AeabHOCTU (Ha 15% tiput AeiicTBum Ala-Glu v va 12%
nipu AevictBun Asp-Ala).

AHaAOTMYHYIO KapTUMHY HAOAIOAQAM TIPU UC-
CAEAOBaHUY BAUSIHUSI AVI- I TPUIIETITUAOB Ha KA€-
TOYHYIO TpoAMdeEpPaLNIO TKAaHU AETKUX KpbIC. Ao-
0aBA€HUE B KYABTYPAABHYIO CPEAY AUIIENTYMAQ
Asp-Gly npuBoanao k yBeanuenuto VIT Ha 25%,
aunentupa Asp-Leu — nHa 23% (TabA. 2). Tpunen-
A Glu-Asp-Gly okasbiBaa COoCTaBUMOE AEIICTBUE,
BbI3bIBasl Bo3dpacTtanue VIIT Ha 24%. OpHako co-
yeTaHHOe AelicTBMe AunentrupaoB ¢ Glu-Asp-Gly

Taba. 1. Bausinue punentupos Ala-Glu u Asp-Ala u rpunentupa Lys-Glu-Asp
Ha uHAekc naouaau (VIT, %) sKCIAaHTaTOB COCYAOB

AunenTyAbl NIt Tpunentup ni AUIIeNnTHABI+TPUIENTHA, nI
Ala-Glu 25 + 3% Besyren - Ala-Glu + Besyren 38 + 3%
i &
Asp-Ala 21 +2¢ Lys-Glu-Asp Asp-Ala + Besyren 35 +7*

Tpumenarue: * — OTAMIMSI IO CPABHEHMIO C UHAEKCOM TAOIAAK B KOHTpoOAE (p < 0,05).

Table 1. Effect of dipeptides Ala-Glu and Asp-Ala, and tripeptide Lys-Glu-Asp on vessel explant area index (AI, %)

Dipeptides Al Tripeptide Al Dipeptides + tripeptide Al
Ala-Glu 25 + 3% Vesugen 345 Ala-Glu + vesugen 38 + 3%
i &3
Asp-Ala 21 +2* Lys-Glu-Asp Asp-Ala + vesugen 35 +7*
Note: * — indicates differences compared to the area index in the control (p < 0.05).
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Taba. 2. Bausinue punentupoB Asp-Gly n Asp-Leu u tpunentuaa Glu-Asp-Gly
Ha uHAekc naomaau (VAIT, %) sSKCIIAQHTATOB AETKUX

AunenTuabr NIt Tpunentup, 17001 AUnenTuAbI+TPUNENTHA 17001
Asp-Gly 25 + 5% XoHAyTeH 2449 Asp-Gly + xoHAyTeH 40 +7*
40
Asp-Leu 23 +3* Glu-Asp-Gly Asp-Leu + xoHAyTeH 44 + 6*

Tpumenarue: * — OTAMYMSI ITO CPABHEHMIO C MHAEKCOM TIAOIAAK B KOHTpOAE (p < 0,05).

Table 2. Effect of dipeptides Asp-Gly and Asp-Leu, and tripeptide Glu-Asp-Gly on lung explant area index (AL %)

Dipeptides Al Tripeptide Al Dipeptides + tripeptide Al
Asp-Gly 25 + 5% Honluten 04+ Asp-Gly + honluten 40 + 7%
i £3
Asp-Leu 23 + 3¢ Glu-Asp-Gly Asp-Leu + honluten 44 + 6*
Note: * — indicates differences compared to the area index in the control (p < 0.05).

BAEKAO 32 CO00J1 OOAblIIee yCHAEHME KAETOYHO
npoaudepanm, AOCToBepHO yBeanunsas VI
Ha 16% nipu AevictBum Asp-Gly u Ha 20% ripu Aeit-
ctBum Asp-Leu.

Taxum 00pa3oM, IpU AEMCTBUU COUETaAHUIT
CTUMYAUPYIOLUX KAETOUHYIO IpoAudepaLuio
AUIIENITVAOB M TPUIIENTUAOB, IIO CPABHEHMIO C U30-
AVIDOBAHHBIM A€VICTBMEM OAHOT'O KOPOTKOTO Iel-
THAQ, VIIT 3KCIIAQHTATOB TKaHEN COCYAOB OBIAU
Boile Ha 12-15%, TkaHell Aerkux — Ha 16-20%.

B npeabIAyLIMX pabOTax MOKa3aHO CTUMYAKPYIO-
11jee BAMSIHYE OTAEABHBIX aMUHOKUCAOT, AVI- I TPU-
HENTHAOB Ha KA€TOYHYIO IpoAKdepario pa3any-
HbIX TKaHei1 KpbIchl (VIBaHoBa 1 Ap. 2022; XaBUHCOH
u Ap. 2015; Yaaucosa u Ap. 2021; 2023). B poaHHOI
paboTe ObIA CA€AQH aKLIEHT Ha CCAEAOBaHMeE CO-
4eTaHHOTO 3 PeKTa KOPOTKUX MENTUAOB, COAEP-
JKallMIX AB€ AU TPU AMUHOKMCAOTHI.

Besyrewn (Glu-Asp-Gly) ctumyaupyer pocTt skc-
IIAQHTATOB CTEHKM NepridepuyecKoii apTepuy KpbIC
in vitro v CHOCOOCTBYET BOCCTAHOBAEHMIO MUKPO-
LMPKYASILIMY, YKPEIIA€HMIO CTEHOK KallMAASIPOB,
MOBBILIAS VX PE3UCTEHTHOCTD U IIPOHULIAEMOCTD
(XaBuHcon 2020). Ha yem ke MOXXeT ObITb OCHO-
BAHO YCUAEHME CTUMYASILMY KA€TOYHO IIPOAU-
dbepauyuy Ipu ero coueTaHUM C AUTIENTUAAMU?

OAHO 13 HanboAee BEpPOSTHBIX 00bSICHEHUIT
CBSI3aHO C AMMHOKUCAOTHBIM COCTaBOM KOPOTKUX
MEeNnTUAOB. VI3BECTHO, YTO UMEHHO COCTaB aMUHO-
KICAOT OTIPEAEASIET CBOMCTBA OEAKOBBIX MOAEKYA
(Aftabuddin, Kundu 2007). O6a mnccaepyeMbix
aunenrtupa Ala-Glu u Asp-Ala copepskat amuHo-
KncAoTy araHuH (alanine, Ala). [ToxazaHo cHiDKe-
HUe KAeTOYHOIT TpoAndepaiuu npu Aercteuu Ala
Ha TKaHU KOPBbI TOAOBHOT'O MO3ra U CEAE3€HKU
(HaamcoBa n Ap. 2021), Xpsiiua 1 eYeHn U yCUAEHNEe
IIPY A€VICTBUM Ha TKaH/ CEMEHHVKOB U IIOADKEAY-
aouHon xeaesbl (Haamncosa u ap. 2011). Opnaxo
BCe oTU 3¢ deKThI He OBIAY CTATUCTUYECKU AOCTO-
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BEPHBI, UTO MOXXET XapakTepusonaTh Ala xax
«UTPOKa BTOPOTO MAAHa» B Mpolieccax mpoAude-
pauuu. Paspo3HeHHble AQHHbIE O €0 BAUSIHUY
Ha npoAudepanuio Bce xe nmeoTcss. CoraacHo
aanubpiM XerrayHaa u Canp0epra L-aaanus (Ho He
D-aAaHUH) CTUMYAUPYET MPOAUQEePALNIO TUMOLIN-
TOB y Mopckux cBuHOK (Hégglund, Sandberg 1993).
CoBepliIeHHO TI0-HOBOMY 3BYYarT 3TU AQHHbIE Cell-
4Jac, KOrAa aHaAM3 MeTab0AOMa, BKAIOYAIOLIIA
AMMHOKVCAOTHBII TPODUAD, pACCMATPUBAETCS KaK
OAHO 13 CAMbIX IT€PCIIEKTVBHBIX HATIPABAEHUIT pa3-
BUTHSI MOAEKYASIPHOI MEAVLIVIHBI.

Kpome araHuHa, B AUTIENTUAAX IPUCYTCTBYET
acmaparuHoBasi KucaoTa (aspartic acid, Asp).
PaHee oKa3aHo ee AOCTOBEPHOE CTUMYAUPYIOLIiee
BAUSIHME Ha KAE€TOUYHYIO NPOAUdEpaLMI0 KOPbI
roAoBHOTO Mo3ra Kpbic (HaaucoBa u ap. 2011;
2021), MOAKOPKOBBIX CTPYKTYp 1 Mo3Keuka (Ha-
AmucoBa u Ap. 2011). OpHako Asp yrueraert mpo-
audepauuio nevenu (Haancosa u aAp. 2011) u ce-
aesenku (HaaucoBa u ap. 2011; 2021). B to xe
BpeMms aunentup Asp-Ala ycuamsaet npoaude-
pauuio TKaHeit ceaeseHku (Haancoa u ap. 2023).
BeposiTHO, A€ViCTBME OTAE€ABHBIX aMUHOKUCAOT
VI COAEPXKAIMX UX KOPOTKUX TENTUAOB MOXET
HOCUTb pa3HOHAIpaBAeHHbIN XapakTep. KaeTou-
HBIJ acrapTaT CTUMYAUpPYeT npoaAudepaumio
PaKoBBIX KA€TOK. AoOaBAeHMe ASp B KYABTYpaAb-
HYIO CPEAY AOCTATOYHO AAsI ocaabaenus HIFla-
3aBMCHMOII perpeccuy MpoArdepaLuy omyxoAe-
BbIX KAeTOK (Meléndez-Rodriguez et al. 2019).
Acnaprart MOKeT ObITh OrPaHUYMBAOIINM MeTa-
60AMTOM AAs pocTa onyxoau (Garcia-Bermudez
et al. 2018). B mocaepHee BpeMs 3ByYUT MHEHME,
4TO ASp MOXKET OBbITh LJeA€BbIM META0OOAUTOM AAS
Tepanuu paka (Soon et al. 2024). ITokazaHHOe
HaMU yCUAEHVE KAeTOYHOM IIpoAKdepaLy TKaHu
COCYAOB IIpU AODABAEHNM K BE3yTeHY AUTIENITUAR
Asp-Ala HAXOAUTCSI B pyCA€ 3TUX COBPEMEHHBIX
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IIPEACTABAEHUI, TOATBEPKAQS IOAOKEHIE O TOM,
4YTO AOCTYITHOCTDH ASpP MO)XHO MICITOAB30BaTh B TOM
YICAE U AASL A€YEHUS paKa.

Taxoke KpaillHe Ba)KHO YYMTBIBAaTh TKaHeCIIe-
UMUYHBIN XapaKTep AeiCTBUs. B aTOM KOH-
TeKCTe MHTEPECHBI HEAABHYE MICCAEAOBAHMS
KUTAMCKMX YYEHBIX, COTAACHO KOTOPBIM Asp
crioco6cTByeT npoaudepauuu u AudpdepeHy-
POBKe SMUTEAVMAABHBIX KAETOK TOACTOM KUIIKU
MyTeM peryAsiluyu MetaboAusMa U AMHAMUKU
muToxoHApui (Wang et al. 2022). DTo kpaitHe
BR)KHO AASI TKaQHEN COCYAOB, TAe paboTa MUTO-
XOHADMII UMeeT KAIOYeBOe 3HaueHue. B HacTosiiee
BpeMsl IIPU3HAHO, YTO OMOCUHTEe3 ASp B 3HAUM-
TEABHOII CTEIIEHU PETYAUPYETCSI MUTOXOHAPU-
aABHBIM MeTaboAM3MoM. IIpuMeyaTeAbHO, UTO
AOCTYIIHOCTb ASp CBsI3aHa C YyBCTBUTEABHOCTBIO
K Pa3AMYHBIM TepaneBTUYECKMM IIpernaparam
(Helenius et al. 2021).

B cocTaB mMccaepAyeMbIX AUIIENITUAOB TAKXKe
BXOAUT TAyTaMMHOBas kucaoTta (glutamic acid,
Glu). [ayTamMmaT — OCHOBHOI OMO3HEPreTUIeCKUI
cybcTpaT AAst ipoAndepaLyyt HOpMaAbHBIX 1 HEO-
nmAaacTuyeckux Kaetok (Stepulak et al. 2014). Panee
BBIIBA€H AOCTOBEPHBIN CTUMYAMPYIOIINIA IPO-
audeparuBHbit 3¢ dexT Glu Ha TKaHU ceae3eHKU
(HaamcoBa m Ap. 2011; 2021), mOAKOPKOBBIX CTPYK-
TYpP, MO3>KeuKa, MUOKapAQ, edeHu (YaAucoBa 1 Ap.
2011), u B TO 3ke BpeMsI MOAABAEHME TPoAUdepalun
IOAXKEeAYAOUHOM Xeae3bl (Haaucosa u Ap. 2011).
Glu ctumyanpyert npoandepario KAETOK INT-
MEHTHOTO SNUTEAN ceTYaTKU, hochopuarpoBaHme
ERK u CREB (Garcia et al. 2008), a Taxxe crioco6-
CTBYeT npoAudepaLyy 5SMOpPUOHAABHBIX CTBOAOBBIX
kAaeTok (Teng et al. 2023). B cBete 00cy>kpaaeMbIx
BOIIPOCOB 0CO0O CAEAYET YIIOMSIHYTb AaHHbIE
0 3HAYMTEABHOM YCKOPEHUY TPOAMdepaLm, MUrpa-
LMY VI MIHBA3UM KAETOK MEAQHOMBI ITPU AOOABAEHUM
B cpepy Glu B coueranun ¢ Ala (Wasinger et al.
2018). [ToBbiieHe KAETOYHON mpoAudeparn
TKaHU COCYAOB IIpU AOOABAEHUM K Be3yreHy AU-
nentupa Ala-Glu coraacyercs ¢ 3TMMU AQHHBIMY,
CBUAETEABCTBYS O TIOTEHLIMAABHOI POAU AOCTYII-
Hoctu Ala-Glu B Tepanuu paka.

B 1o xe Bpemst komOuHanus Asp u Glu npo-
SIBASIET MOBBILIEHHYI0 aHTUIPOAUDEPATUBHYIO
AKTMBHOCTb B OTHOIIEHUY KAETOK relaTOMbI Ye-
aoBeka (Yamaguchi et al. 2016). CoraacHo pAaHHBIM
VICTIAHCKUX YY€HBIX, AUMIENITUABI TAYTAMUACEPUH,
TAYTAMUAIIPOAVH U TAYTAaMUATPUNTOGAH IOAQ-
BASIIOT AeAeHue pakoBbix KaeToK WiDr (Silveira-
Dorta et al. 2015). O4eBUAHO, UMEHHO COYEeTaHMe
AMMHOKVICAOT OIIPEAEASIET XapaKTep AeVCTBUS
KOPOTKMX IENTHUAOB.

XonayteH (Lys-Glu-Asp) cnocobcTByeT Boc-
CTaHOBAEHMI0 QYHKLVOHAABHOM aKTUBHOCTH,
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pereHeparny U MOBBIIIEHUIO PE3UCTEHTHOCTU
SMUTEAUS OPOHXOB IIPU PA3AUYHBIX TTATOAOTUSIX
u crapeunu (XaBuncon 2020). Oba pAunentuaa,
YCUAMBAIOLIVX €r0 AeMICTBUE, COAepKaT Asp,
0 KOTOPOII MBI y)Ke MKUCAaAM Bblille. Takxe B UX
cocTaB BxopasaT AenuuH (leucine, Leu) u ranuun
(glycine, Gly).

Curnaabsbii myTb PI3K/Akt/mTOR oTHOCUTCA
K OCHOBHBIM ITyTSIM, 3aA€/ICTBOBAHHBIM B PETYAS-
uuu npoAudepaunn, pocra, AudpdepeHIpPOBKY,
BBDKMBAEMOCTH, allONTO3a KAETOK. AeilnH Bo-
BA€YEH B aKTUBAI[UIO MPOTEVHKMHA3bI KOMITAEKCA
mTOR1 (mTORC1), rAaBHOTO peryasitopa pocra
(Ananieva et al. 2016). AaHHbIE O TOM, YTO AENMLINH
CTUMYAMPYET KAETOUHYIO TpoAUdepaLyio, BeCbMa
MmHorouucAaenssl (Dai et al. 2015; Ke et al. 2023).
Peryasinus npoaudepanum noa BausHueM Leu
moxeT BoBAekaTb 1 MUKpOPHK (Chen et al. 2013).
OaHako Leu MoxeT cHMXaTh npoAudepaumnio
KAETOK, Bbi3biBasi moBpexaenne AHK (da Luz Dias
et al. 2018).

C curnaapnoi cuctemoir PI3K/Akt/mTOR
TECHO CBsI3aH U TAULIMH, yYacTBywLuil B pocdo-
puaupoBanuu Akt (Liu et al. 2016; Tsuji-Tamura
et al. 2020). BioaHe 3akOHOMEpHO 00MAME CBe-
A€HUIT 0 BoBAeYeHHOCTU Gly B KOHTPOAB Ipo-
Audepauuy, ocobeHHO pakoBbIX KAeTOK (Guo
et al. 2020; Jain et al. 2012; Pan et al. 2021). B o
xe BpeMms Gly, ycuanas npoandepauuio catea-
AUTHBIX KAE€TOK U pereHepalyio MbILIL, TPUBOAUT
K YCUAEHUIO TIOTAOIIEHVSI aHTUCMBICAOBBIX HY-
KAEOTUAOB, OAHOTO 13 OCHOBHBIX TeparieBTUYeCKIX
MIOAXOAOB AASI A€UE€HMST MBIILIEYHO AUCTPpOdUMU
(Han et al. 2023). YcuAeHre KA€TOYHOM MIPOAU-
dbepanuuy TKaHU AETKUX MTPU A0OABAEHUU K XOH-
AyTeHy pAunentupoB Asp-Gly u Asp-Leu co3Byu-
HO MHOTMM AUTEPATYPHBIM AQHHBIM O CTUMYASILIMK
KAETOUYHBIX A€AEHMN acllaparMHOM, A€ULVITHOM
VI TAMLIVHOM U B&)KHOCTU MX AOCTYITHOCTHU AASI
Tepanuu pasAUYHBIX 3a00A€BaHUIL, B TOM YICAE
paka. OAHaKO He CAeAyeT 3a0bIBaTh O BO3MOKHOM
pasHoHaTNpaBAeHHOM 9 eKTe KOPOTKUX MENTH-
AOB U OTAEAbHBIX aMUHOKUCAOT U HEOOXOAUMO-
CTU TUIATEAbHBIX UCCAEAOBAHUIN MEXaHU3MOB
UX AEVICTBUSL.

AHaAU3 UMEIOINXCS AQHHBIX TIOABOAUT K 3a-
KOHOMEPHOMY BBIBOAY — PEryASILMsI KA€TOYHO
npoAudepanny MOXKET OCYIIECTBASITBCS 38 CUET
M3MEHEHUST KOPOTKMMMU MENTUAAMU SKCIIPECCUN
reHoB. OAVH KOPOTKMUI TTENITUA MOXET PETrYAUPO-
BaTh 9KCIIPECCUI0 HECKOABKUX AECSITKOB T€HOB,
OAHAKO MOAEKYASIPHBII MEXaHM3M 3TOTO IPOLiec-
ca OCTAeTCsl HEMOHATHIM. MeToAaMyU MOAEKYASIP-
HOT'O MOAEAMPOBaHMS MOKa3aHO, YTO Be3yreH
VI XOHAYTEH XapaKTepU3ylTCs CAabbIM B3aMO-
aencreuem ¢ AHK (XaBuncos u ap. 2016). B aToit
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CBSI3M AOTMYHO MPEATIOAOKUTD, YTO AODaBAEHIE
AUIIENITUAA OYAET YCHAUBATD IPOAUQEPATUBHBIN
3¢ deKT, AMOO0 3a CUET YCUAEHVS B3aMOAENCTBUS
AHK-meritup, Anb60 3a cueT u3sMeHeHUsI SKCIpec-
CUM APYTMX I'€HOB, BOBA€UEHHBIX B KOHTPOAbD
npoaudepauyuu. CTUMyAMpYIOlee KAETOUHYIO
npoAndepanyio BAUSHYE COYETAHUI AUTIENITIAOB
C TPUIIENTVAAMY MOXKET ObITb 00YCAOBAEHO TEM,
YTO KaXKABIN U3 KOPOTKUX IENTUAOB CIIOCOOEH
ceaspiBarbest ¢ AHK (Fedoreyeva et al. 2011;
Kolchina et al. 2019; Sinjari et al. 2020). Takum
00pa3oM, COYeTaHHOE AeICTBYE KOPOTKMUX IIel-
TUAOB OKa3bIBaeT OOAee CUAbHOE BO3AEICTBIE
Ha KAeTOYHYI0 npoaudepanuio. [ToayuyeHHbie
AQHHBIE 00 YCMAEHUM KAETOYHOI TpoAndepannn
IIOA BAMSIHMEM COUYETAHUI AUTIENITUAOB C TPUIIEI-
TUAQMU CBUAETEABCTBYIOT O Pa3BUTUM IOTEH-
LUUpyonx a$p¢HeKTOB B pe3yAbTaTe COBMECTHO-
ro NpoAudEepOTPONHOTO AEVMCTBUSI KOPOTKUX
MENTUAOB.

3akAuenue

IIporpecc KAMHMYECKO MeAULIHBI BO MHOTOM
3aBUCUT OT MCCAEAOBAHMUIL, IPOBOAVMBIX HA YPOB-
He OMOAOTMYEeCKY aKTVBHBIX MOAEKYA. [ToAayueH-
Hble B HacCTos1eil paboTe pAaHHbIEe 00 YCHAEHUU
npoAUGEepPOTPOMHOTrO AMICTBYSI HA TKAHU COCYAOB
VI A€TKMX IIPU COYETAHUM KOPOTKMX IENTUAOB
C03Aa10T 6a3y AASI LieAeHAIIPaBAE€HHO pa3paborT-
K/ HOBBIX A€KAapCTBEHHBIX NpeNnapaTros, B TOM
ynucAe reponporektopubix (XaBuncoun 2020;
Khavinson et al. 2021; Vanyushin, Khavinson 2016).
Ha ocHOBe 3TuX AQHHBIX MOKET OBITh OCYILECT-
BA€HA pa3paboTKa AeKapCTBEHHBIX MIPeNnaparos,
IIpeAHa3HAUEHHBIX AASI A€UEHVS Y IPODUAAKTUKI
3a00AeBaHMIT PA3AMYHBIX OPTAHOB C YUE€TOM IIPUH-
LUIIa TKaHeCeUPpUIHOCTH, B TOM YUCAE AAS
YCUAEHMSI pereHepaTUBHBIX MPOLeCCOB MpU Ma-
TOAOTUY TKaHE COCYAOB U AE€TKUX.

KoHdAukT unTepecos

ABTOpBI 3asIBASIIOT 00 OTCYTCTBUM IOTEHLIM-
AABHOTO MAM SIBHOTO KOH(AUKTA VIHTEPECOB.

Conlflict of Interest

The authors declare that there is no conflict
of interest, either existing or potential.

CoorBercTBUE NpUHOUIIAM 3TUKN

Pabora Op1Aa IPOBEAEHA B COOTBETCTBUM C MEX-
AYHapOAHBIMM MPUHLMIIAMY OMOMEANLIMHCKIX
MICCA€AOBAHUII C VICIOAb30BaHMEM >XMBOTHBIX.
DKCIlepMMeHTAABHBIN IIPOTOKOA yTBepaeH Ko-
MMCCHell IO TYMaHHOMY O0OpallleHUIO C )KUBOTHBI-
mu MHcTutyta dusuoaoruu um. V. T1. [TaBroBa
PAH (Ne 12/12 ot 12 pexabps 2022).

Ethics Approval

The study was conducted in compliance with
international principles of biomedical research
involving animals. The experimental protocol was
approved by the Commission on Humane Treat-
ment of Animals of the Pavlov Institute of Physio-
logy, Russian Academy of Sciences (No. 12/12,
dated 12 December 2022).

BxaAap aBTOpOB

a. Haancosa Hataabs MlocudpoBHa — maaHupo-
BaHMe U IIOCTAaHOBKA SKCIIepUMEHTA, HaMKCaHNe
CTaThy;

0. Peokak [aaHa AHATOAbEBHA — AM3alIH 9KC-
IepuMeHTa, 06paboTKa AQHHBIX, 00CY)KAEHME
PE3YABTATOB;

B. Huxkutuna ExarepuHa AAekcaHpopoOBHA —
IAQHMPOBaHMe dKCIEPUMEHTA, 00CY>KAEHUE pe-
3YABTATOB, HAIlMICAHME CTAThU.

Author Contributions

a. Natalia I. Chalisova — experimental planning,
manuscript writing;

b. Galina A. Ryzhak — experimental design, data
processing, discussion of results;

c. Ekaterina A. Nikitina — experimental plan-
ning, discussion of results, manuscript writing.

Autepatypa

XKypxosuy, V. K., Kospos, H. I, Peoxak, I. A. u Ap. (2020) VipenTndukanys KOPOTKMX IENTUAOB B COCTABE
MTOAUIIENITUAHBIX KOMIIAEKCOB, BbIAEAEHHBIX 13 OPraHOB KMBOTHBIX. Ycnexu coBpemeHHoU 6uorozuu, T. 140,
Ne 2, c. 140—-148. https://www.doi.org/10.31857/S004213242002012X

lBaHoBa, I1. H., 3aaomaesa, E. C., Haaucosa, H. V1. n ap. (2022) Bo3aeiicTBMe MarHUTHBIX IIOAEN PA3ANYHON
VMHTEHCUBHOCTU VM CUHTETUYECKUX OAUTOIENTUAOB Ha KAETOUHYIO PereHepaluio TKaHeil. MHmezpamusHas
¢pusuoroeus, 1. 3, N 2, c. 254—264. https://www.doi.org/10.33910/2687-1270-2022-3-2-254-264

XaBuHcoH, B. X. (2020) AexapcTBeHHbIe MTENTUAHbIE ITPENaparhl: IIPOLIAOe, HaCTosIIee, Oyayitee. KauHuueckas
meduyuHa, 1. 98, Ne 3, c. 165—177. https://doi.org/10.30629/0023-2149-2020-98-3-165-177

370

https://www.doi.org/10.33910/2687-1270-2024-5-4-365-374



https://www.doi.org/10.33910/2687-1270-2024-5-4-365-374
https://www.doi.org/10.31857/S004213242002012X
https://www.doi.org/10.33910/2687-1270-2022-3-2-254-264
https://doi.org/10.30629/0023-2149-2020-98-3-165-177

H. . Yaaucosa, I. A. Poimaxk, E. A. HukumuHa

XaBuHcoH, B. X., AunbkoBa, H. C., TapHosckasi, C. V. (2016) KopoTkue nentupabl peryAupyoT SKCIPEeCCUI0 TEHOB.
BroaremeHb skcnepumMeHmarbHol 6Uoro2uy U MeOuyuHtsbt, T. 162, Ne 8, c. 259-264.

XaBuHcoH, B. X., Yaancosa, H. 1., Aunbkosa, H. C. 1 Ap. (2015) 3aBUCUMOCTD TKaHECTIEHUPUIECKOTO AETICTBUS
HENTUAOB OT KOAMYECTBA aMUHOKUCAOT, BXOASIIINX B UX cocTaB. QyHdamenmaivHbie ucciedosanus, No 2-3,
c. 497-503.

Yaaucona, H. 1., ViBaHoBa, I1. H., ErosoBa, E. C., HukutuHa, E. A. (2023) CtuMmyaupyioliee BAUSHUE KOPOTKUX
IENITUAOB Ha KAETOUHYIO TPOAMGEPALINIO B OPTaHOTUIINYECKON KYABTYPe TKaHelL. MIHmespamusHas husnoroeus,
T. 4, Ne 2, c. 225-234. https://doi.org/10.33910/2687-1270-2023-4-2-225-234

Yaaucosa, H. V1., Koxuesas, E. A., BoitiiexoBckass, M. A., Komaruss, A. B. (2011) PeryasiTopHOe BAKSIHIE KOAVPYEMBIX
AMMHOKVCAOT Ha OCHOBHbIE KAETOUHbBIE TIPOLIECCH] Y MOAOABIX U CTAPBIX KUBOTHBIX. YCHEXU 2epOHIOA02UL,
T. 24, Ne 2, c. 189-197.

Yaancosa, H. 1., Hukutuna, E. A., AaekcanapoBa, M. A., 3oaoToBepxast, E. A. (2021) BAusiHne KoAUpyeMbIX
L-aMMHOKMCAOT Ha OPTaHOTUIINYECKYIO KYABTYPY TKaHell pa3AUYHOro reHesa. MHmezpamusHas pu3uoro2us,
T. 2, N0 2, c. 196—204. https://doi.org/10.33910/2687-1270-2021-2-2-196-204

Aftabuddin, M., Kundu, S. (2007) Hydrophobic, hydrophilic, and charged amino acid networks within protein.
Biophysical Journal, vol. 93, no. 1, pp. 225-231. https://doi.org/10.1529/biophysj.106.098004

Ananieva, E. A., Powell, J. D., Hutson, S. M. (2016) Leucine metabolism in T cell activation: MTOR signaling and
beyond. Advances in Nutrition, vol. 7, no. 4, pp. 7985-805S. https://doi.org/10.3945/an.115.011221

Ashapkin, V., Khavinson, V., Shilovsky, G. et al. (2020) Gene expression in human mesenchymal stem cell aging
cultures: Modulation by short peptides. Molecular Biology Reports, vol. 47, no. 6, pp. 4323—4329. https://doi.
org/10.1007/s11033-020-05506-3

Chen, X., Huang, Z., Chen, D. et al. (2013) MicroRNA-27a is induced by leucine and contributes to leucine-induced
proliferation promotion in C2C12 cells. International Journal of Molecular Sciences, vol. 14, no. 7, pp. 14076—
14084. https://doi.org/10.3390/ijms140714076

Da Luz Dias, R., Basso, B., Donadio, M. V. F. et al. (2018) Leucine reduces the proliferation of MC3T3-E1 cells
through DNA damage and cell senescence. Toxicology in Vitro, vol. 48, pp. 1-10. https://doi.org/10.1016/j.
tiv.2017.12.015

Dai, J.-M., Yu, M.-X,, Shen, Z.-Y. et al. (2015) Leucine promotes proliferation and differentiation of primary preterm
rat satellite cells in part through mTORC1 signaling pathway. Nutrients, vol. 7, no. 5, pp. 3387-3400. https://
doi.org/10.3390/nu7053387

Fedoreyeva, L. I, Kireev, L. I, Khavinson, V. Kh., Vanyushin, B. F. (2011) Penetration of short fluorescence-labeled
peptides into the nucleus in HeLa cells and in vitro specific interaction of the peptides with deoxyribooligonucleotides
and DNA. Biochemistry (Moscow), vol. 76, no. 11, pp. 1210-1219. https://doi.org/10.1134/S0006297911110022

Garcia, S., Lopez, E., Lopez-Colomé, A. M. (2008) Glutamate accelerates RPE cell proliferation through ERK1/2
activation via distinct receptor-specific mechanisms. Journal of Cellular Biochemistry, vol. 104, no. 2, pp. 377-
390. https://doi.org/10.1002/jcb.21633

Garcia-Bermudez, J., Baudrier, L., La, K. et al. (2018) Aspartate is a limiting metabolite for cancer cell proliferation
under hypoxia and in tumours. Nature Cell Biology, vol. 20, no. 7, pp. 775-781. https://doi.org/10.1038/s41556-
018-0118-z

Guo, K., Cao, Y., Li, Z. et al. (2020) Glycine metabolomic changes induced by anticancer agents in A549 cells. Amino
Acids, vol. 52, no. 5, pp. 793-809. https://doi.org/10.1007/s00726-020-02853-0

Higglund, B., Sandberg, G. (1993) Effect of L-alanine and some other amino acids on thymocyte proliferation
in vivo. Immunobiology, vol. 188, no. 1-2, pp. 62—69. https://doi.org/10.1016/S0171-2985(11)80487-0

Han, G., Lin, C., Yin, H. (2023) Use of glycine to augment exon skipping and cell therapies for Duchenne muscular
dystrophy. In: R. Maruyama, T. Yokota (eds.). Muscular dystrophy therapeutics. Methods in molecular biology.
Vol. 2587. New York: Humana Press, pp. 165—182. https://doi.org/10.1007/978-1-0716-2772-3 10

Helenius, I. T., Madala, H. R., Yeh, J.-R.J. (2021) An Asp to strike out cancer? Therapeutic possibilities arising from
aspartate’s emerging roles in cell proliferation and survival. Biomolecules, vol. 11, no. 11, article 1666. https://
doi.org/10.3390/biom11111666

Jain, M., Nilsson, R., Sharma, S. et al. (2012) Metabolite profiling identifies a key role for glycine in rapid cancer
cell proliferation. Science, vol. 336, no. 6084, pp. 1040—1044. https://doi.org/10.1126/science.1218595

Ke, C., Zhao, S., Wang, L. et al. (2023) Chromatin remodeler BRM is a key mediator of leucine-stimulated mTOR
gene transcription in mouse mammary epithelial cells. Biochemical and Biophysical Research Communications,
vol. 643, pp. 88-95. https://doi.org/10.1016/j.bbrc.2022.12.064

Khavinson, V., Ilina, A., Kraskovskaya, N. et al. (2021) Neuroprotective effects of tripeptides — epigenetic regulators
in mouse model of Alzheimer’s disease. Pharmaceuticals, vol. 14, no. 6, article 515. https://doi.org/10.3390/
ph14060515

Kolchina, N., Khavinson, V., Linkova, N. et al. (2019) Systematic search for structural motifs of peptide binding
to double-stranded DNA. Nucleic Acids Research, vol. 47, no. 20, pp. 10553—10563. https://doi.org/10.1093/

nar/gkz850

UnmeepamusHas gﬁusuwloeu,q, 2024, m. 5, Ne 4 371


https://doi.org/10.33910/2687-1270-2023-4-2-225-234
https://doi.org/10.33910/2687-1270-2021-2-2-196-204
https://doi.org/10.1529/biophysj.106.098004
https://pubmed.ncbi.nlm.nih.gov/27422517/
https://pubmed.ncbi.nlm.nih.gov/27422517/
https://doi.org/10.3945/an.115.011221
https://doi.org/10.1007/s11033-020-05506-3
https://doi.org/10.1007/s11033-020-05506-3
https://doi.org/10.3390/ijms140714076
https://pubmed.ncbi.nlm.nih.gov/29278758/
https://pubmed.ncbi.nlm.nih.gov/29278758/
https://doi.org/10.1016/j.tiv.2017.12.015
https://doi.org/10.1016/j.tiv.2017.12.015
https://pubmed.ncbi.nlm.nih.gov/26007333/
https://pubmed.ncbi.nlm.nih.gov/26007333/
https://doi.org/10.3390/nu7053387
https://doi.org/10.3390/nu7053387
https://doi.org/10.1134/S0006297911110022
https://pubmed.ncbi.nlm.nih.gov/18022816/
https://pubmed.ncbi.nlm.nih.gov/18022816/
https://doi.org/10.1002/jcb.21633
https://doi.org/10.1038/s41556-018-0118-z
https://doi.org/10.1038/s41556-018-0118-z
https://pubmed.ncbi.nlm.nih.gov/32430875/
https://doi.org/10.1007/s00726-020-02853-0
https://pubmed.ncbi.nlm.nih.gov/8406560/
https://pubmed.ncbi.nlm.nih.gov/8406560/
https://doi.org/10.1016/S0171-2985(11)80487-0
https://pubmed.ncbi.nlm.nih.gov/36401030/
https://pubmed.ncbi.nlm.nih.gov/36401030/
https://doi.org/10.1007/978-1-0716-2772-3_10
https://pubmed.ncbi.nlm.nih.gov/34827664/
https://pubmed.ncbi.nlm.nih.gov/34827664/
https://doi.org/10.3390/biom11111666
https://doi.org/10.3390/biom11111666
https://pubmed.ncbi.nlm.nih.gov/22628656/
https://pubmed.ncbi.nlm.nih.gov/22628656/
https://doi.org/10.1126/science.1218595
https://pubmed.ncbi.nlm.nih.gov/36587526/
https://pubmed.ncbi.nlm.nih.gov/36587526/
https://doi.org/10.1016/j.bbrc.2022.12.064
https://doi.org/10.3390/ph14060515
https://doi.org/10.3390/ph14060515
https://doi.org/10.1093/nar/gkz850
https://doi.org/10.1093/nar/gkz850

Cmumyrupyroujee BAUIHUE COHEMAHUL OUNenmuooB U Mpunenmuoos Ha pasBumue...

Liu, Y., Wang, X., Wu, H. et al. (2016) Glycine enhances muscle protein mass associated with maintaining Akt-
mTOR-FOXOL1 signaling and suppressing TLR4 and NOD2 signaling in piglets challenged with LPS. American
Journal of Physiology — Regulatory, Integrative and Comparative Physiology, vol. 311, no. 2, pp. R365-R373.
https://doi.org/10.1152/ajpregu.00043.2016

Meléndez-Rodriguez, F., Urrutia, A. A., Lorendeau, D. et al. (2019) HIF1a suppresses tumor cell proliferation
through inhibition of aspartate biosynthesis. Cell Reports, vol. 26, no. 9, pp. 2257-2265. https://doi.org/10.1016/j.
celrep.2019.01.106

Pan, S., Fan, M., Liu, Z. et al. (2021) Serine, glycine and one-carbon metabolism in cancer (Review). International
Journal of Oncology, vol. 58, no. 2, pp. 158—170. https://doi.org/10.3892/ij0.2020.5158

Silveira-Dorta, G., Martin, V. S., Padrén, J. M. (2015) Synthesis and antiproliferative activity of glutamic acid-based
dipeptides. Amino Acids, vol. 47, no. 8, pp. 1527-1532. https://doi.org/10.1007/s00726-015-1987-0

Sinjari, B., Diomede, F., Khavinson, V. et al. (2020) Short peptides protect oral stem cells from ageing. Stem Cell
Reviews and Reports, vol. 16, no. 1, pp. 159—166. https://doi.org/10.1007/s12015-019-09921-3

Soon, J. W., Manca, M. A., Laskowska, A. et al. (2024) Aspartate in tumor microenvironment and beyond: Metabolic
interactions and therapeutic perspectives. Biochimica et Biophysica Acta (BBA) — Molecular Basis of Disease,
vol. 1870, no. 8, article 167451. https://doi.org/10.1016/j.bbadis.2024.167451

Stepulak, A., Rola, R., Polberg, K., Ikonomidou, C. (2014) Glutamate and its receptors in cancer. Journal of Neural
Transmission, vol. 121, no. 8, pp. 933-944. https://doi.org/10.1007/s00702-014-1182-6

Teng, L., Qin, Q., Zhou, Z. et al. (2023) Glutamate secretion by embryonic stem cells as an autocrine signal to promote
proliferation. Scientific Reports, vol. 13, no. 1, article 19069. https://doi.org/10.1038/s41598-023-46477-2

Tsuji-Tamura, K., Sato, M., Fujita, M., Tamura, M. (2020) The role of PI3K/Akt/mTOR signaling in dose-dependent
biphasic effects of glycine on vascular development. Biochemical and Biophysical Research Communications,
vol. 529, no. 3, pp. 596-602. https://doi.org/10.1016/j.bbrc.2020.06.085

Vanyushin, B. F.,, Khavinson, V. Kh. (2016) Short biologically active peptides as epigenetic modulators of gene
activity. In: W. Doerfler, P. Bohm (eds.). Epigenetics — a different way of looking at genetics. Epigenetics and
human health. Cham: Springer Publ., pp. 69-90. https://doi.org/10.1007/978-3-319-27186-6 5

Wang, D., Kuang, Y., Wan, Z. et al. (2022) Aspartate alleviates colonic epithelial damage by regulating intestinal
stem cell proliferation and differentiation via mitochondrial dynamics. Molecular Nutrition & Food Research,
vol. 66, no. 24, article €2200168. https://doi.org/10.1002/mnfr.202200168

Wasinger, C., Hofer, A., Spadiut, O., Hohenegger, M. (2018) Amino acid signature in human melanoma cell lines
from different disease stages. Scientific Reports, vol. 8, no. 1, article 6245. https://doi.org/10.1038/s41598-018-
24709-0

Yamaguchi, Y., Yamamoto, K., Sato, Y. et al. (2016) Combination of aspartic acid and glutamic acid inhibits tumor
cell proliferation. Biomedical Research, vol. 37, no. 2, pp. 153—159. https://doi.org/10.2220/biomedres.37.153

References

Aftabuddin, M., Kundu, S. (2007) Hydrophobic, hydrophilic, and charged amino acid networks within protein.
Biophysical Journal, vol. 93, no. 1, pp. 225-231. https://doi.org/10.1529/biophysj.106.098004 (In English)

Ananieva, E. A., Powell, J. D., Hutson, S. M. (2016) Leucine metabolism in T cell activation: MTOR signaling
and beyond. Advances in Nutrition, vol. 7, no. 4, pp. 7985-805S. https://doi.org/10.3945/an.115.011221
(In English)

Ashapkin, V., Khavinson, V., Shilovsky, G. et al. (2020) Gene expression in human mesenchymal stem cell aging
cultures: Modulation by short peptides. Molecular Biology Reports, vol. 47, no. 6, pp. 4323—-4329. https://doi.
org/10.1007/s11033-020-05506-3 (In English)

Chalisova, N. L, Ivanova, P. N., Egozova, E. S., Nikitina, E. A. (2023) Stimuliruyushchee vliyanie korotkikh peptidov
na kletochnuyu proliferatsiyu v organotipicheskoj kul'ture tkanej [The stimulating effect of short peptides
on cellular proliferation in organotypic tissue culture]. Integrativnaya fiziologiya — Integrative Physiology, vol. 4,
no. 2, pp. 225-234. https://doi.org/10.33910/2687-1270-2023-4-2-225-234 (In Russian)

Chalisova, N. 1., Kontsevaya, E. A., Voytsekhovskaya, M. A., Komashnya, A. V. (2011) Regulyatornoe vliyanie
kodiruemykh aminokislot na osnovnye kletochnye protsessy u molodykh i starykh zhivotnykh [The regulated
effect of the coded amino acids on the basic cellular processes in young and old animals]. Uspekhi gerontologii —
Advances in Gerontology, vol. 24, no. 2, pp. 189-197. (In Russian)

Chalisova, N. L, Nikitina, E. A., Alexandrova, M. L., Zolotoverkhaja, E. A. (2021) Vliyanie kodiruemykh L-aminokislot
na organotipicheskuyu kul'turu tkanej razlichnogo geneza [The effect of coded L-amino acids on the organotypic
culture of tissues of different genesis]. Integrativnaya fiziologiya — Integrative Physiology, vol. 2, no. 2, pp. 196—
204. https://doi.org/10.33910/2687-1270-2021-2-2-196-204 (In Russian)

Chen, X., Huang, Z., Chen, D. et al. (2013) MicroRNA-27a is induced by leucine and contributes to leucine-induced
proliferation promotion in C2C12 cells. International Journal of Molecular Sciences, vol. 14, no. 7, pp. 14076—
14084. https://doi.org/10.3390/ijms140714076 (In English)

372 https://www.doi.org/10.33910/2687-1270-2024-5-4-365-374



https://www.doi.org/10.33910/2687-1270-2024-5-4-365-374
https://pubmed.ncbi.nlm.nih.gov/27225947/
https://pubmed.ncbi.nlm.nih.gov/27225947/
https://doi.org/10.1152/ajpregu.00043.2016
https://pubmed.ncbi.nlm.nih.gov/30811976/
https://pubmed.ncbi.nlm.nih.gov/30811976/
https://doi.org/10.1016/j.celrep.2019.01.106
https://doi.org/10.1016/j.celrep.2019.01.106
https://pubmed.ncbi.nlm.nih.gov/33491748/
https://doi.org/10.3892/ijo.2020.5158
https://pubmed.ncbi.nlm.nih.gov/25900811/
https://pubmed.ncbi.nlm.nih.gov/25900811/
https://doi.org/10.1007/s00726-015-1987-0
https://doi.org/10.1007/s12015-019-09921-3
https://pubmed.ncbi.nlm.nih.gov/39111633/
https://pubmed.ncbi.nlm.nih.gov/39111633/
https://doi.org/10.1016/j.bbadis.2024.167451
https://pubmed.ncbi.nlm.nih.gov/24610491/
https://doi.org/10.1007/s00702-014-1182-6
https://pubmed.ncbi.nlm.nih.gov/37925518/
https://pubmed.ncbi.nlm.nih.gov/37925518/
https://doi.org/10.1038/s41598-023-46477-2
https://doi.org/10.1016/j.bbrc.2020.06.085
https://doi.org/10.1007/978-3-319-27186-6_5
https://pubmed.ncbi.nlm.nih.gov/36310136/
https://pubmed.ncbi.nlm.nih.gov/36310136/
https://doi.org/10.1002/mnfr.202200168
https://doi.org/10.1038/s41598-018-24709-0
https://doi.org/10.1038/s41598-018-24709-0
https://pubmed.ncbi.nlm.nih.gov/27108884/
https://pubmed.ncbi.nlm.nih.gov/27108884/
https://doi.org/10.2220/biomedres.37.153
https://doi.org/10.1529/biophysj.106.098004
https://pubmed.ncbi.nlm.nih.gov/27422517/
https://pubmed.ncbi.nlm.nih.gov/27422517/
https://doi.org/10.3945/an.115.011221
https://doi.org/10.1007/s11033-020-05506-3
https://doi.org/10.1007/s11033-020-05506-3
https://doi.org/10.33910/2687-1270-2023-4-2-225-234
https://doi.org/10.33910/2687-1270-2021-2-2-196-204
https://doi.org/10.3390/ijms140714076

H. . Yaaucosa, I. A. Poimaxk, E. A. HukumuHa

Da Luz Dias, R., Basso, B., Donadio, M. V. E. et al. (2018) Leucine reduces the proliferation of MC3T3-E1 cells
through DNA damage and cell senescence. Toxicology in Vitro, vol. 48, pp. 1-10. https://doi.org/10.1016/j.
tiv.2017.12.015 (In English)

Dai, J.-M., Yu, M.-X., Shen, Z.-Y. et al. (2015) Leucine promotes proliferation and differentiation of primary preterm
rat satellite cells in part through mTORCI1 signaling pathway. Nutrients, vol. 7, no. 5, pp. 3387-3400. https://
doi.org/10.3390/nu7053387 (In English)

Fedoreyeva, L. I, Kireev, L. I, Khavinson, V. Kh., Vanyushin, B. F. (2011) Penetration of short fluorescence-labeled
peptides into the nucleus in HeLa cells and in vitro specific interaction of the peptides with deoxyribooligonucleotides
and DNA. Biochemistry (Moscow), vol. 76, no. 11, pp. 1210-1219. https://doi.org/10.1134/S0006297911110022
(In English)

Garcia, S., Lopez, E., Lopez-Colomé, A. M. (2008) Glutamate accelerates RPE cell proliferation through ERK1/2
activation via distinct receptor-specific mechanisms. Journal of Cellular Biochemistry, vol. 104, no. 2, pp. 377—
390. https://doi.org/10.1002/jcb.21633 (In English)

Garcia-Bermudez, J., Baudrier, L., La, K. et al. (2018) Aspartate is a limiting metabolite for cancer cell proliferation
under hypoxia and in tumours. Nature Cell Biology, vol. 20, no. 7, pp. 775-781. https://doi.org/10.1038/s41556-
018-0118-z (In English)

Guo, K., Cao, Y., Li, Z. et al. (2020) Glycine metabolomic changes induced by anticancer agents in A549 cells. Amino
Acids, vol. 52, no. 5, pp. 793-809. https://doi.org/10.1007/s00726-020-02853-0 (In English)

Hégglund, B., Sandberg, G. (1993) Effect of L-alanine and some other amino acids on thymocyte proliferation
in vivo. Immunobiology, vol. 188, no. 1-2, pp. 62—69. https://doi.org/10.1016/S0171-2985(11)80487-0 (In English)

Han, G., Lin, C., Yin, H. (2023) Use of glycine to augment exon skipping and cell therapies for Duchenne muscular
dystrophy. In: R. Maruyama, T. Yokota (eds.). Muscular dystrophy therapeutics. Methods in molecular biology.
Vol. 2587. New York: Humana Press, pp. 165—-182. https://doi.org/10.1007/978-1-0716-2772-3 10 (In English)

Helenius, I. T., Madala, H. R., Yeh, J.-R.]. (2021) An Asp to strike out cancer? Therapeutic possibilities arising from
aspartate’s emerging roles in cell proliferation and survival. Biomolecules, vol. 11, no. 11, article 1666. https://
doi.org/10.3390/biom11111666 (In English)

Ivanova, P. N., Zalomaeva, E. S., Chalisova, N. L. et al. (2022) Vozdejstvie magnitnykh polej razlichnoj intensivnosti
i sinteticheskikh oligopeptidov na kletochnuyu regeneratsiyu tkanej [Cellular tissue regeneration: Effects
of magnetic fields of different intensity and synthetic oligopeptides]. Integrativnaya fiziologiya — Integrative
Physiology, vol. 3, no. 2, pp. 254—264. https://doi.org/10.33910/2687-1270-2022-3-2-254-264 (In Russian)

Jain, M., Nilsson, R., Sharma, S. et al. (2012) Metabolite profiling identifies a key role for glycine in rapid cancer
cell proliferation. Science, vol. 336, no. 6084, pp. 1040—1044. https://doi.org/10.1126/science.1218595 (In English)

Ke, C., Zhao, S., Wang, L. et al. (2023) Chromatin remodeler BRM is a key mediator of leucine-stimulated mTOR
gene transcription in mouse mammary epithelial cells. Biochemical and Biophysical Research Communications,
vol. 643, pp. 88—95. https://doi.org/10.1016/j.bbrc.2022.12.064 (In English)

Khavinson, V. Kh. (2020) Lekarstvennye peptidnye preparaty: proshloe, nastoyashchee, budushchee [Peptide
medicines: Past, present, future]. Klinicheskaya meditsina — Clinical Medicine (Russian Journal), vol. 98, no. 3,
pp. 165-177. https://doi.org/10.30629/0023-2149-2020-98-3-165-177 (In Russian)

Khavinson, V. Kh., Chalisova, N. I., Linkova, N. S. et al. (2015) Zavisimost’ tkanespetsifichnogo dejstviya peptidov
ot kolichestva aminokislot, vkhodyashchikh v ikh sostav [The dependence of tissue-specific peptides activity
on the number of amino acids in the peptides]. Fundamental’nye issledovaniya, no. 2-3, pp. 497—-503. (In Russian)

Khavinson, V., Ilina, A., Kraskovskaya, N. et al. (2021) Neuroprotective effects of tripeptides — epigenetic regulators
in mouse model of Alzheimer’s disease. Pharmaceuticals, vol. 14, no. 6, article 515. https://doi.org/10.3390/
ph14060515 (In English)

Khavinson, V. Kh., Lin'kova, N. S., Tarnovskaya, S. L. (2016) Korotkie peptidy reguliruyut ekspressiyu genov [Short
peptides regulate gene expression]. Byulleten’ eksperimental’noj biologii i meditsiny — Bulletin of Experimental
Biology and Medicine, vol. 162, no. 8, pp. 288—292. https://doi.org/10.1007/s10517-016-3596-7 (In Russian)

Kolchina, N., Khavinson, V., Linkova, N. et al. (2019) Systematic search for structural motifs of peptide binding
to double-stranded DNA. Nucleic Acids Research, vol. 47, no. 20, pp. 10553—10563. https://doi.org/10.1093/
nar/gkz850 (In English)

Liu, Y., Wang, X., Wu, H. et al. (2016) Glycine enhances muscle protein mass associated with maintaining Akt-
mTOR-FOXO1 signaling and suppressing TLR4 and NOD2 signaling in piglets challenged with LPS. American
Journal of Physiology — Regulatory, Integrative and Comparative Physiology, vol. 311, no. 2, pp. R365-R373.
https://doi.org/10.1152/ajpregu.0004:3.2016 (In English)

Meléndez-Rodriguez, F., Urrutia, A. A., Lorendeau, D. et al. (2019) HIFla suppresses tumor cell proliferation
through inhibition of aspartate biosynthesis. Cell Reports, vol. 26, no. 9, pp. 2257-2265. https://doi.org/10.1016/].
celrep.2019.01.106 (In English)

Pan, S., Fan, M,, Liu, Z. et al. (2021) Serine, glycine and one-carbon metabolism in cancer (Review). International
Journal of Oncology, vol. 58, no. 2, pp. 158—170. https://doi.org/10.3892/ij0.2020.5158 (In English)

Silveira-Dorta, G., Martin, V. S., Padrén, J. M. (2015) Synthesis and antiproliferative activity of glutamic acid-based
dipeptides. Amino Acids, vol. 47, no. 8, pp. 1527-1532. https://doi.org/10.1007/s00726-015-1987-0 (In English)

UnmeepamusHas gﬁusuwloeu,q, 2024, m. 5, Ne 4 373


https://pubmed.ncbi.nlm.nih.gov/29278758/
https://pubmed.ncbi.nlm.nih.gov/29278758/
https://doi.org/10.1016/j.tiv.2017.12.015
https://doi.org/10.1016/j.tiv.2017.12.015
https://pubmed.ncbi.nlm.nih.gov/26007333/
https://pubmed.ncbi.nlm.nih.gov/26007333/
https://doi.org/10.3390/nu7053387
https://doi.org/10.3390/nu7053387
https://doi.org/10.1134/S0006297911110022
https://pubmed.ncbi.nlm.nih.gov/18022816/
https://pubmed.ncbi.nlm.nih.gov/18022816/
https://doi.org/10.1002/jcb.21633
https://doi.org/10.1038/s41556-018-0118-z
https://doi.org/10.1038/s41556-018-0118-z
https://pubmed.ncbi.nlm.nih.gov/32430875/
https://doi.org/10.1007/s00726-020-02853-0
https://pubmed.ncbi.nlm.nih.gov/8406560/
https://pubmed.ncbi.nlm.nih.gov/8406560/
https://doi.org/10.1016/S0171-2985(11)80487-0
https://pubmed.ncbi.nlm.nih.gov/36401030/
https://pubmed.ncbi.nlm.nih.gov/36401030/
https://doi.org/10.1007/978-1-0716-2772-3_10
https://pubmed.ncbi.nlm.nih.gov/34827664/
https://pubmed.ncbi.nlm.nih.gov/34827664/
https://doi.org/10.3390/biom11111666
https://doi.org/10.3390/biom11111666
https://doi.org/10.33910/2687-1270-2022-3-2-254-264
https://pubmed.ncbi.nlm.nih.gov/22628656/
https://pubmed.ncbi.nlm.nih.gov/22628656/
https://doi.org/10.1126/science.1218595
https://pubmed.ncbi.nlm.nih.gov/36587526/
https://pubmed.ncbi.nlm.nih.gov/36587526/
https://doi.org/10.1016/j.bbrc.2022.12.064
https://doi.org/10.30629/0023-2149-2020-98-3-165-177
https://doi.org/10.3390/ph14060515
https://doi.org/10.3390/ph14060515
https://elibrary.ru/title_about_new.asp?titleid=1757
https://elibrary.ru/title_about_new.asp?titleid=1757
https://doi.org/10.1007/s10517-016-3596-7
https://doi.org/10.1093/nar/gkz850
https://doi.org/10.1093/nar/gkz850
https://pubmed.ncbi.nlm.nih.gov/27225947/
https://pubmed.ncbi.nlm.nih.gov/27225947/
https://doi.org/10.1152/ajpregu.00043.2016
https://pubmed.ncbi.nlm.nih.gov/30811976/
https://pubmed.ncbi.nlm.nih.gov/30811976/
https://doi.org/10.1016/j.celrep.2019.01.106
https://doi.org/10.1016/j.celrep.2019.01.106
https://pubmed.ncbi.nlm.nih.gov/33491748/
https://doi.org/10.3892/ijo.2020.5158
https://pubmed.ncbi.nlm.nih.gov/25900811/
https://pubmed.ncbi.nlm.nih.gov/25900811/
https://doi.org/10.1007/s00726-015-1987-0

Cmumyrupyroujee BAUIHUE COHEMAHUL OUNenmuooB U Mpunenmuoos Ha pasBumue...

Sinjari, B., Diomede, F., Khavinson, V. et al. (2020) Short peptides protect oral stem cells from ageing. Stem Cell
Reviews and Reports, vol. 16, no. 1, pp. 159-166. https://doi.org/10.1007/s12015-019-09921-3 (In English)
Soon, J. W., Manca, M. A., Laskowska, A. et al. (2024) Aspartate in tumor microenvironment and beyond: Metabolic
interactions and therapeutic perspectives. Biochimica et Biophysica Acta (BBA) — Molecular Basis of Disease,

vol. 1870, no. 8, article 167451. https://doi.org/10.1016/j.bbadis.2024.167451 (In English)

Stepulak, A., Rola, R., Polberg, K., Ikonomidou, C. (2014) Glutamate and its receptors in cancer. Journal of Neural
Transmission, vol. 121, no. 8, pp. 933—944. https://doi.org/10.1007/s00702-014-1182-6 (In English)

Teng, L., Qin, Q., Zhou, Z. et al. (2023) Glutamate secretion by embryonic stem cells as an autocrine signal to promote
proliferation. Scientific Reports, vol. 13, no. 1, article 19069. https://doi.org/10.1038/541598-023-46477-2
(In English)

Tsuji-Tamura, K., Sato, M., Fujita, M., Tamura, M. (2020) The role of PI3K/Akt/mTOR signaling in dose-dependent
biphasic effects of glycine on vascular development. Biochemical and Biophysical Research Communications,
vol. 529, no. 3, pp. 596-602. https://doi.org/10.1016/j.bbrc.2020.06.085 (In English)

Vanyushin, B. F, Khavinson, V. Kh. (2016) Short biologically active peptides as epigenetic modulators of gene
activity. In: W. Doerfler, P. Béhm (eds.). Epigenetics — a different way of looking at genetics. Epigenetics and
human health. Cham: Springer Publ., pp. 69-90. https://doi.org/10.1007/978-3-319-27186-6 5 (In English)

Zhurkovich, I. K., Kovrov, N. G., Ryzhak, G. A. et al. (2020) Identifikatsiya korotkikh peptidov v sostave polipeptidnykh
kompleksov, vydelennykh iz organov zhivotnykh [Identification of short peptides as part of polypeptide complexes
isolated from animal organs]. Uspeki sovremennoj biologii — Biology Bulletin Reviews, vol. 140, no. 2, pp. 140—
148. https://www.doi.org/10.31857/S004213242002012X (In Russian)

Wang, D., Kuang, Y., Wan, Z. et al. (2022) Aspartate alleviates colonic epithelial damage by regulating intestinal
stem cell proliferation and differentiation via mitochondrial dynamics. Molecular Nutrition & Food Research,
vol. 66, no. 24, article €2200168. https://doi.org/10.1002/mnfr.202200168 (In English)

Wasinger, C., Hofer, A., Spadiut, O., Hohenegger, M. (2018) Amino acid signature in human melanoma cell lines
from different disease stages. Scientific Reports, vol. 8, no. 1, article 6245. https://doi.org/10.1038/s41598-018-
24709-0 (In English)

Yamaguchi, Y., Yamamoto, K., Sato, Y. et al. (2016) Combination of aspartic acid and glutamic acid inhibits tumor
cell proliferation. Biomedical Research, vol. 37, no. 2, pp. 153-159. https://doi.org/10.2220/biomedres.37.153
(In English)

374 https://www.doi.org/10.33910/2687-1270-2024-5-4-365-374



https://www.doi.org/10.33910/2687-1270-2024-5-4-365-374
https://doi.org/10.1007/s12015-019-09921-3
https://pubmed.ncbi.nlm.nih.gov/39111633/
https://pubmed.ncbi.nlm.nih.gov/39111633/
https://doi.org/10.1016/j.bbadis.2024.167451
https://pubmed.ncbi.nlm.nih.gov/24610491/
https://doi.org/10.1007/s00702-014-1182-6
https://pubmed.ncbi.nlm.nih.gov/37925518/
https://pubmed.ncbi.nlm.nih.gov/37925518/
https://doi.org/10.1038/s41598-023-46477-2
https://doi.org/10.1016/j.bbrc.2020.06.085
https://doi.org/10.1007/978-3-319-27186-6_5
https://www.doi.org/10.31857/S004213242002012X
https://pubmed.ncbi.nlm.nih.gov/36310136/
https://pubmed.ncbi.nlm.nih.gov/36310136/
https://doi.org/10.1002/mnfr.202200168
https://doi.org/10.1038/s41598-018-24709-0
https://doi.org/10.1038/s41598-018-24709-0
https://pubmed.ncbi.nlm.nih.gov/27108884/
https://pubmed.ncbi.nlm.nih.gov/27108884/
https://doi.org/10.2220/biomedres.37.153

