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B paGote obcyxnaeTcss MeTaboiM3M HUALIMHA, TAaKXKe U3BECTHOTO Kak BUTaMuH B3 miu PP, u MexaHu3MbI ero pe-
LIENITOPHOTO NeHCTBUSI B OpraHU3Me YesioBeka. HualuH cyiecTByeT B BUAE Pa3IMIHbBIX MOJIEKYJISIPHBIX COSMMHE-
HUIi, KOTOpBIe AeHCTBYIOT KaK MPeAIIeCTBeHHUKI HUKOTUHAMUIHBIX KO(EepMEHTOB. DTH KO(MEPMEHTHI UTPAIOT
pelamlyio pojb B MeTaboar3Me, SIBJISISICh JTOHOPAMU WJIX aKIIeNITOpaMM 3JIEKTPOHOB B OKMCIIUTEIbHO-BOCCTA-
HOBUTEJIbHBIX PEaKIUSIX, KaTAJIM3UPYeMbIX pa3TuYHbIMU (hepmeHTamu. [lomnepkaHue BHYTPUKIIETOYHOTO TTyJia
HUAIMHA XKU3HEHHO BaXKHO HE TOJIBKO IIJISI OKUCIUTEIbHO-BOCCTAHOBUTEILHOIO MeTab0IM3Ma, HO 1 IS DYHK-
onupoBaHust NAD-3aBucumsbix rmyteii. [1pu aTom matodusnosiornyeckre CUTyallui 1 U3MEHeHUe aKTUBHOCTH
(epMEHTOB MOT'YT BJIMSITh Ha ITOTPEOHOCTD B pa3InYHbIX (hopMax HUalMHa. [ToMruMo onocpenoBaHHOIO BO3eii-
CTBUS Yepe3 HUKOTMHAMMIHbIE KOEePMEHTHI, OH TaKXKe UMeET PSII MPSIMBIX 3((MeKTOB, BKITIOYAIOIINX B Ce0sT aH-
TWIMIIOJIUTUYECKYIO, Ba30AMIATaTOPHYIO K HEMPOMPOTEKTOPHYIO (DYHKIIMM, TOYHBIM MEXaHU3M JeHCTBUS KOTO-
DPBIX B HACTOsIIIee BpeMsi 10 KOHIIa He UcciieqoBaH. B 11e1oM, HualyH urpaeT XKM3HEHHO BaXKHYIO POJib B TTOIeP-
KaHUM 3¢ dekTBHOrO GYHKIMOHMPOBAHUSI KIETKW, W NajibHelilllee M3ydyeHue ero BJIMSIHUS Ha pasjIudyHbIe
dusnoIornyecKue pouecchl, BKoYass MUKPOOMOM KMIIIEYHUKA U STMTUTEHETUYECKYIO PETYJISIIINI0, MOXET Mpu-

BECTH K HOBBIM OTKPBITUAM U METOAAM JICHCHUA Pa3JIMYHbIX 3a00yieBaHUIA.
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Huauun (Butamun B3, PP) — BomopacTBopuMBIi
BUTaMUH, KOTOPHI B OpraHU3Me YeJIOBEKa CYIIECTBYET
B (popMe ocHoBaHUII (HUKOTMHOBOU KUCIOTHI (NA),
HukoTuHamuaa (NAM)) u Ux HYKJII€o3ua0B (pudo3uI
HukoTuHamuaa (NR) u pubo3un HUKOTUHOBOM KMCITO-
7ol (NAR)), mokazaHHBIX Ha puc. 1. DT MOJIEKYJISIDHbIE
COEIUHEHMUS SIBJISTIOTCSI TIPEAIIeCTBEHHUKAMU HUKOTHU-
HaMMUAHBIX KOPEPMEHTOB, K YMCITY KOTOPBIX OTHOCSITCS
HUKoTUHamMuaaneHuHAuHykKiaeoTun (NAD) u ero ¢oc-
dopuirpoBaHHas (popMa — HUKOTMHAMUIATEHWUHIN-
nykieotunagocdar (NADP), a Takke BOCCTAaHOBJIEH-
Hble hopMbl 3TUX coenuHeHuit — NADH u NADPH co-
OTBETCTBEHHO. B cocraBe JaHHBIX HYKJICOTUAOB
HUKOTHHaMUIHAsI COCTaBJISIIONIAsl IECTBYET KaK JOHOPD

Ilpunamote coxpawenua: ART — ADP-pubosuntpanchepassi;
NA — HukoTuHOBas Kucjiota; NAAD — ageHuHauHykiaeotua NA;
NAD u NADH — HUKOTMHaMUIAACHUHIWMHYKIJICOTUII U €TO BOC-
cTaHoBJIeHHas1 popma cooTBeTcTBeHHO; NADP u NADPH — Hu-
KOTMHaMUAaIeHUHANHYKIIeoTuadocdaT U ero BOCCTaHOBJIEHHAS
¢dopma coorBeTcTBeHHO; NAM — HukotuHamua; NAMN — MoHO-
nykiieotuss NA; NAMPRT — NAM-docdopubosunrpanchepasa;
NAPRT — NA-¢docdhopudosuntpanchepaza; NAR — pubdosun
NA; NMN — HukotnHaMuaMoHoHykJieotun; NR — pubosun Hu-
kotuHamuna; NRK — HukotnmHamuapubosuakuHaza; SIRT —
CUPTYHMHBI.
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WX aKIEIITOP 3JIEKTPOHOB BO MHOTUX KM3HEHHO BaX-
HBIX OKHCJIUTEIbHO-BOCCTAHOBUTEJBHBIX pEaKIIMsIX,
KaTaJIM3UPYIOLIMXCS NeCITKAMU pa3IMdHbIX (hepMeH-
TOB. He3ameHnMass aMMHOKMCIOTA TPUNITO(haH B KJIET-
KaxX MJICKOIIMTAIONINX YaCTUYHO MOXKET CIIYXXUTh €Ile
onHUM ucTouHUKOM NAD. O6a HUKOTUHAMUOHBIX KO-
¢depMeHTa BBHITTOIHSIOT pa3Hble (PYyHKIIMU B METa0O0IN3-
Me: OYeHb BhICOKOe cooTHomeHnrne NAD*/NADH cro-
COOCTBYET OKMCJIMTEJIbHOMY KaTaboI13My, B pe3yJibTaTe
yero mpoucxomut cuHte3 ATP. B dusmonornmueckmx
yCIOBUAX cooTHoILIeHne cBoboagHoro NAD*/NADH B
uTo30Jie coctanisieT okoio 700 (Vina et al., 2016), xots
3TO 3HAYEHUE MOXET BapbUpOBaTh B auamna3zoHe 500—
1000 (Goodman et al., 2018), B To BpeMs1 KaK B MUTOXOH-
JIPpUSIX 9TO COOTHOIIEHUE cyllecTBeHHO Huxke (7—10)
(Yang, Sauve, 2016). B cBolo ouepeab, HU3KOE COOTHO-
menue NADP*/NADPH, nopsanka 1073—10~2 (Good-
man et al., 2018), obecrieunBaeT CMJIILHO BOCCTaHABIN-
BaIOIIIYIO Cpeny s OMOCMHTETHUEeCKUX peakumii. [1pn
3TOM TIPU UCCIeTOBAHUU OMYXOJEeBbIX KJIETOK YeJI0BeKa
OBLIIO TTOKAa3aHO, YTO B MUTOXOHAPUSIX 3TO COOTHOIIIE-
HHE TaKXXKe B HECKOJIBKO pa3 HUXKE, UeM B LIMTO30J1e U S~
pe (Sallin et al., 2018). ITonmepXxaHne BHYyTPUKIETOUHO-
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Puc. 1. Paznuunbie popmbl HMaLMHA: HUKOTUHOBas Kucyiota (NA), HukotuHaMmua (NAM), pu6o3ua HUKOTUHOBOM KucaoThl (NAR)

u pubo3un HukotuHamuaa (NR).

ro rmyJia NAD BaxkKHO He TOJIBKO 111 00eCIIeueHUST OKMC-
JIUTEIbHO-BOCCTAHOBUTEJIBHOTO Me€TaboJiu3Ma, HO U
11 pyHKUMOHUpoBaHUs Apyrux NAD-3aBUCUMBIX ITy-
teii. Tak, NAD sBisieTcst cyocTpaToOM BaxKHEUIIUX IS
>KV3HENESTeIbHOCTU KJIIETKM PETYJISITOPHBIX O€JIKOB, Ta-
Kux kak ADP-pubo3untpaHcoepasnl, noau(ADP-pu-
0o3a)monuMepasbl U gealeTuiia3bl 0eakoB. ADP-pubo-
suntpaHcgepasbl pacuernisior NAD 1o NAM u ADP-
PUOO3UIIBHBIX TTPOAYKTOB, KOTOPBIE UTPAIOT KITIOUEBYIO
POJIb B KJIETOUYHBIX CUTHAJIBHBIX KacKaaax, peryaupylo-
IIMX 9KCIPECCUIO T€HOB, KJIETOUHBIN ITUKI, CEKPELIUIO
nHcyarHa u penapaiuio JIHK (Anderson et al., 2017).
Kpome Toro, atu epMeHTBHl y4acTBYIOT B arloITO3€,
OuoreHe3e MUTOXOHAPHIA, OTBETe Ha DP-cTpecc u Apyrux
>KM3HEHHO HeoOxommMbIX mporeccax (Kymmkosa u Jp.,
2018). Taxke NAD sBnsieTcss SHIOTEHHBIM aroOHUCTOM
nypuHepruueckux perentopos P2Y(1) u P2Y(11), no-
CPEICTBOM KOTOPBIX OH aKTUBUPYET UMMYHHBIC KJIETKU
(Klein et al., 2009). Takum 00Opa3oM, YPOBEHb IUHYK-
JIeOTUAA TOJDKEH MOCTOSIHHO TIOAAEPXKMUBaThCs Ha (u-
3MOJIOTUUYECKOM YPOBHE IJIsT obecrieueHusI 3(pPHeKTUB-
HOro (yHKIIMOHUPOBAHUS KIIETKMU.

MEXAHW3MBbI, COITPAXEHHDBIE
C INIOTPEBJIEHUEM HHUALIMHA

NA, NAM 1 nx HyKJICO3UIbI ITOCTYMAIOT B OPTaHU3M
MPEeUMYIIECTBEHHO 3K30T€HHO, a 3aTeM MCIOJIb3yIOTCS
mrst onocuHTe3a NAD 1 NADP, uto gaBisgeTcsa oCHOB-
HBIM CIOCOOOM PEryJisiliii YPOBHS HUKOTUHAMUIHBIX
Ko epMEHTOB B KJIeTKax MileKkonuTaomux. [1ocKoIbKy
NAD n NADP He MoryT nepecekaTh KI€TOIHBIE MEM-
OpaHbl, OHU PACHICIUISIIOTCS B KUIIIEYHUKE 10 HUKOTH-
HamuaMoHoHyKIIeotruna (NMN) u NR (Canto, 2022).
IIpwu 5TOM OBIIIO MOKA3aHO, YTO NMEPOPATIBHO BBEACHHbIE
NR 1 NMN npespantatorcst B NAM 1o 1ormagaHnust B
CUCTEMHBI KPOBOTOK, TOTHAa KaK IIpU BHYTPUBEHHOI
WHBEKILINU 3TU COSAUHEHUST MOTYT METabOIM3UPOBaTh-
cs1 1o NAM HemnocpencTBeHHO B KpoBoToke (Liu et al.,
2018). B cBoro ouepens, NAM, Kak mpaBMJIo, mpeoodpa-
3yeTcsl KUIIEYHBIM MUKPOOMOMOM MOCPEACTBOM HUKO-

TuHamugassl PncA B NA, KoTopasi, moranast yepe3 BO-
POTHYIO BeHY B II€YCHb, SIBJISICTCS] CTAOMILHBIM TIPEKYP-
copoM NAD B manHoM opraHe (Shats et al., 2020).
NHTepecHo, 4TO 3TOT IIpoIecC UTPaeT OOJBIIYIO POIb
Ha Oosee mo3nHen ctanuu cuHTe3a NAD B nmedyeHu 1o-
cie nepopanbHoro BBeneHuss NR i NAM, Torma Kak
Ha paHHe# ctaguu ypoBeHb NAD moBEIIIAeTCS HEMO-
cpeacTtBeHHO 3a cueT NR 1 NAM, nocTtymnaronmx ¢ Kpo-
BBbIO 13 TOHKOTO KuineuyHnka (Yaku et al., 2021). B uenaom,
CKOPOCTh U 3(PHEeKTUBHOCTh META0OIM3Ma Pa3TAUYHBIX
npenmectBeHHNKOB NAD cyliecTBEeHHO 3aBUCHUT OT CO-
cTaBa KMILIEYHOTO MUKpPOOHUOMa.

Crenyetr OoTMETUTb, YTO ypOBEHb HUALIMHA, LIUPKY-
JIMPYIOLLIETO B KPOBU 4YejioBeKa, SIBJSIETCS] TOCTaTOYHO
HU3KUM. Tak, B COOTBETCTBUMU C PSIIOM SKCHEPUMEH-
TaJbHBIX padOT, KOHIIeHTpalusi NAM B miazme yenoBe-
ka cocraBuster 0.4—0.8 MxM (Trammell et al., 2016;
Grant et al., 2019; Ito et al., 2020), omHako HaOJIIOJAIN 1
6osee Bbicokue ypoBHu NAM, Bruiote g0 60 MKM
(Clement et al., 2019). I1pu sTtom KoHueHTpanuu NA u
NR B mj1azme yenoBeka CylIeCTBEHHO HUXE U HaXOISIT-
Ccsl B HAHOMOJISIDHOM [JMara3oHe, COCTaBJIsisl COOTBET-
ctBeHHO 100—300 HM (Clement et al., 2019) u 15—45 1M
(Airhart et al., 2017; Nakagawa-Nagahama et al., 2023).
B cBo1o ouepenn, ypoBeHb NAR B KpoBU YelOBeKa SIBJISI-
eTCs MUHMMaJbHBIM U3 Bcex (opM HuanmHa (1 HM)
(Nakagawa-Nagahama et al., 2023).

CuHTe3 HHKOTHHAMHMIHBIX Ko)epMeHTOB. DD peKTnB-
HOCTb HMAIIMHA KaK TIpeAIIeCTBeHHUKA HUKOTHHAMUII -
HBIX KODEPMEHTOB OIIpenelsIeTCsI aKTUBHOCTBIO (hep-
MEHTOB, CITOCOOCTBYIOIINX €ro MpeBpameHnio B NAD,
TIOCKOJIBKY CKOPOCTh TpaHCIIOpTa ero (hopM depes Kiie-
TOYHYIO MeMOpaHy He SBIISIETCST JUMUTUPYIOITM (hak-
TopoM (Canto, 2022). YcTraHOBIEHEI pa3IMYHBIE HECIIC-
nududeckue TepeHOCUYNKH, TOCPEICTBOM KOTOPBIX
OIMCaHHBIC BBIIIE TIpenlecTBeHHNKN NAD momamator
B KJIeTKy. NAM sBIIsieTCs MCKITIOUYEHUEM B CBSI3H C TEM,
YTO €ro NepeHOCUYrK He ObUI naeHTudunuponaH (Can-
to, 2022). CymiecTByeT IIPEOIIOIOXEHNE, YTO OH I10IIa-
IaeT B KJIETKU MyTeM MIpocToit muddy3nn, omHaKO CKO-
Ne 6 2023
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Puc. 2. ITytu cunteza NAD/NADP 13 HUKOTUHaMUAA, HUIKOTUHOBOM KUCIOTHI M UX prubo3unoB. NAMPRT — Hukorunamun doc-
dopudo3unarpancdepazpl; NMNAT — HUIKOTUHAMUIMOHOHYKJIeOTH A aneHuaTpaHcdepasbl; NRK — HUKoTHHaMUaAprnOO3uaKNHA3A,
NAPRT — dochopubosmntpanchepasza HUKOTUHOBOIT KCIOTh; NADSYN — ATP-3aBucumas NAD-cunaTeTasa; NADK — NAD-ku-

Hasa.

poctb nuddysun NAM dyepe3 KIETOUYHYIO MeMOpaHy
ioxo usydyeHa (Zapata-Perez et al., 2021). Kpome Toro,
B KayecTBe MpeAlleCTBEHHUKAa HUKOTMHAMUIHBIX KO-
¢dhepMeHTOB MOXET BbICTYNaThb He3aMEHMMas aMWHO-
kucnora tpuntodad. Cunres NAD u3 L-tpunrodana
MIPOUCXOJIUT TIOCPEACTBOM KWHYPEHUHOBOTO TIyTH,
BKJIIOUAIOIIIETO HECKOJILKO (hepMEHTAaTUBHBIX peaKIIuid,
B IIpoliecce MPOTEeKaHUsI KOTOPBIX MTPOUCXOAUT 00pa3o-
BaHUWE MUPUAMHOBOIO KoJiblia. B CBSI3M € 3TUM 3TOT
MyTh HOCUT Ha3dBaHue de novo. B 11e10M, B KJIeTKax mJe-
KOTMTAOINX Bce nyThn OmocmHTe3a NAD MOXHO
YCJIOBHO pa3lieJITh Ha BE OCHOBHbIE IPYIIIbL: “aMUan-
poBaHHBIN” U “meamuaupoBaHHBINA” TyTH. NAM 1 NR
coliepKaT aMUIHYIO TPYIIITY U OTHOCSTCS K TIepBOMY TH -
y. B cBoro ouepenp, mytu cuHTe3a NAD u3 tpuntoda-
Ha, NA, a takke NAR o6pa3syior Bropyro rpymnmny. B xome
9KCIIEPUMEHTAJIbHOTO HCCAEAOBaHUs JIBYX aJbTepHa-
TUBHBIX MyTell OMOCUHTE3a B Pa3IMUYHbIX TKAHSIX MbI-
el B (pU3MOJOTMYECKUX YCIOBUSIX ObLIO MOKAa3aHo,
9TO IIPAKTUIECKM BO BCEX KJIETKaX IpeodragaeT “aMu-
nupoBaHHEIN” myTh (Mori et al., 2014). I1pu aToM caMbie
BBICOKME cKOopocTr cuHTe3a NAD Habmonanu B ieyeHn
U MoYKax, a caMble HU3KUe — B KpoBu. Haubosblias ot-
HOCUTEJIbHASI J10JII CUHTE3MPOBAHHOIO IO “IeaMUIr-
poBanHoMy” iyt NAD xapakTepHa IUIsI KJIETOK KPOBU

HUTOJIOTUA Ne 6

TOM 65 2023

Y TOHKOTO KMIIIEYHUKA, TPU 3TOM B KPOBU ITOT MYyTh
MOXET BHOCUTbH OOJIbIIINI BKJIad B yBEIUYEHUE OOIIEro
nnyjia NAD 1ipu 1o6aBjieHUU JOCTaTOYHOIO KOJIMUECTBA
NA. MU3-3a BbICOKOI MOTPEOHOCTU OOJIBIINMHCTBA TUIIOB
ki1eTok B NAD u NADP HapylieHue 3Tux nyteid ono-
CUHTEe3a MPUBOAUT K CUJIbHOMY TTaJICHUIO UX KJIETOYHOM
KOHILIEHTPAIMU, YTO B KOHEYHOM MTOTE MOXET SIBJISITHCS
MIPUYUHON TMOEIN KIETOK.

Amuduposannstii nyms. Ilyte 6mocunTeza NAD, Ge-
pyimii cBoe Hayayio oT NAM, sIBJIsieTCsI CaMBbIM KOPOT-
KMM M IpoTeKaeT B ABe cTanuu (puc. 2). IlepBas peak-
mus, Katanusupyemass NAM-dochopubosmnrpaHcde-
pazoit (NAMPRT, EC 2.4.2.12), npeBpamiaet cyocTpaThl
NAM u 5'-dpochopubosmi-1-nupodocdpar (PRPP) B
NMN. Janee NMN npeo6pasyercss B NAD 3a cuet HU-
KOTUHAMMIMOHOHYKJIEOTU]T afeHwITpaHchepasbl
(NMNAT, EC2.7.7.1). B 60JbIIMHCTBE UCCIESIOBAHHBIX
K HacTOsIIIIEMY BPEMEHU KJIETOK JMMUTHUpPYIOLlIel cTa-
nueit NAM-uHnyimpoBaHHoOro cuHTe3a NAD sBisieTcs
nepBas peakuus. HeoGxoaumMo OTMETUTb, YTO Cyllle-
CTBYET BKCIIepUMEHTAIbHO 0OOCHOBaHHAs TUIOTE3a, B
COOTBeTCTBUM ¢ KOTopoit NMN MoxKeT BBICTYIAaTh B pO-
JIM BHEKJIETOYHOTO npeamecTBeHHuKa NAD, mpoHukas
B KJIETKY HAIpSIMYyIO MOCPEICTBOM CIelUdUUEeCcKOTo
tpancnoprepa SLC12A8 (Grozio et al., 2019). OnHako
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€CTb PSII MOATBEPXKICHHBIX NAHHBIX, ITOKA3bIBAIOIINX,
gro NMN nedochopmanpyercs NR mepen tpaHcIiop-
TOM B KJIeTKy (Schmidt, Brenner, 2019). Takum o0Gpa-
30M, HEOOXOIUMBI TOTIOJTHUTEIbHBIC NCCIIETOBAHMS TSI
noaTrBepxkaeHus: TpaHcrmopra NMN depe3 KI€TOUHYIO
MeMOpaHy, a TakKKe ero POJIU B MONIEPKaHUU KIIeTOU-
Horo 1yna NAD.

NAMPRT npencrasisieT coboit mumMepHyIo pocdo-
puoosmaTpaHcdepasy tTuna I, KoTopas sKcrpeccupy-
€TCsl MOYTH BO BCEX MUCCIENOBAHHBIX TKAHSIX U KJIETKaXx,
YTO mpeAroJaraeT mieioTponHbie GyHKIMU (hepMeHTa
B opranuaMe denoBeka (Garten et al., 2015). Kpome To-
ro, aMMHOKUCJIOTHAsI MOCIEA0BATENBHOCTb 3TOTO (hep-
MeHTa 00JlajaeT 3HaUYUTENbHONH KOHCEPBATUBHOCTBIO Y
pa3IMYHBIX OPTaHU3MOB, HAayMHasli OT MPOKAPUOT U
MPUMUTUBHBIX MHOTOKJIETOUHBIX XKUBOTHBIX W 3aKaHUU-
Basi MJIEKOTIUTAIOIIUMU. JIaHHBIH (haKT CBUIETENBCTBYET O
X13HeHHO BaxkHOIT poim NAMPRT B dyHkumonmnpoBa-
Huu kjetok. Ilpu 3TOoM U sKcrpeccusi, U aKTUBHOCTb
NAMPRT monymmpyroTcst KIIeTOUHBIMU YPOoBHIMI NAD,
YTO MO3BOJISIET MOAAEPXKUBATH HEOOXOAUMBI YPOBEHb HU-
KOTMHaMUOHBIX KodepMmeHTOB B KiteTke (Fletcher, Lavery,
2018). Okcnpeccupyemblii NAMPRT nokanu3oBaH Iipe-
MMYIIIECTBEHHO B sinpe u nuTorriazMme (Garten et al., 2015),
OIHaKO OH MOXET CEKPEeTUPOBAThCS B BUIE BHEKIIETOU-
Horo ¢pepmeHTa (eENAMPRT), KoTopEIil, KaK M3HAYAJIb-
HO CUYMTAaJIOCh, CIIOCOOCTByeT mpeBpallneHuio NAM B
NMN B kpoBotoke. OmHaKO, BBUAY HU3KUX YPOBHEM
cyOCTpaToB M MPOAYKTOB peakilMu B KPOBOTOKE, 3Ta
TOUYKa 3peHUsI HE SIBJISIETCS TTIOJIHOCThIO 00OCHOBaHHOM
(Canto, 2022). B HegaBHUX MCCIeOBAaHMSIX OBLIO II0Ka-
3aHO, yTo eNAMPRT nepeHocuUTCs Yyepe3 CUCTEMHbINA
KPOBOTOK BO BHEKJIETOYHBIX BE3MKYJaX, CIIOCOOHBIX
TOITIOLIATBCA OPYTUMHU KIJIIETKAMU YU TKAHAMU IJIST yCU-
nennst onocrHTe3a NAD (Yoshida et al., 2019).

Bropoii 6e10K ONMMCAaHHOTO BHILIE ITyTU CUHTE3a —
NMNAT — B opranmsme 4yejioBeKa IpeacTaBiIeH TPeMs
pPa3INYHBIMU TeHHBIMHM MPOIYKTAMU: SOSPHBIM TOMO3K-
3aMmepHbIM n3odpepMeHTOoM NMNAT 1, IMTO30/1bHBIM MO-
HOMepHBIM n30depMeHTOM NMNAT2 1 MUTOXOHIpHUATE-
HBIM ToMoOTeTpaMepHBIM M3odepMeHTOM NMNAT3
(Magni et al., 2004). Cnenuduaeckast ajisi OpraHeI J10-
Kamm3aust NMNAT ykaspiBaeT Ha BO3MOXHBIC XapakK-
TepHble (PYHKIIMU 1 pa3IAIHYIO IOTPEOHOCTh B KOHKPET-
HOM m3odepMenTe. MIHTEpecHO, 9YTO OB OOHAPYKEHBI
mornoHuTeabHbIe yHkimn NMNAT, BKiIrodalonye Imo-
TeHLIMAJIBHYIO poJib B ripouecce penapanuu JIHK mocpen-
CTBOM 0€JI0K-0EJIKOBOTO B3aMMOAEICTBUS U HEUPOIpPO-
TEKTOPHBIE (PYHKIIMU B HEPBHOM CHCTEMe TPhI3YHOB. J10J1-
roe BpeMsl CUMTaJIOCh, 4YTO akKTMBHOCTH NMNAT?3
MO3BOJISIET ITONIEPKUBATh HEOOXOAMbIA ypoBeHb NAD B
MUTOXOHIIPMSIX 3a cUeT ImpeodpazoBanHus NMN, mocryna-
rorrero 13 nuro3oirst (Berger et al., 2005). OnHako HegaBHO
OBUIO YCTAHOBJIEHO, 4YTO MepeHocunk SLC25A51 cnoco-

6eH nmnoptupoBatb NAD B mutoxoHapuu (Luongo et al.,
2020).

ITomMnMo oTamumii B CyOKJIETOYHOM JIOKAJIU3AlINH,
n3odpopmbl NMNAT yenoBeka XxapakTepHU3yIOTCSI TAaKKe
pa3IMYHBIM pacrpeaesiecHueM B TKaHsIX. Tak, Hanboee
pacrnpocTpaHeHHoO ¢opMoii (epMeHTa SBISETCS
NMNATI, skcrpeccupyeMblit BO BceX TKaHSX, 3a UC-
KmodyeHueM ceje3eHkr; NMNAT?2, B cBOIO ouepelb,
JIOKAJIM30BaH B OCHOBHOM B FOJIOBHOM MO3Te 1 YaCTUY-
HO B CepIle, CKEJICTHBIX MBIIIIAX U ITOIXKEIYIOYHOMN
xkenese, a NMNAT3, HarpoTuB, 00J1aacT caMbIM BEI-
COKHMM YpPOBHEM O3KCIIPECCUM B JIETKMX U CEJIC3CHKE
(Berger et al., 2005). Bce Tpu n3odopMbl 061a1a10T pas-
HBIMH CBOMCTBAMM, HO i1 Vivo KaTaJIM3UPYIOT OOHY U TY
ke ATP-3aBucumyio peakumio ageHIMpoBanus. Myra-
o B sgaepHo-criennduyeckoii mzopopme NMNAT1
MPUBOMIAT K HAPYIISHUSIM ITOIaepXKaHUsI (PU3UOTI0TYIe-
ckoro romeoctaza NAD B HelpoHax M SIBISIOTCS TIPU-
YMHOM HEBPOJIOTMYECKUX PpPACCTPOMCTB, TaKMUX Kak
BpOXIeHHBIN amaBpo3 Jleoepa (Falk et al., 2012) u Ha-
clieNcTBEHHasi cnactuyeckas rnaparuierus (Sadr et al.,
2023). Huskue ypoBHU akcnipeccu NMNAT?2 nipuBo-
JIST K HAPYILLIEHUSIM B Pa3BUTUM TTepUdEpUIECKUX aKCO-
HoB (Lukacs et al., 2019). Tak, MBIIIIK C HOKAyTOM IO
3TOMY O€JIKYy YyMUPAIOT MPU POXKACHUM U3-3a CEPbE3HBIX
IedeKToB aKCOHOB KaK B IlepudepuyecKoil, TaKk U B
HeHTpajabHOU HepBHOU cucteme (Gilley et al., 2019).
Yro kacaercst NMNAT?3, To ero geUIUT y MEIIICH Be-
JIeT K CHUXKeHU 1o KoHlleHTpauuu ATP u octaHOBKe 11~
KOJIN3a B OPUTPOLIUTAX, BEI3BIBASI CIICHOMETAIMIO 1 Te-
monuTtudeckyro anemuto (Hikosaka et al., 2014). OnHaxko
cinydyan mytaumi NMNAT3 y mromeii ormicaHbl He ObUTHA
(Lukacs et al., 2019).

Kpome Toro, NMNAT karanusupyeT BTOPYIO peak-
o myTu cuHTe3a NAD, B KOTOpOM €ro mpeaiiecTBeH-
HUKOM siBisiercss NR. B opraHusme MijieKONMUTAIOIINAX
NR mocTynaer B KJIETKU MTOCPENCTBOM ypaBHOBEIIMBA-
oKX nepeHocunkoB HykKIeo3uaos (ENT) SLC29A1-4
(Zapata-Perez et al., 2021). [Tocne monamaHus B KJIIETKY,
NR dbochopunmpyercss HUKOTUHAMUAPUOO3UAKMHA30M
(NRK, EC 2.7.1.22) no NMN, KOTOpHIi1 3aTeM TpaHC-
dopmupyetrcs B NAD ¢ momomibio NMNAT. Orta kuHa-
3a SIBJISIETCSl BBICOKOKOHCEPBAaTUBHBIM (hDePMEHTOM, KO-
TOPBIi B KJIETKaX MJIEKOTIUTAIOIINX CYILIECTBYET B BU/IE
nByx uzopopm: NRK1 u NRK2 (Ratajczak et al., 2016).
B Ttkangx gemoBeka NRKI1 skcripeccupyercss mosce-
MECTHO, caMble BBICOKHE YPOBHU IPU 3TOM HaOJI0da-
I0TCS B MEYeHU U TMoukax, Torga kak NRK2 spasiercst
crieuUYHBIM JJIST MBILIILI ¢ TpeobJiagaronieii aKcIpec-
cueit B ckeneTHbIX Mbimax (Fletcher, Lavery, 2018). B
YCJIOBUSIX CTpecca, MPUBOMSIIIMX K TMaAeHUIO YPOBHS
NAMPRT, yposenb NRK?2 cyliiecTBEeHHO yBETMYUBAET -
csl, 4TO, TO-BUAMMOMY, MO3BOJISIET UCIOJIb30BaTh NR B
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KauectBe mcTtouyHmkKa NAD, xorma NAM-uHIyIupo-
BaHHBIIA CUHTE3 CTAHOBUTCS HEd(P(HEKTUBHBIM.

Heamuduposanuotit. nyms. HUKOTMHOBAsT KUCIOTA,
nomnagaomiasi B KJIeTKy yepe3 nepeHocunku SLC5A8 u
SCL22A1 (Zapata-Perez et al., 2021), MeTabonn3upyeT-
csa 1o NAD mo nytu Ilpeiicca—XsHaaepa, COCTOSIIIETO
u3 Tpex craguii (puc. 2). Ha nepsBom atarre NA u 5'-¢poc-
dopudosmi-1-nmupodocdar IIpeBpaIiaroTcsI B MOHO-
nykieorun NA (NAMN) non neiictBuem ochopudo-
sunrpancdepassl NA (NAPRT, EC 6.3.4.21). 3arem
NMNAT kataau3upyeT [OoOaBJIEHHE aJeHUIOBOTO
dparmenTa u3 ATP ¢ o6pa3zoBaHueM afeHUHINHYKIICO-
tuaa NA (NAAD), KoTopblii B KOHEYHOM UTOI'C aMUIU -
pyetrcst 1o NAD c¢ nomoubsio ATP-3aBucumoii NAD-
cunretasel (NADSYNI1, EC 6.3.5.1), ucnonb3yorieii
mIyTaMUH B KauecTBe noHopa N H,-rpynmbl.

NAPRT gaBnsercss ¢pepMeHTOM, OrpaHUYMBAIOIIUM
ckopocTb cuHTe3a NAD 1o mytu IIpeiicca—XaHajepa, u
OTHOCHUTCS K ToaceMeicTBy (ochopudosuntpaHcde-
pa3 tuna II. DToT 6eJ10K COCTOUT M3 ABYX AOMEHOB U
dyHkumoHnupyet Kak numep (Marletta et al., 2015). NH-
TepecHO, 4To aABe pochopudo3uaTpaHcdepasbl YeaoBe-
Ka, yyacTBymwlre B 6uocuHTede NAD, nmetor KoHcep-
BAaTUBHYIO CTPYKTYPY, OMHAKO UX aKTUBHBIE LICHTPbI Xa-
PakTepU3yIOTCS WHAWBUIYATbHBIMU OCOOCHHOCTSIMU,
OOBSICHAIOIIMMU CYOCTpaTHylO crHeluduIHocTh. Bo-
nepBbiX, NAPRT, B otnimune or NAMPRT, He nmoasep-
raetcst ooparHoMmy mHruouponaHuio NAD (Galassi et
al., 2012), Bo-BTOpBIX, y NAPRT OTCYyTCTBYET CaliT CBSI-
3bIBAHUSI C MOIIHBIM CEJICKTUBHBIM WHTHUOUTOPOM
FK866, kotopsblii B HacTosiilee BpeMsl MCHOJIb3YIOT B
KJIMHUYECKUX UCITBITAHUSIX B KQUECTBE MPOTUBOOITYXO-
JeBoro areHta (Marletta et al., 2015). Dxcnpeccus
NAPRT y MiaeKonmuTaommnx xapaKTepu3yeTcst P OKOM
BapuabeIbHOCThIO, YTO CBUIETEIbCTBYET O HaJIUUUU
TKaHecrenuduueckux nyreir omocunreza NAD. Tak, B
SPUTPOIIUTAX YeJIOBEKA, INI€ OH BIEpBble ObLI OIMCaH,
3TOT (pepMEHT MIpaeT KIIIOUEBYIO POJIb B ITOBBIIIEHUU
ypoBHsI NAD. Kpome TOro, BbICOKasg aKTUBHOCTb
NAPRT o6HapyxuBaeTcs B IeUeHU, MOYKAX U TOHKOM
KUIIeYHUKEe, a B MBbIIIAx, Jierkux 1 Mo3re NAPRT
npakTU4YecKn He akcrpeccupyercss (Duarte-Pereira et
al., 2016). B pakosrix xitetkax NAPRT skcnpeccupyer-
cs1 6oJee aKTUBHO, IOCKOJIBKY OITyXOJIeBble TKaHU Xa-
PaKTepU3YIOTCS TTOBBIIIEHHON MOTpeOHOCThEI0O B NAD
(Duarte-Pereira et al., 2016). B c¢Bsi3u ¢ 3TM, HUccieno-
BaHWe MyTaluii, cHmxXamomux sKkcrpeccuio NAPRT,
MOXET OBITH IOJIE3HO MpPU pa3paboTKe MPOTUBOPAKO-
BbIx npemnaparoB (Duarte-Pereira et al., 2014).

B xmerkax minekormmrarommx cuHTteTaza NADSYNI,
KaTaJIm3upymolnas MOCJIeIHIOI CTaguilo OMOCHMHTE3a
NAD mo miytu Ilpeiicca—Xonmiepa, mpeacTaBisieT CO-
001 roMoTreKCcaMepHBIN 00K, JJOKAJIM30BAHHBIN B 1IN~
to3oiie (Mori et al., 2014). depMeHT OTHOCUTCST K Ce-
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meiictBy ATP-nupodocdaraz N-tuna, mpu 3TOM €ro
JNBYXIOMEHHAasl CTPYKTypa TIO3BOJISIET MCHOJb30BaTh
mIyTaMUH B KauecTBe JoHOpa a3oTa. [Ipu uccienoBaHuu
aktuBHOCTA NADSYN 1 B TKaHSIX MBIIIN ObLIO OOHAPY-
JKEeHO, UTO CaMbl€ BBICOKHME YPOBHU SKCIIPECCUU TTPUCY-
1M MeYeHU U TMoyKaM, a caMble HU3KHME — TOJIOBHOMY
MO3TY, B TO BpeMsl KaK B JIETKUX U CKeJIETHBIX MbIIIIIIaX
OeJIoK HaiigeH He ObUI. B cooTBeTCTBUM C OOIIenpUHSI-
ThIM MHEHHEM, KaK y>Ke ObLJIO CKa3aHO BhILIE, 3yKapuo-
Tuyeckue NAD-cuHTeTasbl SBASIIOTCS TIIyTaMUH-3aBU-
CUMBIMMU, TOTHA KaK B KJI€TKaX MPOKapUOT HEKOTOpPhIE
NAD-cuHTeTa3bl MOTYT UCTIOIb30BaTh TOJIBKO aMMHUaK
(Bieganowski, Brenner, 2003). [1pu 3TOM IT0OKa3aHo, 4YTO
y Mbireit pepmeHT NADSYN1 o6MIEHO 3KCIIpecCrupyeT-
Csl B TOHKOM KUIIIEUHUKE, TIEYEHU, TTIOUKaxX U CeMEHHUKaX
U MPaKTUUYeCKU He OOHAPY>KMBAETCSI B CKEJIETHBIX MbILLI-
ax u cepaiie (Hara et al., 2003). Ha ocHoBaHUY OMOXUMU-
yecKoro aHaim3a Hara ¢ corpynaukamu (Hara et al., 2003)
UASHTU(MhUIIMPOBaATY aMMUavyHO-3aBUcUMYyl0 NAD-cuH-
TeTasy 4eJioBeKa, KoTopasi, Kak B MOCJIeACTBUHU ObLIO yCTa-
HOBJICHO, SIBJIsUTaCh OaKTepuaibHbIM (hepMEeHTOM. Y JTto-
JIeii MUCceHC-MyTanuy reHa, Kogupyromero NADSYNI,
OPUBOIST K pe3KOMY CHIDKEHUIO YpOBHSI NAD U BBI3bI-
BalOT MHOXECTBEHHbIE MMOPOKW Pa3BUTUSI cepila, Mo-
YeK, MO3BOHKOB 1 KOHeuHocTel (Szot et al., 2020).

BropeiM mpenmectBeHHUKOM NAD B meaMuaupo-
BaHHOM MYTU B BYKApUOTHUYEKUX KJIEKTaX SIBJSIETCS
NAR, KoTopsIii 3a cyeT PochOopUINPOBAHUS C TIOMO-
mbio kruHa3bl NRK npeBpaiaercss B NAMN, a 3aTteM Me-
Taboausupyertcs 1o mytu [Ipeiicca—XaHanepa (puc. 2). B
ejsoM, MexaHu3M npoHukHoBeHUsT NAR B kieTku
OCTaeTCsl HEM3yYeHHbIM, OJIHAKO, CYLIECTBYET MPearo-
JIOXXEHUE, YTO TIepeHOCYMK HyKJieo3uaoB SLC28A3 Mo-
KeT ocyliecTBIsATh TpaHciopT NAR yepes niasmaTuue-
ckyio MeMoOpany (Kropotov et al., 2021).

Ilymb cunmesa de novo. TpuntodaH He siBisieTcs
(opmoii HUaLMHa, OMHAKO, B KOHTEKCTE PO HUallMHA
Kak mipekypcopa NAD, Henb3si He 3aTpOHYTh U
3TOT MyTh CUHTe3a. HecMoTpst Ha To, YTO B eAMHMLIAX
“HMallMH-3KBUBAJIeHTa” COOTHOIIEHME MeEXIy COo0-
CTBEHHO HUALIMHOM M TpUIITO(AHOM SIBJISIETCS 1OCTa-
TOYHO HU3KUM (1/60), JaHHBIIA MyTh UTPAET HEMAJIO-
BaXXHYIO pOJib B QYHKIIMOHMPOBaHUU opraHusma. [1yTb
cuHTe3a de novo (puc. 3), COCTOSIIUI U3 NEeBSTU ITAIOB,
UHULManu3upyetcs L-TpuntodaHoMm, KoTopbiii mona-
JlaeT B KJIETKY MOCPEICTBOM MEPEHOCUMKOB HEeUTpalib-
HBIX aMUHOKUCIOT, Takux kak SLC6A19, SLC7AS5 u
SLC36A4 (KynmukoBa u ap., 2018; Zapata-Perez et al.,
2021). IlepBonavanbHO N-dpopmunkunypeHuH (N-FK)
oOpa3syeTcs u3 TpunTodaHa UHAOJIAMUH-2,3-IMOKCUTE-
Hazoii (IDO, EC 1.13.11.52) unu tpuntodaH-2,3-110K-
cureHasoit (TDO, EC 1.3.11.11). I1lpu 3ToM B GOJIBIINH-
ctBe opraHoB L-tpunrodan meradbonusupyercs 1IDO,
Torna Kak akcrnpeccusi TDO nmpoucxoauT B OCHOBHOM B
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KapOOKCUMYKOHAT-E-nonyanbaerun; QA — XMHOJIMHOBAsI KUCIOTA.

nedyeHH. 3aTeM MOoCIeI0oBaTeIbHOCTh U3 YeThIpeX dep-
MEHTaTUBHBIX peaKInii, OCYIIeCTBIsIEMbIX apriopma-
mugasoii (AFMID, EC 3.5.1.9), kuHypeHUH-3-MOHOOK-
cureHaszoii (KMO, EC 1.14.13.9), xuHypeHUHa30i
(KYNU, EC 3.7.1.3) u 3-rugpoxcuaHTpaHuUIar-3,4-
nuokcurenaszon (HAAO, EC 1.3.11.6), mpespaliuaer
N-FK uepe3 3-ruapokcukunypeHuH (3-HK) u 3-run-
pokcuaHTpaHWIOByI0 Kuciaoty (3-HA) B o-amuuo-f3-
KapOOKCUMyKOHaT-g-Tiofyanbaerun (ACMS). ACMS, B
CBOIO ouepelb, MOXKET MOABEPraThCsl JIMOO TMOTHOMY
OKMCJICHUIO, JTNOO CITOHTAaHHOM LIMKJIM3allu1 ¢ oOpa-
30BaHMEM XMHOJIMHOBOM KKUCIOTH (QA). B mocienHeM
ciaydyae QA mpeoOpasyeTcst XuHoJIuHaTdochopudo3u-
arpaHcoepasoit (QPRT, EC 2.4.2.19) B NAMN, Koto-
pBIii SIBIISIETCS OOHUM M3 MeTaboauToB mytu Ilpeiicca—
Xonmnepa. KuHypeHUHOBBIN TyTh peaiu3yercsi B OC-
HOBHOM B II€Y€HU, OOHAKO ITOYKM TaKXKe CIIOCOOHBI
npeobpazoBbiBaTh L-Tpuntodan B NAD. I1pu atoMm Ha
OCHOBaHWHN KOJWYECTBEHHOTO aHajiu3a MoTokoB NAD
npeanojgaraeTcs, 4YTo 3Ta aMMHOKMCIIOTAa MOXKET SIB-
JISITbCsl OoJiee TIPENITOYTUTENIbHBIM IIPEKYpPCOPOM IO
cpaBHeHM1o ¢ NA (Chanvillard et al., 2022). Myrauuu,
BBI3bIBaIOIIMe WHakTuBanuioo ¢epmeHToB HAAO wu
KYNU, npuBoAsT K MaTOJOTUIECKUM U3MEHEHMUSIM I10-
4yeK U CHMKeHHUI0 ypoBHSI NAD, HUpKyIupyroliero B
KpoBH uenoBeka (Shi et al., 2017).

Takum obpazoM, Hanbojee 3(PHEKTUBHBIM IIpealIe-
cTBeHHUKOM NAD B 60JBIINHCTBE TKaHE MJIeKOINUTA-
fommx saBasseTrcs NAM. Tak, y MBITIIE TpU OTCYTCTBUN
depmeHToB Tyt Ilpeiicca—XanHamepa ypoBeHb NAD B
MeYeH! He MeHsIICS. AHAJIOTUYHO, Y MblllIei ¢ neduiiu-
oM NRK1 He ObL10 00HapyKeHO N3MEHEHUI YpPOBHEM
NAD B pasnbix TKaHsax (Ratajczak et al., 2016). Kpome
TOTO, YHUKaJbHbIE (hepMeHTHI ITyTH IIpeiicca—Xanmne-
pa (NAPRT 1 NADSYN1) B MBIIIIIaxX HE 3KCIIPECCUPY-
oTcd. HanpoTuB, B TOHKOM KWIIEYHUKE OUOCHUHTE3
NAD npoucxogut B ocHoBHOM u3 NA (Hara et al.,
2007). B cBoto ouepenb, TOYKU U MeYeHb MOTYT UCTIOb-
3oBaTb NAM, NA u L-tpunrtodan mist momaepKaHUs
romeoctasza NAD. Ilpu 3ToM, cOTITacHO OTHUM BKCIIe-
pUMEHTaJIbHBIM JaHHBIM, OCHOBHBIM MPEKYPCOPOM SIB-
nstetcss NA (Hara et al., 2007), a cornacHo npyrum — L-
tpuntodan (Chanvillard et al., 2022). B ieaom, Bce nea-
MUIWPOBaHHbIE MpeniecTBeHHUKN NAD, Takue Kak
NAR, L-tpuntodan u NA, 3¢HeKTUBHBI TOJBHKO B TKa-
HsIX, B KOTOPBIX peaiudyercsl myTh [Ipeiicca—XaHamepa.

Yrmzanua Haanuaa. [TomMmuMo rmoTpedeHus B Ipo-
necce cuHTe3a NAD, HUalMH MeTaboJM3upyeTcs To-
CPEelNCTBOM HECKOJbKUX (hepMEeHTAaTUBHBIX CUCTEM U B
KOHEYHOM MTOTe BbIBOAUTCS U3 opraHu3Ma. NA B coue-
TaHuu ¢ kopepMeHTOM A (CoA) obpasyeT HUKOTUHUII -
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Puc. 4. [Tytu yruauzamuu NAM. MNAM — 1-metunHukotuHamua; NNMT — nukornHamua-N-metunrpancdepasa; AOX — anbie-
runokcunasa; CYP2El — uuroxpom P450 2E1; 2-PY u 4-PY — 1-metwn-2-nupuaoH-5-kKapookcaMua U 1-MeTI-4-TIMpUIoOH-3-

Kap60KC3MI/II[ COOTBETCTBEHHO.

CoA, KOTOpBI, B3aUMOAEHUCTBYS C NIMLIMHOM, MeTabo-
JU3UpPYETC 10 HUKOTUHYpoBoi Kucaotrel (NUA)
(Montserrat-de la Paz et al., 2017). B cBoro ouepenpb, oc-
HOBHOI MeTabOJMYECKU MyThb YTWIM3AlMM HUKOTHUHA-
MUIa BKJIIOYAeT ABE ITOCea0oBaTeIbHbIE cTanuu (puc. 4).
IlepBoHayaibHO NAM MeTUIUPYETCS HUKOTHMHAMMI-
N-metunrpancdepaszoit (NNMT, EC 2.1.1.1) no 1-me-
TuiHuKoTuHamuaa (MNAM) ¢ mepeHOCOM METHIbHOM
rpyrmsl ¢ S-aaeHo3u- L-metnonnna (SAM) u obpazo-
BaHueM S-aneHo3wi-L-romouucrenHa (SAH). Hanee
MNAM, KOTOpHBIii SBIISIETCS TOKCUYHBIM COCOIMHEHU-
eM, HelTpanu3syeTcsl IMyTeM OKMCEeHUS albAeTUI0KCH -
nazoii (EC 1.2.3.1) no 1-MeTu-2-mupuaoH-5-KapOoK-
camuga (2-PY) n 1-metun-4-nupumoH-3-KapOoKcaMu-
na (4-PY).

Crenyetr OTMETUTD, UTO B GU3UOJOTMUECKUX YCIIOBU -
six akTUBHOCTb NNMT mocTatouHo HU3Kasl, MOCKOJIbKY
11t 2(pheKTUBHOI paboThI (PepMeHTa HEOOXOIMMa BhI-
cokas koHueHTpauust NAM (K, =430 mxM) (Xie et al.,
2020). PocT ypoBHs1s NAM npuBOAUT K CHIZKEHUIO KOH-
HeHTpaluu SAM, KOTOpPBI SIBJISIETCSI YHUBEPCATbHBIM
JIOHOPOM METUJIbHOM TPYIIIbI JJ1sI THCTOHOB, HETUCTO-
HOBBIX O€JIKOB, HYKJIEMHOBBIX KWUCIOT W JIUIIUIOB
(Eckert et al., 2019). Takum oOpa3om, OIIOCPEIOBAaHHOE
NNMT ncromenne SAM BamusieT Ha SKCIIPECCHUIO TCHOB
MOCPEACTBOM OCJIabJieHUs] METUJIMPOBAHUSI TUCTOHOB,
HaIrpuMep, B paKOBBIX KJIETKaX, aAUMOLIMTaX U SMOPUO-
HaJIbHBIX CTBOJIOBBIX KJieTKax. [Ipu 3ToM MeTUInpoBa-
HHE T'MCTOHOB CBSI3aHO C alleTUIMpOoBaHuEM, hochopu-
JIMPpOBaHWEM U MOHOYOMKBUTUHUPOBAHUEM T'MCTOHOB,
KOTOPbIE B COBOKYITHOCTH PETYJIUPYIOT CTPYKTYpPY XpO-
MaTuHa U TpaHcKpumuuio. [To-Buaumomy, 3STuM o0bsic-
HSIeTCS HAOMI0HAaeMBbIii BEICOKUU YPOBEHB 3KCIIPECCUN
NNMT npwu Takux 3a60JIeBaHUSIX, KaK OXUPEHNUE, PaK,
o6osie3Hb IlapkuHcoHa, quadeT 2 TUMA W rermaTOKCHY-
Hoctb (Hwang, Song, 2020). Kpome Toro, NAM moxeT
ObITh Takke ITpeodpaszoBadn CYP2E1 B N-okcung NAM
(puc. 4) (Real et al., 2013). OnHako Ky, naHHO# peakiiuu
JIEXUT YK€ B MUWIMMOJISIpHOM nuanasoHe (Ky; =2.98 MM),
U, TIO-BUAMMOMY, JaHHas1 aKTUBHOCTb XapaKTepHa Mpu
BBEIIEHUU BBICOKMX (papMaKoJI0TrMYeCcKux 103 HAALIMHA.
O ponu N-okcuna NAM B HacToslee BpeMsi U3BECTHO
JIOCTaTOYHO Mayio. Tak, B MeYeHU MJIEKOTIUTAIOIINX OH
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MOXKET SIBJISITBCS CyOCTpaTOM IS ajdbIeTHUHOKCHUIA3bI
(Kitamura, Tatsumi, 1984). Takxke OBLIO ITOKa3aHO, YTO
OH UHAYLMpYeT TruddepeHIMPOBKY IPOMUEOI00IACTOB
HL-60 mpu mpomuenonuTapHoM Jieiiko3e (Iwata et al.,
2003). Ouenka BiusgHUst N-okcuga NAM Ha 3Ty KJie-
TOYHYIO JIMHUIO MOXET OBITh IIOJIe3HA IIpU U3YyYCHUU
Pa3INYHBIX UMMYHOJIOTMYEeCKMX paccTpoiicTB. [1pu mc-
cnengoBaHuU 3KcKpeunuu NAM u ero KaTaboOJIUTOB Y MbI-
el OBLIO MOKAa3aHO, YTO OCHOBHAsI MX YacTb IIPUXO-
nutcs Ha 2-PY/4-PY (60%) u MNAM (14%), siBnsiio-
myecss IIPOAYKTaMM OCHOBHOIO MeTabOJIMYEeCKOro
MyTH, U TOJBKO 16% — Ha N-okcum NAM, mpu 3TOoM
NAM MOXeT BEIBOJIUTHCS U B HEMETa00JIU3UPOBAHHOM
Bune (Maeta et al., 2014). B uesioMm, TOX0Xyl0 KapTUHY
HaOIonaIu U Yy Jtofei B (hapMaKOKMHETUYECKOM MC-
cnenoBanHuu (Menon et al., 2007). Tak, npu nepopaib-
HOM mpueMe 2 T HUaIlHa OKoJIo 75% BBeIeHHOI T03bI
BBIIEJISJIOCH C MOUYOI B BUJIe HAALIMHA U €0 TIPOU3BO/I-
HBIX, TIPU 3TOM OOJIbIlIasl YaCTh AKCKPETUPOBAJICH B BUE
2-PY 1 MNAM, a Ha HUKOTUHYPOBYIO KHUCJIOTY B Cpe/l-
HeM NpUXoauaoch okoio 14% (Menon et al., 2007).

MEXAHW3MbI BOCCTAHOBJIEHHA
ITYJIA HUALIMHA

IToMuMoO MoOCTyTIIEHUSI C MUIEH, KJIETOUHBIM My
HMAalMHa, BYacTHOCTU NAM, MOXeT BOCCTaHaBJIMBATh-
¢4 3a cueT ucnojb3oBaHusl NAD B kauecTBe cyocTpaTa
JJIsl pa3JIMYHBIX ceMeiicTB (DepMEHTOB, BKJIHOYAIOIIMX
ADP-pu6osuntpancdepasnl (ART) u cupTyuHsbl, a Tak-
K€ TIpU PEryJsiliui HUKOTMHAMMAHBIX KO(epMEeHTOB
(puc. 5). Janee kaxaplil U3 3TUX MPOLIECCOB OyIeT pac-
CMOTpEH 00J1ee MOAPOOHO.

ADP-puoo3unarpancdepasbl. ADP-pubosmnTpancdepa-
3b1 nepeHocsT 3BeHOo ADP-pu60o3sr (ADPr) ¢ NAD Ha 60-
KOBBIE 1IETU OIpeae/ieHHBIX aMMHOKUCIIOTHBIX OCTaTKOB
GEJIKOB-CyOCTpaTOB, B Pe3y/IbTaTe Yero MPOUCXOIUT BhI-
cBoboxaeHrue NAM (puc. 5). U3BecTHBIMU aKlIeNITOpa-
MU B 9YKapUOTUYECKUX KIIETKAX SIBJISTFOTCS OCTaTKU TTy-
Tamara, acriapTaTta, CepuHa, JIM3UHa, apriHUHA U acra-
paruHa (Hottiger et al., 2010). IIpu 3TOM HEKOTOpBIE
TpaHcdepa3bl MOTYT MPUCOECOUHSITh ITOMOTHUTEIbHEIC
noBTOpsomuecss 3BeHbI ADPr myrem oGpa3zoBaHust
MIMKO3UIHOM CBSI3M MEXIY OCTATKaAMHM PUOO3bI, YTO
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Puc. 5. Mexanusm BocnonmHeHus myia NAM u pubo3uaa HukotrnHamuma (NR) mpu pasnuaHbIX mpoleccax Katabomusma NAD.
ARTC — ART, romonornunasi xonepHomy TokcuHy; ARTD — ART, romonoruunas pudrepuitnomy Tokcuny; SIRT — cuptyuns;

NUDT — NUDIX-ruaponasa; 5'-HT — 5'-Hykiieornnasa; PNP —

NPUBOAUT K GPOPMUPOBAHUIO JJTMHHBIX TOJIUMEPOB, KaK
JIMHEWHBIX, TaK W Pa3BETBJIEHHbIX, COJEpXallUX M0
200 3BenbeB ADPr (Burkle, 2005). Takum o6pa3om, B
KJIETKAaX MJICKOTIMTAIOINX OCYIIECTBISIETCSI MOHO- U
nonu-ADP-pubo3nnupoBanue 6eKOB, MPUBOASIIEE K
obpazoBanuio MoHO(ADPr) (MAR) u momu(ADPr)
(PAR) cootBercTBeHHO. CaMBbIM OOJIBIIIMM CEMENCTBOM
ART, Bkiouawimm 17 ¢hepMeHTOB, SIBJISIETCS CeMeu-
ctBO non(ADP-pu6o3a)nonumepas (PARP), koTopblie
B COOTBETCTBUU C APYroi Kjaccudukalumein oTHOCAT K
ceMeiictBy ADP-pubo3untpaHcdepas, TOMOJIOTHYHBIX
mudrepuitHomy TokcuHy (ARTD) (Crawford et al., 2018;
Hottiger et al., 2010). DT O0enkM JIOKaJTU30BaHBI TIpe-
MMYIIECTBEHHO B SIIPE U LIUTO30J1€, IIPY 3TOM OCHOBHOM
aKTUBHOCTBhIO OonpimHCTBA PARP  gBmsiercst  mo-
HO-ADP-pubo3uivpoBaHie U TOJbKO YeTbipe (hepMeHTa
Karaymaupytlor nomu-ADP-pubosmwmpoBanne (PARPI,
PARP2, PARP5a, PARP5b) (Vyas et al., 2014). Heo6xo-
JIUMO OTMETUTb, YTO OCHOBHYIO 4YacTb (yHKIIUU
ADP-pubo3uinpoBaHusi B KjieTke BbIMoOAHsIOT PARP1
u PARP2, npu sToM akTuBanusl 3Tux (PEpMEHTOB IpU
noBpexneHun JJHK nmpruBoauT K CHUXXKEHUIO KJI€TOYHO-
ro nyina NAD Ha 10—20% B TeueH1e HECKOJIbKUX MUHYT
(Bai, Canto, 2012).

nypuHHYKJIeo3uadochopumiasa.

Kax yxe 0b110 ckazaHo, mis1 cuaTe3a NAD Heo6xo-
oMbl MosieKysiel ATP, ciaemoBaTenbHO, TTOBBIIICHHAS
akTuBHOCTh PARP Oynet BhI3bIBaTh HUcTOlleHUEe ATP,
YTO B KOHEYHOM MTOT'€ MOXET CIIYKUThb MPUUUHOM rube-
Jm kJietok. Bropoe cemeiictBo ART, conepxaiiiee yeThI-
pe 6enka (ART1—-ART4), HazsiBaroT Takke ADP-pubo-
3WiITpaHc(epazaMu, TOMOJIOTMYHBIMU XOJIEPHOMY TOK-
cuny (ARTC) (Hottiger et al., 2010). ITo u3BeCTHBIM B
HacTos1Iee BpeMs JaHHBIM, aKTUBALIVS KAXXI0TO U3 HUX
OpUBOAUT K 06pazoBaHnio MAR U IporUCXOIUT UCKITIO-
YUTEJIbHO Ha TyaHUAMHOBOM (bparMeHTe apruHUHa
(Laing et al., 2011). ARTC 3akperuieHbl Ha KJIESTOYHOMI
MeMOpaHe U (MJIM) CEKPEeTUPYIOTCSI B MEXKIETOYHOE
MIPOCTPAHCTBO, TAe OHU MOAUMDUITUPYIOT PACTBOPUMBIE
M CBSI3aHHbBIE C MeMOpaHoIi 6enkoBbie MullleHU (Craw-
ford et al., 2018). ADP-pubo3unmpoBaHue GEJIKOB SIBISI-
eTcsl 00paTUMOii MOCTTPAHCASILIMOHHON MoaudUKaliu-
e, urparoliieil pojib B pa3IMYHbIX OMOJOTUYECKUX MPO-
1ieccax, Takux Kak Mojiep>KaHue CTabWIbHOCTU TeHoMa,
perymsius TpPaHCKPUITLIAM, BPOXISHHOTO UMMYHUTETA U
MEXKJICTOYHBIX B3aMMOICHCTBUII, pernapalusi OdHO- U
IByHUTeBBIX pa3pbiBoB JIHK, sHepretmueckuii Metabo-
JIN3M, a TakKe Tnoelb KieTok (Crawford et al., 2018).

Cuptyunsl (SIRT) npencrapnsiior coboit NAD-3aBu-
cUMBIe JealneTwiasbl 1 MoHO-ADP-pubosuntpaHcoe-

OUTOJIOTUA TomM 65 Ne6 2023
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Tui-ADP-pu6o3a; 3'-OAcADPR — 3'-O-auetuin-ADP-pu6os3a.

pasbl, IpUHAJIeXaIe K CeMECTBY BBICOKOKOHCEepBa-
TUBHBIX O0eJIKOB. 10 M3BECTHBIM JaHHBIM, B KJIETKaX Ue-
JIOBEKa 3TO CEMEMCTBO BKIIIOYAET CeMb U30(DEPMEHTOB
SIRT1-SIRT7, obmamarommx pa3indyHoOi cyOCTpaTHOMN
CIeIM(UYHOCTBIO W CYOKJIIETOYHOU JIoKadu3aluen
(Yamagata et al., 2014). Ilpennonaraercst, yto SIRTI,
SIRT6 u SIRT7 nokain3oBaHBI MTPEUMYIIECTBEHHO B
aape, SIRT3—SIRTS akcrnipeccupyioTcsi B OCHOBHOM B
mutoxoHapusax, a SIRT1 sgBasercs LUTOIIa3MaTUye-
ckuM ¢depmeHTtoMm (Gomes et al., 2015). OnHako, co-
JIaCHO PsIAy MCCIeIOBaHUM, HEKOTOPhIE U3 TIPUBEICH-
HBIX U30(hepMEHTOB XapaKTepU3YIOTCSI MHOXECTBEHHO
noxkanuzauueii. Tak, SIRT1 u SIRT7 6pu1H Tak:ke oOHa-
pyxeHbl B iutoruiazme (Kiran et al., 2013), a SIRT2 u
SIRT3, B cBOIO o4epeab, MOTYT 3KCIIPECCUPOBATHCS B
aape (Osborne et al., 2014). Haubosiee BaxkHO# 1 pac-
MPOCTPaHEHHOI aKTUBHOCTBIO CUPTYUHOB SIBJISIETCS Jie-
aleTWIMpoBaHue 6eJKOB (pHc. 6), KOTOPOE MPOUCXOIUT
nytem otiierieHuss NAM ot NAD u mepeHoca aie-
TUJIbHOM IPYMIIbI C OCTAaTKa JIM3MHA MOAU(DUIIMPOBAHHOTO
oenka Ha ADP-pu6o3y (ADPR) ¢ o6paszoBanuem NAM
(Wang et al., 2019). ITponykToM JaHHON peaklMy TakKKe
sBisiercs 2'-O-atetuii-ADP-pu6o3za (2'-OAcADPR), ko-
Topasi MyTeM BHYTPUMOJIEKYJISIpHOI TepeaTepuduka-
MU MOXeT nmpeodpaszoBbiBaThes B 3'-O-auerun-ADP-
pu6o3y (3'-OAcADPR), u nipu HeiitpanibHoM pH o06a
n3oMepa HaxonsTcsl B paBHoBecuu 48:52 (Jackson, De-
nu, 2002). ITpu 3TOM CUIBbHOI OealeTUIMpYIOLIeii ak-
TUBHOCTBIO 00JIaaeT OOJbIIMHCTBO WICHOB CEMeMcTBa
CUPTYMHOB, 3a uckiiroueHmuem SIRT4 u SIRTS.

KpoMe Toro, HeKOTOpble CUPTYWHBI BHITIOJHSIOT U
npyrue ¢pyakuun. SIRT4 B ocHoBHOM ncnoiab3dyeT NAD
i1t nepeHoca ADP-pu6o36bI Ha IiTyTamMaTaeruaporeHasy
(GDH), yro mpMBOAWUT K IIOAABJICHUIO AKTUBHOCTH
GDH wu, cienoBarenbHO, OTpaHMYEHWIO MeTaboIM3Ma

HUTOJIOT U

TOM 65 Ne 6 2023

rryramara (Haigisetal., 2006). Takske MoHO-ADP-pu6o-
3UJIUPOBaHUE oOcyllecTBisgeTcss nocpenctBoM SIRT6,
KOTOPBIH TTOMUMO 3TOTO MOXKET BBIMOJHATH JACallIM-
poBaHue XkupHbIX kKucjoT (Roessler, 2015). Heob6xonu-
MO OTMETUTb, UTO CUPTYUHBI UMEIOT CYIIECTBEHHBIC
cTpykTypHble oTimums oT 6enkoB ART (Hottiger et al.,
2010). SIRT5 obmagaeT cUJIbHOM AeCYKUMHUINPYIOLISH
1 AeMaJoHuupylolieil aktuBHocThIO (Du et al., 2011).
B 3aBUCHMMOCTH OT 1IeJIeBOTO Oe/iKa, CUPTYUHBI BIUSIOT
Ha HECKOJIbKO OWOJIOTMYECKMX ITIPOILIECCOB, BKIIOYAS
TPAHCKPUIILNIO, KJIETOYHBII LIMKJI, CTAOUIBHOCTh Te-
HOMa, ribeb KJIEeTOK 1 MUTOXOHApPUAJIbHbINA OMOreHe3
Xu et al., 2018).

Peryasumsi ypoBHSI HUKOTHUHAMUIHBIX KO()epMEHTOB.
CymectByeT nmyTh pecuHTe3a NAM u3 NAD, cocrosi-
M U3 Tpex IocienoBaTebHbix cTaauii. Ha mepBom
starie NAD pacmierisiercss 3a CYeT aKTUBHOCTU
NUDIX-rugponaz (NUDT) no AMP u NMN, KoTopbIii
nanee MoxeT AedochOopUINPOBATLCS LIMTO30JbHBIMU
5'-nykneortunazamu (cN-II/cN-IIT) 1o NR (puc. 5).
WNHTtepecHo, 4TO AaHHas peaklus MOXET IIpoTeKaTh
TaK>Xe 1 BO BHEKJIETOUHOM IIPOCTPAHCTBE, OCYIIIECTBJISI -
SIChb IPU BTOM DKTO(PEPMEHTOM 5'-HYKII€OTUIA30M —
CD73 (Grozio et al., 2013). TpeTbs cTagus 3aKJIirogaeTcst
B npeBpaiieHu NR B NAM 1ion neiicTBeM MypuHHYK-
neosundocdopunassl (PNP).

Tudpona3zwvr cemeiicmea NUDIX npeacTaBiasiioT coOoi
(bepMeHTBI, KOTOpbIe KaTaJM3UPYIOT paclleljieHue
HyKJIeo3uaaudocdaToB, CBI3aHHBIX C hparMeHTOM X, B
MpUCYTCTBUM Mg?t Wi Ipyrux IBYXBaJIEHTHBIX KATHO-
HOB (Zha et al., 2008). ®epMeHTBI 3TOTO CeMENCTBa 006-
JIagaioT pa3aIndHOM KJIETOUYHOM JIOKajaW3alumeil 1 cyo-
CTpaTHOI crnenmUIHOCThI0. MI3BeCcTHO, YTO B KIIeTKaxX
miaekonuTaronmx NUDT12 u NUDT 13 cnocoOHBI ru-
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ponnzoBaTth NAD 1o AMP 1 NMN, ero BoccTaHOBJICH-
Hy10 popmy — 1o AMP u NMNH, a takcke NADPH —
mo 2'.5-ADP u NMNH (KymikoBa, Hukudopos,
2020). ITpu atom NUDT 12 MoXeT peryaupoBaTh KOH-
HEeHTPALNI0 HUKOTUHAMUIHBIX KOEPMEHTOB IIPEMY-
niecTBeHHO B Tiepokcucomax, a NUDT 13, kak ripenmo-
JlaTaeTcsi, UTpaeT pojb B MUTOXOHAPUAIILHOM MeTabo-
JIM3Me MMMPUINHOBBIX HYKJIeoTuAOB (Abdelraheim et al.,
2017). B menom, runpomnazsl NUDIX BbeIIONHSIOT 3a-
IIIUTHEIE, PETYISITOPHBIE U CUTHAIbHBIE (DYHKIIMU B Me-
Tabonu3Me Grarogapsl CBOeil COCOOHOCTH YHAISATh U3
KJIETOYHOI CpeAbl pa3IndHble OpTaHNYeCcKe Mpodoc-
dartsl (Palazzo et al., 2015).

5’-Hykaeomuoaswvl (5-NT). B KileTKax MJIEKOITUTAIO-
mux 5'-NT o6pa3yioT rpyIiry u3 AeBsITA T€HEeTUIECKU U
CTPYKTYPHO Pa3iUYHbIX (DEPMEHTOB, (DYHKIIMOHUPYIO-
1IMX JIMOO B KOMILIEKCE C MeMOpaHoii, JIMOO B pacTBO-
PEHHOM BUJIE U IIPEUMYIIECTBEHHO B 1IMTOo30je (Magni
et al., 2013). 5'-NT kaTtanmu3mpyoT TUIAPOIIN3 PUOOHYK-
JICO3UI- M Oe30KCUPMOOHYKIeo3naMoHopochaToB B
COOTBETCTBYIOILIME HYKJIEO3UAbl W XapaKTepU3yHTCs
LLIMPOKO CyOCTpaTHOU cneUU(PUUHOCTBIO U PA3IUYUSI-
MU B peryasiTopHbix MexaHusmax (Bricard et al., 2017).
bbuto okaszaHo, 4To B KJIeTKaX yejoBeKa IUTO30JIbHbIe
5'-NT (cN-II u cN-III) moryr medochopuimpoBaTh
NMN, o6pasya nipu a3tom NR (Kulikova et al., 2015).
Heob6xonuMo OTMETHTb, UTO ISl TIPOTEKAHUS TaHHOM
peakiiuu HeoO0xoauma MUJMMOJISIpHAsE KOHIEHTpalus
NMN, Ttak Kak cN-II n cN-III obmagaroT focTaToO9HO
HU3KUM CPOICTBOM K 3TOMY CyOCTpary. AHaJIOTMYHbIE
BBIBOJIbI OBLJIM CEJaHbl M TPU MCCIIETOBAHUY JPOKKe-
BBIX aHajoroB UTo30JbHBIX 5'-NT (Isnl u Sdtl) (Bo-
gan, 2009). cN-II moBceMecTHO 3KCIpecCcupyeTcsi B op-
raHmsMe 4ejgoBeka, Torma kKak cN-III nmoxkammsyercs
npeuMyliecTBeHHO B 3putpouutax (Bogan, Brenner,
2010). Hykieotnaassl UTpaioT BasKHYIO POJIb BO BHYTPHU-
KJIETOYHOI M BHEKJIETOUHOW aKTUBHOCTM, y4acTBYS B
CUHTE3€ HYKJIEMHOBBIX KHCJIOT, pOCTe KJIETOK, HEMpO-
TPaAaHCMUCCUM, TOHYCE KPOBEHOCHBIX COCYIOB, PETyJsi-
MU MeTabondyeckux ¢epMeHTOB, TOPMOHAIbHON aK-
TUBHOCTU U UIMMYHHOU CUCTEMBI, a TaKKe APYTMX Kpr-
TUYECKU BaXKHBIX TS XKU3HEAEATENbHOCTU (DYHKIIUSIX.

Ilypunnyxneozudgocgopunraza (PNP) tipencrasisieT
Cc0o00if TTOBCEMECTHO SKCIIPECCUPYEMBIN (hepMeHT, KO-
TOPHII B MPUCYTCTBUH HeOpraHM4IecKoro opTodocdara,
WCITOIB3YEeMOTO B KauyeCTBE BTOPOTO CyOCTpaTa, paspy-
IIaeT TITUKO3WIHYIO CBSI3b PA3IMIHBIX HYKJICO3HMIOB C
06pa3oBaHNEM COOTBETCTBYIOIIETO OCHOBAHUS U pUOO-
30-1-pocdara (Furihata et al., 2014). PNP urpaer xiio-
YeBYIO POJIb B ITyTH CUHTE3a ITyPUHOBBIX HYKJICOTHUIOB, a
necpuuut PNP B opraHnusmMme dyenoBeka NpUBOAUT K Ha-
pyuenuio ¢pynkuun T-kimetok (Bzowska et al., 2000). B
COOTBETCTBUM C DKCIIEPUMEHTAIBHBIMU TaHHBIMUA, NR
moxkeT ruaposm3oBatbest PNP 1o NAM (Belenky et al.,

BOPOHOBCKWH u ap.

2009). boinee Toro, HemaBHO OBUIO IIOKAa3aHO, YTO B
KieTKax miekonuTaromux PNP gBiasgeTcss oCHOBHBIM
peryisitopoM Metabonu3ma NR. Tak, Hanpumep, BBe-
meane NR B mo3ax 250 u 500 Mr/Kr IpuBOOUT K 3HAYM -
TeTbHOMY yBenmdeHUuio Imyla NAM B mia3sme, TiedeHN
(Giroud-Gerbetant et al., 2019) u cepaue (Trammell et al.,
2016), a mpu nomaBlieHMU akTUBHOCTU PNP BBICOKMIT
YpPOBeHb pr00311a COXpaHSIETCS B KPOBU, ITOYKaX U I1e-
YeHU, 4YTO B IIeJIOM YMEHbIIaeT HakoruieHue NAM
(Kropotov et al., 2022).

CuHTe3 ¥ JAerpajaanuy BTOPHYHBIX MecceHKepoB. [1o-
MMMO ONMCAHHBIX BhIIIE CUPTYHUHOB U ADP-pnbo3u-
Tpancdepa3, NAM Takke MOXET ObITb CUHTE3MPOBaH
nocpencTBoM (epMeHTaTuBHOI akTtuBHOcTH CD38,
CD157 u SARMI1.

Depmenm CD38. CD38 (knacrep nuddepeHINPOB-
KU 38) sABJIsIeTCS MHOTO(YHKIIMOHAIbHBIM (h€pPMEHTOM,
KOTOpBIi BIlepBble ObLI OOHApPy>KEH B THUMOLUTAX U
T-nmumdouutax. OgHako BIIOCIEACTBUU ObLIO TTOKa3a-
HO, UTO OH IIUPOKO IKCIPECCUPYETCS] MPAKTUYECKU BO
Bcex ncciemoBaHHbBIX TKaHsaX (Graeff et al., 2006). [Tpu
atoM CD38 sBisieTcss OCHOBHBIM MCTOYHUKOM 3HJIO-
reHHoro NAM, 3a cuet MeTaboJim3Ma KOTOPOTo MOIIep-
KuBaeTcst romeocta3d NAD, uto urpaet BaxkHYIO pOJIb IIpU
naTo(pU3UOJIOrMIECKIX COCTOSTHMIX opraHmn3Ma (Hogan et
al., 2019). U3BectHbl Tpu TMNA PpepmeHTa CD38, xapak-
TepU3YIOIIKMECsT pa3IMYHON JIoKaau3anueil. B HekoTo-
PBIX KJIeTKaX, IPpeNMYIIeCTBEHHO B anMdornrax, CD38
DKCIIPECCUPYETCsS Ha KJIETOUYHOI IOBEPXHOCTU B BUIE
TpaHcMeMOpaHHoro Oenka Il Tuma, xaraamTudeckKuii
JIOMEH KOTOPOTo 0OpallieH BO BHEKJIETOYHOE IIPOCTPaH-
crBo. Hanportus, aktuBHbIi LleHTp CD38 Tuna I opu-
SHTUPOBAaH B LIMUTO30JIb, YTO NIeJIACT NAaHHYIO OpMEHTAa-
M0 OoJiee MOAXOISIIeii 7SI BBITTOJHEHUSI BHYTPUKJIIE-
TOouHbIX (pyHKUMA (Zhao et al., 2012). CymecTBoBaHUE
nzodepmenTa III Tuna, BO3MOXHO, SIBJSIETCSI pellIeHU-
€M TaK Ha3blBaeMOIro “TOMOJOTMYECcKOro mapamokca”
CD38, 3akiroyaronierocss B HeCOIJIaCOBAaHHOCTH BHeE-
KJIETOYHOM JIOKAJM3allMK KaTaJIUTUIECKOro JOMEeHa U
M3BECTHBIX BHYTPUKJIETOYHBIX (DYHKIIMI IPOIYKTOB pe-
akuuu (de Flora et al., 1997). JIpyroit noTeHUMalbHbII
mexaHnu3M BimssHus CD38 tuma 11 Ha M TO30/IBbHYIO T1E-
penady CUTHAJIOB 3aKJIl04aeTcs B IIepPEHOCe CyOCTpaToOB
M IIPOAYKTOB pPeaKIIMM Yepe3 TUIa3MaTUIECKYIO WX Op-
ra"esapHabeie MeMOpansl (Davis et al., 2008). I[Tomumo
JIByX OTIMCAaHHBIX BbIIIe TUITOB CID38, TakKe CyllIecTBy-
eT pacTBopuMasi ¢popma, obJiagaroIiass OCHOBHBIMH aK-
TUBHOCTSIMM TpaHcMeMOpaHHoro CD38 u nokanu3zo-
BaHHasl KaK B LIUTOILJIa3Me, TaK U BO BHEKJIETOUHOM
npoctpaHcTBe (Zielinska et al., 2004). B uenom, CD38
pacnonaraercsi IpeuMyIlleCTBEHHO Ha TJ1a3MaTUYeCKOi
MeMOpaHe kJieTok ¢ opueHrtanuei I tuna (Shrimp et al.,
2014).
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CeHIXepoB rnocpenctsom oesnka CD38.

Tpu ocHOBHBIE (GyHKUMM, BhINomHsAeMbie CD38,
crioco0cTByIOT cuHTesy NAM (puc. 7). Bo-1epBhix,
MIMKOTUApPOJa3Has akTUBHOCTh (DEpMeHTa MPOIYyLIUDPY-
eT NAM u ADP-pu6o3y. Kpome Toro, CD38 cnocodbexn
mukianizoBath NAD ¢ oOpasoBaHMeM IIMKIMYECKOM
ADP-pu603s (cCADPR) 1 NAM, npu 3TOM B HETpaiab-
HOI1 cpefie B OTCYTCTBUE HUKOTUHOBOM KMcJIOTH CD38
MOXeT Takke Hukim3oBaTb NADP B dochonukinmye-
ckyio ADP-pu6o3y (cADPRP) ¢ o6pazoBanuem NAM.
Haxkonen, B xucnoii cpege CD38 karanuszupyer peak-
LM OOMeHa OCHOBaHM, MpM KOoTopoil rpymnmna NAM
3aMmeHsieTcs parMeHToM NA, 4TO MIPUBOAUT K 00pa3o-
BaHMIO ageHuHAUHYKIeoTuadocdara NA (NAADP) u
cBoOomHoro NAM.

ADPR, cADPR u NAADP oTHocsTCS K ceMeicTBy
aIECHUHCOEPXKAIUX BTOPUYHBIX MECCEHIKEPOB, ydacT-
BYIOIIIMX B PETYJISIIIMA TOMEOCTa3a KaJlbIlAsl B KIIETKE.
Kanbluii urpaer BaxHylo pojib B (hyHKIIMOHUPOBAHUU
CEepIEYHO-COCYIUCTON CUCTEMBI, YHACTBYS B COKpalle-
HUU U pacciabIeHUU MbIIIIEYHON CTEHKM COCYAOB, MpU
3TOM YBEJIMYEHUE KOHLEHTPALUU BHYTPUKIETOYHOTO
Ca’" IpuBOIUT K MOBBLILIEHUIO apTEPUAILHOIO JaBJie-
HUS Y BBI3bIBAET Mposindepalnio KapauoOMUOIIUTOB U
miankoMblliedyHbix  kiaerok (Wilson et al., 2019).
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NAADP onocpenyeT nepenady KaJablIMEBBIX CUTHAJIOB,
neiictBys Ha aBynopoBkblil KaHaia (TPC) B sHmonm3oco-
Max 1 BbicBoboXxaeHre Ca’" U3 5HI0MIa3MaTUYECKOTO
PETUKYJIyMa MOCPENCTBOM aKTUBAIlMK PUAHOIMHOBOTO
peuenTopa 1 (RyR1) (Zeidler et al., 2022). ADPR, B
CBOIO O4Yepenb, AEMCTBYET HA BHYTPUKIJIETOUYHBIM JOMEH
KaTuoHHOro KaHaja TRPM2, temM caMbIM aKTHUBUPYS
MPUTOK KaJbIIUs B KJIETKY Yepes MJIa3MaTUIeCKyl0 MEM-
OpaHy (Sumoza-Toledo, Penner, 2011). Kpome Toro,
cADPR 1 ADPR MoryT crtoco6¢TBOBaTh BRICBOOOXKIE -
HUIO KajbllUs W3 CapKOIJa3MaTUYeCKOro WJIM DHJIO-
IJ1a3MaTUYeCKOro peTUKYJIyMa 3a CUeT aKTUBaIluy pura-
HoauHoBoro penentopa 2 (RyR2) u nmoBbilieHust ypoB-
Ha Bxoma Ca’'’ mo nemo-yrnpabisieMbIM KaJIbLMEBBIM
kaHajnaMm (SOCE) (Zuo et al., 2021). MHTEpECHO, UTO
cADPRP, Takke urparoimii BaXXHyI0 pojib B MOOMIIM3a-
LIMU KaJIbLMs, oriocpeayer BeicBoboxaenne Ca’t us to-
ro ke xpanuiuiia, 4yto 1 cADPR, npuuem Gojee 3d-
dexkTuBHO (Zhang et al., 1995).

IToMrMoO TiepeYnCcIIeHHBIX BhIIIE (epMEHTATUBHBIX
GyHKIMNA, TIpy HeliTpanbHbIX 3HadeHusx pH CD38 cro-
cobeH Katamm3uponath cuHTe3 NAADP 13 NA 1 cADPRP
(puc. 7) (Moreschi et al., 2006). Kpome Toro, 65110 T10-
Ka3zaHo, 4To 3a cueT NAADPase-aktusHoctit CD38 mo-
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ket ruaposmm3oBatb NAADP mo ADPRP, tem cambpiM
pETYINpPYd €r0 KOHLEHTPALUI0 KaK BTOPUYHOTO MeC-
cenmkepa (Graeff et al., 2006). Bricokass 3HAYUMMOCTb
JAaHHOU peakuuu 1js1 PyHKIMOHAJIBbHOM Iepefayn CUT-
HanoB Ca’" 00ycioBIeHa HEOOXOAUMOCTHIO 3(PHEKTUB-
HOT'O KOHTPOJIST KIeTOYHOTo ypoBHsI NAADP, sBisonie-
rocsi HanboJiee MOITHBIM BTOPUYHBIM MECCEHIIKEPOM.

IToHnMaHue MexaHU3MOB U (PaKTOPOB, KOHTPOJIU-
pytoiux pasnuyHbie GyHkiuu CD38, umeeT BaxkHOe
3HauY€HUE, TOCKOJbKY M3MEHEHHas (epMeHTaTUBHas
akTuBHOCTh CD38 mpuBOAUT K pa3BUTUIO OrPOMHOIO
KoJIM4ecTBa 3a00jieBaHU I, TAKMX KaK MHMEKIIUU, Hapy-
IIeHWsT OOMeHa BelleCTB, paK, 0O0JIe3HU cepAlla U Hel-
ponaereHepalus. B 1emom, paccmarpuBas (YHKIIUO-
HajbHble 0co0eHHOCTH CD38, MOXXHO KOHCTaTUPOBAaTh,
YTO BCE€ THUINBI aKTUBHOCTU 3TOro OejiKa, MCKIIovast
TonbkKo NAADPa3Hyi0 akTMBHOCTh, HaIlpaBJIeHBl Ha
yBesauueHue nyna NAM u, cOOTBEeTCTBEHHO, YMEHbBIIIE-
Hue NA.

CD157 u eeco akmusrnocms. B KiieTKax MJIeKOUTal0-
IIIMX OCHOBHBIE (pepMeHTaTUBHBIE (pyHKIIMK CD38 Mo-
T'yT BBINOJHATHCSA ero romoyioroM CDI157, takxke u3-
BECTHBIM KaK aHTUTE€H CTPOMAaJIbHBIX KJIETOK KOCTHOIO
mosra 1 tuna (BST-1). Ognako CD157, B otinuue oT
npeuMylIlecTBeHHO TpaHcMeMOpaHHoro CD38, Bctpau-
BaeTCcsI B MeMOpaHy MOCPEICTBOM IIIMKO3MIdochaT-
nunnHosutonbHoro (GPI) sikopst u mMmeet ABa BHEKIIe-
TOYHBIX TOMEHA, CBSI3aHHbBIX C (hepMEHTATUBHOM aKTUB-
HOCTBIO 0OelKa U ero aare3MOHHbIMU/CUTHAIbHBIMU
cBoiictBamu (Ortolan et al., 2002). B opranusme yeioBe-
ka CD157 skcrnpeccupyeTrcss B OCHOBHOM B MOHOIIMTaX
W HelTpodmiax, HO 3TOT (PEPMEHT TaKKe MOKET ITPH-
CYTCTBOBaTh B COCYAMCTOM 3HIOTEJIMM, ME30TeIUalIb-
HBIX KJI€TKaX, ME3€HXUMHBIX CTBOJIOBBIX KJIETKax 1 BO
MHOTIMX ApyTrux Thiax kiaetok (Ortolan et al., 2019). Kaxk
n CD38, CD157 ssBnsieTcst aBHBIM 00pa30M INIMKOT W -
pana3oii, HO MCITOJB3YIOIIE B KayecTBEe CyOCTpaToOB
Hykiaeo3uanl, Takue Kak NR, a He NAD (Yaku et al.,
2021). Kpometoro, CD157 obnanaercinadoit ADP-pu6o-
3WILIMKIJIA3HOM aKTUBHOCTBIO M MOXET KaTaJu3MpOBaTh
peakiuio oomeHa ocHoBaHuii NR 1 NAR ¢ ncnons3o-
BanueM NA n NAM. Takum o6pazom, CD157 obnamaer
cyOcTpaTHOM crielindUIHOCTBIO, OoTaAnYHOit oT CD38.
bnaromaps cBoeit pepmeHTaTuBHOIM akTUBHOCTH CD 157
CIIOCOOEH CHMHTE3MpOBaTh TaKMe BTOPUYHBIE MECCEH-
mxepol, Kak CADPR m ADPR, onHako ¢ MeHBbIIEeH 3@ -
¢dexktuBHOCTBIO, YeM CD38 (Quarona et al., 2013).

SARM1 u eeco akmusunocms. HeoOXomuMo OTMETUTH,
yro, momumo CD38 u CD157, aktuBHocTthio NAD(P)-
mmmkornaposasel, ADP-pubo3mnuukiassl m oOMeHa
ocHoBaHUii 061amaeT Takke SARM 1, mmpoxo akcmnpec-
cupyeMbiil B HelipoHax. [1pu atom, CD38 u SARMI1 He
006J1amaoT cXoXeil aMWHOKHMCIIOTHOM ITOCIeIOBATEhb-
HOCTBIO M XapaKTepU3YIOTCS Pa3INnIHON CyOKIIeTOUHOM

Jokanuzanueit (Zhao et al., 2019). Tak, B omyinuue oT
CD38, SARMI1 pacrionaraeTcst IpeMyIIeCTBEHHO Ha 1T~
TO30JIbHOII moBepxHocT MuToxoHmpuii (Gerdts et al.,
2013). bruto 1moka3aHo, 4TO Ipeo0bJiamalonieii aKTUBHO-
ctbio SARM1 nipu HeliTpanbHOM pH siBistercst katanmu3
peakiiuu obMeHa ocHoBaHUM Mexny NAM u NA, mo-
CPeICTBOM KOTOPOIi 0OpasyeTcsi KalblUi-MOOUIU3YIO-
muit areHT NAADP (Angeletti et al., 2022). Kpome Toro0,
SARMI1 obnamaet 60Jiee BBICOKOU aKTUBHOCTHIO NAD-
oUKIn3anuu 1mo cpaBHeHMIo ¢ CD38, 4yro cBMAeTEb-
CTByeT O ero Oosblieil 3(h@(EKTUBHOCTM B CUHTE3e
cADPR (Zhao et al., 2019). B ueynom, yBeiuyeHe KOH-
neHTpauuu NMN B Kj1eTKe SIBAsSeTCS OCHOBHBIM (hak-
TOPOM MOBHILIEHHOI akTUBHOCT SARM1 (Angeletti et
al., 2022). Takum oOpa3om, ellle OMHOI (QYHKIIUECH
NMN, MTOMUMO €T0 poJiv B KAa4eCTBE MPEAIITeCTBEHHUKA
NAD, sBisteTcs yrnpasieHue ¢GpepMEHTaTUBHON aKTUB-
HocThlo SARM1. [TomMuMo onmmcanHoro Beie, SARM 1
SBJISIETCSI BaXKHBIM MEAMATOPOM JereHepallii aKCOHOB
(Osterloh et al., 2012), BBI3bIBaOIIM OBICTPBINA pacram
NAD mnocne nopexaeHust (Gerdts et al., 2015). bouio
BBbICKA3aHO TMPENnoaoXeHUe, YTO CHUXKEHUE IKCIIpec-
cun NMNAT2, npuBoIsIiero K yBeJIMYeHUIO COOTHO-
meHust NMN/NAD, cBs3ano ¢ aktuBauueii SARMI1 (Fig-
ley et al., 2021).

CTouT OTMETUTh, YTO B CJIy4yae OMUCAHHBIX BHIIIE
NAD-3aBUCUMBIX OEJIKOB, peCUHTE3UpOBaHHbIE NAM
MpPOSIBIISIET NBOMCTBEHHOE NIelicTBME. BhicTynast B poiau
cyoctpara mist cuHTe3a NAD nmo aMmuarupoBaHHOMY ITy-
TH, OH MOMAEPKUBaAeT paboTy 3Tux epmeHTOB. C Apy-
TOli CTOPOHBI, ITyTEM MPSIMOTO CBI3bIBaHUSI NAM UHTH-
oupyet 3t 6enku (Yang, Sauve, 2006). I1pu 3ToM B ciiy-
Yyae MaJlbIX KOHIIEHTpalMii HauboJjiee BEepPOSITHBIM
SBJIsIETCS Toanepxkanue myjia NAD, a uHruoupoBaHue
MPOUCXOAUT TIPU BBICOKUX (papMaKOJOTHUYECKUX KOH-
neHtpauusax (Kanayama, Luo, 2022). Tak, Hanpumep,
nokKa3aHo, 4YTo KoHlLieHTpauuu NAM okoJjio 5 MM 1ipu-
BOJAT K pocTy cooTHoueHuss NAD/NADH u aktua-
muu SIRT1 (Li et al., 2015). B cBoto ouepenp, BBeneHE
BbIcOKX KoHIIeHTpait NAM (20 MM niis SIRT1 (Lou
et al., 2015) u 10 MM nna SIRT3/SIRT4 (Lee et al.,
2013)) maBajio sipKoO BbIpaXXeHHBI MHTUOUTOPHBIN 3¢ -
dext NAM. B 1iesiom, cooTHOIIIEHUE MEXAY aKTUBUPY-
IOILIIMM U MHTUOUpYyouM addexktamu NAM onpenensi-
€TCsI HE TOJIbKO €ro 3((PeKTUBHOCThIO MHTMOMPOBAHUS
cooTBeTcTByIOIINX NAD-3aBUCUMBIX (DEPMEHTOB, HO U
3¢ HEKTUBHOCTHIO MEXaHU3MOB €ro MOTPeOJICHUSI, B YaCT-
HocTU, 11 cuHTe3a NAD no aMmuaupoBaHHOMY ITyTH.

PELHEIITOPHBIE MEXAHW3MbI
JENCTBUA HUALIMHA

Huaimx urpaet BaxxHyto pojib B (DyHKIIMOHUPOBAHUU
OopraHu3Ma He TOJbKO Kak mpeniuectBeHHUK NAD. Tak,
Harpumep, NA NpUBOIUT K CHUXKEHUIO YPOBHSI LIMPKYJIU-
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6oHOBBIX KUCTOT; INSR — wHcynmHOBBIH pernienitop; ADRB — B2-anpeneprudeckuii perienitop; PDE3 — docdonuscrepasa 3;
GLUT — tpancnioptep mmoko3bl; AC — ageHwiatiuukiasza; PKA — nporennkuHasza A; HSL — ropMoHUYyBCTBUTE/IbHAS JIMIIA3A;
ATGL — agunonurapHas tpurmuiepummnasa; DGAT2 — quanuiarimuepoi-anuiTpaHcdepasa 2.

PYIOIIMX TPUIJIMLIEPUIOB, JUIIONPOTEMHOB HU3KOU U
OYCHb HU3KOI IUIOTHOCTU M ITOBBIIICHUIO KOHIICHTpA-
UM JIUIIONIPOTEMHOB BbICOKOI moTHocTu (Carlson,
2005). OmgHMM U3 BO3MOXHBIX MEXaHM3MOB BJIMSTHUS
NA Ha TUNUAIHBIN TpodUIIb SIBJISIETCS aKTUBAIIMS HUA-
mHoBoro penentopa HCA,, Takke M3BECTHOIO Kak
GPRI109A, nmocpencTBoM KOTOPOTO MHTUOUPYETCS JU-
nosu3 B XupoBoit TkaHu (Soudijn et al., 2007). HCA,
MIpencTaBisieT coO00i pelernTop, conpsixkeHHbI ¢ G-6e-
KOM, KOTOPBIA BMECTE CO CBOMMM CTPYKTYPHBIMU TOMO-
noramu HCA, (GPRS81) u HCA; (GPR109B) ob6pasyer
CEeMEMCTBO PelenTOPOB TMAPOKCUKAPOOHOBBIX KUCIOT
(Graff et al., 2016). Kaxaplii U3 3TUX TpeX PELENTOPOB
WIpaeT OIpPEOeIEHHYIO POJIb B PEryysiiuM JIUAIIOIM3a
agurouuToB (puc. 8). Y 4yejgoBeka camMble BBICOKHE
ypoBHU aKcnipeccun HCA, HabonaoTcs B aaumonm-
Tax 6emoil m Oypoii XupoBoil TkaHu. Kpome sTtoro,
HCA, oGHapyXuBaeTcs TakxKe B KepaTUHOILIMTaX U UM-
MYHHBIX KJIETKaX, BKJII04ast HeiiTpodmiabl, Makpodaru u
moHouuThel (Wanders, Judd, 2011). AHanoruyHoe pac-
npenejieHue Habmonaercss u s peuentopa HCA,
(Wise et al., 2003), Torna kak HCA| MoxXeT ObITh JIOKa-
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JIN30BaH UCKIIOUUTEIbHO B anunonuTtax (Ahmed et al.,
2010).

AHTWIHNOIMTHYECKAA (PyHKOMS HHAIWHA. B amumo-
nurax aktuBauuss NA-peuentopa HCA, npuBogur K
MHIMOMPOBAHUIO aleHWIATIIMKIA3bI, KOTOpasi KaTaau-
3upyeTr obpaszoBaHue cAMP. OmHako KOHUEHTpalLus
NA, HeoOxommMas IJIsT aKTUBAIIUU PeLeNITOpa, MOXET
OBITh TOCTUTHYTA TOJIBKO ITPpU BBEIeHUM (hapMaKOJIOTH-
yeckux 103 NA (Geisler et al., 2021). HCA, MoxeT ObITh
TaKXe aKTUBUpOBaH 3-ruapokcubyruparoM (3HB),
KOHIIEHTpAalLsl KOTOPOTO CBsI3aHAa C YPOBHEM CBOOOI-
HBIX XKMPHBIX KMCJIOT, YTO IIPUBOAUT K TOTIOJTHUTEIBHO-
MY YMEHBIIECHHNIO UX YypOoBHs. HeoOGxonmmMo OoTMETUTD,
4TO B XXKHUPOBBIX KJIeTKax 4yenoBeka CAMP perynupyert
npoiiecc aunoiau3sa. [Ipn 3ToM akTUBAIUS UHCYJIMHO-
BOI'O pelenTopa MHCYJIMHOM MHAyLIUpyeT pochonmusc-
Tepasdy 3 (PDE3) u nocnenyiomuit ruagponus cAMP, a
aKkTUBaIus 2-aapeHepru4eckoro perenropa snuHed-
pUHOM, Haobopot, oOneryaer aunonu3 (Liu et al.,
2009). B pesynbraTe naaeHusi ypoBHS BTOPUYHOTO MO-
cpenHuka cCAMP cHMXXaeTcsi akTUBHOCTh MPOTEUHKU-
Ha3bl A ¥ TOPMOHYYBCTBUTEILHOI anmas3pl. TakuMm 00-
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pa3oM, TIPOMCXOIUT MHTUOMPOBaHME JTUTIONM3A 32 CIET
CHIDKEHUS TUIPOIN3a TPUTIUIIEPUIOB M BEICBOOOXKIIE -
HUS cBOOOMHBIX XUpHBIX Kuciaor (Chai et al., 2013).
IIpu 5TOM yMeHBIIaeTCs TIPUTOK B TTeYeHb CBOOOMHBIX
SKMPHBIX KUCJIOT, SIBIISTIONINXCS CyOCTpaTOM TSI CHTE-
3a TPUTJMIEPUIOB M JIATIOMPOTEMHOB OYeHb HM3KOM
iotHocTtH (Digby et al., 2009). NA Takske MOXeT CHUXKAaThb
CHHTEe3 TPUTJIUILIEPUIOB B TICUCHU ITyTeM MHTHOMPOBAHWS
muaiirinepon-amirpadncgepassl 2 (DGAT2), koto-
pas KaTaJIm3upyeT 00s3aTeTbHYI0 TepMUHAIBHYIO CTa-
IAIO KJIETOYHOTO CUHTE3a TPUTITUIIEPUIOB, UCTIONB3YS B
KadyecTBe cyOcTpaToB auampuirianiepoil u acyl-CoA
(Ganjiet al., 2004). B ie10M, KOHILIEHTpAL WS TPUIJIMIIE-
PUIOB B IIeYeHU OKa3bIBaeT BIUSIHIE W HA IPYTHE JIUTIO-
MPOTEWHBI, TAK KaK TPUTJIULIEPHUIBI OTIOCPEAYIOT CUHTES
JIUTIAIIOB OYeHb HU3KOU TUIOTHOCTH, KOTOPHIE, B CBOIO
ouepenb, ABISIOTCS UICTOYHUKOM JTUTIOTIPOTEMHOB PO -
MEXYTOYHOM M Hu3Koit rurotHoctu (Kamanna et al.,
2009).

Mexanusm aeiicteus peuenrtopa HCA; Ha npouecc
JIMITOJIN3Aa agUuIIOLMTOB COBHAnaeT ¢ (PYHKIIMOHUPOBa-
HueM HCA,. Omimmuue cocrout B ToM, yto HCA; akTu-
Bupyercs 3-runpokcuokraHoatoM (3HO), koHIlieHTpa-
1UsI KOTOPOTO B ILIa3Me CYIIECTBEHHO BO3pacTaeT B
YCJIOBUSIX TTOBBIIIIEHHOTO OKMCJIEHUSI CBOOOMHBIX KM P-
Hbix kucaoT. Kak u HCA,, peuentop HCA; onocpenyet
MEXaHW3M OTPHUIIATEIILHOM OOpaTHOM CBSI3U MPU TaKUX
ycnoBusix. Yto kacaetcs peuentopa HCA,, To oH akTu-
BUPYETCS JJAKTAaTOM B IraITa30He €ro (hU3MOJI0TMIeCKIX
kKoHOeHTpauuit (1-20 MM) u TomaBiIsIET JUIIOIU3 B
aguTIONTax, aHajaormyHo aByM apyruM HCA-perienito-
pam (Liu et al., 2009).

Heob6xoaumMo OTMETUTh, UTO CYLIECTBYEeT psil (dak-
TOB, OINPOBEpramux BiusHrue NA Ha JTUTTUAHBINA TTPO-
¢wib kpoBu ntocpenctBoM aktuBauuu HCA,. Taxk, 66110
MoKa3aHo, YTO IpU BBeAeHUU NA ObICTPO UHAYLIUPO-
BaHHOE HaKOIUIEHWE TPUTJIMULIEPUIOB B TTIEYEHU U KOH-
LIEeHTpaluus HedTepupULIMPOBAHHBIX XXUPHBIX KUCJIOT B
CBIBOPOTKE CHMXKAJUCh KaK y MBbIIIeH ¢ HOPMaJIbHBIM
ypoBHeM akcripeccun HCA,, Tak U y MblllIeil ¢ HOKay-
tom no HCA, (Geisler et al., 2021). [TonyyeHHbIE pe-
3yJbTaThl YKa3bIBalOT HA BO3MOXHOCTb HE3aBUCUMOIO
OT PELENTOPHOro MexaHuaMa neictBus NA, ¢ IToMo-
I11bI0 KOTOPOTO YBEJIUYMBAETCS IMPOAYKIIMS JIMIIOIIPOTE-
MHOB BBICOKOI TJIOTHOCTU M OTPaHMYMBAETCS aKTUBa-
s TPAHCKPUIILIMKM JIMIIOTeHHBIX reHoB. Kpome Toro,
MpU UCCIIENOBAaHUY T€HETUYECKU MOAUGDUIIMPOBAHHBIX
MBIIIEN U MallMEHTOB C IUCIUMIUIAEMUEH, TTOJIydaBIINX
NA u aronuctsl HCA,, IpoieMOHCTpUPOBaHO, YTO pe-
LETITOP HE SBJISETCS OCHOBHOM MOJIEKYJISIDHOM MUIIIE-
HBIO, OTBETCTBEHHOM 3a U3MEHEHHE JTUITUIHOIO ITpOodu-
a5t KpoBu (Lauring et al., 2012). Takum o6pa3om, 3a uc-
KJIIOUEHUMEM OINKWCAHHOTO BBIIIE WHTUOMPOBAHUS
ITUALITIIALIE pOJI-aluaTpaHcdepassl 2 BOIpoc O Hepe-

BOPOHOBCKWH u ap.

HECIITOPHOM MEXaHNU3ME neiictBust NA Ha JIMITUABI T1J1a3-
MBI ITOKa OCTACTCA OTKPBITBIM.

Huanun-uHaynMpoBaHHas Bazonuiaramus. [1pu npu-
MeHeHuU NA B KauecTBe JIeueOHOTOo Mpernapara, Harnpu-
Mep, OT TeJjilarpbl BOZHUKAIOT 3HAUUTEIbHbBIE BTOPUY-
Hble 2(dekThl, cBsi3aHHbIe ¢ runepemueii (Pike, 2005).
BazoaunnaTaiiysi KpOBEHOCHBIX COCYIOB KOXKU BbI3bIBAET
MOKpacHeHUe, MOBBILIEHUE TeMIepaTyphl, OLIyIIeHUE
MOKaJbIBAHUSI U XOKEHUs, IJIsduecs: B TeueHue 1—2 9
(Lukasova et al., 2011). Hapsay ¢ aHTUJIMIOJIUTUYECKI-
mu 3 dekramu, aktuauus peuentopa HCA, onocpe-
JyeT TIPUJIMB KpOBU, MHAYyLIMpoBaHHBIN NA (Maciejew-
ski-Lenoir et al., 2006). YBennuyeHue nepdy3nun KOXKHBIX
MOKPOBOB IIPOUCXOIUT B ABE CTAJAUU, BKITIOYAIOIINE KO-
POTKyIO TIepByIo (ha3y, MpoTeKaroulyto B KiieTkax JlaH-
repraHca, 3a KOTOpoil cieayeT 0ojiee MpOAOJLKUTETbHAs
BTOpas (pa3a, orocpeaoBaHHas KepaTUHOLUTaMU (puc. 9)
(Hanson et al., 2010). AktuBatus G-0enka, CBI3aHHOTO
¢ peuentopoM HCA,, mpuBOIUT K BEIOPOCY MHO3UTOJI-
tpudocdara, npoayumpyemoro dhocdonumnazoii CP. 3a-
TEM 3a CYET aKTUBHOCTU (hochonunasbl A2 BHICBOOOXK-
JaeTcsl apaXUIOHOBasi KUCJIOTa, KaK B KEPaTUHOLIUTAX,
Tak u B kjeTkax JlaHrepranca. Ha cienyroiiem sTarie
apaxMIIOHOBasl KMCJI0Ta MpeBpaliaeTcsl B MpoCcTarIaHInH
H, nocpenctBom nukinookcureHas (COX-1 u COX-2) B
kieTKax JJaHrepraHca U B KEpaTUHOLIMTaX COOTBETCTBEH -
Ho. [IpocrarnannuH H,, B cBOIO ouepenb, UCTIOIb3YETCS
I cuHTe3a npocraraHauHa (PG) D, u npocrarmian-
nuHa E, cooTBeTcTByOIIMMM cUHTa3amu. I[lpu sTom
kjeTku JlaHrepraHca CIOCOOHBI CEKpEeTUpPOBaTh Kak
PGD,-cuntazy (PGD,S), Tak u PGE,-cuHrasy
(PGE,S), Torna kak KepaTUHOLUTBI UCIOJIb3YIOT TOJIb-
ko PGE,S (Hanson et al., 2012). HakoHe1, mpocrariaHau-
Hbl 1UhGYHIUPYIOT B KPOBEHOCHbBIE COCYIbl KOXM, TIe
oHu akTuBUpYIOT peuerntopsl DP, 1 EP,/EP, (Benyo et al.,
2005). I1pu aTOM OBLIO MOKa3aHO, YTO OOJbIIIEeE BIMSI-
Hue Ha NA-UHIYIIUPOBAHHYIO TUTIEPUMUIO OKa3bIBaET
npoctaraiauH PGD,, nelictByromuii uyepes DP,
(Cheng et al., 2006). YkazaHHbIE MPOCTANIAaHIUHOBbIE
pelLenTopbl PeryaIupyloT aaeHWJIaTUNKIa3y, aKTUBALUS
KOTOPOU MPUBOJUT K YBEJIUYEHUIO KOHILIEHTPALIMU BTO-
puuHoro mecceHkepa CAMP (Braune et al., 2020). B to
BpeMsI Kak cocyaopaciuupsiomnne 3(pGeKTsl orocpey-
JOTCsI TTOBBIIIIEHMEM KOHIIeHTpaunu CAMP B rimagkombl-
IIEYHBIX KJIeTKax cocynoB (Murray, 1990).

HeiiponpoTeKkTopHoe neiicTBHe HHAIMHA MPH HIIEMH-
yecKoM MHCyIbTe. HeoOX0mMMoO OTMETUTh, YTO TIpUMeE-
HeHUe HUAllMHA He MPUBOIUT K Ba3OIMJIATOPHBIM (-
deKkTaM B MHTpaKpaHUAJIBLHBIX COCydaX, omHako NA
OKa3bIBaeT 3allIMTHOE IeCTBUE TTPU ULLIEMUYECKOM WH-
cynbre. Tak, MpU MCCIeNOBAaHUU MOIENIM WHCYIbTA Y
KpBIC OBIITO TTOKa3aHo, YTo NA CITocOOCTBYET yMEHBIIIE -
HUIO 00beMa UILLIEeMU3NPOBAHHBIX TKAHEH M KOJIMYEeCTBa
anoNnTOTUYECKUX HEMPOHOB, a TAKXKe COXpaHSIET aKCo-
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Puc. 9. MexaHu3M HHaLMH-MHAYLHPpoBaHHOI BasoquiaTauuu. HCA, — HnaunHoBsii peuentop; PLCP — docdonumnasza CB; PLA, —
docdonunaza A2; COX-1,2 — uuxinookcureHasol; PGE,S — PGE,-cunrasza; PGD,S — PGD,-cuntasa; DP,, EP,, EP, — npocrano-

NOHBIE pEUEIITOPLI.

HbI U CUHAIICHI TT0CJIe UHCYJIbTa U CTUMYJIMPYET aHTHO-
redHe3 (Tuteja, 2019). IlonoxurenpHoe BIusiHME NA
obObsicHsieTcs akTuBalueit peuentopa HCA,, KoTopblit
3KCIIpeccupyeTcs B HeMTpodumiiax, Makpodarax 1 MUK-
pOIJIMU, UTPAIOLIMX BAXKHYIO POJIb TIPU UILIEMHUYECKOM
MOBPEXIEHNUU roJloBHOTO Mo3ra (puc. 10). MoHoOLIUTBI
U3MEHSIIOT AU(MOEPEHLIMPOBKY € TMPOBOCIATUTEIbHO-
ro/mpodubposHoro ¢enoruna Ly6CM Ha 3ammuTHBINA
¢enorun Ly6Cl°, crtoco6CTBYS MpH 3TOM BOCCTAHOBJIE-
Huto TkaHelt (Li et al., 2022). B Ly6C!° mocpenctBom ak-
tuBauuu HCA, nnayuupyercsa cunre3 PGD, reMmonos-
TUYeckoil mpocrarnanauH-D-cuaTazoir (HPGDS) nmo
METa0OINYECKOMY MyTU, aHAJIOTUYHOMY cuHTe3y PGD,
B kJieTkax Jlanrepranca. 3atem PGD, cneuunduyecku
cBs3bIBaeTcs ¢ peuentopoM DP,, uto sBiasgeTcs onHUM
U3 KJIFOYEBBIX KOMIIOHEHTOB, MOMIEPXKUBaOIINX (DyHK-
LIMOHAJILHOCTb KPOBEHOCHBIX COCY/IOB U COKPAIIAIOIINX
00J1acTh MOBPEXAEHUs TOJIOBHOTO MO3Ta MPpU UIIEMU-
yeckoM mopaxeHuu (Taniguchi et al., 2007). Kpome To-
ro, PGD, gBnsieTcs mpeniiecTBEHHUKOM 15-me30Kkcu-
A2 npocramnanauna J, (15d-PGlJ,), KoTophlil B3au-
MONIEHCTBYET C TaMMa-pelieNTOPOM, aKTUBUPYEMBIM T1e-
pokcucomHbiMu ponudeparopamu (PPARY) (Scher, Pill-
inger, 2005). 15d-PGJ, criocobeH CTUMYJIUPOBaThb IKC-
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npeccuio (akropa pocra sHmorenust cocymoB (VEGF),
Y4acTBYS TaKMM 00pa3oM B (DOPMUPOBAHUY KPOBEHOC-
HBIX CcOCynoB mocpenctBoMm aHruoreHe3a (Kim, Surh,
2008). Ipyroii MexaHMU3M NPOTUBOBOCHAJIMTEIBHOM aK-
TUBHOCTM OCHOBAaH Ha IPSIMOM WHIuOupoBaHuu 15d-
PGJ, IkB-kuHa3bl, KoTOpasi oTBeyaeT 3a aKTUBALIUIO
daktopa NF-xB mnpoBocmanurenbHBIMUA CTUMYJIaMU
(Rossi et al., 2000).

CrienyeT OTMETUTbh, UTO 3alllUTa OT UIIEMUYECKOTO
MOBpEXIEHUs He SIBSIETCS eAMHCTBEHHON BO3MOXHOI
HelpoIpoTeKTopHOI (pyHKIMeit HuanuHa. CyIiecTByeT
OOJIBIIIOE KOJIUYECTBO IKCIEPUMEHTANIbHBIX ITOATBEP-
XKISHUM TOJIOXUTEIILHOTO ASHCTBUS pa3IUIHBIX (popM
HUAIlMHA TIPU psiie HelpoaereHepaTUBHBIX 3a00JieBa-
Huii (Green et al., 2008; Gong et al., 2013; Xie et al.,
2019). OmHako onuchIBaeMble MEXaHU3MBI, IT0 OOJIbIIEH
YacTH, TM0O0 CONPSKEHBI C MOAACPKAHNEM CTa0MIILHO-
ro ypoBHsI NAD, 1160 BKIIOYAIOT LEJIBIN CIIEKTP CUPTY-
VH-3aBUCUMBIX U CUPTYWH-HE3aBUCUMBIX IMyTeii. O1eH-
Ka BKJIaJa peleNTOPHO-0IOCPEIOBAHHOTO MEXaHW3Ma B
JTaHHOM cjlydae IIpeAdCTaBIISIETCS YpPEe3BBIYATHO CIIOXK-
Holi 3agadeii (Seamon et al., 2020; Chong et al., 2021).
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Puc. 10. MexannsMmel, oGecrieynBalolyie HEHPOIIPOTEKTOPHOE AekicTBre HMauMHaA. 'Ob — remarosnuedannaecknii 6apsep; HCA, —
HuaunHoBbIi penentop; PLCB — docdonunaza CB; PLA, — dpocdonumnasza A2; COX-1 — uukiookeurenasa 1; HPGDS — remonos-
TUYECKad npocranianauH-D-cunTasza; DP; — peuenrop 1 npocramannuna D,; PPARY — ramma-penenTop, akTUBUPYEMBILi IIEPOK-

cucoMHbiMu ipoaudepatopamu; IKK — IkB kunHa3za.

3AKJIIOYEHHME

HwuanuH oka3pIBaeT CylIeCTBEHHOE BIUSTHUE Ha MO -
nepxanue 3(pPeKTUBHOTO (PYHKIMOHMPOBAHUS KIIET-
K1. XOTsI €r0 OCHOBHAS POJIb 1 COCTOUT B 00eCIIeYeHUN
MyJjla HUIKOTUHAMUIHBIX KO(pepMEHTOB, HUALIMH B Opra-
HU3ME 4YeJIOBEKAa OCYIIECTBISAET U APYrde BaXKHBIE
dyakumu. Butamma B3 Bo3peiicTByeT Ha HECKOIBKO
MOJIEKYJIIPHBIX TIPOLIECCOB, KOTOPHIE TECHO CBSI3aHBI
JIPYT C APYTOM, YTO 3HAYUTEIBHO 3aTPYIHSIET OIIpeaesie-
HUE TOYHBLIX MEXaHU3MOB IEHCTBUSI 3TOrO IHUIIEBOTO
metabonnTta. KpoMe Toro, pa3nnaHbie NaTo(U3NOJIOT -
YyecKHe CUTyalluy, BKIIOYAIOIINEe N3MEHEHNE aKTUBHO-
ctu (hepMEHTOB MeTab0IM3Ma HUALIMHA, BIIUSIOT Ha UC-
MOJIb30BaHME KIIETKAMHU Pa3IMYHbBIX IPEIIIeCTBEHHM-
KoB NAD. XoTs K HacToSmIeMy BpeMEHH M YCTaHOBJIEHA
pPOJIb HUALIMHA BO MHOTMX KJIETOYHBIX IIpolieccax, odec-
MEYNBAIOIINX BEIPAOOTKY SHEPIUH, KICTOUYHYIO 3aIUTY
¥ BOCCTaHOBJICHUE, Psiji BOIIPOCOB BCE ellle OCTaeTCs He-
U3y4eHHbIM. Tak, HeOoOXOIMMBI TOIOJIHUTEIbHEBIE WC-
clIeIOBaHUS BIUSIHUSI MUKPOOHMOMA KUILIEYHUKA Ha TO-
MeOCTa3 HMALIMHA B OpraHu3Me MJIEKOIUTAIOLINX, YTO

MOKET SIBJISITbCSI KpUTUIECKUM (paKTOPOM B Pa3IMUHBIX
(GU3MOJIOTNYECKUX IIpolieccax, BKIOYass MeTadoIn3M,
MMMYHHBINM OTBET U Iporpeccuio 3abojieBanuii. Kpome
TOTO, OTAEIbHOM MAacCIITaOHOM TEMOM SIBISIETCS POJIb
HMAllMHA B PETYISILIMU SMUTEHETUYECKUX IMPOLIECCOB,
TaKMX Kak MOIu(UKalLMsI TUCTOHOB U METWJIMPOBaHUE
JHK.

ONHAHCHUPOBAHUE PABOThHI

PaGoTa BeInoJTHEHA B paMKaXx MJIaHOBOM HAyYHO-UCCIeN0-
BaTEJIbCKOU NeSITEIbHOCTY YaCTHOTO yupexaeHus “HaydHo-
UCCeA0BaTeIbCKUN UHCTUTYT LIMTOXMMUU U MOJIEKYJISIPHOM
dapmakoorumn”.

COBJIIOJEHUE 5TUYECKUX CTAHIAPTOB

B paGote He ObLI10 3KCIIEPUMEHTOB C Y4aCTUEM XKMBOTHBIX
M JIIONIeH.
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Metabolism and Receptor Mechanisms of Niacin Action
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The article discusses the metabolism of niacin, also known as vitamin B3 or PP, and the mechanisms of its receptor-
induced functions in the human body. Niacin exists as a several molecular compounds that act as the nicotinamide
coenzymes precursors. These coenzymes being electron donors or acceptors in redox reactions catalyzed by various
enzymes play a crucial role in metabolism. Maintenance of the intracellular niacin pool is vital not only for redox
metabolism, but also for the NAD-dependent pathways functioning. At the same time, pathophysiological situa-
tions and changes in enzyme activity can affect the necessity for various niacin forms. In addition to indirect effects
via nicotinamide coenzymes, it also has a number of direct effects, including anti-lipolytic, vasodilatory, and neu-
roprotective functions, the exact mechanism of which has not been studied fully up to date. Overall, niacin plays a
vital role in maintaining the efficient cell functioning, and further study of its influence on various physiological as-
pects, including the gut microbiome and epigenetic regulation, could lead to new discoveries and treatments for var-

ious diseases.
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