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PE3IOME

AkTyanbHocTb. CTPYKTYpa TeTPanupponbHbIX MaKpOLIMKIOB KOPPUHOB (CO8AMHEHNI, CXOXMX MO CTPOEHNIO C BUTaMUHOM B12) npeacTasnseT
CO0O CBOEro Pofia YHMBEPCANbHbIA XUMUYECKU LAGNOH AN TapreTHOW [OCTaBKM NEeKapcTB, pa3paboTKi XMMUYECKUX CEHCOPOB
11 aHTUAOTOB.

Uens: cuctemaTtnzaumnsi HoOpMaLmm o TapreTHoNn MOAYNALNIA CBOMCTB KOPPUHOB NOCPEACTBOM XUMUYECKUX MOLUMDUKALMNA.

Matepunan n meTogbl. TpOBeAeH aHaNM3 NUTEPaTypbl C MUCMONb30BAHNEM COBPEMEHHbBIX METOAOB TOMOIOTMYECKOr0 M METPUYECKOr0 aHann3a
JaHHbIX. /13 6a3bl aaHHbIx PubMed/MEDLINE 6binn n3sneyeHbl Bce peneBaHTHble ny6nmkaumm (n=863) no 3anpocy “(cobalamin OR Cobyrinic
OR vitamin B12) AND (Molecular Conformation [MeSH Terms] OR Vitamin B 12/*analogs & derivatives/*chemistry [MeSH Terms] OR
Vitamin B 12/*chemistry [MeSH Terms] OR Structure-Activity Relationship [MeSH Terms])”.

Pesynprarel. CucteMaTn3npoBaHa MHGOPMALMA O TOM, KakuMm 06pa3oM MOXXHO PerynmpoBatb CBOWCTBA MPOM3BOAHbLIX BUTaMUHA B12
(ko6anamuHa) nyTem BBeAEHUS CNeLntUYecKUX 3ameLLeHInii rpynn B KOPPUHOBOM KOJIbLE, O XUMUYECKUX MOANCHUKALNAX NPOU3BOLHbIX
Ko6anammHa, 6UOCUHTETUYECKMX NOAX0AX K CUHTE3Y ero NPON3BOAHBIX U 3tD(HeKTax B3auMoLeNCTBIA 3TUX MOAUMULMPOBAHHbIX KOPPUHOB
C «ManbIM1>» HEOPraHUYeCKUMM 1 OPraHNYecKMMN MOneKynami.

3aknroyenne. Tlony4eHHble Pe3ynbTaThl CUCTEMATNYECKOrO KOMMbIOTEPHOrO aHannu3a ny6nmkaunii 0 KoppuHax no3BosseT 060CHOBAHHO
hopmupoBaTh BbIGOPKM MOSIEKYN — KAHAMAATOB AN UCCNEA0BaAHNIA KOPPWUHOB in Silico, in vitro v in vivo.

KNHOYEBbLIE CJIOBA

KoppuHoungbl, LnaHoko6anammH, MeTabonuTtbl BuTamnHa B12, xeMoMHDopmaTuKa, 3agada «CTpykTypa — CBOACTBO».
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SUMMARY

Background. The structure of corrin tetrapyrrole macrocycles (compounds similar in structure to vitamin B12) is a kind of universal chemical
template for targeted drug delivery, and the development of chemical sensors and antidotes.

Objective: systematization of information on targeted modulation of certain corrins’ properties through chemical modifications.

Material and methods. Literature analysis using modern methods of topological and metric data analysis was carried out. All relevant
publications (n=863) were extracted from the PubMed/MEDLINE database on request “(cobalamin OR Cobyrinic OR vitamin B12) AND

(Molecular Conformation [MeSH Terms] OR Vitamin B 12/*analogs & derivatives/*chemistry [MeSH Terms] OR Vitamin B 12/*chemistry
[MeSH Terms] OR Structure-Activity Relationship [MeSH Terms])”.

Results. Information was systematized on how it is possible to regulate the properties of vitamin B12 (cobalamin) derivatives by introducing
specific substitutions of groups in the corrin ring, on chemical modifications of cobalamin derivatives, biosynthetic approaches to the
synthesis of cobalamin derivatives, and the effects of interactions of these modified corrins with “small” inorganic and organic molecules.

Conclusion. The results obtained by systematic computer analysis of publications on corrins make it possible to reasonably form samples of

candidate molecules for corrin studies in silico, in vitro, and in vivo.
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Y10 yXe u3BecTHO 06 3TON TemMe?

» Butamun B12 BaxKeH Ans noAaepxaHns MHOrMX NpoLeccoB (MeTabonnam
chonatoB u romouncTenHa, metunuposarue JHK)

» CTpykTypa K062namMuHOB (KOPPUHOBBIA TETPAnUppPOsIbHbIA MaKpPOLMKIT)
11 LIAPOKNIA KPYT BO3MOXHbIX XUMIUYECKUX MOAMMDUKALMIA YKA3bIBAIOT HA
06LLNPHbIE NEPCNEKTUBbI APYruX MeANLNHCKNX NPUMEHEHNIA NPON3BO.-
HbIX BUTaMKUHa B12

» Heobxoauma pa3paboTka TapreTHoit MOAYNALNM CBOMCTB NPON3BOAHBIX
BUTaMUHa B12 nocpeactsom crneuyncuyecknx Mogudukaunii KOppUHOBO-
ro agpa

Y710 HOBOrO aeT cTaThs?

» pou3BoaHble BUTaMUHAa B12 MoryT 6biTb aHTWAOTaMK, Karanuaatopami,
thoToCEHCMOMNN3aTOPaMU, XUMUYECKUMU CEHCOpPaMK, BXOAUTb B COCTaB
CUCTEM TapreTHOIA JOCTABKM NIEKapCTB

> B3anmopeicTBis KOPPUHOB C OPraHMYecKUMI MOMEeKynamm BaXKHbI [ns
NPOTUBOAENCTBMSA NO6OYHBIM ChEKTaM JIEKAPCTB 1 YYHLLEHUS BCAChIBA-
HUS [eNCTBYIOLIMX Hadvas. Mpon3BoaHble BUTaMUHa B12 npossnsaT cnas-
MOSIUTNYECKOE, HEMPONPOTEKTOPHOE, MUEINHN3NPYIOLLEE [ENCTBIE

Kak 310 MOXET NoBNUATb Ha KNIMHUYECKYHO NPAKTHKY B 0603pumom byayuiem?

» lccnepoBaHue Hecneundmyeckux kobanamuH-6enkoB He06Xo4uMo ans
peLLeHNs 3afia4 HaHOKaNCynMpOBaHus NeKapcTB

» B3aumogeicteus co cneuucpuyeckumu 6enkamm npoteoma “YenoBeka
BXHbI AN MOAYNSALMM aKTUBHOCTM NPOTEOMa U ANs LeNneBoi JOCTaBKMN
neKapcTB

» [IpoTMBOBOCNANUTENBHOE, aHTUArperaHTHoe M 06e360nMBalOLLEE Aeil-
CTBME PAAA CUHTETNYECKIUX NPOM3BOAHLIX NO3BOJSET PEKOMEHAOBATb WX
N8 n3yyeHns 601eyTONSIOLMX U NPOTUBOOMYX0NEBbIX CBOMCTB

What is already known about the subject?

» Vitamin B12 is important for the maintenance of many processes (folate
and homocysteine metabolism, DNA methylation)

» The structure of cobalamins (corrine tetrapyrrole macrocycle) and a wide
range of possible chemical modifications indicate extensive prospects for
other medical applications of vitamin B12 derivatives

» It is necessary to develop targeted modulation of the properties of vitamin
B12 derivatives through specific modifications of the corrine core

What are the new findings?
» Vitamin B12 derivatives can be antidotes, catalysts, photosensitizers,
chemical sensors, and be part of targeted drug delivery systems

> Interactions of corrins with organic molecules are important in coun-
teracting the side effects of drugs and improving the absorption of active
principles. Derivatives of vitamin B12 exhibit antispasmodic, neuro-
protective, and myelinating effects

How might it impact the clinical practice in the foreseeable future?

» The study of nonspecific cobalamin proteins is necessary for solving the
problems of drug nanoencapsulation

> Interactions with specific proteins of human proteome are important for
modulating proteome activity and for targeted drug delivery

» The anti-inflammatory, antiplatelet and analgesic effects of a number of
synthetic derivatives make it possible to recommend them for studying
their analgesic and antitumor properties
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QApNRO3ROTONIRY

BBEJJEHUE / INTRODUCTION

Momumo perynauun metabonu3ma honaTtos, ypoBHEl rOMOLMUCTEN-
Ha, meTunuposanua OHK n genenus knetok ButamuH B12 BaxeH ans
NOAAEPXKAHUA MHOTUX APYrUX KNETOYHbIX MPOLECCOB. B yacTHOCTH,
reHeTn4eckune aedekTbl MeTabomama KobanammHa npuBoAAT K rno-
6abHOMY HapyLUEHWKO Perynaunuy ansTepHATUBHOIO CNNalCUHIa Ma-
TPUYHbIX PHK, 4TO HEratneBHO ckasblBaeTCcs Ha CUHTE3€e (DYHKLMOHANb-
HbIX 6EJIKOB 1 NPUBOLUT K yCUNeHWo anontosa knetok [1]. OgHako
XUMUYECcKas CTPyKTypa KobanamMmiHOB N0O3BOMSAET NpeLnonarath eLle
60nee WMPOKMIA Kpyr NPpUMEeHeHns KkobanammHa 1 ero npon3BOAHbIX
B COBPEMEHHOI 6UOMeaMnLIMHE.

Ko6anamuH (sutamud B12) aBnsercsa npefcraBuTesiemM KOpposos —
TEeTPanuppPOsIbHbIX MaKPOLMKIIOB, COAEPXKALLMX NPAMbIE XUMUYECKMEe
CBA3M MEXAY NUPPONoBbIMU fApaMn. To4Hee, KobanamnH ABnseTca
KOPPUHOM — T.e. KOPPOJSIOM, B KOTOPOM YAaneH OfUH U3 METUIEHO-
BbIX MOCTUKOB MEXAY LnKnamu nupponos. feomMeTpuyeckas KoH(u-
rypauusi KOppuHOBOrO KOMblia Ko6anamuHa ¢ 4eTbipbMs MIOCKMMN
nUraHaaMm asoTa MoXKeT CTabunN3npoBaTh LEHTPanbHble aTOMbl
METannoB B BbICOKMX cTeneHsax okucnenus (Co(lV), Cr(V), Mn(IV)
n ap.). bnarogaps MHOXeCTBY BO3MOXHbIX BapUAHTOB XUMUYECKNX
MOAUMUKALMIA NPOU3BOSHBIE KOPPUHOB MOTYT UMETb LUIMPOKOE NpU-
MeHeHne B (hapMaLieBTUYECKOA XMMUK, CIyXXa OCHOBOM [N1f aHTMA0-
TOB, CUCTEM TapreTHON AOCTAaBKW 11EKapCTB, XUMUYECKNX CEHCOPOB
(B T.4. ANA ra3oB), KaTann3aTopos, (DOTOCEHCUBUNIN3ATOPOB 1 Ap. [2].
VloH ko6anbTa B Ko6anamMmHax MOXET NPUHUMATb Pa3fiNiHbIe CTENeHN
okucnenns (Go(lll), Co(ll), Co(l)), noaTomy 3T MoOneKynbl BeCbMa
NepcreKTUBHO UCMONb30BATh B KA4€CTBE KATann3aTopoB pasfinyHbIX
OKMC/NTENIbHO-BOCCTAHOBUTESIbHbIX NPOLIECCOB [3], BKNtOYas CUHTE3
neKapcTB U 06€3BPEXMBaHNE TOKCUHOB.

KoppuHbI CNOCOBHLI 06pa30BbIBaTb HAHOYACTULLbI 1 TOHKOMSIEHOY-
Hble «TOMOMOrMYECKIE» OPraHNYecKne MaTepuansl ¢ Perynmpyembivu
cBOWCTBaMM [4], 4TO [enaeT ux 0c060 aKTyasibHO rpynnom BeLlecTs
ONg N3Y4eHNs B Ka4eCTBE NEPCMEKTUBHbIX KOMMOHEHTOB TapreTHOM
(ampecHoit) mocTaBKu NiekapcTs. Hanpumep, ko6anamuH, urpas posb
LEHTPATbHOTO CTPYKTYPOOOPA3YIOLLEro 3NeMeHTa, MOXEeT CTabunu-
31pOBaTh MOSIMMEPHbIE KaNCynbl (HA OCHOBE NONMANIMNAMIUHA UK
NOANCTUPONCYNbMOHATA) U IMOTPOMHbIE XXULKOKPUCTANNMNYECKNE
HaHocMCTEMbI (Ha 0cHOBe (huTaHTpurona) [5]. 0603Ha4eHbI NepcnexTy-
Bbl NPUMEHEHNS NPON3BOHbIX BUTaMUHA B12 Ans anpecHoi 40CTaBKM
nepopasibHo akKTUBHOIO 3pUTPONO3TUHA [6]. MpeasioxKeHa KoHLenuns
HAHOCTPYKTYPMPOBAHUS COEMHEHUA AAHHOTO KNacca Ha rpaduue
BO3JyXa 1 BOAbI, @ TAKXKe MOAENb NNABAILLEr0 CNos, CTPYKTYPHbIMU
eVHILAMU KOTOPOro MOTYT 6bITb KaK OTAENbHbIE MOMEKYIbl (M0AX0A
JIeHrmIopa, YacTHbIA CAyYai), Tak 1 UX OCHOBHbIE HAHOCTPYKTYPbI (TaK
HasblBaeMble M-HaHOCTPYKTYpbI, 06LMiA cryyait) [7-12].

Hamn npoAeMOHCTPUPOBaHA BO3SMOXHOCTb CYnpamosieKynsipHo-
ro [13aiiHa Ha rpaquLe pasgena BOAbl U BO3Myxa NyTeM KOHTPONU-
pyemoi caMoc6opKK OpraHn4eckux coeauHeHunii B8 2D- u 3D-HaHo-
cTpykTypax [13, 14]. Co3maHbl CynpamonekynspHble HaHOCTPYKTYPbl
NpoW3BOAHOIO BUTaMUHa B12 — rentabyTmnoBoro agompa LnaHoak-
Bako6upnHosomn Kucnotsl (F63LAKK), yHUKanbHbIE HAHOYACTULbI
C CU/bHBIMYU HEKOBANEHTHBIMU MEXMONEKYNSPHbIMU B3AUMOJEN-
CTBMAMMN, 0COBBIMU CBONCTBAMU W aKTUBHOCTbIO [13]. Mony4eHHble
HaHOCTPYKTYpbl FT63LIAKK He TonbKO BOCMPOM3BOAAT (DYHKLMOHAMb-
Hble CBOMCTBA KOMMNEKCOB BUTaMUHa B12 ¢ 6enkamm B XXMBbIX Op-
raHn3max u AeiicTBYIOT Kak BUTaMuH B12-3aBucumble (hepMEHTbI,
HO N AEMOHCTPUPYIOT BXHbIE NPEMMYLLECTBA Nepes BUTAMUHOM
B12. 3T HAHOCTPYKTYPbI MPKW BbINOSHEHWM NEPCMEKTUBHBIX 3a4a4
ABNAKTCA anbTepPHATUBON LUNPOKO UCNOMb3YeMbIM MaTepuanam Ha
0CHOBE 6J1aroPOSHbIX METaNN0B ANs Katannuaa, MeauLmMHbl 1 3aLLUTbl

OKpyXatoLen cpefbl. [pencrasnser 0co6bli UHTEPEC UX MCMOJb30-
BaHMe B TepanesTuyeckux uenax [13].

lMpuHUMas BO BHUMAHWE LOCTATO4HO LUMPOKNIA CEKTP BOSMOXHbIX
NPUMEHEHWI KOPPUHOB B MeANLIHE, BXXHO pa3pabarbiBaTh CNOCOObI
TapreTHOM MOJYNALNN TeX UAN UHbIX CBOMCTB NPOU3BOLHbIX BUTAMIUHA
B12 nocpencteom cneunuyecknx moauukalnii KOppuHOBOro aapa.

Lenp — cuctematnsauma MHGOPMALUN 0 TapreTHoM MoAynsLmMu
CBOIICTB KOPPUHOB MOCPEACTBOM XUMMUYECKUX MOANDUKALMA.

MATEPWAN U METO/1bl / MATERIAL AND METHODS

Mouck ny6nukauwii / Search for publications

Mo 3anpocy “(cobalamin OR Cobyrinic OR vitamin B12) AND
(Molecular Conformation [MeSH Terms] OR Vitamin B 12/*analogs
& derivatives/*chemistry [MeSH Terms] OR Vitamin B 12/*chemistry
[MeSH Terms] OR Structure-Activity Relationship [MeSH Terms])”
BCE pefieBaHTHbIe cTaTbh (N=863) 6blnN N3BneYeHbl U3 6a3bl AaH-
Hbix PubMed/ MEDLINE. KoHTponbHas rpynna 6bi1a chopMupoBaHa
nyTem Bbi6opa 860 cnyyaiHbix nybnnkaunin n3 235 955, HailaeH-
HbIX ¢ nomoLybto 3anpoca “(Molecular Conformation [MeSH Terms]
OR analogs & derivatives/*chemistry [MeSH Terms] OR Structure-
Activity Relationship [MeSH Terms]) NOT cobalamin NOT Cobyrinic
NOT vitamin B12”.

MeToab! ananu3a / Methods of analysis

AHanuz nutepaTypbl Ha OCHOBE 3TUX ABYX BbIGOPOK MPOBOAMN
C UCMONb30BAHNEM COBPEMEHHBIX METOL0B TOMONOMMYECKOro U Me-
TPUYECKOr0 aHann3a 60bLUUX JaHHbIX, Pa3pabaTbiBaeMbIX B HAy4HOI
wkone akagemuka PAH H0.W. XKypasnésa [15—17]. Mpu cpaBHeHUM
[BYX KNaccoB TEKCTOB (My6siMKaunuu no TeMe 1 KOHTPOsIbHas BbI6Op-
Ka) BbINONHAGTCH KOMOMHATOPHBIA aHaNN3 ycroBus paspeLiumocTi
(1.e. ycnosus 100%-ro pasnuyeHns BCex TEKCTOB B O4HOM Knacce oT
BCEX TEKCTOB B PYroM KJlacce) Ha pasfinyHbIX BbI6GOPKaX NpU3HaKOB,
MOPOXAaeMblX HaZ TEKCTOBOW MHApOpMaLMent. [1ng nopoxaeHus npu-
3HAKOB HaJl TEKCTAMU UCMOb3YeTCA TONONOrNYecKas Teopus aHanmsa
JaHHbIX, B PaMKax KOTOPOil MHAOPMATUBHOCTb KQXLOr0 U3 NOPOX-
JaeMbIX NPU3HAKOB («MpefcTaBuTeNbHbIX Habopos» no H0.U. XKypas-
NéBY) OLEHNBAETCSA NOCPEACTBOM BBEAEHUS CMELMANIbHbIX METPUK.

B pesynbrate METPUYECKOr0 aHanu3a nuTepatypbl 6blu BbigeneHbl
MH(OPMATUBHbIE GUOMEANLUHCKIE TEPMUHDI, OTAMYaKoLLe ny6un-
Kauuu no Teme OT UCNOMb30BAHUS KOMBUHATOPHO TEOPUM KOHTPONS
paspewnmocTi 3agad knaccudukauuu. OnpeaeneHsl Hanbonee nUH-
(hopMaTuBHbIE, PENPE3EHTATUBHBIE TEKCTbI C MAKCUMarbHOM YacTOTON
BCTPEYAEeMOCTU MOJTY4EHHOro Habopa MHMOPMATUBHBIX TEPMUHOB.
9T0 NO3BOMMAO CUCTEMATU3UPOBATL MHADOPMALMIO O XUMUYECKNX
moanduKaumsx kobanamMmmHa, 6MOCUHTETUHECKMX NOAX0AAX U B3au-
MOJENCTBUAX KO6ANaMUHOB, B T.4. C MaNbIMi1 MOJSieKynamu u 6enka-
MU, KOTOpas NpeACcTaBieHa HIKe B BULE «TPAAULMOHHOr0» 0630pa
nnTeparypbl.

PE3YJIbTATbI N ObCYXXAEHWE / RESULTS AND DISCUSSION

0 xMmuyeckux mogutmkaumax npou3BoaHbIX KobanamuHa /
Chemical modifications of cobalamin derivatives

Butamun B12 (ko6anamuH) npencrasnseT co6oii crneumdunyeckoe
TEeTPanupposibHOe COeAMHEHNE C TPeMs aueTamuiamMu 1 YeTbipbms
nponuoHamMuaamu, NpucoeSuHeHHbIMN K nepuepum KOppMHOBOro
makpouukna. MarninenHble NUPPonbHbIe Konbla (puc. 1) nomeya-
l0TCS 3arnaBHbIMKU NAaTUHCKUMKU nuTepamn oT A fo D, Hymepaums
KOPPUHOBOr0 KOMbLA HA4YMHAETCSA C KOMbLA A 1 MAET N0 4acoBOiA
CTPenKe BOKPYr Makpouukna. Ha pucyHke 1 kaxaas amuHas rpynna
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NumeTtun6ensumupason
Dimethylbenzimidazole
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a

Pu6o3a / Ribose

b

PucyHok 1. Xumn4yeckas HomeHKnaTypa MoguguLnpyemMblx N031LNIA B KOPPUHOBOM KOMbLE BUTaMIUHA B12:
a— 0603Ha4YeHNs NATUYNEHHbBIX TMPPONBHbIX KONEL 1 06LLas HyMepaLumu aTOMOB KOPPUHOBOTO KOMbLA (KaXXAas aMuA0rpynna 0TMeYeHa KpacHbIM LBETOM); b — Hymepawus
B rnapoo6HOM NPON3BOAHOM — renTamMeTUNIOBOM 3h1pe LIMaHOAKBAKOGUPUHOBOIA KNCNOTbI

Figure 1. Chemical nomenclature of modifiable positions in vitamin B12 corrin ring:

a—designations of five-membered pyrrole rings and general numbering of corrine ring atoms (each amido group is marked in red); b — numbering in the hydrophobic derivative —

heptamethyl ester of cyanoaquacobyric acid

0TMeYeHa KpacHbIM LiBETOM M 0603Ha4eHa CTPOYHbIMU NATUHCKIMK
nuTepamun 0T a o g.

LleHTpanbHbIf MOH Ko6GanbTa KOOPAUHUPYETCA YETbIPbMSA MMPPOSIb-
HbIMM aTOMamMu a30Ta U BYMS akcuanbHbIMU (MATHIM U LUECTLIM)
NNTaHgaMu, pacnofioKeHHbIMU N0 06eMM CTOPOHAM KOPPUHOBOrO
Konblia (anba-nuraxg — noA NA0CKOCTbIO PUCYHKa, 6eTa-nuraHg —
Hafj NNoCKOCTbH). B KobanamuHe naTbim (T.e. 6eTa-NMraHaom) aBna-
€TCS MOH LUMaHMAQ, a WeCTbIM (T.e. anba-nuraHaom) — aTom a3ora,
OMMETUNOEH3MMNAA30BbHOTO «XBOCTa» MOJeKynbl. [ipyroil asot au-
METUNOEH3NMIAA301a CBA3AH C NATUYITIEPOLHbIM CaxapoMm (pu6oson),
Hecywmm rpynny R5'-0H. 3T0T coparmeHT pn603bl NPUCOEANHEH (He-
pes docarHyto rpynny) K nponuMoHaMugHON rpynne B f-nonoxeHum
KOPPUHOBOTO KosbLia [18].

Moamndpmkauun kobanamuna (Cbl) MOXHO NPOBOAMTL NO KOXA0N 13
YKa3aHHbIX NO3NLWIA, NCTIONb3YS TEXHONOMMM OPraHNYecKoro CUHTE3a,
KOOPAMHALUNOHHOM XUMUK U 6MOCUHTE3A. Hanpumep, CenekTuBHble
3aMeHbl aKCMalbHbIX JIMraH0B LEHTPAIbHOr0 NOHA KobanbTa aaiT
LUNPOKWNIA CNEKTP HOBbLIX NMPON3BOAHbIX Cbl. [ipyrue cenekTusHble
peakumn MOryT NpoBOAMTLCA B NonoxeHnn 5'-0H nytem B3anmo-
nencTens ¢ aHrnapuaamu. 5'-0H Takxe MoXeT 6bITb Npeobpa3oBaH
nm60 B kap6oHOBYHO kucnoty (5'-CO2H), nnbo B asug (5'-N3). Opyrue,
MeHee CeeKTUBHbIE PeaKLIMM BKITHOYAKOT YaCTUYHbIA rMAPONN3, KOTO-
PblIii JaeT MOHOKWUCOTBI B NONOXeHusx b, d unu e. MonHoe yaanexne
(bparmeHTa pn603bl Aaet ko6upuHoByto kucnoty (Cby), KoTopyto
MOXXHO CO4eTaTb G Pa3fM4HbIMU NMPOCTLIMM W CROXKHBIMI Fpynnamu
ON8 CUHTE3a NMPOM3BOAHBIX. 4aCTUYHOE pacLyenfeHne XBoCTOBOro
KOHUQ faeT Ko6uHamug (Chi) u 7.4.

Moaundukaunmn MakpoLMKIMYeCKOro KOPPUHOBOro 84pa UCCnemy-
I0TCS JOCTAaTO4HO pefKo. Hambonee 4acTo U3y4aloTcs NPOU3BOAHbIE
KOOUPUHOBOM KNCAOTbI (B 4ACTHOCTM, rMAPOOOHbIE renTascnpbl —
CNOXHbIE 3¢DUPbI MO BCEM CEMMW NMO3ULMAM OT a [0 ). Kak n B cnyyae
Cc Ko6anamuHom, BO3MOXeH cuHTe3 Cby(OMe)g(Cc-nakToHa), KOTopbIN
MOXeT 6bITb BoCCTaHOBNEH [0 Cby(OMe)g(c-CO2H) mnn packpsiT
C UCMOMb30BAHNEM MEPBUYHBIX aMUHOB (C 06pa3oBaHuem c/d-amu-

[0B). B aTOM cny4ae NpoMeXyTO4HbIA CNIMPONAKTOH MOXHO BbIAENUTH
1 BOCCTAHOBUTb [0 d-KucnoTbl. AMUHONM3 Chy(OMe)g(c-nakToH) npm-
BOAUT K TMAPOCHO6HBLIM M rMAPOodMIbHLIM KoBUHamMmaam [18].

MpuaepXxunBascb HECKONbKWUX MPOCTbIX NPaBWII, Ha3BaHUsA Npo-
13BOAHbIX BUTaMUHA B12 MOXHO CUCTEMATU3NPOBATL C MOMOLLbHO
NpuBeLeHHbIX Bbille 0603Ha4eHniA. Hanpumep, C5-nor-(CN)Cbl oTHO-
CUTCA K LaHOK06anamuHy, B KOTOPOM OTCYTCTBYET METUNbHASA rpynna
B nonoxeHun G5. OTuienneHne pubo3Hoi yact BMecTe ¢ dhocdar-
HO 1 ANMEeTUN6EH3NMMAA30MbHOI rpynnamm aaet KobuHamug (Chi).
lenTameTnoBbIN 3CPUP AULNAHOKOBUMPUHOBON KUCIOTbl 0603Ha4a-
etca Kak (CN),Cby(OMe),, BBefeHune xnopa B nosfioxxexue 10 atoi
monekynbl 3anucbiBaetcs kak (CN),Cby(OMe),(10-Cl) n 1.4. [18].
COOTBETCTBEHHO, NPaKTU4ECKN Nt060e NPOM3BOAHOE BUTaMMHa B12
MOXeT 6bITb NPEACTAB/IEHO C UCMONb30BAHNEM OHOM M Tpex (hyHaa-
MEHTasbHbIX KOPPUHOBbIX CTPYKTYP: Ko6anamuHa (Cbl), kobupuHoson
kucnotbl (Cby) nnu ko6uHamuga (Cbi).

0 6MOCHHTETUYECKNX NOAXOAAX K CUHTE3Y NPOU3BOAHbIX
kob6anamuna / Biosynthetic approaches to the synthesis
of cobalamin derivatives

MepcnekTUBHLIM NOAXOLOM L1 TOHKOTO CUHTE3a NPON3BOLHbBIX
Ko6anamuHa BNSETCH UCMNONb30BaHME )parMeHTOB 6MOCUHTETIYE-
CKUX NyTen BUTaMuHa B12, koTopble 6b1n 06HAPYKEHbI B PA3NINYHbIX
OpraHu3max — npexpie BCero, B a3po6HbIX 6aKTepuax (Hanpumep,
Pseudomonas denitrificans) n B aHa3po6HbIX 6akTepusax (Hanpumep,
Propionibacterium shermanii). A\3BeCTHbI cNoCcO6bl MNONY4EHNA UHTEP-
MeIMaToB 6UOCUHTE3a KOBMPUHOBOW KUCNOTbI CYCMEH3NAMI aHad-
po6os Propionibacterium shermanii [19]. B 4acTHOCTW, Bbl4eNeHbl
TaKue peakue NPOU3BOAHbIE, KaK AnamMug KOOUPUHOBOI KUCNOTbI
(a,c-u3omep), 0aMHOYHbIA Tpuamug, Co-(5'-ae30ken-5"-afeHo3nn)
npou3BojHoe a,c-guamupa [20].

13y4eHne nyTn 6MOCKHTE32 KOPPUHOBOMO Spa MONEKynbl Koba-
naMuHa B aHaapobe Bacillus megaterium no3BonnIO BblAeNNTb BCE
MHTEpMeanaTbl Mexay yponopgupuHoreHom ll u Ko6UPUHOBO Kuc-
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NOTOI, a TaKXKe 0XapakTepn3oBaTb PEPMEHTbI, KaTanusmpyoLime
cootBeTcTBYtOLWMe peakuuu (CbiF, CbiG, CbiD, CbiJ, CbiET, CbiC).
leHbl cbiA, -D, -F, -J, -L, cySGA HeobxoauMmbl A1 NpeBpaLLeHuns ypo-
nopcupuHorena lll B a,c-guamng KO6UpPMHOBONA KUCNoTbl [21]. Bbin
OCYLLECTBEH in Vitro CUHTE3 KOGMPUHOBOIA KNCIOTbI 3 5-aMUHONEBY-
NNHOBOW NOCPeLCTBOM CMecK 14 04ULLLEHHbIX (DepMEHTOB. B pesysib-
TaTe BblENEHbI YHUKANbHbIE MPOMEXYTO4HbIE COBANHEHUS — NPEKOp-
PUHbI-6A, -6B 1 -8. VIoH Ko6asnbTa B 3TUX COEANHEHNAX UTPAET BaXKHYO
POfb B KaTannae B3aMMOMNPEBPALLEHIIA MPOMEXYTOYHbIX MPOJYKTOB.
YCTaHOBNEHbI YNbTPAUONETOBbIE CNEKTPbI U CMEKTPbI ANEKTPOHHOIO
napamarHuUTHOrO pe3oHaHca Ans paga NPOMeXyTO4YHbIX COANHEHNIA
[22]. BblgeneHbl 1 oxapakTepn3oBaHbl 14 qepmMeHTOB/reHOB, BOB/E-
YeHHbIX B CUHTE3 afieHo3nKobuHamuaa u3 yponopduputorena il
B aHaapobe Propionibacterium freudenreichii (P.shermanii) (nonxas
cxema 6mocnHTe3a npeacTasieHa B ctatbe [23]).

BuocnHTes ButammnHa B12 B asapobHbix 6akTepuax Pseudomonas
denitrificans wecnonb3yeT Tpu LeHTpanbHbIX epmeHTa (CobG, Cobd,
ChbiH) ana npespalyeHns npekoppnHa-3 B NPOMEXYTOYHOE COeLU-
HEHWE C COKPALLIEHHbIM KOMbLIOM — KOGanbT-NPekoppuH-4. GepmeHT
CobG npeactaBnset co60ii MOHOOKCUreHasy, Kotopas fo6aBnseT
TMAPOKCUIBHYH FPYNMY, MOMYYEHHY0 U3 MONIEKYNSPHOTO KNCITOPOJa,
K C-20, Toraa kak cpepmeHT CobJ BBOANT METUIbHYO rpynny B NO-
noxenue C-17 makpouukna u katanu3npyeT COKpalleHue KombLa.
®epmeHT ChiH oTBEyYaeT 3a CoKpalleHne KonbLa 1 NaKTOHM3aLuI0
¢ 06pa3oBaHuem Kob6anbT-NnpekoppuHa-4. 3T NpoLeccs NpoucxoasT
TO/bKO B MPUCYTCTBUM 1OHA KobansTa [24].

B uenom ans npespatLeHns yponopdgupuHoreHa lll B kobanamuH Tpe-
6yeTcsa 0kono 25 dhepmeHToB. Y a3po60oB Pseudomonas denitrificans
npouecc npespaiieHns yponopdupuHorera il B ageHo3nnkobupun-
HOBYI KMCNOTY TpebyeT yqactus He meHee 15 pepmenToB (CobA,
-l, -G, -J, -M, -F, -L, -K, -H, -B, -N, -S, -T, -0, -Q). MepBblii n3 3aTnx
(bepmeHTOB, TPAHCMeTKIa3a yponopdupuHoreHa Ill, npespatyaer no-
CMefiHNiA B TPEKOPPUH-2 NOCPeCTBOM ABYX S-afieH03WN-1-MeTUOHNH-
3aBUCUMbIX TPAHCMETUIMPOBAHMWIA B NOSTOXEHMAX 2 1 7. [lanbHenwee
MeTUNNpPOBaHUe B nonoxeHun C-20 katanusnpyetcs TpaHCMeTUNa3on
npeKoppurHa-2 n NpuBOLUT K 06pa30BaHNI0 NPeKoppuHa-3a, KOTopbIi
aBnsetcsa cy6ctpatom ans CobG, HyxnAaroLwerocs B MONeKynspHoM
KMCIOpOAe. 3TOT (DePMEHT YCUIMBAET NAKTOHU3ALMIO NPEeKoppUHa-3a
¢ o6pasoBaHuem npekoppuHa-3b. CokpalyeHne KonbLa npekoppu-
Ha-3b cnoco6CTBYET NocneaytoLeMy TPAHCMETUIMPOBAHUIO NONO-
xeHns G-17 (karanuaupyetcs CobJ) ¢ 06pasoBaHnem npekoppuHa-4.
Mocnepytowme peakuun, B T.4. S-aA€HO3UIMETUOHNH-3aBUCMOE
TpaHcmeTuAnpoBaHne (nocpeactsom CobM, -F u -L), aeaunnupoBsa-
Hue (CobF), BoccTaHoBNEHNE MakpoLuKIyeckoro Konsua (CobK),
Aekap6okcunuposaHue (CobL), meTunbHas neperpynnuposka (CobH)
n amnguposanue (CobB) npusogaT K 06pa3oBaHnio a,c-anamunaa
rMAPOreHO6MPUHOBON KMCOTbI. XenaTupoBaHue Kobanbta epMeHT-
HbIM Komnaekcom CobN/-S/-T ¢ nocneaytowmm BOCCTaHOBAEHNEM
Ko6anbTa, aMUAMPOBAHNEM OCTasbHbIX Nepudepnyecknx 60KOBbIX
Leneil n ageHosunuposanuem (CobQ) npueoamuT K 06pa3oBaHnio ane-
HO3MITKOGUPUHOBOM KNCIOTbI (PHC. 2).

CpaBHeHue nyTeit 61OCUHTE32 a9POOHbBIX 1 aHAIPOOHLIX BAKTEPUt
noKasano, 4To y aHaapo6boB NPOMCXOAAT 06MEH KMCNOPOAa B NONOXe-
Hun C-27, BblJeNeHne aueTanbaeriia n paHHee BBefieHNe Kobanbra.
B aapobax He 06HapyxmBaeTCcs 06MEH KICnopoga B nonoxeHnu G-27,
BbIZENAETCA YKCYCHAs KUCNOTA, a MOH KobanbTa BKMOYAETCA B KOP-
PUHOBOE KOMbLO JOCTATOMHO NO3JHO (NOCME TOr0 Kak npou3oLuno
COKpaLLeHne KonbLa) [24].

BaXHO OTMETUTb, 4TO MOPSAOK M3MEHEHW I B KOPPUHOBOM ApE,
VHAYLMPOBAHHBIX hepMeHTaMu 6UOCUHTE3a, MOXET 6biTb U3MEHEH

T AT® — apeHo3MHTpUGOCHaT.

MyTeM BHECEHMA B CTPYKTYPY (hepMeHTa Crneumpuyecknx MyTaLmnii.
Hanpumep, cuHTeTasa KobupnHosoi kucnotsl (ChiP), n3sneyeHHas
u3 Salmonella typhimurium, xatanu3upyet rnytamuH/ATd-3asu-
cumoe' ammampoBaHue kap6okcunatos b, d, e u g B a,c-guamnae
afleHO3UNKOBUPUHOBOW KUCNOTbI. Mocse KOXKA0ro LMKna Katanusa
4aCTUYHO aMMMPOBAHHbIE MPOMEXYTO4HbIE NPOAYKTbl BbICBO6O-
XIAK0TCA B PacTBOp, Tak 4YTO YeTbipe KapboKcunara aMuanpyroT-
cs B nocnepoBaTenbHocTn e, d, b, g. Beegenne mytauun D146N
B (pepmeHT ChiP n3meHsaer nocnenoBatesibHOCTb aMUANPOBAHNS
(d, e, g, b) [25].

B3aumopeiicTBME NPoU3BOAHLIX KOBanamMm1Ha ¢ pa3nnyHbIMU
nuraigamu / Interaction of cobalamin derivatives with diverse
ligands

Komnnekcoo6pasytoLLne CBOMCTBA MOHA KOBasbTa, HAX0AsLLerocs
B LIEHTpe KobanamuHa, MOryT MOJYNMPOBaTLCA MYyTEM OMUCAHHbIX
BblLLE NPe06Pa30BaHui, B T.4. BBELEHWUEM TEX UNN UHBIX aKCUATbHbIX
NUraHzoB (Npexze BCero, MoNekyn BOAbl). B pesynsrare nocpeicTsom
OHa KobanbTa NPoN3BOAHbIE BUTaMMHA B12 MOryT B3aumoaeiicTso-
BaTb C PA3NNYHbIMI «MasbIMI MOMEKYNaMi» Kak B ra3006pa3Hon, Tak
1 B XXUIKOI cpefe.

Hanpuwmep, akBako6anammH MOXHO UCMONb30BaTh KaK NPOTUBO-
A[1e Npyu OTPABNEHUN LMAHNLAMI, HUTPOMPYCCUMAOM HATPUS, AnNaK-
BaKOOMHaMug — aHTULOT NPOTUB LMaHWAA, CEPOBOAOPOSA, METUI-
mepkanTaHa [3], BOCCTaHOBIEHHbIN TMAPOKCOKO6ANaMuH — aHTuaoT
npu 0CTPOM OTPaBNEHUM yrapHbIM rasom [26]. [naksakobuHamug
1 TUAPOKCNAKBAKOOMHAMUS MOTYT CBA3bIBATbL A0 ABYX LIMAHW-MOHOB,
4TO MOXXHO MCMOJIb30BATh 11 (DOTOMETPUYECKOr0 ONpeaeneHus Lm-
aHNAO0B B MOTO4HOM aHanuaatope [27]. F6ALAKK 06pa3yeT npoyHble
KOMMJIEKChI C LMaHULOM 1 CepOBOAOPOLOM B BOAHbIX pacTeopax [3].
AkBako6anamuH pearupyet ¢ HUTpokcunom (HNO), reHepupyembim
N-rugpokcnbensoncynbdoHamugom [28].

Ko6anamuH Cbl(Il) 6bICTPO OKUCNSETCS XII0PHOBATUCTOI KUCIOTON
HOCI o akBako6anamuHa/rugpokcukobanamuna Gbl(lll) [29]. Xno-
put-aHnoH ClO,_ He pearupyeTt ¢ akBako6anamMMHOM, HO OKWUCNeT
ko6anet Co(ll) go Co(lll) B Hy,0-Chbl(Il). Peakums mexay H,0-Cbl(ll)
n xnoput-pagnkanom Cl0,, npoTekaet 6bICTPO W TaKkxKe NPUBOAUT
K okucnenuto Go(ll) [30]. B 10 e Bpems fpyras npoOKCMAAHTHASA
MOJIeKyna, Nepeknch B0gopoaa, 06patmo CBA3bIBAETCA C akBakoba-
NamuHoM, 06pasys anaykr [31].

[lnakBako6uHamug pearmpyet ¢ CepoBOLOPOAOM B BOAHOM pacTBo-
pe. [JaHHas peakuus npoTekaeT B Tpu ctaguu [32]:

1) 06pa3oBaHue KOMNIEKCOB Mexay KOBMHAMNUOM 1 CepOBOLOPO-
Aom — (HO)(HS-)Cbi(lll), (H,0)(HS)Cbi(lll) u (HS-),Cbi(lll);

2) NepeHoC 3NeKTPOHa B BYX KOMMJEKCax ¢ OAHUM KOOPAMHUPO-
BaHHbIM HS- ¢ 06pa3oBaHneM BOCCTAHOBIEHHOTO KOGUHAMULHOIO
komnnekca [(H)S]Cbi(ll);

3) no6asneHune BTOPO MONEKYNbl CEPOBOAOPOAA K BOCCTAHOB-
NeHHOMY KOo6UHaMnay (OCHOBHOI MPOAYKT 3TON peakLmm — KOMMIeKe
(SSH,_) Cbi(ln).

Oco6blit MHTEPEeC NPeacTaBNAOT B3aMMOAENCTBUS KOBanaMmHoO-
BbIX MPON3BO/HbIX C OPraHU4eCKMMN MOneKynami. 3To HanpaeneHne
1CCNeSj0BaHNIA BECbMA BAXHO Kak Ans NOMCKA NIeKapCTB-aHTULOTOB
npu ATPOreHHOW NHTOKCUKALMK, TaK U AN NPOTUBOAEIACTBMS NOBOY-
HbIM 3DheKTaM HEKOTOPbLIX TOKCMYHbIX NekapcTe. Hanpumep, 6binu
MOKa3aHbl 3alWnTHblE 3MMEKTbI BUTaMUHA B12 B OTHOLWEHUN Hed-
POTOKCUYHOCTW METOTpeKcaTa, UCnonb3yemMoro Ans XummoTtepaniu
[33]. AkBako6anamuH yckopsieT paspyLueHne asokpacutens Orange |l
(Acid Orange 7, ucnonb3yeTtcs Ans 0KpaLlMBaHWA LIEPCTH) aHUOHOM
nepokcumoHocynbarom HSOs_ B BogHOM pacTBope [34].
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PucyHok 2. OCHOBHbIE 3Tanbl aHadpo6HOro 1 adpo6HOro NyTeil 6UOCUHTE3a aA6HO3UNKOBUPUHOBO KNCNOTbI. B a3p06HOM NyTu B Ka4ecTBe cy6CTpaTa Tpe6yeTcs MONeKynsipHbIi
KNCnopog, a kobanbT 406BNAETCA CPABHUTENBHO NO3AHO. B aHa3po6HOM Ny Ti K06anbT A06ABNAETCA Y)XKe HA CTafNN NPeKoppuHa-2

Figure 2. Major steps in anaerobic and aerobic pathways for adenosylcobyric acid biosynthesis. In the aerobic pathway, molecular oxygen is required as a substrate, and cobalt is

added relatively late. In the anaerobic pathway, cobalt is added already at precorrin-2 stage

B mogmenu cymopor, BbI3BaHHbIX TOKCUYECKUM NOPXKEHUEM KPbIC
Tnocemmkap6asnaom, akBakobanamuH, LnaHoko6anammH n F63LAKK
NpOSBNANM CNA3MONNTUYECKOE, HEAPONPOTEKTOPHOE U MUENTUHN3N-
pytoLlee feicTBue. YCTaHOBEHO M CNEKTPOMETPUYECKN OXapakTe-
pU30BaHO NpsiMOe B3aUMOAEICTBIE MOJIEKYbl TMOCEMUKap6a3uaa
C aKkBakobanamuHom [3].

[epopasibHbI Npuem KanTonpuna WWpoKo MCNosib3yeTca Ans
neYyeHns runepToHUM, 3aCTOMHOW CEepAevYHON HeA0CTaTOYHOCTM

U ApYrux cepaevyHo-cocyamcTbix 3a60seBaHmnit. G NOBbILLIEHHbIMY
[03aMn KanTonpuia accounnpoBaH psaf HexxenaTeNibHbIX N060YHbIX
abpekToB. KoopanHaums kantonpuna ¢ 6eTa-akcuanbHbIM CainToM
akBakobanammnHa 3Ha4UTeNIbHO ynyyiiana abcopouuto TepanesTuye-
CKOro cpeAcTsa. B jaHHOM Komnnekce KanTonpu B3auMoaencTeyeT
C KobanamnHOM 4epe3 TMONOBYIO rpynny, npuyem u Tmonosas (RSH),
1 TmonatHas (RS-) dhopmbl kanTonpuna 6bICTPO pearupyioT ¢ akBa-
Ko6anamutom [35].
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Komnnekcbl nmmngasonunkobanammua (ImGCbl), ructugniunkoba-
namuHa (HisCbl), akBako6anamuHa ¢ TPAHCMOPTHbIM 6eJTIKOM TPaHC-
K06anamMMHOM 6bInN 0XapakTepPU30BaHbl KpucTannorpaguyecku.
beta-akcuanbHble pacctosHus ceazu Go-N ans ImCbl n HisCbl co-
crasnunm 1,94 A n 1,95 A co0TBETCTBEHHO, a anbda-akcuanbHble
pacctoaHns Co-N — 2,01 A n 1,98 A. Takne paccTosHus TUMNYHbI
Ans Ko6anamMMHOB €O CnabbiMy CUrMa-A0HOPHLIMU UraHgaMu B 6e-
Ta-akcmanoHom caiite [36].

Butamun B2 (pnbochnasiH) okasbiBaeT KatanuTuyeckoe AeicTsne
Ha NepeHoC 3NEKTPOHOB OT BOCCTAHOBIIEHHON POPMbI HUKOTUHAMUA-
aneHnnanHykneotuga (HAOH) k aksako6anamuHy. 910 B3aumopnei-
CTBME MPUBOANT K 06PA30BAHNI0 BOCCTAHOBJIEHHOIO KobanammnHa
11 NPOTEKAeT Yepe3 3ameLLeHne BoAbl Ha akBakobanamumHe Ha HAQH
¢ fanbHeiwum pacnazgom komnnekca HALH-CbI(I11) go Cbi(I1) w HAOH:.
Pu6odhnasuH Katannampyer BOCCTaHOBSIEHNE akBakobanamuHa [37].

CpasHeHue B3aumogencTsuii F6ALAKK u rekcametunosoro agupa
XKENTO KOBUPWHOBOW KNCNOTbI (aKBALWNAHO-CTAOUbHbIN XXENTbIN
koppuHoug, ALGCXKK) ¢ anndhatnyeckumn 1 apomMatuyecKumMn ammnHa-
MU yKa3ao Ha CyLleCTBEHHble 0TAn4ns. Mpu okucnexum yrnepoga Cb
KoppuHoBoro Konbla B ALIGXKK yacTu4HO HapyluaeTcs Aenokanusa-
L1S 3NEKTPOHOB B KOJbLIE KOPPUHA, CHUXKAS 3N1EKTPOHHYIO MIOTHOCTb
BOKPYT NOHA KobasnbTa. [laHHble yNbTpauoneToBbIX CNEKTPOB U KBaH-
TOBOMEXAHUYECKNE pacyeTbl YKa3bIBAKOT HA 60NbLUee NepekpbITe
Mexay opbutanamu koppuHa n metanna B F63LUAKK no cpaBHeHuto
¢ ALICXKK [38]. Mopudukaums aneKTPOHHOI CTPYKTYPbI 3KBATOpUanb-
HOr0 NIraHaa B KOPpPUHax Kobanbta MOXXET U3MEHUTb TePMOANHAMUKY
1 KWHETUKY ero peakunii ¢ 3k30reHHbIMM Niurangamm [39].

[leAcTBuTeNbHO, HapyweHue nu-cuctemsl B ALLCXKK n3meHsieT B3aun-
MOJENCcTBNS noHa Kobaneta ¢ N-LOHOPHLIMU nUraHgamMn (aMmmuak,
3TaHONAMMH, 2-MeTOKCUaTUNaMuH, N-metunumugason, 4-metunnupu-
AnH 1 ap.). Komnnekesl anudatnyeckunx amuHoB ¢ T63LAKK o6pasytot
6onee KOpOTKME 1 NPOYHbie CBA3W GO-N ¢ MEHEee MOHHBIM XapaKTepom
no cpasHeHno co cBa3amu Go-N atux nuraHnos ¢ ALICXKK. N1 Hao60-
poT, cBa3n Co-N ¢ apomaTnyeckumm ammHamm Kopoye, NPOYHee 1 Ho-
CAT HECKOJIbKO MeHee MOHHbII xapakTep B kommekcax ¢ ALCXKK, yem
B Komnnekcax ¢ N63LAKK [40].

benkoBble KOMNNEKCbl NPOM3BOAHLIX yrnesoaos B12 / Protein
complexes of B12 carbohydrate derivatives

Mpon3BoAHble KobanamuHa NPOSBAAOT Hecneunuyeckue 1 cneum-
(hnyeckne B3ammogenctena ¢ 6enkamu. Viccnegosanue Hecneunu-
4eCKNX KobanamunH-6enKoBbIX B3aUMOAENCTBUNA (HanpumMep, ¢ anboy-
MUHOM) Pa3NNYHbIX NPOU3BOAHBIX BAXHO ANs PeLUeHNs 3afay HaHo-
KancynmpoBaHus NiekapcTs. BaammogeincTeusg co crneunguyeckumm
6enkami NpoTeoma 4YenoBeka (B 4aCTHOCTU, C YNOMUHAEMbIMMU paHee
TpaHcKob6anamnHamm) NpeSCcTaBnfioT MHTEPEC AN MOAYNSLUMM aKTUB-
HOCTW NPOTEOMa 1 N5 LeneBoli JOCTaBKN NeKapCTB.

13y4eH KoMMeKe Mexay Obl4bUM CbIBOPOTOYHbIM alb6YMUHOM
(BCA) n akBako6anammHom. CblBOPOTO4HbIN anbOYMUH CBA3bIBAETCA
C Pa3NNUYHbIMI SHLOTEHHbIMW NTUraHaamMu n nekapcreamu. N-akcnanb-
HOE MoMnoXeHne Ko6anammHa MOXET ObITb 3aHATO AMUHOKUCIIOTHBIM
ocTaTtkom 6enka. Bcneacteme oTCYTCTBMSA CneunUYecKX B3aumo-
neiictenii ¢ BCA ko6anamuH cBsa3biBaeTcs ¢ BCA ToNbKo Npu U36bITKe
6enka, npu4yem Apa TeTPanupposibHbIX KOJSiblia B3aMMOAENCTBYOT
¢ bCA 4epe3 pasHble ero cantbl [41].

3y4eHune cneuncuyeckux B3aumMoaencTsnii ButammHa B12 u ero
NPON3BOAHBIX C 6efikamu TpaHckobanaMmmuHamn no3BonseT UCnonb3o-
BaTb MOJIEKYNAPHO-(PU3NONOTNYECKINE CTPYKTYPbI OPraHn3ma ang ne-
peHoca MoneKyn AeNCTBYIOLLMX Havan iekapcTs. Mpexze Y4em Knetku

2 4FM® — UMKNUYecKIiA ryaHo3uHMOHohocdhar.

CMOrYT NCNOMb30BaTh KO6anamnH, BXOAALLMIA B COCTAB MULLW, BUTAMUH
B12 pomkeH 6bITb JOCTaBNEH BHYTPb KETOK NMOCPEACTBOM 0CO6bIX
TPAHCMOPTHbIX CUCTEM. BO-NepBbIX, KO6ANAMMH U3 NULLK CBA3bIBAETCA
C BHYTPEHHUM (haKTOPOM XXenyfKa, 3aTeM B3auMoeNCTBYeT C anuTe-
NNeM NOAB3AO0LLHOM KULIKYM Yepes3 peuenTop KyOunnuH u TpaHcnopTu-
PYeTCA Yepes KNLLEYHbI 3NnTennii NocpeAcTBOM TpaHckobanamuHa Il.
Bo-BTOpbIX, TpaHcko6anamuH Il B komnnekce ¢ Ko6anamuHoOM normno-
LLIAaeTCa KNeTkamn Yyepes 6enok-peLentop TpaHckob6anamuua Il (peuen-
Top CD320 [34], aumMepHbIn 6en0K ¢ MONeKynapHoi maccon 62 k[a,
9KCMPECCUPYeMblil B KNETOUHbIX N1a3MaTu4eckux memopaHax) [43].

AHanma cTpyKTypbl KOMNNEKCOB LiaHoKo6anammHa n kobmHammuaa
¢ 6eNKOM TpaHCcKo6anamMUHOM MOKasan, 4To CTPYKTypa cneyndn-
YeCcKNX B3aMMOAeNCTBMA KoBanaMnH-CBA3bIBAKLLNX 6ENKOB C KOP-
PUHOBBLIM KOJIbLIOM aHANIOrMYHA N1 Pa3finyHbIX 6eKOB NpoTeoma
yenoseka. LleHTpanbHbIN CBA3LIBAIOLLMIA MOTUB 3TUX GEJTKOB B3aUMO-
JencTBYeT ¢ e- 1 f-60KOBbIMI LiensiM1 KOPPUHOBOro KonbLa. Crefo-
BaTENbHO, rpynmbl B NONOXEHNAX € U f KOPPUHOBOTO KOMbLIA UMEIT
NPUHLUMANBHOE 3HAYEHNe N1 B3aUMOAENCTBIUS NMPOU3BOAHBIX BU-
TamuHa B12 ¢ TpaHcnopTHbIMK 6enkamu [44].

[Mpon3BoaHbIe KOBUPUHOBOW KUCNOTbI CNeLnpuYeckn B3anmo-
[eNCTBYIOT C PacTBOPUMOI ryaHunartyuknason (prLl), knw4esbim
thepmeHTOM curHanbHoro nyti NO/urM®2, Hanuyue amugHoi rpynmbi
B C-/d-N0M0XeHUN B NPOM3BOAHbLIX KOBUPUHOBON KUCNOTbI CUbHO
BNMSAET Ha YpOBeHb akTusauuu prll. Takme npom3BoaHbIE MOTYT aKTu-
BMpoBathb plLl 4epes rem-cBA3bIBAKOLLMA UMW KATATUTUHECKNIA [JOMEH.
3ameHa rpynnbl B d-N0M0XEHUN KOPPUHOBOIO KONbLA OKa3blBaeT
CUMbHOE BNMAHME Ha B3aumogenctsns ¢ plll rugpodo6HbIX, HO He
rMAPOdUbHbIX NPOM3BOAHBIX BUTaMUHA B12 [45].

XeMOpeakTOMHbIA aHanu3 in Silico NAT NPOM3BOAHLIX BUTAMUHA
B12 (umaHokobanamuH, aksako6anamuH, F63LAKK, 3-guumnaro-KK
1 CTaBUITbHBIN XENTbIA KOPPUHOUA) NO3BONN HAM NOMY4YUTb OLEHKM
60nee 3500 hapmakosiornyeckx CBOMCTB 3TUX Mosekyn. [octosep-
HbIX Pa3fIN4KiA B TOKCUYHOCTI UCCNEAYEMbIX BELLECTB He 06HAPYXXEHO.
Mo knaccuukaunm neKapcTBEHHbIX BELLECTB BCE MCCNEA0BAHHbIE
coefiuHeHns oTHocaTea K knaccy IV «ManoTokcuynbie» (LD50 76—
500 mr/kr)® [46].

Cyns no nMonyYyeHHbIM OLEHKaM MOSHOMPOTEOMHbIX B3anMopei-
CTBUNA, LMaHOKoBanamunH 1 akBakobanamuH 6onee 6e30nacHbl, Yem
Jpyrue KOPPUHOBbIE MPOM3BOAHBIE, @ TAKXE XapaKTepuaytTcs 6onee
HU3KUMU KYMYNATUBHbIMU CBOViCTBaMU. [cnefoBaHHble COefjMHe-
HWA HAKaNNMBAKTCA B PA3NNYHbIX TKAHAX — HANPUMEP, CTabUbHbIA
XeNnTbl KoppuHoug 6onee IPAPEKTUBHO HAKANINBAGTCA B MUe-
NINHE, KepaTuHounTax n Hemtpodpunax. Kpome Toro, oH obnagaet
NPOTMBOBOCMNANMUTENbHbIMIA CBOWCTBAMM, NOITOMY €r0 HaKOMeHue
B HeWTpounax BaXXHo Ans 60nee aPdPeKTUBHOIO KYNNpOBaHUs
BocnaneHus. B 1o xe Bpems koppuHbl F63LUAKK, anumnano-T63LAKK
1 CTABUNbHBIA XENTbIil KOPPUHOUA MOTYT 0Ka3blBaTb HECKOMbKO
60JibLiee NPOTUBOBOCNANMTENIbHOE, aHTWarperaHTHoe 1 06e360sm-
BaloLLee [eiCTBIUE, YeM ApYyrue Npou3BOAHbIE, YTO NO3BONAET pe-
KOMEHZ0BATb 3TV BELLECTBA ANs JaNbHENLEro U3y4eHns B Ka4ecTBe
60neyToNsIoLWmMX CPeACTB. ATV COELUHEHUS TAKXe NepCneKTUBHbI AN
NCCNeA0BaHNIA, HaNPaBNEHHbIX HA NeYeHne rMo6IacToMbl, renaro-
6nacTombl 1 T-KNETO4YHOro neiikosa (nuHum knetok SF-268, HepG2
n CEM-SS), noaTomy MOryT 6bITb NOSIE3HbI NPU IEYEHUN OMYXOneNn,
COOTBETCTBYHOLLNX OCTaNbHbIM N3Y4aeMbIM OMYX0NEBbIM KNETO4HbIM
nuHuam (SW480, BXPC-3, PT-45, NCI-H69, NCI-H446, CEM-SS).
XeMOHENpOoLMTONOrNYecKUi aHann3 CoeAMHEHNIA NoKasan, 4To Hau-
60MbLUIMM HEAPONPOTEKTOPHbLIM JENCTBMEM MOTYT XapakTeprn3oBaTb-
A UMaHoKobanaMmmnH n akBako6anammH: yBennyeHne KOHLEeHTpauum

8 LD50 (aHrn. lethal dose) — cpefiHss 103a BELLECTBA, BbI3bIBalOLLAs rM6€Nb NOMNOBNHbI YIEHOB UCMbLITYEMON FPyNMbI.
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BELLECTB HA 1 MMOMb/N NPUBOANUT K YBEJIMYEHNIO OLEHKU BbKMBAE-
MOCTW HEipOHOB Ha 25% [46].

Cneundhnyeckmne B3aMMoaencTams ¢ 6enkamm 06yCnoBnnBaT Hempo-
NPOTEKTOPHbIE U MUKPOGUONOruieckue 3apeKTbl NPON3BOSHbIX BUTa-
MUHa B12. B Mofenu Cyfopor y KpbIC, BbI3BaHHbIX TOCEMUKap6a3naoM,
akBako6anamuH, unaHokobanamu n F63LAKK npossnsnu cnasmonntu-
4eckoe, HeMponpOTEKTOPHOE U MUeNHU3MpYtoLLee AeicTaue [3]. Heil-
PONpPOTEKTOPHAA aKTUBHOCTb KOBANAMMHA BKHOYAET aKTMBALMIO Benka
PTBP1 1 cBA3aHHbIX C HUM CUrHaNbHbIX CETEN (MpU NCCNesoBaHNN
H,0,-MHAYLMPOBAHHOIO anonTo3a B HelipoHax nuHun SH-SY5Y) [47].

BaXHO OTMETUTb, YTO HapyLleHue cneungu4eckoro B3auMoaen-
CTBUS BUTaMIHA B12 ¢ npoTeoMOM MOXeT CTUMYNMpOBaTh pasBUTME
HEBPOrEHHOr0, HABA34YNBOIO KaLmA (XapakTepPHOro, B YaCTHOCTH,
ang COVID-19). Oedomunt kob6anamuHa cnoco6CTBYET Pa3BUTUIO HEB-
POTEHHOr0 Kawuns, NPpUBoAA K NOABNEHWIO CEHCOPHOI HEBpONAaTUM
1 GMCYHKLUMM BEreTaTUBHON HEPBHOW CUCTEMbI, O Y4EM CBMAETENb-
CTBYET rMNeppeakTMBHOCTb FOPTaHN Y NauneHTos. Moatomy feduumnt
BUTaMnUHa B12 cnefyet paccmatpusatb Cpean hakTopos, NoaaepXu-
BAKOLLMX XPOHUYECKIIA Kallenb, 0CO6EHHO KOrfa TPUIrephbl Kawns He
MOryT 6bITb MAEHTUGMLMPOBAHDI [48].

lMoka3aHa MUKPOOUONOr1yecKas akTUBHOCTb rMAPOGO6HbIX MPOU3-
BOAHbIX BUTaMmHa B12 (ankunkob6anammHOB 1 auniumMaHokob6anamu-
HOB). KoathchuumeHT pacnpefieneHus Mexay opraHu4eckom 1 BOAHOM
(hasamu nokasan, 41o rugpoo6HOCTL aNKMNKO6anamnHoB 1 auun-
L1aHOK06aNaMUHOB YBEIMYNBANACH MO Mepe YANHEHIUS YrNepoaHON
Lenu ankun/aunnbHom rpynnsl, BBEAEHHON B Ko6anamuH. JnanHHOLe-
noYeyHbIe ankunKobanamuHbl NPeBpaLLanmch B akBakobanamuHbl Nof
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3AKNHOYEHKE / CONCLUSION

Cuctematusayms B HacTosALen paboTe AaHHbIX N0 pagy Npous-
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KoBGUHaMUA, NPOU3BOAHbIE KOOUPUHOBOM KUCNOTbI (aMUHOCNNPTDI,
ANaMUHbI, TENTAMETUNOBBIN 1 TeNTabyTUIOBbINA CIIOXKHbIE 3CDUPLI).
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