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Cnegute 3a UHopMaumen Ha canTe yrresobl.su
Cpadya 3k3aMeHa BO3MOXKHa TONbKO BMECTe ¢ ogHon u3 rpynmn!

MpI GyneM BCeTpedaThesi B 3TOM ayTUTOPHUHU T10 TOHEACIbHUKAM.

[To moBoy 3x3amena. O Oynet B mae. Ho mary sk3ameHa HEOOX0uMO
coryiacoBarh 3apaHee. Moy Ipe/JIOKEHHS CM. Ha SKpaHe U Ha caidTe. Y TOUYHUTE B
y4eOHOM YaCTH B COOOIINTE MHE.

Xody oOpaTuTh Ballle BHUMaHUE Ha cienytoniee. Caaya sK3aMeHa BO3MOXKHA
TOJBKO BMECTE C OTHOW U3 TpyHM.

JIOTIOTHUTEIbHOW BO3MOXKHOCTH C/IaTh SK3aMCH B MHJIUBHIYaJIbHOM MOPSIKE HE
OyzeT.




TeMbl 3aHATUN 3

NEKUUMN:

BeeneHue B rmukobuonoruio. CTepeoxmmus yrneBoaos.
Xnmuyeckue ceonctea. CUHTES.

[MuKonpoTenHsl

[MmukonunuAabl, nonucaxapuapl, NPoOTeornnKaHbl
CTpYKTYPHbIA aHanu3 rmukonpoTeEMHOB U ONUrocaxapuaos.
YrneBoa-cBsa3biBaloLLmne 6ernku.

MeawvumHckas rmukobuonorus.

N Ok oN=

CEMUHAPDI:

1. Crepeoxvmuns yrneBogoB (OCHOBbI: Npoekumn duepa, Xeyopca ans
MOHOCaxapuaos).

2. Crtepeoxumusi yrneBoaoB (bonee CrioxHble BONPOChbl CTEPEOXMMUM).

OK3AMEH:
1) 3apada (cM. ceMmunHapbl),
2) pgBa Bonpoca: xumus + rmukobuonorus (CM. BOMPOCh! K 9K3aMeHYy).

Bl npocnyiuiaere cemMb JEKIUN.

Kpowme storo y Hac Oyzer 1Ba WM TpU CEMHHAPA, HA KOTOPBIX MbI Oy/IeM pelaTh
3a/1a4y 110 TeMaM, KOTOPbIE, C OAHON CTOPOHBI, OOBIYHO MPEACTABIISAIOT
HauOOJBIIYI0 TPYAHOCTb, a C IPYroi - HaBEpHsSIKA BaM IIPUTOJATCS B
NaJILHEUIIIEM.

CeMuHapbl HEOOXOUMO MOCENaTh, T.K. Ha 9K3aMEHE HapsAIy ¢ TEOPETUUYECKUM
BOIIPOCOM BaM OyJIeT MpeIoKeHO PelnTh 3aaady. Eciau Teopuio MoxKHO
NPOYUTATh B KHUTAX, TO C 3a/1a4aMU CUTYallHs MOCIOKHEE.

51 He Oyny octaHaBIMBaThCS Ha nporpamme Kypca. C Hell BBl MOXKeTe
03HAKOMUTBCSI CaMOCTOSTEIIBHO.

A BOT napy CJI0B 0 PEKOMEHIYEMON JIMTEPATYPE CKAKY.
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lNpumeyaHue: Hymepauvm nmTepaTtypbl COOTBETCTBYET CIMUCKY Ha cante yrneBsoAdbl.su

B nenom, coneprkanue JEKIUN U JIOTHKA U3JIOKEHUS BO MHOTOM COOTBETCTBYIOT
kaure Essentials of glycobiology, uro moxkno nepeBectn kak OCHOBBI
[TIMKOBUOJIOT'UU. D10 Hamie ocHOBHOE nmocobue. Knura HanmmcaHna Kak
y4eOHUK TSl CTYACHTOB U aCIIUPAHTOB. ECITM BBI €€ MPOYTETE U YCBOUTE TO, YTO
TaM HaIMCcaHo, TO CAAJANTE dK3aMeH 0e3 mpooiem (TIo KpaiiHel mepe,
TEOPETUUECKUN BOTIPOC).

CopeprkaHue CHIIBHO 3aBUCUT OT u3nanus. [locneanee (uerBeproe) uzgaHue
0oJiee CTPYKTYPUPOBAHO, COACPIKUT MEHBIIIE JIETalIel U YaCTHOCTEH | J1aeT Ooliee
YeTKOE IMpe/ICTaBIeHHe O MpeaMere. B mpenpiayiieM (BTOpoM) U31aHUHA MOKHO
HalTH OOJIbIIIE TOJPOOHOCTEH O PSTY BOIIPOCOB, MILUTFOCTPAIIMU TaKKe Oosee
pa3HooOpa3Hbl. JInuHO MHE OO0JIbIIIe BCEro HpaBUTCS mepBoe usaanue. OHO
0oJbIIe Bcero rnmoxoxe Ha yueOHuK. Ha caiite ecth ¢aiin. Y 3TON KHUTH TOJIBKO
OJTMH HEIOCTAaTOK — OHA HamucaHa nmo-anruiicku. OnHako B amoxy MU Bpsia mn
3TO TIpodIIEeMa.

O1HaKo 3Ta KHUTa MaJio OCBEIIAeT XMMHYCCKUE aCIeKThl YIJICBOIOB, XOTS
0a3oBast HHGOpPMAIIUSI TaM OIPEIeICHHO ecTh. HarmoMHI0, 4TO HaIlll Kypc
HaspiBaetcs “XMMUSA YITIEBOAOB U INTMKOBUOJIOT'MA”. Bonpocsr
XUMHYECKOTO CHHTE3a OJIMTOCAXapH/I0B K METOIOB CO3JIaHUS TIIMKO3HMIHBIX
cBs3el XopoIo u3noxkensl kaure Handbook of Chemical Glycosylation. Ilpexne
BCero, oOparuTe BHUMaHWE Ha MEPBYIO BBOJIHYIO TaBy. [t ciaum sk3ameHa s
PEKOMEH/TYI0 03HAKOMHUTHCSI C 4yTh 00OJIee paHHUM 000OIIAIOIIM 0030pOM, TjIe
3TH BOMPOCHI OCBEIICHBI OoJiee MopoOHO U TTyOoKko. Dailyn qocTyreH Ha caiTe




1o HomepoM 42.

Tak cy4nsiock, 4TO KHUT Ha PyCCKOM si3bIke HeMHOTO. [ToaTOMy XOpoImuM JT0NOJTHEHHEM
SIBIISIFOTCS OTEUECTBEHHASI KHUTA Y2ne600bl M IepeBOHAs KHUTA [ iukonpomeunvl. XOTs
OHHM M3JIaHbI IABHO, OHU TO-TIPE)KHEMY aKTyaJbHBI U SBIISIOTCSI XOPOIIIUM BBEJICHUEM B
NIMKOOUOJIOTHIO, 0COOCHHO JIJIS1 HAYMHAIOIINX.

OcHoOBHas KHUTA MPAKTUYECKU 110 BCEM pa3ziejiaM XHUMHH YIJIEBOAOB Ha PYCCKOM SI3BIKE —
9T0 Xumus yeneeooos, HanucanHass KoueTKoBbIM U €ro COTpYIHUKAMU TOJIBeKa Ha3ad. Tak
HasbBaemasi, YEPHA S KHUT'A. U XoTs HEKOTOpbIE YaCTHOCTH, 0€3 COMHEHUS,
yCTapeiu, OCHOBBI XMMHUU YTIIEBOJIOB TaM M3JI0KEHBI OUEHBb XOPOIIO. S peKOMEHIYIO 3Ty
Bpozie Obl aHTUKBAPHYIO KHUTY KaK UCTOYHUK 0a30BOW MH(OPMALIUU 110 XUMUHU
YIJIEBOIOB.

O06s13aTeIbHO 03HAKOMBTECH C IBYXTOMHUKOM OperKoii, NCIIOIb3yeMbIM Ha XUMpake
MI'Y. /Inst Hamero Kypca TaM HY’KHO J1aJIEKO HE BCE, HO BBOJHBIE IVIaBbI [IEPBOTO TOMA U
[JIaBBI 110 CTEPEOXMMHUH MOHOCAXapHJIOB B IIEPBOM U BTOPOM TOMAaxX HaJI0 IPOYUTATh.

[To xoxy m3noxkenust marepuasa st HHoraa Oy/y YIIOMHHATh OT/IE€JIbHbIE KHUTH U 0030pbI U3
CIIMCKA JINTEPATyphl, UMEIOIIUE OTHOIICHHE K TOM WJIM MHOM YacTHOU mpobneme. B Takom
Clly4ae ¢ HUMH PEKOMEHAYETCSl 03HAKOMUTBCS (3TO BaM ITOMOXKET Ha dK3aMeHe). DTO B
OCHOBHOM OyAYT OTJEJIbHBIE TJIaBbl U3 KHUTH 110J1 HoMepoM 7 - Comprehensive
Glycoscience. Tam ectb npaktuuecku Bce! [Ipenynpexato, 4To 3TO U3AAHUE [T
npodeccroHaoB, a He yUeOHHUK.

[TomuepkHy, 4TO HyMepawus JINTEpPaTyphl B IPE3EHTALIMM COOTBETCTBYET CIIMCKY Ha CaiTe.

Jlns Bamero yno6ctBa (aityibl BceX HYKHBIX KHUT U CTaTel JOCTYIHBI Ha caiTe. J{is
3arpy3ku (aiioB BaMm OyaeT Hy»KeH naposib. BoT oH. 3anummTe ero ceiyac.



Nekuyuna 1

BeepeHne B rmukobuonoruio

CTepeOXVIMVIFI MOHO- 1 oJinrocaxapumoons

C opraonpocaMu MOKOHYEHO.

Y koro-HuOYyIb €CTh BOPOCHI?

Teneps mpucTynuM COOCTBEHHO K MaTe€pHUaly CETOTHSITHEH JIEKIIHH.

CHavana OyaeT HeOOIbIIIoe BBEACHHUE B TIIMKOOMOJIOTHIO.




MecTo rnuko6uonorum B monekynspHon 6uonorumn 6
TpaauumoHHbIn B3rnag (copmynupoBaH B 1950-e rr.):

DNA—»RNA—»PROTEIN —# CELL—»ORGANISM

CoBpemMeHHbIN B3rnsag (copmynupoBaH B 1980-e rr.):

DNA —» RNA —»PROTEINS —™ ENZYMES

CARBOHYDRATES

CELL GLYCOCONJUGATES
ORGANISM LIPIDS

Essentials of glycobiology, A. Varki, et al. (Eds.), 1" edn., 1999, p. 7.

Kak BbI XOpo110 3HaeTe B )KUBBIX CHCTeMax Onosjoruyeckas nHpopManus UaetT ot
JIHK k PHK u 3atem k 6enky. DTo Tak Ha3bIBaeMasi LIEHTpaIbHAasl J0rMa
MOJICKYJISIPHOU OUOJIOTHH.

OOBIYHO TaKKe MPUHSATO MPEANOATraTh, YTO 3TH MPOILECCHI OMPEICIISIOT
cTpoeHue U (QYHKIIUU KJIETKU U JJake OpraHu3Ma. TakoB TPaJIUIIMOHHBIN B3IJIS].

Opnnako noctukeHus nociegHux 40 JgeT 3aCTaBiIsAI0T IEPECMOTPETh ITY
CTpOiHYI0 KapTuHy. Kak 3T0 00bIYHO OBIBAET, BCE 0KA3aJIOCh TOPA3/I0 CIOKHEE.
Jns aekBaTHOTO MOHUMAHUS TOTO, KaK ()YHKIIMOHHUPYIOT KJIETKH, KaK OHU
B3aMMOJICHCTBYIOT C BHEIIHHUMH areHTaMu U MEXLy COOOU MPUXOTUTCS
NPUHUMATH B PacyeT MPUCYTCTBHE B KJIETKaX JPYrHX KJIACCOB BEIIECTB — U
IPEKIE BCETO YITIEBOOB.

B xozne Hammx 3aHATHI MBI TO3HAKOMUMCS C OCHOBHBIMH W3BECTHBIMU JIaHHBIMU
0 CTPYKType, OMOCHHTE3€e U PYHKIIMOHUPOBAHUH B OMOJIOIMYECKUX CUCTEMAX
Pa3IUYHBIX YITIEBOAOB M YIJIEBOA-COAEPKAIINX MOJIEKYI, Ha3bIBAEMbIX
[JIMKOKOHBIOraTaMH. JTa 00JIacTh HayKH MOJIyYniIa Ha3BaHUE TIIMKOOUOIOTHSL.
Ona HemoCpeACTBEHHO CBA3aHa ¢ OMOMETUIIMHCKIMHU U OMOTEXHOJIOTUYECKUMHU
UCCJIETOBAHUSIMH M €€ 3HAYMMOCTh PACTET C KaXKJIbIM TOJIOM.




FMukokanukc 7

MNonocTe Kann nnspa

? FHgOTEmA

Ha snexTponnbIx MukpodoTorpadusx Xopoo BHIHO, YTO HAa IOBEPXHOCTH
OOJBIIMHCTBA KJIETOK HAXOIUTCS JOBOJIBHO TOJCTBIN CION KaKMX-TO PBHIXJIBIX
HUTEBUAHBIX 00Pa30BaHUMN, TOXMKHUX Ha BOPC. TOMNIIMHA 3TOTO CJIOS MOXKET
JOCTUTAaTh MHOTHX COTEeH HAHOMETPOB. JTa o0oramieHHast yIJIeBoIaMH
nepudepuyeckas 30Ha Ha TOBEPXHOCTHU KJIETOK MOJyYHia Ha3BaHUE
IUKOKaNIMKC. Pa3mep rmkokanukca 0cCoOOEHHO BENIMK Ha SHI0TEIHAIbHBIX
KJIETKaX, BBICTUJIAIOIINX KPOBEHOCHBIE COCY/IbI MIIH KEITyJOYHO-KUIIEUHbIH
TPAaKT.

YcTaHOBIEHO, YTO BOPCUHKH ITMKOKAIUKCAa 00pa30BaHbl pa3IMYHBIMU YITIEBO-
COJIEp>KAIlIMMH MOJIEKYJIaMH, KaK 3TO CXeMaTHYECKH MOKa3aHO Ha KapTUHKE
BBEpXY CIIpaBa.
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MuKaHbl U TMUKOKOHBbIOTaThI
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muKkonunuabl
npoTeornukaHbl

MmeMbpaHHLIe

FMUKONPOTEUHbI
Monucaxapuabl

(rmmkaHbI)

[Mukokanukc cocTouT m3 npoTeornmMKkaHoB, MMKONpoTenHOB U
rmMukoannmnaoBs.

Oco6eHHO 3HauYMTENbHbI MO pa3Mepam yrrneBodHble Leny MyLMHOB —
FMMKONPOTENHOB, ABNAIOLLNXCA [MaBHOW COCTABHOW YacTblo BA3KOTO
CMU3NCTOrO rensl, KOTOPbI NOKPbIBAET GOMbLUNMHCTBO SNUTENUanbHbIX
MOBEPXHOCTEN U CNY>XUT CENEKTUBHLIM 3aLUTHLIM BapbepoM Mexay
nna3maTnyeckon MemBpaHomn 1 OKpyXeHem KneTku. MyuuHbl BXoasT
TaKXXe B COCTaB CIOHbI, XXeMnya0o4YHOro 1 KULLIEYHOro COKOB.

YrneBoAHbIE KOMMOHEHThI IMIMKOKASIMKCa BKIKYAKOT Kak coegUHEeHUs,
KOBaneHTHO CBA3aHHble C 6enkamun n, B MEHbLLEN CTEMNEHU, C NMNMAAMU
KNEeTOYHOM NOBEPXHOCTU, TaK U HEKOBANEHTHO NPUCOEMHEHHbIE K HUM
OOMONHUTENbHbIE MMMKONPOTEWHBI U nonucaxapugbl. Hekotopble U3 aTux
agcopbupoBaHHbIX MaKpPOMOSEKYN SABMSOTCA KOMMNOHEHTaMM
BHEKNETOYHOro MaTpuKca, 4YTO 3aTpyaHSeT ero pasrpaHmyeHme ¢
FMUKOKarMKCOM M KNeTo4yHon MmeMbpaHon.

Bbl MOrnun 3ameTuTb, YTO Ha 3TOM crnauvge yrnesog-cogepxailijne
MOIeKyJIbl pa3geneHbl Ha ABe KaTteropmun rmmkKaHbl U IMMAKOKOHBbIOraThl.
MukaHbl NOCTPOEHbLI N3 MOHOCaxXapuaHbIX OCTaTKOB. K HUM OoTHOCATCS
oJfinmrocaxapuabl 1 norfincaxapumibl. B rnnkokoHbloratax rnmvkaH




npucoeanHeH K HeyrneBo,u,Hon 4YacCTun MOJEKYrIbl. B rmnukonporenHax - 31o 6enok,
B rmukonunugax - ato nunua. Ha cnegyrwmnx nekunax Mmbl pacCMOTpUM CTpOoeHne
BCEX 3TUX MOJ1EKYI no,£1po6Hee.



[lons rAMKaHOB B COCTaBe MMUKOKOHbLIoratos 9
rmMKkaHa moxet gocturatb 85% (macc.)

NMPUMEP:

CUJIbHO ITIVIKO3VIJ'IVI|DOBaHHbIl7I
rnukonpoTeunH Thy-1
(THYmocyte differentiation antigen 1)

Ha pgonto rmmnkaHoB npuxoauTcs
30% MornekynsipHou Macchbl
rnukonpoTteunHa Thy-1

i a? L
(M,, 25 kla — 37 ka ) = «— GPI-Glycan

N-Glycan

%, <— GPl-Acyl chains

o

Essentials of Glycobiology
Second Edition Chapter 1, Figure 3

Z
a
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B mmkokoHBIOTaTaxX MOXKET COAECPKATHCS HEOOIBITOE KOJTMYECTBO YIIIEBOIHOTO
KOMITOHEHTA, JaXe BCETO JIMIIb OJIMH MOHOCAXapUIHbIA OCTaTOK. TaKoBbI
[JIMKOTIPOTEUHBI LIUTO30JIs1, HECYIINE HA MOJUMENTUIHON e €IMHCTBEHHBIN
MOHOCaXapHUIHbIM OCTAaTOK N-aleTUINIIOKO3aMUHA.

Ho yame nons yrneBonos Becbma 3Hauntenbia, 1 MACCOBAS nons rukana
MOXET JocTurarh 85% oT o0mieil MacChl INIMKOKOHBIOTATA.

Bort atoT mmukonporeun (Thy-1), sBusrommiics mapkepom T-mumdoruTos,
SIBIIICTCS IPUMEPOM CHIIBHO TIIMKO3UIMPOBAHHOTO IMKonpoTenHa. Ha oo
ruKaHoB npuxonutes 30% MoneKymIsipHO Macchl IUKonpoTrenHa. CuHUM
I[BETOM IOMEYeHbI N-IJIMKaHOBBIE LIENH, a 3€JICHBIM — YIJIeBOAHBIN (pparMeHT
MIUKO3MI(POCHaTUAMIMHOZUTHOTO SKOPSI, KOTOPBIN 3aKpEeIIsieT ITOT OeI0K B
KJIETOYHON MeMOpaHe.




Buonorunyeckune ¢pyHKLUUM rMUKaHOB 10
Biological Roles of Glycans

Structural/modulatory
roles

Intrinsic Extrinsic

recognition \ recognition

Molecular
mimicry

5

—
ady O M
Glycan-binding Glycan  Microorganism or
protein toxin

Essentials of Glycobiology
Second Edition Chapter 6, Figure 1

Kak u B ciyuae apyrux 6uomMakpoMosekys, ononorunueckie GpyHKINH ITTHKaHOB
BapbHUPYIOT OT CPABHUTEIFHO HE3HAUUTEIBHBIX Ha MEPBBIN B3I 10 )KU3HEHHO
BXHBIX JIJISI Pa3BUTHUS, POCTa, (YHKIIMOHUPOBAHMS MM BBDKUBAHUS OpPTraHU3MAa,
KOTOPBIN UX CUHTE3UpYyeT. MHOTUM INIMKaHaM ellle He MPUMHCAHbI (PyHKIUH,
Au00 MOTOMY, YTO 3TOT BOIPOC MPOCTO HE U3yHalics, JINOO MOTOMY, YTO HE
COBCEM NOHSTHO Kakylo (DyHKIMIO UCKaTh. Ha MpOTsHKeHNH MHOTUX JIET
BBIJIBUTAIIUCH Pa3HOOOpPa3HbIe TEOPUHU MO MOBOAY QyHKIMI rukaHoB. 1 XoTs ms
Ka)XJIOM U3 TEOPHi CyIIECTBYIOT BECOMBIE J10Ka3aTelbCTBA, U3BECTHHI U (DAaKTHI,
IPOTUBOpEYAIIUE UM. DTO HE YIUBHUTEIHHO, IPUHUMAsI BO BHUMAHHE OIPOMHOE
pa3zHooOpa3ue CTPYKTyp INIMKAHOB B pUpo/E. JJOMOTHUTENBHYIO CIIOKHOCTh
CO3JaeT TOT (haKT, YTO MHOTHE TNIMKAHBI ABJISETCS MUIICHAMU JJIsl CBSI3bIBAHUS
MUKpPOOOB U MUKPOOHBIX TOKCHHOB. T.€. MPUCYTCTBUE INTUKAHOB MOXKET
0Ka3aThCsl BPEAHBIM JJI OpraHU3Ma, KOTOPBIM UX CHHTE3UPYET.

10
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| 31. (a)A. Varki. Biological roles of oligosaccharides: all of the theories are correct. Glycobiology 1993, 3, 97.

B crcke pexoMeHIyeMolt muTeparyphl yKazaH COJNMIHBIN 0030p 1993 roxa, B
3aroJI0OBKe KOTOpPOTro HamucaHo: «Bce Teopun o 6nonorndeckux GyHKIUAX
YIJIEBOZIOB - IPABUIIBHBI!», a B TEKCTE 00CYk1aeTcsi 00Jiee ThICAYU CCBIJIOK.
[IpencraBnsere macmrad?!
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Allcalburminemu in Sweden' gmwﬂwyudﬁwypbdkmmdnmtdhm
vartans. Proc. Maal, Acad, Sci, US4, 89, 2258229,

1047 Capecchi, M.R. (1989) Alering the genome by homologous 1 b Science, 144,
12881292,
1048. Yos,H J. (1992) Regulaton of veriebraie teft-right ssymmetnes by extracellular matric Narure,
. 158-161

1d.F. and Kollus.G. (1992) Tronsgenic Aaimalr. Academic Press, San Dego.
ved on Decemnber 31, 1992; accepiod on Janwary 9. 1993
| 31. (b) A. Varki. Biological roles of glycans. Glycobiology 2017, 27, 3-49.

Heckomnbko et Ha3aja nosiBUIIaCh HOBasi BEpCus 3TOro 063opa. 3a 4eTBepTh BEKa
MPOSICHUIOCH MHOTOE M3 TOTO, YTO PaHbIIIe OTHOCHIIOCH K pa3psiay TUIOTE3.

Ecnu BbI X0THTE y3HATH 000 BCEM 3TOM MOAPOOHEE, €CTh CMBICI MOYUTATh 3TOT
0030p. Ho 51 Ob1 Hauan ¢ yueOHUKa, 1 JIUIIB 3aTEM YHTAT 0030p.
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Buonorunyeckune ¢pyHKLUUM rMUKaHOB

Biological Roles of Glycans

Structural/modulatory
roles

Intrinsic Extrinsic
recognition \ recognition

éELF - N

(hucleus

i‘!udeué’

Glycan-binding Glycan  Microorganism or
protein toxin

Essentials of Glycobiology
RCH Second Edition Chapter 6, Figure 1

Molecular
mimicry

13

Cpenu GyHKIIUH YIIIEBOIHBIX IeTIel KJIETOK KHBOTHBIX MOXKHO YCIIOBHO

BBIJAC/IUTD:

° CHCI_II/I(l)I/I‘-ICCKI/IC, CBA3AaHHBIC C ITPOICCCaAMH KOMMYHHUKAIIUH KJICTOK,

Y3HaBaHHA «CBOUX)» U PACIIO3HABAHHA «IYXKHUX», 4 TAKIKE

* TaK Ha3bIBaeMble «HECMEIU(UUECKHUE», B TOM YHCIIE CTPYKTYpPHBIC U

MoOAynupyomue QyHKINH.

Haunewm c nepBbIX.

13



Yrnesonbl NOBEPXHOCTU KNETKM 14

B3aumopewncrtsue c:

» OPYrMMuM KneTkamu
opraHusma:

MeEXKIeTo4yHoe
Yy3HaBaHune

agresvsa un
nponudepauns KNeTok

» BakTepusmn u
BMpYycamu

» TOKCUHaMU U
aHTuTeslamMmu

» JIEKTUHaMUn

» doepmMeHTamun
yrneBogHoro
MeTabonuama

» FOpPMOHaMMu

Lectin 1986 BioCarb AB (Sweden)

B3aumoneiicTBuUS yIIIeBOIOB MOBEPXHOCTH KJIETKH KpaifHe pasHOOOpa3HbI U
MOTYT BKJIKOYATh CIEAYIOIIME BApUAHTHI, CXEMAaTHUYECKH IIPEICTABIICHBI HA 3TON
KapTUHKE, BIepBble HapucoBaHHOU 40 net Ha3axn, B 1986 .

Cpenu criennuyeckux B3aUMOJICHCTBUI — U B3aMMOACUCTBHE C IPYTUMHU
KJIETKAMH OpTraHu3Ma:

* MEXKJIETOYHOE y3HaBaHUE

* ajre3us U Mpoudepanys KISTOK

ITO — ¥ B3aUMOJEHCTBUE C

* OakTepusiMU U BUPyCaMu

* TOKCHHAMH M aHTUTEIaMU

*  JICKTHHAMU

* (QepMeHTaMH YIIIEBOIHOTO METa0OIU3Ma

* TOPMOHaMHU

14



YrneBoa-cBsA3biBalowWMe 6enku — Heooxoganmblie

YYaCTHUKM 15
/,_\_/m

MukoBuonorus yayyaet
He TOJSIbKO IIUKOM, HO U
COOTBETCTBYIOLLMA eMy

NpPoTEOM:

[l NeKTUHbI

11 (bepMeHTbI

YrNeBOAHOro
mMeTabonuama

[l aHTuTena K yrnesoaam

Biological Roles of Glycans

( =
Hormone

Structural/modulatory
roles

Intrinsic Extrinsic

recognition \ recognition
SELF D\ O
o

SELF fucleus
nucleus)
~— @

. O,

Ras o M

Glycan-binding Glycan  Microorganism or'
protein toxin

Molecular
mimicry

HeoOXoauMbIMH y9aCTHHKAMHU MPOLIECCa Y3HABAHUS YIVICBOOB SBIISIOTCS
YTJIEBOJI-CBSI3BIBAIOIINE OCITKH.

910

* JICKTHHBI

* (epmeHTHI yIIIeBOAHOTO MeTabonmmu3Ma
* aAHTHTENA K YIJIEeBOJIaM

[ToaToMy rITUKOOHOIOTHS y3y4aeT HE TOJIBKO ITIMKOM, HO U COOTBETCTBYIOIIMI
€My IPOTEOM.

A Tenepb HECKOJIBKO MMPUMEPOB BaXXHOCTH YITIEBO/-O0ETIKOBBIX B3aMMOJICHCTBUI U
CTPYKTYPBI TJIUKAHA.



Ponb yrneBogos B npouecce onnopotsopeHna 16

Sperm E
plasma )

membrane —‘\ /i
W e /
Sperm
nucleus . = {nr::u:nal Fertilization
N \‘“\-\ process | = - envelope

Actin Wy ,l.‘ 7\ -
- : granule Lj
membranes

Basal body
(centriole)

[

3 nzymes Perivitelline
1|Iy coat , £ &/ vitelline laye! space
Spefm-binding<—¢ &
koo, Uit <’—I A BT D EGG CYTOPLASM

Sperm Membrane:

Sperm Membrane:

Maturation (Capacitation)

—>

CrnivaHuio cnepmaro3ona c
SAVLIEKNETKON NpeaLLecTByeT
€ro CBA3bIBaHME C MUKaHaMM

Oviduct Cell Membrane Glycan Oviduct Cell Membrane Glycan Ha nOBerHOCTM ﬂmueKneTKM
1 ero aktneauud
Adhesion to F R i Rel Fi R ir for Fertilizati . .
esion 10 Form Reservoir elease From Reservoir 1or rertilization (CapaC|tat|0n)_

| 7. Comprehensive Glycoscience. From Chemistry to System Biology, 2007, Ch. 3.23.5.3, p. 505 (2217).

[TomyyeHbl MHOTOUMCIIEHHBIE CBUJIETEIBCTBA YUACTHUS INIMKAHOB U YIJIEBO/I-
CBSI3BIBAIONINX OCJIKOB B PA3JIMUHBIX CTAMIX PENPOTYKTUBHBIX MPOIIECCOB.
Hawnbonee n3ydeHHBIMHA B TOM OTHOIIEHWU OPTaHU3MaMU SIBIISTFOTCSI MOPCKHE
exu. IMeHHO Ha HUX OBUTH CJIeTaHbl OCHOBHBIC OTKPBITHS, KACAIOUTUECs POIU
[JIUKQHOB B BUIO-CIEIIU(PUICCKOM CBS3BIBAHUN CIIEPMATO30HM A C SHIEKIETKON 1
OJIOKMPOBAHUHU TTOTUCTIEPMHUH.

Ha stom cnaiine mokazaHo CBsSI3bIBAaHUE CIIEPMATO30H/1a C TNIMKaHAMHU Ha
MOBEPXHOCTH SMIIEKJIETKH, YTO MPUBOJUT K €ro aKTUBALMH (capacitation),
BBICBOOOXKICHHUIO COJEPKUMOTO aKPOCOMHOTO ITy3bIpbKa, (JepMEHTHI KOTOPOTO
pa3pylaoT 3alIUTHYIO Tele00pa3Hyio 000JI0UKY SHIEKIETKH, COCTOSIIYIO U3
CHJIBHO IIMKO3UJIMPOBAHHBIX MYIUHO-MIOAOOHBIX OENKOB. DTOT MPOIECC
NPEIIECTBYET CIUSHHUIO CIIEPMATO30H/1a C SIMIIEKIETKON 1 COOCTBEHHO
OTIJIOAOTBOPEHHUIO.

16



N-uenu nmmyHorno6ynuHa IgG 4yenoBeka

Tonbko BapuaHT 6e3 dyko3bl MpoTnBOoBOCNaNUTENbHbLIN
B3aMMOOENCTBYET C achdekT NeuSAc-BapuaHTa
LUTOTOKCUYHBLIMU KIleTKaMu
L GIN-Tyr-Asng -Ser-Thr-TyrAng-uens
GleNAc["~ ~ Fuc
GleNAc
N Man ey

I
I
Ma Mz
r" GlcNAE r"

GleNAc GleNAe

NeuSAc NeuSAc

17

Caenyroumit npumep. UMMyHOIroOynuH 4yenoBeka.

OKaSBIBaeTCSI, B 3aBUCUMOCTH OT CTPOCHHUSA OJIUTOCAXaApPHUIAHBIX ueneﬁ 9TOro
TTIMKOIIPOTECHUHA 3aBUCAT €TI0 CBOﬁCTBa, Hn O4YCBHUIHO, (bYHKI_II/II/I

Tak, Tonbko BapuaHT 6e3 BHyTpeHHEN (PyKO3bl B3aMMOJAEWUCTBYET C
UTOTOKCUYHBIMH KiIeTKaMu. OOpaTtuTe BHUMaHuE Ha TO, KaK IITyO0KO
«3aKOMaH» 3TOT MOHOCAXapHUIHBIA OCTaTOK!

A BapuaHT 3TOT0 0€nKa, HECYITUH JOTOTHUTEIBLHO OCTaTKU N-
aleTHIIHEHPaMIUHOBON KUCIOTHI (0003HauaeTcst kKak NeuSAc) nposiBisier
MPOTHUBOBOCTIAIUTENBHBIN (D (DEKT.

17



N-uenu nmmyHorno6ynuHa IgG 4yenoBeka:

AWHaAMUYECKNN MapKep AnA npeackasaTternibHOMU,
npodunakTMyecKkom 1 NnepCcoHann3npoBaHHOM
MeAUUVUHbI

International Journal of

7
Molecular Sciences m\bw
e It J Mol. Sci. 2018, 19, 390; doi:10.3390/ijms19020390

Unravelling Immunoglobulin G Fc N-Glycosylation:
A Dynamic Marker Potentiating Predictive,
Preventive and Personalised Medicine

Antigen Binding Cleft

IgG Glycan Structures

i ] #
High Mannase Hybrid

Complex

18

3HaHuE 0 TOM, KaKH€ YIJIEBOJHBIE MM IPUCYTCTBYIOT B UMMYHOIJIOOY/IHHAX

YeJI0BeKa, MOXKET OBITh UCIOIB30BAaHO B paMKax MpeICKa3aTeIbHOM,
npOo(UIAKTUIECKON U TTEPCOHATU3NPOBAHHON MEIUIIUHBI.

18



HeornukonpoteuHsbi ¢ pasnuyHbiMu N-rnmkaHammn 19

Hanuyue / OTCYTCTBME OCTaTKa

OH

Hanuyue / OTCYTCTBME OCTaTKa

S. André et al. Biochemistry 2007, 46, 6984. DOI: 10.1021/bi7000467.

Cnenyronmii mpumep.

Br110 n3ydeHo, HACKOJIBbKO CHIIBHO MOTYT HEOOJIbIINE BapHALIMH CTPYKTYPHBI
IJIMKaHa BJIMATH Ha CBOMCTBA OJHOTO M TOT'O )K€ IIMKONpoTenHa. Takue
OJIMrOCaxapubl OTHOCSTCS K KJIACCY TaK Ha3bIBAEMbIX JABYXaHTEHHBIX
KOMIUIEKCHBIX N-1ieneil. BappupoBasiv npuCcyTCTBUE 3THX JBYX
MOHOCaXapHIHbIX OCTaTKOB, OTMEYEHHBIX LIBETOM. BO3MOXKHBI YeThIpE BapuaHTa
CTPYKTYpBI INIMKaHA: 0€3 3aMECTUTENEH, 10 OTHOMY B Ka)KJIOM IOJIOKEHUH U C
IBYMs 3aMecTuTensaMu. /st uccnenoBanust ObLITUM HYKHBI YETHIPE
MJIMKONIPOTEHHA. B TaHHOM ciydae B pyKax y McClieJoBaTesIeld OTCYTCTBOBAIN
00pa3ibl NPUPOAHBIX INIUKOMPOTEUHOB C TAKUMH onurocaxapuaamu. [loatomy
OHU B3SJIM IPUPOJHBIN OEJI0K — albOyMUH U XUMUYECKH MPUCOCANHUIIN K HEMY
HE0OXOMMBIE OIMrocaxapuabl. 1o Tak HazeiBaeMble HEO-rmukonpoTenHsi.
31ech YMECTHO OTMETHTb, YTO B INIUKOOMOJIOTMH YaCTO UCHOIB3YIOT MOJEIbHBIC
COEIMHEHUS, UMUTHPYIOIIHME PUPOAHBIE COETUHEHU. DTO CBA3aHO C KpalHe
MaJIoil JOCTYITHOCTBIO IPUPOAHBIX COEAMHEHUM U UX I€TEPOr€HHOCTHIO.
Bomnpockl reTeporeHHOCTH NIMKOIPOTEMHOB M BO3MOYKHOCTHU HUCIIOIb30BAHUS
HEONIMKOMPOTENHOB KaK 3aMEHbl UM Mbl OOCYIUM B CIEAYIOLIUX JIEKIUAX.

19



HeornukonpoteuHsi ¢ pasnuuHbiMu N-rnukaHamn 20

=4 m—BiEF 11
A B9
25_" C—IBiB10
107 ==1BiF10
Bi%
5.
i blood liver  kidneys spleen
o Iil‘."--té"-;}-"“-“ I rrﬁ‘N’_Lr 1
- =TV Y | Cynbba
ABYXaHTEHHbIX
uenen,
BiF10 \-, HeSHaqMTeanO
 pasnuyaroLmnxcs
CTPYKTYypoW,
. pasnuyHa.

BiBF11

[Tonmyyenble HEOTTMKOMPOTEUHBI OBUIH TOMEUEHBI PaIMOAKTUBHBIM HOIOM U
3aTeM BBEJEHBI B KPOBb MbIlIaM. Uepe3 yac u3MepUiIu CoepKaHUe BCEX
YEThIPEX HEOIIMKOIIPOTEMHOB B KPOBU U B Pa3MYHbIX opranax. HeoxxumanHo
0Ka3aJloCh, UTO Cy/1b0a IByXaHTEHHBIX IIeTIel, CTOJIb HE3HAYUTEIHHO
pa3InyarolnXcs CTPYKTYpPOH, KpailHe paznuyHa. Heommmkonporeuns,
coiepyKalii YHIeKacaxapu ¢ AByMsI MOIU(MUIUPYIOIIUMHU 3aMECTUTEISIMU
(oOBeneH KpacHBIM), IOYEMY-TO HE jKeJlall BRIBOAUTHCS U3 KpoBOTOKa. Ero
CoZiep KaHUe B pasbl IPEBBIIAIO COACPKAHUE OCTAIBHBIX HEOITIMKOIIPOTEUHOB.
Jlanabie 00BeIeHBI KPACHBIM. JTO HAOMIOACHHE KOHTPACTUPYET C TEM, UTO
0OBIYHO TIIMKOMPOTEHHBI C TEPMUHATBHBIM OCTATKOM TaIaKTO3bl OBICTPO
BBIBOZIATCS] M3 KPOBOTOKA U IMONA/AIOT B IIEYeHb. ABTOPHI OOBSICHUIN 3TOT
¢beHOMEH TeM, 4TO BBEJICHHUE IBYX MOHOCAXapUI0B IPUBEIIO K U3MEHEHUIO
KOH(OpMAaLIMK ONIUTOCcaxapuia v OH OOJIbIIIe HE Y3HABAJICS ralaKTo3a-
CBA3BIBAIOIMM JICKTUHOM II€YEHHU.

N3 storo cnexgyer aBa BbIBOJA:

* Jlaxxe omuH JOTOHUTEIHHBIA MOHOCAXapUIHBIH OCTATOK BJAJIM OT MECTa
CBSI3BIBAHUS C YIIIEBOJI-CBSA3BIBAIONIUM OCIIKOM MOXKET CYIIEeCTBEHHO U3MEHHUTh
00111y10 KoH(popMaIuio oJurocaxapuaa U MpoMOIyIUPOBaTh €ro CIoOCOOHOCTh
CBSI3BIBATHCS C ATHM OEITKOM,

e DOt JaHHBIC yAaJIOCh IMOJIYUYUTh TOJBKO 6J1ar0;[ap;1 TOMY, 4TO CTaJIl JOCTYIIHBI
CYHICCTBCHHBIC KOJIMYCCTBA BOT TaAKUX CJIOKHBIX OJIUTOCAXapHuaOB. OTMC‘IY,
YTO OHH OBLIN IMMOJTY4YCHBI XUMHNYCCKUM CHHTC30M. B HACTOAIICC BPEMA 3TO
CHHHCTBCHHBIﬁ IMPAKTHYCCKHU 3HAYUMBII IIYTh UX MOJTYy4YCHUS. O XuMHYECKOM

20



CHUHTC3C OJIUTOoCaxaprua0B MbI 6y11eM TOBOPHUTH Ha cneny}omeﬁ JICKIUH.
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Y3HaBaHue yrneBoaoB KIeTKU-Xo3fnHa 21
NeKTUHOM OaKTepun — nepBbIA 3Tan aaresvm

P-®umbpuun — PapG: ranabuosa
®dumbpumn TMna 1 — FimH: maHHo3a

Gakrephfl

'Escherichia coli

7. Comprehensive Glycoscience. From Chemistry to System Biology, 2007, Ch. 3.28.3.1, p. 636 (2346).
22.  Glycoscience and Microbial Adhesion. K. Lindhorst, S. Oscarson (Eds.), 2009, 186 pp.
61. A. Bernardi, ef al. Multivalent glycoconjugates as anti-pathogenic agents. Chem. Soc. Rev. 2013, 42, 4709.

K HACTOAICMY BPEMCHH HAKOIINJIOCH JOCTATOYHO MHOT'O BECbMa Y6CIH/ITCJ'II>HI>IX
JaHHBIX B I1I0JIB3Y TOI'O, YTO BCsKast 6aKTepI/IaHBHa$I I/IH(beKL[I/IH Ha4YMHACTCA CO
CBA3bBIBAHHA 6aKTepI/II/I C MOBCPXHOCTHBIMHU YINICBOA-COACPIKAIUMHU MOJICKYJIaMH
KJICTOK XO3s1Ha.

Pacno3naBanue YITICBOAOB IMOBEPXHOCTU KICTKU-XO35WMHA JICKTUHOM 6aKTepI/II/I
ABJIACTCA IICPBBIM 3TAIIOM 6aKTepI/IaJIBHaSI aare3uu u HOCJIG,HYIOIJ_Ieﬁ HHBa3uU.

Ha xonmax ¢pumOpuii (apyroe Ha3BaHUE — MUJIM) OAKTEPHUA PACTIOIOKCHBI
aJIre3uHbI — OCJIKH, CIIEIIM(PUYHO CBSI3bIBAIOLINECS C OMPEICICHHBIMH YTITIEBOI-
CoIep KALIMMH CTPYKTYpaMH Ha MOBEPXHOCTH KUBOTHOM KIIETKH. Tak,
Harpumep, aare3suHs! GuMOpHii Tuna 1 yponaroreHHbIX MITaMMOB KHIIEUHON
NaJO04YKU CIIOCOOHBI Y3HABATh IIIMKOMPOTEUHBI, COJEPKaIFe MAaHHO3Y, a
aare3uHbl P-pumOpuii — IMKOIUTUIBI TTI000-CEPUH, COAEPIKAIINUE TUCAXAPHUT
ranmabuo3y. [Ipu sTom mrammel 6akTepuu, BeipadbaTeiBaromme aare3u PapG,
BBI3BIBAIOT 3a00JI€BaHUs MOYEK (MUEIOHE(GPUT), B TO BpeMsl KaK JAPYTUe IITaMMbI
6axrepHit, BpIpalOaThiBatomue aare3ud FimH, BeI3pIBalOT BOCTIaieHUsT HUKHUX
OT/IEJIOB MOUYEBBIX MYTEH.

VY Tex penko BCTpedaromuxcs JIrofeH, Y KOTopbiX HeT (hakropa P (B kpoBu u Ha
SMUTEIINHN ), SUTETHAIbHBIE KJIETKA MOUYEBBIX MTyTEeH HE CBSA3BIBAIOT OAKTEPUU
KHIIIEYHOH nayiouku, Hecymue P-pumOpun. Takne WHIUBUIBI 3HAYUTEITHHO
MEHBIIIEe TOABEPKEHBI HMHPEKIUAM ITON OAKTEPUU MO CPABHEHUIO C IPYTUMHU
monbMu. OHAKO HKCIEPUMEHTAIIBHO YCTAHOBIICHO, YTO €CJIM UX SMUTETHATbHbBIE
KJIETKH MOKPBITh CHHTETUYECKUM TIIMKOJIHMITAIOM, COJEpKAIIUM ranadbuosy , To
9TH KJIETKU IPHOOPETAIOT CITIOCOOHOCTH CBsA3BIBaThCA ¢ E. coli.
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yrﬂeBOﬂbl NnoBepPXHOCTU KIeTOK — CauThbl 22
npucoeanHeHus 6aKTepVIaJ1beIX natToreHoB
Organism Target tissue Carbohydrate Structure
E. eoli Type 1 Urinary Mano3Mano6Man GP
E. coli P Urinary Galo4Gal GL
E. coli S Neural NeuAc (02-3)Gal3GalNAc GL
E. coli CFA/1 Intestinal NeuAc (012-8) GP
E. coli F1C Urinary GalNAcpP4Galp GL
E. coli F17 Urinary GleNAc GP
E. coli K1 Endothelial GIcNAcP4GIcNAc GP
E. coli K99 Intestinal NeuAc(02-3)GalP4Glc GL
C. jejuni Intestinal Fuco2GalBGleNAc GP
NP 2005 Stomach NeuAc(2-3)Gal4GlcNAc GP
Fucor2Gal[33(Fucod)Gal GP
K. pneumoniae Respiratory Man GP
N. gonorrhoea Genital GalB4Glc(NAc) GL
N. meningitidis Respiratory [NeuAc(2-3)] GL
Galp4GIcNAcp3Galp4GlcNAc
P. aeruginosa Respiratory L-Fuc GP
Respiratory Ga][i3Glc('.\TAc}[33Gal[i4GFc GL
S. typhimurium Intestinal Man GP
S. preumoniae Respiratory NeuAco2-3Galp1-4GlcNAcp1- GL
3Galp1-4Glc
S. suis Respiratory GaladGal[34Gle GL
GP = glycoprotein, GL = glycolipids

Ha sTom craiifie mepeduciieHpl CTPYKTYpPhI YITIEBOJIOB TOBEPXHOCTH KIIETOK —
CaMTHI MPUCOCTMHECHUS PA3IUIHBIX OaKTepHALHBIX aroreHoB. OH Mpu3BaH
IPOWLTIOCTPUPOBATH pa3HO0Opa3ue yIIeBOAHBIX CTPYKTYP, Y3HABAEMBIX
OaKTepUSIMH.

O Ba)XHOCTH ATUX MPOIECCOB YITIEBOA-OCITKOBOTO Y3HABAHUS CBUIACTEIIHCTBYET
clenyromui GakT.

Bb110 ycTaHOBIIEHO, YTO MHOTHM HM3BECTHBIE TACTPUT U SA3Ba JKEIY/AKa CBSI3aHbI C
uHpuuupoanuem O6akrepueir Helicobacter pylori, xuBy1ieit B Kuciom
COEP>KMMOM JKEJIyAKa U B €r0 CIU3UCTON 000J04UKe. “3a OTKpBHITHE OAKTEPHH
Helicobacter pylori u ee ponu nipu ractpure u si3BeHHON 00s1e3Hn” B 2005 1. Obla
npucyxjaeHa HobeneBckas npemusi o MeAUIMHe U (PU3NOJIOTUH.

NuTepecen daktnyecku GriiocoPpCcKuii BOMPOC, 3a9€M KIETKH )KHBOTHBIX
CO3JIaI0T Ha CBOEH MOBEPXHOCTH BeChMa CrielU(UUHbIE CAUTHI IS
NPUCOEANHEHHSI MAaTOTeHHBIX OakTepuil. T.e. co31al0T B MOLTHOW CUCTEME
3alUTHI JIA3eWKH Ui Bpara. B nureparype naxke CpaBHUBAIOT 3TOT (DEHOMEH C
IPEaaTeIbCTBOM.
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MHFVI6VIpOBaHMe CBA3bIBAHUA NEKTUHaA 6aKTepm1 C 23
yrneBogamMum KJieTkm — aHTuaareamoHHas repanusa

P-®umbpuun — PapG: ranabuosa 'Escherichia coli
®um6pun Tuna 1 — FimH: maHHo3a § oy

...... [
—__/
S{X¥s  HOY o Q C5 oH
9 e S

NO.
CO,Me HO ~-S \/\CO Mo 2
HO

Wzyuenne OGakTepraabHOM aAre3ud BeAETCS YK€ MHOTHE TO/IbI U SBJISIETCS OTHUM
U3 CaMbIX pa3paboTaHHBIX HANPABIIEHUN UCCIIEOBAHUN B TIIMKOOHWOJIOTHH.
JIefiCTBUTENBHO, €CITH HAyYUThCSI MHTMOUPOBATH CBSI3bIBAHUE JICKTHHA OaKTepUH
C YIJIEBOJAMU KJIETKH, TO 3TO MOYKET SIBUTHCS OCHOBOW aHTUAAT€3MOHHOM
Tepanuu. B HEKOTOPBIX ciTyyasx 3TO AEUCTBUTEIBHO YIAETCS. 31€Ch TOKA3aHbI
CTPYKTYpBl HHTUOUTOPOB anare3uHa PapG, koTopbie ObLIN YCHEIIHO
UCTIOJIBb30BaHbI [yl Tepanuy nuenoHedpura. bakrepuu «IpeanoanTaoT
CBSI3BIBATHCS C 3TUMU BELIECTBAMM, a HE C OCTaTKaMH ragabuo3bl Ha
SIUTEIUATBHBIX KIETKaX MOYEK.
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Mpumepbl «Hecneunduyecknx» PyHKLUN 24

MunKaHoB
TJIMKOMOJIEKYJIA GyHkuus

GPI-sikopb rJIMKONPOTENHOB KOHCTPYKIMOHHBIA MAaTePHaJI

O- u N-nenu riiukonpoTreHHoB 3amMTa 0esIKa 0T MPOTe0JIM3a

IIpumep: mynuasl KKT

O- 1 N-umenu riiuKONpoTeHHOB CTA0MIN3AHUS ONTUMATbLHOMT

I[Mpumepsi: IgG KOH(popManum 0eiKa

O- u N-nenu riiMmKoONpoTenHOB ruapopuIn3anus KJIeTKH,

IIpumepsl: JUIONPOTEHHBI yBeJIHYeHHE PACTBOPUMOCTH OeJIKa

O- u N-nenu riiukonpoTreHHoB 3aIMTA OT JAeHCTBUS COOCTBEHHOI0

I[Ipumep: pekomOuHanTHbIe T'T1 HMMYHHTETA

CunanmpoBaHHbIe H MOAJIePKKA JIOKAJIbHOr0 3HayeHus pH;

cyJb(aTHPOBaHHbIE LHENH pa3BepHyTasi KOHGopManus

IIMKONPOTEHHOB TJIHKONPOTEHHOB

MyuuHbI, IPOTEOTIMKAHBI yBeJIM4YeHHe BA3KOCTH Cpeabl,
OapbepHas GyHKUMSA

O- u N-nenu rimKonpoTenHOB ceKkpenus

Hapsany co «cneunduyeckumu» QyHKIUSIMH IMTUKaHOB, TPUMEPHI KOTOPHIX
TOJILKO YTO OBLIU MPUBEICHBI, MOKHO YCIIOBHO BBIICTUTH U IPYTHE,
«Hecnenuuueckuey PyHKIHHA YIIIEBOIOB B )KUBBIX CUCTEMAX.

UUTATD

DTO ¥ KOHCTPYKIIMOHHBINA MaTepHall, ¥ CTAOUIU3AIUs ONTUMATLHOMN
KoH(oOpManu OeNKa, U MoaaepKaHne JTOKATbHON KUCIOTHOCTH.

OTO U yBEJIMYEHUE PACTBOPUMOCTHU JTUMOPHIBHBIX OEJIKOB ITyTEM HX
TUAPOPUIIA3ALIIH.

3Ot0 n 6apbepHast GyHKLUS, TOCTUraeMas, HapyuMep MyTeM yBEeTHUYEeHUS
BSI3KOCTHU CPEJIBI.

Haxoner 3To cexkpetopHas pyHkims. MHOTHE ITTUKOIPOTEUHBI BHITIOIHSAIOT
(YHKIIMH TOPMOHOB.

Hy u xoHeuHo BceM M3BecTHA YHEepreTudeckas (QpyHKIHs IITUKAaHOB. JTO
pE3EpBHBIN MoIKMcaxapyl Kpaxmall B paCTEHUSX U INIMKOIIPOTENH ITIMKOI'€H B
YKUBOTHBIX, COJIEPKAIIMI POACTBEHHBIN ITIMKaH.

C HCKOTOPBIMU M3 HUX MBI ITIO3HAKOMHMCS OJroKe Ha CICAYIOIUX JICKIUAX.

24



TunnyHblie MOHOCaxapuabl YrneBOAHbIX Lienewn 5
rnmkonpoTteuHoB (') u rmukocchumHronunugos (')

OH OH HO - OH HO ~OH
0 0 0 0
HO HO
Ho/é@,or-u HE&, OH HO &,OH HO&,OH

CH NHAG OH NHAc
D-Glucose N-Acetyl-D-glucosamine D-Galactose N-Acetyl-p-galactosamine
Glc GIcNAc Gal GalNAc
HO,C
Ho—\MO HO 9 HE SN0
HO% Ho OH HSMOH
HO OH OH
OH
D-Mannose D-Xylose D-Glucuronic acid
Man Xyl GIcA
OH
0/ ~oH He OH aan
OH H o ”
HO OH AcHN
OH
L-Fucose N-Acetylneuraminic acid
L-Fuc Neu5Ac

Essentials of Glycobiology
Second Edition Chapter 2, Figure 2.4

Ha »ToM cnaiiie npuBeieHbl CTPYKTYpbl TUITMYHBIX MOHOCAXapUJ0B YITIEBOJHBIX
Henei NIMKONPOTEeMHOB U TIIHMKOC()UHTOIUINIOB.

OTO TpU T'eKco3bl (T.€. LIECTUYIIEPOIHBIX caxapa) — D-miroko3a, D-manHO03a 1 D-
rajakTo3a.

OnHa neHro3a — D-kcuito3a.

OnHa ne3okcurekcosa — (hykosa, KOTopas B KJIETKaX KHUBOTHBIX Bcerjga umeer L-
KOH(Urypanuio (0TMedy, 4To B OaKTepUsAX 3TO HE TaK).

OOparuTe BHUMaHUE HA TO, YTO — BOIIPEKU yCTOSIBIIMMCS MU(paM — 1aJIeKo He
Bce caxapa umerot D-kondurypanuto.

JIBa ammHOcaxapa — N-anetunrpoBaHHble Ipou3BoAHbIe D-niiroko3amuna u D-
rajlakTo3aMuHa, (OpMaIbHO MOMyYyaeMble U3 TIIOKO3bI U TaJlaKTO3bl 3aMEHON
OJTHOM U3 TUAPOKCHIIbHBIX TPy HA aMUHOTPYIIITY.

W3 ypoHOBBIX KHCIIOT MOKa3aHa TOJIbKO D-TioKypoHOBas KucioTa, GopMaIbHO
nojy4yaeMasi U3 IJTFOKO3bI 3aMEHOH THIPOKCUMETHUIIBHOM TPYIIIBI Ha
KapOOKCHIIBHYIO.

U ouensp ciiokHBIN Ha BUJ AEBATHYIJIEPOAHBIN caxap - N-aleTHIHEHPaMUHOBAs
KHCJIOTA.

[HonpoGuee o criocobax n300pakeHHs caxapoB Mbl TIOTOBOPUM CETOHS BO
BTOPOI YaCTH JICKIIMU M HA CEMHHAPAX.
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Moaundwvkaumm no ruApoOKCUNbLHON U aMUHO 26

r nnam
Py OHpoToKcUH E. coli

MeHTacaxapug aHTureHa HNK-1 oROn
HO on HO _on To o oH
HO,C, o 9= o o HO 6 HoOH
o} o 3
HO NHAc HO oH
le) Q
HO—E-O’ﬁO:
H% o NH Hg S
Cuwanun(nonunpexun)pocdar ol 0% 0T o
o o o 0-P-0-P-OH
OH coH § o Ho 9
HO%O/W\OT\_W W_;f(}; HO OH OH
AcHN o — — —
HO s Kdoo-Lipid A
(Endotoxin)
14
14
FaHrnmoaung Gy,: KMCIoTa 1 NakToH w2 M
" o
%C\ OH_on HNJ\/\/\/\/\/\/\/\/\
HO M~ o HO- s
OH
HO _on j\/\/\/\/\/\/\/\/\ CbOCCbaT
fo) HO HN
HO OO%SMOV:\‘/\/WWW aU.eTV'” (aLl,l/U_l)
HO . HO OH
w NaKTOH
AcNH G

OTnensHO HA/IO OTMETUTH BO3MOXHOCTh MOAM(PUKAIIMA MOHOCAXapUIHBIX
OCTAaTKOB TIO TUJPOKCHIIBHOW M aMHHO T'PYIIIIaM.

Oto cynbdarsl, pocdarsl, areraTsl, 1 BOOOIIE allMJIbHBIC 3aMECTUTENN H B
YaCTHOCTH BHYTPHMOJICKYIISIPHBIC CIIOKHBIE 3(UPBI — TAKTOHBI.

BoT HECKOIBKO MPUMEPOB.

B 10 Bpems kak cynbdar Bcerna HaxOAuTCs Ha MepruGEepur MOJIEKYIIbI, OCTaTOK
dbochopHOIT KHCITOTHI MOKET OBITh KaK TEPMUHAJIBLHBIM 3aMECTUTEIIEM, TaK U
SIBJISITBCS KOMITOHEHTOM OCHOBHOM IICTIH.

N3 anuibHBIX 3aMeCTUTENIEN CaMbIM PACIIPOCTPAHEHHBIM sIBIsAETCA aneTui. [Ipu
AlETHIMPOBAHUH TUAPOKCUIIBHBIX TPYIIT 00pa3yroTCsl CIOKHBIE AIPUPHI —
auerarsl. [Ipy aneTrmiimpoBaHuM aMUHOTPYIII — alleTaMUHBIE ITIPOU3BOIHBIE.

OcTaTKy KUPHBIX KUCIOT MOTYT allMJIMPOBATh KaK THPOKCHILHBIC TPYIIIbI, TaK
¥ aMHHOTPYIIBL. DTO THIIMYHOE 3aMEIEHHUE B IUIHIE A, SBISIONIEMCS
KOMITOHEHTOM 2HJIOTOKCHHA OakTepuid. [Ipo 3T cTpyKTyphI y Hac OyzmeT OoJee
OPOOHBIN PA3roBOp HA TPEThEH JICKIIUH.
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CnmBonbl MOHOCaxapuaoB U TUNOB CBA3eUn 27
(crapas cuctema)

A - Glucose (Glc) @ Hexose, A = Fucose (Fuc)

O = Mannose (Man) unspecified (Hex) 7 = Xylose (Xyl)

@ = Galactose (Gal) .= Siallc acld, unspecified (Sia)
B = N-acetylglucosamine (GlcNAc) & = Glucuronic acid (GlcA)

O = N-acetylgalactosamine (GalNAc) @ = Iduronic acid (IdoA)

Pl = N-acetylhexosamine, unspecified (HexNAc) O:Urnnic acid, unspecified (HexA)
Ac = O-acetyl P = Phosphate S = O-Sulfate NS = N-Sulfate NH; = free amino group

A
&30 4Wp200 3
Ggf)fsnl;ul
sAcdpac@p alp20

Essentials of Glycobiology
First Edition Chapter 1, p. 11, Figure 1.4.

[Ipu yrenuu nuTepaTypsl BaM BCTPETATCS KpaTkue TpexOyKBEHHbIE 0003HAuUEHUS
MOHOCaxXapHuIHbIX ocTaTkoB. OHU MOKa3aHbl B CKOOKax. B mocneanee Bpems B
TJTUKOOMOJIOTUYECKOM JTUTepaType st 0003HaY€HUS MOHOCAXapHuaI0B B COCTaBe
OJIMTOCaxapu0B BCE Yalle UCIOIb3YIOT BOT TaKue MUKTOrpammel. Ha sTom
claiifie MpUBeIeH IepBOHAYAIbHbIN YepHO-0eNblil BApHAHT, B KOTOPOM pa3Iuyius
B (hopMe U 3aJIMBKE OMPECISIIOT MOHOCAaXapUIHbIA OCTaTOK.

[IpenycmoTpens! crenuanbHble CUMBOJIBI I 0003HAYECHUS
MOIU(UKANA MOHOCAXapUIHBIX OCTATKOB IO TMAPOKCUILHOW U aMUHO
rpynnam (cynbdarsl, ¢pocdaTsl, aleTars).

C >tMu 0003HaYEHUSAMH BbI BCTPETUTECH B OOJIee CTaphIX YePHO-OETIBIX
myOIUKaIHsIX.
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CunmBonbl MOHOCaxapuaoB (HoBasA cuctema) 28

(O Galactose (Gal) * Xylose (Xyl)
[] N-Acetylgalactosamine (GalNAc) ‘ N-Acetylneuraminic acid (NeubAc)
N Galactosamine (GalN) <> N-Glycolylneuraminic acid (Neu5Gc)
@ Glucose (Gic) & 2-Keto-3-deoxynononic acid (Kdn)
[l N-Acetylglucosamine (GIcNAc) A Fucose (Fuc)
N Glucosamine (GIcN) & Glucuronic acid (GIcA)
@ Mannose (Man) <> Iduronic acid (IdoA)
B N-Acetylmannosamine (ManNAc) <I> Galacturonic acid (GalA)
N Mannosamine (ManN) <} Mannuronic acid (ManA)
.‘., Essentials of Glycobiology i
Second Edition Chapter 1, Figure 5

B nanpHeiniem sta cuctema 0003HaueHU ObllIa MOAM(PUITUPOBAHA U B
HACTOSIIIIEE BPeMsI OHA SIBJISICTCS OOIICTIPUHSITOM.

CDopMa IMUKTOTrpaMM COBIIAAACT Y MOHOCAXapua0B, OTHOCAIIHUXCA K OTHOMY

KJaccy (HampuMep, CUMBOJIBI BCEX I'eKCO3 KpyIyIble, aMUHOCaxapa — KBaJparhl,
BCE€ KHCIIOTHI - pOMOBI).

JIist pa3nudeHus OTIeIbHBIX PEACTaBUTENeH ObUT T0OaBIIEH IBET.
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CvMBOnbI TUMOB CBA3eN B onurocaxapuaax 29

FULL REPRESENTATION
9-0-Ac-Neu5Acpa2-3Galpfi1-4GlcNAcpf1-2Manpa Fucpal
3Manpﬁ1 -4GlcNAcpf31-4GIcNAcp[1-Asn
3-0-S03Galpp1-4GlcNAcpp1-2Manpal

MODIFIED REPRESENTATION
9Ac-NeuS5Aca2-3Galp1-4GIcNACH1 -2Manun16 Fucal

Manf1-4GlcNAcp1-4GIcNAcp1-Asn
3S-Galp1-4GIcNAcp1-2Manad

SIMPLIFIED REPRESENTATION
9-O-Ac-Neu5Acu3GaI|-34GIcNAc|'52Mana6 Fuca

Manf4GIcNAcp4GIcNAcf-Asn
3-0-S0;Galp4GlcNAcp2Mana
SYMBOLIC REPRESENTATIONS

sAcgpas Op4 2@

1 a
B 6
@Ml

3

35O 2@

Asn

Essentials of Glycobiology
Second Edition Chapter 1, Figure 5

J11 IOJTHOTO ONHMCaHUs CTPYKTYpPbI OJIUrocaxapuaa HeOOXOAMMO yKa3aTh TakkKe
MOJIOKEHHUE 3aMEIICHUS 1 KOH(PUTYPAII0 aHOMEPHOTO LEHTPA. DTO MOKHO
cenaTh BOT TaKMMH criocobamu. Bam BCTpeTsTCs BCe BapUaHTHI.

3neck NpUBEAECHBI IPUMEPHI MMKaHOB N-11eneil mukonporenHos. O
[JIUKOTIPOTEMHAX MbI OyZIeM TOBOPHUT HA TPETHEH JICKIIHH.
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CuMBOnbI TUNOB CBSA3ei B nonucaxapuaax 30

GIcNACB4GICAB3GICNACBAGICAB3GICNACBAGICAB3GICNACBAGICAB3GICNAC4GICABSGICNACRAGICAB3GICNAC

W54 Sp3 M+ S 63 P+ S 3R © 53+ S B34S B3

Hyaluronan

GalNAC4SBAGIcAB3GaNACASBAGICAB3GaINACASE4IdoAx3GalNACASBAIdoA2S3GalNACASBAGICAB3GaINACAS
4 4s 4s 4s 4s 4s

S
[C1p4&p3[T]p4 & p3[]p4 po3[[]p4<po3[[]p4 €5p3[]
28
Chondroitin/Dermatan sulfate

GICNAca4GIcAﬁ4GIcNS6Scx4GIcA[54GIcNAca4GIcA[S4GIcNSGSoc4GICA[54G|cNS3SGSa4IdoA28cx4GIcNS

.a4064.a4e ﬁ4.a40 p4 .a40[34.0c4@a4.
NS NS3S 2S NS
Heparan sulfate/Heparin

Essentials of Glycobiology
Second Edition Chapter 1, Figure 5

A BOT Tak MOXHO M300paxarh CTPYKTYpy HOJIHCAXapUI0B.
DTO0 ruasypoHOBasi KMUCIOTA, 3TO XOHAPOUTHH-CYIb(aT, a 3TO renapuH.

O nonucaxapunax Mbl OysieM TOBOPHUT Ha YETBEPTON JICKIHH.
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OCHOBHbI€ KNnacchbl MMUKAHOB XNBOTHbIX 31
PROTEOGLYCANS

Hyaluronan

GLYCOSYLPHOSPHATIDYLINOSITOL
(GPI)-ANCHORED GLYCOPROTEINS

25
Dermatan sulfate

QG@ i GLYCOPROTEINS
SIS
GalNAc [] O
IcNA
R ; cI:H;-cHg-Nh N-Glycan
poef | GLYCOSPHINGOLIPID
Glc @ :
Man @ RO 0O-Glycan
Gy ety
Fuc A\ o:g 3=o o -o-m-0-¢ O-Glycan
Xylﬁ Exterior
Sialic acic fp|  Membrane YRk o et QU s et el
GlcA Q Cytosol
[Ser/Thr}
IdoA &> 0O-GlcNAc
E GLYCOPROTEINS

10.  The Sugar Code. Fundamentals of glycosciences, 2009, 569 pp.
49. H.-J. Gabius, et al. Trends Biochem. Sci. 2011, 36, 298. The Sugar COde

62.  D. Solisa, et al. Biochim. Biophys. Acta 2015, 1850, 186. rn NKO Kon

A BOT TaK C MOMOUIBIO 3TUX CUMBOJIOB MOYKHO M300pa3uTh CTPYKTYPY OCHOBHBIX
KJIACCOB TNIMKAHOB KUBOTHBIX.

OOparuTe BHUMaHUE HA IPUCYTCTBUE PAa3HOOOPA3HBIX HEYTIICBOIHBIX
3aMecTHuTeNed, MOTUMUIIMPYIONUX B OMPENCICHHBIX MECTaX YITICBOJHYIO IIETIh.

OT10 cynbdaTHas rpyIa B MPOTEOTNIMKaHAX W TIIMKOJTUITHIAX.

Ot1o pocdarHas rpymnmna B DIMKONPOTEMHAX W TIIMKOIMNHaX. HamoMHr0, 94T
docdar MoxeT ObITH OOKOBBIM 3aMECTHTENIEM, @ MOXKET OBITh YaCThIO ITIABHOU
(21178

O muKoNpoTenHAax MbI Oy/1eM TOBOPHUTH Ha TPEThel JIEKIINH.

O ruKonUMUIax, MpOTEOrIMKaHAX U TIOJIMcaxapuiax Mbl OyJiIeM TOBOPUTH Ha
YETBEPTOM JIEKIUH.

Ha »Tom craiizie XopoInio BUIHO, 9YTO B OTVIMYUE OT OCITKOB M HYKJICHHOBBIX
KHCJIOT YIJIEBO/IBI CIIOCOOHBI 00pa30BhIBATH OIPOMHOE Pa3HO0Opa3ue Kak
JUHEHUHBIX, TAK U Pa3BETBIECHHBIX CTPYKTYP, TOJIBKO HEKOTOPHIE U3 KOTOPHIX
MOKa3aHbI 3/1€Ch.

Takas cutyarus co3naet paHTacCTUIECKHUE BOSMOKHOCTH IS KOIUPOBAHUS
uH(GOPMAIUHU C TIOMOIIBIO YITICBOAHBIX CTPYKTYP. YIJIIEBOABI — OYCHb
MOJIXO/ISIIIIasl MaTepUalibHasi OCHOBA ISl KOAUPOBAaHMS MH(OPMAIIIH, B
HEKOTOPOM CMBICIIE JlaXke OoJiee MOAXOAAIIasl, YeM OCITKH U HYKJICMHOBBIC
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kucioTel. Hanprumep, 1Be 0OIMHAKOBBIE aMHUHOKHUCIOTHI MOKHO COEAMHUTH APYT C IPYTrOM
TOJIBKO OJHUM CHOCOOOM (M3 HUX MONyYaeTcs TOJIbKO OJUH JUnentum). To e u ¢ IBymMs
OZIMHAKOBBIMHU HYKJICOTHAaMU — U3 HUX 00JIee OIHOTO AMHYKJICOTHa HIUKAK He
nostyuutcs. OgHako U3 ABYX MOJIEKYI IIIFOKO3bl, COEUHSAS UX JPYT C APYTOM I0-pa3HOMY,
MOKHO IMOJIYYUTh LENbIX JEBATH pa3HbIX AucaxapuioB. Haunmnas ¢ Tpucaxapuna,
BO3MO)KHO 00pa30BaHNE Pa3BETBICHHBIX CTPYKTYP.

B Hacrosiiiee Bpemsi, 10 aHAJIOTHUU C TEHETUYECKUM KOJIOM, TSI OMOJIOTHYECKOM
uH(OpMaIuu, 3aMMCaHHON SI3bIKOM YTJIEBOJIHBIX CTPYKTYP, YIOTPEOIsSeTCs BhIpaKeHUE
Sugar Code, T.€. yI7I€BOIHBIN KO UITN TITMKOKO/I,.

I'mukoGuosnorus 3aHMMaeTCst €ro pacinppoBKOH.

NmenHo 06 3ToM MBI OyZieM TOBOPUTH Ha BCEX JIEKIUAX.
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Nekuyuna 1

BeeneHue B rnukobuonoruto

CTepeOXI/IMI/IFI MOHO- 1 oJfinrocaxapumoons

32

Comprehensive Glycoscience. From Chemistry to System Biology, Kamerling, J. et al. (Eds.), 2007, Ch. 1.01, p. 1-16.

. H. K. KouerkoB u ap. Xumus yanesooos, 1967, c. 17-31.
18.  M.A. Macnos, H.I. Mopo3oBa. Ocrogut xumuu yenesooos. Yacms 1. 2005, c. 4-10.
. 10. C. IllabapoB u np., Mono- u oucaxapuowt, 2010, Yacmo 1, c. 24-43, Yacme 11, c. 39-50.

BaxHO MOHMMATh, YTO HAa CAaMOM JIeJIe CKPBIBACTCS 32 TAKMMHU KPAaCHBBIMU
0003HAYECHUSAMHU.

[ToatomMy Tenepsb nepenieM Ko BTOPOM YacTH JIEKINUH, IOCBALIEHHON
HOMEHKJIaType U CTEPEOXUMUHM yriieBo10B. Ha camom nene, MMeHHO
IPOCTPAHCTBEHHOE PACIpPEEICHUE ONPEAECICHHBIX aTOMOB MOHO-, OJIUTO- U
MOJIMCAXaPUAO0B ONpPEEIsIeT X XUMUUECKHe, PU3NYeCKrue U OMOIOTHYEeCKUe
cBoiicTBa. HeMHOro npeysennyuBasi, MOXKHO CKa3aTb, YTO ITOYTH BCE
ONpENENAETCA CTEPEOXUMUEH.

CCFOI[H}I MBI OTPaHUYIUMCS TOJIBKO CTCpCOXI/IMHCﬁ MOHO- 1 OJIMTOCaxapuJa0B.
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CTpoeHne MOHOCaxapuaos 33

CARBO-HYDRATE Ho—H 4mm L

n=3-9
anbfo3bl D-psga CH,OH
L-rnuuepunHoBbIv
CHO ' D cHO anbaerng
H b o
3 _ CH,OH OH
1,311’0 CH,OH D-IM1LEPUHOBBIi CH,OH AR
anbgerng
D-aputpo3sa D-Tpeosa
CHO CHO
iy 647 AT
enToP
n D-pn6o3a — T ©OH HO ——
—OH 4mm D D mmp —[OH
CH,OH CH,OH
D-apabuHosa D-nukcosa
o3P
re"o D-rntoko3a D-maHHO3a D-ranakTosa D-tanosa

Bce cnoxnblie YIII€BOABI MOT'YT IIYTEM KHUCJIOTHOT'O TUAPOJIM3a OBITh pacieTICHbL
Ha MOHOCaxapuJibl, KOTOPBLIC JAJIbIIC HC PACIICIIIIAOTCA.

Kak ke ycTpoeHbl MOHOCAXapHuabl, U3 KOTOPBIX TIOCTPOCHBI 0OJIEE CIIOKHBIC
YIJI€BOJbI?

Hazsanue YIJIE-BO/I camo roBopur 3a ceds. dopmanbHO, Ha OJUH aTOM
yIiepoaa NpUXOJUTCs OIHA MOJieKyJia BoAbl. AHHiickoe Ha3Banue CARBO-
HYDRATE npeanaraer cuuTarb yriieBOAbl TUAPATaMH YIIIEPOJA.

Bce tunmunbie YITICBOABI ABJIAKOTCA THAPOKCUAIIBACTUAAMHA WU
THAPOKCHUKCTOHAMMU. MX Ha3bIBaIOT TaKXkKe aJIbJI03aMH1 U KCTO3aMHU.

Bo Bcex mpucyTcTBYeT 1eTb XUPATbHBIX THAPOKCUMETHIIEHOBBIX (DParMEeHTOB U
OKCO-TPYIIA AJIbJIETUAa UIN KETOHA.

[Ipocreiimen TpexyriepoJHON allb0301 ABISAETCS IMLEPUHOBBINA adbAETHI. DTO
— Tpuo3a (He myTaTh ¢ TPE030ii- YeThIPEeXyIJIEPOIHBIM CaXxapoM C TPEO-
KoH(purypauueit!). Momnekynbl Tpruo3 copepkaT TpU aTroMa yriaepoa.

[IpucoenrHenue oHOM I'MAPOKCUMETHIIEHOBOM IPYIIIbI 1A€T TETPO3bI, JBYX —
MEHTO3bI, TPEX — FeKCco3bl U T.1. Ha3Banue oTpaxkaeT oOliee Yncio yriiepoaHbIX
aTOMOB B MOJIEKYJIE MOHOCAXapuaa.

B monekyne mmnepanpaeruaa OIpucyTCTBYET OJUH XUPAIbHBIN LIEHTP, YTO
IIPUBOJHUT K CYLIECTBOBAHUIO JIByX SHAHTHOMEPHBIX ININLEPAIbIACTUIOB —
ponoHadanbHUKOB D- 1 L-panoB anpno3. D-runepansaerux nokasaH ciesa, y
HEro ruApOKCUIIbHAA TPyIINa Ha 3TOM CXeMe HarpasiieHa BOpaso. Crpasa
nokasaH L-mmnepanbaerus, y Hero ruJpOKCHIIbHAs TpyMa Ha 3TOM CXeMe
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HaIpaBJieHa BIEBO. JTO YCIOBHBIE CXEMbI, Ha3biBaeMble npoekuusiMu Dumiepa. O6 31oit
IPOEKIMH — Ha clieAyromux ciaigax. Ceiiuac BaKHO, YTO MOJIOKEHUE 3aMECTUTEIS
CrpaBa U cjieBa OT BEPTUKAIBLHON JTMHUU, 0003HAYAIOUIeH YIIIepOAHYIO LElb,
cootBetcTBYeT npotuBonoiaokHsIM OTHOCUTEJIBHBIM kondurypanusm
COOTBETCTBYIOILIETO XUPAIBLHOTO IIEHTPa, 0003HAYAEMOTO MEPECEUCHUEM BEPTUKAIBLHOU U
TOPU30HTAJIbHOW JINHUM.

CnoBo pAA BOBHUKACT BCIICACTBHUC TOT'O, UYTO HAa OCHOBC 3THUX ABYX POAOHAYAJIBbHBIX TPHUO3
MOT'YT OBITH IIOCTPOCHEI — (bOpMa.]'ILHO N XUMHUYCCKH — BCC OCTAJIBHBIC aJIBJ1O3bI.

[Ipu 3TOM T€, y KOTOPBIX XUPAIBHBINA UEHTP PSAOM C TUAPOKCUMETHIIBHOW TPYIIIION,
UMEET BOT TaKyl0 KOH(QUTYpaIHio OTHOCSATCS K D-psiy, BHE 3aBUCHMOCTH OT
KOH(UTYpaLlUU OCTaJIbHBIX aTOMOB. T€ ajabl03bl, Y KOTOPHIX XHPAIbHBIA LIEHTP PSIOM C
THIPOKCUMETUIILHON TPYIIION HMEET MPOTUBOIIOIOKHYIO KOH(pUTypannio oTHOCATCS K L-
psany. Uaeimu cnoBamu, ABCOJIFOTHA S xoHduryparus 3Toro eHTpa onpeaeser
OOPMAIJIBHYIO ABCOJIFOTHYIO kondurypamuto Bceil MOJICKYIbI aabI03bl.

VYnnuHeHue 1enu ajaba03 MPUBOIUT K JBYM HOBBIM alibJ03aM, KOTOPBIE Pa3INdatOTCs
KOH(Urypanuen ToIbKO OTHOTO ACHMMETPUYECKOTO LIeHTpa. Takue CoeTMHEHUS
Ha3bIBAIOTCS SUMepaMu. Tak 3puTpo3a — dnuMep Tpeossl o atomy C-2. HanmomHro, uto B
OpPraHMYeCKON XUMUH MPUHATO JaBaTh HAUMEHBUINI HOMEp aroMa caMoi cTapIueit
(GyHKIMOHATIBHOW TPYNIE, B TAHHOM CITy4ae ajbJACTUIHOM.

33



Anbpo3bl D-psiga

34

CHO
H OH
CH,OH
D-rnuuepuHOBBIN anbaerua
CHO CHO
H——OH HO——H
H——OH H——OH
CH,OH CH,OH
D-apuTtpo3sa D-Tpeo3sa
CHO CHO CHO CHO
H——OH HO——H H——OH HO—1—H
H——OH H——OH HO——H HO——H
H——OH H——OH H——OH H——OH
CH,OH CH,0H CH,OH CH,0H
D-pu6o3a D-apabuHo3a D-kcunosa D-Jlukco3sa
CHO CHO CHO CHO CHO CHO CHO CHO
H——OH HO——H H——OH HO——H H——OH HO——H H——OH | HO——H
H——OH H——OH HO—1—H HO——H H——OH H——OH HO—1—H HO—1—H
H——OH H——OH H——OH H——OH HO——H HO——H HO——H HO——H
H——OH H——OH H——OH H—1—OH H——OH H——OH H—1—OH H——OH
CH,0H CH,OH CH,OH CH,OH CH,OH CH,OH CH,OH CH,OH
D-annosa D-anbTpo3sa D-rnoko3a D-maHHO3a D-ryno3a D-uposa D-ranakto3za D-tanosa

Ha stom cnaiiie npuBeieHbl Bce alib103bl D-psifa oT TpHO3bl 40 TEKCO3bI.
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CH,OH
c=0
H——OH
H——OH
H——OH
CH,OH

D-ncukosa

Keto3bl D-psapa

(|2H20H
¢=0
CH,OH
[OUrMOpPOKCUaALIETOH
GH,O0H
c=0
H—-OH
CH,OH
D-aputpynosa
CH,OH CH,OH
20 c=0
H OH HO H
H OH H OH
CH,OH CH,OH
D-puGynosa D-keunynosa
(|3H20H (I:HZOH
Cc=0 c=0
HO H H OH
H OH HO H
H OH H OH
CH,OH CH,OH
D-dpykToza D-cop6o3a

H——OH
CH,OH

D-taratosa

35

Ha stom cnaiine npuBeeHbl Bce KeTo3bl D-psijia OT TPUO3bI JO IT€KCO3bI.
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Cnoco6bl nsobpaxeHunss MoHocaxapuaos: Glc 36

6
CH,OH
» Xeyopc
HOH,C HOH,C,
) MMJ_”_IC HOm- ~oiOH - HOm- OH
HO OH HO oH
H\C/O
-0-Gl -D-Gl ‘
a-D-Glucopyranose B-D-Glucopyranose H—(")—OH
» duiep i
H—(‘:‘,—OH
H—C—OH

CH,OH
OH

» KOH®OPMaLMOHHbIVA HO%OH
cnocob («nepcrnekTnBHble» ™

doopmyrbl)

OI[I/IH 1 TOT X€ MOHOCaxapua MOXHO I/I306paSI/ITI> IIO-pasHoOMYy.

31ech OKa3aHbl pa3InyHbIe CIOCOOBI M300paKEHHSI MOHOCAXapU/1a TIIFOKO3BI,
BO3HUKIIIME B PA3IMYHBIC HCTOPUUYECKHUE TIEPUOJIBI U OTPAKABIIHE MTOTPEOHOCTH
TOTO BpeMeHHU. BbI BCTpeTuTe B uTeparype Bce BapuaHThl. EcTh cuTyaruu, xoraa
MPEAMOYTHTEIIBHEE UCIIOJIB30BATh TOJIBKO KAKOH-TO KOHKPETHBIN CITOC00
M300paKeHHSI MOHOCAXapHUJIOB.

[TepBbie Tpu BapuaHTa Ha3bIBAIOTCSA MpoeKusAMU. Kaxkiast 13 HUX HOCUT UMs
YyeJIoBeKa, ee MpeIoKuBIIero. 1o npoekunn Ouiepa, Xeyopca u Muiica.
OnHu npecneayoT TOIBKO OHY IIe)Ib: KOPPEKTHO 0TOOPa3UTh KOHPHUTYPALIHIO
KaXXI0TO XMPaJIbHOTO IIEHTpa U He Oonee. [[s n3o00pakeHns NUKIMYECKUX (HopM
MOHOCAXapuJI0B B HACTOSAIIEE BpEeMsI HCIIOJIb3YIOT TIIABHBIM 00pa30M MPOCKIIUU
Xeyopca nnu Muiuica.

[Tocnennuii BapuaHT 3/1€Ch YCIOBHO Ha3BaH KOH(POPMAIIMOHHEIM. B 3TOM citydae
JIeNIaeTCsl MOMbITKa N300pa3uTh Ha TUNIOCKOCTH PeajibHOE PACIIOIOKEHNE aTOMOB
MOHOCAxXapH/ia B IPOCTPAHCTBE.
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Mpoekuna ®uwepa: npocTenwme anbaosa/ketosa 37

H O
1 1 Y H\1 /O 1
\ -~ e’ o HOM,G ?H2OH
- £ z
I z z
Q\-‘CHO He—C —aOH Name I: DL —= H—2C—OH 2T=0 2 c|:=o
C T 5 s
: CH,0H 3CH,OH e 3 CH,0H
D-Glyceraldehyde 1,3-Dihydroxy-acetone
i I
Hm—C—aOH == H—(|3—OH = H OH == OH
¢ C
(@) (I:HO CHO
H-C-OH HO-C-H
1 I
CH,OH CH,OH
p-Glyceraldehyde L-Glyceraldehyde
(aldotriose) (aldotriose)
(b) OHC CHO
HO yk A’"" OH
H
HOH,C H CH,OH

p-Glyceraldehyde

L-Glyceraldehyde

Uro ke Takoe npoekius Puiiepa? I1o - Hanboee MPOCTO U UCTOPUUECKU
NEePBBIN CIIOCO0 N300paKEHHSI MOJIEKYI, COAEPIKAIIUX XUPATbHBIE EHTPBI. ITO -
B TO K€ BpeMs CaMblil BXXKHBIN CIIOCO0, T.K. BCE OCTAJIbHbIE BaPHAHTHI
n300paKeHHsI MOHOCAXapuA0B 0a3upyrOTCa Ha XOpOIIeM TOHUMaHUU TOT0, KaK
ycTpoeHa npoekuus @umepa. Ita TeMa 00bIYHO AOCTATOYHO TPYAHA AT
HAYMHAIOIIUX, IOATOMY CETOIHS 5 YN0 €l J0CTaTOYHO MHOTO BPEMEHU. A
IIOTOM MBI BEpHEMCS K Hell Ha ceMUHapax, e Mbl OyJieM peliarh 3aaqH.

PaccmorpuMm nocrpoenne npoexuu Ouiiepa 11 NpOCTENIIEN AJIbA03bI —
[IMLEpabAeruia, MOJIEKyla KOTOPOro BKIKOUAET TOIBKO TP aToMa yriiepoja,
cpenHull (LIEHTPaIbHbBIN) U3 KOTOPHIX UMEET Pa3IMYHbIE 3aMECTUTENH U MTOTOMY
SIBJISIETCS. XUPAJIbHBIM.

Kak u3BecTHO, 3aMecTUTENN BOKPYT aToMa yriiepoja pacioiararoTcsi B BEPIIUHAX
TeTpa’apa. B JaHHOM mpocTeiiieM cirydae MOJIEKYITy pacrojaraioT Tak, YTOObI
3aMECTHUTENH MPH LIEHTPAIBHOM aTOME YIIEpo/ia MONall B BEPIIMHBI TETPadIpa,
a caMm aTroM pacrioyiarayics B ero uenrtpe. [Ipu arom ¢ HAaUMEHBITUM HOMEPOM —
anbJErUAHAs TPYIIa — pacCHoJaraloT «CBEPXY», KaK 3TO IOKa3aHo 371ech. Tpu
aroma yrieposa o0pasyloT BEpTHKAIbHYIO TIOCKOCTb.

Buano, yTo anpaeruaHas ¥ TMAPOKCUMETUIIbHAS TPYNIIbI PACIIOIOKEHBI 103311
LEHTPAJIBHOIO aTOMa — JIAJIbIIe OT HAac (CBS3U IOMEYEHBI IITPUXOBKOW), @ aTOM
BOJIOPOJIa U THIPOKCHUIIbHAS TPYTIIa PAaCIOI0KEHBI OIMXKeE K HaM (CBsI3U
MOMEYEHBI CIUIOLTHBIMU KJIMHBIIKaMHK). [Ipu Takoi opueHTamm MoJIeKyIbl
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yIJIepoHasi enb BRITAHYTA B JIMHUIO B BEPTUKAJIHLHOM HANPABICHUH U BBIMYKJIA 110
oTHoIIeHHIO K HaM. Ha Hac cmoTput «rop6», 06pa30oBaHHBIN IEHTPaJIbHBIM aTOMOM
ymiiepoza.

3areM OpUEHTUPOBAHHYIO MOJIEKYIY MPOELUPYIOT Ha INIOCKOCTb, IEPIEHANKYISIPHYIO
IJIOCKOCTH, 00pa30BaHHOM TpeMs aTOMaMH yIiiepoja. JTo MOKa3aHo cieBa. Toraa
3aMECTUTENb, HAXOAALIUICS CIIPaBa OT BEPTUKAIbHOM MJIOCKOCTH, B KOTOPOU JIEHKUT
yIJIepoaHasi eMb, OKaKETCsl Ha MPOEKIIUU CIIpaBa OT BEPTUKAJIH, a PACIIOIOKEHHBIN clieBa
— cneBa. OT CcBsi3€i, COEUHAIOMINUX aTOMbI, HA TIPOEKIIUU OCTAIOTCS MEPIEHAUKYIISIPHBIC
npsiMble JTMHUH, KOTOPbIE TIEPECEKAIOTCSI B MECTE PACIIONOKEHUS [IEHTPAJIBLHOTO aToMa.
[Tony4daercst BOT Takast KapTHHKa (crpaBa). Eciiu ruipokcuibHas Tpymnia pacnoiokeHa
CIpaBa OT BEPTUKAJIBHOM JINHUHU, TO TOBOPSAT, YTO TAKOM XUpaIbHBINA HEHTp uMeeT D-
KOH(Urypanuio (3To Tak B HameM npumepe). Ecnu cnesa, To L-koHurypanuio.

B nenTpe ciaiiia nokasaH rnepexoj OT KJIMHOBUIHBIX CBsi3el K npoekuuu duinepa s
M30JINPOBAHHOI0 aTOMa YIJIEpO/a, C OAHUM aTOMOM BOZOPOJA U OAHOM THIPOKCHUIBHOU
rpynnoi. CHMBOJIBI aTOMOB YITIEPOJIa YacTO OIYCKAOT U MOJYYaroT YIPOIIEHHOE
n3zoo0paxenue npoeknuu Ouimepa. [lepeceuenns nuHnii 0003HAYAIOT aTOMBI YITIEPO/aA.
Taxol BapuaHT MOXKHO BCTPETUTh B yUeOHUKAX.

MOoXHO MONTH 10 3TOMY ITyTH Jajbllie U HEe U300pakaTh aTOMBI BOJOpPO/Ja BOOOIIIE,
OCTaBUB TOJIBKO HEBOAOPOAHBIE 3aMecTUTENU. HesBHO noapazymeBaeTcs, 4To aToM
yIJIepojia YeThIPEXBAJIIEHTEH U YTO BCE HE M300paKEHHbIE 3aMECTUTENH SIBIISIIOTCS
aroMaMH BOJOpOJa. DTOT BapHAHT MOKA3aH CIIpaBa. JTO - COBPEMEHHBIN BapUaHT
npoekiuu duriepa, ¢ KOTOPHIM MOYXKHO BCTPETUTHCS B PEAIbHBIX HAYUHBIX MyOIHKAIHUSIX.

Bce ocranpHbIe caxapa MOCTPOCHBI U3 TAKMX XUPATBHBIX THAPOKCUMETHIICHOBBIX
3BeHbEB. [l09TOMY MX M300pakeHne B mpoekinu Durnepa 6azupyeTcs: Ha IPABHILHOM
COWICHEHUHU DTUX OJIOKOB.
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Mpoekunsa ®uwiepa: TeTpo3a, NeHTO3a U rekcosbl 38

s 0 o] o
HZ° W'/ s L H-
; ¢ i c
2 Z 2 EY
H—C—OH H mT = OH HO—C—H HOm=—C —=aH
Name ) | s |
o — H—(‘S—OH Hm—C—aOH  Name HO —(‘J—H HOl--(‘J--IH
*GH,0OH CH,OH L —= H—4(‘3—0H Hom C == OH
5 H
D-Erythrose CH,CH CH,OH
D-Lyxose
o
H, 1 20 1 4
1
\T/ H—g? c‘:HEOH GH,0H
2 z
H—C—OH H--(|:--0H 2?20 2C=—0
3 =
HO —C—H HO e G —=tH HO—C—H  HOw=—C—aH
Name 4 | I 4 ‘
H—C—OH H s C == OH H—C\:—OH Hm G~ OH
DL —> H—C—OH H e Gt OH H—“’(\:—OH Hm G~ OH
SCH,0H CH,OH 8CH,0H CH,OH
D-Glucose D-Fructose

Bot ueTbipex-ymiepoaHslii caxap 3puTpo3a. YIIIEPOAHYIO LIENb BBITITUBAIOT B
IUIOCKYIO BEPTUKAJIBHYIO JIMHUIO TaK, YTOOBI alIbJIErH/IHAs TPyIa pacioiaraiach
CBEPXY, a BBIMYKJIOCTh OblIa HampasjeHa Ha Hac. [IpoenupoBanne Ha TIOCKOCTh
TaK OPUEHTHPOBAHHOM MOJIEKYIIbI Ja€T BOT TaKylO MPOEKIIHIO, TIe 00e
TUIPOKCWIBHBIX TPYIIIBI PACHIOJIOKEHBI C OHOM U TOW e CTOPOHBI
®OPMAJIBHOM mnockocty, Brmrodaromieir BCE atomsl yrepona. B nannom
ciydae crpasa. T.e. 00a neHTpa umeroT D-koHnburypanuro. [loguepkny, uto D- u
L-xoH}urypanum Mo>KHO MPUIHUCHIBATH KAKIOMY M3 LIEHTPOB MO OTAEIBHOCTH,
paccMaTpuBasl €ro U30JIMPOBAHHO, KaK MBI JI€JIajld B Cy4yae MInlepaapaeruaa. A
BOT KOH(QUTYpaLHs LIEHTpa ¢ HAaHOOJIBIITUM HOMEPOM OIPEEIISIET
ABCOJIIOTHVYIO konduryparmo BCEN monekyisl. Tak IpocTo MPHHATO
CUUTATB.

Bot npumepsr 6onee mmHHBIX caxapoB. Tot xe npuHiun. Bee aromsl yriiepoga
BBITSITMBAIOT B IJIOCKYIO JIMHUIO, PACIIONATal0T €€ BEPTUKAIBHO TaK, YTOOBI
CBepXy ObLI aTOM ¢ HAUMEHBIITUM HOMepoM (y anbl103 — ajbleruaHas rpymnmna). 1
3areM MPOELUPYIOT Ha MJIOCKOCTh. Bee 3tn Monekynsl oTHOCATCS K D-psiny, T.K.
3Ta rUAPOKCUIIbHAS TpYIIa pacloiokeHa cipaBa Ha npoekunn duiepa.

Mei eme notpeHupyemcs Ha cemuHapax. Ho Oyner Oosbliie TOJKY, €Clid Bb
3apaHee MPOYMTAETe JI0OMa PO MOocTpoeHue npoekuuu Pumiepa (Hanpumep B
YEPHOW KHUTIE) u pas6eperech camu. 3a1aun OyIyT HEe COBCEM TPUBHAJBHbIE.
ITonroroBeTeCs.
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AQHaHTUOMeEpbI, AnacTepeomMepbl U aNUMepbI 39

AanacrtepeomMepbl,
HO He aN1Mepbi
CHO CHO / \
* SHaHmuomepebl! *
:jl ; gﬁ i - :8 : : CHO CHO CHO
H——OH HO——H —
CH,OH CH,OH [ T ] [ ] H OH
. N HO H HO——H HO——H
' duacmepeomepi v (H——0H] H——OH [(HO——H]
CHO = e CHO H——OH H——OH H——OH
HO—*H SHaHmuomepsl  H—*0oH CH,OH CH.OH CH.OH
H—~oH = 777 ~  HO—-H 2 2
CH,OH CH,OH D-rntokosa D-maHHO3a D-ranaktosa
\

Jlnis onrcaHus B3aMMOOTHOILIEHUS] KOH(GUTYpaIiil caxapoB 4acTO UCIONb3YIOT
TaKHe TEPMHUHBI KaK YHAHTHUOMEPBI, TUACTEPEOMEPDHI U STTUMEPHI.

Ecnu nBa crepeon3omepa UMEIOT MPOTUBOTNIONOXKHBIE KOHPuUTyparnun BCEX
COOTBETCTBYIOILIMX CTEPEOLIEHTPOB, TO OHU SIBIIAIOTCS SJHAHTHOMepaMu. Mx
M300paxKeHHsl 3€pKaIbHbl. DHAHTUOMEPHI CYIIECTBYIOT U JJI1 COSAMHEHUN C
OJIHUM XUPaJIbHBIM LEHTPOM.

I[I/IaCTCPGOMCpI/IH BO3HHUKACT, KOIraa COCAMHCHUEC NMECT HECKOJIBKO
CTCPCOLCHTPOB.

JnactepeoMepbl — CTEPEOU30MEPDI, HE SBIAIOIIHUECS 36pKAIBHBIMU
OTPa)KEHUSAMM JIPYT Apyra.

OnuMepbl — 3TO TUACTEPEOMEPHI, KOTOPhIE OTIMYAIOTCS MO KOH(UTYpaluu
tosibko OJTHOI'O xupanbHOTo HEeHTpA.
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MonyaueTtanu: unknuyeckue hbopmbl caxapos 40

Co™ ™\ H
11

_C. HO-C-R
R H

H

Aldehyde Alcohol

e e e e e e

ot —\y
1
R-C~0-C~R' OH
1 1
H H
Hemiacetal Cyclic hemiacetal

P
- Essentials of Glycobiology
Second Edition Chapter 2, Figure 2.5

B mpupoze cBobonHbIe caxapa MpakTHUYECKH BCETa MPUCYTCTBYIOT B
nuKIndeckon opme, 00pasys BHYTPUMOJIEKYIISIPHBIE MOTyalleTau.
[Tonyanerans BO3HUKAET B pe3ysbTare HyKIeOo()pUIbHOM aTaku KapOOHMIbHON
IpyHmbl OJHOW M3 TUAPOKCUIIBHBIX TPYIII TOW e MOJIEKYIIBI caxapa. JTo
IIOKa3aHO HAa KapTUHKE CIIPaBa.
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Mpoekuus Ouwepa: umknuyeckue copmsol (o n p) 41

1], H\1/O 1
HO—C— T H—C—O0H ol
H—EC—oH H—2<|: OH H—2C—OH
HO—C—H HO—C—H Ho—C—H O
4 4 4 Name
H—C—o0H H—2C—OH H—ic—on
H—2c H—2C—OH H—3C ] DL
6 6 6
CH,OH CH,OH CH,OH
B-D-Glucopyranose D-Glucose a-D-Glucopyranose
B-D-Glcp D-Glc a-D-Glep
1
CH,OH
21 1 2 1 21«
HO—C—CH,0H c=0 HOH,C—C—0H
—— E—
HO—2C—H o) HO—C—H |=——== HO—C—H 0
H—C—O0H H—C—O0H H—C—OH
5 5
H—C—— H—2C—OH H—(ls
® CH,0H ® CH,0H ® CH,OH
B-D-Fructofuranose D-Fructose a-D-Fructofuranose
B-D-Fruf D-Fru a-D-Fruf

3nech MoKa3aHo 00pa30BaHKE HUKINYECKHUX MOTyaleTanei MIOKO3bl U (PPYKTO3bI
C UCMOJIb30BaHNEeM Ipoekimu duriepa.

B xoze aToro npouecca BO3HUKAET JONOJHUTENIBHBIN XUPaAIbHBINA HEHTP — IPU
aToMe yrieposa, KOTOPBIH /10 3TOTO BXOJMII B COCTaB KapOOHMIIbHOM rpynibl. OH
Ha3bIBAETCSI aHOMEPHBIM LIEHTpOM. HoBasi ruipokcuiibHAs Tpynna MOXKET UMETh
JIBE OPUEHTALlMU — BIIPaBO WJIH BJIEBO Ha npoekuuu Puiepa. T.e aHoOMepHBIit
HEHTp MOXeT uMeTh D- unu L-xondurypanuto. Ilo psny npuuns KoHGUTyparuo
QHOMEPHOTO LIEHTPa BCET/Ia pacCMaTpuBalOT B CPAaBHEHUHU C KOH(pUryparuei
LEHTpPa ¢ HauOOJIBIIUM HOMEPOM, KoTopas onpeaensier ABCOJIFOTHYIO
xoH(uryparmio BCEN monekynbl. Ecin KoHOUIypalmy STHX LIEHTPOB
coBnagatot, T.e. OBE runpokcunpHbIx rpymnmnsl HampasieHsl B OJJHY cropony Ha
npoekunn dumiepa (Brpaso s D-psia — Kak Ha 9TOM cjaiizie), TO TOBOPSAT, YTO
anoMepHbIid eHTp umeer AJIb®DA koupurypamuio. Eciu ke koHbUTyparmm
stux 1eHTpoB PASJIMYAIOTCSL, T.e. ruipOKCUIIbHBIE TPYIIIBI HAIIPABJICHBI B
pa3HbIe CTOPOHBI, TO TOBOPSAT, YTO aHOMEPHBIN 1IeHTp umeeT bETA
KOH(PUTypaLHIO.

Kcraru, o6pature BHUMaHHE Ha TO, YTO U3 PACMOTPEeHU Npoekiuii Puiepa
XOPOIIO BUJTHO, YTO KOHPUTypalys XUPaJbHBIX EHTPOB BO (PYKTO3€ COBMANAET
¢ TakoBOH B Tmoko3e. OHaKo BO (ppyKTO3e HA OJUH XUPATIbHBIN [IEHTP MEHBIIIE,
T.K. OKCO-Tpynna pacnojiokena npu C2. 910 kero3a. [Ipu o6pazoBanuu
HUKJINYecKoro nomyanerans npu C2 coCeACTBYIOT U THAPOKCHIIbHAS TPyIa U
THIPOKCUMETHIIbHAS TpyIa (2 He aToM BOJ0poJia Kak B ITtoko3e). OcTabHoe
BCE TOUHO Tak *ke. Eciu ruapokcuiipHas rpymnmna npyu aHoOMEpHOM IIeHTpe clieBa
(nns D-psina), To 9T0 OeTa-aHOMED, a €CIU CIpaBa, TO ATO ajab(ha-aHOMED.
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Ectp nu celfuac Bonpocsl 1o moBoy npoekuuu dumepa?
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OT npoekuun duwepa Kk npoekunn Xeyopca: b-Glcp 42

[0}
H\Cfo H'--._1//¢’
| G
22
H—C—OH HumeC —= OH H
| 5 | HoHooHE
HO—C—H HOm=—C —mH ' ' ' 1
| — HOH,C vy, —C——C—C\““"C
4 4 6 < k.
H—C—OH H - G~ OH o T Gl T Gl
| 5 | O‘H/ OH H OH
H—¢C—OH Hw—C—=OH
| : Allowed rotation of 120°
CH,OH HOHL around C4-C5 bond
D-Glucose
= — oOH
CH,0H H B
H OH H
4 X
b " G—C—C—C"™" X, — OH
[ R T S
H OH H OH =@M
o
Close backward to form
the ring structure OH
a/f-D-Glucopyranose OH

Ha npaktuke oueHb HEYyAOOHO MOIB30BATHCS LIUKIMYECKUMU MPOCKIUSIMHU
Ouepa. Xeyopc NpeUIoKUI CIECAYIONUIYIO MPOLETypY, KOTOpast IPUBOIUT K
JpYroi MpOEeKLNH, KpailHe NOMYJISIPHON U NOHbIHE. PaccmoTpum nipumep D-
[JIFOKO3BI B TUPaHO3HOH (popMme, T.e. IIMKII BKIIOYAET IIECTh aTOMOB U CTPYKTypa
HAIlOMHUHAET NOJHOCTBHIO BOCCTAHOBJIEHHBIN reTeponuki nupas. K
COKpAILIEHHOMY TPeXOyKBEHHOMY 0003HAYEHMIO TIIIOKO3bI B TUPAHO3HOU opme
N00aBIISAIOT JTATHHCKYIO OYKBY P M BBLACTISIOT €€ KYPCHBOM.

[Iepen nuknu3zanuei noBepHeM Ha 120 rpagycoB 4acTh MOJIEKYIIbI, [IOKA3aHHYIO
KpacHbIM (T.e. aToMbl C5 1 C6), Bokpyr cBs3u C4-C5. Toraa ruipokcuibHas
rpynmna npu C5 pacnonoxutcs B ®OPMAJIBHOM mockoctn, 06pa3oBaHHOI
BCEMU aToMaMH yriepoza (3a uckiroueHueM aroma C6). IIpu takoil opueHTanmuu
oOpa3zoBanue 1ukia Mexxay O5 u Cl He nmpuBeaeT K HCKaKEHUIO ITOM
IUIOCKOCTU. DTOT MPOLIECC YCIOBHO 0003HAYE€H CUHUMHM CTPEIKaMH, KOTOphIE
Haxonastcss C3AJIU pucynka. Ecnu Mbl HOCMOTPUM Ha 3TY IJIOCKOCTh MOCTE
nuksm3anuu CbOKY (co croponsr aromoB C2 u C3 ), To atombl C2 u C3 OynyT
omke k HaM, yeM octanbHabie aroMbl [IJIOCKOI'O nukna. 910 ycioBHO
0003Ha4YEHO >KUPHOH CBs3bI0 My atomamu C2 u C3 1 KIMHOBUIHBIMU
cBA3sMH, Benymumu k aromam Cl u C4. JIBe opueHTallMu TUAPOKCUIBHON
IpyHIbl IpU aHOMEPHOM IIEHTpE MOKa3aHbl crpaBa BHU3Y. B anbda-uzomepe D-
[IIOKONIMPAaHO3bl aHOMEpPHAsl THIPOKCUIIbHAS TPyIINa HarpaBiieHa BHU3, a B 6eTa
aHOMEpE — BBEPX.
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OT npoekuun duwepa k npoekunn Xeyopca: Glcf 43

H 0 0
\C% H'/
| G
22
H—GC—OH Hm— G~ OH
| 5| H H OH H /H
HO—(|:—H _ HOm—C—mi HOHQC-.‘,,”' | B | '\\“"‘01
= " _— £ e — G —C— 0 R
H—C|:—OH H-—T-—-OH * 1 at 12 0
OH OH,H OH
5
H—(|3—OH Hmm— C—=a OH /
? Allowed rotation of 120°
CH,OH HOH,C
= o around C3-C4 bond
p-Glucose
o o
5]
CH,OH 7N 8
5
HO®m~C-aH OH H /H H
HO. ok e
ME—— '-J;UC_.__C__C\\H“ \\
| R R o !
H H OH b »
OH

Close backward to form

the ring structure OH
a/f-D-Glucofuranose

51 He OGyny AeTanbHO KOMMEHTHPOBATh 00pa30BaHKUE LUKINYECKOH (pOopMBI
TJTFOKO3BI C MSTHYJICHHBIM ITUKIJIOM, KOTOpasi Ha3biBaeTcs (hypaHo3HOU GopMoOil.
HazBanue cBsi3aHO ¢ TeM, 4TO UKJI BKJIFOYAET MATh aTOMOB U CTPYKTYypa
HAIIOMHHAET MOJHOCTHIO0 BOCCTaHOBIECHHBIN reTeporuki gypan. K
COKpAIIEHHOMY TPeXOyKBEHHOMY O003HAYCHHIO TITFOKO3BI B (DypaHo3HOM dopme
J00ABJISIOT JTATUHCKYIO OYKBY f 1 BBIACTSAIOT €€ KypCHBOM.

3,Z[CCI> BCC aHAJIOTUYHO ITHPAHO3EC.

EcTb TONBKO 0/THA OCOOEHHOCTD, CBSI3aHHAS C TEM, YTO 3aMECTUTENb MIPH
(bypaHO3HOM ITUKJIE UMEET XUPaJIbHbIN HeHTp — aroM C5. [t n300pakeHus ero
KOH(pUTYpaluu He0OX0IUMO UCIIOIB30BaTh Npoekiuio dumepa. T.e. 31ech MbI
BUJUM COYETaHUE U MPOeKIuu Xeyopca u npoekuuu Pumiepa. Obparure
BHUMAaHHUE Ha TO, YTO XOTS 3TOT LIEHTP uMeeT D-koHurypauuro, rujpoKCcruiIbHas
rpyMia HalpaBJiIeHO BIEBO. JTO CBSI3aHO C «HEMPABUIIBHOW» OpUEHTaLUEN
penepHoit yrnepoanoi nenu ¢pparmenta C6-C5-C4. Ha stom pucynke arom C4 ¢
HauMeHbIINM HoMepoM pacnionoxeH CHU3Y, a He cBepxy, kak B IpuMepax,
KOTOpbIe MBI 00cyxaanu panbuie. [locrapaiitecs pazoOparbest B 3ToM camu. Eciu
YTO-TO OyJeT HesACHO, 0OCYIUM Ha CEMUHApE.
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N3o6paxeHue D- n L-aHaHTMOMepOB: a-Glcp 44

a-D-Glucopyranose

Mpoekuua Xeyopca

CH,O0H
ol

-~

H
| H HO
! / HO OH
A OH H
’ o-L-Glucopyranose (l1)
Mirror ,
H planes !
H—C— OH ; HO—C—H
HO O OH | — ; -
CHng H—C—OH : HO—(|3—H
el HO—C—H O ' O H—C—OH
H H : |
H—C—OH ' HO—C—H
OH H 1 |
H—C : C—H
o-L-Glucopyranose (1) - . -
CH,0OH ! CH,0OH
Mirror
npOEKLIVIﬂ ¢Mwepa ‘ a-D-Glcp plane a-L-Glcp

3nech npuBeaeHbI H300paxkeHus: D-1ioko3b! U L-1110K03bl B MUpaHO3HON (opme
C HCIIOJIBb30BaHUEM ITpoeKkumu Xeyopcea u npoekunu duiepa. Ecinu aHomepHbIe
KOH(Urypaluy COBMAAAOT, TO 3TO — YIHAHTHOMEPHI. 1X popmymsl sBistroTCst
3epKaJbHBIM OTpa)KeHHeM JpyrT Apyra. Kcrartu, 3To ofgHa U3 IpUYHH HIMPOKOTO
MCTIONIb30BaHUS JJIs YIJIEBOIOB TaKOH anb(da/OeTa-HOMEHKIIATyphl, a He R/S-
HOMEHKJIATYPBl, IOMYJISPHOMN B IPYTUX 001aCTAX OPraHUYECKON XHUMHUH.

OObparuTe BHUMaHUE Ha pa3IUyHbIe CIIOCOOBI 3€pKaIbHOr0 oTpaykeHus. s
SHAHTHOMEpPAa MOKHO HApUCOBATh JBE YKBUBAJIEHTHBIX MPOEKIMH Xeyopca. Mx
00e MOYKHO BCTPETUTH B iuTeparype. Pazbepurech caMOCTOATENBHO C
opueHTauuen 3amecturenei. [louemy 3to mmoko3a, nouemy 3to L-miroko3a,
no4yeMy 31o ajbda-aHomep. Mbl Oyaem 00Cyk1aTh 3TO HA CEMUHAPE.
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PeanbHas KoHdopMauma nupaHo3 (06o3HaueHus) 45

kpecno “C, BaHHa kpecno 'C,
OH
OH OH FQ OH
8 HO OH
HO oy == HO 0 = 2
HO oy
" HO HO
5 5 2 4 1 1
- : O\ 4
o & o) -
3
! 2 1 3 3 2 5 2
'Cy >2B 418 Bs 2
4 3 5 4 35
I Y 1
. 5 2 2 B
3 1 2 1 4 1 3 O
1 3.0 B4 1 B30

PeanbHOE IPOCTPaHCTBEHHOE CTPOCHHUE, T.€. KOH(OopMAaIHs, HIUKINIECKHX (HopM
caxapoB HUKAK HE OMHUCHIBAETCS PACCMOTPEHHBIMU MPOECKIUSIMHU.

3nech NpuBeACHBI H300paKeHUsI BO3MOXKHBIX KOH(OpMaInii MupaHo3. A CBEpXy
MOKa3aH MyTh Mepexo/ia U3 OAHOM KpecIOBUIHON KOH(OpMAINH TTTIOKO3HI B
JIPYTYIO 4epe3 MPOMEKyTOUHOW oOpa3oBaHUe BaHHOOOPa3HOW KOH(OPMAIIHH.
OOparuTe BHUMaHUE HA TO, YTO B OJHOM U3 HUX BCE THIPOKCUIILHBIC
3aMEeCTUTENN YKBATOPUAJIbHBI, T.€. PACHIOJIOKEHBI OJIM3KO K YCPEIHEHHOM
IUIOCKOCTH ITUKJIA. A B IPYroil — OHU aKCUAJIbHBI, T.€. PACTIONOKEHBI BIOJIb OCH
NEPICHIUKYISPHON 3TON TIIOCKOCTH. B pacTBOpax ritoko3a CymecTByeT B
SHEpreTudecku 0osee BeIrogHol koHdopmamuu 4C1 ¢ 3KBaTOpHAIEHEIMU
3aMeCTUTENIMHU. DTO 00I11ast 3aKOHOMEPHOCTh IIUKJINYECKUX COCTMHEHUH,
YCTaHOBJICHHAs C TIOMOIIBIO TaK HAa3bIBAEMOT0 KOH()OPMAIIMOHOTO aHAIHN3a.
OnHako HEKOTOpBIE €€ MPOU3BOAHBIE MOTYT CYIIECTBOBATh U B aJIbTEPHATHBHOMN
xoHopmarmu 1C4.
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KoHdopmaumnmn moHocaxapupos: D-Glcp u L-Glcp 46

CH,0H H  CH,OH H  CH,0H

N HO O_ oH HO
OH H H OH
HO OH HO
H OH H OHoh b OH ),
a-D-rmtokonuparosa p-D-rntokonupaHosa
'cHo i 'CHO
21 ' <)
H-C-OH i HO:C-H
al ' 3
HO-C-H | HC-OH
! '
HiC-OH | HOC-H
51 H =
H-C-OH i HOSC-H
"CHOH ®CH,OH
p-Glucose L-Glucose C-5, reference atom
OH : HO HO
o) : 0 —
e o | o S50 = o LT
OH : HO HO

B-D-rntokonupaHosa B-L-rntokonupaHosa

p-Glucose L-Glucose

Ha sToMm ciaiine noka3zaHo COOTBETCTBUE MEXy ITpoeKIuen Xeyopea U
«TMEePCHEKTUBHBIMIY (opMysiaMu Il TitoKonupano3 D- u L-psiaos.

OObparuTe BHUMaHKE Ha TO, Kak n300paxkeHa Oera-L-rrokonupanosa,
SBJISIIOIIASACS 3€pKAbHBIM OTpaKeHHEeM OeTa-D-TIToKOnmupaHo3bl.

Boo01ie-To mroko3a — yHUKaIbHBIN caxap ¢ TOYKU 3pEHHS CTepeoxXumMuu. B
MoJleKyse Oera-anomepa rmokonupano3bl BCE 3amecTturenu skBaropuaibabl! U
st D- u L-u3omepoB!
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Kondopmaumm moHocaxapuaos: D-Manp n D-Galp 47

H CH,OH

o-D-maHHONMpaHo3a

OH CH,OH

a-D-ranakronmnpaHosa

H' CH,OH

-D-maHHONMpaHo3a

OH CH,0H

B-D-ranakronupaHosa

Ha sToMm cnaiine mokazaHbl «IepCeKTUBHbIE» (POPMYIBI A1 MAaHHOITHMPAHO3BI U

rajakTonupanossl D-psna.
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AHoMepHbIN 3¢ heKT 48
Br > Cl > OAc > OCH; > OH >Bb|@

L A
[ [T v&é) 2\
! x°
X

OMe
-
[T -
OMe
B )
OMe @H o o?
W -~ 0.
MpuynHblI aHoMepHoro adhdekTa: o H
O‘H sigma* H

A. OtTankuBaHue aMnonemn

B. CTepeoaneKTpOoHHbIN adhheKT C Q D @
(n—C™* rUnepkoHbloraLms) P - %@D@
y @ ™~
c. ObmeHHble B3anMoaencTBus B @ i
cucTemax ¢ 3arnofiHeHHbIMM @O\H

ANMEKTPOHHbIMU obornoykamm -

a) Y. Mo, Nature Chem. 2010, 2, 666. DOI: 10.1038/nchem.721.
b) C. O. da Silva, et al., Org. Biomol. Chem. 2013, 11, 299. DOI: 10.1039/c20b26818c.

B muxnmmueckux opMax caxapoB €CTh 0JJHa 0c00asi THIPOKCUIIbHAS TPYIINA MPH
C1, na3zpiBaemasi aHoMepHOM. MBI 0 HE#l y)Ke TOBOPHIIA, OHA 00Opa3yeTcs B
pe3ysbTaTe 00pa30BaHUs MUKIMYECKOTO monyareraiss. OHa MOXKET UMETh JIBE
opueHTaIuu — ajabda u 6era. B cioyyae TII0K03bI 3TO COOTBETCTBYET aKCHAIBLHOM
Y DKBATOPHAIIBHOW OPUEHTALIHSIM.

Oxa3sbiBaeTcs, akCHaIIbHASI OPUCHTAIINS THIPOKCHIIBHOM TPyl OoJiee
IPEANOYTUTENbHA, XOTS pACCMOTPEHHE CTEPHUECKUX B3aUMOJICHCTBUN B
POACTBEHHBIX TPOU3BOJHBIX IUKIIOTEKCAHA IIPUBOAUT K BBIBOILY O
NPEANOYTUTEIFHOCTH YKBATOPHUATHHON OPUEHTAIIUHN 3aMECTUTEINS. DTOT
dbeHOMEeH MoJTydns1 Ha3BaHue aHoMepHoro A dekra. [[pyrue monsipHbie TPyIIbI B
AHOMEPHOM IOJIOKESHUU TaKXkKe MPEeANOYNTAIOT HAXOAUTHCS B aKCHAJIbHAs
opueHTauu. IToT 3PPEKT 0COOEHHO CUJIEH JJISl TAIOT€H-TIPOU3BOIHBIX.
AnoMepHbIi 3()(eKT TOTHOCTHIO OTCYTCTBYET AJIi aMUHO-TIPOU3BOAHBIX IO
AHOMEPHOMY TOJIOKEHHIO.

<CLICK>

Cy1iecTByeT HECKOJIBKO 00BSICHEHUH CYIIeCTBOBaHMs aHOMEepHOro pdekra. B
y4eOHHUKaX MO CTEPEOXUMHUU U MO YIIIEBOAAM OOBIYHO MPUBOJAT ABA OOBICHEHUS,
KOTOpbIE, KaK 0OBIYHO TOBOPSAT, B3AUMHO JIOTIOJIHSIOT JIPYT JApyra:

A. B3anMHO€e OTTanKkMBaHUE JUIOJIS MAPBI JIEKTPOHOB KUCIOPOJAA U JUITOJIS
CBSI3U C MOJIAPHBIM 3amecTuTeneM. OOpaTuTe BHUMaHHE HA 3T KPacHbIE
CTPEJIKHU.
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B. Crepeosnexrponnsiii 3pexT, CBI3aHHBIN ¢ runepKoHbIoramnuei. Peus uuget o
JOHUPOBAHHUH AIIEKTPOHHON TUIOTHOCTH ¢ aTOMHOI OpOUTaNIN HENOAEICHHON Haphl
aroMa KHCJIOpO/a Ha aHTHUCBA3BIBAIONIYIO opouTans 6* cBsazu Cl-rerepoatom. IT0
B3aMMOICEMCTBHE OCOOCHHO BBITOJIHO MPU AaHTUIIEPUIUIAHAPHON OPHUEHTAIINH
COOTBETCTBYIOLIUX OpOUTANIEH, KOTOpasi TOCTUTAETCS MPU aKCHAJIbHO OPUEHTAIIUU
3aMECTHUTENS B aHOMEPHOM MOJIOKEHHH.

HenasHo ObL10 MOKa3aHO, 4TO 00a TUX 00BICHEHUS HECOCTOATEIbHEBL. BOT KiItoueBbIE
CCBUIKH JUISL CaMbIX JIF0003HATEIbHBIX.

Oco0eHHO MHOTO KPUTHKHU OBLIO BHICKA3aHO MTPOTUB BTOPOTO OOBSICHEHUS, XOTA JaXKe B
HOBBIX KHUTAX IO YIJTI€BOAAM OHO CUYUTACTCS OOLICHPUHSITHIM.

HoBoe o0bsicHeHHE CBA3BIBAET aHOMEPHBIN 3PPEKT ¢ OOMEHHBIMU B3aUMOJICHCTBUSIMU B
cHCTeMax C 3allOJHEHHBIMH JIEKTPOHHBIMUA 000JI0UKaMH.

Ha camom nene BOmpoc OTKPHIT U aKTUBHASI HAy4YHAs! JUCKYCCUS 110 3TOMY MTOBOJY
IIPOJIOJIKAETCSI.
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TayTomepHble opmbl D-rntoko3bl: aHomepusaumsa 49

OH OH
HO C HO C
HO OH HO
OH OH
OH
B-p (64%) \ / a-p (36%)
OH <10% ans
HO OH NPOn3BOAHbIX
LMKnorekcaHa
0]
HO =
OH G,
¥
/ Aldehyde (<0.03%) H \
GH,OH p-Glucose CH,OH
HO O. OH HO o]
OH OH
OH
OH OH
B-f(<0.5%) a-f(<0.5%)

B tex cimyuasix, Korjga BO3MOXKHO B3aUMOIIPEBPAIEHUE aHOMEPOB, TO B CMECH
BO3pAcCTaeT J10JI1 aKCHAJIbHOIO aHOMEpa 10 CPABHEHUIO € CUTyaluel 0e3 ydacTus
AHOMEPHOTIO LIeHTpa. Tak 10yl CIUPTA C AKCUAIbHOM THIPOKCUIIBHOM TPYHIION
MeHbuie 10% a1 npon3BOJHBIX UKIOTEKCaHa, T.€. B CIIy4ae OTCYTCTBHS aromMa
KHCJIOpOoia B IIUKJIE. A JIJIsl caxapoB OHA ropaszzio Oosnpiie. [1Jis ImroKo3bl
CUTYyalusi IoKa3aHa Ha 3ToM cinaize. Tak nons anbga-aHoMepa ¢ aKCHAIbHOM
TUAPOKCWIBHOM Tpynmnoit nocruraet 36%.
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KoHdopmauum onurocaxapmaos 50

HO 1200
OH y
0 .
o 14 O . 60°1 Kapra Pamavangpana
HO | 06
HO HO OH U
14 Linkage HO
_600_
HO ................... .
Sl ~120° 1 |
0 o v
"o 1B, 180° - :
HOHO w -0 o
. 5 120° I T T T T
1,0 Linkage HO OH 600 00 60° 120° 180° ~120° 60"
HO

[lepeiinem Teneps K paCCMOTPEHHIO CTEPEOXUMUHN OJIMTOCAXAPHUJIOB, T.€
3aKOHOMEPHOCTEN UX NPOCTPAHCTBEHHOM OpraHU3aLNU.

Oxka3piBaercs, B OONBIIMHCTBE CIy4aeB MOHOCAXapUabl B COCTAaBE OJIUTO- U
HOJIMCaxapua0B BEAyT ce0sl Kak JOCTaTOUHO JKEeCTKHE 00beKThl. BO3MOXXHO JHIIB
BpallleHne BOKPYT IIIMKO3UIHBIX cBsizei. Kondopmamums onurocaxapuaa
OnpeleseTcs NPekIe BCEro TeM, KaK MOBEPHYThl MOHOCAXAPUIHBIE OCTAaTKU
JpyT OTHOCHUTENBHO Apyra. [Toatomy 11t onucanus koHdopmanmu,
MPUHUMAEMOM OJINTOCAXAPUIOM, JOCTATOYHO YKa3aTh TOJIBKO JIByTPAHHBIE YIVIbI,
COOTBETCTBYIOILIME BPALLICHUIO BOKPYT IIIMKO3UIHBIX CBs3e. s onucanus
KOH(OpPMAIMK BOKPYT TIIMKO3UIHOMN CBSI3U CO BTOPUYHOW THIPOKCHILHOM
TPYIION JOCTaTOUHO 3HATh JBa yriia — (U U 1cu. A Juid onucaHusi KoHpopMaluu
BOKPYT INIMKO3UJIHOM CBSA3M C IEPBUYHOM T'MAPOKCHIIBHOW IPYIIION K HUM HaJ10
N00aBUTH elIle OIMH JABYTPAHHBIA yroi — oMera. 371eCh 3TO MPOUJLTIOCTPUPOBAHO
JUIS iFcaxapyuaa, COCTOSIIIETO U3 IByX OCTaTKOB IJTFOKO3HI CBSI3aHHBIX Oera-1-4- u
6era-1-6-TUKO3UIHBIMU CBsI3IMU. Kaxxaoi koMOMHAIIMY IBYTPAaHHBIX YIIIOB
COOTBETCTBYET TOYKA Ha IByMEPHOU KapTe, TJe B KAUYECTBE OCEH BHIOPAHBI
JIBYI'PAHHBIE YTJIBI.

Opnako KoH(pOpMaMK Jucaxapuaa, BOSHUKAIOIINE MPU BPaIlEHUU BOKPYT
TIIMKO3UHBIX CBSA3EH, UMEIOT pasHble d3Heprun. OHHU U3 HUX 00Jiee BBITOIHBI,
yeMm Jpyrue. Eciau Ha 3Toil KapTe Kaxa0# Touke, T.e. KoH(opMaluu Jucaxapuia,
COIOCTAaBUTb €TO FHEPTHUI0, TO MOJIYUYUTCS TaK Ha3pIBaeMas kapta Pamagannpana.
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KoHdopmauum onurocaxapupos 51
OMe
HO OH
s 7207 ot
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| 7. Comprehensive Glycoscience. From Chemistry to System Biology, 2007, Ch. 2.03.2.3, p. 121 (1063). |

CneBa noka3zaHa kapra PamayanpaHa st BOT TaKOTO AMCAXapHa.
DHepruu KOHPOpMaIUii ObLTH BEIYMCICHB METOIOM MOJICKYIISIPHON
MEXaHHKH. 3/1eCh TIOKa3aHbl H30JIMHUH HEPTUH C HHKpeMeHToM (.5
KKaK/MOJIb. XOPOIIIO BUIHO, YTO CYIIECTBYIOT HECKOIBKO MHHUMYMOB
DHEPTUHU. DTO 03HAYALT, YTO ITOT AUCAXAPHUJ MOXKET JIETKO IPUHUMATH
HaOoOp KoH(popMaIuii ¢ OMU3KUMHU dHEprussMu. Hamndme HeCKOIbKUX
MIMPOKUX MHHUMYMOB SHEPTUN — THITUYHAS CUTYAIUs IS
OJIMTOCaXapHU/I0B.

B nocnennee Bpemst 1t onucaHusl KOHGOpMAaLUKA 0JIMTocaxapuioB CTalu
NOMYJISIPHBI BOT Takue KapThl. KaXk10i1 TOUKE COOTBETCTBYET
KOH(opMalus, peasbHO JOCTHXKUMAs B XOZ€ MOJIEKYJISIPHO-
JUHAMUYECKOTO IKCIepruMeHTa. Benmnuuna pazopoca Touek HarisIHO
JEMOHCTPUPYET, HACKOIBKO JTAHHBIM OJIUTOcaxapua ruOox.

<CLICK>

Ha Bpe3ke mokazaHa 3aBHCUMOCTh OJTHOTO U3 JIByTPAHHBIX YIJIOB OT
BPEMEHHU, NMOKA3bIBAOIIAas HACKOJIBKO YaCTO JOCTUTAIOTCS T€ WIIA WHBIC
KOH(pOpMAaIIUH.

OO6paruTe BHUMaHUE HA TO, UTO 3TU OJIMTOCAXAPU/Ibl OYEHB MTOXO0XKH.
OTHOCUTENbHBIE KOH(UTYPALIUUA BCEX XUPATbHBIX IEHTPOB COBMA/IAIOT.
Bce moHocaxapuaHble 0CTaTKU UMEIOT MaHHO-KOH(UTYpalInIo, T.€. TAKYIO
K€ KaK y MaHHO3bI (OHA MOKa3aHa cripasa). Pa3nnyaroTcs TOIbKO
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abcomoTHbie KOHpUTYypauu. MoHOcaxapuHbIe OCTaTKH ClIeBa OTHOCUTCS K L-
psmy, a cripaBa — K D-psiny. M ecniu Ob1 He 3aMeHa MEPBUYHBIX TUIPOKCUIIBHBIX
rpymmn (B MaHHO3€ - CTIIpaBa) Ha aTOMbI BOAOPOAA (B paMHO3€ - CJIEBa), TO 3TH
JFCaxapuibl MOXKHO OBLIIO OBl CYMTATh SHAHTHOMEPAMH. DHEPTUH UCTHUHHBIX
SHAHTHOMEPOB BCErJa COBMANAIOT. M1 MOXHO OBIIIO OBI 0XKUAATH, YTO JTOCTHKUMBIE
koHpopmaruu OyayT Onu3ku. Kak MOKHO BUIETh U3 CPAaBHEHHS ITUX JBYX
KOH(OPMALIMOHHBIX KapT, 3TO HE TakK. 1. 3aMeHa MEePBUYHBIX TUAPOKCUIIbHBIX
IpyNI Ha aTOMbI BOJOPOAA MPUBOAMT K IpaMaTUYECKUM IOCIEICTBUSIM.
Jucaxapun nmpuoOpeTaeT THOKOCTh. ITO MOXKET OBITh CBA3aHO CO CTEPUUCCKUMU
OpPUYUHAMM, T.€. C PA3JIMYHBIMU pa3MepaMy METHIIHON U THAPOKCUMETHILHOM
rpynn. Ho moryt Ob1Th 1 HbIe puunHbl. Hanpumep, o6pazoBanue
BHYTPUMOJIEKYJISIPHOM BOJIOPOAHOM CBSI3U. MBI elle BEpHEMCS K 3TUM KapTaM.
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KoHdopmauusa képoBoro yyactka N-Leneu »52

Asn (6enkoBas uenb)

B Gornee clIoXHBIX OHMrocaxapuaax OTJCIbHBIE TJIMKO3HIHBIE CBSI3U MOTYT OoJiee
JKECTKUMHU, YEM JPYTHE.

3T0 ynobHO BU3yalIM30BaTh BOT TakUM oOpa3zoM. Ha ogHOM prcyHKke
HaKJIabIBAIOT JPYT Ha JIpyra BCE BO3MOXKHbIE KOH(POPMAIIUHU OJIUTOCaxXapuaa.

31ech NOKa3aHO TaKoe HAJIOKEHHE JJIs1 KOpOBOro yyactka N-nenei
[JIMKONPOTENHOB. BHUHO, UTO HEKOTOPBIE MOHOCAXapHUIHbIE OCTATKU
3aKpeIUIeHbl IOCTaTOYHO jXecTKo. Hampumep, BOT 3TOT y3/10BOH OCTaTOK
MaHHO3BL. A JApyrue MOHOCaxapHIHble OCTaTKH MOTYT BpallaTscs Oosee
CBOOOJIHO.
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PeuenTtopHble onurocaxapuabl, Kak NpaBuno: 53
1) OTHOCUTENBLHO XEeCTKMe ...

Galp1
gelcNAc—
Fucoal”

LeX

Hazno ormeTnth, 4T0 MOXKHO BBISIBUTH PsiJl OOIIMX 3aKOHOMEPHOCTEH B CTPOCHUU
PELENTOPHBIX OJUT0CAXapPUAOB, T.€. OJUT0CAXAPUIOB, KOTOPHIE CIIOCOOHBI
B3aMMO/ICHICTBOBATH C YIIEBOJ-CBSI3bIBAIONIMME OelkaMu, 00pa3zys ¢ HUMH
KOMIUIEKCBI.

Takue omurocaxapubl 0OBIYHO JOCTATOYHO KeCTKHE. Bpamienue Bokpyr
TJIMKO3U/IHBIX CBA3EH 3aTPyAHEHO BCIEACTBUE HAIMYMS MPU OMPEACTICHHBIX
OpPHUEHTAIUAX HEBBITOAHBIX BHYTPUMOJIECKYISIPHBIX KOHTAKTOB, KOTOPBIE CHCTEMA
uzberaer. Tak, KOHQOpPMALIUK CO CONMKEHHBIMH OCTATKAMU TalaKTO3bl U (DYKO3bI
HEOCTUKUMBI.
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Tot xe Tpucaxapug LeX B komnnekce c 6enkom 54

a

DT0 XOPOIIIO BUIHO B HIDKHEH 9acTH 3TOTO ciaiia. B To jxe Bpems THOKOCTh
OCTaJIbHBIX ()PArMEHTOB 3TOTO TpHCaxXapHuja BIICUATIISCT.

Obpa3oBaHne KOMIUIEKCa ¢ OETIKOM MPUBOJUT K (PUKCHPOBAHUIO OAHOMN MU
HECKOJIBKUX OMU3KUX KOH(pOopMaLuii 3Toro Tpucaxapuaa. [oBopsT, 4to u3
MHOYKECTBA JOCTHKUMBIX KOH(pOpMAIil OTOMpaeTcsl OHA TaK Ha3bIBaeMasi
«OunoaxkTuBHas» KoH(Popmanusa. IMeHHO B Hell Tpucaxapua CriocooeH

3¢ (HEKTUBHO CBSA3ATHCS C OCIIKOM.
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AnepHbin acpdekT OBepxaysepa (AMP) 55

CVYHME CTPEINKN — B OTCYTCTBME Oenka

DTO MOXKHO IKCTIEPUMEHTAJILHO HaOMonaTh ¢ momorisio SIMP.

B skcnepumenTax mo wm3MepeHuto sipepHoro sddexra Oepxayszepa MOKHO
YBUJICTh, KAKHE U3 TPOTOHOB COMMKEHBI MEXTYy CO00M B MPOCTpaHCTBE. Takux
KOHTAKTOB Topa3/io OOJIbIlIe B MPUCYTCTBUU OEJIKA, C KOTOPBIM TPHCAXapH/T
oOpa3yet komiuiekc. Konopmanus «3amMopakuBaercs» B MaciTabe BpeMeHU
SIMP, uTO 103BOJIAET NETEKTUPOBATH ITU KOHTAKTHI.
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PeuenTtopHble onurocaxapuabl, Kak NpaBuno:
2) nmetot ruapocdobHoe “aapo” ...

Galp1
3GICNAC
Fucal”

56

PeneniropHbie onurocaxapusl, Kak MpaBUIo UMEIOT THAPOodoOHOE “aapo”.

B nannom ciyuae 310 - CH u CH2 rpynmnsl, MeTuiibHast Tpynna (GyKo3bl U
aneTamMuIHas rpyIa FoKo3aMUHa.
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PeuenTopHble onurocaxapuabl, Kak NnpaBuno: 57
3) cogepxaT BHYTPUMOSEKYNnspHble BOAOPOAHbLIEe CBA3U

Mana1-2Man

PeneniropHbie omurocaxapuabl, Kak MPaBUIIO COAEPIKAT
BHYTPHMOJICKYJISIPHBIE BOJIOPOIHBIE CBSI3U, KOTOPHIE TOMOTAIOT YMEHbBIIIATh
THOKOCTh, (PUKCUPYS OHY M3 KOH(GOPMAIIUA.

31ech oKazaH MpUMep JMcaxapuia, COAepIKaIero ocTarky ainbda-1-2-
CBSI3aHHOW MaHHO3BI, KOTOPKIH yKe ObLT MMOKa3aH Ha Claiie ¢
KOH(pOpMaLIMOHBIMU KapTaMu. B 3T0i1 cTpykType MoxkeT 00pa3oBaThCs
BOJIOPOJHAS CBSA3b MEXAY I'MAPOKCUMETUIBHON ITPyNIOi OJHOTO U3
MOHOCAXapUIHBIX OCTaTKOB M aTOMOM KHCJIOPOJa MUPAHO3HOTO LMK
JPYroro MOHOCaxapuJIHOTO OCTaTKa, YTO JIEJaeT MOKa3aHHYIO
KoH(popMaInio 060see MpeanoYTUTETHHOM.
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KoHdopmauumu onurocaxapuaos: BoaopoaHas 58
CBfi3b

OMe

Me7=0 HOSRL 8

e
HO HO

H

° o HO— O
Me O Hﬂo&&
HO OMe
HO HO

a-L-Rhap-(1—2)-a-L-Rhap-OMe  o-D-Manp-(1—2)-a-D-Manp-OMe

180

MD

120
180

o« Manad—2Man

¥y (deg)
o

60

-180 -120 -60 -120

VIMEHHO 0 TaKOM 3aMOpaXMBAaHUU OJHOM M3 KOH(MOPMAIIMA BCIEICTBUE
o0pa3oBaHMsI BOAOPOJHON CBS3HM CBHUJIETENILCTBYET YMEHbBILIEHHBIN pa3opoc
TOYEK Ha MpaBoil KapTe, T.e. 00 YMEHBIIEHUH YHUCIA JOCTHKUMBIX
koH(popManuid. B cirydae paMHO3bI (6-71€30KCH-MaHHO3bI ), TOKA3aHHOM
cleBa, Takasl BOJIOPOAHAs CBSA3b MPOCTO HEBO3MOYKHA M3-3a OTCYTCTBHUS
IIEPBUYHOM THIPOKCWIBHOM rpynibl. M mosTomy aucaxapu, COCTOSAIINAN
U3 OCTATKOB ajib(a-1-2-CBsA3aHHON paMHO3BI Topas3ao 0osiee THOOK, YeM
COOTBETCTBYIOIIUN THCAXAPH]I, COCTOSAIIANA U3 OCTaTKOB MaHHO3BI.




HaHHble PCA (KkoMnseKcbl ¢ 6enkamm): 59
KoHcpopmauus SialLeX

!
GIcNACB / ‘y g

& E-Selectin

#® P-Selectin

Staphylococcal superantigen-like protein 11

& Norovirus VA207

Conf. A: Calculated (Imberty & Perez)

Neu5Aca2-3Gal1-4(Fuca1-3)GIcNAcB
(SiaLeX)

Kak s y>xe oTmeuas, mpu CBA3bIBAHUU OJIUTocaxapuia ¢ 6eIKoM U3 MHOTHX
IPOCTPAHCTBEHHBIX KOHPUTYpaLUi oJIMrocaxapuaa oObIYHO OTOMpPAETCs O/IHA
«OunoaxkTuBHas» KoH(popmarus. OcoOeHHO XOPOIIO 3TO BUAHO Ha MOTYYSHHBIX C
nomo1ibio PCA cTpykTypax KOMIIJIEKCOB psAJla PA3IMUHBIX OEJIKOB BOT C TAKUM
OJIMTOCaxapuoM, Ha3BaHHE KOTOPOI0 HaM elle BerpeTures - Cuanui JIprouc
Uke. UnTepecHo, 4To 3Ta «OMOaKTUBHAS» KOH(POPMAIIHS COBIAIACT C paCUETHOM
KoH(OpMaInHel onurocaxapua, 00maaIeii MUHIMaIbHOW SHEPTHUCH.
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BbluncneHHas KoHdopmauma SialeX 60

f f f
Conf. A: 68% Conf. B: 12% Conf. C: 15%

“bioactive conformation” Ho He Bceraal

A. Imberty, S. Perez. In: Carbohydrate mimics: Concepts and Methods. Y. Chapleur Y. (Ed.), Wiley VCH: Weinheim, 1998; pp. 349-364.

| 7. Comprehensive Glycoscience. From Chemistry to System Biology, 2007, Ch. 3.35.2.1.1, p. 807 (2510).

OT10 Tak Ha3bBacMas KoHpopmammsi A. PacueTsl MOKa3pIBaIOT, YTO JOCTHKUMBI
npyrue ycroiuuBbie koHGopmanuu B u C, muirs He3HAYUTEIHO OTIUYAOITUECS
no sHepruu (Ha 1 xkkan/moib). CXoaHbIH ke Habop KoH(pOpManuii OblT HAlACH
AKCIEPUMEHTAIBHO B pacTtBope ¢ nomoibo AMP. 1 nums oqHa U3 HUX -
koH(opManus A okazanach «OMOaKTUBHOWY, T.€. peaTu3yeMoi Mpu 00pa3oBaHUU
KOMIIJIEKCOB C OeIKaMH.

OpHaKo 3TO MPOUCXOIUT JajeKo He Beeraa. Bee ropaszno cnoxuee. Tot ke
OJIUTOCAXapH/I TIPHU CBSA3BIBAHUU C APYTUMH JICKTUHAMU (HaIpuMmep,
reMarnIFOTUHUHOM BUPYCa TPUIITIA WU JICKTUHAMU, Y3HAOMIMUMHU (HYKO3Yy) MOXKET
NPUHUMATH OJTHY U3 MHHOPHBIX KOH(OpManuid. ITO 03HAYAET, YTO OBIBAIOT
CJIy4au, KOTJa MPH CBSA3BIBAHUU C OCIKOM OJIUTOCaxapuj MIPUHUMACT
KOH(pOpPMAIIHIO, KOTOpasi He SBIIIETCSI OCHOBHOM B pacTBope. OOBIYHO peub UIET
0 KOH(pOpMAITUIX BOKPYT ITUKO3UAHBIX CBs3eil. Kak s yxke roBopwit, camu
MOHOCAXapHIHbIC OCTATKH SIBJISIFOTCS BEAYT CeOs Kak )KECTKUE CTPYKTyphl. Ho
W3BECTHHI CITy4yau, KOTJa HaOII0MaeTCsl HCKaXKCHHE ITUKIIOB CaxapoB MPH
CBSI3BIBAHUU C OEJIKOM.

Bce st mpuMeps! MOKa3bIBaIOT, YTO 3HaAHKWE KOH(OpMAIIHii OIMrocaxapuI0B
KpaiiHe Ba)XXKHO JJI MOHUMAaHHs 3aKOHOMEPHOCTEN nX (PyHKIMOHUPOBAHUS B
KUBBIX CUCTEMaX.

Ha CCTOaHA XBaTHUT.
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KoHeL nekuun 1
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